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A new selection system for wheat

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to improved methods for the incorporation of DNA

into the genome of a wheat plant based on a D-alanine or D-serine selection. Pref¬

erably, the transformation is mediated by Agrobacterium.

Description of the Related Art

During the past decade, it has become possible to transfer genes from a wide

range of organisms to crop plants by recombinant DNA technology. This advance

has provided enormous opportunities to improve plant resistance to pests, diseases

and herbicides, and to modify biosynthetic processes to change the quality of plant

products. There have been many methods attempted for the transformation of

monocotyledonous plants. "Biolistics" is one of the most widely used transformation

methods. In the "biolistics" (microprojectile-mediated DNA delivery) method micro-

projectil particles are coated with DNA and accelerated by a mechanical device to a

speed high enough to penetrate the plant cell wall and nucleus (WO 91/02071).

The foreign DNA gets incorporated into the host DNA and results in a transformed

cell. There are many variations on the "biolistics" method (Sanford 1990; Fromm

1990; Christou 1988; Sautter 1991 ) .

While widely useful in dicotyledonous plants, Agrobacterium-mediated gene trans¬

fer has long been disappointing when adapted to use in monocots but has recently

been adopted to monocot plants (Ishida et al. 1996; WO 95/06722; EP-A1 672 752;

EP-A1 0 709 462).

For wheat transformation using microprojectil bombardment has been reported

over the decades by several authors (Vasil et al. 1992, 1993, Weeks et al.1993;

Becker et al. 1994, Nehra et al.1994, Zhou et al.1995, Altpeter et al. 1996, Ortiz et

al.1996, Lazzeri et al. 1997, Barro et al.1998, Witrzens et al.1998, Cheng et

al.1998, Bliffeld et al. 1999, Uze et al. 1999, Srivastava et al. 1999, Rasco-Gaunt et

al. 2001 , Varshney and Altpeter 2001 , Huber et al.2002, Pellegrineshi et al. 2002,

Rasco-Grunt et al. 2003, Patniaik and Khurana 2004). In all these experiments se¬

lection based on herbicides was employed.



Mainly two genes pat and bar encoding the enzyme phosphinothricin- N-

cetyltransferase (PAT) have been used to give tolerance to PPT (glufosinate an-

nonium) in transgenic wheat plants. The bar and pat genes confers resistance to

the herbicides bialaphos and Basta (Thomson et al.1987; Wohlleben et al. 1988).

Two other herbicide resistance genes are CP4 and GOX (encoding glyphosate

oxidoreductase from Achrobacter sp.; Barry et al.1992 and Kishore et al. 1992).

Both CP4 and GOX detoxify glyphosate by converting it to aminomethyl phos-

phonic acid witch is non- toxic to plant cells. These two genes are conferring resis¬

tance to glyphosate an active compound in herbicide like Roundup (US 6,689,880)

and they have been also used for selecting transgenic wheat plants (Zhou et

al.1995).

All of the genes effective as sources of antibiotic resistance and used as selectable

marker genes for transgenic plants have got an bacterial origin Echerichia coli Tn5

transposom (Fraley et al. 1983, Waldron et al.1985). Aminoglycoside antibiotics are

including a number of molecules (e.g. kanamycin, neomycin, gentamycin, deriva¬

tive G418 and paromycin) witch are toxic to plant, fungal and animal cells (Nap et

al.1992). Bacterial neomycin phosphotransferase Il (npt II) was shown to be effec¬

tive as selectable marker gene in petunia and tobacco (Bevan et al. 1983, Herrera-

Estrella et al.1983) and first wheat transgenic plants selected with geneticin G418

were obtained by Nehra et al. (1994). The E. coli hpt gene (encoding hygromycin

phosphotranserase) was efficiently used as selectable marker gene for wheat sta¬

ble transformation (Ortiz et al. 1996). Transformation of bread wheat (Triticum aes-

tivum L.) and pasta wheat (T. turgidum ssp. durum Desf.) with npt Il and bar gene

and application of antibiotic and herbicide selection were published recently

(Goodwin et al. 2005). A modified sulphonamide (DHPS) resistence gene as a se¬

lectable marker in wheat was used by Freeman and Bowden (1998). Another selec¬

tion agent used in wheat transformation is methotrexate, which targets the enzyme

dihydrofolate reductase (DHFR). The dhfr gene producing resistance to meth-

otrexat has been identified and used as selectable marker gene in wheat transfor¬

mation experiments (Kemper et al.1992). A cyanamid hydratase (a gene from the

soil fungus Myrothecium verracaria, which converts cyanamide into urea, confers

resistance to cyanamide in transgenic wheat cells (Weeks 2005; US 6,268,547).



Several attempts to transformed wheat via Agrobacterium- mediated transforma¬

tion methods were published in early 1990s using spikelets (Hess et al. 1990),

bases of leaves sheath (Deng et al. 1990) or immature embryos (Mooney et al.

1991) but only several kanamycin-resistant calli colonies were obtained. A protocol,

which resulted in transgenic wheat plants production, was published by Cheng et

al. (1997) and npt Il was as selection marker gene. Transgenic wheat plants pro¬

ducing high levels of the osmoprotectant proline were selected on kanamycine

(Sawahel & Hassan 2002) and Przetakiewitcz et al. (2004), used kanamycin as well

as on bar selection with PPT as selection compound. Improved transformation

protocol employing some physical factors as desiccation of plant tissue post-

Agrobacterium infection was disclosed (Cheng et al. 2003). Herbicide selection

based on introducing CP4 gene and bar gene via Agrobacterium mediated trans-

formatios were applied and selecting substrates like glyphosate (Hu et al. 2003) or

PPT (Iser et al. 1999, Khana & Daggar 2003, Wu et al. 2003) have been used for

selecting transgenic wheat plants. Wheat plants resistant to the imidazolinone her¬

bicide using the maize XI12 mutants of ahas gene was described (U.S Pat.

6,653,529). Several factors influencing Agrobacterium mediated transformation

were evaluated (Cheng et al. 2004). Recent developments in wheat transformation

are reviewed in Sahravat et al. 2003 and Jones (2005).

Recently a new selection system based on D-amino acids was reported and dem¬

onstrated to be effective in Arabidopsis (WO 03/060133; Erikson et al. 2004). No

use or adoption of this system in monocotyledonous plants such as wheat has

been described so far.

Multiple subsequent transformations of wheat plants with more than one construct

(necessary for some of the more complicated high-value traits and for gene stack¬

ing) is complicated due to the limited availability of suitable selection markers. This

situation is becoming compounded as antibiotic resistance markers (such as hy-

gromycin or kanamycin resistance) become less viable options as a result of tight¬

ened regulatory requirements and environmental concerns. Thus, selection sys¬

tems for wheat are essentially restricted to the bar selection system.



Accordingly, the object of the present invention is to provide an improved, efficient

method for transforming wheat plants based on D-amino acid selection. This objec¬

tive is achieved by the present invention.

SUMMARY OF THE INVENTION

A first embodiment of the invention relates to a method for generating a transgenic

wheat plant comprising the steps of

a . introducing into a wheat cell or tissue a DNA construct comprising at least one

first expression construct comprising a promoter active in said wheat plant and

operable linked thereto a nucleic acid sequence encoding an enzyme capable

to metabolize D-alanine and/or D-serine, and

b. incubating said wheat cell or tissue of step a) on a selection medium compris¬

ing D-alanine and/or D-serine and/or a derivative thereof in a total concentra¬

tion from about 3 imM to about 100 imM for a time period of at least 5 days

(preferably at least 14 days), and

c . transferring said wheat cell or tissue of step b) to a regeneration medium and

regenerating and selecting wheat plants comprising said DNA construct.

In one preferred embodiment the DNA construct introducing into said wheat cell or

tissue further comprises at least one second expression construct conferring to said

wheat plant an agronomic valuable trait. However also other genes (e.g., reporter

genes) can be transformed into the wheat plant in combination with the expression

cassette for the enzyme capable to metabolize D-alanine and/or D-serine (i.e., the

ctable marker).

Preferably, the enzyme capable to metabolize D-alanine or D-serine is selected

from the group consisting of D-serine ammonia-lyases (EC 4.3.1 .18), D-Amino acid

oxidases (EC 1.4.3.3), and D-Alanine transaminases (EC 2.6.1 .21 ) . More prefera¬

bly the enzyme capable to metabolize D-alanine or D-serine is selected from the

group consisting of D-serine ammonia-lyases (EC 4.3.1 .18), and D-Amino acid oxi¬

dases (EC 1.4.3.3). Even more preferably for the method of the invention, the en¬

zyme capable to metabolize D-serine is selected from the group consisting of

i) the E.coli D-serine ammonia-lyase as encoded by SEQ ID NO: 2 , and



ii) enzymes having the same enzymatic activity and an identity of at least 80% to

the sequence as encoded by SEQ ID NO: 2 , and

ii) enzymes encoded by a nucleic acid sequence capable to hybridize to the

complement of the sequence described by SEQ ID NO: 1,

and wherein selection is done on a medium comprising D-serine in a concentration

from about 3 mM to about 100 mM.

Also more preferably for the method of the invention, the enzyme capable to me¬

tabolize D-serine and D-alanine is selected from the group consisting of

i) the Rhodotorula gracilis D-amino acid oxidase as encoded by SEQ ID NO: 4 ,

and

ii) enzymes having the same enzymatic activity and an identity of at least 80% to

the sequence as encoded by SEQ ID NO: 4 , and

iii) enzymes encoded by a nucleic acid sequence capable to hybridize to the

complement of the sequence described by SEQ ID NO: 3 ,

and wherein selection is done on a medium comprising D-alanine and/or D-serine

in a total concentration from about 3 mM to about 100 mM.

The promoter active in said wheat plant is preferably an ubiquitin promoter, more

preferably a monocot ubiquitin promoter, most preferably a maize ubiquitin pro¬

moter. Even more preferably, the ubiquitin promoter is selected from the group

consisting of

a) sequences comprising the sequence as described by SEQ ID NO: 5 , and

b) sequences comprising at least one fragment of at least 50 consecutive base

pairs of the sequence as described by SEQ ID NO: 5 , and having promoter ac¬

tivity in wheat,

c) sequences comprising a sequence having at least 60% identity to the se¬

quence as described by SEQ ID NO: 5 , and having promoter activity in wheat,

d) sequences comprising a sequence hybridizing to the sequence as described

by SEQ ID NO: 5 , and having promoter activity in wheat.

The sequence described by SEQ ID NO: 5 is the core promoter of the maize ubiq¬

uitin promoter. In one preferred embodiment not only the promoter region is em¬

ployed as a transcription regulating sequence but also a 5' -untranslated region



and/or an intron. More preferably the region spanning the promoter, the 5' -

untranslated region and the first intron of the maize ubiquitin gene are used, even

more preferably the region described by SEQ ID NO: 6 . Accordingly in another pre¬

ferred embodiment the ubiquitin promoter utilized in the method of the invention is

selected from the group consisting of

a) sequences comprising the sequence as described by SEQ ID NO: 6 , and

b) sequences comprising at least one fragment of at least 50 consecutive base

pairs of the sequence as described by SEQ ID NO: 6 , and having promoter ac¬

tivity in wheat,

c) sequences comprising a sequence having at least 60% identity to the se¬

quence as described by SEQ ID NO: 6 , and having promoter activity in wheat,

d) sequences comprising a sequence hybridizing to the sequence as described

by SEQ ID NO: 6 , and having promoter activity in wheat.

In one preferred embodiment of the invention the selection of step b) is done using

about 3 imM to about 15 mM D-alanine or about 3mM to about 30 mM D-Serine.

The total selection time under dedifferentiating conditions is from about 3 to 4

weeks.

More preferably, the selection of step b) is done in two steps, using a first selection

step for about 14 to about 20 days, then transferring the surviving cells or tissue to

a second selection medium with essentially the same composition than the first

selection medium for additional about 14 to about 20 days.

Various methods can be employed to introduce the DNA constructs of the invention

into maize plants. Preferably, introduction of said DNA construct is mediated by a

method selected from the group consisting of Rhizobiaceae mediated transforma¬

tion and particle bombardment mediated transformation. More preferably, transfor¬

mation is mediated by a Rhizobiaceae bacterium selected from the group of dis¬

armed Agrobacterium tumefaciens or Agrobacterium rhizogenes bacterium strains.

In another preferred embodiment the soil-borne bacterium is a disarmed strain

variant of Agrobacterium rhizogenes strain K599 (NCPPB 2659). Such strains are

described in US provisional patent application No. 60/606789, filed September 2nd ,

2004, hereby incorporated entirely by reference.



In one preferred embodiment of the invention the method of the invention com¬

prises the following steps

a . isolating an immature embryo of a wheat plant, and

b. co-cultivating said isolated immature embryo, which has not been subjected to

a dedifferentiate treatment, with a bacterium belonging to genus Rhizo-

biaceae comprising at least one transgenic T-DNA, said T-DNA comprising at

least one first expression construct comprising a promoter active in said wheat

plant and operably linked thereto a nucleic acid sequence encoding an en¬

zyme capable to metabolize D-alanine and/or D-serine,

c . transferring the co-cultivated immature embryos to a recovering medium, said

recovery medium lacking a phytotoxic effective amount of D-serine or D-

alanine, and

d . inducing formation of embryogenic callus and selecting transgenic callus on a

medium for comprising,

i) an effective amount of at least one auxin compound, and

ii) D-alanine and/or D-serine in a total concentration from about 3 mM to 100

mM, and

e.regenerating and selecting plants containing the transgenic T-DNA from the

said transgenic callus.

In one preferred embodiment the T- DNA further comprises at least one second

expression construct conferring to said wheat plant an agronomic valuable trait.

In said preferred method the selection of step d) is done using about 3 mM to about

15 mM D-alanine or about 3 mM to about 30 mM D-serine. More preferably, the

selection of step d) is done in two steps, using a first selection step for about 14 to

20 days, then transferring the surviving cells or tissue to a second selection me¬

dium with essentially the same composition than the first selection medium for addi¬

tional about 14 to about 20 days.

The medium employed in the regeneration step e) is preferably comprising:

i) an effective amount of at least one cytokinin compound, and/or

i) D-alanine and/or D-serine in a total concentration from about 3 mM to 100 mM.

In said preferred recovery medium of step c) the effective amount of the auxin com-



compound is preferably equivalent to a concentration of about 0.2 mg/l to about 6

mg/l 2,4-D.

Virtually any wheat plant can function as a source for the target material for the

transformation. Preferably, said wheat plant, immature embryo, cell or tissue is

from a plant selected from the Triticum family group of plants. More preferably,

said wheat cell or tissue or said immature embryo is (e.g., isolated) from a plant

specie of the group consisting of Triticum spp.: common (T. aestivum), durum (T.

durum), spelt (T. spelta), Triticum dicoccum (Emmer wheat), Triticum turgidum, and

Triticum monococcum (Einkorn wheat).

The method of the invention, especially when used with D-Amino acid oxidases,

can be advantageously combined with marker excision technology making use of

the dual-function properties the D-amino acid oxidase. Thus, one embodiment of

the invention relates to a method comprising the steps of:

i) transforming a wheat plant cell with a first DNA construct comprising

a) at least one first expression construct comprising a promoter active in said

wheat plant and operably linked thereto a nucleic acid sequence encoding

a D-amino acid oxidase enzyme, wherein said first expression cassette is

flanked by sequences which allow for specific deletion of said first expres¬

sion cassette, and

b) at least one second expression cassette suitable for conferring to said plant

an agronomically valuable trait, wherein said second expression cassette is

not localized between said sequences which allow for specific deletion of

said first expression cassette, and

ii) treating said transformed wheat plant cells of step i) with a first compound se¬

lected from the group consisting of D-alanine, D-serine or derivatives thereof in a

phytotoxic concentration and selecting plant cells comprising in their genome

said first DNA construct, conferring resistance to said transformed plant cells

against said first compound by expression of said D-amino acid oxidase, and

iii) inducing deletion of said first expression cassette from the genome of said trans¬

formed plant cells and treating said plant cells with a second compound selected

from the group consisting of D-isoleucine, D-valine and derivatives thereof in a

concentration toxic to plant cells still comprising said first expression cassette,



thereby selecting plant cells comprising said second expression cassette but

lacking said first expression cassette.

The promoter active in wheat plants and/or the D-amino acid oxidase are defined

as above.

Another embodiment of the invention relates to a wheat plant or cell comprising a

promoter active in said wheat plants or cells and operably linked thereto a nucleic

acid sequence encoding an enzyme capable to metabolize D-alanine or D-serine,

wherein said promoter is heterologous in relation to said enzyme encoding se¬

quence. Preferably, the promoter and/or the enzyme capable to metabolize D-

alanine or D-serine is defined as above. More preferably the wheat plant is further

comprising at least one second expression construct conferring to said wheat plant

an agronomically valuable trait. In one preferred embodiment the wheat plant se-

lected from the Triticum family group of plants. More preferably from a plant specie

of the group consisting of Triticum spp.: common (T. aestivum), durum (T. durum),

spelt (T. spelta), Triticum dicoccum (Emmer wheat), Triticum turgidum, and Triticum

monococcum (Einkorn wheat), most preferably from a veriety of Triticum aestivum.

Other embodiments of the invention relate to parts, organs, cells, fruits, and other

reproduction material of a wheat plant of the invention. Preferred parts are selected

from the group consisting of tissue, cells, pollen, ovule, roots, leaves, seeds, micro¬

spores, and vegetative parts.

The methods and compositions of the invention can advantageously be employed

in gene stacking approaches (i.e. for subsequent multiple transformations). Thus

another embodiment of the inventions relates to a method for subsequent transfor¬

mation of at least two DNA constructs into a wheat plant comprising the steps of:

a) a transformation with a first construct said construct comprising at least one

expression construct comprising a promoter active in said wheat plants and

operably linked thereto a nucleic acid sequence encoding an enzyme capable

to metabolize D-alanine or D-serine, and

b) a transformation with a second construct said construct comprising a second

selection marker gene, which is not conferring resistance against D-alanine or

D-serine.



Preferably said second marker gene is conferring resistance against at least one

compound select from the group consisting of phosphinotricin, glyphosate, sulfony¬

lurea- and imidazolinone-type herbicides. The promoter active is wheat plants

and/or the D-amino acid oxidase are defined as above.

Comprised are also the wheat plants provided by such method. Thus another em¬

bodiment relates to a wheat plant comprising

a) a first expression construct comprising a promoter active in said wheat plant

and operably linked thereto a nucleic acid sequence encoding an enzyme ca¬

pable to metabolize D-alanine or D-serine, and

b) a second expression construct for a selection marker gene, which is not con¬

ferring resistance against D-alanine or D-serine.

Furthermore, the dsdA and dao gene provided hereunder can also be employed in

subsequent transformations. Accordingly another embodiment of the invention re¬

lates to a method for subsequent transformation of at least two DNA constructs into

a wheat plant comprising the steps of:

a) a transformation with a first construct said construct comprising an expression

construct comprising a plant promoter and operably linked thereto a nucleic

acid sequence encoding an dsdA (D-serine dehydratase) enzyme and select¬

ing with D-serine, and

b) a transformation with a second construct said construct comprising an expres¬

sion construct comprising a plant promoter and operably linked thereto a nu-

cleic acid sequence encoding an dao (D-amino acid oxidase) enzyme and se¬

lecting with D-alanine.

The promoter active is wheat plants and/or the D-amino acid oxidase are defined

as above. Additional object of the invention relate to the model and the elite varie-

ties of spring, winter and alternative type of wheat. Preferred parts are selected

from the group consisting of tissue, cells, pollen, ovule, microspores, inflorescence,

roots, leaves, seeds, and meristematic tissues.



DESCRIPTION OF THE DRAWINGS

Fig. 1 Construct containing dsdA gene: pRLM167.

Fig. 2 Constructs containing dsdA gene:

l) pRLM166

M) pRLM 179

III) pRLM 151

Fig. 3 Constructs containing Dao1 genes:

I) pRLM205 dao1 original

II) pRLM226 dao1/ko

Fig. 4 Expression of dsdA gene measured as germination of T 1 immature em¬

bryos on D-serine containing medium:

I) Segregation of T 1 transgenic and non-transgenic in vitro seedlings

II) Rooted of T 1 dsdA transgenic seedlings on selection. Non-transgenic

segregants are circled in white in comparison to the transgenic

plants

Fig. 5 Transgenic plants with dsdA/PAT genes have normal phenotype, vigor¬

ous growth and full seed set

Fig. 6 A-B Regeneration on different concentrations D-serine or D-alanine contain¬

ing medium (Killing curves):

I) Canon on D-serine

II) BW-56 on D-serine

III) BW-56 on D - alanine

Fig. 7 Rooting and growth of Canon plants on D-serine containing medium

(Killing curves)

Fig. 8 Germination of non-transgenic immature embryos on D-serine contain¬

ing medium (Killing curves)



Fig. 9 Transgenic plant rooted under constant selection pressure (5mM D-

serine)

Fig. 10 Expression of guslNT gene driven by pScBV promoter in endosperm,

immature embryos, leaves, roots and anthers

Fig. 11 Negative selection effect of D-isoleucine on T 1 dao1 transgenic seed¬

lings and non-transgenic plants

Fig. 12 Southern blot analyses of transgenic wheat plants with dsdA gene:

I) Transformants with pRLM166. Genomic DNA was digested with Eco

RV and hybridized with 847 bp fragment of dsdA gene. Lines: (1- 3)

transgenic T O and T 1 event 4 ; (4-5) transgenic TO and T 1 event 5 ; (6-8)

transgenic TO and T 1 event 6 ; (9-1 1) transgenic TO plants 314,313,315;

(12) transgenic TO plant 242; (13) transgenic TO plant 244; (14) ) trans¬

genic TO plant 250; (C ) Canon non transgenic plant; (M) λHιndMI

II) Transformants with pRLM151 . Genomic DNA was digested with

BamHI and hybridized with 847 bp fragment of dsdA gene. Lines: (M)

Hindiii ; (i_2) transgenic TO and T 1 event 385; (3-4) transgenic TO and

T 1 event 406; (C ) Canon non transgenic plant

III) Transformants with pRLM179 and selected on D-serine. Genomic

DNA was digested with BamHI and hybridized with 847 bp fragment of

dsdA gene. Lines: (M) λHιndl " ; (1-5) transgenic T O and T 1 event 2258;

(6-10) transgenic TO and T 1 event 2256; ( 1 1-15) transgenic TO and T 1

event 2263 (C ) Canon non transgenic plant

Fig. 13 Southern blot analyses of transgenic wheat plants with dao1 :

Transformants with pRLM205. Genomic DNA was digested with BamHI

and hybridized with 1156 bp fragment of gus gene. Lines: (M) λHιndlM ; (1-

3) transgenic TO and T 1 event 5 1; (5-6) transgenic TO and T 1 event 52;

(7-9) transgenic TO and T 1 event 9 1 ; (10-12) transgenic TO and T 1 e-

vent 26; (13-14) transgenic T 1 event 9 ; (C ) Canon non transgenic plant



Fig. 14 D-serine deaminase activity in 19 transgenic lines. DSD activity is defi¬

ned as Pyrovate produced mM /mg/h. As controls: C - Canon; VC05 -

Vector control bar tranagenic plant and DAO1 - transgenic plant with

dao1 gene

Fig. 15 Effect of D-serine on transgenic and non transgenic plants grown in

hydroponics measured as dray wheat (DW) of 14 days old seedlings:

I) Transgenic dsdA/ahas T2 progenies from events: 2256, 2258 and

2263;

ll)Transgenic dsdA/gus and dsdA/pat T2 progenies from events: (1) Ca¬

non, (2) Event 1; (3) Event 3 ; (4) Event 4 ; (5) Event 15

GENERAL DEFINITIONS

The teachings, methods, sequences etc. employed and described in the interna¬

tional patent applications WO 03/004659 (RECOMBINATION SYSTEMS AND A

METHOD FOR REMOVING NUCLEIC ACID SEQUENCES FROM THE GENOME

OF EUKARYOTIC ORGANISMS), WO 03/060133 (SELECTIVE PLANT GROWTH

USING D-AMINO ACIDS), international patent application PCT/EP 2005/002735,

international patent application PCT/EP 2005/002734, US provisional patent appli¬

cation No. 60/612,432 filed 23.09.2004 are hereby incorporated by reference.

It is to be understood that this invention is not limited to the particular methodology,

protocols, cell lines, plant species or genera, constructs, and reagents described as

such. It is also to be understood that the terminology used herein is for the purpose

of describing particular embodiments only, and is not intended to limit the scope of

the present invention, which will be limited only by the appended claims. It must be

noted that as used herein and in the appended claims, the singular forms "a,"

"and," and "the" include plural reference unless the context clearly dictates other-

wise. Thus, for example, reference to "a vector" is a reference to one or more vec¬

tors and includes equivalents thereof known to those skilled in the art, and so forth.

The term "about" is used herein to mean approximately, roughly, around, or in the

region of. When the term "about" is used in conjunction with a numerical range, it



modifies that range by extending the boundaries above and below the numerical

values set forth. In general, the term "about" is used herein to modify a numerical

value above and below the stated value by a variance of 20 percent, preferably 10

percent, more preferably 5 percent up or down (higher or lower).

As used herein, the word "or" means any one member of a particular list and also

includes any combination of members of that list.§

"Agronomically valuable trait" include any phenotype in a plant organism that is

useful or advantageous for food production or food products, including plant parts

and plant products. Non-food agricultural products such as paper, etc. are also in¬

cluded. A partial list of agronomically valuable traits includes pest resistance, vigor,

development time (time to harvest), enhanced nutrient content, novel growth pat¬

terns, flavors or colors, salt, heat, drought and cold tolerance, and the like. Prefera-

bly, agronomically valuable traits do not include selectable marker genes (e. g.,

genes encoding herbicide or antibiotic resistance used only to facilitate detection or

selection of transformed cells), hormone biosynthesis genes leading to the produc¬

tion of a plant hormone (e.g., auxins, gibberllins, cytokinins, abscisic acid and eth¬

ylene that are used only for selection), or reporter genes (e.g. luciferase, glucuroni-

dase, chloramphenicol acetyl transferase (CAT, etc.). Such agronomically valuable

important traits may include improvement of pest resistance (e.g., Melchers 2000),

vigor, development time (time to harvest), enhanced nutrient content, novel growth

patterns, flavors or colors, salt, heat, drought, and cold tolerance (e.g., Sakamoto

2000; Saijo 2000; Yeo 2000; Cushman 2000), and the like. Those of skill will rec-

ognize that there are numerous polynucleotides from which to choose to confer

these and other agronomically valuable traits.

As used herein, the term "amino acid sequence" refers to a list of abbreviations,

letters, characters or words representing amino acid residues. Amino acids may be

referred to herein by either their commonly known three letter symbols or by the

one-letter symbols recommended by the IUPAC-IUB Biochemical Nomenclature

Commission. Nucleotides, likewise, may be referred to by their commonly accepted

single-letter codes. The abbreviations used herein are conventional one letter

codes for the amino acids: A , alanine; B, asparagine or aspartic acid; C, cysteine; D



aspartic acid; E, glutamate, glutamic acid; F, phenylalanine; G , glycine; H histidine;

I isoleucine; K, lysine; L, leucine; M, methionine; N, asparagine; P, proline; Q,

glutamine; R, arginine ; S, serine; T, threonine; V , valine; W, tryptophan; Y, tyro¬

sine; Z , glutamine or glutamic acid (see L . Stryer, Biochemistry, 1988, W. H. Free-

man and Company, New York. The letter "x" as used herein within an amino acid

sequence can stand for any amino acid residue.

The term "nucleic acid" refers to deoxyribonucleotides or ribonucleotides and poly¬

mers or hybrids thereof in either single-or double-stranded, sense or antisense

form.

The phrase "nucleic acid sequence" as used herein refers to a consecutive list of

abbreviations, letters, characters or words, which represent nucleotides. In one

embodiment, a nucleic acid can be a "probe" which is a relatively short nucleic acid,

usually less than 100 nucleotides in length. Often a nucleic acid probe is from about

50 nucleotides in length to about 10 nucleotides in length. A "target region" of a

nucleic acid is a portion of a nucleic acid that is identified to be of interest. A "cod¬

ing region" of a nucleic acid is the portion of the nucleic acid, which is transcribed

and translated in a sequence-specific manner to produce into a particular polypep-

tide or protein when placed under the control of appropriate regulatory sequences.

The coding region is said to encode such a polypeptide or protein. Unless other¬

wise indicated, a particular nucleic acid sequence also implicitly encompasses con¬

servatively modified variants thereof (e. g., degenerate codon substitutions) and

complementary sequences, as well as the sequence explicitly indicated. The term

"nucleic acid" is used interchangeably herein with "gene", "cDNA, "imRNA", "oli¬

gonucleotide," and "polynucleotide".

The term "nucleotide sequence of interest" refers to any nucleotide sequence, the

manipulation of which may be deemed desirable for any reason (e.g., confer im-

proved qualities), by one of ordinary skill in the art. Such nucleotide sequences in¬

clude, but are not limited to, coding sequences of structural genes (e.g., reporter

genes, selection marker genes, oncogenes, drug resistance genes, growth factors,

etc.), and non-coding regulatory sequences which do not encode an imRNA or pro¬

tein product, (e.g., promoter sequence, polyadenylation sequence, termination se-



quence, enhancer sequence, etc.). A nucleic acid sequence of interest may pref¬

erably encode for an agronomically valuable trait.

The term "antisense" is understood to mean a nucleic acid having a sequence

complementary to a target sequence, for example a messenger RNA (imRNA) se¬

quence the blocking of whose expression is sought to be initiated by hybridization

with the target sequence.

The term "sense" is understood to mean a nucleic acid having a sequence which is

homologous or identical to a target sequence, for example a sequence which binds

to a protein transcription factor and which is involved in the expression of a given

gene. According to a preferred embodiment, the nucleic acid comprises a gene of

interest and elements allowing the expression of the said gene of interest.

As used herein, the terms "complementary" or "complementarity" are used in refer¬

ence to nucleotide sequences related by the base-pairing rules. For example, the

sequence 5'-AGT-3' is complementary to the sequence 5'-ACT-3'. Complementarity

can be "partial" or "total." "Partial" complementarity is where one or more nucleic

acid bases is not matched according to the base pairing rules. "Total" or "complete"

complementarity between nucleic acids is where each and every nucleic acid base

is matched with another base under the base pairing rules. The degree of comple¬

mentarity between nucleic acid strands has significant effects on the efficiency and

strength of hybridization between nucleic acid strands. A "complement" of a nucleic

acid sequence as used herein refers to a nucleotide sequence whose nucleic acids

show total complementarity to the nucleic acids of the nucleic acid sequence.

The term " genome" or " genomic DNA" is referring to the heritable genetic

information of a host organism. Said genomic DNA comprises the DNA of the nu¬

cleus (also referred to as chromosomal DNA) but also the DNA of the plastids (e.g.,

chloroplasts) and other cellular organelles (e.g., mitochondria). Preferably the terms

genome or genomic DNA is referring to the chromosomal DNA of the nucleus.

The term " chromosomal DNA" or "chromosomal DNA-sequence" is to be under¬

stood as the genomic DNA of the cellular nucleus independent from the cell cycle



status. Chromosomal DNA might therefore be organized in chromosomes or chro¬

matids, they might be condensed or uncoiled. An insertion into the chromosomal

DNA can be demonstrated and analyzed by various methods known in the art like

e.g., polymerase chain reaction (PCR) analysis, Southern blot analysis, fluores-

cence in situ hybridization (FISH), and in situ PCR.

Preferably, the term "isolated" when used in relation to a nucleic acid, as in "an iso¬

lated nucleic acid sequence" refers to a nucleic acid sequence that is identified and

separated from at least one contaminant nucleic acid with which it is ordinarily as-

sociated in its natural source. Isolated nucleic acid is nucleic acid present in a form

or setting that is different from that in which it is found in nature. In contrast, non¬

isolated nucleic acids are nucleic acids such as DNA and RNA, which are found in

the state they exist in nature. For example, a given DNA sequence (e.g., a gene) is

found on the host cell chromosome in proximity to neighboring genes; RNA se-

quences, such as a specific imRNA sequence encoding a specific protein, are found

in the cell as a mixture with numerous other imRNAs, which encode a multitude of

proteins. However, an isolated nucleic acid sequence comprising SEQ ID NO:1

includes, by way of example, such nucleic acid sequences in cells which ordinarily

contain SEQ ID NO:1 where the nucleic acid sequence is in a chromosomal or ex-

trachromosomal location different from that of natural cells, or is otherwise flanked

by a different nucleic acid sequence than that found in nature. The isolated nucleic

acid sequence may be present in single-stranded or double-stranded form. When

an isolated nucleic acid sequence is to be utilized to express a protein, the nucleic

acid sequence will contain at a minimum at least a portion of the sense or coding

strand (i.e., the nucleic acid sequence may be single-stranded). Alternatively, it

may contain both the sense and anti-sense strands (i.e., the nucleic acid sequence

may be double-stranded).

As used herein, the term "purified" refers to molecules, either nucleic or amino acid

sequences that are removed from their natural environment, isolated or separated.

An "isolated nucleic acid sequence" is therefore a purified nucleic acid sequence.

"Substantially purified" molecules are at least 60% free, preferably at least 75%

free, and more preferably at least 90% free from other components with which they

are naturally associated.



A "polynucleotide construct" refers to a nucleic acid at least partly created by re¬

combinant methods. The term " DNA construct" is referring to a polynucleotide

construct consisting of deoxyribonucleotides. The construct may be single- or -

preferably - double stranded. The construct may be circular or linear. The skilled

worker is familiar with a variety of ways to obtain one of a DNA construct. Con¬

structs can be prepared by means of customary recombination and cloning tech¬

niques as are described, for example, in Maniatis 1989, Silhavy 1984, and in

Ausubel 1987.

The term "wild-type", "natural" or of "natural origin" means with respect to an organ¬

ism, polypeptide, or nucleic acid sequence, that said organism is naturally occurring

or available in at least one naturally occurring organism which is not changed, mu¬

tated, or otherwise manipulated by man.

The term "foreign gene" refers to any nucleic acid (e.g., gene sequence) which is

introduced into the genome of a cell by experimental manipulations and may in¬

clude gene sequences found in that cell so long as the introduced gene contains

some modification (e.g., a point mutation, the presence of a selectable marker

gene, etc.) relative to the naturally-occurring gene.

The terms "heterologous nucleic acid sequence" or "heterologous DNA" are used

interchangeably to refer to a nucleotide sequence, which is ligated to, or is manipu¬

lated to become ligated to, a nucleic acid sequence to which it is not ligated in na-

ture, or to which it is ligated at a different location in nature. Heterologous DNA is

not endogenous to the cell into which it is introduced, but has been obtained from

another cell. Generally, although not necessarily, such heterologous DNA encodes

RNA and proteins that are not normally produced by the cell into which it is ex¬

pressed. A promoter, transcription regulating sequence or other genetic element is

considered to be " heterologous" in relation to another sequence (e.g., encoding

a marker sequence or am agronomically relevant trait) if said two sequences are

not combined or differently operably linked their natural environment. Preferably,

said sequences are not operably linked in their natural environment (i.e. come from

different genes). Most preferably, said regulatory sequence is covalently joined



and adjacent to a nucleic acid to which it is not adjacent in its natural environment.

The term "transgene" as used herein refers to any nucleic acid sequence, which is

introduced into the genome of a cell or which has been manipulated by experimen-

tal manipulations by man. Preferably, said sequence is resulting in a genome which

is different from a naturally occurring organism (e.g., said sequence, if endogenous

to said organism, is introduced into a location different from its natural location, or

its copy number is increased or decreased). A transgene may be an "endogenous

DNA sequence", " an " exogenous DNA sequence" (e.g., a foreign gene), or a

"heterologous DNA sequence". The term "endogenous DNA sequence" refers to a

nucleotide sequence, which is naturally found in the cell into which it is introduced

so long as it does not contain some modification (e.g., a point mutation, the pres¬

ence of a selectable marker gene, etc.) relative to the naturally-occurring sequence.

The term "transgenic" or "recombinant" when used in reference to a cell or an or¬

ganism (e.g., with regard to a wheat plant or plant cell) refers to a cell or organism

which contains a transgene, or whose genome has been altered by the introduction

of a transgene. A transgenic organism or tissue may comprise one or more trans¬

genic cells. Preferably, the organism or tissue is substantially consisting of trans-

genie cells (i.e., more than 80%, preferably 90%, more preferably 95%, most pref¬

erably 99% of the cells in said organism or tissue are transgenic).

A "recombinant polypeptide" is a non-naturally occurring polypeptide that differs in

sequence from a naturally occurring polypeptide by at least one amino acid resi-

due. Preferred methods for producing said recombinant polypeptide and/or nucleic

acid may comprise directed or non-directed mutagenesis, DNA shuffling or other

methods of recursive recombination.

The terms "homology" or " identity" when used in relation to nucleic acids refers

to a degree of complementarity. Homology or identity between two nucleic acids is

understood as meaning the identity of the nucleic acid sequence over in each case

the entire length of the sequence, which is calculated by comparison with the aid of

the program algorithm GAP (Wisconsin Package Version 10.0, University of Wis¬

consin, Genetics Computer Group (GCG), Madison, USA) with the parameters be-



ing set as follows:

Gap Weight: 12 Length Weight: 4

Average Match: 2,912 Average Mismatch:-2,003

For example, a sequence with at least 95% homology (or identity) to the sequence

SEQ ID NO: 1 at the nucleic acid level is understood as meaning the sequence

which, upon comparison with the sequence SEQ ID NO: 1 by the above program

algorithm with the above parameter set, has at least 95% homology. There may be

partial homology (i.e., partial identity of less then 100%) or complete homology (i.e.,

complete identity of 100%).

The term "hybridization" as used herein includes "any process by which a strand of

nucleic acid joins with a complementary strand through base pairing." (Coombs

1994). Hybridization and the strength of hybridization (i.e., the strength of the asso¬

ciation between the nucleic acids) is impacted by such factors as the degree of

complementarity between the nucleic acids, stringency of the conditions involved,

the Tm of the formed hybrid, and the G:C ratio within the nucleic acids. As used

herein, the term "Tm" is used in reference to the "melting temperature." The melting

temperature is the temperature at which a population of double-stranded nucleic

acid molecules becomes half dissociated into single strands. The equation for cal¬

culating the Tm of nucleic acids is well known in the art. As indicated by standard

references, a simple estimate of the Tm value may be calculated by the equation:

Tm=81 .5+0.41 (% G+C), when a nucleic acid is in aqueous solution at 1 M NaCI

[see e.g., Anderson and Young, 1985)]. Other references include more sophisti¬

cated computations, which take structural as well as sequence characteristics into

account for the calculation of Tm.

An example of highly stringent wash conditions is 0.15 M NaCI at 72°C for about 15

minutes. An example of stringent wash conditions is a 0.2 X SSC wash at 65°C for

15 minutes (see, Maniatis, infra, for a description of SSC buffer). Often, a high

stringency wash is preceded by a low stringency wash to remove background

probe signal. An example medium stringency wash for a duplex of, e.g., more than



100 nucleotides, is 1 X SSC at 45°C for 15 minutes. An example low stringency

wash for a duplex of, e.g., more than 100 nucleotides, is 4 to 6 X SSC at 400C for

15 minutes. For short probes (e.g., about 10 to 50 nucleotides), stringent conditions

typically involve salt concentrations of less than about 1.5 M, more preferably about

0.01 to 1.0 M, Na ion concentration (or other salts) at pH 7.0 to 8.3, and the tem¬

perature is typically at least about 300C and at least about 600C for long probes

(e.g., >50 nucleotides). Stringent conditions may also be achieved with the addition

of destabilizing agents such as formamide. In general, a signal to noise ratio of 2 X

(or higher) than that observed for an unrelated probe in the particular hybridization

assay indicates detection of a specific hybridization. Nucleic acids that do not hy¬

bridize to each other under stringent conditions are still substantially identical if the

proteins that they encode are substantially identical. This occurs, e.g., when a copy

of a nucleic acid is created using the maximum codon degeneracy permitted by the

genetic code.

Very stringent conditions are selected to be equal to the Tm for a particular probe.

An example of highly stringent conditions for hybridization of complementary nu¬

cleic acids which have more than 100 complementary residues on a filter in a

Southern or Northern blot is 50% formamide, e.g., hybridization in 50% formamide,

1 M NaCI, 1% SDS at 37°C, and a wash in 0.1 x SSC at 60 to 65°C. Exemplary low

stringency conditions include hybridization with a buffer solution of 30 to 35% for¬

mamide, 1 M NaCI, 1% SDS (sodium dodecyl sulphate) at 37°C, and a wash in 1X

to 2X SSC (20 X SSC=3.0 M NaCI/0.3 M trisodium citrate) at 50 to 55°C. Exem¬

plary moderate stringency conditions include hybridization in 40 to 45% formamide,

1.0 M NaCI, 1% SDS at 37°C, and a wash in 0.5 X to 1 X SSC at 55 to 600C.

The term "equivalent" when made in reference to a hybridization condition as it re¬

lates to a hybridization condition of interest means that the hybridization condition

and the hybridization condition of interest result in hybridization of nucleic acid se-

quences which have the same range of percent (%) homology. For example, if a

hybridization condition of interest results in hybridization of a first nucleic acid se¬

quence with other nucleic acid sequences that have from 80% to 90% homology to

the first nucleic acid sequence, then another hybridization condition is said to be

equivalent to the hybridization condition of interest if this other hybridization condi-



tion also results in hybridization of the first nucleic acid sequence with the other

nucleic acid sequences that have from 80% to 90% homology to the first nucleic

acid sequence.

When used in reference to nucleic acid hybridization the art knows well that numer¬

ous equivalent conditions may be employed to comprise either low or high strin¬

gency conditions; factors such as the length and nature (DNA, RNA, base composi¬

tion) of the probe and nature of the target (DNA, RNA, base composition, present in

solution or immobilized, etc.) and the concentration of the salts and other compo-

nents (e.g., the presence or absence of formamide, dextran sulfate, polyethylene

glycol) are considered and the hybridization solution may be varied to generate

conditions of either low or high stringency hybridization different from, but equiva¬

lent to, the above-listed conditions. Those skilled in the art know that whereas

higher stringencies may be preferred to reduce or eliminate non-specific binding,

lower stringencies may be preferred to detect a larger number of nucleic acid se¬

quences having different homologies.

The term "gene" refers to a coding region operably joined to appropriate regulatory

sequences capable of regulating the expression of the polypeptide in some man-

ner. A gene includes untranslated regulatory regions of DNA (e. g., promoters, en¬

hancers, repressors, etc.) preceding (upstream) and following (downstream) the

coding region (open reading frame, ORF) as well as, where applicable, intervening

sequences (i.e., introns) between individual coding regions (i.e., exons). The term

"structural gene" as used herein is intended to mean a DNA sequence that is tran-

scribed into imRNA, which is then translated into a sequence of amino acids

characteristic of a specific polypeptide.

As used herein the term "coding region" when used in reference to a structural

gene refers to the nucleotide sequences which encode the amino acids found in the

nascent polypeptide as a result of translation of a imRNA molecule. The coding re¬

gion is bounded, in eukaryotes, on the 5'side by the nucleotide triplet "ATG" which

encodes the initiator methionine and on the 3'-side by one of the three triplets

which specify stop codons (i.e., TAA, TAG, TGA). In addition to containing introns,

genomic forms of a gene may also include sequences located on both the 5'- and



3'-end of the sequences which are present on the RNA transcript. These se¬

quences are referred to as "flanking" sequences or regions (these flanking se¬

quences are located 5' or 3' to the non-translated sequences present on the mRNA

transcript). The 5'-flanking region may contain regulatory sequences such as pro-

moters and enhancers which control or influence the transcription of the gene. The

3'-flanking region may contain sequences which direct the termination of transcrip¬

tion, posttranscriptional cleavage and polyadenylation.

The terms "polypeptide", "peptide", "oligopeptide", "polypeptide", "gene product",

"expression product" and "protein" are used interchangeably herein to refer to a

polymer or oligomer of consecutive amino acid residues.

The term "isolated" as used herein means that a material has been removed from

its original environment. For example, a naturally-occurring polynucleotide or poly-

peptide present in a living animal is not isolated, but the same polynucleotide or

polypeptide, separated from some or all of the coexisting materials in the natural

system, is isolated. Such polynucleotides can be part of a vector and/or such

polynucleotides or polypeptides could be part of a composition, and would be iso¬

lated in that such a vector or composition is not part of its original environment.

The term "genetically-modified organism" or "GMO" refers to any organism that

comprises transgene DNA. Exemplary organisms include plants, animals and mi¬

croorganisms.

The term "cell" or " plant cell" as used herein refers to a single cell. The term

"cells" refers to a population of cells. The population may be a pure population

comprising one cell type. Likewise, the population may comprise more than one cell

type. In the present invention, there is no limit on the number of cell types that a cell

population may comprise. The cells may be synchronized or not synchronized. A

plant cell within the meaning of this invention may be isolated (e.g., in suspension

culture) or comprised in a plant tissue, plant organ or plant at any developmental

stage.

The term " organ" with respect to a plant (or " plant organ" ) means parts of a



plant and may include (but shall not limited to) for example roots, fruits, shoots,

stem, leaves, anthers, sepals, petals, pollen, seeds, etc.

The term " tissue" with respect to a plant (or " plant tissue" ) means arrange-

ment of multiple plant cells including differentiated and undifferentiated tissues of

plants. Plant tissues may constitute part of a plant organ (e.g., the epidermis of a

plant leaf) but may also constitute tumor tissues (e.g., callus tissue) and various

types of cells in culture (e.g., single cells, protoplasts, embryos, calli, protocorm-like

bodies, etc.). Plant tissue may be in planta, in organ culture, tissue culture, or cell

culture.

The term "plant" as used herein refers to a plurality of plant cells which are largely

differentiated into a structure that is present at any stage of a plant's development.

Such structures include one or more plant organs including, but are not limited to,

fruit, shoot, stem, leaf, flower petal, etc.

The term " chromosomal DNA" or "chromosomal DNA-sequence" is to be under¬

stood as the genomic DNA of the cellular nucleus independent from the cell cycle

status. Chromosomal DNA might therefore be organized in chromosomes or chro-

matids, they might be condensed or uncoiled. An insertion into the chromosomal

DNA can be demonstrated and analyzed by various methods known in the art like

e.g., PCR analysis, Southern blot analysis, fluorescence in situ hybridization

(FISH), and in situ PCR.

The term "structural gene" as used herein is intended to mean a DNA sequence

that is transcribed into imRNA which is then translated into a sequence of amino

acids characteristic of a specific polypeptide.

The term "expression" refers to the biosynthesis of a gene product. For example, in

the case of a structural gene, expression involves transcription of the structural

gene into imRNA and - optionally - the subsequent translation of imRNA into one or

more polypeptides.

The term "expression cassette" or "expression construct" as used herein is in-



tended to mean the combination of any nucleic acid sequence to be expressed in

operable linkage with a promoter sequence and - optionally - additional elements

(like e.g., terminator and/or polyadenylation sequences) which facilitate expression

of said nucleic acid sequence.

„ Promoter" , "promoter element," or "promoter sequence" as used herein, refers

to the nucleotide sequences at the 5' end of a nucleotide sequence which direct the

initiation of transcription (i.e., is capable of controlling the transcription of the nu¬

cleotide sequence into imRNA). A promoter is typically, though not necessarily, lo-

cated 5' (i.e., upstream) of a nucleotide sequence of interest (e.g., proximal to the

transcriptional start site of a structural gene) whose transcription into imRNA it con¬

trols, and provides a site for specific binding by RNA polymerase and other tran¬

scription factors for initiation of transcription. Promoter sequences are necessary,

but not always sufficient, to drive the expression of a downstream gene. In general,

eukaryotic promoters include a characteristic DNA sequence homologous to the

consensus 5'-TATAAT-3' (TATA) box about 10-30 bp 5' to the transcription start

(cap) site, which, by convention, is numbered + 1 . Bases 3' to the cap site are given

positive numbers, whereas bases 5' to the cap site receive negative numbers, re¬

flecting their distance from the cap site. Another promoter component, the CAAT

box, is often found about 30 to 70 bp 5' to the TATA box and has homology to the

canonical form 5'-CCAAT-3' (Breathnach 1981). In plants the CAAT box is some¬

times replaced by a sequence known as the AGGA box, a region having adenine

residues symmetrically flanking the triplet G(orT)NG (Messing 1983). Other se¬

quences conferring regulatory influences on transcription can be found within the

promoter region and extending as far as 1000 bp or more 5' from the cap site. The

term "constitutive" when made in reference to a promoter means that the promoter

is capable of directing transcription of an operably linked nucleic acid sequence in

the absence of a stimulus (e.g., heat shock, chemicals, light, etc.). Typically, consti¬

tutive promoters are capable of directing expression of a transgene in substantially

any cell and any tissue.

Regulatory Control refers to the modulation of gene expression induced by DNA

sequence elements located primarily, but not exclusively, upstream of (5' to) the

transcription start site. Regulation may result in an all-or-nothing response to envi-



ronmental stimuli, or it may result in variations in the level of gene expression. In

this invention, the heat shock regulatory elements function to enhance transiently

the level of downstream gene expression in response to sudden temperature eleva¬

tion.

Polyadenylation signal refers to any nucleic acid sequence capable of effecting

mRNA processing, usually characterized by the addition of polyadenylic acid tracts

to the 3'-ends of the mRNA precursors. The polyadenylation signal DNA segment

may itself be a composite of segments derived from several sources, naturally oc-

curring or synthetic, and may be from a genomic DNA or an RNA-derived cDNA.

Polyadenylation signals are commonly recognized by the presence of homology to

the canonical form 5'-AATAA-3', although variation of distance, partial

"readthrough", and multiple tandem canonical sequences are not uncommon

(Messing 1983). It should be recognized that a canonical "polyadenylation signal"

may in fact cause transcriptional termination and not polyadenylation per se (Mon-

tell 1983).

Heat shock elements refer to DNA sequences that regulate gene expression in re¬

sponse to the stress of sudden temperature elevations. The response is seen as an

immediate albeit transitory enhancement in level of expression of a downstream

gene. The original work on heat shock genes was done with Drosophila but many

other species including plants (Barnett 1980) exhibited analogous responses to

stress. The essential primary component of the heat shock element was described

in Drosophila to have the consensus sequence '-CTGGAATNTTCTAGA-S' (where

N=A, T, C, or G) and to be located in the region between residues -66 through -47

bp upstream to the transcriptional start site (Pelham 1982). A chemically synthe¬

sized oligonucleotide copy of this consensus sequence can replace the natural se¬

quence in conferring heat shock inducibility.

Leader sequence refers to a DNA sequence comprising about 100 nucleotides lo¬

cated between the transcription start site and the translation start site. Embodied

within the leader sequence is a region that specifies the ribosome binding site.

lntrons or intervening sequences refer in this work to those regions of DNA se-



quence that are transcribed along with the coding sequences (exons) but are then

removed in the formation of the mature imRNA. lntrons may occur anywhere within

a transcribed sequence-between coding sequences of the same or different

genes, within the coding sequence of a gene, interrupting and splitting its amino

acid sequences, and within the promoter region (5' to the translation start site) ln¬

trons in the primary transcript are excised and the coding sequences are simulta¬

neously and precisely ligated to form the mature imRNA. The junctions of introns

and exons form the splice sites. The base sequence of an intron begins with GU

and ends with AG. The same splicing signal is found in many higher eukaryotes.

The term "operable linkage" or "operably linked" is to be understood as meaning,

for example, the sequential arrangement of a regulatory element (e.g. a promoter)

with a nucleic acid sequence to be expressed and, if appropriate, further regulatory

elements (such as e.g., a terminator) in such a way that each of the regulatory ele-

ments can fulfill its intended function to allow, modify, facilitate or otherwise influ¬

ence expression of said nucleic acid sequence. The expression may result depend¬

ing on the arrangement of the nucleic acid sequences in relation to sense or an-

tisense RNA. To this end, direct linkage in the chemical sense is not necessarily

required. Genetic control sequences such as, for example, enhancer sequences,

can also exert their function on the target sequence from positions which are further

away, or indeed from other DNA molecules. Preferred arrangements are those in

which the nucleic acid sequence to be expressed recombinantly is positioned be¬

hind the sequence acting as promoter, so that the two sequences are linked cova-

lently to each other. The distance between the promoter sequence and the nucleic

acid sequence to be expressed recombinantly is preferably less than 200 base

pairs, especially preferably less than 100 base pairs, very especially preferably less

than 50 base pairs. Operable linkage, and an expression cassette, can be gener¬

ated by means of customary recombination and cloning techniques as described

(e.g., in Maniatis 1989; Silhavy 1984; Ausubel 1987; Gelvin 1990). However, further

sequences which, for example, act as a linker with specific cleavage sites for re¬

striction enzymes, or as a signal peptide, may also be positioned between the two

sequences. The insertion of sequences may also lead to the expression of fusion

proteins. Preferably, the expression cassette, consisting of a linkage of promoter

and nucleic acid sequence to be expressed, can exist in a vector-integrated form



and be inserted into a plant genome, for example by transformation.

The term "transformation" as used herein refers to the introduction of genetic mate¬

rial (e.g., a transgene) into a cell. Transformation of a cell may be stable or tran-

sient. The term "transient transformation" or "transiently transformed" refers to the

introduction of one or more transgenes into a cell in the absence of integration of

the transgene into the host cell's genome. Transient transformation may be de¬

tected by, for example, enzyme-linked immunosorbent assay (ELISA) which de¬

tects the presence of a polypeptide encoded by one or more of the transgenes.

Alternatively, transient transformation may be detected by detecting the activity of

the protein (e.g., ^-glucuronidase) encoded by the transgene (e.g., the uid A gene)

as demonstrated herein [e.g., histochemical assay of GUS enzyme activity by stain¬

ing with X-gluc which gives a blue precipitate in the presence of the GUS enzyme;

and a chemiluminescent assay of GUS enzyme activity using the GUS-Light kit

(Tropix)]. The term "transient transformant" refers to a cell which has transiently

incorporated one or more transgenes. In contrast, the term "stable transformation"

or "stably transformed" refers to the introduction and integration of one or more

transgenes into the genome of a cell, preferably resulting in chromosomal integra¬

tion and stable heritability through meiosis. Stable transformation of a cell may be

detected by Southern blot hybridization of genomic DNA of the cell with nucleic acid

sequences which are capable of binding to one or more of the transgenes. Alterna¬

tively, stable transformation of a cell may also be detected by the polymerase chain

reaction of genomic DNA of the cell to amplify transgene sequences. The term

"stable transformant" refers to a cell which has stably integrated one or more trans-

genes into the genomic DNA (including the DNA of the plastids and the nucleus),

preferably integration into the chromosomal DNA of the nucleus. Thus, a stable

transformant is distinguished from a transient transformant in that, whereas ge¬

nomic DNA from the stable transformant contains one or more transgenes, ge¬

nomic DNA from the transient transformant does not contain a transgene. Trans-

formation also includes introduction of genetic material into plant cells in the form of

plant viral vectors involving epichromosomal replication and gene expression which

may exhibit variable properties with respect to meiotic stability. Transformation also

includes introduction of genetic material into plant cells in the form of plant viral

vectors involving epichromosomal replication and gene expression which may ex-



hibit variable properties with respect to meiotic stability. Preferably, the term "trans¬

formation" includes introduction of genetic material into plant cells resulting in

chromosomal integration and stable heritability through meiosis.

The terms "infecting" and "infection" with a bacterium refer to co-incubation of a

target biological sample, (e.g., cell, tissue, etc.) with the bacterium under conditions

such that nucleic acid sequences contained within the bacterium are introduced

into one or more cells of the target biological sample.

The term "Agrobacterium" refers to a soil-borne, Gram-negative, rod-shaped phy-

topathogenic bacterium which causes crown gall. The term "Agrobacterium" in¬

cludes, but is not limited to, the strains Agrobacterium tumefaciens, (which typically

causes crown gall in infected plants), and Agrobacterium rhizogenes (which causes

hairy root disease in infected host plants). Infection of a plant cell with Agrobacte-

rium generally results in the production of opines (e.g., nopaline, agropine, octopine

etc.) by the infected cell. Thus, Agrobacterium strains which cause production of

nopaline (e.g., strain LBA4301 , C58, A208) are referred to as "nopaline-type" Agro-

bacteria; Agrobacterium strains which cause production of octopine (e.g., strain

LBA4404, Ach5, B6) are referred to as "octopine-type" Agrobacteria; and Agrobac-

terium strains which cause production of agropine (e.g., strain EHA105, EHA101 ,

A281) are referred to as "agropine-type" Agrobacteria.

The terms "bombarding, "bombardment," and "biolistic bombardment" refer to the

process of accelerating particles towards a target biological sample (e.g., cell, tis-

sue, etc.) to effect wounding of the cell membrane of a cell in the target biological

sample and/or entry of the particles into the target biological sample. Methods for

biolistic bombardment are known in the art (e.g., US 5,584,807, the contents of

which are herein incorporated by reference), and are commercially available (e.g.,

the helium gas-driven microprojectile accelerator (PDS-1000/He) (BioRad).

The term "microwounding" when made in reference to plant tissue refers to the in¬

troduction of microscopic wounds in that tissue. Microwounding may be achieved

by, for example, particle bombardment as described herein.



The "efficiency of transformation" or "frequency of transformation" as used herein

can be measured by the number of transformed cells (or transgenic organisms

grown from individual transformed cells) that are recovered under standard experi¬

mental conditions (i.e. standardized or normalized with respect to amount of cells

contacted with foreign DNA, amount of delivered DNA, type and conditions of DNA

delivery, general culture conditions etc.) For example, when isolated immature em¬

bryos are used as starting material for transformation, the frequency of transforma¬

tion can be expressed as the number of transgenic plant lines obtained per 100

isolated immature embryos transformed.

DETAILED DESCRIPTION OF THE INVENTION

A first embodiment of the invention relates to a method for generating a transgenic

plant:

a . introducing into a wheat cell or tissue a DNA construct comprising at least one

first expression construct comprising a promoter active in said wheat plant and

operably linked thereto a nucleic acid sequence encoding an enzyme capable

to metabolize D-alanine and/or D-serine, and

b. incubating said wheat cell or tissue of step a) on a selection medium compris¬

ing D-alanine and/or D-serine and/or a derivative thereof in a total concentra-

tion from about 3 mM to 100 mM for a time period of at least 5 days (preferably

at least 14 days), and

c . transferring said wheat cell or tissue of step b) to a regeneration medium and

regenerating and selecting wheat plants comprising said DNA construct.

In one preferred embodiment the DNA construct introducing into said wheat cell or

tissue further comprises at least one second expression construct conferring to said

wheat plant an agronomic valuable trait. However also other genes (e.g., reporter

genes) can be transformed into the wheat plant in combination with the expression

cassette for the enzyme capable to metabolize D-alanine and/or D-serine (i.e., the

selectable marker).

The invention provides a new selection system for wheat, which offers a minimized

escape rate without interfering with embryogenic callus formation and high number

of transgenic shoots regeneration in wheat. In addition the selection has a potential



advantage as a selective marker compare to the previously described antibiotic

and/or herbicide based systems:

- Defined phenotype of toxicity in in vitro.

- No toxic for other organisms

- No selective advantage for transgenic plants in the nature.

- Naturally occurring in bacteria, fungi and animals.

The markers utilized herein after sequences from bacteria or yeast, which are com¬

monly found in human and animal food or feed. In a preferred embodiment the

markers and method provided herein allow for easy removal of the marker se-

quence. Furthermore, a detailed optimized transformation protocol for wheat is pro¬

vided herein which allows for efficient Agrobacterium - mediated transformation.

The plants obtained by the method of the invention were fertile with normal pheno¬

type.

Further requirements of the method of the invention are described below. Accord¬

ingly, in one embodiment, the method of the invention comprises the introduction of

a DNA construct as defined below, further comprises the selection as defined be¬

low and/or comprises furthermore the regeneration as defined below.

1. The DNA construct

In another embodiment of the invention the DNA construct comprises at least one

first expression cassette comprising a promoter active in wheat plants and operably

linked thereto a nucleic acid sequence encoding an enzyme capable to metabolize

D-alanine and/or D-serine.

In one embodiment, the method of the invention comprises the introduction of a

second expression cassette, e.g. comprised in the first or in a second DNA con¬

struct. Thus, the second expression cassette can be introduced into said cells or

tissues as part of a separate DNA construct, e.g. via co-transformation or e.g. a

breeding or a cell fusion step.

In one preferred embodiment the DNA construct introduced according to the

method of the invention into said wheat cell or tissue further comprises at least one

second expression construct conferring to said wheat plant an agronomic valuable



trait. However also other genes (e.g., reporter genes) can be transformed into the

wheat plant in combination with the expression cassette for the enzyme capable to

metabolize D-alanine and/or D-serine (i.e., the selectable marker). In one embodi¬

ment the DNA construct is a T-DNA, more preferably a disarmed T-DNA (e.g.,

without neoplastic growth inducing properties).

The promoter active is wheat plants and/or the D-amino acid oxidase are defined

below in detail.

1. 1 The first expression construct

One embodiment of the invention the recombinant expression construct comprises

a promoter active is wheat plants and operable linked thereto a nucleic acid se¬

quence encoding an enzyme capable to metabolize D-alanine or D-serine, wherein

said promoter is heterologous in relation to said enzyme encoding sequence. The

promoter active is wheat plants and/or the D-amino acid oxidase are defined below

in detail.

1. 1 . 1 The enzyme capable to metabolize D-alanine or D-serine

The person skilled in the art is aware of numerous sequences suitable to metabo-

lize D-alanine and/or D-serine. The term " enzyme capable to metabolize D-

alanine or D-serine" means preferably an enzyme, which converts and/or metabo¬

lizes D-alanine and/or D-serine with an activity that is at least two times (at least

100% higher), preferably at least three times, more preferably at least five times,

even more preferably at least 10 times, most preferably at least 50 times or 100

times the activity for the conversion of the corresponding L-amino acid (i.e., D-

alanine and/or D-serine) and - more preferably - also of any other D- and/or L- or

achiral amino acid.

Preferably, the enzyme capable to metabolize D-alanine or D-serine is selected

from the group consisting of D-serine ammonia-lyase (D-Serine dehydratases; EC

4.3.1 .18; formerly EC 4 . 2.1 .14), D-Amino acid oxidases (EC 1.4.3.3), and D-

alanine transaminases (EC 2.6.1 .21). More preferably, the enzyme capable to me¬

tabolize D-alanine or D-serine is selected from the group consisting of D-serine

ammonia-lyase (D-serine dehydratases; EC 4.3.1 .18; formerly EC 4 . 2.1 .14), and



D-Amino acid oxidases (EC 1.4.3.3).

The term " D-serine ammonia-lyase" (D-Serine dehydratases; EC 4.3.1 .18; for¬

merly EC 4 . 2.1 .14) means enzymes catalyzing the conversion of D-serine to pyru-

vate and ammonia. The reaction catalyzed probably involves initial elimination of

water (hence the enzyme's original classification as EC 4.2.1 .14), followed by

isomerization and hydrolysis of the product with C-N bond breakage. For examples

of suitable enzyme see http://www.expasy.Org/enzyme/4.3.1 .18.

The term " D-Alanine transaminases" (EC 2 .6 .1.21).means enzymes catalyzing

the reaction of D-alanine with 2-oxoglutarate to pyruvate and D-glutamate. D-

glutamate is much less toxic to plants than D-alanine.

http://www.expasy.Org/enzyme/2.6.1 .21 .

The term D-amino acid oxidase (EC 1.4.3.3; abbreviated DAAO, DAMOX, or DAO)

is referring to the enzyme converting a D-amino acid into a 2-oxo acid, by - pref¬

erably - employing Oxygen (O2) as a substrate and producing hydrogen peroxide

(H2O2) as a co-product (Dixon 1965a,b,c; Massey 1961 ; Meister 1963). DAAO can

be described by the Nomenclature Committee of the International Union of Bio-

chemistry and Molecular Biology (IUBMB) with the EC (Enzyme Commission)

number EC 1.4.3.3. Generally an DAAO enzyme of the EC 1.4.3.3. class is an FAD

flavoenzyme that catalyzes the oxidation of neutral and basic D-amino acids into

their corresponding keto acids. DAAOs have been characterized and sequenced in

fungi and vertebrates where they are known to be located in the peroxisomes. In

DAAO, a conserved histidine has been shown (Miyano 1991) to be important for

the enzyme's catalytic activity. In a preferred embodiment of the invention a DAAO

is referring to a protein comprising the following consensus motive:

[LIVM]-[LIVM]-H^[NHA]-Y-G-X-[GSA]-[GSA]-X-G-X 5-G-X-A

wherein amino acid residues given in brackets represent alternative residues for

the respective position, x represents any amino acid residue, and indices numbers

indicate the respective number of consecutive amino acid residues. The abbrevia¬

tion for the individual amino acid residues have their standard IUPAC meaning as



defined above. D-Amino acid oxidase (EC-number 1.4.3.3) can be isolated from

various organisms, including but not limited to pig, human, rat, yeast, bacteria or

fungi. Example organisms are Candida tropicalis, Trigonopsis variabilis, Neuro-

spora crassa, Chlorella vulgaris, and Rhodotorula gracilis. A suitable D-amino acid

metabolising polypeptide may be an eukaryotic enzyme, for example from a yeast

(e.g. Rhodotorula gracilis), fungus, or animal or it may be a prokaryotic enzyme, for

example, from a bacterium such as Escherichia coli. For examples of suitable en¬

zyme see http://www.expasy.Org/enzyme/1 .4.3.3.

Examples of suitable polypeptides which metabolize D-amino acids are shown in

Table 1. The nucleic acid sequences encoding said enzymes are available form

databases (e.g., under Genbank Acc.-No. U60066, A56901 , AF003339, Z71657,

AF003340, U63139, D00809, Z50019, NC_003421 , AL939129, AB042032). As

demonstrated above, DAAO from several different species have been character-

ized and shown to differ slightly in substrate affinities (Gabler 2000), but in general

they display broad substrate specificity, oxidatively deaminating all D-amino acids.



Table 1: Enzymes suitable for metabolizing D-serine and/or D-alanine. Especially

preferred enzymes as well as preferred substrates are presented in bold letters





Especially preferred in this context are the dao1 gene (EC: 1.4. 3.3 : GenBank

Acc.-No.: U60066) from the yeast Rhodotorula gracilis (Rhodosporidium toruloides)

and the E. coli gene dsdA (D-serine dehydratase (D-serine deaminase) [EC: 4.3.

1.18; GenBank Acc.-No.: J01603). The dao1 gene is of special advantage since it

can be employed as a dual function marker (see international patent application

PCT/EP 2005/002734).

In a preferred embodiment, the method of the invention comprises the use of the

above mentioned preferred enzymes, in particular of the especially preferred en-

zymes together with the substrates indicated as preferred substrates.

Suitable D-amino acid metabolizing enzymes also include fragments, mutants, de¬

rivatives, variants and alleles of the polypeptides exemplified above. Suitable frag¬

ments, mutants, derivatives, variants and alleles are those, which retain the func-

tional characteristics of the D-amino acid metabolizing enzyme as defined above.

Changes to a sequence, to produce a mutant, variant or derivative, may be by one

or more of addition, insertion, deletion or substitution of one or more nucleotides in

the nucleic acid, leading to the addition, insertion, deletion or substitution of one or

more amino acids in the encoded polypeptide. Of course, changes to the nucleic

acid that make no difference to the encoded amino acid sequence are included.

For the method of the invention, the enzyme capable to metabolize D-alanine is

selected from the group consisting of

i) the D-Alanine transaminase as shown in Table I , and

ii) enzymes having the same enzymatic activity and an identity of at least 80%

(preferably at least 85%, more preferably at least 90%, even more preferably

at least 95%, most preferably at least 98%) to an amino acid sequence of a D-

Alanine transaminase as shown in Table I ;



iii) enzymes having the same enzymatic activity and an identity of the encoding

nucleic acid sequence of at least 80% (preferably at least 85%, more prefera¬

bly at least 90%, even more preferably at least 95%, most preferably at least

98%) to a nucleic acid sequence of a D-Alanine transaminase as shown in

Table I , and

iv) enzymes encoded by a nucleic acid sequence capable to hybridize to the

complement of the sequence encoding the D-Alanine transaminase as shown

in Table I ,

and wherein selection is done on a medium comprising D-alanine and/or D-serine

in a total concentration from about 1 mM to 100 mM (more preferably from about 2

imM to about 50 mM, even more preferably from about 3 mM to about 20 mM, most

preferably about 5 to 15 mM)

More preferably for the method of the invention, the enzyme capable to metabolize

D-serine is selected from the group consisting of

i) the D-serine ammonia-lyase as shown in Table I , and

ii) enzymes having the same enzymatic activity and an identity of at least 80%

(preferably at least 85%, more preferably at least 90%, even more preferably

at least 95%, most preferably at least 98%) to an amino acid sequence of a D-

serine ammonia-lyase as shown in Table I ;

iii) enzymes having the same enzymatic activity and an identity of the encoding

nucleic acid sequence of at least 80% (preferably at least 85%, more prefera¬

bly at least 90%, even more preferably at least 95%, most preferably at least

98%) to a nucleic acid sequence of a D-serine ammonia-lyase as shown in

Table I , and

iv) enzymes encoded by a nucleic acid sequence capable to hybridize to the

complement of the sequence encoding the D-serine ammonia-lyase as shown

in Table I ,

and wherein selection is done on a medium comprising D-serine in a concentration

from about 1 mM to 100 mM (more preferably from about 5 mM to about 50 mM,

even more preferably from about 7 mM to about 30 mM, most preferably about 10

to 20 mM).



More preferably for the method of the invention, the enzyme capable to metabolize

D-serine is selected from the group consisting of

i) the E.coli D-serine ammonia-lyase as encoded by SEQ ID NO: 2 , and

ii) enzymes having the same enzymatic activity and an identity of at least 80%

(preferably at least 85%, more preferably at least 90%, even more preferably

at least 95%, most preferably at least 98%) to the amino acid sequence as

shown by SEQ ID NO: 2 , and

iii) enzymes having the same enzymatic activity and an identity of the encoding

nucleic acid sequence of at least 80% (preferably at least 85%, more prefera-

bly at least 90%, even more preferably at least 95%, most preferably at least

98%) to the nucleic acid sequence as shown by SEQ ID NO: 1, and

iv) enzymes encoded by a nucleic acid sequence capable to hybridize to the

complement of the sequence described by SEQ ID NO: 1,

and wherein selection is done on a medium comprising D-serine in a concentration

from about 1 mM to 100 mM (more preferably from about 5 imM to about 50 mM,

even more preferably from about 7 mM to about 30 mM, most preferably about 10

to 20 mM).

" Same activity" in the context of a D-serine ammonia-lyase means the capability

to metabolize D-serine, preferably as the most preferred substrate. Metabolization

means the lyase reaction specified above. Hybridization under iii) means preferably

hybridization under low stringency conditions (with a buffer solution of 30 to 35%

formamide, 1 M NaCI, 1% SDS at 37°C, and a wash in 1X to 2X SSC at 50 to

55°C), more preferably moderate stringency conditions (in 40 to 45% formamide,

1.0 M NaCI, 1% SDS at 37°C, and a wash in 0.5 X to 1 X SSC at 55 to 600C), and

most preferably under very stringent conditions (in 50% formamide, 1 M NaCI, 1%

SDS at 37°C, and a wash in 0.1 x SSC at 60 to 65°C).

Also more preferably for the method of the invention, the enzyme capable to me-

tabolize D-serine is selected from the group consisting of

i) the D-amino acid oxidase as shown in Table I , and

ii) enzymes having the same enzymatic activity and an identity of at least 80%

(preferably at least 85%, more preferably at least 90%, even more preferably



at least 95%, most preferably at least 98%) to an amino acid sequence of a D-

amino acid oxidase as shown in Table I ;

iii) enzymes having the same enzymatic activity and an identity of the encoding

nucleic acid sequence of at least 80% (preferably at least 85%, more prefera-

bly at least 90%, even more preferably at least 95%, most preferably at least

98%) to a nucleic acid sequence of a D-amino acid oxidase as shown in Table

I , and

iv) enzymes encoded by a nucleic acid sequence capable to hybridize to the

complement of the sequence encoding the D-amino acid oxidase as shown in

Table I ,

and wherein selection is done on a medium comprising D-alanine and/or D-serine

in a total concentration from about 1 mM to 100 mM (more preferably from about 2

imM to about 50 mM, even more preferably from about 3 mM to about 20 mM, most

preferably about 5 to 15 mM)

Also more preferably for the method of the invention, the enzyme capable to me¬

tabolize D-serine and D-alanine is selected from the group consisting of

i) the Rhodotorula gracilis D-amino acid oxidase as encoded by SEQ ID NO: 4 ,

and

ii) enzymes having the same enzymatic activity and an identity of at least 80%

(preferably at least 85%, more preferably at least 90%, even more preferably

at least 95%, most preferably at least 98%) to the sequence as shown by SEQ

ID NO: 4 ,

iii) enzymes having the same enzymatic activity and an identity of the encoding

nucleic acid sequence of at least 80% (preferably at least 85%, more prefera¬

bly at least 90%, even more preferably at least 95%, most preferably at least

98%) to the nucleic acid sequence as shown by SEQ ID NO: 3 , and

iiv enzymes encoded by a nucleic acid sequence capable to hybridize to the

complement of the sequence described by SEQ ID NO: 3 ,

and wherein selection is done on a medium comprising D-alanine and/or D-serine

in a total concentration from about 1 mM to 100 mM (more preferably from about 2

mM to about 50 mM, even more preferably from about 3 mM to about 20 mM, most

preferably about 5 to 15 mM).



Mutants and derivatives of the specified sequences can also comprise enzymes,

which are improved in one or more characteristics (Ki, substrate specificity etc.) but

still comprise the metabolizing activity regarding D-serine and or D-alanine. Such

sequences and proteins also encompass, sequences and protein derived from a

mutagenic and recombinogenic procedure such as DNA shuffling. With such a pro¬

cedure, one or more different coding sequences can be manipulated to create a

new polypeptide possessing the desired properties. In this manner, libraries of re¬

combinant polynucleotides are generated from a population of related sequence

polynucleotides comprising sequence regions that have substantial sequence iden-

tity and can be homologously recombined in vitro or in vivo. Polynucleotides encod¬

ing a candidate enzyme can, for example, be modulated with DNA shuffling proto¬

cols. DNA shuffling is a method to rapidly, easily and efficiently introduce mutations

or rearrangements, preferably randomly, in a DNA molecule or to generate ex¬

changes of DNA sequences between two or more DNA molecules, preferably ran-

domly. The DNA molecule resulting from DNA shuffling is a shuffled DNA molecule

that is a non-naturally occurring DNA molecule derived from at least one template

DNA molecule. The shuffled DNA encodes an enzyme modified with respect to the

enzyme encoded by the template DNA, and preferably has an altered biological

activity with respect to the enzyme encoded by the template DNA. DNA shuffling

can be based on a process of recursive recombination and mutation, performed by

random fragmentation of a pool of related genes, followed by reassembly of the

fragments by a polymerase chain reaction-like process. See, e.g., Stemmer 1994

a,b; Crameri 1997; Moore 1997; Zhang 1997; Crameri 1998; US 5,605,793, US

5,837,458, US 5,830,721 and US 5,81 1,238. The resulting dsdA- or dao-like en-

zyme encoded by the shuffled DNA may possess different amino acid sequences

from the original version of enzyme. Exemplary ranges for sequence identity are

specified above.

" Same activity" in the context of a D-amino acid oxidase means the capability to

metabolize a broad spectrum of D-amino acids (preferably at least D-serine and/or

D-alanine). Metabolization means the oxidase reaction specified above. Hybridiza¬

tion under iii) means preferably hybridization under low stringency conditions (with

a buffer solution of 30 to 35% formamide, 1 M NaCI, 1% SDS at 37°C, and a wash

in 1X to 2X SSC at 50 to 55°C), more preferably moderate stringency conditions



(in 40 to 45% formamide, 1.0 M NaCI, 1% SDS at 37°C, and a wash in 0.5 X to 1 X

SSC at 55 to 600C), and most preferably under very stringent conditions (in 50%

formamide, 1 M NaCI, 1% SDS at 37°C, and a wash in 0.1 x SSC at 60 to 65°C).

Preferably, concentrations and times for the selection are specified in detail below.

Preferably the selection is done using about 3 to about 15 mM D-alanine or about

7mM to about 30 mM D-serine. The total selection time under dedifferentiating

conditions is preferably from about 3 to 4 weeks.

The D-amino acid metabolizing enzyme of the invention may be expressed in the

cytosol, peroxisome, or other intracellular compartment of the plant cell. Compart-

mentalisation of the D-amino acid metabolizing enzyme may be achieved by fusing

the nucleic acid sequence encoding the DAAO polypeptide to a sequence encoding

a transit peptide to generate a fusion protein. Gene products expressed without

such transit peptides generally accumulate in the cytosol.

In one embodiment, the D-amino acid metabolizing enzyme is functional linked to a

promoter, in particular to a promoter which confers - in combination with corre¬

sponding further expression regulation signals - expression of the accordingly con-

trolled gene in wheat plants. Such a promoter can be for example a constitutive

promoter, a promoter which is regulated or a promoter which is active in an suitable

tissue or organ.

1. 1 .2 Promoters for wheat plants

The term "promoter" as used herein is intended to mean a DNA sequence that di¬

rects the transcription of a DNA sequence (e.g., a structural gene). Typically, a

promoter is located in the 5' region of a gene, proximal to the transcriptional start

site of a structural gene. If a promoter is an inducible promoter, then the rate of

transcription increases in response to an inducing agent. In contrast, the rate of

transcription is not regulated by an inducing agent if the promoter is a constitutive

promoter. Also, the promoter may be regulated in a tissue-specific or tissue pre¬

ferred manner such that it is only active in transcribing the associated coding region

in a specific tissue type(s) such as leaves, roots or meristem.



The term " promoter active in wheat plants" means any promoter, whether plant

derived or not, which is capable to induce transcription of an operably linked nu¬

cleotide sequence in at least one wheat cell, tissue, organ or plant at at least one

time point in development or under dedifferentiated conditions. Such promoter may

be a non-plant promoter (e.g., derived from a plant virus or Agrobacterium) or a

plant promoter, preferably a monocotyledonous plant promoter.

The person skilled in the art is aware of several promoter which might be suitable

for use in wheat plants. In this context, expression can be, for example, constitu-

tive, inducible or development-dependent. The following promoters are preferred:

a) Constitutive promoters

" Constitutive" promoters refers to those promoters which ensure expression

in a large number of, preferably all, tissues over a substantial period of plant

development, preferably at all times during plant development. Preferred are:

the promoter of the CaMV (cauliflower mosaic virus) 35S transcript (Franck

1980; Odell 1985; Shewmaker 1985; Gardner 1986), the 19S CaMV promoter

(US 5,352,605; WO 84/02913; Benfey 1989) are especially preferred, the rice

actin promoter (McElroy 1990), the Rubisco small subunit (SSU) promoter (US

4,962,028), the promoter of the nopalin synthase from Agrobacterium, the

OCS (octopine synthase) promoter from Agrobacterium, the Smas promoter,

the cinnamyl alcohol dehydrogenase promoter (US 5,683,439), the promoters

of the vacuolar ATPase subunits, the pEMU promoter (Last 1991); the MAS

promoter (Velten 1984) and maize H3 histone promoter (Lepetit 1992;

Atanassova 1992), the maize ahas promoter (US 5,750,866) or the ScBV

promoter (US 6,489,462).

b) Tissue-specific or tissue-preferred promoters

Promoters which are furthermore preferred are those which permit a seed-

specific expression in monocots such as maize, barley, wheat, rye, rice and

the like. The promoter of the Ipt2 or Ipt1 gene (WO 95/15389, WO 95/23230)

or the promoters described in WO 99/16890 (promoters of the hordein gene,

the glutelin gene, the oryzin gene, the prolamin gene, the gliadin gene, the

glutelin gene, the zein gene, the casirin gene or the secalin gene) can advan-



tageously be employed. Further preferred are a leaf-specific and light-induced

promoter such as that from cab or rubisco (Simpson 1985; Timko 1985); an

anther-specific promoter such as that from LAT52 (Twell 1989b); a pollen-

specific promoter such as that from Zml3 (Guerrero 1993); and a microspore-

preferred promoter such as that from apg (Twell 1993).

c) Chemically inducible promoters

The expression cassettes may also contain a chemically inducible promoter

(review article: Gatz 1997), by means of which the expression of the exoge-

nous gene in the plant can be controlled at a particular point in time. Such

promoters such as, for example, the PRP1 promoter (Ward 1993), a salicylic

acid-inducible promoter (WO 95/19443), a benzenesulfonamide-inducible

promoter (EP 0 388 186), a tetracyclin-inducible promoter (Gatz 1991 , 1992),

an abscisic acid-inducible promoter EP 0 335 528) or an ethanol-

cyclohexanone-inducible promoter (WO 93/21334) can likewise be used. Also

suitable is the promoter of the glutathione-S transferase isoform Il gene (GST-

II-27), which can be activated by exogenously applied safeners such as, for

example, N,N-diallyl-2,2-dichloroacetamide (WO 93/01294) and which is oper¬

able in a large number of tissues of both monocots and dicots. Further exem-

plary inducible promoters that can be utilized in the instant invention include

that from the ACE1 system which responds to copper (Mett 1993); or the In2

promoter from maize which responds to benzenesulfonamide herbicide safen¬

ers (Hershey 1991 ; Gatz 1994). A promoter that responds to an inducing

agent to which plants do not normally respond can be utilized. An exemplary

inducible promoter is the inducible promoter from a steroid hormone gene, the

transcriptional activity of which is induced by a glucocorticosteroid hormone

(Schena 1991).

Particularly preferred are constitutive promoters. Most preferred are ubiquitin pro-

moters (see below in detail) such as the ubiquitin promoter (Holtorf 1995), and the

ubiquitin 1 promoter (Christensen 1989, 1992; Bruce 1989).

1. 1 .2.1 The ubiquitin promoter



It one preferred embodiment of the invention the promoter functional in wheat

plants is an ubiquitin promoter, preferably a ubiquitin promoter derived from a

monocotyl plant, e.g. the Zea maize ubiquitin promoter. The use of the ubiquitin

promoter results in a consistently high transformation efficiency. The reasons for

the superior performance of the ubiquitin promoter are not known. However, it is

known that optimal selection needs expression of the selection marker in the rele¬

vant cells of the target tissue (which later dedifferentiate and regenerate into the

transgenic plants), at the right time and to the right concentration (high enough to

ensure efficient selection but not too high to prevent potential negative effects to

the cells). The superior function and the effectiveness of maize ubiquitin promoter

particularly, may also indicate the need for wheat transgenic cells to have sufficient

quantity of the D-alanine and/or D-serine metabolizing enzyme (e.g., the DSDA or

DAO proteins) that are exogenous (non-native) to wheat, in order to survive the

selection pressure imposed on them. These effects may be promoter and/or marker

dependent, so that certain combinations of promoters and markers outperform oth¬

ers. The ubiquitin promoter thus can be employed as a standard promoter to drive

expression of D-amino acid metabolizing enzymes in wheat.

Thus, in a preferred embodiment of the invention the D-alanine and/or D-serine

metabolizing enzyme is coupled to a ubiquitin promoter, preferably a plant ubiquitin

promoter, more preferably a monocotyledonous plant ubiquitin promoter, even

more preferably a Zea mays ubiquitin promoter.

The term "ubiquitin promoter" as used herein means the region of genomic DNA up

to 5000 base pairs (bp) upstream from either the start codon, or a mapped tran¬

scriptional start site, of a ubiquitin, or ubiquitin-like, gene. Ubiquitin is an abundant

76 amino acid polypeptide found in all eukaryotic cells. There are several different

genes that encode ubiquitin and their homology at the amino acid level is quite

high. For example, human and mouse have many different genes encoding ubiq-

uitin, each located at a different chromosomal locus. Functionally, all ubiquitin

genes are critical players in the ubiquitin-dependent proteolytic machinery of the

cell. Each ubiquitin gene is associated with a promoter that drives its expression. A

ubiquitin promoter is the region of genomic DNA up to 5,000 bp upstream from ei-



ther the start codon, or a mapped transcriptional start site, of a ubiquitin, or ubiq-

uitin-like, gene.

The term " plant ubiquitin regulatory system" refers to the approximately 2 kb

nucleotide sequence 5' to the translation start site of a plant (preferably the maize)

ubiquitin gene and comprises sequences that direct initiation of transcription, regu¬

lation of transcription, control of expression level, induction of stress genes and

enhancement of expression in response to stress. The regulatory system, compris¬

ing both promoter and regulatory functions, is the DNA sequence providing regula-

tory control or modulation of gene expression.

Various plant ubiquitin genes and their promoters are described (CaINs 1989,

1990). Described are promoters from dicotyledonous plants, such as for potato

(Garbarino 1992), tobacco (Genschick 1994), tomato (Hoffman 1991), parsely

(Kawalleck 1993; WO03/102198, herein incorporated by reference), Arabidopsis

(CaINs 1990; Holtorf 1995;UBQ8, GenBank Ace- No: NM_1 11814; UBQ1 , Gen-

Bank Ace- No: NMJ 151 19; UBQ5, GenBank Ace- No: NM_1 16090).

Accordingly the ubiquitin promoter of the invention is a DNA fragment (preferably

approximately 2 kb in length), said DNA fragment comprising a plant ubiquitin regu¬

latory system, wherein said regulatory system contains a promoter comprising a

transcription start site, and - preferably - one or more heat shock elements posi¬

tioned 5' to said transcription start site, and - preferably- an intron positioned 3' to

said transcription start site, wherein said regulatory system is capable of regulating

expression in maize. Preferably the expression is a constitutive and inducible gene

expression such that the level of said constitutive gene expression in monocots is

about one-third that obtained in said inducible gene expression in monocots.

Preferred are ubiquitin promoters from monocotyledonous plants. Such promoters

are described for maize (Christensen 1992, 1996), rice (RUBQ1 , RUBQ2, RUBQ3,

and RUBQ4; promoters from RUBQ1 and RUBQ2 are suitable for constitutive ex¬

pression; US 6,528,701).

Most preferred is the ubiquitin promoter from maize as described in U.S. Pat. Nos.

5,614,399, 5,510,474, 6,020,190, 6,054,574, and 6,068,994. The promoter regu-



lates expression of a maize polyubiquitin gene containing 7 tandem repeats. Ex¬

pression of this maize ubiquitin gene was constitutive at 25° C, and was induced by

heat shock at 42°C. The promoter was successfully used in several monocot plants

(Christensen 1996). In the maize ubil promoter region, a TATA box was found at

position of -30, and two overlapping heat shock sequences, 5'-

CTGGTCCCCTCCGA-3' and CTCGAGATTCCGCT-3', were found at positions -

214 and -204. The canonical CCAAT and the GC boxes were not found in the pro¬

moter region, but the sequence 5-CACGGCA-3' (function unknown) occurred four

times, at positions -236, -122, -96, and -91 of the promoter region (Christensen

1992). Promoters and their expression pattern are described for Ubi-1 and Ubi-2 of

wheat (US 6,054,574; Christensen 1992).

More preferably the ubiquitin promoter is selected from the group consisting of

a) sequences comprising the sequence as described by SEQ ID NO: 5 , and

b) sequences comprising at least one fragment of at least 50 (preferably at least

100, more preferably at least 250, even more preferably at least 500, most

preferably at least 1000) consecutive base pairs of the sequence as described

by SEQ ID NO: 5 , and having promoter activity in wheat,

c) sequences comprising a sequence having at least 60% (preferably at least

70%, more preferably at least 80%, even more preferably at least 90%, most

preferably at least 95%) identity to the sequence as described by SEQ ID NO:

5 , and having promoter activity in wheat,

d) sequences comprising a sequence hybridizing to the sequence as described

by SEQ ID NO: 5 , and having promoter activity in wheat.

" Promoter activity" in wheat means the capability to realized transcription of an

operably linked nucleic acid sequence in at least one cell or tissue of a wheat plant

or derived from a wheat plant. Preferably it means a constitutive transcription activ¬

ity allowing for expression in most tissues and most developmental stages. The

heat shock element related activity of the maize ubiquitin promoter may be present

but is not required.

Hybridization under d) means preferably hybridization under low stringency condi¬

tions (with a buffer solution of 30 to 35% formamide, 1 M NaCI, 1% SDS at 37°C,



and a wash in 1X to 2X SSC at 50 to 55°C), more preferably moderate stringency

conditions (in 40 to 45% formamide, 1.0 M NaCI, 1% SDS at 37°C, and a wash in

0.5 X to 1 X SSC at 55 to 600C), and most preferably under very stringent condi¬

tions (in 50% formamide, 1 M NaCI, 1% SDS at 37°C, and a wash in 0.1 x SSC at

60 to 65°C).

The sequence described by SEQ ID NO: 5 is the core promoter of the maize ubiq-

uitin promoter. In one preferred embodiment not only the promoter region is em¬

ployed as a transcription regulating sequence but also a 5' -untranslated region

and/or an intron. The ubiquitin promoter is preferably employed in combination with

an intron, more preferably with an expression enhancing intron. Such an intron can

be the natural intron 1 of the ubil gene (MubG1 contains a 1004-base pair (bp) in¬

tron in its 5' untranslated region; Liu 1995). More preferably the ubiquitin promoter

system is characterized by a length of approximately 2 kb, further comprising, in the

following order beginning with the 5' most element and proceeding toward the 3'

terminus of said DNA fragment:

a . one or more heat shock elements, which elements may or may not be over¬

lapping;

b. a promoter comprising a transcription start site; and

c . an intron of about 1 kb in length.

More preferably the region spanning the promoter, the 5' -untranslated region and

the first intron of the maize ubiquitin gene are used, even more preferably the re¬

gion described by SEQ ID NO: 6 . Accordingly in another preferred embodiment the

ubiquitin promoter utilized in the method of the invention is selected from the group

consisting of

a . sequences comprising the sequence as described by SEQ ID NO: 6 , and

b. sequences comprising at least one fragment of at least 50 (preferably at least

100, more preferably at least 250, even more preferably at least 500, most

preferably at least 1000) consecutive base pairs of the sequence as described

by SEQ ID NO: 6 , and having promoter activity in wheat,

c . sequences comprising a sequence having at least 60% (preferably at least

70%, more preferably at least 80%, even more preferably at least 90%, most



preferably at least 95%) identity to the sequence as described by SEQ ID NO:

6 , and having promoter activity in wheat,

d . sequences comprising a sequence hybridizing to the sequence as described

by SEQ ID NO: 6 , and having promoter activity in wheat.

Hybridization under d) means preferably hybridization under low stringency condi¬

tions (with a buffer solution of 30 to 35% formamide, 1 M NaCI, 1% SDS at 37°C,

and a wash in 1X to 2X SSC at 50 to 55°C), more preferably moderate stringency

conditions (in 40 to 45% formamide, 1.0 M NaCI, 1% SDS at 37°C, and a wash in

0.5 X to 1 X SSC at 55 to 600C), and most preferably under very stringent condi¬

tions (in 50% formamide, 1 M NaCI, 1% SDS at 37°C, and a wash in 0.1 x SSC at

60 to 65°C).

Accordingly the ubiquitin promoter utilized of the invention may also be a fragment

of the promoter described by SEQ ID NO: 5 or 6 or a derivative thereof. Fragments

may include truncated versions of the promoter as described by SEQ ID NO: 5 or 6 ,

wherein un-essential sequences have been removed. Shortened promoter se¬

quences are of high advantage since they are easier to handle and sometime opti¬

mized in their gene expression profile. One efficient, targeted means for preparing

shortened or truncated promoters relies upon the identification of putative regula¬

tory elements within the promoter sequence. This can be initiated by comparison

with promoter sequences known to be expressed in similar tissue-specific or devel-

opmentally unique manner. Sequences, which are shared among promoters with

similar expression patterns, are likely candidates for the binding of transcription

factors and are thus likely elements that confer expression patterns. Confirmation

of these putative regulatory elements can be achieved by deletion analysis of each

putative regulatory region followed by functional analysis of each deletion construct

by assay of a reporter gene, which is functionally attached to each construct. As

such, once a starting promoter sequence is provided, any of a number of different

deletion mutants of the starting promoter could be readily prepared.

Functionally equivalent fragments of an ubiquitin promoter (e.g., as described by

SEQ ID NO: 5 or 6) can also be obtained by removing or deleting non-essential

sequences without deleting the essential one. Narrowing the transcription regulat-



ing nucleotide sequence to its essential, transcription mediating elements can be

realized in vitro by trial-and-arrow deletion mutations, or in silico using promoter

element search routines. Regions essential for promoter activity often demonstrate

clusters of certain, known promoter elements. Such analysis can be performed us-

ing available computer algorithms such as PLACE (" Plant Cis-acting Regulatory

DNA Elements" ; Higo 1999), the BIOBASE database " Transfac" (Biologische

Datenbanken GmbH, Braunschweig; Wingender 2001) or the database PlantCARE

(Lescot 2002). Preferably, functional equivalent fragments of one of the transcrip¬

tion regulating nucleotide sequences of the invention comprises at least 100 base

pairs, preferably, at least 200 base pairs, more preferably at least 500 base pairs of

a transcription regulating nucleotide sequence as described by SEQ ID NO: 5 or 6 .

More preferably this fragment is starting from the 3' -end of the indicated se¬

quences.

Especially preferred are equivalent fragments of transcription regulating nucleotide

sequences, which are obtained by deleting the region encoding the 5' -

untranslated region of the imRNA, thus only providing the (untranscribed) promoter

region. The 5' -untranslated region can be easily determined by methods known in

the art (such as 5' -RACE analysis). Thus, the core promoter region as described

by SEQ ID NO: 5 is a fragment of the sequence described by SEQ ID NO: 6 , which

still comprises the 5' -untranslated region and the intron.

Derivatives may include for example also modified wheat promoter sequences,

which - for example - do not include two overlapping heat shock elements. Such

sequences are for example described in U.S. Pat. Appl. 20030066108 (WO

01/18220).

1. 1 .3 Additional elements

The expression cassettes (or the vectors in which these are comprised) may com-

prise further functional elements and genetic control sequences in addition to the

promoter active in wheat plants (e.g., the ubiquitin promoter). The terms " func¬

tional elements" or " genetic control sequences" are to be understood in the

broad sense and refer to all those sequences, which have an effect on the materi¬

alization or the function of the expression cassette according to the invention. For



example, genetic control sequences modify the transcription and translation. Ge¬

netic control sequences are described (e.g., Goeddel 1990; Gruber 1993 and the

references cited therein).

Preferably, the expression cassettes encompass a promoter active in wheat plants

(e.g, the ubiquitin promoter) 5' -upstream of the nucleic acid sequence (e.g., en¬

coding the D-amino acid metabolizing enzyme), and 3' -downstream a terminator

sequence and polyadenylation signals and, if appropriate, further customary regu¬

latory elements, in each case linked operably to the nucleic acid sequence to be

expressed.

Genetic control sequences and functional elements furthermore also encompass

the 5' -untranslated regions, introns or non coding 3' -region of genes, such as,

for example, the actin-1 intron, or the AdM-S introns 1, 2 and 6 (general reference:

The Maize Handbook, Chapter 116, Freeling and Walbot, Eds., Springer, New York

(1994)). It has been demonstrated that they may play a significant role in the regu¬

lation of gene expression. Thus, it has been demonstrated that 5' -untranslated

sequences can enhance the transient expression of heterologous genes. Examples

of translation enhancers which may be mentioned are the tobacco mosaic virus 5'

leader sequence (GaINe 1987) and the like. Furthermore, they may promote tissue

specificity (Rouster 1998).

Polyadenylation signals which are suitable as genetic control sequences are plant

polyadenylation signals, preferably those which correspond essentially to T-DNA

polyadenylation signals from Agrobacterium tumefaciens. Examples of particularly

suitable terminator sequences are the OCS (octopine synthase) terminator and the

NOS (nopaline synthase) terminator.

Functional elements which may be comprised in a vector include

i) Origins of replication which ensure replication of the expression cassettes or

vectors according to the invention in, for example, E. coli. Examples which

may be mentioned are ORI (origin of DNA replication), the pBR322 ori or the

P15A ori (Maniatis, 1989),



ii) Multiple cloning sites (MCS) to enable and facilitate the insertion of one or

more nucleic acid sequences,

iii) Sequences which make possible homologous recombination, marker deletion,

or insertion into the genome of a host organism. Methods based on the cre/lox

(Sauer 1998; Odell 1990; Dale 1991), FLP/FRT (Lysnik 1993), or Ac/Ds sys¬

tem (Wader 1987; US 5,225,341 ; Baker 1987; Lawson 1994) permit a - if ap¬

propriate tissue-specific and/or inducible - removal of a specific DNA se¬

quence from the genome of the host organism. Control sequences may in this

context mean the specific flanking sequences (e.g., lox sequences), which

later allow removal (e.g., by means of ere recombinase) (see also see interna¬

tional patent application PCT/EP 2005/002734),

iv) Elements, for example border sequences, which make possible the Agrobac-

terium-mediated transfer in plant cells for the transfer and integration into the

plant genome, such as, for example, the right or left border of the T-DNA or

the vir region.

1.2. The second expression cassette

Preferably, the DNA construct inserted into the genome of the target plant com¬

prises at least one second expression cassette, which confers to the wheat plant an

agronomically relevant trait. This can be achieved by expression of selection mark¬

ers, trait genes, antisense RNA or double-stranded RNA. The person skilled in the

art is aware of numerous sequences which may be utilized in this context, e.g. to

increase quality of food and feed, to produce chemicals, fine chemicals or pharma¬

ceuticals (e.g., vitamins, oils, carbohydrates; Dunwell 2000), conferring resistance

to herbicides, or conferring male sterility. Furthermore, growth, yield, and resistance

against abiotic and biotic stress factors (like e.g., fungi, viruses or insects) may be

enhanced. Advantageous properties may be conferred either by over-expressing

proteins or by decreasing expression of endogenous proteins by e.g., expressing a

corresponding antisense (Sheehy 1988; US 4,801 ,340; MoI 1990) or double-

stranded RNA (Matzke 2000; Fire 1998; Waterhouse 1998; WO 99/32619;

WO 99/53050; WO 00/68374; WO 00/44914; WO 00/44895; WO 00/49035;

WO 00/63364).

For expression of these sequences all promoters suitable for expression of genes



in wheat can be employed. Preferably, said second expression construct is not

comprising a promoter which is identical to the promoter used to express the D-

amino acid metabolizing enzyme. Expression can be, for example, constitutive,

inducible or development-dependent. Various promoters are known for expression

in monocots like wheat (see above for details), such as the rice actin promoter

(McElroy 1990), maize H3 histone promoter (Lepetit 1992; Atanassova 1992), the

promoter of a proline-rich protein from wheat (WO 91/13991). Promoters which are

furthermore preferred are those which permit a seed-specific expression in mono¬

cots such as the promoters described in WO 99/16890 (promoters of the hordein

gene, the glutelin gene, the oryzin gene, the prolamin gene, the gliadin gene, the

glutelin gene, the zein gene, the casirin gene or the secalin gene).

2 . The transformation and selection method of the invention

2.1 Source and preparation of the plant material

Various plant material can be employed for the transformation procedure disclosed

herein. Such plant material may include but is not limited to for example leaf, root,

immature and mature embryos, pollen, meristematic tissues, inflorescences, callus,

protoplasts or suspensions of plant cells. Preferably, the plant material is an imma¬

ture embryo. The material can be pre-treated (e.g., by inducing dedifferentiation

prior to transformation) or not pre-treated.

The plant material for transformation (e.g., the immature embryo) can be obtained

or isolated from virtually any wheat variety or plant. Especially preferred are all

wheat species especially of the Triticum family (including winter, spring and alter-

native type wheat), more especially Triticum spp.: common (T. aestivum), durum

(T. durum), spelt (T. spelta), Triticum dicoccum (Emmer wheat), Triticum turgidum,

and Triticum monococcum (Einkorn wheat), with T. aestivum being particularly pre¬

ferred. The method of the invention can be used to produce transgenic plants from

spring wheat varieties, such as, for example, Bobwhite, and Canon, as well as

from winter wheat varieties, such as, for example, Florida as well as from alterna¬

tive wheat varieties such as, for example Corinto. However, it should be pointed

out, that the method of the invention is not limited to certain varieties but is highly

genotype-independent. Wheat plants for isolation of immature embryos are grown



and pollinated as known in the art, preferably as described below in the examples.

Donor plants are preferably prepared for transformation by reducing the tillers.

In one preferred embodiment of the invention the method is comprising the follow-

ing steps

a . isolating an immature embryo of a wheat plant, and

b. co-cultivating said isolated immature embryo, which has not been subjected to

a dedifferentiation treatment, with a bacterium belonging to genus Rhizo-

biaceae comprising at least one transgenic T-DNA, said T-DNA comprising at

least one first expression construct comprising a promoter active in said wheat

plant and operably linked thereto a nucleic acid sequence encoding an en¬

zyme capable to metabolize D-alanine and/or D-serine,

and

c . transferring the co-cultivated immature embryos to a recovering medium, said

recovery medium lacking a phytotoxic effective amount of D-serine or D-

alanine, and

d . inducing formation of embryogenic callus and selecting transgenic callus on a

medium comprising,

i . an effective amount of at least one auxin compound, and

ii. D-alanine and/or D-serine in a total concentration from about 3 mM to 100 mM

, and

e. regenerating and selecting plants containing the transgenic T-DNA from the

said transgenic callus.

In one preferred embodiment the T-DNA further comprises at least one second

expression construct conferring to said wheat plant an agronomic valuable trait.

However also other genes (e.g., reporter genes) can be transformed into the wheat

plant in combination with the expression cassette for the enzyme capable to me¬

tabolize D-alanine and/or D-serine (i.e., the selectable marker).

Thus, in one embodiment, the present invention relates also to a cell culture com¬

prising one or more embryogenic calli derived from immature wheat embryo, at

least one auxin, preferably in a concentration as described below, and D-alanine

and/or D-serine in a total concentration from about 3 mM to 100 mM. In one em-



bodiment, the cell culture also comprises a bacterium belonging to genus Rhizo-

biaceae

The term "immature embryo" as used herein means the embryo of an immature

seed which is in the stage of early development and maturation after pollination.

The developmental stage of the immature embryos to be treated by the method of

the present invention are not restricted and the collected embryos may be in any

stage after pollination. Preferred embryos are those collected on not less than 2

days after their fertilization. Also preferred are scutella of immature embryos capa-

ble of inducing dedifferentiated calli having an ability to regenerate normal plants

after having been transformed by the method mentioned below.

In a preferred embodiment the immature embryo is one in the stage of not less than

10 days after pollination. More preferably, immature embryos are isolated from

spikes 12 to 14 days after pollination (DAP). Exact timing of harvest varies depend¬

ing on growth conditions and wheat variety. The size of immature embryos is a

good indication of their stage of development. The optimal length of immature em¬

bryos for transformation is about 1 to 1.2 mm, including the length of the scutellum.

The embryo should be translucent, not opaque.

In this invention, the immature embryos may be isolated in liquid infection medium,

washed twice with the same media to clean the surface of the embryos and to pre¬

pare cells for Agrobacterium infection. After the infection, explants are placed with a

scutellum side up for co-cultivation. However, infection can also be done by various

other means known to the person skilled in the art such as, for example, directly

inoculating isolated embryos, which are placed on the surface of a solidified co-

cultivation medium, with a small amount of Agrobacterium suspension.

Preferably, the immature embryo is subjected to transformation (co-cultivation)

without dedifferentiating pretreatment. Treatment of the immature embryos with a

cell wall degrading enzyme or injuring (e.g., cutting with scalpels or perforation with

needles) is optional. However, this degradation or injury step is not necessary and

is omitted in a preferred embodiment of the invention.



The term "dedifferentiation", "dedifferentiation treatment" or "dedifferentiation pre-

treatment" means a process of obtaining cell clusters, such as callus, that show

unorganized growth by culturing differentiated cells of plant tissues on a dedifferen¬

tiation medium. More specifically, the term "dedifferentiation" as used herein is in-

tended to mean the process of formation of rapidly dividing cells without particular

function in the scope of the plant body. These cells often possess an increased

potency with regard to its ability to develop into various plant tissues. Preferably the

term is intended to mean the reversion of a differentiated or specialized tissues to a

more pluripotent or totipotent (e.g., embryonic) form. Dedifferentiation may lead to

reprogramming of a plant tissue (revert first to undifferentiated, non-specialized

cells then to new and different paths). The term "totipotency" as used herein is in¬

tended to mean a plant cell containing all the genetic and/or cellular information

required to form an entire plant. Dedifferentiation can be initiated by certain plant

growth regulators (e.g., auxin and/or cytokinin compounds), especially by certain

combinations and/or concentrations thereof.

2.2 Transformation Procedures

2.2.1 General Techniques

A DNA construct may according to the invention advantageously be introduced into

cells using vectors into which said DNA construct is inserted. Examples of vectors

may be plasmids, cosmids, phages, viruses, retroviruses or Agrobacteria. In an

advantageous embodiment, the expression cassette is introduced by means of

plasmid vectors. Preferred vectors are those, which enable the stable integration of

the expression cassette into the host genome.

The DNA construct can be introduced into the target plant cells and/or organisms

by any of the several means known to those of skill in the art, a procedure which is

termed transformation (see also Keown 1990). Various transformation procedures

suitable for wheat have been described.

For example, the DNA constructs can be introduced directly to plant cells using

ballistic methods, such as DNA particle bombardment, or the DNA construct can be

introduced using techniques such as electroporation and microinjection of a cell.

Particle-mediated transformation techniques (also known as "biolistics") are de-



scribed in, e.g., EP-A1 270,356; US 5,100,792, EP-A-444 882, EP-A-434 616; Klein

1987; Vasil 1993; and Becker 1994). These methods involve penetration of cells by

small particles with the nucleic acid either within the matrix of small beads or parti¬

cles, or on the surface. The biolistic PDS-1000 Gene Gun (Biorad, Hercules, CA)

uses helium pressure to accelerate DNA-coated gold or tungsten microcarriers to¬

ward target cells. The process is applicable to a wide range of tissues and cells

from organisms, including plants. Other transformation methods are also known to

those of skill in the art.

Other techniques include microinjection (WO 92/09696, WO 94/00583, EP-A 331

083, EP-A 175 966, Green 1987), polyethylene glycol (PEG) mediated transforma¬

tion (Paszkowski 1984; Lazzeri 1995), liposome-based gene delivery (WO

93/24640; Freeman 1984), electroporation (EP-A 290 395, WO 87/06614; Fromm

1985; Shimamoto 1992).

In the case of injection or electroporation of DNA into plant cells, the DNA construct

to be transformed not need to meet any particular requirement (in fact the „ na¬

ked" expression cassettes can be utilized). Simple plasmids such as those of the

pUC series may be used.

In addition and preferred to these " direct" transformation techniques, transforma¬

tion can also be carried out by bacterial infection by means of soil born bacteria

such as Agrobacterium tumefaciens or Agrobacterium rhizogenes. These strains

contain a plasmid (Ti or Ri plasmid). Part of this plasmid, termed T-DNA (trans-

ferred DNA), is transferred to the plant following Agrobacterium infection and inte¬

grated into the genome of the plant cell. Although originally developed for dicoty¬

ledonous plants, Agrobacterium mediated transformation is employed for transfor¬

mation methods of monocots (Hiei 1994). Transformation is described e.g., for rice,

maize, wheat, oat, and barley (reviewed in Shimamoto1994; Vasil 1992, 1996; Vain

1995; Wan & Lemaux 1994).

For Agrobacterium-mediated transformation of plants, the DNA construct of the

invention may be combined with suitable T-DNA flanking regions and introduced

into a conventional Agrobacterium tumefaciens host vector. The virulence functions



of the A . tumefaciens host will direct the insertion of a transgene and adjacent

marker gene(s) (if present) into the plant cell DNA when the cell is infected by the

bacteria. Thus, the DNA construct of the invention is preferably integrated into spe¬

cific plasmids suitable for Agrobacterium mediated transformation, either into a

shuttle, or intermediate, vector or into a binary vector). If, for example, a Ti or Ri

plasmid is to be used for the transformation, at least the right border, but in most

cases the right and the left border, of the Ti or Ri plasmid T-DNA is linked with the

expression cassette to be introduced as a flanking region. Binary vectors, capable

of replication both in E. coli and in Agrobacterium, are preferably used. They can be

transformed directly into Agrobacterium (Holsters 1978).

2.2.2 Agrobacterium mediated transformation (co-cultivation)

The soil-borne bacterium employed for transfer of an T-DNA into the immature em¬

bryo can be any specie of the Rhizobiaceae family. The Rhizobiaceae family com-

prises the genera Agrobacterium, Rhizobium, Sinorhizobium, and Allorhizobium are

genera within the bacterial family and has been included in the alpha-2 subclass of

Proteobacteria on the basis of ribosomal characteristics. Members of this family are

aerobic, Gram-negative. The cells are normally rod-shaped (0.6-1 .0 µm by 1.5-3.0

µm), occur singly or in pairs, without endospore, and are motile by one to six peri-

trichous flagella. Considerable extracellular polysaccharide slime is usually pro¬

duced during growth on carbohydrate-containing media. Especially preferred are

Rhizobiaceae such as Sinorhizobium meliloti, Sinorhizobium medicae, Sinorhizo¬

bium fredii, Rhizobium sp. NGR234, Rhizobium sp. BR816, Rhizobium sp. N33,

Rhizobium sp. GRH2, Sinorhizobium saheli, Sinorhizobium terangae, Rhizobium

leguminosarum biovar trifolii, Rhizobium leguminosarum biovar viciae, Rhizobium

leguminosarum biovar phaseoli, Rhizobium tropici, Rhizobium etli, Rhizobium gale-

gae, Rhizobium gallicum, Rhizobium giardinii, Rhizobium hainanense, Rhizobium

mongolense, Rhizobium lupini, Mesorhizobium loti, Mesorhizobium huakuii,

Mesorhizobium ciceri, Mesorhizobium mediterraneium, Mesorhizobium tian-

shanense, Bradyrhizobium elkanni, Bradyrhizobium japonicum, Bradyrhizobium

liaoningense, Azorhizobium caulinodans, Allobacterium undicola, Phyllobacterium

myrsinacearum, Agrobacterium tumefaciens, Agrobacterium radiobacter, Agrobac¬

terium rhizogenes, Agrobacterium vitis, and Agrobacterium rubi. Preferred are also

the strains and method described in Broothaerts (2005).



The monophyletic nature of Agrobacterium, Allorhizobium and Rhizobium and their

common phenotypic generic circumscription support their amalgamation into a sin¬

gle genus, Rhizobium. The classification and characterization of Agrobacterium

strains including differentiation of Agrobacterium tumefaciens and Agrobacterium

rhizogenes and their various opine-type classes is a practice well known in the art

(see for example Laboratory guide for identification of plant pathogenic bacteria,

3rd edition. (2001) Schaad, Jones, and Chun (eds.) ISBN 0890542635; for example

the article of Moore et al. published therein). Recent analyses demonstrate that

classification by its plant-pathogenic properties may not be justified. Accordingly

more advanced methods based on genome analysis and comparison (such as 16S

rRNA sequencing; RFLP, Rep-PCR, etc.) are employed to elucidate the relation¬

ship of the various strains (see for example Young 2003, Farrand 2003, de Bruijn

1996, Vinuesa 1998). The phylogenetic relationships of members of the genus

Agrobacterium by two methods demonstrating the relationship of Agrobacterium

strains K599 are presented in Llob 2003.

It is known in the art that not only Agrobacterium but also other soil-borne bacteria

are capable to mediate T-DNA transfer provided that they the relevant functional

elements for the T-DNA transfer of an Ti- or Ri-plasmid (Klein & Klein 1953;

Hooykaas 1977; van Veen 1988).

Preferably, the soil-born bacterium is of the genus Agrobacterium. The term "Agro¬

bacterium" as used herein refers to a soil-borne, Gram-negative, rod-shaped phy-

topathogenic bacterium. The species of Agrobacterium, Agrobacterium tumefaciens

(syn. Agrobacterium radiobacter), Agrobacterium rhizogenes, Agrobacterium rubi

and Agrobacterium vitis, together with Allorhizobium undicola, form a monophyletic

group with all Rhizobium species, based on comparative 16S rDNA analyses (Sa-

wada 1993, Young 2003). Agrobacterium is an artificial genus comprising plant-

pathogenic species.

The term Ti-plasmid as used herein is referring to a plasmid, which is replicable in

Agrobacterium and is in its natural, " armed" form mediating crown gall in Agro¬

bacterium infected plants. Infection of a plant cell with a natural, " armed" form of

a Ti-plasmid of Agrobacterium generally results in the production of opines (e.g.,



nopaline, agropine, octopine etc.) by the infected cell. Thus, Agrobacterium strains

which cause production of nopaline (e.g., strain LBA4301 , C58, A208) are referred

to as "nopaline-type" Agrobacteria; Agrobacterium strains which cause production

of octopine (e.g., strain LBA4404, Ach5, B6) are referred to as "octopine-type"

Agrobacteria; and Agrobacterium strains which cause production of agropine (e.g.,

strain EHA105, EHA101 , A281) are referred to as "agropine-type" Agrobacteria. A

disarmed Ti-plasmid is understood as a Ti-plasmid lacking its crown gall mediating

properties but otherwise providing the functions for plant infection. Preferably, the

T-DNA region of said " disarmed" plasmid was modified in a way, that beside the

border sequences no functional internal Ti-sequences can be transferred into the

plant genome. In a preferred embodiment - when used with a binary vector sys¬

tem - the entire T-DNA region (including the T-DNA borders) is deleted.

The term Ri-plasmid as used herein is referring to a plasmid which is replicable in

Agrobacterium and is in its natural, " armed" form mediating hairy-root disease in

Agrobacterium infected plants. Infection of a plant cell with a natural, " armed"

form of an Ri-plasmid of Agrobacterium generally results in the production of opines

(specific amino sugar derivatives produced in transformed plant cells such as e.g.,

agropine, cucumopine, octopine, mikimopine etc.) by the infected cell. Agrobacte-

rium rhizogenes strains are traditionally distinguished into subclasses in the same

way A . tumefaciens strains are. The most common strains are agropine-type

strains (e.g., characterized by the Ri-plasmid pRi-A4), mannopine-type strains (e.g.,

characterized by the Ri-plasmid pRi8196) and cucumopine-type strains (e.g., char¬

acterized by the Ri-plasmid pRi2659). Some other strains are of the mikimopine-

type (e.g., characterized by the Ri-plasmid pRi1723). Mikimopine and cucumopine

are stereo isomers but no homology was found between the pRi plasmids on the

nucleotide level (Suzuki 2001). A disarmed Ri-plasmid is understood as a Ri-

plasmid lacking its hairy-root disease mediating properties but otherwise providing

the functions for plant infection. Preferably, the T-DNA region of said " disarmed"

Ri plasmid was modified in a way, that beside the border sequences no functional

internal Ri-sequences can be transferred into the plant genome. In a preferred em¬

bodiment - when used with a binary vector system - the entire T-DNA region

(including the T-DNA borders) is deleted.



The Ti and Ri plasmids of A . tumefaciens and A . rhizogenes, respectively, carry

genes responsible for genetic transformation of the plant (Kado 1991). Vectors are

based on the Agrobacterium Ti- or Ri-plasmid and utilize a natural system of DNA

transfer into the plant genome. As part of this highly developed parasitism Agrobac-

terium transfers a defined part of its genomic information (the T-DNA; flanked by

about 25 bp repeats, named left and right border) into the chromosomal DNA of the

plant cell (Zupan 2000). By combined action of the so called vir genes (part of the

original Ti-plasmids) said DNA-transfer is mediated. For utilization of this natural

system, Ti-plasmids were developed which lack the original tumor inducing genes

("disarmed vectors"). In a further improvement, the so called "binary vector sys¬

tems", the T-DNA was physically separated from the other functional elements of

the Ti-plasmid (e.g., the vir genes), by being incorporated into a shuttle vector,

which allowed easier handling (EP-A 120 516; US 4,940,838). These binary vectors

comprise (beside the disarmed T-DNA with its border sequences), prokaryotic se-

quences for replication both in Agrobacterium and E. coli. It is an advantage of

Agrobacterium-mediated transformation that in general only the DNA flanked by the

borders is transferred into the genome and that preferentially only one copy is in¬

serted. Descriptions of Agrobacterium vector systems and methods for Agrobacte¬

rium-mediated gene transfer are known in the art (Miki 1993; Gruber 1993; MoIo-

ney 1989).

Hence, for Agrobacteria-mediated transformation the genetic composition (e.g.,

comprising an expression cassette) is integrated into specific plasmids, either into a

shuttle or intermediate vector, or into a binary vector. If a Ti or Ri plasmid is to be

used for the transformation, at least the right border, but in most cases the right and

left border, of the Ti or Ri plasmid T-DNA is linked to the expression cassette to be

introduced in the form of a flanking region. Binary vectors are preferably used. Bi¬

nary vectors are capable of replication both in E.coli and in Agrobacterium. They

may comprise a selection marker gene and a linker or polylinker (for insertion of

e.g. the expression cassette to be transferred) flanked by the right and left T-DNA

border sequence. They can be transferred directly into Agrobacterium (Holsters

1978). The selection marker gene permits the selection of transformed Agrobacte-

ria and is, for example, the nptll gene, which confers resistance to kanamycin. The

Agrobacterium which acts as the host organism in this case should already contain



a plasmid with the vir region. The latter is required for transferring the T-DNA to the

plant cell. An Agrobacterium transformed in this way can be used for transforming

plant cells. The use of T-DNA for transforming plant cells has been studied and

described intensively (EP 120 516; Hoekema 1985; An 1985).

Common binary vectors are based on "broad host range"-plasmids like pRK252

(Bevan 1984) or pTJS75 (Watson 1985) derived from the P-type plasmid RK2.

Most of these vetors are derivatives of pBIN19 (Bevan 1984). Various binary vec¬

tors are known, some of which are commercially available such as, for example,

pBI101 .2 or pBIN19 (Clontech Laboratories, Inc. USA). Additional vectors were

improved with regard to size and handling (e.g. pPZP; Hajdukiewicz 1994). Im¬

proved vector systems are described also in WO 02/00900.

Preferably the soil-borne bacterium is a bacterium belonging to family Agrobacte-

rium, more preferably a disarmed Agrobacterium tumefaciens or rhizogenes strain.

In a preferred embodiment, Agrobacterium strains for use in the practice of the in¬

vention include octopine strains, e.g., LBA4404 or agropine strains, e.g., EHA101

or EHA105. Suitable strains of A . tumefaciens for DNA transfer are for example

EHA101 [pEHA101] (Hood 1986), EHA105[pEHA105] (Li 1992), LBA4404[pAL4404]

(Hoekema 1983), C58C1 [pMP90] (Koncz & Schell 1986), and C58C1 [pGV2260]

(Deblaere 1985). Other suitable strains are Agrobacterium tumefaciens C58, a

nopaline strain. Other suitable strains are A . tumefaciens C58C1 (Van Larebeke

1974), A136 (Watson 1975) or LBA401 1 (Klapwijk 1980). In another preferred em¬

bodiment the soil-borne bacterium is a disarmed strain variant of Agrobacterium

rhizogenes strain K599 (NCPPB 2659). Such strains are described in US provi¬

sional application Application No. 60/606,789, filed September 2nd , 2004, hereby

incorporated entirely by reference.

Preferably, these strains are comprising a disarmed plasmid variant of a Ti- or Ri-

plasmid providing the functions required for T-DNA transfer into plant cells (e.g., the

vir genes). In a preferred embodiment, the Agrobacterium strain used to transform

the plant tissue pre-cultured with the plant phenolic compound contains a L1L-

succinamopine type Ti-plasmid, preferably disarmed, such as pEHA101 . In another

preferred embodiment, the Agrobacterium strain used to transform the plant tissue



pre-cultured with the plant phenolic compound contains an octopine-type Ti-

plasmid, preferably disarmed, such as pAL4404. Generally, when using octopine-

type Ti-plasmids or helper plasmids, it is preferred that the virF gene be deleted or

inactivated (Jarschow 1991).

The method of the invention can also be used in combination with particular Agro-

bacterium strains, to further increase the transformation efficiency, such as Agro-

bacterium strains wherein the vir gene expression and/or induction thereof is al¬

tered due to the presence of mutant or chimeric virA or virG genes (e.g. Hansen

1994; Chen and Winans 1991 ; Scheeren-Groot 1994). Preferred are further combi¬

nations of Agrobacterium tumefaciens strain LBA4404 (Hiei 1994) with super-

virulent plasmids. These are preferably pTOK246-based vectors (Ishida 1996).

A binary vector or any other vector can be modified by common DNA recombina-

tion techniques, multiplied in E. coli, and introduced into Agrobacterium by e.g.,

electroporation or other transformation techniques (Mozo 1991).

Agrobacterium is preferably grown and used in a manner similar to that described

in Ishida (Ishida 1996). The vector comprising Agrobacterium strain may, for exam-

pie, be grown for 3 days on YP medium (5 g/l yeast extract, 10 g/l peptone, 5 g/l

NaCI, 15 g/l agar, pH 6.8) supplemented with the appropriate antibiotic (e.g., 50

mg/l spectinomycin). Bacteria are collected with a loop from the solid medium and

resuspended. In a preferred embodiment of the invention, Agrobacterium cultures

are started by use of aliquots frozen at -80 0C.

The transformation of the immature embryos by the Agrobacterium may be carried

out by merely contacting the immature embryos with the Agrobacterium. The con¬

centration of Agrobacterium used for infection and co-cultivation may need to be

varied. For example, a cell suspension of the Agrobacterium having a population

density of approximately from 105 to 101 1 , preferably 106 to 1010 , more preferably

about 108 cells or cfu / ml is prepared and the immature embryos are immersed in

this suspension for about 3 minutes to 5 hours, preferably for about 1 hour at 26°C.

The resulting immature embryos are then cultured on a solid medium for several

days together with the Agrobacterium (co-cultivation).



In another preferred embodiment for the infection and co-cultivation step a suspen¬

sion of the soil-borne bacterium (e.g., Agrobacteria) in the co-cultivation or infection

medium is directly applied to each embryo, and excess amount of liquid covering

the embryo is removed. Removal can be done by various means, preferably

through either air-drying or absorbing. This is saving labor and time and is reducing

unintended Agrobacterium-mediated damage by excess Agrobacterium usage. In a

preferred embodiment from about 1 to about 10 µl of a suspension of the soil-borne

bacterium (e.g., Agrobacteria) are employed. Preferably, the immature embryo is

infected with Agrobacterium directly on the co-cultivation medium. Preferably, the

bacterium is employed in concentration of 106 to 101 1 cfu/ml.

For Agrobacterium treatment of isolated immature embryos, the bacteria are resus-

pended in a plant compatible co-cultivation medium. Supplementation of the co-

culture medium with ethylene inhibitors (e.g., silver nitrate), phenol-absorbing com¬

pounds (like polyvinylpyrrolidone, Perl 1996) or antioxidants (such as thiol com¬

pounds, e.g., dithiothreitol, L-cysteine, Olhoft 2001) which can decrease tissue ne¬

crosis due to plant defense responses (like phenolic oxidation) may further improve

the efficiency of Agrobacterium-mediated transformation. In another preferred em-

bodiment, the co-cultivation medium of comprises least one thiol compound, pref¬

erably selected from the group consisting of sodium thiolsulfate, dithiotrietol (DTT)

and cysteine. Preferably the concentration is between about 1 imM and 1OmM of L-

Cysteine, 0.1 mM to 5 mM DTT, and/or 0.1 mM to 5 mM sodium thiolsulfate. Pref¬

erably, the medium employed during co-cultivation comprises from about 1 µM to

about 10 µM of silver nitrate and/or (preferably " and" ) from about 50 mg/L to

about 1,000 mg/L of L-Cysteine. This results in a highly reduced vulnerability of the

immature embryo against Agrobacterium-mediated damage (such as induced ne¬

crosis) and highly improves overall transformation efficiency.

A range of co-cultivation periods from a few hours to 10 days may be employed.

The co-cultivation of Agrobacterium with the isolated immature embryos is in gen¬

eral carried out for about 12 hours to about 7 days, preferably about 5 days to

about 6 days at 26°C (more preferably in medium PAW-1 as described below in the

Examples).



In an improved embodiment of the invention the isolated immature embryos and/or

the Agrobacteria may be treated with a phenolic compound prior to or during the

Agrobacterium co-cultivation. "Plant phenolic compounds" or "plant phenolics" suit-

able within the scope of the invention are those isolated substituted phenolic mole¬

cules which are capable to induce a positive chemotactic response, particularly

those who are capable to induce increased vir gene expression in a Ti-plasmid con¬

taining Agrobacterium sp., particularly a Ti-plasmid containing Agrobacterium tume-

faciens. Methods to measure chemotactic responses towards plant phenolic com-

pounds have been like e.g., described (Ashby 1988) and methods to measure in¬

duction of vir gene expression are also well known (Stachel 1985; Bolton 1986).

The pre-treatment and/or treatment during Agrobacterium co-cultivation has at least

two beneficial effects: Induction of the vir genes of Ti plasmids or helper plasmids

(Van Wordragen 1992; Jacq 1993; James 1993; Guivarc'h 1993), and enhance-

ment of the competence for incorporation of foreign DNA into the genome of the

plant cell.

Accordingly, in one embodiment, the present invention relates also to a cell culture

comprising one or more embryogenic calli derived from immature wheat embryo, at

least one auxin, preferably in a concentration as described below, D-alanine and/or

D-serine in a total concentration from about 3 imM to 100 mM and at least one plant

phenolic compound, e.g. one or more plant phenolic compounds listed below. In

one embodiment, the cell culture also comprises a bacterium belonging to genus

Rhizobiaceae

Preferred plant phenolic compounds are those found in wound exudates of plant

cells. One of the best known plant phenolic compounds is acetosyringone, which is

present in a number of wounded and intact cells of various plants, albeit in different

concentrations. However, acetosyringone (3,5-dimethoxy-4-hydroxyacetophenone)

is not the only plant phenolic which can induce the expression of vir genes. Other

examples are t thydroxy-acetosyringone, sinapinic acid (3,5-dimethoxy-4-

hydroxycinnamic acid), syringic acid (4-hydroxy-3,5 dimethoxybenzoic acid), ferulic

acid (4-hydroxy-3-methoxycinnamic acid), catechol ( 1 ,2-dihydroxybenzene), p-

hydroxybenzoic acid (4-hydroxybenzoic acid), t-resorcylic acid (2,4-



dihydroxybenzoic acid), protocatechuic acid (3,4-dihydroxybenzoic acid), pyrrogallic

acid (2,3,4-trihydroxybenzoic acid), gallic acid (3,4,5-trihydroxybenzoic acid) and

vanillin (3-methoxy-4-hydroxybenzaldehyde), and these phenolic compounds are

known or expected to be able to replace acetosyringone in the cultivation media

with similar results. As used herein, the mentioned molecules are referred to as

plant phenolic compounds.

Plant phenolic compounds can be added to the plant culture medium either alone

or in combination with other plant phenolic compounds. A particularly preferred

combination of plant phenolic compounds comprises at least acetosyringone and p-

hydroxybenzoic acid, but it is expected that other combinations of two, or more,

plant phenolic compounds will also act synergistically in enhancing the transforma¬

tion efficiency.

Moreover, certain compounds, such as osmoprotectants (e.g. L-proline preferably

at a concentration of about 200-1000 mg/L or betaine), phytohormes (inter alia

NAA), opines, or sugars, act synergistically when added in combination with plant

phenolic compounds.

In one embodiment of the invention, it is preferred that the plant phenolic com¬

pound, particularly acetosyringone is added to the medium prior to contacting the

isolated immature embryos with Agrobacteria (preferably for about 1 hour to about

24 hours). The exact period, in which the cultured cells are incubated in the me¬

dium containing the plant phenolic compound such as acetosyringone, is believed

not to be critical and only limited by the time the immature embryos start to differen¬

tiate.

The concentration of the plant phenolic compound in the medium is also believed to

have an effect on the development of competence for integrative transformation.

The optimal concentration range of plant phenolic compounds in the medium may

vary depending on the wheat variety from which the immature embryos derived, but

it is expected that about 100 µM to 700 µM is a suitable concentration for many

purposes. However, concentrations as low as approximately 25 µM can be used to

obtain a good effect on transformation efficiency. Likewise, it is expected that



higher concentrations up to approximately 1000 µM will yield similar effects. Com¬

parable concentrations apply to other plant phenolic compounds, and optimal con¬

centrations can be established easily by experimentation in accordance with this

invention.

Agrobacteria to be co-cultivated with the isolated immature embryos can be either

pre-incubated with acetosyringone or another plant phenolic compound, as known

by the person skilled in the art, or used directly after isolation from their culture me¬

dium. Particularly suited induction conditions for Agrobacterium tumefaciens have

been described by Vernade et al. (1988). Efficiency of transformation with Agrobac¬

terium can be enhanced by numerous other methods known in the art like for ex¬

ample vacuum infiltration (WO 00/58484), heat shock and/or centrifugation, addi¬

tion of silver nitrate, sonication etc.

It has been observed within this invention that transformation efficacy of the iso¬

lated immature embryos by Agrobacterium can be significantly improved by keep¬

ing the pH of the co-cultivation medium in a range from 5.4 to 6.4, preferably 5.6 to

6.2, especially preferably 5.8 to 6.0. In an improved embodiment of the invention

stabilization pf the pH in this range is mediated by a combination of MES and po-

tassium hydrogenphosphate buffers.

2.3 Recovery

Transformed cells, i.e. those which comprise the DNA integrated into the DNA of

the host cell, can be selected from untransformed cells preferably using the selec-

tion method of the invention.

Prior to a transfer to a recovery and/or selection medium, especially in case of

Agrobacterium-mediated transformation, certain other intermediate steps may be

employed. For example, any Agrobacteria remaining from the co-cultivation step

may be removed (e.g., by a washing step). To prevent re-growth of said bacteria,

the subsequently employed recovery and/ or selection medium preferably com¬

prises a bactericide (antibiotic) suitable to prevent Agrobacterium growth. Preferred

bactericidal antibiotics to be employed are e.g., cefotaxime (e.g., in a concentration

of about 500 mg/l) or Timentin™ (e.g., in a concentration of about 160 mg/l mg/L;



GlaxoSmithKline; a mixture of ticarcillin disodium and clavulanate potassium; 0.8 g

Timentin™ contains 50 mg clavulanic acid with 750 mg ticarcillin. Chemically, ticar¬

cillin disodium is N-(2-Carboxy-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-6-

yl)-3-thio-phenemalonamic acid disodium salt. Chemically, clavulanate potassium is

potassium (Z)-(2R, 5R)-3-(2-hydroxyethylidene)-7-oxo-4-oxa-1-azabicyclo[3.2.0]

heptane-2-carboxylate).

It is preferred that the step directly following the transformation procedure (e.g., co-

cultivation) is not comprising an effective, phytotoxic amount of D-alanine and/or D-

serine or derivatives thereof (which are subsequently used for transformation).

Thus, this step is intended to allow for regeneration of the transformed tissue, to

promote initiation of embryogenic callus formation in the Agrobacterium-infected

embryo, and kill the remaining Agrobacterium cells. Accordingly, in a preferred em¬

bodiment the method of the invention comprises the step of transferring the trans-

formed target tissue (e.g., the co-cultivated immature embryos) to a recovering me¬

dium (used in step c) comprising

i . an effective amount of at least one antibiotic that inhibits or suppresses the

growth of the soil-borne bacteria, and/or (preferably " and" )

ii. L-proline in a concentration from about 1 g/l to about 10g/l, and/or (preferably

" and" )

iii. silver nitrate in a concentration from about 1 µM to about 50 µM.

Thus, in one embodiment, the present invention relates to a recovery medium

comprising an effective amount of at least one antibiotic that inhibits or suppresses

the growth of the soil-borne bacteria, and/or (preferably " and" ) L-proline in a

concentration from about 1 g/l to about 10g/l, and/or (preferably " and" ) silver

nitrate in a concentration from about 0 µM to about 50 µM. Preferably, the medium

comprises further the transformed target tissue (e.g., the co-cultivated immature

embryos).

Preferably said recovery medium does not comprise an effective, phytotoxic

amount of D-alanine and/or D-serine or a derivative thereof. The recovery medium

may further comprise an effective amount of at least one plant growth regulator



(e.g., an effective amount of at least one auxin compound). Thus the recovery me¬

dium of step c) preferably comprises

i . an effective amount of at least one antibiotic that inhibits or suppresses the

growth of the soil-borne bacteria, and

ii. L-proline in a concentration from about 1 g/l to about 10g/I, and

iii. silver nitrate in a concentration from about 0 µM to about 50 µM, preferably no

silver nitrate is used;

iv. an effective amount of at least one auxin compound.

Examples for preferred recovery media are given below in the Examples (A-4 or A-

5). The recovery period (i.e. the period under defifferentiating conditions without a

selection pressure by a phytotoxic amount of D-alanine and/or D-seine) may last for

about 1 day to about 30 days, preferably about 5 days to about 20 days, more pref¬

erably about 14 days. Preferably, the recovery period (callus initiation and prolifera-

tion) is for about seven days in the dark and about additional seven days in semi

light 13.2 µ mol/m 2 /sec 1 . A medium such as PAW-2 (see Examples) can be em¬

ployed for this purpose. Preferably, the scutellum side is kept up during this time

and do not embedded into the media.

2.4 Selection

After the recovery step the target tissue (e.g., the immature embryos) are trans¬

ferred to and incubated on a selection medium. The selection medium comprises

D-alanine and/or D-serine or a derivative thereof in a phytotoxic concentration (i.e.,

in a concentration which either terminates or at least retard the growth of the non-

transformed cells). The term " phytotoxic" , " phototoxicity" or " phytotoxic ef¬

fect" as used herein is intended to mean any measurable, negative effect on the

physiology of a plant or plant cell resulting in symptoms including (but not limited to)

for example reduced or impaired growth, reduced or impaired photosynthesis, re¬

duced or impaired cell division, reduced or impaired regeneration (e.g., of a mature

plant from a cell culture, callus, or shoot etc.), reduced or impaired fertility etc. Phy-

totoxicity may further include effects like e.g., necrosis or apoptosis. In a preferred

embodiment results in an reduction of growth or regenerability of at least 50%,

preferably at least 80%, more preferably at least 90% in comparison with a plant

which was not treated with said phytotoxic compound.



Thus, in one embodiment, the present invention relates to an selection medium

comprising the target tissue (e.g., embryonic wheat calli, i.e. the transformed and

regenerated wheat immature embryos described above) and D-alanine and/or D-

serine or a derivative thereof in a phytotoxic concentration as described below.

The specific compound employed for selection is chosen depending on which

marker protein is expressed. For example in cases where the E.coli D-serine am-

monia-lyase is employed, selection is done on a medium comprising D-serine. In

cases where the Rhodotorula gracilis D-amino acid oxidase is employed, selection

is done on a medium comprising D-alanine and/or D-serine.

The fact that D-amino acids are employed does not rule out the presence of L-

amino acid structures or L-amino acids. For some applications it may be preferred

(e.g., for cost reasons) to apply a racemic mixture of D- and L-amino acids (or a

mixture with enriched content of D-amino acids). Preferably, the ratio of the D-

amino acid to the corresponding L-enantiomer is at least 1: 1 , preferably 2:1 , more

preferably 5:1 , most preferably 10:1 or 100:1 . The use of D-alanine has the advan¬

tage that racemic mixtures of D- and L-alanine can be applied without disturbing or

detrimental effects of the L-enantiomer. Therefore, in an improved embodiment a

racemic mixture of D/L-alanine is employed as compound

The term " derivative" with respect to D-alanine or D-serine means chemical

compound which are comprising the respective D-amino acid structure of D-alanine

or D-serine, but are chemically modified. As used herein the term a "D-amino acid

structure" (such as a "D-serine structure") is intended to include the D-amino acid,

as well as analogues, derivatives and mimetics of the D-amino acid that maintain

the functional activity of the compound. As used herein, a "derivative" also refers to

a form of D-serine or D-alanine in which one or more reaction groups on the com-

pound have been derivatized with a substituent group. The D-amino acid employed

may be modified by an amino-terminal or a carboxy-terminal modifying group or by

modification of the side-chain. The amino-terminal modifying group may be - for

example - selected from the group consisting of phenylacetyl, diphenylacetyl,

triphenylacetyl, butanoyl, isobutanoyl hexanoyl, propionyl, 3-hydroxybutanoyl, 4-



hydroxybutanoyl, 3-hydroxypropionoyl, 2,4-dihydroxybutyroyl, 1-

Adamantanecarbonyl, 4-methylvaleryl, 2-hydroxyphenylacetyl, 3-

hydroxyphenylacetyl, 4-hydroxyphenylacetyl, 3,5-dihydroxy-2-naphthoyl, 3,7-

dihydroxy-2-napthoyl, 2-hydroxycinnamoyl, 3-hydroxycinnamoyl, 4-

hydroxycinnamoyl, hydrocinnamoyl, 4-formylcinnamoyl, 3-hydroxy-4-

methoxycinnamoyl, 4-hydroxy-3-methoxycinnamoyl, 2-carboxycinnamoyl, 3,4,-

dihydroxyhydrocinnamoyl, 3,4-dihydroxycinnamoyl, trans-Cinnamoyl, (±)-mandelyl,

(±)-mandelyl-(±)-mandelyl, glycolyl, 3-formyl benzoyl, 4-formy Ibenzoyl, 2-

formylphenoxyacetyl, 8-formyl-1-napthoyl, 4-(hydroxymethyl)benzoyl, 3-

hydroxybenzoyl, 4-hydroxybenzoyl, 5-hydantoinacetyl, L-hydroorotyl, 2,4-

dihydroxybenzoyl, 3-benzoylpropanoyl, (±)-2,4-dihydroxy-3,3-dimethylbutanoyl, DL-

3-(4-hydroxyphenyl)lactyl, 3-(2-hydroxyphenyl)propionyl, 4-(2-

hydroxyphenyl)propionyl, D-3-phenyllactyl, 3-(4-hydroxyphenyl)propionyl, L-3-

phenyllactyl, 3-pyridylacetyl, 4-pyridylacetyl, isonicotinoyl, 4-quinolinecarboxyl, 1-

isoquinolinecarboxyl and 3-isoquinolinecarboxyl. The carboxy-terminal modifying

group may be - for example - selected from the group consisting of an amide

group, an alkyl amide group, an aryl amide group and a hydroxy group. The "de¬

rivative" as used herein are intended to include molecules which mimic the chemi¬

cal structure of a respective D-amino acid structure and retain the functional prop-

erties of the D-amino acid structure. Approaches to designing amino acid or peptide

analogs, derivatives and mimetics are known in the art (e.g., see Farmer 1980; Ball

1990; Morgan 1989; Freidinger 1989; Sawyer 1995; Smith 1995; Smith 1994;

Hirschman 1993). Other possible modifications include N-alkyl (or aryl) substitu¬

tions, or backbone crosslinking to construct lactams and other cyclic structures.

Other derivatives include C-terminal hydroxymethyl derivatives, O-modified deriva¬

tives (e.g., C-terminal hydroxymethyl benzyl ether), N-terminally modified deriva¬

tives including substituted amides such as alkylamides and hydrazides. Further¬

more, D-amino acid structure comprising herbicidal compounds may be employed.

Such compounds are for example described in US 5,059,239, and may include (but

shall not be limited to) N-benzoyl-N-(3-chloro-4-fluorophenyl)-DL-alanine, N-

benzoyl-N-(3-chloro-4-fluorophenyl) -DL-alanine methyl ester, N-benzoyl-N-(3-

chloro-4-fluorophenyl)-DL-alanine ethyl ester, N-benzoyl-N-(3-chloro-4-

fluorophenyl)-D-alanine, N-benzoyl-N-(3-chloro-4-fluorophenyl)-D-alanine methyl

ester, or N-benzoyl-N-(3-chloro-4-fluorophenyl)-D-alanine isopropyl ester.



The selection compound may be used in combination with other substances. For

the purpose of application, the selection compound may also be used together with

the adjuvants conventionally employed in the art of formulation, and are therefore

formulated in known manner, e.g. into emulsifiable concentrates, coatable pastes,

directly sprayable or dilutable solutions, dilute emulsions, wettable powders, soluble

powders, dusts, granulates, and also encapsulations in e.g. polymer substances.

As with the nature of the compositions to be used, the methods of application, such

as spraying, atomising, dusting, scattering, coating or pouring, are chosen in ac-

cordance with the intended objectives and the prevailing circumstances. However,

more preferably the selection compound is directly applied to the medium. It is an

advantage that stock solutions of the selection compound can be made and stored

at room temperature for an extended period without a loss of selection efficiency.

The optimal concentration of the selection compound (i.e. D-alanine, D-serine, de¬

rivatives thereof or any combination thereof) may vary depending on the target tis¬

sue employed for transformation but in general (and preferably for immature em¬

bryo transformation) the total concentration (i.e. the sum in case of a mixture) of D-

alanine, D-serine or derivatives thereof is in the range from about 3 mM to about

100 mM. For example in cases where the E.coli D-serine ammonia-lyase is em¬

ployed, selection is done on a medium comprising D-serine (e.g., incorporated into

agar-solidified MS media plates), preferably in a concentration from about 3 mM to

about 100 mM, more preferably from about 4 mM to about 50 mM, even more pref¬

erably from about 4.5 mM to about 30 mM, most preferably about 5 mM to about 10

mM. In cases where the Rhodotorula gracilis D-amino acid oxidase is employed,

selection is done on a medium comprising D-alanine and/or D-serine (e.g., incorpo¬

rated into agar-solidified MS media plates), preferably in a total concentration from

about 3 mM to 100 mM, more preferably from about 4 mM to about 50 mM, even

more preferably from about 4.5 mM to about 20 mM, most preferably about 5 mM

to about 1O mM.

Also the selection time may vary depending on the target tissue used and the re¬

generation protocol employed. In general a selection time is at least about 5 days,

preferably at least about14 days. More specifically the total selection time under



dedifferentiating conditions (i.e., callus induction) is from about 1 to about 10

weeks, preferably, about 3 to 7 weeks, more preferably about 3 to 4 weeks. How¬

ever, it is preferred that the selection under the dedifferentiating conditions is em¬

ployed for not longer than 70 days. In between the selection period the callus may

be transferred to fresh selection medium one or more times. For the specific proto¬

col provided herein it is preferred that two selection medium steps (e.g., one trans¬

fer to new selection medium) is employed. Preferably, the selection of step is done

in two steps, using a first selection step for about 14 to 20 days, then transferring

the surviving cells or tissue to a second selection medium with essentially the same

composition than the first selection medium for additional 14 to 20 days. However,

it is also possible to apply a single step selection.

Preferably said selection medium is - for part of the selection period - also a dedif-

ferentiation medium comprising at least one suitable plant growth regulator for in-

duction of embryogenic callus formation. The term "plant growth regulator" (PGR)

as used herein means naturally occurring or synthetic (not naturally occurring)

compounds that can regulate plant growth and development. PGRs may act singly

or in consort with one another or with other compounds (e.g., sugars, amino acids).

More specifically the medium employed for embryogenic callus induction and selec-

tion comprises

i . an effective amount of at least one auxin compound, and

ii. an effective amount of a selection agent allowing for selection of cells compris¬

ing the transgenic.

Furthermore the embryogenic callus induction medium may optionally comprise an

effective amount of at least one antibiotic that inhibits or suppresses the growth of

the soil-borne bacteria (as defined above).

The term "auxin" or "auxin compounds" comprises compounds which stimulate cel-

lular elongation and division, differentiation of vascular tissue, fruit development,

formation of adventitious roots, production of ethylene, and - in high concentrations

- induce dedifferentiate (callus formation). The most common naturally occurring

auxin is indoleacetic acid (IAA), which is transported polarly in roots and stems.

Synthetic auxins are used extensively in modern agriculture. Synthetic auxin com-



pounds comprise indole-3-butyric acid (IBA), naphthylacetic acid (NAA), and 2,4-

dichlorphenoxyacetic acid (2,4-D).

Preferably, when used as the sole auxin compound, 2,4-D in a concentration of

about 0.2 mg/l to about 6 mg/l, more preferably about 0.3 to about 5 mg/l, most

preferably about 2mg/l is employed. In case other auxin compounds or combina¬

tions thereof are employed, their preferred combinations is chosen in a way that the

dedifferentiating effect is equivalent to the effect achieved with the above specified

concentrations of 2,4-D when used as the sole auxin compound. Thus, the effective

amount of the auxin compound is preferably equivalent to a concentration of about

0.2 mg/l to about 6 mg/l (more preferably about 0.3 to about 4 mg/l, most preferably

about 2 mg/l) of 2,4-D.

Furthermore, combination of different auxins can be employed, for example a com-

bination of 2,4-D and Picloram. Preferably, 2,4-D in a concentration of about 0.5 to

2 mg/l can be combined with one or more other types of auxin compounds e.g. Pi¬

cloram in a concentration of about 1 to about 2.5 mg/l for improving quality/quantity

of embryogenic callus formation.

The medium may be optionally further supplemented with one or more additional

plant growth regulator, like e.g., cytokinin compounds (e.g., 6-benzylaminopurine)

and/or other auxin compounds. Such compounds include, but are not limited to,

IAA, NAA, IBA, cytokinins, auxins, kinetins, glyphosate, and thiadiazorun. Cytokinin

compounds comprise, for example zeatin, 6-isopentenyladenine (IPA) and 6-

benzyladenine/6-benzylaminopurine (BAP).

The presence of the D-amino acid metabolizing enzymes does not rule out that

additional markers are employed.

The selection (application of the selection compound) may end after the dedifferen-

tiation and selection period. However, it is preferred to apply selection also during

the subsequent regeneration period (in part or throughout), and even during root¬

ing. In one typical selection scheme the following conditions may be applied:



Selection I : Selection under dedifferentiation conditions (callus proliferation) for

about 7 to about 50 days, preferably from about 14 to about 2 1 days.

Selection can be preferably done under light with a medium such as

PAW-2 sel (see Examples).

Selection II: Selection under regeneration conditions (see below) for about 7 to

about 50 days, preferably for about 3 weeks (21 days). Regenera¬

tions can be done with a medium such as PAW-4 sel (see Exam¬

ples).

Selection III Selection under shoot elongation conditions for about 7 to about 50

days, preferably for about 3 weeks (21 days). Shoot elongation can

be done with a medium such as PAW-5 selelection in plates (see

Examples).

Selection IV Selection under shoots growth and rooting conditions for about 7 to

about 50 days, preferably for about 3 weeks (21 days). Shoots

growth and rooting can be done with a medium such as PAW 5

selection in boxes (see Examples).

2.5 Regeneration

The formation of shoot and root from dedifferentiated cells can be induced in the

known fashion. The shoots obtained can be planted and cultured. Transformed

wheat plant cells, preferably wheat embryogenic callus, derived by any of the

above transformation techniques, can be cultured to regenerate a whole plant

which possesses the transformed genotype and thus the desired phenotype. Such

regeneration techniques rely on manipulation of certain phytohormones in a tissue

culture growth medium. Plant regeneration from cultured protoplasts is described

(e.g., in Evans 1983; Binding 1985). Regeneration can also be obtained from plant

callus, explants, somatic embryos (Dandekar 1989; McGranahan 1990), organs, or

parts thereof. Such regeneration techniques are described generally (e.g., in Klee

1987). Other available regeneration techniques are reviewed in Vasil 1984, and

Weissbach 1989.

After the dedifferentiation and selection period (as described above) the resulting

cells (e.g., maturing embryogenic callus) are transferred to a medium allowing con-



version of transgenic plantlets. Preferably such medium does not comprise auxins

such as 2,4-D in a concentration leading to dedifferentiation.

In a preferred embodiment such regeneration medium may comprise one or more

compounds selected from the group consisting of:

i) cytokinins such as for example zeatin, preferably in a concentration from about

0.5 to about 10 mg/L, more preferably from about 1.5 to about 5 mg/L,

ii) an effective amount of at least one antibiotic that inhibits or suppresses the

growth of the soil-borne bacteria (as defined above), and

iii) an effective amount of a selection agent (e.g., D-alanine, D-serine, or deriva¬

tives thereof) allowing for selection of transgenic cells (e.g., comprising the

transgenic T-DNA).

More preferably, the medium employed in the regeneraion step e) is preferably

comprising:

i) an effective amount of at least one cytokinin compound, and/or

ii) D-alanine and/or D-serine in a total concentration from about 3 mM to 100

mM.

The embryogenic callus is preferably incubated on this medium until shoots are

formed and then transferred to a (preferably hormone free) elongation medium.

Such incubation may take from 1 to 5 , preferably from 2 to 3 weeks. Regenerated

shoots or plantlets (i.e., shoots with roots) are transferred to Phytatray, Magenta

boxes or Sky-Light plastic boxes containing rooting medium (such as the medium

described in PAW-5) and incubate until rooted plantlets have developed (usually 1

to 4 weeks, preferably 2 weeks). The rooted seedlings are transferred to Jiffy for

aclimatisation (usually for 10days). After analyses the transgenic plants are trans¬

ferred to sil K-Jord and grown to mature plants as described in the art (see exam¬

ples).

The resulting transgenic plants are self pollinated by bagging all spikes individually

while they are emerging from the flag leaf. T 1 seeds are spikewise harvested,

dried and stored properly with adequate label on the seed bags. Two or more gen¬

erations should be grown in order to ensure that the genomic integration is stable



and hereditary For example transgenic events in T 1 or T2 generations could be

involved in pre breeding hybridization program for combining different transgenes

(gene stacking).

Other important aspects of the invention include the progeny of the transgenic

plants prepared by the disclosed methods, as well as the cells derived from such

progeny, and the seeds obtained from such progeny.

2.6 Generation of descendants

After transformation, selection and regeneration of a transgenic plant (comprising

the DNA construct of the invention) descendants are generated, which - because

of the activity of the excision promoter - underwent excision and do not comprise

the marker sequence(s) and expression cassette for the endonuclease.

Descendants can be generated by sexual or non-sexual propagation. Non-sexual

propagation can be realized by introduction of somatic embryogenesis by tech¬

niques well known in the art. Preferably, descendants are generated by sexual

propagation / fertilization. Fertilization can be realized either by selfing (self-

pollination) or crossing with other transgenic or non-transgenic plants. The trans-

genie plant of the invention can herein function either as maternal or paternal plant.

After the fertilization process, seeds are harvested, germinated and grown into ma¬

ture plants. Isolation and identification of descendants which underwent the exci¬

sion process can be done at any stage of plant development. Methods for said

identification are well known in the art and may comprise - for example - PCR

analysis, Northern blot, Southern blot, or phenotypic screening (e.g., for an nega¬

tive selection marker).

Descendants may comprise one or more copies of the agronomically valuable trait

gene. Preferably, descendants are isolated which only comprise one copy of said

trait gene.

Also in accordance with the invention are cells, cell cultures, parts - such as, for

example, in the case of transgenic plant organisms, roots, leaves and the like -



derived from the above-described transgenic organisms, and transgenic propaga¬

tion material (such as seeds or fruits).

Genetically modified plants according to the invention which can be consumed by

humans or animals can also be used as food or feedstuffs, for example directly or

following processing known per se. Here, the deletion of, for example, resistances

to antibiotics and/or herbicides, as are frequently introduced when generating the

transgenic plants, makes sense for reasons of customer acceptance, but also

product safety.

A further subject matter of the invention relates to the use of the above-described

transgenic organisms the cells, cell cultures, and/or parts - such as, for example,

in the case of transgenic plant organisms, roots, leaves and the like - derived from

them, and transgenic propagation material such as seeds or fruits, for the produc-

tion of food or feedstuffs, pharmaceuticals or fine chemicals.

A further subject matter of the invention relates to a composition for selection, re¬

generation, growing, cultivation or maintaining of transgenic wheat plant cells,

transgenic wheat plant tissue, transgenic wheat plant organs or transgenic wheat

plants or a part thereof comprising an effective amount of D-alanine, D-serine, or a

derivative thereof allowing for selection of transgenic wheat plant cells, transgenic

wheat plant tissue, transgenic wheat plant organs or transgenic wheat plants or a

part thereof and the above-described transgenic wheat organisms, the transgenic

wheat cells, transgenic wheat cell cultures, transgenic wheat plants and/or parts

thereof - such as, for example, in the case of transgenic plant organisms roots,

leaves and the like - derived from them.

Another embodiment of the invention relates to a wheat plant or cell comprising a

promoter active in said wheat plants or cells and operably linked thereto a nucleic

acid sequence encoding an enzyme capable to metabolize D-alanine or D-serine,

wherein said promoter is heterologous in relation to said enzyme encoding se¬

quence. Preferably, the the promoter and/or the enzyme capable to metabolize D-

alanine or D-serine is defined as above. More preferably the wheat plant is further

comprising at least one second expression construct conferring to said wheat plant



an agronomically valuable trait. In one preferred embodiment the wheat plant se¬

lected from the Triticum family group of plants more preferably from a plant specie

of the group consisting of Triticum spp.: common (T. aestivum), durum (T. durum),

spelt (T. spelta), Triticum dicoccum (Emmer wheat), Triticum turgidum, and Triticum

monococcum (Einkorn wheat), most preferably from a variety of Triticum aestivum.

Other embodiments of the invention relate to parts, organs, cells, fruits, and other

reproduction material of a wheat plant of the invention. Preferred parts are selected

from the group consisting of tissue, cells, pollen, ovule, roots, leaves, seeds, micro¬

spores, and vegetative parts.

Fine chemicals is understood as meaning enzymes, vitamins, amino acids, sugars,

fatty acids, natural and synthetic flavors, aromas and colorants. Especially pre¬

ferred is the production of tocopherols and tocotrienols, and of carotenoids. Cultur-

ing the transformed host organisms, and isolation from the host organisms or from

the culture medium, is performed by methods known to the skilled worker. The pro¬

duction of pharmaceuticals such as, for example, antibodies or vaccines, is de¬

scribed (e.g., by Hood 1999; Ma 1999).

3 . Further modifications

3.1 Counter selection and subsequent marker deletion

The first expression construct for the D-amino acid metabolizing enzyme can be

preferably constructed in a way to allow for subsequent marker deletion, especially

when said enzyme is a D-amino acid oxidase, which can be employed both for

negative selection and counter selection (i.e. as a dual-function marker). Such

methods are in detail described in PCT/EP 2005/002734, hereby incorporated en¬

tirely by reference.

For this purpose the first expression cassette is preferably flanked by sequences,

which allow for specific deletion of said first expression cassette. This embodiment

of the invention makes use of the property of D-amino oxidase (DAAO) to function

as dual-function markers, i.e., as markers which both allow (depending on the used

substrate) as negative selection marker and counter selection marker. In contrast to

D-amino acids like D-serine and D-alanine (which are highly phytoptoxic to plants

and are " detoxified" by the D-amino acid oxidase), D-valine and D-isoleucine are



not toxic to wild-type plants but are converted to toxic compounds by plants ex¬

pressing the D-amino acid oxidase DAAO. The findings that DAAO expression

mitigated the toxicity of D-serine and D-alanine, but induced metabolic changes

that made D-isoleucine and D-valine toxic, demonstrate that the enzyme could pro-

vide a substrate-dependent, dual-function, selectable marker in plants.

Accordingly, another embodiment of the invention relates to a method for producing

a transgenic wheat plant comprising:

i) transforming a wheat plant cell with a first DNA construct comprising

a) at least one first expression construct comprising a promoter active in said

wheat plant and operably linked thereto a nucleic acid sequence encoding

a D-amino acid oxidase enzyme, wherein said first expression cassette is

flanked by sequences which allow for specific deletion of said first expres¬

sion cassette, and

b) at least one second expression cassette suitable for conferring to said

plant an agronomically valuable trait, wherein said second expression

cassette is not localized between said sequences which allow for specific

deletion of said first expression cassette, and

ii) treating said transformed wheat plant cells of step i) with a first compound se-

lected from the group consisting of D-alanine, D-serine or derivatives thereof

in a phytotoxic concentration and selecting plant cells comprising in their ge¬

nome said first DNA construct, conferring resistance to said transformed plant

cells against said first compound by expression of said D-amino acid oxidase,

and

iii) inducing deletion of said first expression cassette from the genome of said

transformed plant cells and treating said plant cells with a second compound

selected from the group consisting of D-isoleucine, D-valine and derivatives

thereof in a concentration toxic to plant cells still comprising said first expres¬

sion cassette, thereby selecting plant cells comprising said second expression

cassette but lacking said first expression cassette.

Preferred promoters and D-amino acid oxidase sequences are described above.



Preferably, deletion of the first expression cassette can be realized by various

means known in the art, including but not limited to one or more of the following

methods:

a) recombination induced by a sequence specific recombinase, wherein said first

expression cassette is flanked by corresponding recombination sites in a way

that recombination between said flanking recombination sites results in dele¬

tion of the sequences in-between from the genome,

b) homologous recombination between homology sequences A and A' flanking

said first expression cassette, preferably induced by a sequence-specific dou-

ble-strand break between said homology sequences caused by a sequence

specific endonuclease, wherein said homology sequences A and A' have

sufficient length and homology in order to ensure homologous recombination

between A and A' , and having an orientation which - upon recombination

between A and A' - will lead to excision of said first expression cassette

from the genome of said plant.

Various means are available for the person skilled in art to combine the dele¬

tion/excision inducing mechanism with the DNA construct of the invention compris¬

ing the D-amino acid oxidase dual-function selection marker. Preferably, a recom-

binase or endonuclease employable in the method of the invention can be ex¬

pressed by a method selected from the group consisting of:

a) incorporation of a second expression cassette for expression of the recombi¬

nase or sequence-specific endonuclease operably linked to a plant promoter

into said DNA construct, preferably together with said first expression cassette

flanked by said sequences which allow for specific deletion,

b) incorporation of a second expression cassette for expression of the recombi¬

nase or sequence-specific endonuclease operably linked to a plant promoter

into the plant cells or plants used as target material for the transformation

thereby generating master cell lines or cells,

c) incorporation of a second expression cassette for expression of the recombi¬

nase or sequence-specific endonuclease operably linked to a plant promoter

into a separate DNA construct, which is transformed by way of co-

transformation with said first DNA construct into said plant cells,



d) incorporation of a second expression cassette for expression of the recombi-

nase or sequence-specific endonuclease operably linked to a plant promoter

into the plant cells or plants which are subsequently crossed with plants com¬

prising the DNA construct of the invention.

In another preferred embodiment the mechanism of deletion/excision can be in¬

duced or activated in a way to prevent pre-mature deletion/excision of the dual-

function marker. Preferably, thus expression and/or activity of an preferably em¬

ployed sequence-specific recombinase or endonuclease can be induced and/or

activated, preferably by a method selected from the group consisting of

a) inducible expression by operably linking the sequence encoding said recombi¬

nase or endonuclease to an inducible promoter,

b) inducible activation, by employing a modified recombinase or endonuclease

comprising a ligand-binding-domain, wherein activity of said modified recom-

binase or endonuclease can by modified by treatment of a compound having

binding activity to said ligand-binding-domain.

Preferably, thus the method of the inventions results in a plant cell or plant which is

selection marker-free.

Another subject matter of the invention relates to DNA constructs, which are suit¬

able for employing in the method of the invention. A DNA construct suitable for use

within the present invention is preferably comprising

a) a first expression cassette comprising a nucleic acid sequence encoding a D-

amino acid oxidase operably linked with a promoter active in wheat plants (as

defined above; preferably an ubiquitin promoter), wherein said first expression

cassette is flanked by sequences which allow for specific deletion of said first

expression cassette, and

b) at least one second expression cassette suitable for conferring to said plant an

agronomically valuable trait, wherein said second expression cassette is not

localized between said sequences which allow for specific deletion of said first

expression cassette.

Preferred promoters and D-amino acid oxidase sequences are described above.



For ensuring marker deletion / excision the expression cassette for the D-amino

acid oxidase (the first expression construct) comprised in the above mentioned

DNA construct is flanked by recombination sites for a sequence specific recombi-

nase in a way the recombination induced between said flanking recombination sites

results in deletion of the said first expression cassette from the genome. Preferably

said sequences which allow for specific deletion of said first expression cassette

are selected from the group of sequences consisting of

a) recombination sites for a sequences-specific recombinase arranged in a way

that recombination between said flanking recombination sites results in dele¬

tion of the sequences in-between from the genome, and

b) homology sequences A and A' having a sufficient length and homology in

order to ensure homologous recombination between A and A' , and having an

orientation which - upon recombination between A and A' - results in dele-

tion of the sequences in-between from the genome.

Preferably, the construct comprises at least one recognition site for a sequence

specific nuclease localized between said sequences, which allow for specific dele¬

tion of said first expression cassette (especially for variant b above).

There are various recombination sites and corresponding sequence specific re-

combinases known in the art, which can be employed for the purpose of the inven¬

tion. The person skilled in the art is familiar with a variety of systems for the site-

directed removal of recombinantly introduced nucleic acid sequences. They are

mainly based on the use of sequence specific recombinases. Various sequence-

specific recombination systems are described, such as the Cre/lox system of the

bacteriophage P 1 (DaIeI 991 ; Russell 1992; Osborne 1995), the yeast FLP/FRT

system (Kilby 1995; Lyznik 1996), the Mu phage Gin recombinase, the E. coli Pin

recombinase or the R/RS system of the plasmid pSR1 (Onouchi 1995; Sugita

2000). Also a system based on attP sites and bacteriophage Lambda recombinase

can be employed (Zubko 2000). Further methods suitable for combination with the

methods described herein are described in WO 97/037012 and WO 02/10415.

In a preferred embodiment, deletion / excision of the dual-marker sequence is de¬

leted by homologous recombination induced by a sequence-specific double-strand



break. The basic principles are disclosed in WO 03/004659, hereby incorporated by

reference. For this purpose the first expression construct (encoding for the dual-

function marker) is flanked by homology sequences A and A' , wherein said ho¬

mology sequences have sufficient length and homology in order to ensure homolo-

gous recombination between A and A' , and having an orientation which - upon

recombination between A and A' - will lead to an excision of first expression

cassette from the genome. Furthermore, the sequence flanked by said homology

sequences further comprises at least one recognition sequence of at least 10 base

pairs for the site-directed induction of DNA double-strand breaks by a sequence

specific DNA double-strand break inducing enzyme, preferably a sequence-specific

DNA-endonuclease, more preferably a homing-endonuclease, most preferably an

endonuclease selected from the group consisting of I-Scel, I-Ceul, I-Cpal, I-Cpall,

I-Crel and I-Chul or chimeras thereof with ligand-binding domains.

The expression cassette for the endonuclease or recombinase (comprising a se¬

quence-specific recombinase or endonuclease operably linked to a plant promote)

may be included in the DNA construct of the invention. Preferably, said second ex¬

pression cassette is together with said first expression cassette flanked by said

sequences which allow for specific deletion.

In another preferred embodiment, the expression and/or activity of said sequence-

specific recombinase or endonuclease can be induced and/or activated for avoiding

premature deletion / excision of the dual-function marker during a period where its

action as a negative selection marker is still required. Preferably induction / activa-

tion can be realized by a method selected from the group consisting of

a) inducible expression by operably linking the sequence encoding said recombi¬

nase or endonuclease to an inducible promoter,

b) inducible activation, by employing a modified recombinase or endonuclease

comprising a ligand-binding-domain, wherein activity of said modified recom-

binase or endonuclease can by modified by treatment of a compound having

binding activity to said ligand-binding-domain.

Further embodiments of the inventions are related to transgenic vectors comprising

a DNA construct of the invention. Transgenic cells or non-human organisms com-



prising a DNA construct or vector of the invention. Preferably said cells or non-

human organisms are plant cells or plants, preferably plants, which are of agro¬

nomical use.

The present invention enables generation of marker-free transgenic cells and or¬

ganisms, preferably plants, an accurately predictable manner with high efficiency.

The preferences for the counter selection step (ii) with regard to choice of com¬

pound, concentration, mode of application for D-alanine, D-serine, or derivatives

thereof are described above in the context of the general selection scheme.

For the counter selection step (iii) the compound is selected from the group of

compounds comprising a D-isoleucine or D-valine structure. More preferably the

compound is selected from the group consisting of D-isoleucine and D-valine. Most

preferably the compound or composition used for counter selection comprises D-

isoleucine.

When applied via the cell culture medium (e.g., incorporated into agar-solidified MS

media plates), D-isoleucine can be employed in concentrations of about 0.5 imM to

about 100 mM, preferably about 1 mM to about 50 mM, more preferably about 10

mM to about 30 mM. When applied via the cell culture medium (e.g., incorporated

into agar-solidified MS media plates), D-valine can be employed in concentrations

of about 1 to about 100 mM, preferably about 5 to 50 mM, more preferably about

15 mM to about 3 O mM.

Thus, using the above described method it becomes possible to create a wheat

plant which is marker-free. The terms " marker-free" or " selection marker free"

as used herein with respect to a cell or an organisms are intended to mean a cell or

an organism which is not able to express a functional selection marker protein (en-

coded by expression cassette b ; as defined above) which was inserted into said

cell or organism in combination with the gene encoding for the agronomically valu¬

able trait. The sequence encoding said selection marker protein may be absent in

part or - preferably - entirely. Furthermore the promoter operably linked thereto

may be dysfunctional by being absent in part or entirely. The resulting plant may



however comprise other sequences which may function as a selection marker. For

example the plant may comprise as a agronomically valuable trait a herbicide resis¬

tance conferring gene. However, it is most preferred that the resulting plant does

not comprise any selection marker.

Various further aspects and embodiments of the present invention will be apparent

to those skilled in the art in view of the present disclosure. All documents men¬

tioned in this specification are incorporated herein in their entirety by reference.

Certain aspects and embodiments of the invention will now be illustrated by way of

example and with reference to the figure described below.

3.2 Gene Stacking

The methods and compositions of the invention allow for subsequent transforma¬

tion. The D-serine and/or D-alanine metabolizing enzymes are compatible and

does not interfere with other selection marker and selection systems. It is therefore

possible to transform existing transgenic plants comprising another selection

marker with the constructs of the invention or to subsequently transform the plants

obtained by the method of the invention (and comprising the expression constructs

for the D-serine and/or D-alanine metabolizing enzyme) with another marker. This,

another embodiment of the invention relates to a method for subsequent transfor¬

mation of at least two DNA constructs into a wheat plant comprising the steps of:

a) a transformation with a first construct said construct comprising at least one

expression construct comprising a promoter active in said wheat plants and

operably linked thereto a nucleic acid sequence encoding an enzyme capable

to metabolize D-alanine or D-serine, and

b) a transformation with a second construct said construct comprising a second

selection marker gene, which is not conferring resistance against D-alanine or

D-serine.

Preferably said second marker gene is a negative selection markers conferring a

resistance to a biocidal compound such as a (non-D-amino acid) metabolic inhibitor

(e.g., 2-deoxyglucose-6-phosphate, WO 98/45456), antibiotics (e.g., kanamycin,

G 418, bleomycin or hygromycin) or herbicides (e.g., phosphinothricin or gly-

phosate). Examples are:



Phosphinothricin acetyltransferases (PAT; also named Bialophos ®resistance;

bar; de Block 1987; Vasil 1992, 1993; Weeks 1993; Becker 1994; Nehra 1994;

Wan & Lemaux 1994; EP 0 333 033; US 4,975,374)

5-enolpyruvylshikimate-3-phosphate synthase (EPSPS) conferring resistance

to Glyphosate ® (N-(phosphonomethyl)glycine) (Shah 1986; Della-Cioppa 1987)

Glyphosate ® degrading enzymes (Glyphosate ® oxidoreductase; gox),

Dalapon ® inactivating dehalogenases (deh)

sulfonylurea- and/or imidazolinone-inactivating acetolactate synthases (ahas or

ALS; for example mutated ahas/ALS variants with, for example, the S4, Xl12,

XA1 7 , and/or Hra mutation

Bromoxynil ® degrading nitrilases (bxn)

Kanamycin- or. geneticin (G418) resistance genes (NPTII; NPTI) coding e.g.,

for neomycin phosphotransferases (Fraley 1983; Nehra 1994)

hygromycin phosphotransferase (HPT), which mediates resistance to hygro-

mycin (Vanden Elzen 1985).

dihydrofolate reductase (Eichholtz 1987)

Various time schemes can be employed for the various negative selection marker

genes. In case of resistance genes (e.g., against herbicides) selection is preferably

applied throughout callus induction phase for about 4 weeks and beyond at least 4

weeks into regeneration. Such a selection scheme can be applied for all selection

regimes. It is furthermore possible (although not explicitly preferred) to remain the

selection also throughout the entire regeneration scheme including rooting. For

example, with the phosphinotricin resistance gene (bar, PAT) as the selective

marker, phosphinotricin or bialaphos at a concentration of from about 1 to 50 mg/l

may be included in the medium.

Preferably said second marker is conferring resistance against at least one com¬

pound select from the group consisting of phosphinotricin, glyphosate, sulfonylurea-

and imidazolinone-type herbicides.

Another embodiment of the invention relates to a wheat plant comprising

a) a transformation with a first construct said construct comprising at least one

expression construct comprising a promoter active in said wheat plants (pref-



erably a ubiquitin promoter as defined above) and operably linked thereto a

nucleic acid sequence encoding an enzyme capable to metabolize D-alanine

or D-serine, and

b) a transformation with a second construct said construct comprising a second

selection marker gene, which is not conferring resistance against D-alanine or

D-serine.

Preferably, said second marker gene is defined as above and is most preferably

conferring resistance against at least one compound select from the group consist-

ing of phosphinotricin, glyphosate, phosphinotricin, glyphosate, sulfonylurea- and

imidazolinone-type herbicides.

The following combinations are especially preferred:

- A first transformation with a selection marker conferring resistance against

phosphinothricin followed by a second transformation with a dsdA selections

marker gene;

- A first transformation with a selection marker conferring resistance against

phosphinothricin followed by a second transformation with a dao1 selection

marker gene;

- A first transformation with a dsdA selection marker gene followed by a second

transformation with a selection marker conferring resistance against phosphi¬

nothricin ;

- A first transformation with a dao1 followed by a second transformation with a

selection marker conferring resistance against phosphinothricin;

Beside the stacking with a second expression construct for a selection marker

gene, which is not conferring resistance against D-alanine or D-serine, also the

dsdA and dao1 genes can be stacked. For example a first selection can be made

using the dsdA gene and D-serine as a selection agent and a second selection can

be subsequently made by using dao1 gene and D-alanine as selection agent. Thus

another embodiment of the invention relates to a method for subsequent transfor¬

mation of at least two DNA constructs into a wheat plant comprising the steps of:

a) a transformation with a first construct said construct comprising an expression

construct comprising a promoter active in said wheat plants (preferably a ubiq-



ubiquitin promoter as defined above) and operably linked thereto a nucleic

acid sequence encoding a dsdA enzyme and selecting with D-serine, and

b) a transformation with a second construct said construct comprising an expres¬

sion construct comprising a promoter active in said wheat plants and operably

linked thereto a nucleic acid sequence encoding a dao enzyme and selecting

with D-alanine.

Another embodiment of the invention relates to the wheat plants generated with this

method. Thus, the invention also relates to a wheat plant comprising

a) a first construct said construct comprising an expression construct comprising

a promoter active in said wheat plants and operably linked thereto a nucleic

acid sequence encoding an dsdA enzyme, and

b) a second construct said construct comprising an expression construct

comprising promoter active in said wheat plants and operably linked thereto a

nucleic acid sequence encoding a dao enzyme.

In the above-mentioned constructs comprising two expression cassettes it is pre¬

ferred that the two promoters active in wheat plants are not identical. Preferably

one promoter (e.g., the promoter for expression of the D-alanine and/or D-serine

metabolizing enzyme) is an ubiquitin promoter as defined above), while the other

promoter is a different promoter (e.g., the ScBV promoter or the ahas promoter).



Sequences

1. SEQ ID NO: 1 Nucleic acid sequence encoding E.coli D-serine dehydra¬

tase [dsdA] gene

2 . SEQ ID NO: 2 Amino acid sequence encoding E.coli D-serine dehydratase

[dsdA]

3 . SEQ ID NO: 3 Nucleic acid sequence encoding Rhodosporidium toru-

loides D-amino acid oxidase gene

4 . SEQ ID NO: 4 Amino acid sequence encoding Rhodosporidium toruloides

D-amino acid oxidase

5 . SEQ ID NO: 5 Nucleic acid sequence encoding maize ubiquitin core pro¬

moter region

6 . SEQ ID NO: 6 Nucleic acid sequence encoding maize ubiquitin promoter

further comprising 5' -untranslated region and first intron

7 . SEQ ID NO: 7 Nucleic acid sequence encoding sugarcane bacilliform virus

core promoter region

8 . SEQ ID NO: 8 Nucleic acid sequence encoding sugarcane bacilliform virus

promoter further comprising 5' -untranslated region

9 . SEQ ID NO:9 Nucleic acid sequence encoding pRLM175, a kanamycin

resistant pSB1 1-type binary vector.

10. SEQ ID NO:10 Nucleic acid sequence encoding T-DNA region of

pRLM166, a pRLM175 derived binary vector containing p-

ZmUBI+l::c-dsdA::t-OCS and p-ScBV::c-guslNT::t-NOS

cassettes.



11. SEQ ID NO:1 1 Nucleic acid sequence encoding T-DNA region of

pRLM167, a pRLM175 derived binary vector containing p-

ZmUBI+l::c-dsdA::t-OCS and p-ZmUBI+l::c-PAT::t-OCS

cassettes.

12. SEQ ID NO:12 Nucleic acid sequence encoding T-DNA region of

pRLM179, a pRLM175 derived binary vector containing

ZmAHAS L2/Xi 12 and p-ZmUBI+l::c-dsdA::t-OCS cassettes.

13. SEQ ID NO:13 Nucleic acid sequence encoding T-DNA region of

pRLM205, a pRLM175 derived binary vector containing p-

ZmUBI+l::c-dao1 ::t-OCS and p-ScBV::c-guslNT::t-NOS

cassettes.

14. SEQ ID NO: 14 Nucleic acid sequence encoding T-DNA region of

pRLM226, a pRLM175 derived binary vector containing p-

ZmUBI+l::l-PsFed1 ::c-dao1/ko::t-OCS and p-ScBV::c-

guslNT::t-NOS cassettes.

15. SEQ ID NO: 15 Nucleic acid sequence encoding a Zea mays codon opti¬

mize Rhodosporidium toruloides D-amino acid oxidase

CDS

16. SEQ ID NO: 16 Amino acid sequence encoding Rhodosporidium toruloides

D-amino acid oxidase

17. SEQ ID NO:17 Nucleic acid sequence encoding qPCR primer GUSCom-

mon-341 F: 5 ' CCGGGTGAAG GTTATCTCTA TGA 3 '

18. SEQ ID NO:18 Nucleic acid sequence encoding qPCR primer GUSCom-

mon-41 4R: 5 ' CGAAGCGGGT AGATATCACA CTCT 3 '

19. SEQ ID NO:19 Nucleic acid sequence encoding qPCR probe GUSCom-

mon-366FAM: 5 ' TGTGCGTCAC AGCCAAAAGC CAGA 3 '



20. SEQ ID NO:20 Nucleic acid sequence encoding qPCR primer EcdsdA-

860F:

5 ' TCGCATTCGG GCTTAAACTG 3 '

2 1. SEQ ID NO: 2 1 Nucleic acid sequence encoding qPCR primer EcdsdA-

922R:

5 ' GCGTTGGTTC GGCAAAAA 3 '

22. SEQ ID NO: 22 Nucleic acid sequence encoding qPCR probe EcdsdA-

883FAM:

5 ' TTTGGCGATC ATGTTCACTG C 3 '

23. SEQ ID NO: 23 Nucleic acid sequence encoding qPCR primer TaGBSS:!

F:

5'TTCTGCATCC ACAACATCTC GTA 3'

24. SEQ ID NO: 24 Nucleic acid sequence encoding qPCR primer TaGBSS:!

R :

5 TAGCCGTCGA TGAAGTCGAA 3

25. SEQ ID NO: 25 Nucleic acid sequence encoding qPCR probe TaGBSS:1-

TET:

5'CGACGACTTC GCGCAGCTCA AC 3'

26. SEQ ID NO: 26 Nucleic acid sequence encoding qPCR primer dao1/pa-

285F:

5 ' GTTCGCGCAG AACGAAGAC 3 '

27. SEQ ID NO: 27 Nucleic acid sequence encoding qPCR primer dao1/pa-

349R:

5 ' GGCGGTAATT TGGCGTGA 3 '



28. SEQ ID NO: 28 Nucleic acid sequence encoding qPCR probe dao1/pa-

308FAM: 5 ' TCCTTGTACC AGTGCCCGAG CA 3 '

29. SEQ ID NO: 29 Nucleic acid sequence encoding forward PCR primer for

guslNT gene: ' -ACCGTTTGTG TGAACAACGA - '

30. SEQ ID NO: 30 Nucleic acid sequence encoding reverse PCR primer for

guslNT gene: 5 ' - GGCACAGCAC ATCAAAGAGA- 3 '

3 1 . SEQ ID NO: 3 1 Nucleic acid sequence encoding forward PCR primer for

dsdA gene: 5 ' -GCTTTTTGTT CGCTTGGTTG TG -3 '

32. SEQ ID NO: 32 Nucleic acid sequence encoding reverse PCR primer for

dsdA gene: 5 ' -TCAATAATCC CCCCAGTGGC- 3 '

33. SEQ ID NO: 33 Nucleic acid sequence encoding forward PCR primer for

dao1 gene: 5 ' -GACAAGCAAA ATGGGAAGAA TC -3 '

34 SEQ ID NO: 34 Nucleic acid sequence encoding reverse PCR primer for

dao1 gene: 5 ' -TCGGGGAATG ATGTAGGC - 3 '

35. SEQ ID NO: 35 Nucleic acid sequence encoding forward PCR primer for

dao1/ko gene: 5 ' -AAGCAGGCCT TCTCACACTT GA -3 '

36. SEQ ID NO: 36 Nucleic acid sequence encoding reverse PCR primer for

dao1/ko gene: 5 ' -TTCCAACAAA GCCCGATGCG - 3 '

37. SEQ ID NO: 37 Nucleic acid sequence encoding forward PCR primer for

PAT gene: 5' -

ATGTCTCCGGAGAGGAGACCAGTTGAGAT-S'

38. SEQ ID NO: 38 Nucleic acid sequence encoding reverse PCR primer for

PAT gene: 5 ' - GCCAAAAACCAACATCATGCCATCCA-3'



39. SEQ ID NO: 39 Nucleic acid sequence encoding T-DNA region of pRLM

151 , a pRLM175 derived binary vector containing p-

ZmUBI+l::c-dsdA::t-OCS.

40. SEQ ID NO: 40 Synthetic Construct E. coli D-serine deaminase [dsdA] CDS

4 1. SEQ ID NO: 4 1 Nucleic acid sequence encoding forward PCR primer for

ahas gene: F:5' -TGACTTTGG CTCAR GGA ACG-3'

42. SEQ ID NO: 42 Nucleic acid sequence encoding reverse PCR primer for

ahas gene: R: 5' -ATCTCACTTT CATTCTCTGGGTTT-3'

Examples

General methods

Unless indicated otherwise, chemicals and reagents in the Examples were obtained

from Sigma- Aldrich AB, Sweden Materials for cell culture media were obtained

from GIBCO Invitrogene AB Sweden, Duchefa SAVEEN Sweden or DIFCO Nordi-

caBiolabs, Sweden. The cloning steps carried out for the purposes of the present

invention, such as, for example, transformation of E. coli cells, growing bacteria,

multiplying phages and sequence analysis of recombinant DNA, are carried out as

described by Maniatis (1989). The following examples are offered by way of illustra¬

tion and not by way of limitation.

Medium for transformation

PAW-Inf.



pH=5.2; Compound added before use: Acetosyringone (300µM).

pH=5.65; Compound added after autoclaving: Acetosyringone (300µM).

PAW-2 (Callus Induction - Recovery Medium)



pH=5.65; Compound added after autoclaving : Timentin (160 mg/l).

PAW-2 (Callus Proliferation - Selection Medium)

pH=5.65; Compounds added after autoclaving: Timentin (160 mg/l) and corre-

sponding selection agent: D-serine (3 imM, 5 imM , 10 imM), D-alanine (3 imM, 5

imM , 10 mM), bialaphos (3 mg/l).



PAW-4 (Regeneration Medium)

pH=5.65; Compounds added after autoclaving: Timentin (160mg/l) and

corresponding selection agent: D-serine (3 imM, 5 imM , 10 imM); D-alanine (3 imM,

5 imM , 10 mM); bialaphos (3 mg/l).

PAW-5 (Hormone Free Medium for Shoots Elongation, Rooting and Embryos

Germination)



pH=5.65. Compounds added after autoclaving: Timentin (160 mg/l) and corre¬

sponding selection agent: D-serine (3 mM, 5 mM, 10 mM), D-alanine (3 mM, 5

mM, 10 mM), bialaphos (3 mg/l).

Supplier specification for supplements

TaqMan PCR primers/probes

GUSCommon-341 F 5 ' CCGGGTGAAGGTTATCTCTATGA 3 ' (SEQ ID NO: 17)

GUSCommon-414R 5 ' CGAAGCGGGTAGATATCACACTCT 3 ' (SEQ ID NO: 18)

GUSCommon-366FAM 5 ' TGTGCGTCACAGCCAAAAGCCAGA 3 ' (SEQ ID NO:

19)

EcdsdA-860F ' 5 ' TCGCATTCGGGCTTAAACTG 3 ' (SEQ ID NO: 20)

EcdsdA-922R 5 ' GCGTTGGTTCGGCAAAAA 3 ' (SEQ ID NO: 21)

EcdsdA-883FAM 5 ' TTTGGCGATCATGTTCACTGC 3 ' (SEQ ID NO: 22)

TaGBSS: 1-F 5 ' TTCTGCATCCACAACATCTCGTA 3 ' (SEQ ID NO: 23)

TaGBSS: 1-R 5 ' TAGCCGTCGATGAAGTCG AA 3 ' (SEQ ID NO: 24)

TaGBSS: 1-TET 5 ' CGACGACTTCGCGCAGCTCAAC 3 ' (SEQ ID NO: 25)

dao1/pa-285F 5 ' GTT CGC GCA GAA CGA AGA C -3 ' (SEQ ID NO: 26)

dao1/pa-349R 5 ' GGC GGT AAT TTG GCG TGA -3 ' (SEQ ID NO: 27)

dao1/pa-308FAM 5TCC TTG TAC CAG TGC CCG AGC A -3 ' (SEQ ID NO: 28)

PCR primers/probes

For guslNT gene

Forward 5 ' -ACC GTT TGTGTGAACAACGA -3 ' (SEQ ID NO: 29)

Reverse 5 ' - GGCACAG CACATCAAAG AGA- 3 ' (SEQ ID NO: 30)



For dsdA gene

Forward ' -GCTTTTTGTTCGCTTGGTTGTG -3 ' (SEQ ID NO: 31)

Reverse ' -TCAATAATCCCCCCAGTGGC- 3 ' (SEQ ID NO: 32)

For dao1 gene

Forward ' -GACAAGCAAAATGGGAAGAATC -3 ' (SEQ ID NO: 33)

Reverse ' -TCGGGGAATGATGTAGGC - 3 ' (SEQ ID NO: 34)

For dao1/ko gene

Forward 5 ' -AAGCAGGCCTTCTCACACTTGA -3 ' (SEQ ID NO: 35)

Reverse 5 ' -TTCCAACAAAGCCCGATGCG - 3 ' (SEQ ID NO: 36)

For PAT gene

Forward 5' - ATGTCTCCGGAGAGGAGACCAGTTGAGAT-3' (SEQ ID NO: 37)

Reverse 5 ' - GCCAAAAACCAACATCATGCCATCCA-3' (SEQ ID NO: 38)

For ahas gene:

Forward: 5' -TGACTTTGG CTCAR GGA ACG-3' (SEQ ID NO: 4 1)

Reverse: 5' -ATCTCACTTTCATTCTCTGGGTTT-3' (SEQ ID NO: 42)

Example 1: Wheat transformation protocol

1. 1 Preparation of tissues for transformation

Plant material

Donor plants were produced from spring wheat Triticum aestivum variety Canon in

an environmental controlled growth chambers with a 16/8-h photoperiod at

300 µmol nτ 2 sΛ intensity and 70 % humidity. The day night temperature was 20/16

0C. Two well developed seedlings per 4.2 I square pots (8:1 : 1 Soil (K-jord): perlite:

clay) (Weibulls, Sweden) were watered daily and fertilized 6 times during the vege¬

tation including the basic fertilization with Superba vit (38 mg N per pot) (Weibulls,

Sweden). Towards the end of the tillaring before heading the aside axes are re¬

moved so five strong uniform tillers per plant were selected for transformation.



When first anthers were extruded the individual spikes were marked with color tape

and prepared for transformation by removing top and bottom flowers. Consequently

the immature embryos from the middle part of the spikes were used for transforma¬

tion. Immature caryopses were collected 13-14 days after anthesis.

Seed sterilization and immature embryos isolation

Immature seeds were sterilized by washing in 96% EtOH for 30 seconds followed

by steering in 10% commercial bleach (Klorin®) + 0.1 % Tween-20 on the shaker for

10 min and five times rinsing in sterile distilled water. Immature embryos were dis-

sected aseptically under the stereomicroscope and collected in 1ml PAW-infection

medium with 300 µg/l acetosyringone added. Approximately 100 embryos with an

optimal size 1.0 - 1 .2 mm in length were collected per micro tube, well developed

milky scutellum and still translucent through the center.

1. 2 Constructs

Super binary system was used in transformation experiments (WO 94/00977).

Cloning vector pSB 11 was modified by replacing Sp gene with Km gene that is

resulting in intermediate cloning vector pRLM175. Cloning expression cassettes

with dsdA, dao1 and dao1 modified codons genes were cloned between RB and LB

of T-DNA in intermediate cloning vector pRLM175. Constructs created and used for

transformation are described in Table 2 . Constructs maps are shown in Fig.1 - 3 .



Table 2 Description of transformation vectors used for the experiments in establish¬

ing transformation with dsdA and dao1 genes as the selection marker. (EcdsdA =

E.coli dsdA; dao1 = D- Amino acid oxydase gene; p-ScBV = ScBV promoter; p-

ZmUbi = maize ubi promoter; t-OCS' = OCS' terminator; t-NOS = nos termina-

tor; PsFedi = translational leader sequence)

Integration into Agrobacterium strain carrying super binary vector

The resulting intermediate plasmids were introduced by tri-parental mating cross

(Ditta et al. 1980) Tri-parental mating is a term known in the art and involves a

bacteria mating with 3 " sexes" .) in host bacteria LBA4404 (pSB1 ) that has a

helper plasmid pAL4404 (having a complete vir region) and super virulence plasmid

pSB1 obtained by inserting virB, virC and virG genes of a strongly virulent Agrobac¬

terium tumefaciens strain A281 into pRK2 replicon. Both super virulence and inter¬

mediate plasmids share the regions of homology and recombine in Agrobacterium.

The presence of the transgenes in resulting recombined super binary vector system

were confirmed in Agrobacteria by PCR using specific primers, e.g. as shown in

SEQ ID No.: 29 to 4 1 :

PCR reactions were performed using primers designed to amplify a IOOObp gus INT

fragment, a 500bp ahas fragment and a 442bp pat fragment, 485bp dao1 fragment;

700bp dsdA fragment. Reaction conditions were as following for amplification of



gus INT and dsdA fragments from pRLM166: " hot start" (95°C 5min) followed by

30 cycles of denaturation (94°C 30sec), annealing (62°C 30sec), extension (72°C

30 sec) followed by 1 cycle of 72 (5min) and then held at 4°C. Both fragments pat

from pRLM167 and ahas from pRLM179 were amplified under similar conditions

except annealing temperature 63°C and 65°C respectively. Reaction conditions

were as following for amplification of gus INT and dao1 fragments from pRLM205:

" hot start" (95°C 5min) followed by 35 cycles of denaturation (94°C 45sec), an¬

nealing (66°C 30sec), extension (72°C 45 sec) followed by 1 cycle of 72 (5min)

and then held at 4°C.

Preparation of Agrobacterium inoculum for transformation

Bacterial culture is initiated from the glycerol stock from the single colony growth on

AB (Chilton et al. 1974) medium containing 50 mg/l spectinomycine or 50 mg/l

kanamycin and 60 mg/l rifamlicin respectively. Plates were incubated at 280C in the

dark for 3 days or until single colonies are visible. For transformation fresh Agro-

bacterion culture is initiated from single colony on agar plate with YEP medium

containing 10 g/l peptone, 5 g/l yeast extract, 5 g/l NaCI 15 g/l OXOID agar, 50 mg/l

spectinomycin or 50 mg/l kanamycin respectively. Bacterial culture was grown for

2-3 days in dark at 260C. Inoculum was initiated by dispersing Agrobacterium cells

(5 loops 2mm in 5ml medium) into PAWInf. medium Murashige & Skoog (1962)

supplemented with 300 µM acetoseringone inverting and vortexing the tube for 5

min. Bacterial suspension was placed at 2 1° C for 3h on the shaker 200 rpm in

dark. The density of cell population was adjusted to 1.0 - 1 .2 O.D. measured at λ

660 in spectrophotometer just before infection.

1.3 Transformation

Inoculation with Agrobacterium and co-cultivation

Explants were washed with PAW-lnf. medium and immersed in the above-

described bacterial suspension for 2h at 26 ° C At the end of infection the explants

were placed with scutellum side up on PAW-1 medium. The residual bacterial sus¬

pension is removed by pipeting out and air-drying of the infected embryos by open¬

ing plates for 15 min on the sterile banch. Plates were sealed with Parafilm and

placed in thermostat at 26°C in the dark for 5-6 days co-cultivation.



Selection of transgenic callus and tissues

After co-cultivation period the explants were washed with sterile water and 500

mg/L Cefotaxime and filter paper dried before being transferred to PAW-2 callus

induction-recovery medium containing 160 mg/l Timentin for 14 days (7days dark/ 7

days semi light; 13.2µmol nτ 2s 1) . Explants with embryogenic callus were subcul¬

ture to PAW-2 callus-proliferation medium containing 160 mg/l Timentin and corre¬

sponding selection 5 mM D-serine or 5 mM D-alanine or 3mg/l bialaphos. In some

experiments the selection on D-amino acids was starting on PAW-2 callus induction

medium 0 , 7 , 14 and 2 1 days after co cultivation. Embryogenic callus was subcul¬

ture twice on fresh selective medium for callus maintaining and regeneration on

PAW-4 medium with corresponding selection. Cultures were maintained at 23°C

on light 60.2 µmol nτ 2sΛ . Regenerated shoots were subculture to PAW-5 hormone

free medium with corresponding selection (5 mM D-serine or 5 mM D-alanine or 3

mg/l bialaphos) for further growth and rooting. All media used in the transformation

experiments were filter sterilized and are listed in above. After analyses transgenic

plants were transferred to soil and placed for further growth in greenhouse.

1.4 Molecular and expression studies of the transgenic plants

TaqMan PCR

Leaf material was collected in 96 format plates, freeze dried and DNA was ex¬

tracted using Wizard Magnetic 96 DNA plant system (Promega, Cat NoFF3760).

Primarily transgenic plants were analyzed for gene integration using real-time PCR

TaqMan chemistry (Ingham et al 2001) and specific primers and probes for the

transgenes: SEQ ID NO: 17, 18, 19, 20, 2 1, 22, 23, 24, 25, 26, 27, 28.

Southern hybridization for copy number evaluation in wheat

Genomic DNA was extracted from silica gel dried leaf material following a method

modified from Carlson et al. (1991). Twenty-five µ g of gDNA was digested with

BamHI, EcoRV or EcoRI and then separated by electrophoresis on a 0.8 % agaro¬

se gel. After depurination in 0.25N HCI for 25 min, DNA was transferred from the

gel onto Hybond-N + membrane by overnight capillary blotting using 0.4N NaOH as

blotting solution.



PCR-amplified fragments recovered from gel with Zymoclean™ Gel DNA Recovery

Kit (Zymo Research, CA USA) were used to generate 32 P-dCTP radioactively la¬

belled probes using Rediprime™ Random Prime Labelling System (Amersham Bi-

osciences). An 847 bp fragment of dsdA gene was used as a probe for plants

transformed with pRLM151 . An 884 bp fragment of gus INT and an 1023 bp fragment

of dsdA were used as probes for plants transformed with pRLM166. An 844 bp

fragment of dsdA and an 828 bp of ahasL2 were used as probes for plants trans¬

formed with pRLM179. An 1156bp fragment of gus INT was used as probe for trans-

formants with pRLM205.

Prehybridization, hybridization and washing of membranes, and signal detection

were performed as described in Sambrook et al. (1989).

Germination bioassay for resistance to D-serine

Well-developed intact T 1 immature embryos (2.0-2.5 mm) were dissected asepti-

cally from the young caryopses of TO plants and cultured for germination on 1/2MS

(PAW5 medium) medium supplemented with 1mM D-serine at 24°C. As a control

non-transgenic Canon immature embryos were also included. Seedlings that grow

and develop a strong rooting system on the selection medium scored 14 days after

germination were considered to be transgenic.

Expression of pat and gus genes

GUS expression studies were done according to Jefferson et al. (1987) protocol

and 20% methanol was added into the mixture. The expression of the pat gene was

evaluated using the chlorphenolred test according to Kramer et al. (1993).

D-serine deaminase expression and activity in transgenic plants

Total of 19 events carrying dsdA gene representing TO plants or T 1 progenies were

analyzed for D-serine deaminase by quantitative ELISA assay. Protein was extrac-

ted from 100 mg young leaf tissues according to Glick and Thompson (1993). A-

bout 20 µ g of extracted protein per reaction was used in sandwich ELISA with goat

IgG monoclonal antibodies (Harlow and Lane 1998). DSD activity was determined

according to modified procedure (Szamosi et al. 1993).



D-Serine as a nitrogen source in hydroponics

T 1 and T2 transgenic progenies were grown on hydroponics system where hydro¬

ponics solution (Gamborg and Wetter, 1975) was modified by replacing nitrogen

with D-serine in five different concentrations (20, 30, 50 70 and 100 mM). Transge-

nic progenies and control seedlings were grown also on standard hydroponics solu¬

tion as controls. The dry weigh of all 14 days old seedlings was measured.

Experiments were conducted using random block design with three replications.

The obtained data were statistically analyses using the GLM ANOVA (Statgraphics

Plus, Manugistics, Maryland, USA). Segregation of transgenes in sexual progenies

was analyzed by χ2test for statistical deviation from Mendelian ratio for single-locus

integration.

1.5 Killing curves

Immature embryos

In order to establish effective concentrations of D-serine and D-alanine on inhibiting

growth of tissue cultured wheat cells, a bioassay system using immature embryos

was applied. Immature embryos 2 mm in length were dissected onto germination

medium with the selection agents, and incubated at 27°C in light. The number of

germinated embryos with well-developed shoots and brunched shoots were scored

after 14 days.

Callus and regeneration

To define the sensitivity of wheat tissues during transformation when D-Serine and

D-Alanine are present as selection agents regeneration experiments with immature

embryos were designed. Immature embryos were immersed in PAWinf medium

and subjected to all steps of callus induction, callus maintaining and regeneration in

transformation protocol above.

Sensitivity of callus tissue under constant selection pressure were evaluated using

range of concentrations: 0.5 mM, 1 mM, 3 mM, 5 mM, 10 mM, 25 mM, 50 mM. Ex¬

periments were performed in triplicates. Percentage of embryos forming embryos-

genie callus was scored on PAW-4 regeneration medium. At the end of shoots

elongation regeneration capacity of the calluses was scored as calluses regenerat¬

ing shoots and number of shoots per callus.



In vitro shoots

In order to define sensitivity of intact regenerants several concentrations of D-

serine and D-alanine were evaluated: : 0.25 mM, 0.5 mM, 1 mM, 5 mM, 10 mM

In vitro shoots were regenerated and when roots were emerging shoots were trans¬

ferred to selection. The effect of selection agents was observed two and tree weeks

later. Number of plantlets with growing roots and green leaves were scored.

Example 2 : Regeneration of transgenic plants using dual selection construct with

dsdA and PAT genes and selection of transgenic plants on D-serine

and bialaphos.

Freshly isolated immature embryos from Canon were inoculated with Agrobacte-

rium. In all experiments Agrobacterium tumefacience LBA4404 (pSB1/pRLM167)

(SEQ ID NO: 11) was used. The pRLM167 is a super binary vector containing p-

ZmUBI+l::c-dsdA::t-OCS and p-ZmUBI+l::c-PAT::t-OCS selectable marker genes in

expression cassettes (Fig 1). Following co cultivation the explants were given a

chance to recover for 14 days on callus induction selection free medium containing

160 mg/l Timentin to inhibit bacterial growth. Under these conditions 59% to 76% of

the embryogenic callus developed over the all surface of immature embryos. Em-

bryogenic callus was split in two and transferred to two the corresponding selection

medium containing 5-ιmM D-serine or 3 mg/l bialaphos. During subsequent growth

of callus, regeneration of plantlets, shoots elongation and roots formation the re¬

spective selection pressure was maintained in each of the corresponding medium.

After 7 weeks of selection 38% - 47% of the embryogenic calli regenerated with

plants when selected on bialaphos or on D-serine respectively. Further selection of

the regenerants was performed during the elongation and rooting of the regener¬

ants for an additional 3 weeks. Intact in vitro transgenic shoots were selected within

10-12 weeks after co cultivation.



Table 3 . Selection of transgenic plants containing dsdA/PAT selectable marker

genes using Agrobacterium mediated transformation approach, construct pRLM167

and selection on D-serine or bialaphos

*TE-Transformation Efficiency calculated as% of transgenic plants out of the ex-

plants (freshly isolated immature embryos).

* ER - Escape Rate calculated as % of non-transgenic regenerants out of all se¬

lected plants.

More plants in bialaphos were able to root and grow in comparison to those se¬

lected on D-serine. Putative transgenic plants with brunched root system and vig¬

orous growth in presence of selection agents were acclimatized and analyzed by

PCR or TaqMan PCR for their transgenic nature.

Using this protocol independent transformation events were obtained with a fre¬

quency in the average 2.1 % and the escape rate 17% when D-serine was used as

selection (Table 3). The same transformation efficiency 2.1 % was achieved when

bialaphos was used as selection agent however the escape rate was higher reach¬

ing 59%. This tendency was observed in our previous experiments using bialaphos

selection and the described transformation protocol (Data not shown).

All selected transgenic plants were tested by chlorphenol red test for PAT expres¬

sion. Transgenic plants were changing the color of the medium to yellow that is the

indication for the activity of PPT enzyme (Data not shown). DsdA gene expression

was detected by using bioassay for germinating T 1 immature embryos on D-serine

selective medium (Fig 4) (Discussed in Example 4). Furthermore geminated seed¬

lings on selection were tested by TaqMan PCR for proving their transgenic nature.

Grown to maturity transgenic TO plants carrying dsdA/PAT genes show normal

morphology, vigorous growth and full seed set (Fig 5).



The PAT gene from Streptomyces viridochromogenes conferring resistance to

phosphinothricin (PPT)-based herbicides bialaphos and Basta ®, has been used

successfully as the selectable marker for wheat (Jones 2005). However it is recog¬

nized that pat gene as a selectable marker gene is resulting with selection of high

number of untransformed plants (escapes) due to the presence of amino acids in

tissue culture medium or " cross protection" that allows regeneration of untrans¬

formed cells (Christou et al.1991).

Our data suggest that the D-amino acid based selection system is comparable in

resulting efficiency with phosphinothricin type herbicides based selection system in

wheat. In respect of escape rate, the D-amino acid based selection system is

resulting in limited number of escapes. Selected plants are developing strong

phenotypic appearance of the toxicity so at the end of selection limited number of

plants are entering greenhouse and are subjected for analyses, which is saving

space and cost in production of transgenic plants. Both selectable marker genes

dsdA and PAT integrated linked in T-DNA were shown to be active when

introduced in wheat cells which is an advantage for implementation of gene

stacking technologies and marker free transgenic plants.

Example 3 D-serine and D-alanine killing curves LD50 and LD100.

3.1 Dose curves of D-serine and D-alanine and constant selection pressure dur¬

ing callus initiation, callus maintaining and regeneration.

Range of the tested concentrations 0.5-50 imM D-ser and D-ala are evaluated in

replicating regeneration experiments. The effect of selective compounds is esti¬

mated during callus growth and shoots formation following transformation proce¬

dure on medium with D-serine and D-alanine (Table 4).

Table 4 . The effect of D-serine and D-alanine on wheat callus growth and regen-

eration



The low concentrations of D-serine 0.5 mM shows clear increase in the regenera¬

tion capacity of the calli measured as the number of regenerants per callus line (Fig

6 A-B). The regenerating plants 6 weeks on selection were green and vigorous. On

the medium with 3 mM D-serine the number of calli regenerating plants were re¬

duced 50% but the capacity of the regenerating calli was profound and the shoots

regenerated were green and normal. Regeneration capacity of the calli was re¬

duced 70% already on 5 mM D-serine and D-alanine. Regenerating shoots after 7

weeks on selection medium were not vigorous, leaves were yellow with specific " a

deer antler" phenotype. Despite of all this observation an individual plants were

regenerated on the medium with 10 and 15 mM D-serine. Necrosis of callus was

also observed on these and higher concentrations. The lethal doses (LD 100) for

regeneration response of callus was 25 mM and 15 mM for D-serine and D-alanine

respectively (tested in both varieties). None plants regenerated on medium with 25

mM D-serine and D-alanine and callus became necrotic. The lethal effect of D-

amino acids on callus tissues is not completely understood yet. However D-serine

and D-alanine applied as selective agents can influences callus proliferation and

further regeneration in comparable manner as bialaphos.

3.2 Effect of D-serine and D-alanine on rooting of in vitro shoots.

In vitro regenerated shoots from media lacking the selection compounds were col¬

lected and transferred on medium for rooting (14 MS salts hormone free). Roots

formation, growth of the shoots and leaves elongation was scored two and four

weeks later after sub culturing of these shoots to the medium supplemented with D-

amino acids (Table 5).



Table 5 . The effect of D-serine and D-alanine on rooting stage of in vitro shoots.

A negative response in rooting and growth of the shoots on the medium with selec¬

tion was clear after two weeks. On medium with 3 mM D-serine branching of the

roots was affected but plants were still green and some of them continued to grow.

In general non-transgenic shoots were not able to form roots on medium with 5 mM

D-serine and D-alanine. Flag leaf of the plants showed specific " pin" like shape,

became yellow, necrotic and died. All plant developed " a deer antler" phenotype

and the leaves become yellowish. In individual cases plants were developing short

thick green roots, thick stem and short broad flag leaf with hyper hydrated tissue of

the lamina. The effect of D-amino acids on plant morphology, growth and rooting

was profound (Fig 7).

3.3 The effect of D-serine and D-alanine on immature embryos germination and

seedlings growth in in vitro conditions.

Immature embryos 2 mm in size were isolated from the sterilized caryopses. The

embryos were cultured on PAW-5 hormone free medium for germination in dark.

Seedlings growth on D-amino acid selection was observed after 2 weeks. Most of

the embryos germinated but the seedlings growth was inhibited when roots emerge

and the uptake of the selection compound was direct from the medium. The Lethal

Dose (LD 100) for seedlings germination and growth was 1mM concentration of

both D-amino acids tested (Table 6). Seedlings derived from embryos isolated from

the immature caryopsis without endosperms were susceptible to the selection in

concentration higher than 1mM (Fig 8).



Table 6 . In vitro germination of immature embryos on medium containing D-serine

and D-alanine.

The uptake of the selection compounds via scutellum and later on with roots enable

fast accumulation of the selection agents in the tissues and cause the lethal effect

on immature embryos denomination within one week. Both compounds prove to

have lethal effect on the germination of the immature embryos when bioassay was

carried out with 1mM selective compound.

Example 4 : Regeneration of transgenic wheat plants with dsdA gene using selec¬

tion on D-serine.

Freshly isolated immature embryos from Canon were inoculated with Agrobacte-

rium. In all experiments Agrobacterium tumefacience super binary vector system

based on LBA4404 (pSB1) was used. The constructs pRLM179, pRLM1 66,

pRLM151 (Fig 2 . I , Il and III) containing dsdA selectable marker gene alone or with

a second gene (ahas or guslNT ) were used for transformation. The explants were

cultured on selection medium right away after co-cultivation with Agrobacterium or

were cultivated on callus induction - recovery medium for 7,14 and 21days con-

taining only 160 mg/l Timentin for inhibiting bacterial growth. Furthermore calli were

sub cultured to fresh selection PAW-2 medium for proliferation. Embryogenic calli

were transferred on PAW-4 selection medium for regeneration 5-6 weeks after

transformation. The emerging plantlets were further grown and rooted on PAW-5

hormone free selection medium. Well-developed and rooted on selection putative

transgenic regenerants were selected in vitro within 9 better 10 -12 weeks.



Pilot transformation experiments were conducted with the selection pressure ap¬

plied 7 , 14 or 2 1 days after co cultivation. After transformation a total number of

calli regenerating plants was not affected on medium supplemented with 3 mM D-

serine. Individual callus lines show high regeneration potential. Roots growth and

branching was faintly affected. All regenerants selected at this concentration pro¬

ved to be escapes. Transgenic callus lines were not selected but regeneration ca¬

pacity of the calli was inhibited on medium supplemented with 5 mM D-serine. Wa¬

tery callus and necroses of the embryogenic calli with individual shoots regenerated

were obtained when 1OmM D-serine was incorporated in the medium.

Transgenic plants were obtained with comparable efficiency when 5 and 10 mM D-

serine were included into the medium. Escapes rate was narrowed to 0 when

shoots were selected on 10 mM D-serine (Table 7).

Table 7 . Transformation of Canon with pRLM179 (dsdA/AHAS) with concentrations

3 , 5 and 10 mM D-serine. Selection started 2 1 days after co-cultivation,

*TE- Transformation Efficiency calculated as % of transgenic plants out of ex-

plants.

* ER - Escapes Rate calculated as % of non transgenic regenerants out of all se¬

lected plants.

Large numbers of calluses were undergoing the selection of 3mM D-serine regen¬

erating number of shoots. However no transgenic plants were identified using this

particular concentration. Optimal for transformation was concentration 5mM D-

serine as it was concluded from the killing curves regeneration experiments (Ex¬

ample 2).

The definition of the precise timing for application the selection pressure during

transformation process required further experiments testing the defined in previous



experiments concentration 5 mM D-serine. Embryos with embryogenic callus were

transferred on selection medium for callus proliferation immediately after co-

cultivation or selection medium was introduced after 7 , 14 or 2 1 days. When em¬

bryos were transferred immediately after co cultivation on selection medium num¬

ber of embryos forming embryogenic callus was reduced. Postponed application of

the selection pressure 7 , 14 or 2 1 days was supporting recovery of the cells after

co cultivation with Agrobacterium. Explants were entering the selection process

when the embryogenic callus was proliferating. Callus selected on D-Serine for 5-6

weeks was friable type with green structures already appeared on the surface and

comparable with the type of callus selected on bialaphos. Thus callus selected on

D-Serine was not possessing specific morphology. Transgenic plants were ob¬

tained with different constructs when 5 mM D-serine selection was introduced 14 or

2 1 days after co cultivation (Table 8).

Table 8 . Evaluation of different selection schema using D-Serine as selection com¬

pound, dsdA gene and wheat variety Canon

*TE- Transformation Efficiency calculated as% of transgenic plants out of explants.



* ER - Escapes Rate calculated as % of non transgenic regenerants out of all se¬

lected plants.

The transgenic plants were obtained using two different constructs with dsdA gene

and second selectable marker gene ahas or marker gene guslNT. Transgenic

plants were selected on D-serine with efficiency range of 0.35 to 3.8%. Average

transformation efficiencies for both constructs were about 1%.

When the selection was applied immediately after co cultivation transgenic plants

were not obtained. Immature embryos subjected to Agrobacterium transformation

required period for recovery before going to selection. When selection was applied

7 days after co cultivation individual transgenic plant were recovered. Postponed

selection for 14 and 2 1 days was resulting reproducibly with transgenic plants (Ta¬

ble 8).

Selection in respect of the escape rate on D-serine was better than one reported on

bialaphos due to the clear phenotype performed at the end of selection. The es¬

cape rate shown in some experiments was strongly dependent by the duration on

selection in rooting (2-4 weeks) in which plants were developing clear symptoms of

D-amino acid toxicity. In vitro regenerants acclimatized before showing these symp¬

toms were able to recover after transfer to soil. Applying strict selection criteria

could lead to no escape rate as it was demonstrated in some of the experiments.

Moreover reducing 4 to 8 times nitrogen source in the rooting medium (PAW-5)

was superior for vigorous growth of transgenic plants thus the escapes were elimi¬

nated completely. Non-transgenic plants were growing slower and the toxic effects

were developing faster. Transgenic plants were strong and very well growing most

probably using D-amino acid as a nutritional source (Data not shown).

The regenerants under the selection has distinguished phenotype. Transferred to

the selection medium for rooting in vitro transgenic plants develop vigorous green

leaves and strong-branched rooting system (Fig 9). Transgenic T O plants grown to

maturity show normal morphology, vigorous growth and full seed set.



Expression of the reporter gene was measured by histochemical gus staining in

different tissues. Expression in callus and in vitro leaf tissues were detected rarely.

A total of 16 TO events grown in the greenhouse were analyzed at heading stage

and mature seeds. Variation in tissue specificity and expression patterns were ob-

served corresponding to the following distribution for plant/tissues: 88% in en¬

dosperm, 56% in embryos, 38 % in the roots, 25% in ovaries, 19 % in leaves and

13 % in anthers. In our constructs, the gus INT gene was driven by SCBV promoter

which resulted various intensity of the expression patterns.

Example 5 : Regeneration of transgenic wheat plants with dao1 genes using selec¬

tion on D-serine and D-alanine.

Freshly isolated immature embryos from Canon were inoculated with Agrobacte-

rium. In all experiments Agrobacterium tumefactions super binary vector system

based on LBA4404 (pSB1) was used. The constructs pRLM205 containing the

original dao1 gene and pRLM226 carrying modified Dao1 . Both constructs contain

gusINT reporter marker gene (Fig 3 , I and II). Following co cultivation the explants

were transferred on callus induction PAW-2 selection free medium containing

160mg/l Timentin to inhibit bacterial growth for 14 days. For selection embryogenic

callus was transferred to PAW-2 selection medium containing 5 imM D-serine or 5

imM D-alanine respectively. Furthermore calli were sub cultured to fresh corre¬

sponding selection PAW-2 medium for maintaining. Embryogenic calli were trans¬

ferred on PAW-4 selection medium for regeneration 5-6 weeks after transformation.

The emerging plantlets were further grown and rooted on PAW-5 hormone free

selection medium. Well-developed and rooted on selection putative transgenic re-

generants were selected in vitro within. When D-alanine was used as selection

compound similar effects in callus growth, shoots regeneration and rooting of

transgenic plants or non transgenic escapes selected on D-serine was observed.

Both selection agents resulted with 1. 1 % to 1.2 % transformation efficiency and no

escape rate (Table 9). The transgenic plants showed normal vigorous growth under

the selection pressure while non-transgenic plants were developing the phenotype

described above. Transformation experiments with modified dao I gene (optimized

codons) were resulting in transgenic plants in efficiency comparable with the ex¬

periments in which original gene was used (Table 9).



Table 9 . Evaluation of D-serine and D-alanine selection compounds using with

dao1 original and modified genes and wheat variety Canon.

The D-amino acid based selection system using the dao1 gene and selection on D-

serine and D-alanine were successfully utilized in wheat transformation. Both selec¬

tive compounds were resulting with transgenic plants. Transformation efficiencies

achieved with different constructs and the selectable marker genes dao1 and

dao1/ko modified were comparable. All transgenic plants from this experiments

were grown to maturity showing normal morphology, vigorous growth and full seed

set. TO transgenic plants were evaluated for presence of the second gene using

TaqMan assay and histohemical staining. Selectable marker gene was detected in

all transgenic dao1 plants. Although gus INT gene expression was found in individual

plants measured as histochemical reaction in leaves, roots and anthers (Fig10).

T 1 immature embryos were assayed with bioassay for germination of immature

embryos on selection. All plants groing on selection were proved to be transgenic

by TaqMan. Furthermore transgenic T 1 seedlings were tested for negative selec¬

tion using D-isoleucine and D-valine containing medium. Transgenic T 1 dao1 seed¬

lings were sensitive to the concentrations range from 10 to 30 imM D- isoleucine

and 15 - 2 O mM D-valine (Fig 11).

Example 6 : Analyses of transgenes integration and inheritance

T O plants were grown to maturity in the greenhouse. Plants were self-pollinated

secured by bagging all spikes individually. All T O plants had normal phenotype,

vigorous growth and full seed set. T 1 seedlings were produced in vitro and in the



greenhouse. Seedlings were tested by TaqMan PCR assay for genes integration

and for expression measured as chlorphenol red test or herbicide tolerance for PAT

and ahas transgenes, germination bioassay for dsdA and dao1 genes and histo-

chemical staining for gus INT reporter gene.

Total of 2 1 transgenic events (5 PAT/dsdA, 6 dsdA/GUS, 2 dsdA, 5 dao1/GUS, 3

dsdA/ ahas) were analyzed for copy number analyses by TaqMan ® PCR and seg¬

regation in T 1.

TO plants and their T 1 progenies were assayed for copy number by Southern hy¬

bridization using dsdA probe for plants transformed with constructs pRLM 166, 179,

151 , 167 and GUS probe for plants transformed with constructs pRLM205 and 226.

Expression and enzyme activity for DSD (D-serine deaminase ) enzyme was stud¬

ied by enzymatic assay.

Transgenic plants were also evaluated for ability to grow in presence of D-serine as

a solely nitrogen source using hydroponics culture.

6.1 . Inheritance of dsdA/PAT genes in T 1 progenies selected on bialaphos

Expression of PAT gene in transgenic plants was evaluated and measured as

change of pH and color (red to yellow) of the medium in chlorphenol red test and

herbicide tolerance after spraying with Basta®. The same transgenic plants were

assayed for DsdA expression in T 1 immature embryos measured with germination

bioassay. Segregation analyses in T 1 progenies were based on ability of trans¬

genic plants to germinate, grow and root under selection conditions when 1mM D-

serine is included in the medium. Thus the proposed in vitro bioassay based on

germinating immature embryos detached from the endosperm on selective medium

is a handy tool for the screening of segregating transgenic populations carrying

dsdA selectable marker gene as it was reported for bar selection on bialaphos

(Stoger et al. 1998).

Progenies from three events show 3:1 segregation ratios suggesting single locus of

integration. Two other events confirm 15:1 segregation ratio that suggest integra¬

tion in two loci (Table 10).



Table 10. Inheritance of the dsdA/PAT transgenes in T 1 generation.

χ2 values are not significantly different from the ratio tested at a level of signifi¬

cance of 0.1

Unlike Arabidopsis (Ericson et al. 2004a), spraying of 5 days old control and trans¬

genic seedlings with D-serine was not efficient in wheat. The concentrations 50 -

30OmM D-serine were not sufficient to elicit toxicity symptoms in control seedlings

(Data not shown). Watering of the plants was also not sufficient. Since the uptake,

mobility in soil and detoxification by microorganisms are all potential barriers for D-

serine in the soil, the expectation of in soil selection seems bleak. Therefore, that

the transgenic plants will use the products from detoxification of D-serine as an

additional nitrogen supply was not fulfilled in soil.

6.2. Inheritance of dsdA, dsdA/gus INT and dsdsA/ahas genes in T 1 progenies

T 1 progenies of the 2 dsdA, 6 dsdA/gaslNT and 3 dsdA/ahas events were grown in

the greenhouse. Segregation ratios were calculated on the base of TaqMan analy¬

ses. All transgenic plants positive for dsdA were also positive for the second gene.

Seven of the analyzed progenies confirmed both transgenic and show segregation

ration 3:1 that suggest single loci of integration. Four events show 15:1 ratio sug-

gesting two loci of integration (Table 11). Copy number was ranging from 1 to 3

estimated by TaqMan (verified by Southern). GUS expression was detected histo-

chemically in all T O and T 1 positive progenies confirming complete transfer,

integration and inheritance of both transgenes.



6.3. Inheritance of dao1/GUSint genes in T 1 progenies

T 1 progenies of the 5-dao1/gaslNT events were grown in the greenhouse. Segre¬

gation ratios were calculated on the base of TaqMan analyses. All transgenic plants

positive for dao1 were positive for the second gene. All analyzed progenies con¬

firmed both transgenes and show segregation ration 3:1 that suggest single loci of

integration in three events wile two progenies show 15:1 ratio suggesting two loci of

integration (Table 11). GUS expression was detected histochemically in all positive

progenies.



χ2 values are not significantly different from the ratio tested at a level of signifi¬

cance of 0.1

* Estimated copy number by TaqMan is not verified with true calibrator.

Nd: not detected

All analyzed transgenic progenies were expressing dsdA and dao 1 genes meas¬

ured as bioassay germination of immature T2 embryos on 1mM D-Serine (Data not

shown).

6.4. Molecular analyses of TO and T 1 plants

The dsdA gene copy number was analyzed in 33 samples representing 12 events.

Genomic DNA from T O primarily transformants and their T 1 progenies were digested

with BamHI or EcoRV correspondingly to the constructs. Restriction enzymes were

selected to cut outside the dsdA gene coding regions within T-DNA generating differ-

ent fragments due to the occurred cutting sides in the genomic DNA. The unique as¬

sembled hybridization patterns correspond to the independent events and also show

copy number of the selectable marker gene (Fig 12 I , II, III). Plants with both single

and multiple copy numbers were recovered with each of the tested constructs.

The inheritance of the dsdA gene in T 1 progenies was revealed by identical TO and

T 1 Southern hybridization profiles (Fig. 12 I , II). Segregation of bands was obser¬

ved in lines 2258 and 2256 that have 2 and 3 copies, respectively, confirming integ¬

ration at two independent loci (Fig. 12 III).

The dao1 gene copy number was analyzed in 14 samples representing 5 events TO

and T 1 progenies. Genomic DNA from TO primarily transformants and their T 1 proge¬

nies were digested with BamHI or EcoRV correspondingly to detect gus or dao 1

gene. Restriction enzymes were selected to cut outside the probed genes coding re¬

gions within T-DNA generating different fragments due to the occurred cutting sides in

the genomic DNA. The unique assembled hybridization patterns correspond to the

independent events and also show copy number of the selectable marker gene (Fig

13). Plants with range of 1 to 4 copy numbers were recovered. The bands for gus in

the T 1 plants of event 5 1 , 52 and 9 1 correspond to those in TO. TO event 26 had three



copies, which are segregation in T 1 progenies with one and two copies respectively

suggesting two places of integration (Fig 13).

When all 53 transgenic events were analyzed for dsdA copy number by TaqMan

PCR the following distribution was detected: 60% single copy; 12% two copies 27%

more than two copies.

6.5. DsdA selectable marker gene expression

Leaf material from several TO and T 1 transgenic plants transformed with three diffe¬

rent constructs and with different transgene copy number (CN) was evaluated by

sandwich ELISA method for detecting D-serine deaminase expression (Table 12).

Transgenic plants with diverse levels of DSD expression were found irrespectively

from the construct used and copy number detected. Plants No 3 , 4 , 385 and 423

were showing high expression levels in a range of 30-45 ng/mg protein while DSD

was not detected in leaves of the plants No 10, 14, 413 and 463 (Table 12). DSD

was not present in controls: non-transgenic and transgenic plants with bar and

dao1 genes. Consistent data were obtained when enzymatic activity was measu-

red (Fig 14).



Table 12 TO and T 1 transgenic wheat plants characterized for copy number by Taq-

Man PCR and D-serine deaminase activity by ELISA

6.6. D-serine as a nitrogen source in hydroponic system

Catabolic products of D-serine deaminase are ammonium and pyruvate - key

compounds in plant metabolism. Theoretically, transgenic plants equipped with a



functional dsdA gene are expected to utilize D-serine as a nitrogen source. We in¬

vestigated this phenomenon in a hydroponic growth system by exchanging the

nitrogen supply with D-serine. T2 progenies representing several independent

transgenic events were subjected to two sets of hydroponic experiments.

The first hydroponics experiments were performed with plants from three indepen¬

dent transgenic lines 2256, 2258 and 2264 carrying the dsdA and ahas selectable

marker genes and a range of D-serine concentrations (Fig. 15 I). Due to the accu¬

mulation of D-serine, the growth of non-transgenic plats was fully inhibited at all

tested concentrations. Statistically significant differences between controls and

transgenic plants on corresponding concentrations of D-serine were detected. Two

of these transgenic lines were inhibited in all tested D-serine concentrations. Line

No 2256 T2 seedlings grew in all tested D-serine concentrations with a performan¬

ce comparable to seedlings grown in standard hydroponics solution demonstrating

ability to use D-serine as a nitrogen source.

The second set of the experiments with four lines carrying the dsdA and gus INT ge¬

nes were grown in hydroponics solution supplemented with 30, 50 and 70 mM D-

serine (Fig. 15 II). The results confirm that non-transgenic control plants were not

able to grow at the tested concentrations. Transgenic events 3 and 15 were sensiti¬

ve to all concentrations of D-serine while progenies from events 1 and 4 grew in

presence of 30 mM D-serine. Transgenic progenies from event number 4 grew in

hydroponics up to 7OmM D-serine reaching the control' s values.

Conclusions:

1. Transgenic wheat plants are selected with the D-amino acid based selection

system with a frequency comparable to the pat/bialaphos selection. PAT and

dsdA genes are not interfering when transferred in one T-DNA in wheat plants.

2 . Selection system with dsdA and dao1 provide a key advantage to minimize

escape rate to zero and reduce cost of production of transgenic plants.

3 . Selection effect is profound in rooting stage where non transgenic plants are

developing abnormal leaf and root phenotypes leading to the selection of

transgenic plants with very low or no escape rate.



4 . Both selection agents D-serine and D-alanine are suitable for selecting wheat

transgenic plants.

5 . Selected transgenic plants with dsdA and dao1 genes have normal pheno-

type, growth performance, seed set that are inherited in T 1 progenies in Men-

delian fesion.

6 . The D-amino acid based selection system is a tool for gene stacking in wheat

by re transformation or hybridization approaches.

7 . The D-amino acid based selection system provides possibilities for producing

" marker free" transgenic plants by applying negative selection.

8 . D-serine as a substitute to the nitrogen in hydroponics system showed both

inhibitory effect in plants growth and ability of individual lines to grow.
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Claims

1. A method for generating a transgenic wheat plant comprising the steps of

a . introducing into a wheat cell or tissue a DNA construct comprising at least

one first expression construct comprising a promoter active in said wheat

plant and operably linked thereto a nucleic acid sequence encoding an en¬

zyme capable to metabolize D-alanine and/or D-serine, and

b. incubating said wheat cell or tissue of step a) on a selection medium com¬

prising D-alanine and/or D-serine and/or a derivative thereof in a total con¬

centration from 3 imM to 100 mM for a time period of at least 5 days, and

c . transferring said wheat cell or tissue of step b) to a regeneration medium

and regenerating and selecting wheat plants comprising said DNA con¬

struct.

2 . The method of claim 1, wherein the method is comprising the following steps

a . isolating an immature embryo of a wheat plant, and

b. co-cultivating said isolated immature embryo, which has not been sub¬

jected to a dedifferentiation treatment, with a bacterium belonging to

genus Rhizobiaceae comprising at least one transgenic T-DNA, said

T-DNA comprising at least one first expression construct comprising a

promoter active in said wheat plant and operably linked thereto a nu¬

cleic acid sequence encoding an enzyme capable to metabolize D-

alanine and/or D-serine, and

c . transferring the co-cultivated immature embryos to a recovering medium,

said recovery medium lacking a phytotoxic effective amount of D-serine or

D-alanine, and

d . inducing formation of embryogenic callus and selecting transgenic callus on

a medium comprising,

i . an effective amount of at least one auxin compound, and

ii. D-alanine and/or D-serine in a total concentration from 3 mM to 10O mM

, and

e. regenerating and selecting plants containing the transgenic T-DNA from the

said transgenic callus.



3 . The method of claim 1 or 2 , wherein the DNA construct of claim 1 or the T-

DNA of claim 3 further comprises at least one second expression construct

conferring to said wheat plant an agronomically valuable trait.

4 . The method of claim 2 or 3 , wherein the effective amount of the auxin com¬

pound is equivalent to a concentration of 0.2 mg/l to 6 mg/l 2,4-D.

5 . The method of any of claim 1 to 4 , wherein the enzyme capable to metabolize

D-alanine or D-serine is selected from the group consisting of D-serine ammo-

nia-lyases (EC 4.3.1 .18), D-Amino acid oxidases (EC 1.4.3.3), and D-Alanine

transaminases (EC 2.6.1 .21).

6 . The method of any of claim 1 to 5 , wherein the enzyme capable to metabolize

D-serine is selected from the group consisting of

i) the D-serine ammonia-lyase as shown in Table I ,

ii) enzymes having the same enzymatic activity and an identity of at least

80% (preferably at least 85%, more preferably at least 90%, even more

preferably at least 95%, most preferably at least 98%) to an amino acid

sequence of a D-serine ammonia-lyase as shown in Table I ;

iii) enzymes having the same enzymatic activity and an identity of the en¬

coding nucleic acid sequence of at least 80% (preferably at least 85%,

more preferably at least 90%, even more preferably at least 95%, most

preferably at least 98%) to a nucleic acid sequence of a D-serine ammo¬

nia-lyase as shown in Table I , and

iv) enzymes encoded by a nucleic acid sequence capable to hybridize to the

complement of the sequence encoding the D-serine ammonia-lyase as

shown in Table I ,

and wherein selection is done on a medium comprising D-serine in a

concentration from 3 imM to 10O mM;

or wherein the enzyme capable to metabolize D-serine and D-alanine is se¬

lected from the group consisting of

i) the D-amino acid oxidase as shown in Table I , and



ii) enzymes having the same enzymatic activity and an identity of at least

80% (preferably at least 85%, more preferably at least 90%, even more

preferably at least 95%, most preferably at least 98%) to an amino acid

sequence of a D-amino acid oxidase as shown in Table I ;

iii) enzymes having the same enzymatic activity and an identity of the

encoding nucleic acid sequence of at least 80% (preferably at least 85%,

more preferably at least 90%, even more preferably at least 95%, most

preferably at least 98%) to a nucleic acid sequence of a D-amino acid

oxidase as shown in Table I , and

iv) enzymes encoded by a nucleic acid sequence capable to hybridize to the

complement of the sequence encoding the D-amino acid oxidase as

shown in Table I ,

and wherein selection is done on a medium comprising D-alanine and/or

D-serine in a total concentration from 3 mM to 100 mM.

7 . The method of any of claim 6 , wherein the enzyme capable to metabolize D-

serine is selected from the group consisting of

i) the E.coli D-serine ammonia-lyase as encoded by SEQ ID NO: 2 , and

ii) enzymes having the same enzymatic activity and an identity of at least

80% to the sequence as encoded by SEQ ID NO: 2 , and

ii) enzymes encoded by a nucleic acid sequence capable to hybridize to the

complement of the sequence described by SEQ ID NO: 1,

and wherein selection is done on a medium comprising D-serine in a

concentration from 3 mM to 10O mM.

or wherein the enzyme capable to metabolize D-serine and D-alanine is se¬

lected from the group consisting of

i) the Rhodotorula gracilis D-amino acid oxidase as encoded by SEQ ID

NO: 4 , and

ii) enzymes having the same enzymatic activity and an identity of at least

80% to the sequence as encoded by SEQ ID NO: 4 , and

iii) enzymes encoded by a nucleic acid sequence capable to hybridize to the

complement of the sequence described by SEQ ID NO: 3 ,

and wherein selection is done on a medium comprising D-alanine and/or

D-serine in a total concentration from 3 mM to 100 mM.



8 . The method of any of claim 1 to 7 , wherein said promoter active in said wheat

plant is an ubiquitin promoter, preferably the maize ubiquitin promoter.

9 . The method of claim 8 , whereinselection pressure is applied for 7 to 2 1 days

after co-cultivation.

10. The method of claim 8 or 9 , wherein the ubiquitin promoter is selected from the

group consisting of

a) sequences comprising the sequence as described by SEQ ID NO: 5 , and

b) sequences comprising at least one fragment of at least 50 consecutive

base pairs of the sequence as described by SEQ ID NO: 5 , and having

promoter activity in wheat,

c) sequences comprising a sequence having at least 60% identity to the se-

quence as described by SEQ ID NO: 5 , and having promoter activity in

wheat,

d) sequences comprising a sequence hybridizing to the sequence as de¬

scribed by SEQ ID NO: 5 , and having promoter activity in wheat.

11. The method of any of claim 8 to 10, wherein the ubiquitin promoter is selected

from the group consisting of

a) sequences comprising the sequence as described by SEQ ID NO: 6 , and

b) sequences comprising at least one fragment of at least 50 consecutive

base pairs of the sequence as described by SEQ ID NO: 6 , and having

promoter activity in wheat,

c) sequences comprising a sequence having at least 60% identity to the se¬

quence as described by SEQ ID NO: 6 , and having promoter activity in

wheat,

d) sequences comprising a sequence hybridizing to the sequence as de-

scribed by SEQ ID NO: 6 , and having promoter activity in wheat.

12. The method of claim 1 or 2 , wherein the selection of step b) of claim 1 or step

d) of claim 2 is done using 5 to 10 imM D-alanine and/or D-serine.

13. The method of claim 1, 2 , or 12, wherein the total selection time under dedif-

ferentiating conditions is from 3 to 4 weeks.



14. The method of claim 1, 2 , or 13, wherein the selection of step b) of claimi or

step d) of claim 2 is done in two steps, using a first selection step for 14 to 20

days, then transferring the surviving cells or tissue to a second selection me-

dium with essentially the same composition than the first selection medium for

additional 14 to 20 days.

15. The method of any of claim 1 to 14, wherein introduction of said DNA con¬

struct is mediated by a method selected from the group consisting of Rhizo-

biaceae mediated transformation and particle bombardment mediated trans¬

formation.

16. The method of claim 15, wherein the Rhizobiaceae bacterium is a disarmed

Agrobacterium tumefaciens or kgrobacterium rhizogenes bacterium.

17. The method of any of Claim 1 to 16, wherein said wheat plant is selected from

the group of Triticum family.

18. The method of Claim 17, wherein said wheat cell or tissue or said immature

embryo is isolated from a plant specie of the group consisting of Triticum spp.:

common (T. aestivum), durum (T. durum), spelt (T. spelta), Triticum dicoccum

(Emmer wheat), Triticum turgidum, and Triticum monococcum (Einkorn

wheat).

19. The method of claim 1, wherein said method comprises the steps of:

i) transforming a wheat plant cell with a first DNA construct comprising

a) at least one first expression construct comprising a promoter active in

said wheat plant and operably linked thereto a nucleic acid sequence

encoding a D-amino acid oxidase enzyme, wherein said first expres-

sion cassette is flanked by sequences which allow for specific deletion

of said first expression cassette, and

b) at least one second expression cassette suitable for conferring to said

plant an agronomically valuable trait, wherein said second expression

cassette is not localized between said sequences which allow for spe-

cific deletion of said first expression cassette, and



ii) treating said transformed wheat plant cells of step i) with a first compound

selected from the group consisting of D-alanine, D-serine or derivatives

thereof in a phytotoxic concentration and selecting plant cells comprising in

their genome said first DNA construct, conferring resistance to said trans-

formed plant cells against said first compound by expression of said D-

amino acid oxidase, and

iii) inducing deletion of said first expression cassette from the genome of said

transformed plant cells and treating said plant cells with a second compound

selected from the group consisting of D-isoleucine, D-valine and derivatives

thereof in a concentration toxic to plant cells still comprising said first ex¬

pression cassette, thereby selecting plant cells comprising said second ex¬

pression cassette but lacking said first expression cassette.

20. The method of claim 19, wherein

a) the promoter is defined as in any of claim 7 to 10 , and/or

b) D-amino oxid oxidases is defined as in claim 5 or 7 .

2 1. A wheat plant or cell comprising a promoter active in said wheat plants or cells

and operably linked thereto a nucleic acid sequence encoding an enzyme ca-

pable to metabolize D-alanine or D-serine, wherein said promoter is heterolo¬

gous in relation to said enzyme encoding sequence.

22. The wheat plant of claim 2 1, wherein

a) the promoter is defined as in any of claim 9 to 11, and/or

b) enzyme capable to metabolize D-alanine or D-serine is defined as in any of

claim 6 to 8 .

23. The wheat plant of claim 2 1 or 22, further comprising at least one second ex¬

pression construct conferring to said wheat plant an agronomically valuable

trait.

24. The wheat plant of any of claim 2 1 to 23, wherein said wheat plant is selected

from the group of Triticum family.



25. The wheat plant of any of claim 2 1 to 24, wherein said plant is from the group

consisting of Triticum spp.: common (T. aestivum), durum (T. durum), spelt (T.

spelta), Triticum dicoccum (Emmer wheat), Triticum turgidum, and Triticum

monococcum (Einkorn wheat).

26. A part of a wheat plant of any of claim 2 1 to 25.

27. A method for subsequent transformation of at least two DNA constructs into a

wheat plant comprising the steps of:

a) a transformation with a first construct said construct comprising at least

one expression construct comprising a promoter active in said wheat

plants and operably linked thereto a nucleic acid sequence encoding an

enzyme capable to metabolize D-alanine or D-serine, and

b) a transformation with a second construct said construct comprising a sec-

ond selection marker gene, which is not conferring resistance against D-

alanine or D-serine.

28. The method of claim 27, wherein said second marker gene is conferring resis¬

tance against at least one compound select from the group consisting of

phosphinotricin, glyphosate, sulfonylurea- and imidazolinone-type herbicides.

29. A wheat plant comprising

a) a first expression construct comprising a promoter active in said wheat

plants and operably linked thereto a nucleic acid sequence encoding an

enzyme capable to metabolize D-alanine or D-serine, and

b) a second expression construct for a selection marker gene, which is not

conferring resistance against D-alanine or D-serine.

30. A method for subsequent transformation of at least two DNA constructs into a

wheat plant comprising the steps of:

a) a transformation with a first construct said construct comprising an expres¬

sion construct comprising a promoter active in said wheat plants and oper¬

ably linked thereto a nucleic acid sequence encoding an dsdA enzyme and

selecting with D-serine, and



b) a transformation with a second construct said construct comprising an

expression construct comprising promoter active in said wheat plants and

operably linked thereto a nucleic acid sequence encoding a dao enzyme

and selecting with D-alanine.

3 1 . A wheat plant comprising

a) a first construct said construct comprising an expression construct com¬

prising a promoter active in said wheat plants and operably linked thereto a

nucleic acid sequence encoding an dsdA enzyme, and

b) a second construct said construct comprising an expression construct

comprising promoter active in said wheat plants and operably linked

thereto a nucleic acid sequence encoding a dao enzyme.

32 Composition for selection, regeneration, growing, cultivation or maintaining of

a transgenic wheat plant cells, a transgenic wheat plant tissue, a transgenic

wheat plant organs or a transgenic wheat plants or a part thereof comprising

an effective amount of D-alanine, D-serine, or a derivative thereof allowing for

selection of transgenic wheat plant cells, wheat plant tissue, wheat plant or¬

gans or wheat plants or a part thereof and a transgenic wheat organism, a

transgenic wheat cell, a transgenic cell culture, a transgenic wheat plant

and/or a part thereof.

33. Cell culture comprising one or more embryogenic calli derived from immature

wheat embryo(s), at least one auxin, wherein the effective amount of the auxin

compound is equivalent to a concentration of 0.2 mg/l to 6 mg/l 2,4-D, and D-

alanine and/or D-serine in a total concentration from 3 imM to 100 mM.

34. Recovery medium comprising an effective amount of at least one antibiotic

that inhibits or suppresses the growth of the soil-borne bacteria, and/or L-

proline in a concentration from 1 g/l to 10g/l, and/or silver nitrate in a

concentration from 0 µM to 50 µM.

35. Selection medium comprising a wheat target tissue and D-alanine and/or D-

serine or a derivative thereof in a phytotoxic concentration.



36. Regeneration medium comprising transformed wheat plant cells and one or

more compounds selected from the group consisting of:

i) cytokinins in a concentration from 0.5 to 10 mg/L,

ii) an effective amount of at least one antibiotic that inhibits or suppresses

the growth of the soil-borne bacteria), and

iii) an effective amount of D-alanine, D-serine, or a derivative thereof allowing

for selection of transgenic cells.







































eolf-seql . txt
SEQUENCE LISTING

<110> BASF Plant Science GmbH

<120> Selection system for wheat

<130> PF 57113

<160> 42

<170> Patentln version 3.3

<210> 1
<211> 1329
<212> DNA
<213> Escherichia coli

<220>
<221> CDS
<222> (1) ..(1329)
<223> E .coli D-serine dehydratase [dsdA] gene/CDS

<400> 1
atg gaa aac get aaa atg aac teg etc ate gee cag tat ccg ttg gta 4 8
Met Gl u As n Al a Lys Met Asn Se r Leu l i e Al a Gi n T y r Pr o Leu VaI
1 5 10 1 5

aag gat ctg gtt get ctt aaa gaa ace ace tgg ttt aat cct ggc acg 96
Lys Asp Leu VaI A l a Leu Lys Gl u T h r T h r Trp Phe As n Pr o Gl y T h r

20 2 5 30

ace tea ttg get gaa ggt tta cct tat gtt ggc ctg ace gaa cag gat 144
T h r Se r Leu Al a Gl u Gl y Leu Pro Tyr VaI Gl y Leu T h r Gl u Gi n As p

35 4 0 4 5

gtt cag gac gee cat gcg cgc tta tec cgt ttt gca ccc tat ctg gca 192
VaI Gi n As p Al a Hi s Al a Arg Leu Se r Arg Phe Al a Pro Tyr Leu Al a

50 5 5 60

aaa gca ttt cct gaa act get gee act ggg ggg att att gaa tea gaa 240
Lys Al a Phe Pr o Gl u T h r Al a Al a T h r Gl y Gl y l i e l i e Gl u s e r Gl u
6 5 70 7 5 80

ctg gtt gcc att cca get atg caa aaa egg ctg gaa aaa gaa tat cag 288
Leu VaI Al a l i e Pro Al a Met Gi n Lys Arg Leu Gl u Lys Gl u Ty r Gi n

8 5 90 9 5

caa ccg ate age ggg caa ctg tta ctg aaa aaa gat age cat ttg ccc 3 36
Gi n Pr o l i e s e r Gl y Gi n Leu Leu Leu Lys Lys Asp s e r Hi s Leu Pro

100 105 110

att tec ggc tec ata aaa gca cgc ggc ggg att tat gaa gtc ctg gca 384
l i e Se r Gl y Se r l i e Lys Al a Arg Gl y Gl y l i e Tyr Gl u VaI Leu Al a

115 120 12 5

cac gca gaa aaa ctg get ctg gaa gcg ggg ttg ctg acg ctt gat gat 4 32
Hi s Al a Gl u Lys Leu Al a Leu Gl u A l a Gl y Leu Leu T h r Leu Asp As p

130 1 35 140

gac tac age aaa ctg ctt tct ccg gag ttt aaa cag ttc ttt age caa 480
Asp Ty r Se r Lys Leu Leu Se r Pro Gl u Phe Lys Gi n Phe Phe Se r Gi n
145 150 1 5 5 160

tac age att get gtg ggc tea ace gga aat ctg ggg tta tea ate ggc 528
Tyr Se r l i e Al a VaI Gl y Se r T h r Gl y Asn Leu Gl y Leu Se r l i e Gl y

16 5 170 175

att atg age gcc cgc att ggc ttt aag gtg aca gtt cat atg tct get 576



eolf-seql .txt
H e Met Ser Ala Arg H e Gly Phe Lys VaI Thr VaI His Met Ser Ala

180 185 190

gat gcc egg gca tgg aaa aaa gcg aaa ctg cgc age cat ggc gtt acg 624
Asp Ala Arg Ala Trp Lys Lys Ala Lys Leu Arg Ser His Gly VaI Thr

195 200 205

gtc gtg gaa tat gag caa gat tat ggt gtt gcc gtc gag gaa gga cgt 672
VaI VaI Glu Tyr G lu Gin Asp Tyr Gly VaI Ala VaI G lu Glu Gly Arg

210 215 220

aaa gca gcg cag tet gac ccg aac tgt ttc ttt att gat gac gaa aat 720
Lys Ala Ala Gin Ser Asp Pro Asn Cys Phe Phe lie Asp Asp Glu Asn
225 230 235 240

tec cgc acg ttg ttc ctt ggg tat tec gtc get ggc cag cgt ctt aaa 768
Ser Arg Thr Leu Phe Leu Gly Tyr ser val Ala Gly Gin Arg Leu Lys

245 250 255

gcg caa ttt gcc cag caa ggc cgt ate gtc gat get gat aac cct ctg 816
Ala Gin Phe Ala Gin Gin Gly Arg lie VaI Asp Ala Asp Asn Pro Leu

260 265 270

ttt gtc tat ctg ccg tgt ggt gtt ggc ggt ggt cct ggt ggc gtc gca 864
Phe val Tyr Leu Pro cys Gly val Gly Gly Gly Pro Gly Gly val Ala

275 280 285

ttc ggg ctt aaa ctg gcg ttt ggc gat cat gtt cac tgc ttt ttt gcc 912
Phe Gly Leu Lys Leu Ala Phe Gly Asp His Val His Cys Phe Phe Ala

290 295 300

gaa cca acg cac tec cct tgt atg ttg tta ggc gtc cat aca gga tta 960
Glu Pro Thr His ser Pro cys Met Leu Leu Gly val His Thr Gly Leu
305 310 315 320

cac gat cag att tct gtt cag gat att ggt ate gac aac ctt ace gca 1008
His Asp Gin lie Ser Val Gin Asp lie Gly lie Asp Asn Leu Thr Ala

325 330 335

gcg gat ggc ctt gca gtt ggt cgc gca tea ggc ttt gtc ggg egg gca 1056
Ala Asp Gly Leu Ala Val Gly Arg Ala Ser Gly Phe Val Gly Arg Ala

340 345 350

atg gag cgt ctg ctg gat ggc ttc tat ace ctt age gat caa ace atg 1104
Met Glu Arg Leu Leu Asp Gly Phe Tyr Thr Leu Ser Asp Gin Thr Met

355 360 365

tat gac atg ctt ggc tgg ctg gcg cag gaa gaa ggt att cgt ctt gaa 1152
Tyr Asp Met Leu Gly Trp Leu Ala Gin Glu Glu Gly lie Arg Leu Glu

370 375 380

cct teg gca ctg gcg ggt atg gcc gga cct cag cgc gtg tgt gca tea 1200
Pro Ser Ala Leu Ala Gly Met Ala Gly Pro Gin Arg Val Cys Ala Ser
385 390 395 400

gta agt tac caa cag atg cac ggt ttc age gca gaa caa ctg cgt aat 1248
Val Ser Tyr Gin Gin Met His Gly Phe Ser Ala Glu Gin Leu Arg Asn

405 410 415

ace act cat ctg gtg tgg gcg acg gga ggt gga atg gtg ccg gaa gaa 1296
Thr Thr His Leu Val Trp Ala Thr Gly Gly Gly Met Val Pro Glu Glu

420 425 430

gag atg aat caa tat ctg gca aaa ggc cgt taa 1329
Glu Met Asn Gin Tyr Leu Ala Lys Gly Arg

435 440

<210> 2



eolf-seql . txt
<211> 442
<212> PRT
<213> Escherichi a coi

<400> 2

Met Gl u Asn Ala Lys Met Asn Ser Leu lie Al a Gi n Tyr Pro Leu VaI
1 5 10 15

Lys Asp Leu VaI Ala Leu Lys Gl u Thr Thr Trp Phe Asn Pro Gly Thr
20 25 30

Thr Ser Leu Ala Gl u Gly Leu Pro Tyr VaI Gly Leu Thr Gl u Gi n Asp
35 40 45

VaI Gi n Asp Ala Hi s Al a Arg Leu Ser Arg Phe Ala Pro Tyr Leu Ala
50 55 60

Lys Ala Phe Pro Gl u Thr Ala Ala Thr Gly Gly lie lie Gl u Ser Gl u
65 70 75 80

Leu VaI Ala lie Pro Al a Met Gi n Lys Arg Leu Gl u Lys Gl u Tyr Gi n
8 5 90 95

Gi n Pro lie Ser Gly Gi n Leu Leu Leu Lys Lys Asp Ser Hi s Leu Pro
100 105 110

l i e Ser Gly Ser lie Lys Ala Arg Gly Gly l i e Tyr Gl u VaI Leu Ala
115 120 125

Hi s Ala Gl u Lys Leu Al a Leu Gl u Ala Gly Leu Leu Thr Leu Asp Asp
130 135 140

Asp Tyr Ser Lys Leu Leu Ser Pro Gl u Phe Lys Gi n Phe Phe Ser Gi n
145 150 155 160

Tyr Ser lie Ala VaI Gly Ser Thr Gly Asn Leu Gly Leu Ser lie Gly
165 170 175

H e Met Ser Ala Arg H e Gly Phe Lys VaI Thr VaI Hi s Met Ser Ala
180 185 190

Asp Ala Arg Ala Trp Lys Lys Ala Lys Leu Arg Ser Hi s Gly VaI Thr
195 200 205

VaI VaI Gl u Tyr Gl u Gi n Asp Tyr Gly VaI Al a VaI Gl u Gl u Gly Arg
210 215 220

Lys Ala Ala Gi n Ser Asp Pro Asn Cys Phe Phe lie Asp Asp Gl u Asn
225 230 235 240

Ser Arg Thr Leu Phe Leu Gly Tyr ser val Al a Gly Gi n Arg Leu Lys
245 250 255
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Al a Gi n Phe Al a Gi n Gi n Gl y Arg l i e VaI Asp Al a Asp Asn Pro Leu
260 265 270

Phe VaI Ty r Leu Pro Cys Gl y VaI Gl y Gl y Gl y Pro Gl y Gl y VaI Al a
275 280 285

Phe Gl y Leu Lys Leu Al a Phe Gl y Asp Hi s VaI Hi s Cys Phe Phe Al a
290 295 300

Gl u Pro Th r Hi s Se r Pro Cys Met Leu Leu Gl y VaI Hi s Thr Gl y Leu
305 310 315 320

Hi s Asp Gi n l i e Se r VaI Gi n Asp l i e Gl y l i e Asp Asn Leu Thr Al a
32 5 330 335

Al a Asp Gl y Leu Al a VaI Gl y Arg Al a Se r Gl y Phe VaI Gl y Arg Al a
340 345 350

Met Gl u Arg Leu Leu Asp Gl y Phe Tyr Thr Leu Se r Asp Gi n Thr Met
355 360 365

Tyr Asp Met Leu Gl y Trp Leu Al a Gi n Gl u Gl u Gl y l i e Arg Leu Gl u
370 375 380

Pro Se r Al a Leu Al a Gl y Met Al a Gl y Pro Gi n Arg VaI Cys Al a Se r
385 390 39 5 400

VaI Se r Ty r Gi n Gi n Met Hi s Gl y Phe Se r Al a Gl u Gi n Leu Arg Asn
405 410 415

Thr Thr Hi s Leu val Trp Al a Th r Gl y Gl y Gl y Met val Pro Gl u Gl u
420 425 430

Gl u Met Asn Gi n Ty r Leu Al a Lys Gl y Arg
435 440

<210> 3
<211> 1107
<212> DNA
<213> Rhodos po r i di u m torul oi des

<220>
<221> CDS
<222> (l) . . (1107)
<223> Rhodos po r i di u m torul oi des D- ami no aci d oxi dase CDS

<400> 3
atg cac teg cag aag cgc gtc gtt gtc etc gga tea ggc gtt ate ggt 48
Met Hi s Se r Gi n Lys Arg Val Val Val Leu Gl y Se r Gl y Val l i e Gl y
1 5 10 15

ctg age age gee etc ate etc get egg aag ggc tac age gtg cat att 96
Leu ser se r Al a Leu l i e Leu Al a Arg Lys Gl y Tyr ser val Hi s l i e

20 25 30



eolf-seql .txt
etc gcg cgc gac ttg ccg gag gac gtc teg age cag act ttc get tea 144
Leu Ala Arg Asp Leu Pro Glu Asp VaI Ser Ser Gin Thr Phe Ala Ser

35 40 45

cca tgg get ggc gcg aat tgg acg cct ttc atg acg ctt aca gac ggt 192
Pro Trp Ala Gly Ala Asn Trp Thr Pro Phe Met Thr Leu Thr Asp Gly

50 55 60

cct cga caa gca aaa tgg gaa gaa teg act ttc aag aag tgg gtc gag 240
Pro Arg Gin Ala Lys Trp Glu Glu Ser Thr Phe Lys Lys Trp VaI Glu
65 70 75 80

ttg gtc ccg acg ggc cat gcc atg tgg etc aag ggg acg agg egg ttc 288
Leu VaI Pro Thr Gly His Ala Met Trp Leu Lys Gly Thr Arg Arg Phe

85 90 95

gcg cag aac gaa gac ggc ttg etc ggg cac tgg tac aag gac ate acg 336
Ala Gin Asn Glu Asp Gly Leu Leu Gly His Trp Tyr Lys Asp lie Thr

100 105 110

cca aat tac cgc ccc etc cca tct tec gaa tgt cca cct ggc get ate 384
Pro Asn Tyr Arg Pro Leu Pro Ser Ser Glu Cys Pro Pro Gly Ala lie

115 120 125

ggc gta ace tac gac ace etc tec gtc cac gca cca aag tac tgc cag 432
Gly VaI Thr Tyr Asp Thr Leu Ser VaI His Ala Pro Lys Tyr Cys Gin

130 135 140

tac ctt gca aga gag ctg cag aag etc ggc gcg acg ttt gag aga egg 480
Tyr Leu Ala Arg Glu Leu Gin Lys Leu Gly Ala Thr Phe Glu Arg Arg
145 150 155 160

ace gtt acg teg ctt gag cag gcg ttc gac ggt gcg gat ttg gtg gtc 528
Thr VaI Thr Ser Leu Glu Gin Ala Phe Asp Gly Ala Asp Leu VaI VaI

165 170 175

aac get acg gga ctt ggc gcc aag teg att gcg ggc ate gac gac caa 576
Asn Ala Thr Gly Leu Gly Ala Lys Ser lie Ala Gly lie Asp Asp Gin

180 185 190

gcc gcc gag cca ate cgc ggg caa ace gtc etc gtc aag tec cca tgc 624
Ala Ala Glu Pro lie Arg Gly Gin Thr val Leu val Lys ser Pro cys

195 200 205

aag cga tgc acg atg gac teg tec gac ccc get tct ccc gcc tac ate 672
Lys Arg Cys Thr Met Asp Ser Ser Asp Pro Ala Ser Pro Ala Tyr lie

210 215 220

att ccc cga cca ggt ggc gaa gtc ate tgc ggc ggg acg tac ggc gtg 720
lie Pro Arg Pro Gly Gly Glu val lie cys Gly Gly Thr Tyr Gly val
225 230 235 240

gga gac tgg gac ttg tct gtc aac cca gag acg gtc cag egg ate etc 768
Gly Asp Trp Asp Leu Ser Val Asn Pro Glu Thr Val Gin Arg lie Leu

245 250 255

aag cac tgc ttg cgc etc gac ccg ace ate teg age gac gga acg ate 816
Lys His cys Leu Arg Leu Asp Pro Thr lie ser ser Asp Gly Thr lie

260 265 270

gaa ggc ate gag gtc etc cgc cac aac gtc ggc ttg cga cct gca cga 864
Glu Gly lie Glu Val Leu Arg His Asn Val Gly Leu Arg Pro Ala Arg

275 280 285

cga ggc gga ccc cgc gtt gag gca gaa egg ate gtc ctg cct etc gac 912
Arg Gly Gly Pro Arg Val Glu Ala Glu Arg lie Val Leu Pro Leu Asp

290 295 300

egg aca aag teg ccc etc teg etc ggc agg ggc age gca cga gcg gcg 960
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Arg Thr Lys Ser Pro Leu Ser Leu Gly Arg Gly Ser Ala Arg Ala Ala
305 310 315 320

aag gag aag gag gtc acg ctt gtg cat gcg tat ggc ttc teg agt gcg 1008
Lys Glu Lys Glu VaI Thr Leu VaI His Ala Tyr Gly Phe Ser Ser Ala

325 330 335

gga tac cag cag agt tgg ggc gcg gcg gag gat gtc gcg cag etc gtc 1056
Gly Tyr Gin Gin Ser Trp Gly Ala Ala Glu Asp VaI Ala Gin Leu VaI

340 345 350

gac gag gcg ttc cag egg tac cac ggc gcg gcg egg gag teg aag ttg 1104
Asp Glu Ala Phe Gin Arg Tyr His Gly Ala Ala Arg Glu Ser Lys Leu

355 360 365

tag 1107

<210> 4
<211> 368
<212> PRT
<213> Rhodosporidium toruloides

<400> 4

Met Hi s Se r Gi n Lys Arg VaI VaI VaI Leu Gl y Se r Gl y VaI H e Gl y
1 5 10 15

Leu Se r Se r Al a Leu l i e Leu Al a Ar g Lys Gl y Tyr Se r VaI Hi s l i e
20 25 30

Leu Al a Arg Asp Leu Pro Gl u As p VaI Se r Se r Gi n Th r Phe Al a Se r
35 40 45

Pr o Trp Al a Gl y Al a As n Trp Th r Pr o Phe Met Thr Leu Thr Asp Gl y
50 55 60

Pr o Arg Gi n Al a Lys Trp Gl u Gl u s e r Thr Phe Lys Lys Trp val Gl u
65 70 75 80

Leu VaI Pro Thr Gl y Hi s Al a Met T r p Leu Lys Gl y Th r Arg Arg Phe
85 90 95

Al a Gi n As n Gl u Asp Gl y Leu Leu Gl y Hi s Trp Tyr Lys Asp l i e Th r
100 105 110

Pr o Asn Ty r Arg Pro Leu Pr o Se r Se r Gl u Cys Pr o Pro Gl y Al a l i e
115 120 12 5

Gl y val Th r Tyr Asp Thr Leu se r val Hi s Al a Pr o Lys Tyr cys Gi n
130 135 140

Tyr Leu Al a Arg Gl u Leu Gi n Lys Leu Gl y Al a Thr Phe Gl u Arg Arg
145 150 155 160

Thr Val Th r Se r Leu Gl u Gi n Al a Phe Asp Gl y Al a As p Leu Val Val
165 170 175
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Asn Ala Thr Gly Leu Gly Ala Lys Ser lie Al a Gly lie Asp Asp Gi n

180 185 190

Al a Ala Gl u Pro lie Arg Gly Gi n Thr VaI Leu VaI Lys Ser Pro Cys
195 200 205

Lys Arg Cys Thr Met Asp Ser Ser Asp Pro Al a Ser Pro Al a Tyr lie
210 215 220

l i e Pro Arg Pro Gly Gly Gl u VaI lie Cys Gly Gly Thr Tyr Gly VaI
225 230 235 240

Gly Asp Trp Asp Leu ser val Asn Pro Gl u Thr val Gi n Arg lie Leu
245 250 255

Lys Hi s Cys Leu Arg Leu Asp Pro Thr lie Ser Ser Asp Gly Thr lie
260 265 270

Gl u Gly lie Gl u val Leu Arg Hi s Asn val Gly Leu Arg Pro Ala Arg
275 280 285

Arg Gly Gly Pro Arg Val Gl u Ala Gl u Arg l i e Val Leu Pro Leu Asp
290 295 300

Arg Thr Lys ser Pro Leu ser Leu Gly Arg Gly Ser Ala Arg Ala Ala
305 310 315 320

Lys Gl u Lys Gl u Val Thr Leu Val Hi s Ala Tyr Gly Phe Ser Ser Ala
325 330 335

Gly Tyr Gi n Gi n Ser Trp Gly Ala Ala Gl u Asp Val Ala Gi n Leu Val
340 345 350

Asp Gl u Ala Phe Gi n Arg Tyr Hi s Gly Ala Al a Arg Gl u Ser Lys Leu
355 360 365

<210> 5
<211> 275
<212> DNA
<213> Zea mays

<220>
<221> promoter
<222> (1)..(275)
<223> zea mays ubiquitin 275 bp core promoter

<220>
<221> mi sc_signal
<222> (61) . . (74)
<223> Similar to consensus heat shock element

<220>
<221> mi sc_signal
<222> (71) . . (84)
<223> Similar to consensus heat shock element
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<220>
<221> TATA_signal
<222> (246) . . (254)
<22 3> TATA Box

<400> 5
aaccagcagc gtcgcgtcgg gccaagcgaa gcagacggca cggcatctct gtcgctgcct 60

ctggacccct ctcgagagtt ccgctccacc gttggacttg ctccgctgtc ggcatccaga 120

aattgcgtgg cggagcggca gacgtgagcc ggcacggcag gcggcctcct cctcctctca 180

cggcaccggc agctacgggg gattcctttc ccaccgctcc ttcgctttcc cttcctcgcc 240

cgccgtaata aatagacacc ccctccacac cctct 275

<210> 6
<211> 1988
<212> DNA
<213> Zea mays

<220>
<221> promoter
<222> (1)..(1988)
<223> Zea mays ubiqui t i n promoter region wi t h 5' UTR and i ntron

<220>
<221> promoter
<222> (1)..(899)
<22 3> Zea mays ubiquitin promoter region

<220>
<221> mi sc_signal
<222> (685) . . (698)
<223> Similar to consensus heat shock element

<220>
<221> mi sc_signal
<222> (695) . . (708)
<223> similar to consensus heat shock element

<220>
<221> TATA_signal
<222> (870).. (878)
<22 3> TATA Box

<220>
<221> 5'UTR
<222> (900). .(1988)

<220>
<221> Intron
<222> (983).. (1988)
<223> Zea mays ubiquitin gene intron MubGl

<400> 6
tgcagtgcag cgtgacccgg tcgtgcccct ctctagagat aatgagcatt gcatgtctaa 60

gttataaaaa attaccacat attttttttg tcacacttgt ttgaagtgca gtttatctat 120

ctttatacat atatttaaac tttactctac gaataatata atctatagta ctacaataat 180

atcagtgttt tagagaatca tataaatgaa cagttagaca tggtctaaag gacaattgag 240

tattttgaca acaggactct acagttttat ctttttagtg tgcatgtgtt ctcctttttt 300

tttgcaaata gcttcaccta tataatactt catccatttt attagtacat ccatttaggg 360
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tttagggtta atggttttta tagactaatt tttttagtac atctatttta ttctatttta 420

gcctctaaat taagaaaact aaaactctat tttagttttt ttatttaata gtttagatat 480

aaaatagaat aaaataaagt gactaaaaat taaacaaata ccctttaaga aattaaaaaa 540

actaaggaaa catttttctt gtttcgagta gataatgcca gcctgttaaa cgccgtcgac 600

gagtctaacg gacaccaacc agcgaaccag cagcgtcgcg tcgggccaag cgaagcagac 660

ggcacggcat ctctgtcgct gcctctggac ccctctcgag agttccgctc caccgttgga 720

cttgctccgc tgtcggcatc cagaaattgc gtggcggagc ggcagacgtg agccggcacg 780

gcaggcggcc tcctcctcct ctcacggcac cggcagctac gggggattcc tttcccaccg 840

ctccttcgct ttcccttcct cgcccgccgt aataaataga caccccctcc acaccctctt 900

tccccaacct cgtgttgttc ggagcgcaca cacacacaac cagatctccc ccaaatccac 960

ccgtcggcac ctccgcttca aggtacgccg ctcgtcctcc cccccccccc ccctctctac 1020

cttctctaga tcggcgttcc ggtccatggt tagggcccgg tagttctact tctgttcatg 1080

tttgtgttag atccgtgttt gtgttagatc cgtgctgcta gcgttcgtac acggatgcga 1140

cctgtacgtc agacacgttc tgattgctaa cttgccagtg tttctctttg gggaatcctg 1200

ggatggctct agccgttccg cagacgggat cgatttcatg attttttttg tttcgttgca 1260

tagggtttgg tttgcccttt tcctttattt caatatatgc cgtgcacttg tttgtcgggt 1320

catcttttca tgcttttttt tgtcttggtt gtgatgatgt ggtctggttg ggcggtcgtt 1380

ctagatcgga gtagaattct gtttcaaact acctggtgga tttattaatt ttggatctgt 1440

atgtgtgtgc catacatatt catagttacg aattgaagat gatggatgga aatatcgatc 1500

taggataggt atacatgttg atgcgggttt tactgatgca tatacagaga tgctttttgt 1560

tcgcttggtt gtgatgatgt ggtgtggttg ggcggtcgtt cattcgttct agatcggagt 1620

agaatactgt ttcaaactac ctggtgtatt tattaatttt ggaactgtat gtgtgtgtca 1680

tacatcttca tagttacgag tttaagatgg atggaaatat cgatctagga taggtataca 1740

tgttgatgtg ggttttactg atgcatatac atgatggcat atgcagcatc tattcatatg 1800

ctctaacctt gagtacctat ctattataat aaacaagtat gttttataat tatttcgatc 1860

ttgatatact tggatgatgg catatgcagc agctatatgt ggattttttt agccctgcct 1920

tcatacgcta tttatttgct tggtactgtt tcttttgtcg atgctcaccc tgttgtttgg 1980

tgttactt 1988

<210> 7
<211> 275
<212> DNA
<213> Sugarcane bacilli form virus

<220>
<221> promoter
<222> (1)..(275)
<223> Sugarcane bacilliform virus 275 bp core promoter
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<220>
<221> TATA_signal
<222> (224) . . (24 3)
<223> TATA Box

<400> 7
gattgaggag gcattgacgt cagggatgac cgcagcggag agtactgggc ccattcagtg 60

gatgctccac tgagttgtat tattgtgtgc ttttcggaca agtgtgctgt ccactttctt 120

ttggcacctg tgccacttta ttccttgtct gccacgatgc ctttgcttag cttgtaagca 180

aggatcgcag tgcgtgtgtg acaccacccc ccttccgacg ctctgcctat ataaggcacc 240

gtctgtaagc tcttacgatc atcggtagtt caeca 275

<210> 8
<211> 1398
<212> DNA
<213> Sugarcane bacilli form virus

<220>
<221> promoter
<222> (1) ..(1398)
<223> Sugarcane bacilliform virus [ScBV] promoter region

<220>
<221> misc_signal
<222> (98).. (118)
<223> Heat shock factor

<220>
<221> misc_signal
<222> (365).. (385)
<223> Heat shock factor

<220>
<221> misc_signal
<222> (606).. (626)
<223> Heat shock factor

<220>
<221> mi sc_signal
<222> (705) . . (719)
<223> Heat shock element

<220>
<221> TATA_signal
<222> (1345). .(1364)
<223> TATA BOX

<400> 8
aatcctggct agcaacactg aactatgcca gaaaccacat caaagatatg ggcaagcttc 60

ttggcccatt atatccaaag acctcagaga aaggtgagcg aaggctcaat tcagaagatt 120

ggaagctgat caataggatc aagacaatgg tgagaacgct tccaaatctc actattccac 180

cagaagatgc atacattatc attgaaacag atgcatgtgc aactggatgg ggagcagtat 240

gcaagtggaa gaaaaacaag gcagacccaa gaaatacaga gcaaatctgt aggtatgcca 300

gtggaaaatt tgataagcca aaaggaacct gtgatgcaga aatctatggg gttatgaatg 360

gcttagaaaa gatgagattg ttctacttgg acaaaagaga gatcacagtc agaactgaca 420

gtagtgcaat cgaaaggttc tacaacaaga gtgctgaaca caagccttct gagatcagat 480
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ggatcaggtt catggactac atcactggtg caggaccaga gatagtcatt gaacacataa 540

aagggaagag caatggttta gctgacatct tgtccaggct caaagccaaa ttagctcaga 600

atgaaccaac ggaagagatg atcctgctta cacaagccat aagggaagta attccttatc 660

cagatcatcc atacactgag caactcagag aatggggaaa caaaattctg gatccattcc 720

ccacattcaa gaaggacatg ttcgaaagaa cagagcaagc ttttatgcta acagaggaac 780

cagttctact ctgtgcatgc aggaagcctg caattcagtt agtgtccaga acatctgcca 840

acccaggaag gaaattcttc aagtgcgcaa tgaacaaatg ccattgctgg tactgggcag 900

atctcattga agaacacatt caagacagaa ttgatgaatt tctcaagaat cttgaagttc 960

tgaagaccgg tggcgtgcaa acaatggagg aggaacttat gaaggaagtc accaagctga 1020

agatagaaga gcaggagttc gaggaatacc aggccacacc aagggctatg tcgccagtag 1080

ccgcagaaga tgtgctagat ctccaagacg taagcaatga cgattgagga ggcattgacg 1140

tcagggatga ccgcagcgga gagtactggg cccattcagt ggatgctcca ctgagttgta 1200

ttattgtgtg cttttcggac aagtgtgctg tccactttct tttggcacct gtgccacttt 1260

attccttgtc tgccacgatg cctttgctta gcttgtaagc aaggatcgca gtgcgtgtgt 1320

gacaccaccc cccttccgac gctctgccta tataaggcac cgtctgtaag ctcttacgat 1380

catcggtagt tcaccaag 1398

<210> 9
<211> 5035
<212> DNA
<213> Artificial

<220>
<223> Nucleic acid sequence encoding pRLMl75, a kanamycin resistant

pSBll-type binary vector.

<220>
<221> misc_structure
<222> (5).. (132)
<223> Left T-DNA border from pSBll

<220>
<221> miscjoinding
<222> (51).. (75)
<223> Left T-DNA border repeat region from pSBl

<220>
<221> misc_structure
<222> (232).. (376)
<223> Right T-DNA border from pSBll

<220>
<221> mi sc_bi ndi ng
<222> (272) . . (295)
<223> Right T-DNA border repeat region from pSBl

<220>
<221> misc_structure
<222> (777). .(3511)
<223> pSBl recombination target
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<220>
<221> rep_origi n
<222> (2654) . . (2934)
<22 3> CoI EI repl ication origi n from pSBll

<220>
<221> misc_feature
<222> (3074).. (3334)
<22 3> CoI EI BOM site from pSBll

<22O>
<221> misc_feature
<222> (3793). .(4608)
<223> cds encoding Kanamycin Resistance selection gene from Tn903

<400> 9
agtggtgatt ttgtgccgag ctgccggtcg gggagctgtt ggctggctgg tggcaggata 60

tattgtggtg taaacaaatt gacgcttaga caacttaata acacattgcg gacgttttta 120

atgtactgaa ttggatccgc ccgggcggta ccgaattcgc ggccgcaagc ttgtacaacg 180

cgtaccggtt aattaatcta gaggcgcgcc gggcccggcc ggccagatct tgattgtcgt 240

ttcccgcctt cagtttaaac tatcagtgtt tgacaggata tattggcggg taaacctaag 300

agaaaagagc gtttattaga ataatcggat atttaaaagg gcgtgaaaag gtttatccgt 360

tcgtccattt gtatgtgcat gccaaccaca gggttcccct cgggagtgct tggcattccg 420

tgcgataatg acttctgttc aaccacccaa acgtcggaaa gcctgacgac ggagcagcat 480

tccaaaaaga tcccttggct cgtctgggtc ggctagaagg tcgagtgggc tgctgtggct 540

tgatccctca acgcggtcgc ggacgtagcg cagcgccgaa aaatcctcga tcgcaaatcc 600

gacgctgtcg aaaagcgtga tctgcttgtc gctctttcgg ccgacgtcct ggccagtcat 660

cacgcgccaa agttccgtca caggatgatc tggcgcgagt tgctggatct cgccttcaat 720

ccgggtctgt ggcgggaact ccacgaaaat atccgaacgc agcaagatcg tcgaccaatt 780

cttgaagacg aaagggcctc gtgatacgcc tatttttata ggttaatgtc atgataataa 840

tggtttctta gacgtcaggt ggcacttttc ggggaaatgt gcgcggaacc cctatttgtt 900

tatttttcta aatacattca aatatgtatc cgctcatgag acaataaccc tgataaatgc 960

ttcaataata ttgaaaaagg aagagtatga gtattcaaca tttccgtgtc gcccttattc 1020

ccttttttgc ggcattttgc cttcctgttt ttgctcaccc agaaacgctg gtgaaagtaa 1080

aagatgctga agatcagttg ggtgcacgag tgggttacat cgaactggat ctcaacagcg 1140

gtaagatcct tgagagtttt cgccccgaag aacgttttcc aatgatgagc acttttaaag 1200

ttctgctatg tggcgcggta ttatcccgtg ttgacgccgg gcaagagcaa ctcggtcgcc 1260

gcatacacta ttctcagaat gacttggttg agtactcacc agtcacagaa aagcatctta 1320

cggatggcat gacagtaaga gaattatgca gtgctgccat aaccatgagt gataacactg 1380

cggccaactt acttctgaca acgatcggag gaccgaagga gctaaccgct tttttgcaca 1440

acatggggga tcatgtaact cgccttgatc gttgggaacc ggagctgaat gaagccatac 1500

caaacgacga gcgtgacacc acgatgccgg gggggggggg gggggacatg aggttgcccc 1560

gtattcagtg tcgctgattt gtattgtctg aagttgtttt tacgttaagt tgatgcagat 1620
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caattaatac gatacctgcg tcataattga ttatttgacg tggtttgatg gcctccacgc 1680

acgttgtgat atgtagatga taatcattat cactttacgg gtcctttccg gtgatccgac 1740

aggttacggg gcggcgacct cgcgggtttt cgctatttat gaaaattttc cggtttaagg 1800

cgtttccgtt cttcttcgtc ataacttaat gtttttattt aaaataccct ctgaaaagaa 1860

aggaaacgac aggtgctgaa agcgagcttt ttggcctctg tcgtttcctt tctctgtttt 1920

tgtccgtgga atgaacaatg gaaccccccc cccccccccc tgcagcaatg gcaacaacgt 1980

tgcgcaaact attaactggc gaactactta ctctagcttc ccggcaacaa ttaatagact 2040

ggatggaggc ggataaagtt gcaggaccac ttctgcgctc ggcccttccg gctggctggt 2100

ttattgctga taaatctgga gccggtgagc gtgggtctcg cggtatcatt gcagcactgg 2160

ggccagatgg taagccctcc cgtatcgtag ttatctacac gacggggagt caggcaacta 2220

tggatgaacg aaatagacag atcgctgaga taggtgcctc actgattaag cattggtaac 2280

tgtcagacca agtttactca tatatacttt agattgattt aaaacttcat ttttaattta 2340

aaaggatcta ggtgaagatc ctttttgata atctcatgac caaaatccct taacgtgagt 2400

tttcgttcca ctgagcgtca gaccccgtag aaaagatcaa aggatcttct tgagatcctt 2460

tttttctgcg cgtaatctgc tgcttgcaaa caaaaaaacc accgctacca gcggtggttt 2520

gtttgccgga tcaagagcta ccaactcttt ttccgaaggt aactggcttc agcagagcgc 2580

agataccaaa tactgtcctt ctagtgtagc cgtagttagg ccaccacttc aagaactctg 2640

tagcaccgcc tacatacctc gctctgctaa tcctgttacc agtggctgct gccagtggcg 2700

ataagtcgtg tcttaccggg ttggactcaa gacgatagtt accggataag gcgcagcggt 2760

cgggctgaac ggggggttcg tgcacacagc ccagcttgga gcgaacgacc tacaccgaac 2820

tgagatacct acagcgtgag ctatgagaaa gcgccacgct tcccgaaggg agaaaggcgg 2880

acaggtatcc ggtaagcggc agggtcggaa caggagagcg cacgagggag cttccagggg 2940

gaaacgcctg gtatctttat agtcctgtcg ggtttcgcca cctctgactt gagcgtcgat 3000

ttttgtgatg ctcgtcaggg gggcggagcc tatggaaaaa cgccagcaac gcggcctttt 3060

tacggttcct ggccttttgc tggccttttg ctcacatgtt ctttcctgcg ttatcccctg 3120

attctgtgga taaccgtatt accgcctttg agtgagctga taccgctcgc cgcagccgaa 3180

cgaccgagcg cagcgagtca gtgagcgagg aagcggaaga gcgcctgatg cggtattttc 3240

tccttacgca tctgtgcggt atttcacacc gcatatggtg cactctcagt acaatctgct 3300

ctgatgccgc atagttaagc cagtatacac tccgctatcg ctacgtgact gggtcatggc 3360

tgcgccccga cacccgccaa cacccgctga cgcgccctga cgggcttgtc tgctcccggc 3420

atccgcttac agacaagctg tgaccgtctc cgggagctgc atgtgtcaga ggttttcacc 3480

gtcatcaccg aaacgcgcga ggcagcagat cccccgatca agtagataca ctacatatat 3540

ctacaataga catcgagccg gaaggtgatg tttactttcc tgaaatcccc agcaatttta 3600

ggccagtttt tacccaagac ttcgcctcta acataaatta tagttaccaa atctggcaaa 3660
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agggttgacc gggggggggg ggaaagccac gttgtgtctc aaaatctctg atgttacatt 3720

gcacaagata aaaatatatc atcatgaaca ataaaactgt ctgcttacat aaacagtaat 3780

acaaggggtg ttatgagcca tattcaacgg gaaacgtctt gctcgaggcc gcgattaaat 3840

tccaacatgg atgctgattt atatgggtat aaatgggctc gcgataatgt cgggcaatca 3900

ggtgcgacaa tctatcgatt gtatgggaag cccgatgcgc cagagttgtt tctgaaacat 3960

ggcaaaggta gcgttgccaa tgatgttaca gatgagatgg tcagactaaa ctggctgacg 4020

gaatttatgc ctcttccgac catcaagcat tttatccgta ctcctgatga tgcatggtta 4080

ctcaccactg cgatccccgg gaaaacagca ttccaggtat tagaagaata tcctgattca 4140

ggtgaaaata ttgttgatgc gctggcagtg ttcctgcgcc ggttgcattc gattcctgtt 4200

tgtaattgtc cttttaacag cgatcgcgta tttcgtctcg ctcaggcgca atcacgaatg 4260

aataacggtt tggttgatgc gagtgatttt gatgacgagc gtaatggctg gcctgttgaa 4320

caagtctgga aagaaatgca taagcttttg ccattctcac cggattcagt cgtcactcat 4380

ggtgatttct cacttgataa ccttattttt gacgagggga aattaatagg ttgtattgat 4440

gttggacgag tcggaatcgc agaccgatac caggatcttg ccatcctatg gaactgcctc 4500

ggtgagtttt ctccttcatt acagaaacgg ctttttcaaa aatatggtat tgataatcct 4560

gatatgaata aattgcagtt tcatttgatg ctcgatgagt ttttctaatc agaattggtt 4620

aattggttgt aacactggca gagcattacg ctgacttgac gggacggcgg ctttgttgaa 4680

taaatcgaac ttttgctgag ttgaaggatc agatcacgca tcttcccgac aacgcagacc 4740

gttccgtggc aaagcaaaag ttcaaaatca ccaactggtc cacctacaac aaagctctca 4800

tcaaccgtgg ctccctcact ttctggctgg atgatggggc gattcaggga tcacaggcag 4860

caacgctctg tcatcgttac aatcaacatg ctaccctccg cgagatcatc cgtgtttcaa 4920

acccggcagc ttagttgccg ttcttccgaa tagcatcggt aacatgagca aagtctgccg 4980

ccttacaacg gctctcccgc tgacgccgtc ccggactgat gggctgcctg tatcg 5035

<210> 10
<211> 8269
<212> DNA
<213> Artificial

<220>
<223> Nucleic acid sequence encoding T-DNA region of pRLMl66, a pRLMl75

derived binary vector containing p-ZmUBI+I: :c-dsdA: :t-OCS and
p-ScBV: :c-gusINT: :t-NOS cassettes.

<220>
<221> misc_feature
<222> (1)..(128)
<223> Left T-DNA border from pSBll

<220>
<221> misc_feature
<222> (47).. (71)
<223> Left T-DNA border repeat from pSBll

<220>



eolf-seql . txt
<221> promoter
<222> (162) . . (2149)
<22 3> Zea mays ubiqui t i n promoter wi t h f i rst i ntron

<220>
<221> Intron
<222> (1144). .(2149)
<223> zea mays ubiquitin gene first intron

<220>
<221> misc_feature
<222> (2192). .(3520)
<223> cds encodi ng E. coli D-seri ne dehydratase [dsdA]

<220>
<221> terminator
<222> (3558). .(4270)
<223> an octapine synthase terminator

<220>
<221> promoter
<222> (4343).. (5740)
<223> Sugarcane bacilliform virus [ScBV] promoter

<220>
<221> misc_feature
<222> (5772). .(7772)
<223> gusINT cds and intron

<220>
<221> Intron
<222> (6157). .(6345)
<223> PIV2 intron of guslNT, a modified potato ST-LSl intron

<220>
<221> terminator
<222> (7843).. (8095)
<22 3> 3'UTR of Nopal ine Synthase from Agrobacterium tumefaciens T-DNA

used as terminator

<220>
<221> misc_feature
<222> (8125).. (8269)
<223> right T-DNA border from pSBll

<220>
<221> misc_feature
<222> (8165). .(8188)
<223> right T-DNA border repeat from pSBll

<400> 10
gtgattttgt gccgagctgc cggtcgggga gctgttggct ggctggtggc aggatatatt 60

gtggtgtaaa caaattgacg cttagacaac ttaataacac attgcggacg tttttaatgt 120

actgaattgg atccgcccgg gcggtaccaa gcttccgcgg ctgcagtgca gcgtgacccg 180

gtcgtgcccc tctctagaga taatgagcat tgcatgtcta agttataaaa aattaccaca 240

tatttttttt gtcacacttg tttgaagtgc agtttatcta tctttataca tatatttaaa 300

ctttactcta cgaataatat aatctatagt actacaataa tatcagtgtt ttagagaatc 360

atataaatga acagttagac atggtctaaa ggacaattga gtattttgac aacaggactc 420

tacagtttta tctttttagt gtgcatgtgt tctccttttt ttttgcaaat agcttcacct 480

atataatact tcatccattt tattagtaca tccatttagg gtttagggtt aatggttttt 540
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atagactaat ttttttagta catctatttt attctatttt agcctctaaa ttaagaaaac 600

taaaactcta ttttagtttt tttatttaat agtttagata taaaatagaa taaaataaag 660

tgactaaaaa ttaaacaaat accctttaag aaattaaaaa aactaaggaa acatttttct 720

tgtttcgagt agataatgcc agcctgttaa acgccgtcga cgagtctaac ggacaccaac 780

cagcgaacca gcagcgtcgc gtcgggccaa gcgaagcaga cggcacggca tctctgtcgc 840

tgcctctgga cccctctcga gagttccgct ccaccgttgg acttgctccg ctgtcggcat 900

ccagaaattg cgtggcggag cggcagacgt gagccggcac ggcaggcggc ctcctcctcc 960

tctcacggca ccggcagcta cgggggattc ctttcccacc gctccttcgc tttcccttcc 1020

tcgcccgccg taataaatag acaccccctc cacaccctct ttccccaacc tcgtgttgtt 1080

cggagcgcac acacacacaa ccagatctcc cccaaatcca cccgtcggca cctccgcttc 1140

aaggtacgcc gctcgtcctc cccccccccc cccctctcta ccttctctag atcggcgttc 1200

cggtccatgg ttagggcccg gtagttctac ttctgttcat gtttgtgtta gatccgtgtt 1260

tgtgttagat ccgtgctgct agcgttcgta cacggatgcg acctgtacgt cagacacgtt 1320

ctgattgcta acttgccagt gtttctcttt ggggaatcct gggatggctc tagccgttcc 1380

gcagacggga tcgatttcat gatttttttt gtttcgttgc atagggtttg gtttgccctt 1440

ttcctttatt tcaatatatg ccgtgcactt gtttgtcggg tcatcttttc atgctttttt 1500

ttgtcttggt tgtgatgatg tggtctggtt gggcggtcgt tctagatcgg agtagaattc 1560

tgtttcaaac tacctggtgg atttattaat tttggatctg tatgtgtgtg ccatacatat 1620

tcatagttac gaattgaaga tgatggatgg aaatatcgat ctaggatagg tatacatgtt 1680

gatgcgggtt ttactgatgc atatacagag atgctttttg ttcgcttggt tgtgatgatg 1740

tggtgtggtt gggcggtcgt tcattcgttc tagatcggag tagaatactg tttcaaacta 1800

cctggtgtat ttattaattt tggaactgta tgtgtgtgtc atacatcttc atagttacga 1860

gtttaagatg gatggaaata tcgatctagg ataggtatac atgttgatgt gggttttact 1920

gatgcatata catgatggca tatgcagcat ctattcatat gctctaacct tgagtaccta 1980

tctattataa taaacaagta tgttttataa ttatttcgat cttgatatac ttggatgatg 2040

gcatatgcag cagctatatg tggatttttt tagccctgcc ttcatacgct atttatttgc 2100

ttggtactgt ttcttttgtc gatgctcacc ctgttgtttg gtgttacttc tgcagggtac 2160

ggatcctcat ctaagcgcaa agagacgtac tatggaaaac gctaaaatga actcgctcat 2220

cgcccagtat ccgttggtaa aggatctggt tgctcttaaa gaaaccacct ggtttaatcc 2280

tggcacgacc tcattggctg aaggtttacc ttatgttggc ctgaccgaac aggatgttca 2340

ggacgcccat gcgcgcttat cccgttttgc accctatctg gcaaaagcat ttcctgaaac 2400

tgctgccact ggggggatta ttgaatcaga actggttgcc attccagcta tgcaaaaacg 2460

gctggaaaaa gaatatcagc aaccgatcag cgggcaactg ttactgaaaa aagatagcca 2520

tttgcccatt tccggctcca taaaagcacg cggcgggatt tatgaagtcc tggcacacgc 2580

agaaaaactg gctctggaag cggggttgct gacgcttgat gatgactaca gcaaactgct 2640
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ttctccggag tttaaacagt tctttagcca atacagcatt gctgtgggct caaccggaaa 2700

tctggggtta tcaatcggca ttatgagcgc ccgcattggc tttaaggtga cagttcatat 2760

gtctgctgat gcccgggcat ggaaaaaagc gaaactgcgc agccatggcg ttacggtcgt 2820

ggaatatgag caagattatg gtgttgccgt cgaggaagga cgtaaagcag cgcagtctga 2880

cccgaactgt ttctttattg atgacgaaaa ttcccgcacg ttgttccttg ggtattccgt 2940

cgctggccag cgtcttaaag cgcaatttgc ccagcaaggc cgtatcgtcg atgctgataa 3000

ccctctgttt gtctatctgc cgtgtggtgt tggcggtggt cctggtggcg tcgcattcgg 3060

gcttaaactg gcgtttggcg atcatgttca ctgctttttt gccgaaccaa cgcactcccc 3120

ttgtatgttg ttaggcgtcc atacaggatt acacgatcag atttctgttc aggatattgg 3180

tatcgacaac cttaccgcag cggatggcct tgcagttggt cgcgcatcag gctttgtcgg 3240

gcgggcaatg gagcgtctgc tggatggctt ctataccctt agcgatcaaa ccatgtatga 3300

catgcttggc tggctggcgc aggaagaagg tattcgtctt gaaccttcgg cactggcggg 3360

tatggccgga cctcagcgcg tgtgtgcatc agtaagttac caacagatgc acggtttcag 3420

cgcagaacaa ctgcgtaata ccactcatct ggtgtgggcg acgggaggtg gaatggtgcc 3480

ggaagaagag atgaatcaat atctggcaaa aggccgttaa taacgtttca acgcagcatg 3540

gatcgtaccg agctcaatcg atcctgcttt aatgagatat gcgagacgcc tatgatcgca 3600

tgatatttgc tttcaattct gttgtgcacg ttgtaaaaaa cctgagcatg tgtagctcag 3660

atccttaccg ccggtttcgg ttcattctaa tgaatatatc acccgttact atcgtatttt 3720

tatgaataat attctccgtt caatttactg attgtaccct actacttata tgtacaatat 3780

taaaatgaaa acaatatatt gtgctgaata ggtttatagc gacatctatg atagagcgcc 3840

acaataacaa acaattgcgt tttattatta caaatccaat tttaaaaaaa gcggcagaac 3900

cggtcaaacc taaaagactg attacataaa tcttattcaa atttcaaaag tgccccaggg 3960

gctagtatct acgacacacc gagcggcgaa ctaataacgc tcactgaagg gaactccggt 4020

tccccgccgg cgcgcatggg tgagattcct tgaagttgag tattggccgt ccgctctacc 4080

gaaagttacg ggcaccattc aacccggtcc agcacggcgg ccgggtaacc gacttgctgc 4140

cccgagaatt atgcagcatt tttttggtgt atgtgggccc caaatgaagt gcaggtcaaa 4200

ccttgacagt gacgacaaat cgttgggcgg gtccagggcg aattttgcga caacatgtcg 4260

aggctcagca ggatgggccc aggtacagaa ttcgcggccg tacaacgcgt accggttaat 4320

taaggtaccc aattgcatat gtaatcctgg ctagcaacac tgaactatgc cagaaaccac 4380

atcaaagata tgggcaagct tcttggccca ttatatccaa agacctcaga gaaaggtgag 4440

cgaaggctca attcagaaga ttggaagctg atcaatagga tcaagacaat ggtgagaacg 4500

cttccaaatc tcactattcc accagaagat gcatacatta tcattgaaac agatgcatgt 4560

gcaactggat ggggagcagt atgcaagtgg aagaaaaaca aggcagaccc aagaaataca 4620

gagcaaatct gtaggtatgc cagtggaaaa tttgataagc caaaaggaac ctgtgatgca 4680
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gaaatctatg gggttatgaa tggcttagaa aagatgagat tgttctactt ggacaaaaga 4740

gagatcacag tcagaactga cagtagtgca atcgaaaggt tctacaacaa gagtgctgaa 4800

cacaagcctt ctgagatcag atggatcagg ttcatggact acatcactgg tgcaggacca 4860

gagatagtca ttgaacacat aaaagggaag agcaatggtt tagctgacat cttgtccagg 4920

ctcaaagcca aattagctca gaatgaacca acggaagaga tgatcctgct tacacaagcc 4980

ataagggaag taattcctta tccagatcat ccatacactg agcaactcag agaatgggga 5040

aacaaaattc tggatccatt ccccacattc aagaaggaca tgttcgaaag aacagagcaa 5100

gcttttatgc taacagagga accagttcta ctctgtgcat gcaggaagcc tgcaattcag 5160

ttagtgtcca gaacatctgc caacccagga aggaaattct tcaagtgcgc aatgaacaaa 5220

tgccattgct ggtactgggc agatctcatt gaagaacaca ttcaagacag aattgatgaa 5280

tttctcaaga atcttgaagt tctgaagacc ggtggcgtgc aaacaatgga ggaggaactt 5340

atgaaggaag tcaccaagct gaagatagaa gagcaggagt tcgaggaata ccaggccaca 5400

ccaagggcta tgtcgccagt agccgcagaa gatgtgctag atctccaaga cgtaagcaat 5460

gacgattgag gaggcattga cgtcagggat gaccgcagcg gagagtactg ggcccattca 5520

gtggatgctc cactgagttg tattattgtg tgcttttcgg acaagtgtgc tgtccacttt 5580

cttttggcac ctgtgccact ttattccttg tctgccacga tgcctttgct tagcttgtaa 5640

gcaaggatcg cagtgcgtgt gtgacaccac cccccttccg acgctctgcc tatataaggc 5700

accgtctgta agctcttacg atcatcggta gttcaccaag ggggtacgat ctccgggtag 5760

gtcagtccct tatgttacgt cctgtagaaa ccccaacccg tgaaatcaaa aaactcgacg 5820

gcctgtgggc attcagtctg gatcgcgaaa actgtggaat tggtcagcgt tggtgggaaa 5880

gcgcgttaca agaaagccgg gcaattgctg tgccaggcag ttttaacgat cagttcgccg 5940

atgcagatat tcgtaattat gcgggcaacg tctggtatca gcgcgaagtc tttataccga 6000

aaggttgggc aggccagcgt atcgtgctgc gtttcgatgc ggtcactcat tacggcaaag 6060

tgtgggtcaa taatcaggaa gtgatggagc atcagggcgg ctatacgcca tttgaagccg 6120

atgtcacgcc gtatgttatt gccgggaaaa gtgtacgtaa gtttctgctt ctacctttga 6180

tatatatata ataattatca ttaattagta gtaatataat atttcaaata tttttttcaa 6240

aataaaagaa tgtagtatat agcaattgct tttctgtagt ttataagtgt gtatatttta 6300

atttataact tttctaatat atgaccaaaa tttgttgatg tgcaggtatc accgtttgtg 6360

tgaacaacga actgaactgg cagactatcc cgccgggaat ggtgattacc gacgaaaacg 6420

gcaagaaaaa gcagtcttac ttccatgatt tctttaacta tgccggaatc catcgcagcg 6480

taatgctcta caccacgccg aacacctggg tggacgatat caccgtggtg acgcatgtcg 6540

cgcaagactg taaccacgcg tctgttgact ggcaggtggt ggccaatggt gatgtcagcg 6600

ttgaactgcg tgatgcggat caacaggtgg ttgcaactgg acaaggcact agcgggactt 6660

tgcaagtggt gaatccgcac ctctggcaac cgggtgaagg ttatctctat gaactgtgcg 6720

tcacagccaa aagccagaca gagtgtgata tctacccgct tcgcgtcggc atccggtcag 6780
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tggcagtgaa gggcgaacag ttcctgatta accacaaacc gttctacttt actggctttg 6840

gtcgtcatga agatgcggac ttgcgtggca aaggattcga taacgtgctg atggtgcacg 6900

accacgcatt aatggactgg attggggcca actcctaccg tacctcgcat tacccttacg 6960

ctgaagagat gctcgactgg gcagatgaac atggcatcgt ggtgattgat gaaactgctg 7020

ctgtcggctt taacctctct ttaggcattg gtttcgaagc gggcaacaag ccgaaagaac 7080

tgtacagcga agaggcagtc aacggggaaa ctcagcaagc gcacttacag gcgattaaag 7140

agctgatagc gcgtgacaaa aaccacccaa gcgtggtgat gtggagtatt gccaacgaac 7200

cggatacccg tccgcaaggt gcacgggaat atttcgcgcc actggcggaa gcaacgcgta 7260

aactcgaccc gacgcgtccg atcacctgcg tcaatgtaat gttctgcgac gctcacaccg 7320

ataccatcag cgatctcttt gatgtgctgt gcctgaaccg ttattacgga tggtatgtcc 7380

aaagcggcga tttggaaacg gcagagaagg tactggaaaa agaacttctg gcctggcagg 7440

agaaactgca tcagccgatt atcatcaccg aatacggcgt ggatacgtta gccgggctgc 7500

actcaatgta caccgacatg tggagtgaag agtatcagtg tgcatggctg gatatgtatc 7560

accgcgtctt tgatcgcgtc agcgccgtcg tcggtgaaca ggtatggaat ttcgccgatt 7620

ttgcgacctc gcaaggcata ttgcgcgttg gcggtaacaa gaaagggatc ttcactcgcg 7680

accgcaaacc gaagtcggcg gcttttctgc tgcaaaaacg ctggactggc atgaacttcg 7740

gtgaaaaacc gcagcaggga ggcaaacaat gaatcaacaa ctctcctggc gcaccatcgt 7800

cggctacagc ctcgggaatt gctaccgagc tcgaatttcc ccgatcgttc aaacatttgg 7860

caataaagtt tcttaagatt gaatcctgtt gccggtcttg cgatgattat catataattt 7920

ctgttgaatt acgttaagca tgtaataatt aacatgtaat gcatgacgtt atttatgaga 7980

tgggttttta tgattagagt cccgcaatta tacatttaat acgcgataga aaacaaaata 8040

tagcgcgcaa actaggataa attatcgcgc gcggtgtcat ctatgttact agatcgggaa 8100

ttcgggcccg gccggccaga tcttgattgt cgtttcccgc cttcagttta aactatcagt 8160

gtttgacagg atatattggc gggtaaacct aagagaaaag agcgtttatt agaataatcg 8220

gatatttaaa agggcgtgaa aaggtttatc cgttcgtcca tttgtatgt 8269

<210> 11
<211> 7838
<212> DNA
<213> Artificial

<220>
<223> Nucleic acid sequence encoding T-DNA region of pRLMl67, a pRLMl75

derived binary vector containing p-ZmUBI+I: :c-dsdA: :t-OCS and
p-ZmUBI+I: :c-PAT: :t-OCS cassettes.

<220>
<221> misc_feature
<222> (1)..(128)
<223> Left T-DNA border from pSBll

<220>
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<221> mi sc_feature
<222> (47) . . (71)
<223> Left T-DNA border repeat from pSBll

<220>
<221> promoter
<222> (162). .(2149)
<22 3> zea mays ubiqui t i n promoter wi t h f i rst i ntron

<220>
<221> Intron
<222> (1144). .(2149)
<223> Zea mays ubiquitin gene first intron

<220>
<221> misc_feature
<222> (2192). .(3520)
<223> cds encodi ng E. coli D-seri ne dehydratase [dsdA]

<220>
<221> terminator
<222> (3558).. (4270)
<223> an octapine synthase terminator

<220>
<221> promoter
<222> (4318).. (6305)
<22 3> Zea mays ubiqui t i n promoter wi t h f i rst i ntron

<220>
<221> Intron
<222> (5300). .(6305)
<223> zea mays ubiquitin gene first intron

<220>
<221> misc_feature
<222> (6335).. (6886)
<223> Phosphinothrici n Acetyl transferase synthetic gene/CDS, which

confers BASTA/PPT resistance

<220>
<221> terminator
<222> (7009).. (7619)
<223> an octapine synthase terminator

<220>
<221> misc_feature
<222> (7694). .(7838)
<223> right T-DNA border from pSBll

<220>
<221> misc_feature
<222> (7734). .(7757)
<223> right T-DNA border repeat from pSBll

<400> 11
gtgattttgt gccgagctgc cggtcgggga gctgttggct ggctggtggc aggatatatt 60

gtggtgtaaa caaattgacg cttagacaac ttaataacac attgcggacg tttttaatgt 120

actgaattgg atccgcccgg gcggtaccaa gcttccgcgg ctgcagtgca gcgtgacccg 180

gtcgtgcccc tctctagaga taatgagcat tgcatgtcta agttataaaa aattaccaca 240

tatttttttt gtcacacttg tttgaagtgc agtttatcta tctttataca tatatttaaa 300

ctttactcta cgaataatat aatctatagt actacaataa tatcagtgtt ttagagaatc 360

atataaatga acagttagac atggtctaaa ggacaattga gtattttgac aacaggactc 420
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tacagtttta tctttttagt gtgcatgtgt tctccttttt ttttgcaaat agcttcacct 480

atataatact tcatccattt tattagtaca tccatttagg gtttagggtt aatggttttt 540

atagactaat ttttttagta catctatttt attctatttt agcctctaaa ttaagaaaac 600

taaaactcta ttttagtttt tttatttaat agtttagata taaaatagaa taaaataaag 660

tgactaaaaa ttaaacaaat accctttaag aaattaaaaa aactaaggaa acatttttct 720

tgtttcgagt agataatgcc agcctgttaa acgccgtcga cgagtctaac ggacaccaac 780

cagcgaacca gcagcgtcgc gtcgggccaa gcgaagcaga cggcacggca tctctgtcgc 840

tgcctctgga cccctctcga gagttccgct ccaccgttgg acttgctccg ctgtcggcat 900

ccagaaattg cgtggcggag cggcagacgt gagccggcac ggcaggcggc ctcctcctcc 960

tctcacggca ccggcagcta cgggggattc ctttcccacc gctccttcgc tttcccttcc 1020

tcgcccgccg taataaatag acaccccctc cacaccctct ttccccaacc tcgtgttgtt 1080

cggagcgcac acacacacaa ccagatctcc cccaaatcca cccgtcggca cctccgcttc 1140

aaggtacgcc gctcgtcctc cccccccccc cccctctcta ccttctctag atcggcgttc 1200

cggtccatgg ttagggcccg gtagttctac ttctgttcat gtttgtgtta gatccgtgtt 1260

tgtgttagat ccgtgctgct agcgttcgta cacggatgcg acctgtacgt cagacacgtt 1320

ctgattgcta acttgccagt gtttctcttt ggggaatcct gggatggctc tagccgttcc 1380

gcagacggga tcgatttcat gatttttttt gtttcgttgc atagggtttg gtttgccctt 1440

ttcctttatt tcaatatatg ccgtgcactt gtttgtcggg tcatcttttc atgctttttt 1500

ttgtcttggt tgtgatgatg tggtctggtt gggcggtcgt tctagatcgg agtagaattc 1560

tgtttcaaac tacctggtgg atttattaat tttggatctg tatgtgtgtg ccatacatat 1620

tcatagttac gaattgaaga tgatggatgg aaatatcgat ctaggatagg tatacatgtt 1680

gatgcgggtt ttactgatgc atatacagag atgctttttg ttcgcttggt tgtgatgatg 1740

tggtgtggtt gggcggtcgt tcattcgttc tagatcggag tagaatactg tttcaaacta 1800

cctggtgtat ttattaattt tggaactgta tgtgtgtgtc atacatcttc atagttacga 1860

gtttaagatg gatggaaata tcgatctagg ataggtatac atgttgatgt gggttttact 1920

gatgcatata catgatggca tatgcagcat ctattcatat gctctaacct tgagtaccta 1980

tctattataa taaacaagta tgttttataa ttatttcgat cttgatatac ttggatgatg 2040

gcatatgcag cagctatatg tggatttttt tagccctgcc ttcatacgct atttatttgc 2100

ttggtactgt ttcttttgtc gatgctcacc ctgttgtttg gtgttacttc tgcagggtac 2160

ggatcctcat ctaagcgcaa agagacgtac tatggaaaac gctaaaatga actcgctcat 2220

cgcccagtat ccgttggtaa aggatctggt tgctcttaaa gaaaccacct ggtttaatcc 2280

tggcacgacc tcattggctg aaggtttacc ttatgttggc ctgaccgaac aggatgttca 2340

ggacgcccat gcgcgcttat cccgttttgc accctatctg gcaaaagcat ttcctgaaac 2400

tgctgccact ggggggatta ttgaatcaga actggttgcc attccagcta tgcaaaaacg 2460
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gctggaaaaa gaatatcagc aaccgatcag cgggcaactg ttactgaaaa aagatagcca 2520

tttgcccatt tccggctcca taaaagcacg cggcgggatt tatgaagtcc tggcacacgc 2580

agaaaaactg gctctggaag cggggttgct gacgcttgat gatgactaca gcaaactgct 2640

ttctccggag tttaaacagt tctttagcca atacagcatt gctgtgggct caaccggaaa 2700

tctggggtta tcaatcggca ttatgagcgc ccgcattggc tttaaggtga cagttcatat 2760

gtctgctgat gcccgggcat ggaaaaaagc gaaactgcgc agccatggcg ttacggtcgt 2820

ggaatatgag caagattatg gtgttgccgt cgaggaagga cgtaaagcag cgcagtctga 2880

cccgaactgt ttctttattg atgacgaaaa ttcccgcacg ttgttccttg ggtattccgt 2940

cgctggccag cgtcttaaag cgcaatttgc ccagcaaggc cgtatcgtcg atgctgataa 3000

ccctctgttt gtctatctgc cgtgtggtgt tggcggtggt cctggtggcg tcgcattcgg 3060

gcttaaactg gcgtttggcg atcatgttca ctgctttttt gccgaaccaa cgcactcccc 3120

ttgtatgttg ttaggcgtcc atacaggatt acacgatcag atttctgttc aggatattgg 3180

tatcgacaac cttaccgcag cggatggcct tgcagttggt cgcgcatcag gctttgtcgg 3240

gcgggcaatg gagcgtctgc tggatggctt ctataccctt agcgatcaaa ccatgtatga 3300

catgcttggc tggctggcgc aggaagaagg tattcgtctt gaaccttcgg cactggcggg 3360

tatggccgga cctcagcgcg tgtgtgcatc agtaagttac caacagatgc acggtttcag 3420

cgcagaacaa ctgcgtaata ccactcatct ggtgtgggcg acgggaggtg gaatggtgcc 3480

ggaagaagag atgaatcaat atctggcaaa aggccgttaa taacgtttca acgcagcatg 3540

gatcgtaccg agctcaatcg atcctgcttt aatgagatat gcgagacgcc tatgatcgca 3600

tgatatttgc tttcaattct gttgtgcacg ttgtaaaaaa cctgagcatg tgtagctcag 3660

atccttaccg ccggtttcgg ttcattctaa tgaatatatc acccgttact atcgtatttt 3720

tatgaataat attctccgtt caatttactg attgtaccct actacttata tgtacaatat 3780

taaaatgaaa acaatatatt gtgctgaata ggtttatagc gacatctatg atagagcgcc 3840

acaataacaa acaattgcgt tttattatta caaatccaat tttaaaaaaa gcggcagaac 3900

cggtcaaacc taaaagactg attacataaa tcttattcaa atttcaaaag tgccccaggg 3960

gctagtatct acgacacacc gagcggcgaa ctaataacgc tcactgaagg gaactccggt 4020

tccccgccgg cgcgcatggg tgagattcct tgaagttgag tattggccgt ccgctctacc 4080

gaaagttacg ggcaccattc aacccggtcc agcacggcgg ccgggtaacc gacttgctgc 4140

cccgagaatt atgcagcatt tttttggtgt atgtgggccc caaatgaagt gcaggtcaaa 4200

ccttgacagt gacgacaaat cgttgggcgg gtccagggcg aattttgcga caacatgtcg 4260

aggctcagca ggatgggccc aggtacagaa ttcgcggccg taccaagctt ccgcggctgc 4320

agtgcagcgt gacccggtcg tgcccctctc tagagataat gagcattgca tgtctaagtt 4380

ataaaaaatt accacatatt ttttttgtca cacttgtttg aagtgcagtt tatctatctt 4440

tatacatata tttaaacttt actctacgaa taatataatc tatagtacta caataatatc 4500

agtgttttag agaatcatat aaatgaacag ttagacatgg tctaaaggac aattgagtat 4560
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tttgacaaca ggactctaca gttttatctt tttagtgtgc atgtgttctc cttttttttt 4620

gcaaatagct tcacctatat aatacttcat ccattttatt agtacatcca tttagggttt 4680

agggttaatg gtttttatag actaattttt ttagtacatc tattttattc tattttagcc 4740

tctaaattaa gaaaactaaa actctatttt agttttttta tttaatagtt tagatataaa 4800

atagaataaa ataaagtgac taaaaattaa acaaataccc tttaagaaat taaaaaaact 4860

aaggaaacat ttttcttgtt tcgagtagat aatgccagcc tgttaaacgc cgtcgacgag 4920

tctaacggac accaaccagc gaaccagcag cgtcgcgtcg ggccaagcga agcagacggc 4980

acggcatctc tgtcgctgcc tctggacccc tctcgagagt tccgctccac cgttggactt 5040

gctccgctgt cggcatccag aaattgcgtg gcggagcggc agacgtgagc cggcacggca 5100

ggcggcctcc tcctcctctc acggcaccgg cagctacggg ggattccttt cccaccgctc 5160

cttcgctttc ccttcctcgc ccgccgtaat aaatagacac cccctccaca ccctctttcc 5220

ccaacctcgt gttgttcgga gcgcacacac acacaaccag atctccccca aatccacccg 5280

tcggcacctc cgcttcaagg tacgccgctc gtcctccccc cccccccccc tctctacctt 5340

ctctagatcg gcgttccggt ccatggttag ggcccggtag ttctacttct gttcatgttt 5400

gtgttagatc cgtgtttgtg ttagatccgt gctgctagcg ttcgtacacg gatgcgacct 5460

gtacgtcaga cacgttctga ttgctaactt gccagtgttt ctctttgggg aatcctggga 5520

tggctctagc cgttccgcag acgggatcga tttcatgatt ttttttgttt cgttgcatag 5580

ggtttggttt gcccttttcc tttatttcaa tatatgccgt gcacttgttt gtcgggtcat 5640

cttttcatgc ttttttttgt cttggttgtg atgatgtggt ctggttgggc ggtcgttcta 5700

gatcggagta gaattctgtt tcaaactacc tggtggattt attaattttg gatctgtatg 5760

tgtgtgccat acatattcat agttacgaat tgaagatgat ggatggaaat atcgatctag 5820

gataggtata catgttgatg cgggttttac tgatgcatat acagagatgc tttttgttcg 5880

cttggttgtg atgatgtggt gtggttgggc ggtcgttcat tcgttctaga tcggagtaga 5940

atactgtttc aaactacctg gtgtatttat taattttgga actgtatgtg tgtgtcatac 6000

atcttcatag ttacgagttt aagatggatg gaaatatcga tctaggatag gtatacatgt 6060

tgatgtgggt tttactgatg catatacatg atggcatatg cagcatctat tcatatgctc 6120

taaccttgag tacctatcta ttataataaa caagtatgtt ttataattat ttcgatcttg 6180

atatacttgg atgatggcat atgcagcagc tatatgtgga tttttttagc cctgccttca 6240

tacgctattt atttgcttgg tactgtttct tttgtcgatg ctcaccctgt tgtttggtgt 6300

tacttctgca gggtacggat cctctagagt cgacatgtct ccggagagga gaccagttga 6360

gattaggcca gctacagcag ccgatatggc cgcggtttgt gacatcgtta accattacat 6420

tgagacgtct acagtgaact ttaggacaga gccacaaaca ccacaagagt ggattgatga 6480

cctagagagg ttgcaagata gatacccttg gttggttgct gaggttgagg gtgttgtggc 6540

tggtattgct tacgctgggc cctggaaggc taggaacgct tacgattgga cagttgagag 6600
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tactgtttac gtgtcacata ggcatcaaag gttgggccta ggatctacat tgtacacaca 6660

tttgcttaag tctatggagg cgcaaggttt taagtctgtg gttgctgtta taggccttcc 6720

aaacgatcca tctgttaggt tgcatgaggc tttgggatac acagcgcggg gtacattgcg 6780

cgcggctgga tacaagcatg gtggatggca tgatgttggt ttttggcaaa gggattttga 6840

gttgccagct cctccaaggc cagttaggcc agttacccag atctgagtcg acctgcagga 6900

gctcaatcga tcctgcttta atgagatatg cgagacgcct atgatcgcat gatatttgct 6960

ttcaattctg ttgtgcacgt tgtaaaaaac ctgagcatgt gtagctcaga tccttaccgc 7020

cggtttcggt tcattctaat gaatatatca cccgttacta tcgtattttt atgaataata 7080

ttctccgttc aatttactga ttgtacccta ctacttatat gtacaatatt aaaatgaaaa 7140

caatatattg tgctgaatag gtttatagcg acatctatga tagagcgcca caataacaaa 7200

caattgcgtt ttattattac aaatccaatt ttaaaaaaag cggcagaacc ggtcaaacct 7260

aaaagactga ttacataaat cttattcaaa tttcaaaagt gccccagggg ctagtatcta 7320

cgacacaccg agcggcgaac taataacgct cactgaaggg aactccggtt ccccgccggc 7380

gcgcatgggt gagattcctt gaagttgagt attggccgtc cgctctaccg aaagttacgg 7440

gcaccattca acccggtcca gcacggcggc cgggtaaccg acttgctgcc ccgagaatta 7500

tgcagcattt ttttggtgta tgtgggcccc aaatgaagtg caggtcaaac cttgacagtg 7560

acgacaaatc gttgggcggg tccagggcga attttgcgac aacatgtcga ggctcagcag 7620

gatgggccca ggtacagaat tcgcggccgc ttaattaatc tagaggcgcg ccgggcccgg 7680

ccggccagat cttgattgtc gtttcccgcc ttcagtttaa actatcagtg tttgacagga 7740

tatattggcg ggtaaaccta agagaaaaga gcgtttatta gaataatcgg atatttaaaa 7800

gggcgtgaaa aggtttatcc gttcgtccat ttgtatgt 7838

<210> 12
<211> 8479
<212> DNA
<213> Artificial

<220>
<223> Nucleic acid sequence encoding T-DNA region of pRLMl79, a pRLMl75

derived binary vector containing ZmAHASL2/Xi 12 and
p-ZmUBI+I: :c-dsdA: :t-OCS cassettes.

<220>
<221> misc_feature
<222> (1)..(128)
<223> Left T-DNA border from pSBll

<220>
<221> misc_feature
<222> (47).. (71)
<223> Left T-DNA border repeat from pSBll

<220>
<221> promoter
<222> (187).. (986)
<223> AHASL2 [XI12] 5'/UTR promoter for Zea mays gene for

acetohydroxyacid synthase (AHAS108)
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<220>
<221> misc_feature
<222> (987).. (2903)
<223> AHASL2 [XI12] cds for Zea mays gene for acetohydroxyacid synthase

(AHAS108) which confers resistance to IMI herbicides.

<220>
<221> mutation
<222> (2847). .(2849)
<223> S621N mutation in AHASL2 [XI12] for Z .mays gene for

acetohydroxyacid synthase (AHAS108) , confers resistance to IMI
herbicides.

<220>
<221> terminator
<222> (2902). .(4112)
<223> AHASL2 [XI12] 3'/UTR for Zea mays gene for acetohydroxyacid

synthase (AHAS108) .

<220>
<221> promoter
<222> (4152).. (6139)
<22 3> Zea mays ubiqui t i n promoter wi t h f i rst i ntron

<220>
<221> Intron
<222> (5134). .(6139)
<223> Zea mays ubiquitin gene first intron

<220>
<221> misc_feature
<222> (6182). .(7510)
<223> cds encodi ng E. coli D-seri ne dehydratase [dsdA]

<22O>
<221> terminator
<222> (7552).. (8260)
<223> an octapine synthase terminator

<220>
<221> misc_feature
<222> (8335).. (8479)
<223> right T-DNA border from pSBll

<220>
<221> misc_feature
<222> (8375). .(8398)
<223> right T-DNA border repeat from pSBll

<400> 12
gtgattttgt gccgagctgc cggtcgggga gctgttggct ggctggtggc aggatatatt 60

gtggtgtaaa caaattgacg cttagacaac ttaataacac attgcggacg tttttaatgt 120

actgaattgg atccgcccgg gcggtacccg gggatcctct agaactagtg gatcccccgg 180

gctgcaggtc aacggatcac ctatcaacat cccagctaaa aacagtaaaa agggggaaaa 240

cgtgggtgag ttgagtctgt cttgtggaaa aaacgtttta gtttctcctg gaattaacaa 300

taaaaacagt tgaacaagat tgactgttcc tccgggaggg tttggaacat cgttacagat 360

gtgagcgaaa ggtgaggaaa cagagcggag ggcttggagg tgacctcggt agtcgacgcc 420

ggagttgagc ttgatgacga caccgtactg gcgtaccagg cctagtagtg aacaccgggc 480

ctgaagctgt cgccgccgct gctcatcttg tgggctgtgc ccggtgtccc tgttgcggat 540



eolf-seql .txt
tgcgggtggc agcctggcag gtgggtgcga cccgtttgga ctccctgatc tgggcccttt 600

gtgtcagtac cgtctgtact ccgatgacat gcacaccgtc gtccacagtc aagtccacaa 660

tctcccctct ttttttaacg gaatagttca aaatctcctt gacgcacgct atcgtgtacc 720

agcgctcact ggacaccacg tttgtaatcc acgccgacac gtcggtccca cgtcgacagg 780

ccccaccgtc cggtctgtag cgtgtacgta ttcgggcgac ggacgtgtcg tcgtcgtctt 840

gcgagtccca ttcccatcac catctgagcc acacatcctc tgaacaaaag cagggaggcc 900

tctacgcaca tccccctttc tcccactccg tgtccgtggc acccacccca aaccctcgcg 960

ccgcctccga gacagccgcc gcaaccatgg ccaccgccgc cgccgcgtct accgcgctca 1020

ctggcgccac taccgctgcg cccaaggcga ggcgccgggc gcacctcctg gccacccgcc 1080

gcgccctcgc cgcgcccatc aggtgctcag cggcgtcacc cgccatgccg atggctcccc 1140

cggccacccc gctccggccg tggggcccca ccgatccccg caagggcgcc gacatcctcg 1200

tcgagtccct cgagcgctgc ggcgtccgcg acgtcttcgc ctaccccggc ggcgcgtcca 1260

tggagatcca ccaggcactc acccgctccc ccgtcatcgc caaccacctc ttccgccacg 1320

agcaagggga ggcctttgcg gcctccggct acgcgcgctc ctcgggccgc gtcggcgtct 1380

gcatcgccac ctccggcccc ggcgccacca accttgtctc cgcgctcgcc gacgcgctgc 1440

tcgattccgt ccccatggtc gccatcacgg gacaggtgcc gcgacgcatg attggcaccg 1500

acgccttcca ggagacgccc atcgtcgagg tcacccgctc catcaccaag cacaactacc 1560

tggtcctcga cgtcgacgac atcccccgcg tcgtgcagga ggctttcttc ctcgcctcct 1620

ctggtcgacc ggggccggtg cttgtcgaca tccccaagga catccagcag cagatggcgg 1680

tgcctgtctg ggacaagccc atgagtctgc ctgggtacat tgcgcgcctt cccaagcccc 1740

ctgcgactga gttgcttgag caggtgctgc gtcttgttgg tgaatcccgg cgccctgttc 1800

tttatgttgg cggtggctgc gcagcatctg gtgaggagtt gcgacgcttt gtggagctga 1860

ctggaatccc ggtcacaact actcttatgg gcctcggcaa cttccccagc gacgacccac 1920

tgtctctgcg catgctaggt atgcatggca cggtgtatgc aaattatgca gtggataagg 1980

ccgatctgtt gcttgcactt ggtgtgcggt ttgatgatcg tgtgacaggg aagattgagg 2040

cttttgcaag cagggctaag attgtgcacg ttgatattga tccggctgag attggcaaga 2100

acaagcagcc acatgtgtcc atctgtgcag atgttaagct tgctttgcag ggcatgaatg 2160

ctcttcttga aggaagcaca tcaaagaaga gctttgactt tggctcatgg aacgatgagt 2220

tggatcagca gaagagggaa ttcccccttg ggtataaaac atctaatgag gagatccagc 2280

cacaatatgc tattcaggtt cttgatgagc tgacgaaagg cgaggccatc atcggcacag 2340

gtgttgggca gcaccagatg tgggcggcac agtactacac ttacaagcgg ccaaggcagt 2400

ggttgtcttc agctggtctt ggggctatgg gatttggttt gccggctgct gctggtgctt 2460

ctgtggccaa cccaggtgtt actgttgttg acatcgatgg agatggtagc tttctcatga 2520

acgttcagga gctagctatg atccgaattg agaacctccc ggtgaaggtc tttgtgctaa 2580

acaaccagca cctggggatg gtggtgcagt gggaggacag gttctataag gccaacagag 2640
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cgcacacata cttgggaaac ccagagaatg aaagtgagat atatccagat ttcgtgacga 2700

tcgccaaagg gttcaacatt ccagcggtcc gtgtgacaaa gaagaacgaa gtccgcgcag 2760

cgataaagaa gatgctcgag actccagggc cgtacctctt ggatataatc gtcccacacc 2820

aggagcatgt gttgcctatg atccctaatg gtggggcttt caaggatatg atcctggatg 2880

gtgatggcag gactgtgtac tgatctaaaa tccagcaagc aactgatcta aaatccagca 2940

agcaccgcct ccctgctagt acaagggtga tatgttttta tctgtgtgat gttctcctgt 3000

attctatctt tttttgtagg ccgtcagcta tctgttatgg taatcctatg tagcttccga 3060

ccttgtaatt gtgtagtctg ttgttttcct tctggcatgt gtcataagag atcatttaag 3120

tgccttttgc tacatataaa taagataata agcactgcta tgcagtggtt ctgaattggc 3180

ttctgttgcc aaatttaagt gtccaactgg tccttgcttt tgttttcgct atttttttcc 3240

ttttttagtt attattatat tggtaatttc aactcaacat atgatgtatg gaataatgct 3300

agggctgcaa tttcaaacta ttttacaaac cagaatggca ttttcgtggt ttgaggggag 3360

tgaaaaaaaa tgaggcattt gactgaatta gttacctgat ccattttcgt ggtttggatc 3420

attggaatta aattccattc taataatagt aattttggca tatatcaatt aagttaattc 3480

ggttttatgc aaaatatatt tgtatactat tattatcaag atgtcggaga tatttatatg 3540

ctacattttt actatacagg agtgagatga agagtgtcat gtaagttaca cagtagaaac 3600

aaattctatt aatgcataaa atcatttcca tcatccaccc tatgaatttg agatagacct 3660

atatctaaac tttgaaaagt ggttgaatat caaattccaa attaaataag ttattttatt 3720

gagtgaattc taatttctct aaaacgaagg gatctaaacg ccctctaaag ctaatttgga 3780

aactcaaact ttcttagcat tggaggggat tgagaaaaaa tattaattca ttttcatctc 3840

aatcattcaa tctccaaaga gatttgagtt ccttattagt ctgttccatg catcaaatcg 3900

gctcaatgtg tcattatttg ccatgacgat tgacgagttg ttctggggcc tagcgctttc 3960

cacgccgatg tgctggggcc tggtcctgga gaagacagct tgatatttaa agctatcaat 4020

tgtttcaatt gattcccact tcatttttct aaatgtagaa aacggtgacg tataagaaaa 4080

agaatgaatt aggactttta ttccgtacac taatctagag cggccgcaag cttgtaccaa 4140

gcttccgcgg ctgcagtgca gcgtgacccg gtcgtgcccc tctctagaga taatgagcat 4200

tgcatgtcta agttataaaa aattaccaca tatttttttt gtcacacttg tttgaagtgc 4260

agtttatcta tctttataca tatatttaaa ctttactcta cgaataatat aatctatagt 4320

actacaataa tatcagtgtt ttagagaatc atataaatga acagttagac atggtctaaa 4380

ggacaattga gtattttgac aacaggactc tacagtttta tctttttagt gtgcatgtgt 4440

tctccttttt ttttgcaaat agcttcacct atataatact tcatccattt tattagtaca 4500

tccatttagg gtttagggtt aatggttttt atagactaat ttttttagta catctatttt 4560

attctatttt agcctctaaa ttaagaaaac taaaactcta ttttagtttt tttatttaat 4620

agtttagata taaaatagaa taaaataaag tgactaaaaa ttaaacaaat accctttaag 4680
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aaattaaaaa aactaaggaa acatttttct tgtttcgagt agataatgcc agcctgttaa 4740

acgccgtcga cgagtctaac ggacaccaac cagcgaacca gcagcgtcgc gtcgggccaa 4800

gcgaagcaga cggcacggca tctctgtcgc tgcctctgga cccctctcga gagttccgct 4860

ccaccgttgg acttgctccg ctgtcggcat ccagaaattg cgtggcggag cggcagacgt 4920

gagccggcac ggcaggcggc ctcctcctcc tctcacggca ccggcagcta cgggggattc 4980

ctttcccacc gctccttcgc tttcccttcc tcgcccgccg taataaatag acaccccctc 5040

cacaccctct ttccccaacc tcgtgttgtt cggagcgcac acacacacaa ccagatctcc 5100

cccaaatcca cccgtcggca cctccgcttc aaggtacgcc gctcgtcctc cccccccccc 5160

cccctctcta ccttctctag atcggcgttc cggtccatgg ttagggcccg gtagttctac 5220

ttctgttcat gtttgtgtta gatccgtgtt tgtgttagat ccgtgctgct agcgttcgta 5280

cacggatgcg acctgtacgt cagacacgtt ctgattgcta acttgccagt gtttctcttt 5340

ggggaatcct gggatggctc tagccgttcc gcagacggga tcgatttcat gatttttttt 5400

gtttcgttgc atagggtttg gtttgccctt ttcctttatt tcaatatatg ccgtgcactt 5460

gtttgtcggg tcatcttttc atgctttttt ttgtcttggt tgtgatgatg tggtctggtt 5520

gggcggtcgt tctagatcgg agtagaattc tgtttcaaac tacctggtgg atttattaat 5580

tttggatctg tatgtgtgtg ccatacatat tcatagttac gaattgaaga tgatggatgg 5640

aaatatcgat ctaggatagg tatacatgtt gatgcgggtt ttactgatgc atatacagag 5700

atgctttttg ttcgcttggt tgtgatgatg tggtgtggtt gggcggtcgt tcattcgttc 5760

tagatcggag tagaatactg tttcaaacta cctggtgtat ttattaattt tggaactgta 5820

tgtgtgtgtc atacatcttc atagttacga gtttaagatg gatggaaata tcgatctagg 5880

ataggtatac atgttgatgt gggttttact gatgcatata catgatggca tatgcagcat 5940

ctattcatat gctctaacct tgagtaccta tctattataa taaacaagta tgttttataa 6000

ttatttcgat cttgatatac ttggatgatg gcatatgcag cagctatatg tggatttttt 6060

tagccctgcc ttcatacgct atttatttgc ttggtactgt ttcttttgtc gatgctcacc 6120

ctgttgtttg gtgttacttc tgcagggtac ggatcctcat ctaagcgcaa agagacgtac 6180

tatggaaaac gctaaaatga actcgctcat cgcccagtat ccgttggtaa aggatctggt 6240

tgctcttaaa gaaaccacct ggtttaatcc tggcacgacc tcattggctg aaggtttacc 6300

ttatgttggc ctgaccgaac aggatgttca ggacgcccat gcgcgcttat cccgttttgc 6360

accctatctg gcaaaagcat ttcctgaaac tgctgccact ggggggatta ttgaatcaga 6420

actggttgcc attccagcta tgcaaaaacg gctggaaaaa gaatatcagc aaccgatcag 6480

cgggcaactg ttactgaaaa aagatagcca tttgcccatt tccggctcca taaaagcacg 6540

cggcgggatt tatgaagtcc tggcacacgc agaaaaactg gctctggaag cggggttgct 6600

gacgcttgat gatgactaca gcaaactgct ttctccggag tttaaacagt tctttagcca 6660

atacagcatt gctgtgggct caaccggaaa tctggggtta tcaatcggca ttatgagcgc 6720

ccgcattggc tttaaggtga cagttcatat gtctgctgat gcccgggcat ggaaaaaagc 6780



eolf-seql .txt

gaaactgcgc agccatggcg ttacggtcgt ggaatatgag caagattatg gtgttgccgt 6840

cgaggaagga cgtaaagcag cgcagtctga cccgaactgt ttctttattg atgacgaaaa 6900

ttcccgcacg ttgttccttg ggtattccgt cgctggccag cgtcttaaag cgcaatttgc 6960

ccagcaaggc cgtatcgtcg atgctgataa ccctctgttt gtctatctgc cgtgtggtgt 7020

tggcggtggt cctggtggcg tcgcattcgg gcttaaactg gcgtttggcg atcatgttca 7080

ctgctttttt gccgaaccaa cgcactcccc ttgtatgttg ttaggcgtcc atacaggatt 7140

acacgatcag atttctgttc aggatattgg tatcgacaac cttaccgcag cggatggcct 7200

tgcagttggt cgcgcatcag gctttgtcgg gcgggcaatg gagcgtctgc tggatggctt 7260

ctataccctt agcgatcaaa ccatgtatga catgcttggc tggctggcgc aggaagaagg 7320

tattcgtctt gaaccttcgg cactggcggg tatggccgga cctcagcgcg tgtgtgcatc 7380

agtaagttac caacagatgc acggtttcag cgcagaacaa ctgcgtaata ccactcatct 7440

ggtgtgggcg acgggaggtg gaatggtgcc ggaagaagag atgaatcaat atctggcaaa 7500

aggccgttaa taacgtttca acgcagcatg gatcgtaccg agctcaatcg atcctgcttt 7560

aatgagatat gcgagacgcc tatgatcgca tgatatttgc tttcaattct gttgtgcacg 7620

ttgtaaaaaa cctgagcatg tgtagctcag atccttaccg ccggtttcgg ttcattctaa 7680

tgaatatatc acccgttact atcgtatttt tatgaataat attctccgtt caatttactg 7740

attgtaccct actacttata tgtacaatat taaaatgaaa acaatatatt gtgctgaata 7800

ggtttatagc gacatctatg atagagcgcc acaataacaa acaattgcgt tttattatta 7860

caaatccaat tttaaaaaaa gcggcagaac cggtcaaacc taaaagactg attacataaa 7920

tcttattcaa atttcaaaag tgccccaggg gctagtatct acgacacacc gagcggcgaa 7980

ctaataacgc tcactgaagg gaactccggt tccccgccgg cgcgcatggg tgagattcct 8040

tgaagttgag tattggccgt ccgctctacc gaaagttacg ggcaccattc aacccggtcc 8100

agcacggcgg ccgggtaacc gacttgctgc cccgagaatt atgcagcatt tttttggtgt 8160

atgtgggccc caaatgaagt gcaggtcaaa ccttgacagt gacgacaaat cgttgggcgg 8220

gtccagggcg aattttgcga caacatgtcg aggctcagca ggatgggccc aggtacagaa 8280

ttcgcggccg cttaattaat ctagaggcgc gccgggcccg gccggccaga tcttgattgt 8340

cgtttcccgc cttcagttta aactatcagt gtttgacagg atatattggc gggtaaacct 8400

aagagaaaag agcgtttatt agaataatcg gatatttaaa agggcgtgaa aaggtttatc 8460

cgttcgtcca tttgtatgt 8479

<210> 13
<211> 8017
<212> DNA
<213> Artificial

<220>
<223> Nucleic acid sequence encoding T-DNA region of pRLM205, a pRLMl75

derived binary vector containing p-ZmUBI+I: :c-daol: :t-OCS and
p-ScBV: :c-gusINT: :t-NOS cassettes.
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<220>
<221> mi sc_feature
<222> (1) . . (128)
<223> Left T-DNA border from pSBll

<220>
<221> misc_feature
<222> (47).. (71)
<223> Left T-DNA border repeat from pSBll

<220>
<221> promoter
<222> (162). .(2149)
<22 3> Zea mays ubiqui t i n promoter wi t h f i rst i πtron

<220>
<221> Intron
<222> (1144). .(2149)
<223> Zea mays ubiquitin gene first intron

<220>
<221> misc_feature
<222> (2192).. (3298)
<22 3> cds encodi ng Rhodosporidi u m toruloi des D-ami no acid oxidase

(daol)

<220>
<221> terminator
<222> (3227). .(4035)
<223> an octapine synthase terminator

<220>
<221> promoter
<222> (4094).. (5491)
<223> Sugarcane bacilliform virus [ScBV] promoter

<220>
<221> misc_feature
<222> (5523).. (7520)
<223> guslNT cds and intron

<220>
<221> Intron
<222> (5908). .(6096)
<223> PIV2 i ntron of guslNT, a modified potato ST-LSl i ntron

<220>
<221> terminator
<222> (7591). .(7843)
<223> 3'UTR of Nopal ine Synthase from Agrobacterium tumefaciens T-DNA

used as terminator

<220>
<221> misc_feature
<222> (7873).. (8017)
<223> right T-DNA border from pSBll

<220>
<221> misc_feature
<222> (7913). .(7936)
<223> right T-DNA border repeat from pSBll

<400> 13
gtgattttgt gccgagctgc cggtcgggga gctgttggct ggctggtggc aggatatatt 60

gtggtgtaaa caaattgacg cttagacaac ttaataacac attgcggacg tttttaatgt 120
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actgaattgg atccgcccgg gcggtaccaa gcttccgcgg ctgcagtgca gcgtgacccg 180

gtcgtgcccc tctctagaga taatgagcat tgcatgtcta agttataaaa aattaccaca 240

tatttttttt gtcacacttg tttgaagtgc agtttatcta tctttataca tatatttaaa 300

ctttactcta cgaataatat aatctatagt actacaataa tatcagtgtt ttagagaatc 360

atataaatga acagttagac atggtctaaa ggacaattga gtattttgac aacaggactc 420

tacagtttta tctttttagt gtgcatgtgt tctccttttt ttttgcaaat agcttcacct 480

atataatact tcatccattt tattagtaca tccatttagg gtttagggtt aatggttttt 540

atagactaat ttttttagta catctatttt attctatttt agcctctaaa ttaagaaaac 600

taaaactcta ttttagtttt tttatttaat agtttagata taaaatagaa taaaataaag 660

tgactaaaaa ttaaacaaat accctttaag aaattaaaaa aactaaggaa acatttttct 720

tgtttcgagt agataatgcc agcctgttaa acgccgtcga cgagtctaac ggacaccaac 780

cagcgaacca gcagcgtcgc gtcgggccaa gcgaagcaga cggcacggca tctctgtcgc 840

tgcctctgga cccctctcga gagttccgct ccaccgttgg acttgctccg ctgtcggcat 900

ccagaaattg cgtggcggag cggcagacgt gagccggcac ggcaggcggc ctcctcctcc 960

tctcacggca ccggcagcta cgggggattc ctttcccacc gctccttcgc tttcccttcc 1020

tcgcccgccg taataaatag acaccccctc cacaccctct ttccccaacc tcgtgttgtt 1080

cggagcgcac acacacacaa ccagatctcc cccaaatcca cccgtcggca cctccgcttc 1140

aaggtacgcc gctcgtcctc cccccccccc cccctctcta ccttctctag atcggcgttc 1200

cggtccatgg ttagggcccg gtagttctac ttctgttcat gtttgtgtta gatccgtgtt 1260

tgtgttagat ccgtgctgct agcgttcgta cacggatgcg acctgtacgt cagacacgtt 1320

ctgattgcta acttgccagt gtttctcttt ggggaatcct gggatggctc tagccgttcc 1380

gcagacggga tcgatttcat gatttttttt gtttcgttgc atagggtttg gtttgccctt 1440

ttcctttatt tcaatatatg ccgtgcactt gtttgtcggg tcatcttttc atgctttttt 1500

ttgtcttggt tgtgatgatg tggtctggtt gggcggtcgt tctagatcgg agtagaattc 1560

tgtttcaaac tacctggtgg atttattaat tttggatctg tatgtgtgtg ccatacatat 1620

tcatagttac gaattgaaga tgatggatgg aaatatcgat ctaggatagg tatacatgtt 1680

gatgcgggtt ttactgatgc atatacagag atgctttttg ttcgcttggt tgtgatgatg 1740

tggtgtggtt gggcggtcgt tcattcgttc tagatcggag tagaatactg tttcaaacta 1800

cctggtgtat ttattaattt tggaactgta tgtgtgtgtc atacatcttc atagttacga 1860

gtttaagatg gatggaaata tcgatctagg ataggtatac atgttgatgt gggttttact 1920

gatgcatata catgatggca tatgcagcat ctattcatat gctctaacct tgagtaccta 1980

tctattataa taaacaagta tgttttataa ttatttcgat cttgatatac ttggatgatg 2040

gcatatgcag cagctatatg tggatttttt tagccctgcc ttcatacgct atttatttgc 2100

ttggtactgt ttcttttgtc gatgctcacc ctgttgtttg gtgttacttc tgcagggtac 2160

ggatccggcg cgccactagt cccgggccac catgcactcg cagaagcgcg tcgttgtcct 2220
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cggatcaggc gttatcggtc tgagcagcgc cctcatcctc gctcggaagg gctacagcgt 2280

gcatattctc gcgcgcgact tgccggagga cgtctcgagc cagactttcg cttcaccatg 2340

ggctggcgcg aattggacgc ctttcatgac gcttacagac ggtcctcgac aagcaaaatg 2400

ggaagaatcg actttcaaga agtgggtcga gttggtcccg acgggccatg ccatgtggct 2460

caaggggacg aggcggttcg cgcagaacga agacggcttg ctcgggcact ggtacaagga 2520

catcacgcca aattaccgcc ccctcccatc ttccgaatgt ccacctggcg ctatcggcgt 2580

aacctacgac accctctccg tccacgcacc aaagtactgc cagtaccttg caagagagct 2640

gcagaagctc ggcgcgacgt ttgagagacg gaccgttacg tcgcttgagc aggcgttcga 2700

cggtgcggat ttggtggtca acgctacggg acttggcgcc aagtcgattg cgggcatcga 2760

cgaccaagcc gccgagccaa tccgcgggca aaccgtcctc gtcaagtccc catgcaagcg 2820

atgcacgatg gactcgtccg accccgcttc tcccgcctac atcattcccc gaccaggtgg 2880

cgaagtcatc tgcggcggga cgtacggcgt gggagactgg gacttgtctg tcaacccaga 2940

gacggtccag cggatcctca agcactgctt gcgcctcgac ccgaccatct cgagcgacgg 3000

aacgatcgaa ggcatcgagg tcctccgcca caacgtcggc ttgcgacctg cacgacgagg 3060

cggaccccgc gttgaggcag aacggatcgt cctgcctctc gaccggacaa agtcgcccct 3120

ctcgctcggc aggggcagcg cacgagcggc gaaggagaag gaggtcacgc ttgtgcatgc 3180

gtatggcttc tcgagtgcgg gataccagca gagttggggc gcggcggagg atgtcgcgca 3240

gctcgtcgac gaggcgttcc agcggtacca cggcgcggcg cgggagtcga agttgtaggg 3300

cgggattcct gcaggagctc aatcgatcct gctttaatga gatatgcgag acgcctatga 3360

tcgcatgata tttgctttca attctgttgt gcacgttgta aaaaacctga gcatgtgtag 3420

ctcagatcct taccgccggt ttcggttcat tctaatgaat atatcacccg ttactatcgt 3480

atttttatga ataatattct ccgttcaatt tactgattgt accctactac ttatatgtac 3540

aatattaaaa tgaaaacaat atattgtgct gaataggttt atagcgacat ctatgataga 3600

gcgccacaat aacaaacaat tgcgttttat tattacaaat ccaattttaa aaaaagcggc 3660

agaaccggtc aaacctaaaa gactgattac ataaatctta ttcaaatttc aaaagtgccc 3720

caggggctag tatctacgac acaccgagcg gcgaactaat aacgctcact gaagggaact 3780

ccggttcccc gccggcgcgc atgggtgaga ttccttgaag ttgagtattg gccgtccgct 3840

ctaccgaaag ttacgggcac cattcaaccc ggtccagcac ggcggccggg taaccgactt 3900

gctgccccga gaattatgca gcattttttt ggtgtatgtg ggccccaaat gaagtgcagg 3960

tcaaaccttg acagtgacga caaatcgttg ggcgggtcca gggcgaattt tgcgacaaca 4020

tgtcgaggct cagcaggatg ggcccaggta cagaattcgc ggccgcttaa ttaaggtacc 4080

caattgcata tgtaatcctg gctagcaaca ctgaactatg ccagaaacca catcaaagat 4140

atgggcaagc ttcttggccc attatatcca aagacctcag agaaaggtga gcgaaggctc 4200

aattcagaag attggaagct gatcaatagg atcaagacaa tggtgagaac gcttccaaat 4260
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ctcactattc caccagaaga tgcatacatt atcattgaaa cagatgcatg tgcaactgga 4320

tggggagcag tatgcaagtg gaagaaaaac aaggcagacc caagaaatac agagcaaatc 4380

tgtaggtatg ccagtggaaa atttgataag ccaaaaggaa cctgtgatgc agaaatctat 4440

ggggttatga atggcttaga aaagatgaga ttgttctact tggacaaaag agagatcaca 4500

gtcagaactg acagtagtgc aatcgaaagg ttctacaaca agagtgctga acacaagcct 4560

tctgagatca gatggatcag gttcatggac tacatcactg gtgcaggacc agagatagtc 4620

attgaacaca taaaagggaa gagcaatggt ttagctgaca tcttgtccag gctcaaagcc 4680

aaattagctc agaatgaacc aacggaagag atgatcctgc ttacacaagc cataagggaa 4740

gtaattcctt atccagatca tccatacact gagcaactca gagaatgggg aaacaaaatt 4800

ctggatccat tccccacatt caagaaggac atgttcgaaa gaacagagca agcttttatg 4860

ctaacagagg aaccagttct actctgtgca tgcaggaagc ctgcaattca gttagtgtcc 4920

agaacatctg ccaacccagg aaggaaattc ttcaagtgcg caatgaacaa atgccattgc 4980

tggtactggg cagatctcat tgaagaacac attcaagaca gaattgatga atttctcaag 5040

aatcttgaag ttctgaagac cggtggcgtg caaacaatgg aggaggaact tatgaaggaa 5100

gtcaccaagc tgaagataga agagcaggag ttcgaggaat accaggccac accaagggct 5160

atgtcgccag tagccgcaga agatgtgcta gatctccaag acgtaagcaa tgacgattga 5220

ggaggcattg acgtcaggga tgaccgcagc ggagagtact gggcccattc agtggatgct 5280

ccactgagtt gtattattgt gtgcttttcg gacaagtgtg ctgtccactt tcttttggca 5340

cctgtgccac tttattcctt gtctgccacg atgcctttgc ttagcttgta agcaaggatc 5400

gcagtgcgtg tgtgacacca ccccccttcc gacgctctgc ctatataagg caccgtctgt 5460

aagctcttac gatcatcggt agttcaccaa gggggtacga tctccgggta ggtcagtccc 5520

ttatgttacg tcctgtagaa accccaaccc gtgaaatcaa aaaactcgac ggcctgtggg 5580

cattcagtct ggatcgcgaa aactgtggaa ttgatcagcg ttggtgggaa agcgcgttac 5640

aagaaagccg ggcaattgct gtgccaggca gttttaacga tcagttcgcc gatgcagata 5700

ttcgtaatta tgcgggcaac gtctggtatc agcgcgaagt ctttataccg aaaggttggg 5760

caggccagcg tatcgtgctg cgtttcgatg cggtcactca ttacggcaaa gtgtgggtca 5820

ataatcagga agtgatggag catcagggcg gctatacgcc atttgaagcc gatgtcacgc 5880

cgtatgttat tgccgggaaa agtgtacgta agtttctgct tctacctttg atatatatat 5940

aataattatc attaattagt agtaatataa tatttcaaat atttttttca aaataaaaga 6000

atgtagtata tagcaattgc ttttctgtag tttataagtg tgtatatttt aatttataac 6060

ttttctaata tatgaccaaa atttgttgat gtgcaggtat caccgtttgt gtgaacaacg 6120

aactgaactg gcagactatc ccgccgggaa tggtgattac cgacgaaaac ggcaagaaaa 6180

agcagtctta cttccatgat ttctttaact atgccggaat ccatcgcagc gtaatgctct 6240

acaccacgcc gaacacctgg gtggacgata tcaccgtggt gacgcatgtc gcgcaagact 6300

gtaaccacgc gtctgttgac tggcaggtgg tggccaatgg tgatgtcagc gttgaactgc 6360
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gtgatgcgga tcaacaggtg gttgcaactg gacaaggcac tagcgggact ttgcaagtgg 6420

tgaatccgca cctctggcaa ccgggtgaag gttatctcta tgaactgtgc gtcacagcca 6480

aaagccagac agagtgtgat atctacccgc ttcgcgtcgg catccggtca gtggcagtga 6540

agggccaaca gttcctgatt aaccacaaac cgttctactt tactggcttt ggtcgtcatg 6600

aagatgcgga cttacgtggc aaaggattcg ataacgtgct gatggtgcac gaccacgcat 6660

taatggactg gattggggcc aactcctacc gtacctcgca ttacccttac gctgaagaga 6720

tgctcgactg ggcagatgaa catggcatcg tggtgattga tgaaactgct gctgtcggct 6780

ttaacctctc tttaggcatt ggtttcgaag cgggcaacaa gccgaaagaa ctgtacagcg 6840

aagaggcagt caacggggaa actcagcaag cgcacttaca ggcgattaaa gagctgatag 6900

cgcgtgacaa aaaccaccca agcgtggtga tgtggagtat tgccaacgaa ccggataccc 6960

gtccgcaagt gcacgggaat atttcgccac tggcggaagc aacgcgtaaa ctcgacccga 7020

cgcgtccgat cacctgcgtc aatgtaatgt tctgcgacgc tcacaccgat accatcagcg 7080

atctctttga tgtgctgtgc ctgaaccgtt attacggatg gtatgtccaa agcggcgatt 7140

tggaaacggc agagaaggta ctggaaaaag aacttctggc ctggcaggag aaactgcatc 7200

agccgattat catcaccgaa tacggcgtgg atacgttagc cgggctgcac tcaatgtaca 7260

ccgacatgtg gagtgaagag tatcagtgtg catggctgga tatgtatcac cgcgtctttg 7320

atcgcgtcag cgccgtcgtc ggtgaacagg tatggaattt cgccgatttt gcgacctcgc 7380

aaggcatatt gcgcgttggc ggtaacaaga aagggatctt cactcgcgac cgcaaaccga 7440

agtcggcggc ttttctgctg caaaaacgct ggactggcat gaacttcggt gaaaaaccgc 7500

agcagggagg caaacaatga atcaacaact ctcctggcgc accatcgtcg gctacagcct 7560

cgggaattgc taccgagctc gaatttcccc gatcgttcaa acatttggca ataaagtttc 7620

ttaagattga atcctgttgc cggtcttgcg atgattatca tataatttct gttgaattac 7680

gttaagcatg taataattaa catgtaatgc atgacgttat ttatgagatg ggtttttatg 7740

attagagtcc cgcaattata catttaatac gcgatagaaa acaaaatata gcgcgcaaac 7800

taggataaat tatcgcgcgc ggtgtcatct atgttactag atcgggaatt cgggcccggc 7860

cggccagatc ttgattgtcg tttcccgcct tcagtttaaa ctatcagtgt ttgacaggat 7920

atattggcgg gtaaacctaa gagaaaagag cgtttattag aataatcgga tatttaaaag 7980

ggcgtgaaaa ggtttatccg ttcgtccatt tgtatgt 8017

<210> 14
<211> 8102
<212> DNA
<213> Artificial

<220>
<223> Nucleic acid sequence encodi ng T-DNA region of pRLM226, a pRLMl75

derived bi nary vector contai ni ng
p-zmUBl+l : : l -PsFedl: : c-daol/ko: : t-0CS and p-scBV: : c-guslNT: : t-NOS
cas-settes .
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<220>
<221> mi sc_feature
<222> (1) . . (128)
<223> Left T-DNA border from pSBll

<220>
<221> misc_feature
<222> (47).. (71)
<223> Left T-DNA border repeat from pSBll

<220>
<221> promoter
<222> (162). .(2149)
<22 3> Zea mays ubiqui t i n promoter wi t h f i rst i ntron

<220>
<221> Intron
<222> (1144).. (2149)
<223> Zea mays ubiquitin gene first intron

<220>
<221> misc_feature
<222> (2167).. (2256)
<223> leader fragment for pea Fedl gene

<220>
<221> misc_feature
<222> (2280). .(3386)
<22 3> cds encodi ng a codon optimize, t o Zea mays , Rhodosporidi u m

toruloides D-ami no acid oxi dase (daol/ko)

<220>
<221> terminator
<222> (3409).. (4117)
<223> an octapine synthase terminator

<220>
<221> promoter
<222> (4176).. (5573)
<223> Sugarcane bacilliform virus [ScBV] promoter

<220>
<221> misc_feature
<222> (5605). .(7605)
<223> gusINT cds and intron

<220>
<221> Intron
<222> (5990). .(6178)
<223> PIV2 intron of gusINT, a modified potato ST-LSl intron

<220>
<221> terminator
<222> (7676).. (7928)
<22 3> 3'UTR of Nopal ine Synthase from Agrobacterium tumefaciens T-DNA

used as terminator

<220>
<221> misc_feature
<222> (7958).. (8102)
<223> right T-DNA border from pSBll

<220>
<221> misc_feature
<222> (7998). .(8021)
<223> right T-DNA border repeat from pSBll

<400> 14
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gtgattttgt gccgagctgc cggtcgggga gctgttggct ggctggtggc aggatatatt 60

gtggtgtaaa caaattgacg cttagacaac ttaataacac attgcggacg tttttaatgt 120

actgaattgg atccgcccgg gcggtaccaa gcttccgcgg ctgcagtgca gcgtgacccg 180

gtcgtgcccc tctctagaga taatgagcat tgcatgtcta agttataaaa aattaccaca 240

tatttttttt gtcacacttg tttgaagtgc agtttatcta tctttataca tatatttaaa 300

ctttactcta cgaataatat aatctatagt actacaataa tatcagtgtt ttagagaatc 360

atataaatga acagttagac atggtctaaa ggacaattga gtattttgac aacaggactc 420

tacagtttta tctttttagt gtgcatgtgt tctccttttt ttttgcaaat agcttcacct 480

atataatact tcatccattt tattagtaca tccatttagg gtttagggtt aatggttttt 540

atagactaat ttttttagta catctatttt attctatttt agcctctaaa ttaagaaaac 600

taaaactcta ttttagtttt tttatttaat agtttagata taaaatagaa taaaataaag 660

tgactaaaaa ttaaacaaat accctttaag aaattaaaaa aactaaggaa acatttttct 720

tgtttcgagt agataatgcc agcctgttaa acgccgtcga cgagtctaac ggacaccaac 780

cagcgaacca gcagcgtcgc gtcgggccaa gcgaagcaga cggcacggca tctctgtcgc 840

tgcctctgga cccctctcga gagttccgct ccaccgttgg acttgctccg ctgtcggcat 900

ccagaaattg cgtggcggag cggcagacgt gagccggcac ggcaggcggc ctcctcctcc 960

tctcacggca ccggcagcta cgggggattc ctttcccacc gctccttcgc tttcccttcc 1020

tcgcccgccg taataaatag acaccccctc cacaccctct ttccccaacc tcgtgttgtt 1080

cggagcgcac acacacacaa ccagatctcc cccaaatcca cccgtcggca cctccgcttc 1140

aaggtacgcc gctcgtcctc cccccccccc cccctctcta ccttctctag atcggcgttc 1200

cggtccatgg ttagggcccg gtagttctac ttctgttcat gtttgtgtta gatccgtgtt 1260

tgtgttagat ccgtgctgct agcgttcgta cacggatgcg acctgtacgt cagacacgtt 1320

ctgattgcta acttgccagt gtttctcttt ggggaatcct gggatggctc tagccgttcc 1380

gcagacggga tcgatttcat gatttttttt gtttcgttgc atagggtttg gtttgccctt 1440

ttcctttatt tcaatatatg ccgtgcactt gtttgtcggg tcatcttttc atgctttttt 1500

ttgtcttggt tgtgatgatg tggtctggtt gggcggtcgt tctagatcgg agtagaattc 1560

tgtttcaaac tacctggtgg atttattaat tttggatctg tatgtgtgtg ccatacatat 1620

tcatagttac gaattgaaga tgatggatgg aaatatcgat ctaggatagg tatacatgtt 1680

gatgcgggtt ttactgatgc atatacagag atgctttttg ttcgcttggt tgtgatgatg 1740

tggtgtggtt gggcggtcgt tcattcgttc tagatcggag tagaatactg tttcaaacta 1800

cctggtgtat ttattaattt tggaactgta tgtgtgtgtc atacatcttc atagttacga 1860

gtttaagatg gatggaaata tcgatctagg ataggtatac atgttgatgt gggttttact 1920

gatgcatata catgatggca tatgcagcat ctattcatat gctctaacct tgagtaccta 1980

tctattataa taaacaagta tgttttataa ttatttcgat cttgatatac ttggatgatg 2040

gcatatgcag cagctatatg tggatttttt tagccctgcc ttcatacgct atttatttgc 2100
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ttggtactgt ttcttttgtc gatgctcacc ctgttgtttg gtgttacttc tgcagggtac 2160

ggatctctcc ttatttcatt cattcattca ttctctatct ttttatcatc aacacaaaca 2220

caaaacagtg tttgttcctt tgaaaccata atagtaggcg cgccggatcc cgggccacca 2280

tgcactctca aaaacgcgtt gtagtattgg gttcgggagt cataggtctt tcttctgctc 2340

ttatacttgc acgcaagggc tattctgttc atattttggc acgcgatctc ccagaggacg 2400

tatctagcca aactttcgct tccccctggg ctggtgcgaa ttggacacca tttatgacat 2460

tgactgacgg ccctagacag gcaaaatggg aagagagtac ctttaaaaaa tgggttgagt 2520

tggtccctac cggacatgct atgtggctga agggaactcg tcgctttgca cagaatgaag 2580

acggcttgct tggacattgg tacaaagata taaccccgaa ttaccgcccc cttccctcgt 2640

ctgaatgtcc accaggcgca attggcgtga cttatgacac actctctgta cacgctccta 2700

aatattgtca gtatcttgcc agagaacttc agaaactcgg tgcaactttt gaaagacgga 2760

cggttacctc actggaacag gcattcgacg gtgcagacct cgtggtgaat gcaacaggac 2820

tgggagcaaa gagcatagca ggcatagatg atcaagctgc ggagccaatt agaggccaga 2880

ccgtgctggt aaaatcacca tgcaaaagat gtacgatgga tagtagtgac ccagcgagtc 2940

cagcttatat tataccgaga ccgggtggcg aagttatatg cggaggaact tacggagtgg 3000

gtgattggga tcttagcgtt aaccccgaaa cagtccaacg gattctgaag cattgcctcc 3060

gccttgaccc aaccatatca tctgacggaa ccattgaggg aatcgaagta cttaggcata 3120

atgttggtct taggcccgct cgtagaggag gaccacgtgt agaagctgag agaattgtat 3180

tgcccctcga tagaaccaaa agcccccttt cgcttggaag aggaagcgca cgtgcagcta 3240

aggaaaaaga agtcacactg gtacatgcat atggttttag tagtgccgga tatcagcaat 3300

catggggtgc tgcagaagat gttgctcagt tggtggacga ggcattccaa agataccacg 3360

gtgcagcgag agagtcaaaa ctttagtgac ctgcaggagc tcaatcgatc ctgctttaat 3420

gagatatgcg agacgcctat gatcgcatga tatttgcttt caattctgtt gtgcacgttg 3480

taaaaaacct gagcatgtgt agctcagatc cttaccgccg gtttcggttc attctaatga 3540

atatatcacc cgttactatc gtatttttat gaataatatt ctccgttcaa tttactgatt 3600

gtaccctact acttatatgt acaatattaa aatgaaaaca atatattgtg ctgaataggt 3660

ttatagcgac atctatgata gagcgccaca ataacaaaca attgcgtttt attattacaa 3720

atccaatttt aaaaaaagcg gcagaaccgg tcaaacctaa aagactgatt acataaatct 3780

tattcaaatt tcaaaagtgc cccaggggct agtatctacg acacaccgag cggcgaacta 3840

ataacgctca ctgaagggaa ctccggttcc ccgccggcgc gcatgggtga gattccttga 3900

agttgagtat tggccgtccg ctctaccgaa agttacgggc accattcaac ccggtccagc 3960

acggcggccg ggtaaccgac ttgctgcccc gagaattatg cagcattttt ttggtgtatg 4020

tgggccccaa atgaagtgca ggtcaaacct tgacagtgac gacaaatcgt tgggcgggtc 4080

cagggcgaat tttgcgacaa catgtcgagg ctcagcagga tgggcccagg tacagaattc 4140
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gcggccgctt aattaaggta cccaattgca tatgtaatcc tggctagcaa cactgaacta 4200

tgccagaaac cacatcaaag atatgggcaa gcttcttggc ccattatatc caaagacctc 4260

agagaaaggt gagcgaaggc tcaattcaga agattggaag ctgatcaata ggatcaagac 4320

aatggtgaga acgcttccaa atctcactat tccaccagaa gatgcataca ttatcattga 4380

aacagatgca tgtgcaactg gatggggagc agtatgcaag tggaagaaaa acaaggcaga 4440

cccaagaaat acagagcaaa tctgtaggta tgccagtgga aaatttgata agccaaaagg 4500

aacctgtgat gcagaaatct atggggttat gaatggctta gaaaagatga gattgttcta 4560

cttggacaaa agagagatca cagtcagaac tgacagtagt gcaatcgaaa ggttctacaa 4620

caagagtgct gaacacaagc cttctgagat cagatggatc aggttcatgg actacatcac 4680

tggtgcagga ccagagatag tcattgaaca cataaaaggg aagagcaatg gtttagctga 4740

catcttgtcc aggctcaaag ccaaattagc tcagaatgaa ccaacggaag agatgatcct 4800

gcttacacaa gccataaggg aagtaattcc ttatccagat catccataca ctgagcaact 4860

cagagaatgg ggaaacaaaa ttctggatcc attccccaca ttcaagaagg acatgttcga 4920

aagaacagag caagctttta tgctaacaga ggaaccagtt ctactctgtg catgcaggaa 4980

gcctgcaatt cagttagtgt ccagaacatc tgccaaccca ggaaggaaat tcttcaagtg 5040

cgcaatgaac aaatgccatt gctggtactg ggcagatctc attgaagaac acattcaaga 5100

cagaattgat gaatttctca agaatcttga agttctgaag accggtggcg tgcaaacaat 5160

ggaggaggaa cttatgaagg aagtcaccaa gctgaagata gaagagcagg agttcgagga 5220

ataccaggcc acaccaaggg ctatgtcgcc agtagccgca gaagatgtgc tagatctcca 5280

agacgtaagc aatgacgatt gaggaggcat tgacgtcagg gatgaccgca gcggagagta 5340

ctgggcccat tcagtggatg ctccactgag ttgtattatt gtgtgctttt cggacaagtg 5400

tgctgtccac tttcttttgg cacctgtgcc actttattcc ttgtctgcca cgatgccttt 5460

gcttagcttg taagcaagga tcgcagtgcg tgtgtgacac cacccccctt ccgacgctct 5520

gcctatataa ggcaccgtct gtaagctctt acgatcatcg gtagttcacc aagggggtac 5580

gatctccggg taggtcagtc ccttatgtta cgtcctgtag aaaccccaac ccgtgaaatc 5640

aaaaaactcg acggcctgtg ggcattcagt ctggatcgcg aaaactgtgg aattggtcag 5700

cgttggtggg aaagcgcgtt acaagaaagc cgggcaattg ctgtgccagg cagttttaac 5760

gatcagttcg ccgatgcaga tattcgtaat tatgcgggca acgtctggta tcagcgcgaa 5820

gtctttatac cgaaaggttg ggcaggccag cgtatcgtgc tgcgtttcga tgcggtcact 5880

cattacggca aagtgtgggt caataatcag gaagtgatgg agcatcaggg cggctatacg 5940

ccatttgaag ccgatgtcac gccgtatgtt attgccggga aaagtgtacg taagtttctg 6000

cttctacctt tgatatatat ataataatta tcattaatta gtagtaatat aatatttcaa 6060

atattttttt caaaataaaa gaatgtagta tatagcaatt gcttttctgt agtttataag 6120

tgtgtatatt ttaatttata acttttctaa tatatgacca aaatttgttg atgtgcaggt 6180

atcaccgttt gtgtgaacaa cgaactgaac tggcagacta tcccgccggg aatggtgatt 6240
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accgacgaaa acggcaagaa aaagcagtct tacttccatg atttctttaa ctatgccgga 6300

atccatcgca gcgtaatgct ctacaccacg ccgaacacct gggtggacga tatcaccgtg 6360

gtgacgcatg tcgcgcaaga ctgtaaccac gcgtctgttg actggcaggt ggtggccaat 6420

ggtgatgtca gcgttgaact gcgtgatgcg gatcaacagg tggttgcaac tggacaaggc 6480

actagcggga ctttgcaagt ggtgaatccg cacctctggc aaccgggtga aggttatctc 6540

tatgaactgt gcgtcacagc caaaagccag acagagtgtg atatctaccc gcttcgcgtc 6600

ggcatccggt cagtggcagt gaagggcgaa cagttcctga ttaaccacaa accgttctac 6660

tttactggct ttggtcgtca tgaagatgcg gacttgcgtg gcaaaggatt cgataacgtg 6720

ctgatggtgc acgaccacgc attaatggac tggattgggg ccaactccta ccgtacctcg 6780

cattaccctt acgctgaaga gatgctcgac tgggcagatg aacatggcat cgtggtgatt 6840

gatgaaactg ctgctgtcgg ctttaacctc tctttaggca ttggtttcga agcgggcaac 6900

aagccgaaag aactgtacag cgaagaggca gtcaacgggg aaactcagca agcgcactta 6960

caggcgatta aagagctgat agcgcgtgac aaaaaccacc caagcgtggt gatgtggagt 7020

attgccaacg aaccggatac ccgtccgcaa ggtgcacggg aatatttcgc gccactggcg 7080

gaagcaacgc gtaaactcga cccgacgcgt ccgatcacct gcgtcaatgt aatgttctgc 7140

gacgctcaca ccgataccat cagcgatctc tttgatgtgc tgtgcctgaa ccgttattac 7200

ggatggtatg tccaaagcgg cgatttggaa acggcagaga aggtactgga aaaagaactt 7260

ctggcctggc aggagaaact gcatcagccg attatcatca ccgaatacgg cgtggatacg 7320

ttagccgggc tgcactcaat gtacaccgac atgtggagtg aagagtatca gtgtgcatgg 7380

ctggatatgt atcaccgcgt ctttgatcgc gtcagcgccg tcgtcggtga acaggtatgg 7440

aatttcgccg attttgcgac ctcgcaaggc atattgcgcg ttggcggtaa caagaaaggg 7500

atcttcactc gcgaccgcaa accgaagtcg gcggcttttc tgctgcaaaa acgctggact 7560

ggcatgaact tcggtgaaaa accgcagcag ggaggcaaac aatgaatcaa caactctcct 7620

ggcgcaccat cgtcggctac agcctcggga attgctaccg agctcgaatt tccccgatcg 7680

ttcaaacatt tggcaataaa gtttcttaag attgaatcct gttgccggtc ttgcgatgat 7740

tatcatataa tttctgttga attacgttaa gcatgtaata attaacatgt aatgcatgac 7800

gttatttatg agatgggttt ttatgattag agtcccgcaa ttatacattt aatacgcgat 7860

agaaaacaaa atatagcgcg caaactagga taaattatcg cgcgcggtgt catctatgtt 7920

actagatcgg gaattcgggc ccggccggcc agatcttgat tgtcgtttcc cgccttcagt 7980

ttaaactatc agtgtttgac aggatatatt ggcgggtaaa cctaagagaa aagagcgttt 8040

attagaataa tcggatattt aaaagggcgt gaaaaggttt atccgttcgt ccatttgtat 8100

gt 8102

<210> 15
<211> 1107
<212> DNA
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<213> Rhodos po r i di u m torul oi des

<220>
<221> CDS
<222> (l) . . (1107)
<223> Zea mays codon opti mi ze Rhodos pori di u m t orul oi des D- ami no aci d

oxi dase CDS

<400> 15
atg cac tct caa aaa cgc gtt gta gta ttg ggt teg gga gtc ata ggt 48
Met Hi s Se r Gi n Lys Arg VaI VaI VaI Leu Gl y Se r Gl y VaI l i e Gl y
1 5 10 15

ctt tct tct get ctt ata ctt gca cgc aag ggc tat tct gtt cat att 96
Leu Se r Se r Al a Leu l i e Leu Al a Ar g Lys Gl y Tyr Se r VaI Hi s l i e

20 25 30

ttg gca cgc gat etc cca gag gac gta tct age caa act ttc get tec 144
Leu Al a Arg Asp Leu Pro Gl u Asp VaI Se r Se r Gi n Th r Phe Al a Se r

35 40 45

ccc tgg get ggt gcg aat tgg aca cca ttt atg aca ttg act gac ggc 192
Pr o Trp Al a Gl y Al a Asn Trp Th r Pr o Phe Met Thr Leu Thr Asp Gl y

50 55 60

cct aga cag gca aaa tgg gaa gag agt ace ttt aaa aaa tgg gtt gag 240
Pr o Arg Gi n Al a Lys Trp Gl u Gl u Se r Thr Phe Lys Lys Trp VaI Gl u
65 70 75 80

ttg gtc cct ace gga cat get atg tgg ctg aag gga act cgt cgc ttt 288
Leu VaI Pro Thr Gl y Hi s Al a Met Tr p Leu Lys Gl y Th r Arg Arg Phe

85 90 95

gca cag aat gaa gac ggc ttg ctt gga cat tgg tac aaa gat ata ace 336
Al a Gi n Asn Gl u Asp Gl y Leu Leu Gl y Hi s Trp Tyr Lys Asp l i e Th r

100 105 110

ccg aat tac cgc ccc ctt ccc teg tct gaa tgt cca cca ggc gca att 384
Pr o Asn Ty r Arg Pro Leu Pro Se r Se r Gl u Cys Pro Pro Gl y Al a l i e

115 120 12 5

ggc gtg act tat gac aca etc tct gta cac get cct aaa tat tgt cag 432
Gl y VaI Th r Tyr Asp Thr Leu Se r VaI Hi s Al a Pro Lys Tyr Cys Gi n

130 135 140

tat ctt gcc aga gaa ctt cag aaa etc ggt gca act ttt gaa aga egg 480
Tyr Leu Al a Arg Gl u Leu Gi n Lys Leu Gl y Al a Thr Phe Gl u Arg Arg
145 150 155 160

acg gtt ace tea ctg gaa cag gca ttc gac ggt gca gac etc gtg gtg 528
Thr VaI Th r Se r Leu Gl u Gi n Al a Phe Asp Gl y Al a Asp Leu VaT VaT

165 170 175

aat gca aca gga ctg gga gca aag age ata gca ggc ata gat gat caa 576
Asn Al a Th r Gl y Leu Gl y Al a Lys Se r l i e Al a Gl y l i e Asp Asp Gi n

180 185 190

get gcg gag cca att aga ggc cag ace gtg ctg gta aaa tea cca tgc 624
Al a Al a Gl u Pro l i e Arg Gl y Gi n Thr VaI Leu VaI Lys Se r Pro Cys

19 5 200 205

aaa aga tgt acg atg gat agt agt gac cca gcg agt cca get tat att 672
Lys Arg Cys Thr Met Asp Se r Se r Asp Pro Al a Se r Pro Al a Ty r l i e

210 215 220

ata ccg aga ccg ggt ggc gaa gtt ata tgc gga gga act tac gga gtg 720
l i e Pro Arg Pro Gl y Gl y Gl u VaI H e Cys Gl y Gl y Th r Tyr Gl y VaI
225 230 235 240
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ggt gat tgg gat ctt age gtt aac cec gaa aca gtc caa egg att ctg 768
Gly Asp Trp Asp Leu Ser VaI Asn Pro Glu Thr VaI Gin Arg lie Leu

245 250 255

aag cat tgc etc cgc ctt gac cca ace ata tea tet gac gga ace att 816
Lys His Cys Leu Arg Leu Asp Pro Thr lie Ser Ser Asp Gly Thr lie

260 265 270

gag gga ate gaa gta ctt agg cat aat gtt ggt ctt agg cec get cgt 864
Glu Gly lie Glu VaI Leu Arg His Asn VaI Gly Leu Arg Pro Ala Arg

275 280 285

aga gga gga cca cgt gta gaa get gag aga att gta ttg cec etc gat 912
Arg Gly Gly Pro Arg VaI Glu Ala Glu Arg lie VaI Leu Pro Leu Asp

290 295 300

aga ace aaa age cec ctt teg ctt gga aga gga age gca cgt gca get 960
Arg Thr Lys Ser Pro Leu Ser Leu Gly Arg Gly Ser Ala Arg Ala Ala
305 310 315 320

aag gaa aaa gaa gtc aca ctg gta cat gca tat ggt ttt agt agt gcc 1008
Lys Glu Lys Glu VaI Thr Leu VaI His Ala Tyr Gly Phe Ser Ser Ala

325 330 335

gga tat cag caa tea tgg ggt get gca gaa gat gtt get cag ttg gtg 1056
Gly Tyr Gin Gin Ser Trp Gly Ala Ala Glu Asp VaI Ala Gin Leu VaI

340 345 350

gac gag gca ttc caa aga tac cac ggt gca gcg aga gag tea aaa ctt 1104
Asp Glu Ala Phe Gin Arg Tyr His Gly Ala Ala Arg Glu Ser Lys Leu

355 360 365

tag 1107

<210> 16
<211> 368
<212> PRT
<213> Rhodosporidium toruloides

<400> 16

Met Hi s Se r Gi n Lys Arg VaI VaI VaI Leu Gl y Se r Gl y VaI l i e Gl y
1 5 10 15

Leu Se r Se r Al a Leu l i e Leu Al a Ar g Lys Gl y Tyr Se r VaI Hi s l i e
20 25 30

Leu Al a Arg Asp Leu Pro Gl u As p VaI Se r Se r Gi n Th r Phe Al a Se r
35 40 45

Pr o Trp Al a Gl y Al a As n Trp Th r Pr o Phe Met Thr Leu Thr Asp Gl y
50 55 60

Pr o Arg Gi n Al a Lys Trp Gl u Gl u Se r Thr Phe Lys Lys Trp VaI Gl u
65 70 75 80

Leu VaI Pro Thr Gl y Hi s Al a Met T r p Leu Lys Gl y Th r Arg Arg Phe
85 90 95

Al a Gi n As n Gl u Asp Gl y Leu Leu Gl y Hi s Trp Tyr Lys Asp l i e Th r
100 105 110
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Pro Asn Tyr Arg Pro Leu Pro Se r Se r Gl u Cys Pro Pro Gl y Al a l e
115 120 125

Gl y VaI Th r Tyr Asp Thr Leu Se r VaI Hi s Al a Pro Lys Tyr Cys Gi n
130 135 140

Tyr Leu Al a Arg Gl u Leu Gi n Lys Leu Gl y Al a Thr Phe Gl u Arg Arg
145 150 155 160

Thr VaI Th r Se r Leu Gl u Gi n Al a Phe Asp Gl y Al a Asp Leu VaI VaI
165 170 175

Asn Al a Th r Gl y Leu Gl y Al a Lys Se r l i e Al a Gl y l i e Asp Asp Gi n
180 185 190

Al a Al a Gl u Pro l i e Arg Gl y Gi n Thr VaI Leu VaI Lys Se r Pro Cys
195 200 205

Lys Arg Cys Thr Met Asp Se r Se r Asp Pro Al a Se r Pro Al a Tyr l i e
210 215 220

l i e Pro Arg Pro Gl y Gl y Gl u VaI l i e Cys Gl y Gl y Th r Tyr Gl y VaI
225 230 235 240

Gl y Asp Trp Asp Leu Se r VaI Asn Pro Gl u Th r VaI Gi n Arg l i e Leu
245 250 255

Lys Hi s Cys Leu Arg Leu Asp Pro Thr l i e Se r Se r Asp Gl y Thr l i e
260 265 270

Gl u Gl y l i e Gl u VaI Leu Arg Hi s Asn VaI Gl y Leu Arg Pro Al a Arg
275 280 285

Arg Gl y Gl y Pro Arg VaI Gl u Al a Gl u Arg l i e VaI Leu Pro Leu Asp
290 295 300

Arg Thr Lys Se r Pro Leu Se r Leu Gl y Arg Gl y Se r Al a Arg Al a Al a
305 310 315 320

Lys Gl u Lys Gl u VaI Thr Leu VaI Hi s Al a Tyr Gl y Phe Se r Se r Al a
325 330 335

Gl y Tyr Gi n Gi n Se r Trp Gl y Al a Al a Gl u Asp VaI Al a Gi n Leu VaI
340 345 350

Asp Gl u Al a Phe Gi n Arg Tyr Hi s Gl y Al a Al a Arg Gl u Se r Lys Leu
355 360 365

<210> 17
<211> 23
<212> DNA



eolf-seql . txt
<213> Artificial

<220>
<223> Nucleic acid sequence encodi ng qPCR primer GUSCommon-34lF

<400> 17
ccgggtgaag gttatctcta tga 23

<210> 18
<211> 24
<212> DNA
<213> Artificial

<220>
<223> Nucleic acid sequence encodi ng qPCR primer GUSCommon-414R

<400> 18
cgaagcgggt agatatcaca ctct 24

<210> 19
<211> 24
<212> DNA
<213> Artificial

<220>
<223> Nucleic acid sequence encoding qPCR probe GUSCommon-366FAM

<400> 19
tgtgcgtcac agccaaaagc caga 24

<210> 20
<211> 20
<212> DNA
<213> Artificial

<220>
<223> Nucleic acid sequence encodi ng qPCR primer EcdsdA-860F

<400> 20
tcgcattcgg gcttaaactg 20

<210> 21
<211> 18
<212> DNA
<213> Artificial

<220>
<223> Nucleic acid sequence encodi ng qPCR primer EcdsdA-922R

<400> 21
gcgttggttc ggcaaaaa 18

<210> 22
<211> 21
<212> DNA
<213> Artificial

<220>
<223> Nucleic acid sequence encoding qPCR probe EcdsdA-883FAM

<400> 22
tttggcgatc atgttcactg c 21
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<210> 23
<211> 23
<212> DNA
<213> Artificial

<220>
<223> Nucleic acid sequence encodi ng qPCR primer TaGBSS: l-F

<400> 23
ttctgcatcc acaacatctc gta 23

<210> 24
<211> 20
<212> DNA
<213> Artificial

<220>
<223> Nucleic acid sequence encodi ng qPCR primer TaGBSS: l-R

<400> 24
tagccgtcga tgaagtcgaa 20

<210> 25
<211> 22
<212> DNA
<213> Artificial

<220>
<223> Nucleic acid sequence encoding qPCR probe TaGBS5:l-TET

<400> 25
cgacgacttc gcgcagctca ac 22

<210> 26
<211> 19
<212> DNA
<213> Artificial

<220>
<223> Nucleic acid sequence encodi ng qPCR primer daol/pa-285F

<400> 26
gttcgcgcag aacgaagac 19

<210> 27
<211> 18
<212> DNA
<213> Artificial

<220>
<223> Nucleic acid sequence encodi ng qPCR primer daol/pa-349R

<400> 27
ggcggtaatt tggcgtga 18

<210> 28
<211> 22
<212> DNA
<213> Artificial

<220>
<223> Nucleic acid sequence encoding qPCR probe daol/pa-308FAM

<400> 28
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tccttgtacc agtgcccgag ca 22

<210> 29
<211> 20
<212> DNA
<213> Artificial

<220>
<223> Nucleic acid sequence encoding forward PCR primer for gusINT gene

<400> 29
accgtttgtg tgaacaacga 20

<210> 30
<211> 20
<212> DNA
<213> Artificial

<220>
<223> Nucleic acid sequence encoding reverse PCR primer for gusINT gene

<400> 30
ggcacagcac atcaaagaga 20

<210> 31
<211> 22
<212> DNA
<213> Artificial

<220>
<223> Nucleic acid sequence encoding forward PCR primer for dsdA gene

<400> 31
gctttttgtt cgcttggttg tg 22

<210> 32
<211> 20
<212> DNA
<213> Artificial

<220>
<223> Nucleic acid sequence encoding reverse PCR primer for dsdA gene

<400> 32
tcaataatcc ccccagtggc 20

<210> 33
<211> 22
<212> DNA
<213> Artificial

<220>
<223> Nucleic acid sequence encoding forward PCR primer for daol gene

<400> 33
gacaagcaaa atgggaagaa tc 22

<210> 34
<211> 18
<212> DNA
<213> Artificial

<220>
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<223> Nucl ei c aci d sequence encodi ng reve rse PCR pri me r for daol gene

<400> 34
tcggggaatg atgtaggc 18

<210> 35
<211> 22
<212> DNA
<213> Artificial

<220>
<223> Nucleic acid sequence encoding forward PCR primer for daol/ko

gene

<400> 35
aagcaggcct tctcacactt ga 22

<210> 36
<211> 20
<212> DNA
<213> Artificial

<220>
<223> Nucleic acid sequence encoding reverse PCR primer for daol/ko

gene

<400> 36
ttccaacaaa gcccgatgcg 20

<210> 37
<211> 29
<212> DNA
<213> Artificial

<220>
<223> Nucleic acid sequence encoding forward PCR primer for PAT gene

<400> 37
atgtctccgg agaggagacc agttgagat 29

<210> 38
<211> 26
<212> DNA
<213> Artificial

<220>
<223> Nucleic acid sequence encoding reverse PCR primer for PAT gene

<400> 38
gccaaaaacc aacatcatgc catcca 26

<210> 39
<211> 4503
<212> DNA
<213> Artificial

<220>
<223> T-DNA regi on from RLM15 1 , a RLMl7 5- type bi nary vector contai ni ng

a p-ZmUBI+I : : c- dsdA : : t-OCS sel ecti on cas sette .

<220>
<221> misc_structure
<222> (D..C128)
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<223> Left T-DNA border from pSBll

<220>
<221> mi sc_bi ndi ng
<222> (47) . . (71)
<223> Left T-DNA border repeat from pSBll

<220>
<221> promoter
<222> (162). .(2149)
<223> Zea mays ubiqui t i n promoter region i ncl udi ng i ntron

<220>
<221> Intron
<222> (1144). .(2149)
<22 3> Zea mays ubiquitin intron MubGl

<220>
<221> CDS
<222> (2192).. (3520)
<223> E. coli D-seri ne deami nase [dsdA] CDS

<220>
<221> terminator
<222> (3562).. (4270)
<223> Agrobacterium tumefaciens octapine synthase terminator region

<220>
<221> misc_structure
<222> (4359). .(4503)
<223> Right T-DNA border from pSBll

<220>
<221> mi sc_bi ndi ng
<222> (4399) . . (4422)
<223> Right T-DNA border repeat from pSBll

<400> 39
gtgattttgt gccgagctgc cggtcgggga gctgttggct ggctggtggc aggatatatt 60

gtggtgtaaa caaattgacg cttagacaac ttaataacac attgcggacg tttttaatgt 120

actgaattgg atccgcccgg gcggtaccaa gcttccgcgg ctgcagtgca gcgtgacccg 180

gtcgtgcccc tctctagaga taatgagcat tgcatgtcta agttataaaa aattaccaca 240

tatttttttt gtcacacttg tttgaagtgc agtttatcta tctttataca tatatttaaa 300

ctttactcta cgaataatat aatctatagt actacaataa tatcagtgtt ttagagaatc 360

atataaatga acagttagac atggtctaaa ggacaattga gtattttgac aacaggactc 420

tacagtttta tctttttagt gtgcatgtgt tctccttttt ttttgcaaat agcttcacct 480

atataatact tcatccattt tattagtaca tccatttagg gtttagggtt aatggttttt 540

atagactaat ttttttagta catctatttt attctatttt agcctctaaa ttaagaaaac 600

taaaactcta ttttagtttt tttatttaat agtttagata taaaatagaa taaaataaag 660

tgactaaaaa ttaaacaaat accctttaag aaattaaaaa aactaaggaa acatttttct 720

tgtttcgagt agataatgcc agcctgttaa acgccgtcga cgagtctaac ggacaccaac 780

cagcgaacca gcagcgtcgc gtcgggccaa gcgaagcaga cggcacggca tctctgtcgc 840

tgcctctgga cccctctcga gagttccgct ccaccgttgg acttgctccg ctgtcggcat 900

ccagaaattg cgtggcggag cggcagacgt gagccggcac ggcaggcggc ctcctcctcc 960



eolf-seql .txt

tctcacggca ccggcagcta cgggggattc ctttcccacc gctccttcgc tttcccttcc 1020

tcgcccgccg taataaatag acaccccctc cacaccctct ttccccaacc tcgtgttgtt 1080

cggagcgcac acacacacaa ccagatctcc cccaaatcca cccgtcggca cctccgcttc 1140

aaggtacgcc gctcgtcctc cccccccccc cccctctcta ccttctctag atcggcgttc 1200

cggtccatgg ttagggcccg gtagttctac ttctgttcat gtttgtgtta gatccgtgtt 1260

tgtgttagat ccgtgctgct agcgttcgta cacggatgcg acctgtacgt cagacacgtt 1320

ctgattgcta acttgccagt gtttctcttt ggggaatcct gggatggctc tagccgttcc 1380

gcagacggga tcgatttcat gatttttttt gtttcgttgc atagggtttg gtttgccctt 1440

ttcctttatt tcaatatatg ccgtgcactt gtttgtcggg tcatcttttc atgctttttt 1500

ttgtcttggt tgtgatgatg tggtctggtt gggcggtcgt tctagatcgg agtagaattc 1560

tgtttcaaac tacctggtgg atttattaat tttggatctg tatgtgtgtg ccatacatat 1620

tcatagttac gaattgaaga tgatggatgg aaatatcgat ctaggatagg tatacatgtt 1680

gatgcgggtt ttactgatgc atatacagag atgctttttg ttcgcttggt tgtgatgatg 1740

tggtgtggtt gggcggtcgt tcattcgttc tagatcggag tagaatactg tttcaaacta 1800

cctggtgtat ttattaattt tggaactgta tgtgtgtgtc atacatcttc atagttacga 1860

gtttaagatg gatggaaata tcgatctagg ataggtatac atgttgatgt gggttttact 1920

gatgcatata catgatggca tatgcagcat ctattcatat gctctaacct tgagtaccta 1980

tctattataa taaacaagta tgttttataa ttatttcgat cttgatatac ttggatgatg 2040

gcatatgcag cagctatatg tggatttttt tagccctgcc ttcatacgct atttatttgc 2100

ttggtactgt ttcttttgtc gatgctcacc ctgttgtttg gtgttacttc tgcagggtac 2160

ggatcctcat ctaagcgcaa agagacgtac t atg gaa aac get aaa atg aac 2212
Met Glu Asn Ala Lys Met Asn
1 5

teg etc ate gee cag tat ccg ttg gta aag gat ctg gtt get ctt aaa 2260
Ser Leu lie Ala Gin Tyr Pro Leu VaI Lys Asp Leu VaI Ala Leu Lys

10 15 20

gaa ace ace tgg ttt aat cct ggc acg ace tea ttg get gaa ggt tta 2308
Glu Thr Thr Trp Phe Asn Pro Gly Thr Thr Ser Leu Ala Glu Gly Leu

25 30 35

cct tat gtt ggc ctg ace gaa cag gat gtt cag gac gcc cat gcg cgc 2356
Pro Tyr VaI Gly Leu Thr Glu Gin Asp VaI Gin Asp Ala His Ala Arg
40 45 50 55

tta tec cgt ttt gca ccc tat ctg gca aaa gca ttt cct gaa act get 2404
Leu Ser Arg Phe Ala Pro Tyr Leu Ala Lys Ala Phe Pro Glu Thr Ala

60 65 70

gcc act ggg ggg att att gaa tea gaa ctg gtt gcc att cca get atg 2452
Ala Thr Gly Gly lie lie Glu Ser Glu Leu VaI Ala lie Pro Ala Met

75 80 85

caa aaa egg ctg gaa aaa gaa tat cag caa ccg ate age ggg caa ctg 2500
Gin Lys Arg Leu Glu Lys Glu Tyr Gin Gin Pro lie ser Gly Gin Leu

90 95 100
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tta ctg aaa aaa gat age cat ttg cec att tec ggc tec ata aaa gca 2548

Leu Leu Lys Lys Asp Ser His Leu Pro lie Ser Gly Ser lie Lys Ala

105 110 115

cgc ggc ggg att tat gaa gtc ctg gca cac gca gaa aaa ctg get ctg 2596

Arg Gly Gly lie T y r G l u VaI Leu Ala His Ala G l u Lys Leu Ala Leu

120 125 130 135

gaa gcg ggg ttg ctg acg ctt gat gat gac tac age aaa ctg ctt tet 2644

Glu Ala Gly Leu Leu Thr Leu Asp Asp Asp Tyr Ser Lys Leu Leu Ser

140 145 150

ccg gag ttt aaa cag ttc ttt age caa tac age att get gtg ggc tea 2692

Pro Glu Phe Lys Gin Phe Phe Ser Gin Tyr Ser lie Ala VaI Gly Ser

155 160 165

ace gga aat ctg ggg tta tea ate ggc att atg age gee cgc att ggc 2740

Thr Gly Asn Leu Gly Leu Ser lie Gly lie Met Ser Ala Arg lie Gly

170 175 180

ttt aag gtg aca gtt cat atg tct get gat gee egg gca tgg aaa aaa 2788

Phe Lys VaI Thr VaI His Met Ser Ala Asp Ala Arg Ala Trp Lys Lys

185 190 195

gcg aaa ctg cgc age cat ggc gtt acg gtc gtg gaa tat gag caa gat 2836

Ala Lys Leu Arg Ser His Gly VaI Thr VaI VaI Glu Tyr Glu Gin Asp

200 205 210 215

tat ggt gtt gcc gtc gag gaa gga cgt aaa gca gcg cag tct gac ccg 2884

Tyr Gly VaI Ala VaI Glu Glu Gly Arg Lys Ala Ala Gin Ser Asp Pro

220 225 230

aac tgt ttc ttt att gat gac gaa aat tec cgc acg ttg ttc ctt ggg 2932

Asn Cys Phe Phe lie Asp Asp Glu Asn Ser Arg Thr Leu Phe Leu Gly

235 240 245

tat tec gtc get ggc cag cgt ctt aaa gcg caa ttt gcc cag caa ggc 2980

Tyr Ser VaI Ala Gly Gin Arg Leu Lys Ala Gin Phe Ala Gin Gin Gly

250 255 260

cgt ate gtc gat get gat aac cct ctg ttt gtc tat ctg ccg tgt ggt 3028

Arg lie val Asp Ala Asp Asn Pro Leu Phe val Tyr Leu Pro cys Gly

265 270 275

gtt ggc ggt ggt cct ggt ggc gtc gca ttc ggg ctt aaa ctg gcg ttt 3076

Val Gly Gly Gly Pro Gly Gly Val Ala Phe Gly Leu Lys Leu Ala Phe

2""> 8o n0 2 8or5 2n9n0 2n95r

ggc gat cat gtt cac tgc ttt ttt gcc gaa cca acg cac tec cct tgt 3124

Gly Asp His val His cys Phe Phe Ala Glu Pro Thr His ser Pro cys

300 305 310

atg ttg tta ggc gtc cat aca gga tta cac gat cag att tct gtt cag 3172

Met Leu Leu Gly Val His Thr Gly Leu His Asp Gin lie Ser Val Gin

315 320 325

gat att ggt ate gac aac ctt ace gca gcg gat ggc ctt gca gtt ggt 3220

Asp lie Gly lie Asp Asn Leu Thr Ala Ala Asp Gly Leu Ala val Gly

330 335 340

cgc gca tea ggc ttt gtc ggg egg gca atg gag cgt ctg ctg gat ggc 3268

Arg Ala Ser Gly Phe Val Gly Arg Ala Met Glu Arg Leu Leu Asp Gly

345 350 355

ttc tat ace ctt age gat caa ace atg tat gac atg ctt ggc tgg ctg 3316

Phe Tyr Thr Leu Ser Asp Gin Thr Met Tyr Asp Met Leu Gly Trp Leu

360 365 370 375

gcg cag gaa gaa ggt att cgt ctt gaa cct teg gca ctg gcg ggt atg 3364



eolf-seql .txt
Al a Gi n Gl u Gl u Gly l i e Arg Leu Gl u Pro Ser Ala Leu Al a Gly Met

380 385 390

gcc gga cct cag cgc gtg tgt gca tea gta agt tac caa cag atg cac 3412
Al a Gly Pro Gi n Arg VaI Cys Ala Ser VaI Ser Tyr Gi n Gi n Met Hi s

395 400 405

ggt ttc age gca gaa caa ctg cgt aat ace act cat ctg gtg tgg gcg 3460
Gly Phe Ser Ala Glu Gin Leu Arg Asn Thr Thr His Leu VaI Trp Ala

410 415 420

acg gga ggt gga atg gtg ccg gaa gaa gag atg aat caa tat ctg gca 3508
Thr Gly Gly Gly Met VaI Pro Glu Glu Glu Met Asn Gin Tyr Leu Ala

425 430 435

aaa ggc cgt taa taacgtttca acgcagcatg gatcgtaccg agctcaatcg 3560
Lys Gly Arg
440

atcctgcttt aatgagatat gcgagacgcc tatgatcgca tgatatttgc tttcaattct 3620

gttgtgcacg ttgtaaaaaa cctgagcatg tgtagctcag atccttaccg ccggtttcgg 3680

ttcattctaa tgaatatatc acccgttact atcgtatttt tatgaataat attctccgtt 3740

caatttactg attgtaccct actaettata tgtacaatat taaaatgaaa acaatatatt 3800

gtgctgaata ggtttatagc gacatctatg atagagcgcc acaataacaa acaattgcgt 3860

tttattatta caaatccaat tttaaaaaaa gcggcagaac cggtcaaacc taaaagactg 3920

attacataaa tettatteaa atttcaaaag tgccccaggg gctagtatct acgacacacc 3980

gagcggcgaa ctaataacgc tcactgaagg gaactccggt tccccgccgg cgcgcatggg 4040

tgagattect tgaagttgag tattggccgt ccgctctacc gaaagttacg ggcaccattc 4100

aacccggtcc agcacggcgg ccgggtaacc gacttgctgc cccgagaatt atgcagcatt 4160

tttttggtgt atgtgggccc caaatgaagt gcaggtcaaa ccttgacagt gacgacaaat 4220

cgttgggcgg gtccagggcg aattttgcga caacatgtcg aggctcagca ggatgggccc 4280

aggtacagaa ttcgcggccg tacaacgcgt accggttaat taatctagag gcgcgccggg 4340

cccggccggc cagatcttga ttgtcgtttc ccgccttcag tttaaactat cagtgtttga 4400

caggatatat tggcgggtaa acctaagaga aaagagcgtt tattagaata atcggatatt 4460

taaaagggcg tgaaaaggtt tatccgttcg tccatttgta tgt 4503

<210> 40
<211> 442
<212> PRT
<213> Artificial

<220>
<223> Synthetic Construct E . coli D-serine deaminase [dsdA] CDS

<400> 40

Met Gl u Asn Ala Lys Met Asn Ser Leu lie Al a Gi n Tyr Pro Leu VaI
1 5 10 15

Lys Asp Leu val Ala Leu Lys Glu Thr Thr Trp Phe Asn Pro Gly Thr
20 25 30



eol f - seql . txt

Thr Se r Leu Al a Gl u Gl y Leu Pro Tyr VaI Gl y Leu Th r Gl u Gi n Asp
35 40 45

VaI Gi n Asp Al a Hi s Al a Arg Leu Se r Arg Phe Al a Pro Tyr Leu Al a
50 55 60

Lys Al a Phe Pro Gl u Thr Al a Al a Thr Gl y Gl y H e H e Gl u Se r Gl u
65 70 75 80

Leu VaI Al a l i e Pro Al a Met Gi n Lys Arg Leu Gl u Lys Gl u Tyr Gi n
85 90 95

Gi n Pro l i e Se r Gl y Gi n Leu Leu Leu Lys Lys Asp Se r Hi s Leu Pro
100 105 110

l i e Se r Gl y Se r l i e Lys Al a Arg Gl y Gl y l i e Tyr Gl u VaI Leu Al a
115 120 125

Hi s Al a Gl u Lys Leu Al a Leu Gl u Al a Gl y Leu Leu Th r Leu Asp Asp
130 135 140

Asp Tyr Se r Lys Leu Leu Se r Pro Gl u Phe Lys Gi n Phe Phe Se r Gi n
145 150 155 160

Tyr Se r l i e Al a VaI Gl y Se r Th r Gl y Asn Leu Gl y Leu Se r l i e Gl y
165 170 175

l i e Met Se r Al a Arg l i e Gl y Phe Lys VaI Th r VaI Hi s Met Se r Al a
180 185 190

Asp Al a Arg Al a Trp Lys Lys Al a Lys Leu Arg ser Hi s Gl y val Th r
195 200 205

VaI VaI Gl u Tyr Gl u Gi n Asp Tyr Gl y VaI Al a VaI Gl u Gl u Gl y Arg
210 215 220

Lys Al a Al a Gi n ser Asp Pro Asn cys Phe Phe l i e Asp Asp Gl u Asn
225 230 235 240

Se r Arg Th r Leu Phe Leu Gl y Tyr Se r VaI Al a Gl y Gi n Arg Leu Lys
245 250 255

Al a Gi n Phe Al a Gi n Gi n Gl y Arg l i e val Asp Al a Asp Asn Pro Leu
260 265 270

Phe Val Tyr Leu Pro Cys Gl y Val Gl y Gl y Gl y Pro Gl y Gl y Val Al a
275 280 285

Phe Gl y Leu Lys Leu Al a Phe Gl y Asp Hi s Val Hi s Cys Phe Phe Al a
290 295 300
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Gl u Pro Thr Hi s Ser Pro Cys Met Leu Leu Gly VaI Hi s Thr Gly Leu
305 310 315 320

Hi s Asp G n lie Ser VaI Gi n Asp lie Gly l i e Asp Asn Leu Thr Ala
325 330 335

Al a Asp Gly Leu Ala VaI Gly Arg Ala Ser Gly Phe VaI Gly Arg Ala
340 345 350

Met Gl u Arg Leu Leu Asp Gly Phe Tyr Thr Leu Ser Asp Gi n Thr Met
355 360 365

Tyr Asp Met Leu Gly Trp Leu Ala Gi n Gl u Gl u Gly lie Arg Leu Gl u
370 375 380

Pro Ser Ala Leu Ala Gly Met Ala Gly Pro Gi n Arg VaI Cys Ala Ser
385 390 395 400

VaI ser Tyr Gi n Gi n Met Hi s Gly Phe ser Al a Gl u Gi n Leu Arg Asn
405 410 415

Thr Thr Hi s Leu VaI Trp Ala Thr Gly Gly Gly Met VaI Pro Gl u Gl u
420 425 430

Gl u Met Asn Gi n Tyr Leu Ala Lys Gly Arg
435 440

<210> 41
<211> 20
<212> DNA
<213> Artificial

<220>
<223> Forward PCR primer for ahas gene

<400> 41
tgactttggc tcarggaacg 20

<210> 42
<211> 24
<212> DNA
<213> Artificial

<220>
<223> Reverse PCR primer for ahas gene

<400> 42
atctcacttt cattctctgg gttt 24
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