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Nucleic acid sequences for regulation of embryo-specific expression in monocotyle-

donous plants

FIELD OF THE INVENTION

The present invention relates to the field of agricultural biotechnology. Disclosed herein

are expression constructs with expression specificity for the germinating embryo,

transgenic plants comprising such expression constructs, and methods of making and

using such DNA constructs and transgenic plants.

BACKGROUND OF THE INVENTION

In grain crops of agronomic importance, seed formation is the ultimate goal of plant

development. Seeds are harvested for use in food, feed, and industrial products. The

utility and value of those seeds are determined by the quantity and quality of protein,

oil, and starch contained therein. In turn, the quality and quantity of seed produced may

be affected by environmental conditions at any point prior to fertilization through seed

maturation. In particular, stress at or around the time of fertilization may have substan

tial impact on seed development. Members of the grass family (Poaceae), which in

clude the cereal grains, produce dry, one-seeded fruits. This type of fruit is, strictly

speaking, a caryopsis but is commonly called a kernel or grain. The caryopsis of a fruit

coat or pericarp surrounds the seed and adheres tightly to a seed coat. The seed con

sists of an embryo or germ and an endosperm enclosed by a nucellar epidermis and a

seed coat. Accordingly the grain comprises the seed and its coat or pericarp. The seed

comprises the embryo and the endosperm.

A fertile corn plant contains both male and female reproductive tissues, commonly

known as the tassel and the ear, respectively. The tassel tissues form the haploid po l

len grains with two nuclei in each grain, which, when shed at anthesis, contact the silks

of a female ear. The ear may be on the same plant as that which shed the pollen, or on

a different plant. The pollen cell develops a structure known as a pollen tube, which

extends down through an individual female silk to the ovule. The two male nuclei travel

through this tube to reach the haploid female egg at the base of the silk. One of the

male nuclei fuses with and fertilizes the female haploid egg nuclei to form the zygote,

which is diploid in chromosome number and will become the embryo within the kernel.

The remaining male nucleus fuses with and fertilizes a second female nucleus to form



the primary endosperm nucleus, which is triploid in number and will become the e n

dosperm of the kernel, or seed, of the corn plant. Non-fertilized ovules do not produce

kernels and the unfertilized tissues eventually degenerate.

The kernel consists of a number of parts, some derived from maternal tissue and oth

ers from the fertilization process. Maternally, the kernel inherits a number of tissues,

including a protective, surrounding pericarp and a pedicel. The pedicel is a short stalk-

like tissue which attaches the kernel to the cob and provides nutrient transfer from m a

ternal tissue into the kernel. The kernel contains tissues resulting from the fertilization

activities, including the new embryo as well as the endosperm. The embryo is the

miniature progenitor of the next generation, containing cells for root and shoot growth

of a new, young corn plant. It is also one tissue in which oils and proteins are stored in

the kernel. The endosperm functions more as a nutritive tissue and provides the energy

in the form of stored starch, proteins and oil, needed for the germination and initial

growth of the embryo.

Considering the complex regulation that occurs during embryo and kernel development

in higher plants, and considering that it is commonly grain that is a primary source of

nutrition for animals and humans, key tools needed to improve such a nutritional

source include genetic promoters that can drive the expression of nutrition enhancing

genes. On the other hand the embryo is highly sensitive toward stresses. Stresses to

plants may be caused by both biotic and abiotic agents. For example, biotic causes of

stress include infection with a pathogen, insect feeding, and parasitism by another

plant such as mistletoe, and grazing by ruminant animals. Abiotic stresses include, for

example, excessive or insufficient available water, insufficient light, temperature ex

tremes, synthetic chemicals such as herbicides, excessive wind, extremes of soil pH,

limited nutrient availability, and air pollution. Yet plants survive and often flourish, even

under unfavorable conditions, using a variety of internal and external mechanisms for

avoiding or tolerating stress. Plants' physiological responses to stress reflect changes

in gene expression.

While manipulation of stress-induced genes may play an important role in improving

plant tolerance to stresses, it has been shown that constitutive expression of stress-

inducible genes has a severe negative impact on plant growth and development when



the stress is not present. (Kasuga 1999) Therefore, there is a need in the art for pro

moters driving expression which is temporally- and/or spatially-differentiated, to provide

a means to control and direct gene expression in specific cells or tissues at critical

times, especially to provide stress tolerance or avoidance. In particular, drought and/or

density stress of maize often results in reduced yield. To stabilize plant development

and grain yield under unfavorable environments, manipulation of hormones and nutri

tional supply to embryo (axis and scutellum) during seed germination is of interest .

Thus there is a need for transcription regulating sequences which drive gene expres

sion in embryo or scutellum under abiotic stress conditions.

One other well-known problem in the art of plant biotechnology is marker-deletion. Se

lectable marker are useful during the transformation process to select for, and identify,

transformed organisms, but typically provide no useful function once the transformed

organism has been identified and contributes substantially to the lack of acceptance of

these "gene food" products among consumers (Kuiper 2001), and few markers are

available that are not based on these mechanisms (Hare 2002). Thus, there are mult i

ple attempts to develop techniques by means of which marker DNA can be excised

from plant genome (Ow 1995; Gleave 1999). The person skilled in the art is familiar

with a variety of systems for the site-directed removal of recombinantly introduced nu-

cleic acid sequences. They are mainly based on the use of sequence specific recombi-

nases. Various sequence-specific recombination systems are described, such as the

Cre/lox system of the bacteriophage P 1 (Dale 1991 ; Russell 1992; Osborne 1995), the

yeast FLP/FRT system (Kilby 1995; Lyznik1996), the Mu phage Gin recombinase, the

E. coliP\n recombinase, the R/RS system of the plasmid pSR1 (Onouchi1 995; Su-

gita2000), the attP/bacteriophage Lambda system (Zubko 2000). It is one known dis

advantage of these methods known in the prior art that excision is not homogenous

through the entire plants thereby leading to mosaic-like excision patterns, which require

laborious additional rounds of selection and regeneration.

Promoters that confer enhanced expression during seed or grain maturation are de

scribed (such as the barley hordein promoters; see US patent application

20040088754). Promoters which direct embryo-specific or seed-specific expression in

dicots {e.g., the soybean conglycinin promoter; Chen 1988; the napin promoter, Kridl

1991) are in general not capable to direct similar expression in monocots. Unfortu-



nately, relatively few promoters specifically directing this aspect of physiology have

been identified (see for example US20040163144).

Since seed- or grain-specific promoters, which are described include those associated

with genes encoding plant seed storage proteins such as genes encoding: barley hor-

deins, rice glutelins, oryzins, prolamines, or globulins; wheat gliadins or glutenins;

maize zeins or glutelins; oat glutelins; sorghum kafirins; millet pennisetins; or rye se-

calins. However, on the one hand expression of these promoters is often leaky or of

low expression level. Furthermore, it has been noted that improvement of crop plants

with multiple transgenes ("stacking") is of increasing interest. For example, a single

maize hybrid may comprise recombinant DNA constructs conferring not only insect

resistance, but also resistance to a specific herbicide. Importantly, appropriate regula

tory sequences are needed to drive the desired expression of each of these or other

transgenes of interest. Furthermore, it is important that regulatory elements be distinct

from each other. Concerns associated with the utilization of similar regulatory se

quences to drive expression of multiple genes include, but are not restricted to: (a) pair

ing along homologous regions, crossing-over and loss of the intervening region either

within a plasmid prior to integration, or within the plant genome, post-integration; (b)

hairpin loops caused by two copies of the sequence in opposite orientation adjacent to

each other, again with possibilities of excision and loss of these regulatory regions; (c)

competition among different copies of the same promoter region for binding of pro

moter-specific transcription factors or other regulatory DNA-binding proteins.

There is, therefore, a great need in the art for the identification of novel sequences that

can be used for expression of selected transgenes in economically important plants,

especially in monocotyledonous plants. Also there is a need in the art for transcription

regulating sequences which allow for expression in embryo or scutellum during the

early germinating seed. It is thus an objective of the present invention to provide new

and alternative expression cassettes for embryo-preferential or specific expression.

The objective is solved by the present invention.



SUMMARY OF THE INVENTION

The present invention relates to an isolated nucleic acid molecule comprising a plant

transcription regulating sequence, wherein the transcription regulating sequence com-

prises

i) a first nucleic acid sequence comprising the promoter sequence of a

drought, cold responsive and/or ABA regulated gene, e.g. a desiccation-

responsive rd29 or low temperature-induced protein 78 gene plant gene as

defined in Fig 4 or a functional equivalent or a homolog thereof, (in the fol-

lowing "cor78 promoter"),

and operably linked thereto

ii) a second nucleic acid sequence comprising the first intron of a plant gene

encoding a Metallothionein 1 (in the following "MET1") as defined in Fig. 5

or a functional equivalent or a homolog thereof (in the following "MET1 in-

tron").

Promoter sequence of a drought, cold responsive and/or ABA regulated gene comprise

promoters of a well known class of proteins. Preferably, it is the promoter sequence of

a drought, cold responsive and ABA regulated gene. Examples of genes controlled by

drought, cold responsive and/or ABA regulated gene are rd29A, rd29B, Iti, or cor78.

The Fig 4 sequence represents RD29A and low temperature-induced protein 78. The

cor78 promoter is also known as rd29 promoter sequence. A BLAST with Genbank

database refers for example to accession number Genbank AB019226, which com-

prises further genes. In this genome sequence, the cor78 promoter resides bp1 1743 to

bp12328 in 5'-3' direction. The gene which resides downstream of this promoter region

is low-temperature-induced protein 78 (e.g. bp 12650 to 12698,12784 to 12966,13063

to 13536,and 13621 to 15047).

The desiccation-responsive RD29 plant gene is for example published under Acces

sion NM_00 1036984 with a 2131 bp mRNA, dated PLN 09-JUN-2006, VERSION

NM_00 1036984.1 GI:79330663 and is described as a gene that encodes a protein that

is induced in expression in response to water deprivation such as cold, high-salt, and



dessication. The response appears to be via abscisic acid. The promoter region con

tains two ABA-responsive elements (ABREs) that are required for the dehydration-

responsive expression of rd29B as cis-acting elements. Protein is a member of a gene

family with other members found plants, animals and fungi. It is described as similar to

stress-responsive protein-related [Arabidopsis thaliana] (TAIR:At4g25580.1). RD29 is

also published as cor78 under Accession number GB:AAA32776.1 .

Thus, in one embodiment, the promoter controlling the transcription of an mRNA e n

coding one of said proteins in a plant is used, e.g. the promoter of a gene encoding a

stress-responsive protein, for example of Arabidopsis thaliana (TAIR:At4g25580.1),

e.g. rd29A, rd29B, lti or cor78 (GB:AAA32776.1). Preferably, the promoter has the se

quence shown in Fiq 4 or of a homolog thereof, e.g. of an ortholog.

Preferably, the cor78 promoter is derived from a dicotyledonous plant.

In one embodiment the homolog is a homolog predicted as ortholog found in Viridiplan-

tae; preferably found in Streptophyta, more preferred in Embryophyta; Tracheophyta,

even more preferred found in Spermatophyta. More preferred the homolog is identified

from Magnoliophyta, more preferred it is form eudicotyledons, even more preferred the

homolog is from core eudicotyledons, Thus, it is preferably from rosids; more prefered

from eurosids II; even more preferred from Brassicales, even more preferred the ho

molog is e.g. form Brassicaceae, preferably form Arabbidopsis.

In one embodiment the homolog is from an Arabidopsis thaliana cultivar, e.g. from C24,

or from a ecotype like "Columbia"

One further indication that two polypeptides are substantially similar to each other, be

sides having substantially the same function, is that an agent, e.g., an antibody, which

specifically binds to one of the polypeptides, also specifically binds to the other. Thus,

in one embodiment, the homolog of RD29 is a protein which can be identified in an

Western Blot Assay by binding to a monoclonal antibody generated for specifi binding

to a protein having the amino acid shown in Fig. 4 , respectively.

In one embodiment, the percentage of the gene which promoter is used is a nucleic

acid or a protein with an amino acid sequence or nucleic acid identity of at least 60%,



6 1%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, e.g., 7 1%, 72%, 73%, 74%,

75%, 76%, 77%, 78%, 79%, 80%, 8 1%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,

and even 90% or more, e.g., 9 1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, up to at

least 99% to the amino acid sequence or the nucleic acid sequence shown in Fig. 4 .

Preferably the gene which promoter is used, is a gene showing the expression pattern

of a low-temperature-induced protein 78 or a RD29 gene. Preferably the promoter se

quence connected to said gene is 60%, 6 1%, 62%, 63%, 64%, 65%, 66%, 67%, 68%,

69%, 70%, e.g., 7 1%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 8 1%, 82%,

83%, 84%, 85%, 86%, 87%, 88%, 89%, and even 90% or more, e.g., 9 1%, 92%, 93%,

94%, 95%, 96%, 97%, 98%, up to at least 99% to the nucleic acid sequence as de

scribed by SEQ ID NO.: 1. Said promoters can be obtained by using at least 10, 15, 20,

30 or more consecutive nucleotides of SEQ ID NO.: 1, 5 or 6 or of a low-temperature-

induced protein 78 or a RD29 gene e.g. as shown in Figures 4a to 4c using standard

techniques for identification or cloning of nucleic acid sequences like, but not excluding

others, database searches, hybridization or PCR based techniques.

The Met1 gene is published in Sasaki, T., et al., Nature 420 (6913), 312-316 (2002)

and under Accession number AP002540 with a 249 bp DNA, linear, PLN 19-OCT-

2004, VERSION AP002540.2 GM3872872.

The sequence was submitted Submitted 21-JUN-2000 and on Apr 27, 2001 this se

quence version replaced gi:8698578. Genes were predicted from the integrated results

of the following GENSCAN, FGENESH, GeneMark.hmm, GlimmerM, RiceHMM,

SplicePredictor, sim4, gap2, BLASTN and BLASTX. The genomic sequence was

searched against NCBI NonRedundant Protein database, nr and the cDNA sequence

database at RGP or DDBJ. Protein homologies of the coding regions were searched

against NCBI NonRedundant Protein database with BLASTP. ESTs represent the iden

tified cDNA sequences using BLASTN with the corresponding DDBJ accession no. and

RGP clone ID. Full-length cDNAs represent the identified cDNA sequences using

BLASTN with the corresponding DDBJ accession no. A gene with identity or significant

homology to a protein is classified based on the protein name to indicate the homology

level, such as same name, 'putative-' and '-like protein'. A gene without significant ho

mology to any protein but with full-length cDNA or EST homology (covering almost the

entire length of partial sequence) is classified as an 'unknown' protein. A gene pre-



dieted by two or more gene prediction programs is classified as a 'hypothetical' protein

according to IRGSP standard. A gene predicted by a single gene prediction program is

also classified as a probable 'hypothetical' protein and is included as a miscellaneous

feature of the sequence. The orientation of the sequence is from T7 to SP6 of the PAC

clone. This sequence of P0434B04 clone has an overlap with P041 6D03(DDBJ:

AP002872) clone at 5' end and with P0009G03(DDBJ: AP002522) clone at 3' end. De

tailed information on overlap and assembly quality together with annotation of this entry

is available at GenomeSeq.

Preferably, an intron of the MET1 gene shown in Fig. 5 or a homolog thereof is used,

e.g. of an ortholog.

Preferably, said first intron is derived from a MET1 gene from a monocotyledonous

plant. The homolog is preferably an ortholog, e.g from Viridiplantae; e.g. from Strepto-

phyta, more preferred from Embryophyta, even more preferred from Tracheophyta. The

homolog is for example form Spermatophyta, preferably form Magnoliophyta, more

preferred from Liliopsida, even more preferred Poales, even more preferred from

Poaceae. In one embodiment the homolog is from BEP, clade, e.g. from Ehrhar-

toideae, more preferred from Oryzeae, e.g. from Oryza.

In one embodiment, an otholog is used, which is derived from Oryza sativa, e.g. form a

cultivar like the japonica cultivar-group.

Peferably the homolog is an ortholog and shows substantially the same phenotype in a

depletion assay as the wild type.

One further indication that two polypeptides are substantially similar to each other, be

sides having substantially the same function, is that an agent, e.g., an antibody, which

specifically binds to one of the polypeptides, also specifically binds to the other. Thus,

in one embodiment, the homolog of MET1 is a protein which can be identified in an

Western Blot Assay by binding to a monoclonal antibody generated for specifi binding

to a protein having the amino acid shown in Fig. 5 .

In one embodiment, the percentage homolog of a gene which intron is used, e.g. the

first intron, is encoding a protein with an amino acid sequence or nucleic acid identity of



at least 60%, 6 1%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, e.g., 7 1%,

72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 8 1%, 82%, 83%, 84%, 85%, 86%,

87%, 88%, 89%, and even 90% or more, e.g., 9 1%, 92%, 93%, 94%, 95%, 96%, 97%,

98%, up to at least 99% to the amino acid sequence shown in Fig. 5 .

Preferably the homolog of a gene which intron is used is encoding a protein showing

the expression pattern of the MET1 gene. T. Preferably the nucleic acid sequence of

the intron of said gene is 60%, 6 1%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%,

70%, e.g., 7 1%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 8 1%, 82%, 83%,

84%, 85%, 86%, 87%, 88%, 89%, and even 90% or more, e.g., 9 1%, 92%, 93%, 94%,

95%, 96%, 97%, 98%, up to at least 99% to the nucleic acid sequence as described by

SEQ ID NO.: 3 . Said promoters can be obtained by using at least 10, 15, 20, 30 or

more consecutive nucleotides of SEQ ID NO.: 3 , 7 or 8 or of a MET1 gene, e.g. as

shown in Figure 5 in standard techniques for identification or cloning of nucleic acid

sequences like, but not excluding others, database searches, hybridization or PCR

based techniques.

Sequence comparisons maybe carried out using a Smith-Waterman sequence align

ment algorithm (see e.g., Waterman 1995). The locals program, version 1.16, is pref-

erably used with following parameters: match: 1, mismatch penalty: 0.33, open-gap

penalty: 2 , extended-gap penalty: 2 .

The distance between the cor78 promoter and the intron, e.g. the first intron of MET1 is

preferably short. In one embodiment, the nucleic acid molecule comprises for example

a linker sequence which is located between the cor78 promoter and and the first nu

cleotide of said intron with for example a length of 0 bp to 10Obp, e.g. 10bp to 90 bp, or

20 to 80bp, e.g. 20, 30, 40, 50, 60, 70, 80 or 90 bp. .

In an other embodiment of the present invention, said intron, e.g. the first intron of

MET1 , is located in the sequence of an other intron of a nucleotide sequence tran-

scripted under the control of the transcription regulating nucleotide sequence.



Further, in one embodiment, said nucleic acid molecule comprises for example a

5'UTR which is located between the cor78 promoter sequence and the first nucleotide

of the MET1 intron.

One possible arrangement is represented by base pairs 8199 to 9656 of SEQ ID NO:

2 , comprising the cor79 promoter and the first intron of the MET1 gene, or by base

pairs 8134 to 9656, comprising the cor79 promoter, the first intron of the MET1 gene

and the 5'UTR.

The intron of the nucleotide sequence transcripted under the control of the transcription

regulationg nucleotide sequence is for example located in the 5'UTR or in an other lo

cation close to the cor78 promoter sequence, e.g. it is located within the first 100bp of

the 5' end of a coding region or within the first 10Obp after the transcription start codon.

Accordingly, in one embodiment, the invention relates to an isolated nucleic acid mole

cule comprising a polynucleotide encoding a plant transcription regulating sequence

comprising

i) a first nucleic acid selected from the group consisting of

a) a polynucleotide as defined in SEQ ID NO:1 ;

b) a polynucleotide having at least 50% sequence identity to the polynucleo

tide of SEQ ID NO:1 ;

c) a fragment of at least 50 consecutive bases, preferably at least 100 con

secutive bases, more preferably 200 consecutive bases of the polynucleotide

of SEQ ID NO:1 ; and

d) a polynucleotide hybridizing under conditions equivalent to hybridization in

7% sodium dodecyl sulfate (SDS), 0.5M NaPO4, 1mM EDTA at 5 O0C with

washing in 2xSSC, 0.1 % SDS at 5 O0C to a nucleic acid comprising at least

50 nucleotides of a polynucleotide as defined in SEQ ID NO:1 , or the com

plement thereof, and

ii) a second nucleic acid selected from the group consisting of

a) a polynucleotide as defined in SEQ ID NO:3;



b) a polynucleotide having at least 50% sequence identity to the polynucleo

tide of SEQ ID NO:3;

c) a fragment of at least 50 consecutive bases, preferably at least 100 con

secutive bases, more preferably 200 consecutive bases of the polynucleotide

of SEQ ID NO:3; and

d) a polynucleotide hybridizing under conditions equivalent to hybridization in

7% sodium dodecyl sulfate (SDS), 0.5M NaPO4, 1mM EDTA at 5 O0C with

washing in 2xSSC, 0.1 % SDS at 5 O0C to a nucleic acid comprising at least

50 nucleotides of a sequence described by SEQ ID NO:3, or the complement

thereof,

wherein said first and said second nucleic acid sequences are functionally linked

and heterologous to each other.

Preferably, the nucleic acid molecule comprising a polynucleotide encoding a transcrip-

tion regulating sequence is capable to mediate transcription of an operably linked nu

cleic acid sequence in a plant or plant cell. More preferably, the nucleic acid molecule

comprising a polynucleotide encoding a transcription regulating sequence is able to

mediate transcription of a nucleic acid sequence in a monocotyledonous plant or

monocotyledonous plant cell. It is preferred that the nucleic acid molecule comprising

a polynucleotide encoding a transcription regulating sequence is tissue-specific. More

preferably, the nucleic acid molecule comprising a polynucleotide encoding a transcrip

tion regulating sequence is preferentially expressed in embryo or scutellum. It is also

preferred that the nucleic acid molecule comprising a polynucleotide encoding a t ran

scription regulating sequence is preferentially expressed under abiotic or biotic stress

conditions. The biotic stress conditions are selected from the group consisting of fun

gal, nematode, insect, virus, and bacteria and combinations thereof. The abiotic stress

conditions are selected from the group consisting of drought, cold, heat, salt, salinity,

high plant population density, nitrogen, UV light, and combinations thereof. Most pref

erably, the nucleic acid molecule comprising a polynucleotide encoding a transcription

regulating sequence is preferentially expressed under drought condition.

Another embodiment of the current invention relates to the nucleic acid molecule com

prising a polynucleotide encoding a transcription regulating sequence as described



above, wherein the nucleic acid comprises at least two, preferably more, e.g. three,

four, five, six, seven, eight, nine, ten or more, e.g. up to all, core promoter motifs se

lected from the group consisting of the sequences as defined in SEQ ID NOs: 10, 12,

14, 17, 20, 22, 25, 27, 29, 3 1 , 33, 35, 37, 39, 42, 44, 46, 48, 50, 53, 55, 57, 59, 63, 66,

68, 70, 72, 74, 77, 79, 82, 84, 86, 88, 90, 94, 96, 98, 102, 104, 108, 112, 114, 117, 121 ,

123, 125, 127, 129, 131 , 137, and 138. Preferably said promoter motifs are ananged

on the minus or plus strand of the transcription regulating sequence as described in

table 8 and 9 . Even more preferred said promoter motifs are positioned at the same or

similar position in the transcription regulating sequence as described in table 8 and9.

Yet another embodiment of the current invention relates to the nucleic acid molecule

comprising a polynucleotide encoding a transcription regulating sequence as described

above, wherein the nucleic acid comprises at least two, preferably more, e.g. three,

four, five, six, seven, eight, nine, ten or more, e.g. up to all, promoter motifs selected

from the group consisting of the sequences as defined in SEQ ID NOs: 9 , 11, 13, 15,

16, 18, 19, 2 1, 23, 24, 26, 28, 30, 32, 34, 36, 38, 40, 4 1 , 43, 45, 47, 49, 5 1, 52, 54, 56,

58, 60, 6 1, 62, 64, 65, 67, 69, 7 1, 73, 75, 76, 78, 80, 8 1 , 83, 85, 87, 89, 9 1, 92, 93, 95,

97, 99, 100, 101 , 103, 105, 106, 107, 109, 110, 111, 113, 115, 116, 118, 119, 120, 122,

124, 126, 128, 130, 132, 133, 134, 135, and 136. . Preferably said promoter motifs are

aranged on the minus or plus strand of the transcription regulating sequence as de

scribed in table 8 and 9 . Even more preferred said promoter motifs are positioned at

the same or similar position in the transcription regulating sequence as described in

table 8 and 9 .

Another embodiment of the current invention relates to an expression construct com

prising the nucleic acid molecule comprising a polynucleotide encoding a transcription

regulating sequence functionally linked thereto a nucleic acid sequence. Preferably the

functionally linked nucleic acid sequence confers to a plant a trait or property selected

from the group consisting of increased yield, increased resistance under stress condi-

tions, increased nutritional quality and/or oil content of a seed or a sprout, and selection

marker excision. The increased nutritional quality and/or oil content may comprise an

increased content of at least one compound selected from the group consisting of v i

tamins, carotinoids, antioxidants, unsaturated fatty acids, poly-unsaturated fatty acids,

or proteins with altered amino acid content. It is also preferred that the transcription of



the functionally linked nucleic acid sequence in the expression construct results in ex

pression of a protein or expression of a functional ribonucleotide sequence capable to

impart function of at least one gene in the target plant. The functional RNA comprises

at least one from the group consisting of: antisense RNA, sense RNA, dsRNA, mi-

croRNA, ta-siRNA, snRNA, RNAi, or combinations thereof.

The embodiment of the current invention provides a plant or a seed produced by a

transgenic plant transformed with a nucleic acid molecule comprising a polynucleotide

encoding the transcription regulating sequence functionally linked to a nucleic acid. In a

further preferred embodiment, the seed produced by the transgenic plant expresses a

protein or a functional RNA sequence capable to impart function of at least one gene in

the target plant, wherein the seed or plant has increased resistance under stress condi

tions and/or increased yield, and/or increased nutritional quality and/or oil content of a

seed or a sprout. More preferably, the seed or plant is a monocot. Preferably, the seed

or plant is selected from the group consisting of maize, wheat, rice barley, oat, rye,

sorghum, ryegrass or coix. More preferably, the seed or plant is a cereal plant selected

from the group consisting of maize, wheat, barley, rice, oat, rye, and sorghum, even

more preferably from maize, wheat, and rice, most preferably the seed or plant is

maize. Further embodiments of the invention relate to seeds, parts and cells of the

monocotyledonous plant of the invention. Preferably, the plant parts are selected from

the group consisting of: cells, protoplasts, cell tissue cultures, callus, cell clumps, em

bryos, pollen, ovules, seeds, flowers, kernels, ears, cobs, leaves, husks, stalks, roots,

root tips, anthers, and silk.

Another embodiment of the invention relates to a method for increased yield and/or

increased stress tolerance in a plant, wherein the method comprises the steps of

A) introducing into a plant an expression construct comprising

i) a first nucleic acid sequence selected from the group consisting of

a) a polynucleotide as defined in SEQ ID NO:1 ;

b) a polynucleotide having at least 50% sequence identity to the polynucleotide of

SEQ ID NO:1 ;



c) a fragment of at least 50 consecutive bases, preferably at least 100 consecutive

bases, more preferably 200 consecutive bases of the polynucleotide of SEQ ID

NO:1 ; and

d) a polynucleotide hybridizing under conditions equivalent to hybridization in 7%

sodium dodecyl sulfate (SDS), 0.5M NaPO4, 1mM EDTA at 5 O0C with washing

in 2xSSC, 0.1 % SDS at 5 O0C to a nucleic acid comprising at least 50 nucleo

tides of a polynucleotide as defined in SEQ ID NO:1 , or the complement

thereof,

and operably linked thereto a

ii) a second nucleic acid selected from the group consisting of

a) a polynucleotide as defined in SEQ ID NO:3;

b) a polynucleotide having at least 50% sequence identity to the polynucleotide of

SEQ ID NO:3;

c) a fragment of at least 50 consecutive bases, preferably at least 100 consecutive

bases, more preferably 200 consecutive bases of the polynucleotide of SEQ ID

NO:3; and

d) a polynucleotide hybridizing under conditions equivalent to hybridization in 7%

sodium dodecyl sulfate (SDS), 0.5M NaPO4, 1mM EDTA at 5 O0C with washing

in 2xSSC, 0.1 % SDS at 5 O0C to a nucleic acid comprising at least 50 nucleo-

tides of a sequence described by SEQ ID NO:3, or the complement thereof,

and operably linked to at least one nucleic acid which is heterologous in relation to

the first or second nucleic acid sequence and is capable to confer to a plant an in

creased yield and/or increased stress tolerance, and

B) selecting transgenic plants, wherein the plants have increased yield and/or in-

creased stress tolerance under stress conditions as compared to the wild type or null

segregant plants.

Various nucleic acids are known to the person skilled in the art to obtain yield and/or

stress resistance. The nucleic acids may include, but are not limited to, polynucleo-

tides encoding a polypeptide involved in phytohormone biosynthesis, phytohormone

regulation, cell cycle regulation, or carbohydrate metabolism.



Another embodiment of the invention relates to a method for conferring increased nutri

tional quality and/or oil content of a seed or a sprout to a plant, wherein the method

comprises the steps of

A) introducing into a plant an expression construct comprising

i) a first nucleic acid selected from the group consisting of

a) a polynucleotide as defined in SEQ ID NO:1 ;

b) a polynucleotide having at least 50% sequence identity to the polynucleotide of

SEQ ID NO:1 ;

c) a fragment of at least 50 consecutive bases, preferably at least 100 consecutive

bases, more preferably 200 consecutive bases of the polynucleotide of SEQ ID

NO:1 ; and

d) a polynucleotide hybridizing under conditions equivalent to hybridization in 7%

sodium dodecyl sulfate (SDS), 0.5M NaPO4, 1mM EDTA at 5 O0C with washing in

2xSSC, 0.1 % SDS at 5 O0C to a nucleic acid comprising at least 50 nucleotides of

a polynucleotide as defined in SEQ ID NO:1 , or the complement thereof, and op-

erably linked to

ii) a second nucleic acid selected from the group consisting of

a) a polynucleotide as defined in SEQ ID NO:3;

b) a polynucleotide having at least 50% sequence identity to the polynucleotide of

SEQ ID NO:3;

c) a fragment of at least 50 consecutive bases, preferably at least 100 consecutive

bases, more preferably 200 consecutive bases of the polynucleotide of SEQ ID

NO:3; and

d) a polynucleotide hybridizing under conditions equivalent to hybridization in 7%

sodium dodecyl sulfate (SDS), 0.5M NaPO4, 1mM EDTA at 5 O0C with washing in

2xSSC, 0.1 % SDS at 5 O0C to a nucleic acid comprising at least 50 nucleotides of

a sequence described by SEQ ID NO:3, or the complement thereof,

and operably linked to at least one nucleic acid which is heterologous in relation to

said first or said second nucleic acid sequence and is suitable to confer to a plant an

increased nutritional quality and/or oil content of a seed or a sprout, and

B) selecting transgenic plants, wherein the plants have increased nutritional quality

and/or oil content of a seed or a sprout as compared to the wild type or null segregant

plants.



The nutritional quality and/or oil content are defined as above. More specific examples

are given herein below. The transcription regulating sequence is described above,

more preferably the transcription regulating sequence is embryo-specific.

Yet another embodiment of the invention relates to a method for excision of a target

sequence, e.g. a marker sequence from a plant, said method comprising the steps of

A) constructing an expression cassette by operably linking a transcription regulating

nucleotide sequence comprising

i) a first nucleic acid selected from the group consisting of

a) a polynucleotide as defined in SEQ ID NO:1 ;

b) a polynucleotide having at least 50% sequence identity to the polynucleotide of

SEQ ID NO:1 ;

c) a fragment of at least 50 consecutive bases, preferably at least 100 consecutive

bases, more preferably 200 consecutive bases of the polynucleotide of SEQ ID

NO:1 ; and

d) a polynucleotide hybridizing under conditions equivalent to hybridization in 7%

sodium dodecyl sulfate (SDS), 0.5M NaPO4, 1mM EDTA at 5 O0C with washing in

2xSSC, 0.1 % SDS at 5 O0C to a nucleic acid comprising at least 50 nucleotides of a

polynucleotide as defined in SEQ ID NO:1 , or the complement thereof, and

ii) a second nucleic acid selected from the group consisting of

a) a polynucleotide as defined in SEQ ID NO:3;

b) a polynucleotide having at least 50% sequence identity to the polynucleotide of

SEQ ID NO:3;

c) a fragment of at least 50 consecutive bases, preferably at least 100 consecutive

bases, more preferably 200 consecutive bases of the polynucleotide of SEQ ID

NO:3; and

d) a polynucleotide hybridizing under conditions equivalent to hybridization in 7%

sodium dodecyl sulfate (SDS), 0.5M NaPO4, 1mM EDTA at 5 O0C with washing in

2xSSC, 0.1 % SDS at 5 O0C to a nucleic acid comprising at least 50 nucleotides of a

sequence described by SEQ ID NO:3, or the complement thereof,



and operably linked to at least one nucleic acid which is heterologous in relation to said

first or said second nucleic acid sequence and is suitable to induce excision of target

sequence, e.g. a marker sequence from a plant, and

B) inserting said expression cassette into a plant comprising at least one target se-

quence, e.g. a marker sequence to provide a transgenic plant, wherein said plant ex

presses said heterologous nucleic acid sequence, and

C) selecting transgenic plants, which demonstrate excision of said target sequence,

e.g. the marker sequence.

Preferably the target sequence is a marker sequence, e.g. a antibotic or herbicid res is

tance gene.

In one preferred embodiment of the invention the nucleotide sequence expressed from

the chimeric transcription regulating sequence of the invention is not encoding a beta-

glucuronidase (GUS), or is not a method for expression of a GUS gene for the purpose

of achieving a GUS-mediating staining.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1. Map of plasmid pBPSMM368:At.Cor78::BPS1 . 1 ::GUS::NOS

Fig. 2 . Histochemical GUS staining of At.Cor78 promoter constructs. Shown are repre

sentative examples for the typical staining patterns of the constructs. A :

At.Cor78::BPS1 . 1 ::GUS::NOS (pBPSMM368); B: At.Cor78::GUS::NOS (pBPSMM250);

C: At.Cor78::Ubi-intron1 ::GUS::NOS (pBPSMM346)

Fig. 3 . Drought-stress-induced or stable expression controlled by pBPSMM346 pro

moter construct in maize. Transgenic plants at 5-leaf stage were drought-stressed by

withholding water. Samples were taken from leaves at the indicated timepoints. RNA

was isolated from leaf samples and analyzed with quantitative RT-PCR. GUS expres

sion was normalized against an internal control gene in each sample. Results are

shown as fold increase of expression levels compared to the 0-timepoint which is set

as 1.



Fig. 4a to 4c: Nucleotide sequence and amino acid sequence of the RD29A gene and

the low temperature-induced protein 78 gene.

Fig. 5 : Nucleotide sequence of the MET1 gene.

DEFINITIONS

Unless otherwise noted, technical terms are used according to conventional usage.

Definitions of common terms in molecular biology may be found in Lewin, Genes V

published by Oxford University Press, 1994 (ISBN 0-19-854187-9); Kendrew et al

(eds.), The Encyclopedia of Molecular Biology, published by Blackwell Science Ltd.,

1994 (ISBN 0-632-02182-9); and Robert A . Meyers (ed.), Molecular Biology and Bio

technology: a Comprehensive Desk Reference, published by VCH Publishers, Inc.,

1995 (ISBN 1-56081-569-8).

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 "the" in

clude plural reference unless the context clearly dictates otherwise. Thus, for example,

reference to "a vector" is a reference to one or more vectors 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 re

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

fies 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 up or down

(higher or lower).

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

cludes any combination of members of that list.



The term "gene" is used broadly to refer to any segment of nucleic acid associated with

a biological function. Thus, genes include coding sequences and/or the regulatory se

quences required for their expression. For example, gene refers to a nucleic acid frag-

ment that expresses mRNA or functional RNA, or encodes a specific protein, and

which includes regulatory sequences. Genes can include non-coding DNA sequences

and/or the regulatory sequences, wherein the non-coding regions can be transcribed

into, such as microRNA. Genes also include non-expressed segments that, for exam

ple, form recognition sequences for other proteins and/or RNA. Genes can be obtained

from a variety of sources, including cloning from a source of interest or synthesizing

from known or predicted sequence information via chemical or molecular biology ap

proaches, and may include sequences designed to have desired parameters.

The term "native" or "wild type" gene refers to a gene that is present in the genome of

an untransformed cell, i.e., a cell not having a known mutation.

A "marker gene" or "marker sequence" encodes a selectable or screenable trait.

The term "chimeric gene" refers to any gene that contains

1) DNA sequences, including regulatory and coding sequences, that are not found to

gether in nature, or

2) sequences encoding parts of coding sequences, e.g. coding for proteins, not natu

rally adjoined, or

3) parts of regulatory sequeces, e.g. promoters, that are not naturally adjoined.

Accordingly, a chimeric gene may comprise regulatory sequences and coding se

quences that are derived from different sources, or comprise regulatory sequences and

coding sequences derived from the same source, but arranged in a manner different

from that found in nature.

A "transgene" refers to a gene that has been introduced into the genome by transfor

mation and is stably maintained. Transgenes may include, for example, genes that are

either heterologous or homologous to the genes of a particular plant to be transformed.

Additionally, transgenes may comprise native genes inserted into a non-native organ-



ism, or chimeric genes. The term "endogenous gene" refers to a native gene in its

natural location in the genome of an organism. A "foreign" gene refers to a gene not

normally found in the host organism but that is introduced by gene transfer.

An "oligonucleotide" corresponding to a nucleotide sequence of the invention, e.g., for

use in probing or amplification reactions, may be about 30 or fewer nucleotides in

length {e.g., 9 , 12, 15, 18, 20, 2 1 or 24, or any number between 9 and 30). Generally

specific primers are upwards of 14 nucleotides in length. For optimum specificity and

cost effectiveness, primers of 16 to 24 nucleotides in length may be preferred. Those

skilled in the art are well versed in the design of primers for use processes such as

PCR. If required, probing can be done with entire restriction fragments of the gene d is

closed herein which may be 100's or even 1,000's of nucleotides in length.

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

pression product" and "protein" are used interchangeably herein to refer to a polymer

or oligomer of consecutive amino acid residues. As used herein, the term "amino acid

sequence" or a "polypeptide sequence" refers to a list of abbreviations, letters, charac

ters 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 rec

ommended by the IUPAC-IUB Biochemical Nomenclature Commission. The abbrevia

tions 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, methion-

ine; N, asparagine; P, proline; Q, glutamine; R, arginine; S, serine; T , threonine; V ,

valine; W , tryptophan; Y , tyrosine; Z , glutamine or glutamic acid (see L. Stryer, Bio

chemistry, 1988, W . H. Freeman and Company, New York. The letter "x" as used

herein within an amino acid sequence can stand for any amino acid residue.

"Coding sequence" refers to a DNA or RNA sequence that codes for a specific amino

acid sequence and excludes the non-coding sequences. It may constitute an "uninter

rupted coding sequence", i.e., lacking an intron, such as in a cDNA or it may include

one or more introns bounded by appropriate splice junctions. An "intron" is a sequence

of RNA which is contained in the primary transcript but which is removed through



cleavage and re-ligation of the RNA within the cell to create the mature mRNA that can

be translated into a protein.

The terms "open reading frame" and "ORF" refer to the amino acid sequence encoded

between translation initiation and termination codons of a coding sequence. The terms

"initiation codon" and "termination codon" refer to a unit of three adjacent nucleotides

codon ) in a coding sequence that specifies initiation and chain termination, respec

tively, of protein synthesis (mRNA translation).

A "functional RNA" refers to an antisense RNA, ribozyme, or other RNA that is not

translated.

The term "RNA transcript" refers to the product resulting from RNA polymerase cata

lyzed transcription of a DNA sequence. When the RNA transcript is a perfect comple-

mentary copy of the DNA sequence, it is referred to as the primary transcript or it may

be a RNA sequence derived from posttranscriptional processing of the primary t ran

script and is referred to as the mature RNA. "Messenger RNA" (mRNA) refers to the

RNA that is without introns and that can be translated into protein by the cell. "cDNA"

refers to a single- or a double-stranded DNA that is complementary to and derived from

mRNA.

"Transcription regulating nucleotide sequence", "regulatory sequences", and "suitable

regulatory sequences", each refers to nucleotide sequences influencing the transcrip

tion, RNA processing or stability, or translation of the associated (or functionally linked)

nucleotide sequence to be transcribed. The transcription regulating nucleotide se

quence may have various localizations with the respect to the nucleotide sequences to

be transcribed. The transcription regulating nucleotide sequence may be located u p

stream (5' non-coding sequences), within, or downstream (3' non-coding sequences) of

the sequence to be transcribed {e.g., a coding sequence). The transcription regulating

nucleotide sequences may be selected from the group comprising enhancers, promot

ers, translation leader sequences, introns, 5'-untranslated sequences, 3'-untranslated

sequences, and polyadenylation signal sequences. They include natural and synthetic

sequences as well as sequences, which may be a combination of synthetic and natural

sequences. As is noted above, the term "transcription regulating nucleotide sequence"



is not limited to promoters. However, preferably a transcription regulating nucleotide

sequence of the invention comprises at least one promoter sequence {e.g., a sequence

localized upstream of the transcription start of a gene capable to induce transcription of

the downstream sequences). In one preferred embodiment the transcription regulating

nucleotide sequence of the invention comprises the promoter sequence of the corre

sponding gene and - optionally and preferably - the native 5'-untranslated region of

said gene. Furthermore, the 3'-untranslated region and/or the polyadenylation region of

said gene may also be employed.

"Promoter" refers to a nucleotide sequence, usually upstream (5') to its coding se

quence, which controls the expression of the coding sequence by providing the recog

nition for RNA polymerase and other factors {e.g., trans-acting transcription factors)

required for proper transcription. "Promoter" includes a minimal promoter that is a short

DNA sequence comprised of a TATA box and other sequences that serve to specify

the site of transcription initiation, to which regulatory elements {e.g., α s^elements) are

added for control of expression. "Promoter" also refers to a nucleotide sequence that

includes a minimal promoter plus regulatory elements that is capable of controlling the

expression of a coding sequence or functional RNA. This type of promoter sequence

consists of proximal and more distal upstream elements, the latter elements are often

referred to as enhancers. Accordingly, an "enhancer" is a DNA sequence which can

stimulate promoter activity and may be an innate element of the promoter or a het

erologous element inserted to enhance the level or tissue specificity of a promoter. It is

capable of operating in both orientations (normal or flipped), and is capable of function

ing even when moved either upstream or downstream from the promoter. Both enhan-

cers and other upstream promoter elements bind sequence-specific DNA-binding pro

teins that mediate their effects. Promoters may be derived in their entirety from a native

gene, or be composed of different elements, derived from different promoters found in

nature, or even be comprised of synthetic DNA segments. A promoter may also contain

DNA sequences that are involved in the binding of protein factors which control the

effectiveness of transcription initiation in response to physiological or developmental

conditions. As used herein, the term "cis-element" refers to a exacting transcriptional

regulatory element that confers an aspect of the overall control of gene expression. A

c/s-element may function to bind transcription factors, trans-aci\ng protein factors that

regulate transcription. Some c/s-elements bind more than one transcription factor, and



transcription factors may interact with different affinities with more than one cis-

element. The promoters of the present invention desirably contain s^elements that

can confer or modulate gene expression. C/s^elements can be identified by a number

of techniques, including deletion analysis, i.e., deleting one or more nucleotides from

the 5' end or internal to a promoter; DNA binding protein analysis using DNase I foot-

printing, methylation interference, electrophoresis mobility-shift assays, in vivo genomic

footprinting by ligation-mediated PCR, and other conventional assays; or by DNA se

quence similarity analysis with known c/s-element motifs by conventional DNA se

quence comparison methods. The fine structure of a c/s-element can be further studied

by mutagenesis (or substitution) of one or more nucleotides or by other conventional

methods. C/s-elements can be obtained by chemical synthesis or by isolation from

promoters that include such elements, and they can be synthesized with additional

flanking nucleotides that contain useful restriction enzyme sites to facilitate subse

quence manipulation.

The "initiation site" is the position surrounding the first nucleotide that is part of the

transcribed sequence, which is also defined as position + 1. With respect to this site all

other sequences of the gene and its controlling regions are numbered. Downstream

sequences {i.e., further protein encoding sequences in the 3' direction) are denomi-

nated positive, while upstream sequences (mostly of the controlling regions in the 5'

direction) are denominated negative.

Promoter elements, particularly a TATA element, that are inactive or that have greatly

reduced promoter activity in the absence of upstream activation are referred to as

"minimal or core promoters." In the presence of a suitable transcription factor, the

minimal promoter functions to permit transcription. A "minimal or core promoter" thus

consists only of all basal elements needed for transcription initiation, e.g., a TATA box

and/or an initiator.

The term "intron" refers to sections of DNA (intervening sequences) within a gene that

do not encode part of the protein that the gene produces, and that is spliced out of the

mRNA that is transcribed from the gene before it is exported from the cell nucleus. In

tron sequence refers to the nucleic acid sequence of an intron. Thus, introns are those

regions of DNA sequences that are transcribed along with the coding sequence (ex-



ons) but are removed during the formation of mature mRNA. lntrons can be positioned

within the actual coding region or in either the 5' or 3' untranslated leaders of the pre-

mRNA (unspliced mRNA). lntrons in the primary transcript are excised and the coding

sequences are simultaneously and precisely ligated to form the mature mRNA. The

junctions of introns and exons form the splice site. The sequence of an intron begins

with GU and ends with AG. Furthermore, in plants, two examples of AU-AC introns

have been described: intron 14 of the RecA-like protein gene and intron 7 of the G5

gene from Arabidopsis thaliana are AT-AC introns, Pre-mRNAs containing introns have

three short sequences that are -beside other sequences- essential for the intron to be

accurately spliced. These sequences are the 5 'splice-site, the 3' splice-site, and the

branchpoint. mRNA splicing is the removal of intervening sequences (introns) present

in primary mRNA transcripts and joining or ligation of exon sequences. This is also

known as s^splicing which joins two exons on the same RNA with the removal of the

intervening sequence (intron). The functional elements of an intron comprising se-

quences that are recognized and bound by the specific protein components of the spli-

ceosome {e.g. splicing consensus sequences at the ends of introns). The interaction of

the functional elements with the spliceosome results in the removal of the intron se

quence from the premature mRNA and the rejoining of the exon sequences. Introns

have three short sequences that are essential -although not sufficient- for the intron to

be accurately spliced. These sequences are the 5 ' splice site, the 3 ' splice site and the

branchpoint The branchpoint sequence is important in splicing and splice-site selection

in plants. The branchpoint sequence is usually located 10-60 nucleotides upstream of

the 3 ' splice site. Plant sequences exhibit sequence deviations in the branchpoint, the

consensus sequences being CURAY or YURAY.

"Constitutive expression" refers to expression using a constitutive or regulated pro

moter. "Conditional" and "regulated expression" refer to expression controlled by a

regulated promoter.

"Constitutive promoter" refers to a promoter that is able to express the open reading

frame (ORF) that it controls in all or nearly all of the plant tissues during all or nearly all

developmental stages of the plant. Each of the transcription-activating elements does

not exhibit an absolute tissue-specificity, but mediate transcriptional activation in most



plant parts at a level of at least 1% of the level reached in the part of the plant in which

transcription is most active.

"Regulated promoter" refers to promoters that direct gene expression not constitutively,

but in a temporally- and/or spatially-regulated manner, and includes both tissue-specific

and inducible promoters. It includes natural and synthetic sequences as well as se

quences which may be a combination of synthetic and natural sequences. Different

promoters may direct the expression of a gene in different tissues or cell types, or at

different stages of development, or in response to different environmental conditions.

New promoters of various types useful in plant cells are constantly being discovered,

numerous examples may be found in the compilation by Okamuro eta/. (1989). Typical

regulated promoters useful in plants include but are not limited to safener-inducible

promoters, promoters derived from the tetracycline-inducible system, promoters de

rived from salicylate-inducible systems, promoters derived from alcohol-inducible sys-

terns, promoters derived from glucocorticoid-inducible system, promoters derived from

pathogen-inducible systems, and promoters derived from ecdysone-inducible systems.

"Tissue-specific promoter" refers to regulated promoters that are not expressed in all

plant cells but only in one or more cell types in specific organs (such as leaves or

seeds), specific tissues (such as embryo or cotyledon), or specific cell types (such as

leaf parenchyma or seed storage cells). These also include promoters that are tempo

rally regulated, such as in early or late embryogenesis, during fruit ripening in develop

ing seeds or fruit, in fully differentiated leaf, or at the onset of senescence.

"Inducible promoter" refers to those regulated promoters that can be turned on in one

or more cell types by an external stimulus, such as a chemical, light, hormone, stress,

or a pathogen.

"Operably-linked" or "functionally linked" refers preferably to the association of nucleic

acid sequences on single nucleic acid fragment so that the function of one is affected

by the other. More specifically, it refers to a first sequence(s) being positioned suffi

ciently proximal to a second sequence(s) so that the first sequence(s) can exert inf lu

ence over the second sequence(s) or a region under control of that second sequence.

For example, a regulatory DNA sequence is said to be "operably linked to" or "associ-



ated with" a DNA sequence that codes for an RNA or a polypeptide if the two se

quences are situated such that the regulatory DNA sequence affects expression of the

coding DNA sequence {i.e., that the coding sequence or functional RNA is under the

transcriptional control of the promoter).

Most activating sequences, e.g. an intron, are within about 300 to 400 base pairs of the

promoter that is enhanced.

In one embodiment, the location of the intron, e.g. an INME intron, is in the 5' UTR of

the controlled gene. (Rose et al. RNA 2002, 8:1444-1453; CaIMs et al., 1987, Genes &

Dev 1: 1 183-1200; PF56400).

The linker between the promoter region and the intron is for example below 400 base

pairs, e.g. 200, 100, 50 or less. Preferably the fist sequence of the nucleic acid mole-

cule is linked to the second sequence by a linker of around 100 nucleotides or less.

In a further embodiment of the invention more than one activating sequence is em

ployed and the activating sequences are within about 16 to about 80 base pairs of each

other. The coding sequence can be operably-linked to regulatory sequences in a sense

or antisense orientation, e.g. being transcripted into a mRNA encoding a polypeptide or

a fragment of a protein or being transcripted into a regulatory or enzymatic RNA mole

cule, e.g. a antisense RNA, a RNAi, a Ribozyme, a miRNA, a ta-siRNA, a dsRNA,

snRNA or others like described herein or in relevant literature, or combinations thereof.

"Expression" refers to the transcription and/or translation of an endogenous gene, ORF

or portion thereof, or a transgene in plants. For example, in the case of antisense con

structs, expression may refer to the transcription of the antisense DNA only. In addition,

expression refers to the transcription and stable accumulation of sense (mRNA) or

functional RNA. Expression may also refer to the production of protein.

"Specific expression" is the expression of gene products which is limited to one or a

few plant tissues (spatial limitation) and/or to one or a few plant developmental stages

(temporal limitation). It is acknowledged that hardly a true specificity exists: promoters

seem to be preferably switch on in some tissues, while in other tissues there can be no



or only little activity. This phenomenon is known as leaky expression. However, with

specific expression in this invention is meant preferable expression in one or a few

plant tissues.

The "expression pattern" of a promoter (with or without enhancer) is the pattern of ex

pression levels which shows where in the plant and in what developmental stage t ran

scription is initiated by said promoter. Expression patterns of a set of promoters are

said to be complementary when the expression pattern of one promoter shows little

overlap with the expression pattern of the other promoter. The level of expression of a

promoter can be determined by measuring the steady state concentration of a stan

dard transcribed reporter mRNA. This measurement is indirect since the concentration

of the reporter mRNA is dependent not only on its synthesis rate, but also on the rate

with which the mRNA is degraded. Therefore, the steady state level is the product of

synthesis rates and degradation rates. The rate of degradation can however be con-

sidered to proceed at a fixed rate when the transcribed sequences are identical, and

thus this value can serve as a measure of synthesis rates. When promoters are com

pared in this way, techniques available to those skilled in the art are hybridization, S1-

RNAse analysis, northern blots and competitive RT-PCR. This list of techniques in no

way represents all available techniques, but rather describes commonly used proce-

dures to analyze transcription activity and expression levels of mRNA. The analysis of

transcription start points in practically all promoters has revealed that there is usually

no single base at which transcription starts, but rather a more or less clustered set of

initiation sites, each of which accounts for some start points of the mRNA. Since this

distribution varies from promoter to promoter the sequences of the reporter mRNA in

each of the populations would differ from each other. Since each mRNA species is

more or less prone to degradation, no single degradation rate can be expected for d if

ferent reporter mRNAs. It has been shown for various eukaryotic promoter sequences

that the sequence surrounding the initiation site ( initiator ) plays an important role in

determining the level of RNA expression directed by that specific promoter. This in-

eludes also part of the transcribed sequences. The direct fusion of promoter to reporter

sequences would therefore lead to suboptimal levels of transcription. A commonly used

procedure to analyze expression patterns and levels is through determination of the

' steady state ' level of protein accumulation in a cell. Commonly used candidates for

the reporter gene, known to those skilled in the art are beta-glucuronidase (GUS),



chloramphenicol acetyl transferase (CAT) and proteins with fluorescent properties,

such as green fluorescent protein (GFP) from Aequora victoria. In principle, however,

many more proteins are suitable for this purpose, provided the protein does not inte r

fere with essential plant functions. For quantification and determination of localization a

number of tools are suited. Detection systems can readily be created or are available

which are based on, e.g., immunochemical, enzymatic, fluorescent detection and quan

tification. Protein levels can be determined in plant tissue extracts or in intact tissue

using in situ analysis of protein expression. Generally, individual transformed lines with

one chimeric promoter reporter construct will vary in their levels of expression of the

reporter gene. Also frequently observed is the phenomenon that such transformants do

not express any detectable product (RNA or protein). The variability in expression is

commonly ascribed to position effects , although the molecular mechanisms underly

ing this inactivity are usually not clear.

"Overexpression" refers to the level of expression in transgenic cells or organisms that

exceeds levels of expression in normal or untransformed (non-transgenic) cells or o r

ganisms.

"5' non-coding sequence" or "5'-untranslated sequence" or "-region" refers to a nucleo-

tide sequence located 5' (upstream) to the coding sequence. It is present in the fully

processed mRNA upstream of the initiation codon and may affect processing of the

primary transcript to mRNA, mRNA stability or translation efficiency (Turner 1995).

"3' non-coding sequence" or "3'-untranslated sequence" or "-region" refers to nucleotide

sequences located 3' (downstream) to a coding sequence and include polyadenylation

signal sequences and other sequences encoding regulatory signals capable of affect

ing mRNA processing or gene expression. The polyadenylation signal is usually char

acterized by affecting the addition of polyadenylic acid tracts to the 3' end of the mRNA

precursor. The use of different 3' non-coding sequences is exemplified by lngelbrecht

eta/., 1989.

The term "translation leader sequence" refers to that DNA sequence portion of a gene

between the promoter and coding sequence that is transcribed into RNA and is present

in the fully processed mRNA upstream (5') of the translation start codon. The transla-



tion leader sequence may affect processing of the primary transcript to mRNA, mRNA

stability or translation efficiency.

"Signal peptide" refers to the amino terminal extension of a polypeptide, which is trans-

lated in conjunction with the polypeptide forming a precursor peptide and which is re

quired for its entrance into the secretory pathway. The term "signal sequence" refers to

a nucleotide sequence that encodes the signal peptide. The term "transit peptide" as

used herein refers to a part of an expressed polypeptide (preferably to the amino te r

minal extension of a polypeptide), which is translated in conjunction with the polypep-

tide forming a precursor peptide and which is required for its entrance into a cell organ

elle (such as the plastids {e.g., chloroplasts) or mitochondria). The term "transit se

quence" refers to a nucleotide sequence that encodes the transit peptide.

"Antisense inhibition" refers to the production of antisense RNA transcripts capable of

suppressing the expression of protein from an endogenous gene or a transgene.

"Gene silencing" refers to homology-dependent suppression of viral genes, transgenes,

or endogenous nuclear genes. Gene silencing may be transcriptional, when the sup

pression is due to decreased transcription of the affected genes, or post-transcriptional,

when the suppression is due to increased turnover (degradation) of RNA species ho

mologous to the affected genes (English 1996). Gene silencing includes virus-induced

gene silencing (Ruiz eta/. 1998).

The terms "heterologous DNA sequence", "exogenous DNA segment" or "heterologous

nucleic acid," as used herein, each refers to a sequence that originates from a source

foreign to the particular host cell or, if from the same source, is modified from its origi

nal form. Thus, a heterologous gene in a host cell includes a gene that is endogenous

to the particular host cell but has been modified through, for example, the use of DNA

shuffling. The terms also include non-naturally occurring multiple copies of a naturally

occurring DNA sequence. Thus, the terms refer to a DNA segment that is foreign or

heterologous to the cell, or homologous to the cell but in a position within the host cell

nucleic acid in which the element is not ordinarily found. Exogenous DNA segments

are expressed to yield exogenous polypeptides. A "homologous" DNA sequence is a

DNA sequence that is naturally associated with a host cell into which it is introduced.



"Homologous to" in the context of nucleotide sequence identity refers to the similarity

between the nucleotide sequence of two nucleic acid molecules or between the amino

acid sequences of two protein molecules. Estimates of such homology are provided by

either DNA-DNA or DNA-RNA hybridization under conditions of stringency as is well

understood by those skilled in the art (as described in Haines and Higgins (eds.), N u

cleic Acid Hybridization, IRL Press, Oxford, U.K.), or by the comparison of sequence

similarity between two nucleic acids or proteins.

The term "substantially similar" refers to nucleotide and amino acid sequences that

represent functional and/or structural equivalents or orthologs of sequences disclosed

herein, in particular of Oryza sativa, Arabidopsis thaliana orBrassica napus sequences

disclosed herein.

In its broadest sense, the term "substantially similar" when used herein with respect to

a nucleotide sequence means that the nucleotide sequence is part of a gene which

encodes a polypeptide having substantially the same structure and function as a poly

peptide encoded by a gene for the reference nucleotide sequence, e.g., the nucleotide

sequence comprises a promoter from a gene that is the ortholog of the gene corre-

sponding to the reference nucleotide sequence, as well as promoter sequences that

are structurally related to the promoter sequences particularly exemplified herein, i.e.,

the substantially similar promoter sequences hybridize to the complement of the pro

moter sequences exemplified herein under high or very high stringency conditions. For

example, altered nucleotide sequences which simply reflect the degeneracy of the ge-

netic code but nonetheless encode amino acid sequences that are identical to a pa r

ticular amino acid sequence are substantially similar to the particular sequences. The

term "substantially similar" also includes nucleotide sequences wherein the sequence

has been modified, for example, to optimize expression in particular cells, as well as

nucleotide sequences encoding a variant polypeptide having one or more amino acid

substitutions relative to the (unmodified) polypeptide encoded by the reference se

quence, which substitution(s) does not alter the activity of the variant polypeptide re la

tive to the unmodified polypeptide.



In its broadest sense, the term "substantially similar" when used herein with respect to

polypeptide means that the polypeptide has substantially the same structure and func

tion as the reference polypeptide. Preferbly the homolog is an ortholog. Whether a

gene with a substantially similar sequence is a ortholog of gene, e.g. or cor78 oder

Met1 gene can be tested in a simple assay: The endogenous gene, e.g. cor78 or Met is

first deleted and than the the potential ortholog is introduced into the depleted cell or

plant. A ortholog should re-establish a similar or substantially similar phenotype as the

wild type, preferably the phenotype is identical to the wild type. , The term can in one

embodiment mean that the amino acid sequences that are substantially similar to a

particular sequence are those wherein overall amino acid identity is at least 60% or

greater to the instant sequences. Modifications that result in equivalent nucleotide or

amino acid sequences are well within the routine skill in the art. In one embodiment,

the percentage of amino acid sequence identity between the substantially similar and

the reference polypeptide is at least 60%, 6 1%, 62%, 63%, 64%, 65%, 66%, 67%,

68%, 69%, 70%, e.g., 7 1%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 8 1%,

82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, and even 90% or more, e.g., 9 1%, 92%,

93%, 94%, 95%, 96%, 97%, 98%, up to at least 99%. One further indication that two

polypeptides are substantially similar to each other, besides having substantially the

same function, is that an agent, e.g., an antibody, which specifically binds to one of the

polypeptides, also specifically binds to the other.

Sequence comparisons maybe carried out using a Smith-Waterman sequence align

ment algorithm (see e.g., Waterman 1995). The locals program, version 1.16, is pref

erably used with following parameters: match: 1, mismatch penalty: 0.33, open-gap

penalty: 2 , extended-gap penalty: 2 .

Moreover, a nucleotide sequence that is "substantially similar" to a reference nucleo

tide sequence is said to be "equivalent" to the reference nucleotide sequence. The

skilled artisan recognizes that equivalent nucleotide sequences encompassed by this

invention can also be defined by their ability to hybridize, under low, moderate and/or

stringent conditions {e.g., 0.1 X SSC, 0.1 % SDS, 65°C), with the nucleotide sequences

that are within the literal scope of the instant claims.



What is meant by "substantially the same activity" when used in reference to a polynu

cleotide or polypeptide fragment is that the fragment has at least 60%, 6 1%, 62%,

63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, e.g., 7 1%, 72%, 73%, 74%, 75%, 76%,

77%, 78%, 79%, 80%, 8 1%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, and even

90% or more, e.g., 9 1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, up to at least 99% of

the activity of the full length polynucleotide or full length polypeptide.

"Target gene" refers to a gene e.g. to an gene on the replicon, that expresses the de

sired target coding sequence, functional RNA, or protein. In one embodiemtment, the

target gene is not essential for replicon replication. Additionally, target genes may com

prise native non-viral genes inserted into a non-native organism, or chimeric genes,

and will be under the control of suitable regulatory sequences. Thus, the regulatory

sequences in the target gene may come from any source, including the virus Target

genes may include coding sequences that are either heterologous or homologous to

the genes of a particular plant to be transformed. In one embodiment, however, target

genes can be genes that do not include native viral genes. Typical target genes include,

but are not limited to genes encoding a structural protein, a seed storage protein, a

protein that conveys herbicide resistance, and a protein that conveys insect resistance.

Proteins encoded by target genes are known as "foreign proteins". The expression of a

target gene in a plant will typically produce an altered plant trait.

The term "altered plant trait" means any phenotypic or genotypic change in a trans

genic plant relative to the wild-type or non-transgenic plant host.

The term "transformation" refers to the transfer of a nucleic acid fragment into the ge

nome of a host cell, resulting in genetically stable inheritance. Host cells containing the

transformed nucleic acid fragments are referred to as "transgenic" cells, and organisms

comprising transgenic cells are referred to as "transgenic organisms". Examples of

methods of transformation of plants and plant cells include Agrobacter/um-me ated

transformation (De Blaere 1987) and particle bombardment technology (US 4,945,050).

Whole plants may be regenerated from transgenic cells by methods well known to the

skilled artisan (see, for example, Fromm 1990).



"Transformed," "transgenic," and "recombinant" refer to a host organism such as a bac

terium or a plant into which a heterologous nucleic acid molecule has been introduced.

The nucleic acid molecule can be stably integrated into the genome. For example,

"transformed," "transformant," and "transgenic" plants or calli have been through the

transformation process and contain a foreign gene integrated into their chromosome.

The term "untransformed" refers to normal plants that have not been through the trans

formation process.

"Transiently transformed" refers to cells in which transgenes and foreign DNA have

been introduced (for example, by such methods as Agrobacter/um-meώaieύ transfor

mation or biolistic bombardment), but not selected for stable maintenance.

"Stably transformed" refers to cells that have been selected and regenerated on a se

lection media following transformation.

"Chromosomally-integrated" refers to the integration of a foreign gene or DNA con

struct into the host DNA by covalent bonds. In case the genes are not "chromosomally

integrated" they may be "transiently expressed." Transient expression of a gene refers

to the expression of a gene that is not integrated into the host chromosome but func-

tions independently, either as part of an autonomously replicating plasmid or expres

sion cassette, for example, or as part of another biological system such as a virus.

"Transient expression" refers to expression in cells in which a virus or a transgene is

introduced by viral infection or by such methods as Agrobacter/um-meώaieύ transfor-

mation, electroporation, or biolistic bombardment, but not selected for its stable main

tenance.

"Genetically stable" and "heritable" refer to chromosomally-integrated genetic elements

that are stably maintained in the plant and stably inherited by progeny through succes-

sive generations.

"Primary transformant" and "TO generation" refer to transgenic plants that are of the

same genetic generation as the tissue, which was initially transformed {i.e., not having

gone through meiosis and fertilization since transformation).



"Secondary transformants" and the "T1 , T2, T3, etc. generations" refer to transgenic

plants derived from primary transformants through one or more meiotic and fertilization

cycles. They may be derived by self-fertilization of primary or secondary transformants

or crosses of primary or secondary transformants with other transformed or untrans-

formed plants.

"Wild-type" refers to a virus or organism found in nature without any known mutation.

A null segregant is progeny (or lines derived from the progeny) of a transgenic plant

that does not contain the transgene due to Mendelian segregation.

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

of a host organism. Said genomic DNA comprises the DNA of the nucleus (also re-

ferred 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 ge

nomic DNA is referring to the chromosomal DNA of the nucleus.

The term "chromosomal DNA" or "chromosomal DNA-sequence" is to be understood

as the genomic DNA of the cellular nucleus independent from the cell cycle status.

Chromosomal DNA might therefore be organized in chromosomes or chromatids, they

might be condensed or uncoiled. An insertion into the chromosomal DNA can be dem

onstrated and analyzed by various methods known in the art like e.g., polymerase

chain reaction (PCR) analysis, Southern blot analysis, fluorescence in situ hybridization

(FISH), and in situ PCR.

The term "nucleic acid" refers to deoxyribonucleotides or ribonucleotides and polymers

thereof in either single- or double-stranded form, composed of monomers (nucleotides)

containing a sugar, phosphate and a base, which is either a purine or pyrimidine.

Unless specifically limited, the term encompasses nucleic acids containing known ana

logs of natural nucleotides, which have similar binding properties as the reference n u

cleic acid and are metabolized in a manner similar to naturally occurring nucleotides.

Unless otherwise indicated, a particular nucleic acid sequence also implicitly encom

passes conservatively modified variants thereof {e.g., degenerate codon substitutions)



and complementary sequences as well as the sequence explicitly indicated. Specif i

cally, degenerate codon substitutions may be achieved by generating sequences in

which the third position of one or more selected (or all) codons is substituted with

mixed-base and/or deoxyinosine residues (Batzer 1991 ; Ohtsuka 1985; Rossolini

1994). A "nucleic acid fragment" is a fraction of a given nucleic acid molecule. In higher

plants, deoxyribonucleic acid (DNA) is the genetic material while ribonucleic acid (RNA)

is involved in the transfer of information contained within DNA into proteins. The term

"nucleotide sequence" refers to a polymer of DNA or RNA which can be single- or dou

ble-stranded, optionally containing synthetic, non-natural or altered nucleotide bases

capable of incorporation into DNA or RNA polymers. The terms "nucleic acid" or "nu

cleic acid sequence" may also be used interchangeably with gene, cDNA, DNA and

RNA encoded by a gene.

The invention encompasses isolated or substantially purified nucleic acid or protein

compositions. In the context of the present invention, an "isolated" or "purified" DNA

molecule or an "isolated" or "purified" polypeptide is a DNA molecule or polypeptide

that, by the hand of man, exists apart from its native environment and is therefore not a

product of nature. An isolated DNA molecule or polypeptide may exist in a purified form

or may exist in a non-native environment such as, for example, a transgenic host cell.

For example, an "isolated" or "purified" nucleic acid molecule or protein, or biologically

active portion thereof, is substantially free of other cellular material, or culture medium

when produced by recombinant techniques, or substantially free of chemical precursors

or other chemicals when chemically synthesized. Preferably, an "isolated" nucleic acid

is free of sequences (preferably protein encoding sequences) that naturally flank the

nucleic acid {i.e., sequences located at the 5' and 3' ends of the nucleic acid) in the

genomic DNA of the organism from which the nucleic acid is derived. For example, in

various embodiments, the isolated nucleic acid molecule can contain less than about 5

kb, 4 kb, 3 kb, 2 kb, 1 kb, 0.5 kb, or 0.1 kb of nucleotide sequences that naturally flank

the nucleic acid molecule in genomic DNA of the cell from which the nucleic acid is

derived. A protein that is substantially free of cellular material includes preparations of

protein or polypeptide having less than about 30%, 20%, 10%, 5%, (by dry weight) of

contaminating protein. When the protein of the invention, or biologically active portion

thereof, is recombinantly produced, preferably culture medium represents less than

about 30%, 20%, 10%, or 5% (by dry weight) of chemical precursors or non-protein of



interest chemicals. The nucleotide sequences of the invention include both the natu

rally occurring sequences as well as mutant (variant) forms. Such variants will continue

to possess the desired activity, i.e., either promoter activity or the activity of the product

encoded by the open reading frame of the non-variant nucleotide sequence.

The term "variant" with respect to a sequence {e.g., a polypeptide or nucleic acid se

quence such as - for example - a transcription regulating nucleotide sequence of the

invention) is intended to mean substantially similar sequences. For nucleotide se

quences comprising an open reading frame, variants include those sequences that,

because of the degeneracy of the genetic code, encode the identical amino acid se

quence of the native protein. Naturally occurring allelic variants such as these can be

identified with the use of well-known molecular biology techniques, as, for example,

with polymerase chain reaction (PCR) and hybridization techniques. Variant nucleotide

sequences also include synthetically derived nucleotide sequences, such as those

generated, for example, by using site-directed mutagenesis and for open reading

frames, encode the native protein, as well as those that encode a polypeptide having

amino acid substitutions relative to the native protein. Generally, nucleotide sequence

variants of the invention will have at least 40, 50, 60, to 70%, e.g., preferably 7 1%,

72%, 73%, 74%, 75%, 76%, 77%, 78%, to 79%, generally at least 80%, e.g., 8 1%-

84%, at least 85%, e.g., 86%, 87%, 88%, 89%, 90%, 9 1%, 92%, 93%, 94%, 95%,

96%, 97%, to 98% and 99% nucleotide sequence identity to the native (wild type or

endogenous) nucleotide sequence.

"Conservatively modified variations" of a particular nucleic acid sequence refers to

those nucleic acid sequences that encode identical or essentially identical amino acid

sequences, or where the nucleic acid sequence does not encode an amino acid se

quence, to essentially identical sequences. Because of the degeneracy of the genetic

code, a large number of functionally identical nucleic acids encode any given polypep

tide. For instance the codons CGT, CGC, CGA, CGG, AGA, and AGG all encode the

amino acid arginine. Thus, at every position where an arginine is specified by a codon,

the codon can be altered to any of the corresponding codons described without altering

the encoded protein. Such nucleic acid variations are "silent variations" which are one

species of "conservatively modified variations." Every nucleic acid sequence described

herein which encodes a polypeptide also describes every possible silent variation, ex-



cept where otherwise noted. One of skill will recognize that each codon in a nucleic

acid (except ATG, which is ordinarily the only codon for methionine) can be modified to

yield a functionally identical molecule by standard techniques. Accordingly, each "silent

variation" of a nucleic acid which encodes a polypeptide is implicit in each described

sequence.

The nucleic acid molecules of the invention can be "optimized" for enhanced expres

sion in plants of interest (see, for example, WO 91/16432; Perlak 1991 ; Murray 1989).

In this manner, the open reading frames in genes or gene fragments can be synthe-

sized utilizing plant-preferred codons (see, for example, Campbell & Gowri, 1990 for a

discussion of host-preferred codon usage). Thus, the nucleotide sequences can be

optimized for expression in any plant. It is recognized that all or any part of the gene

sequence may be optimized or synthetic. That is, synthetic or partially optimized se

quences may also be used. Variant nucleotide sequences and proteins also encom-

pass, sequences and protein derived from a mutagenic and recombinogenic procedure

such as DNA shuffling. With such a procedure, one or more different coding sequences

can be manipulated to create a new polypeptide possessing the desired properties. In

this manner, libraries of recombinant polynucleotides are generated from a population

of related sequence polynucleotides comprising sequence regions that have substan-

tial sequence identity and can be homologously recombined in vitro or in vivo. Strate

gies for such DNA shuffling are known in the art (see, for example, Stemmer 1994;

Stemmer 1994; Crameri 1997; Moore 1997; Zhang 1997; Crameri 1998; and US

5,605,797, 9 , 11, 13, 15, and 17,837,458).

By "variant" polypeptide is intended a polypeptide derived from the native protein by

deletion (so-called truncation) or addition of one or more amino acids to the N-terminal

and/or C-terminal end of the native protein; deletion or addition of one or more amino

acids at one or more sites in the native protein; or substitution of one or more amino

acids at one or more sites in the native protein. Such variants may result from, for ex-

ample, genetic polymorphism or from human manipulation. Methods for such manipula

tions are generally known in the art.

Thus, the polypeptides may be altered in various ways including amino acid substitu

tions, deletions, truncations, and insertions. Methods for such manipulations are gen-



erally known in the art. For example, amino acid sequence variants of the polypeptides

can be prepared by mutations in the DNA. Methods for mutagenesis and nucleotide

sequence alterations are well known in the art (see, for example, Kunkel 1985; Kunkel

1987; US 4,873,192; Walker & Gaastra, 1983 and the references cited therein). Guid-

ance as to appropriate amino acid substitutions that do not affect biological activity of

the protein of interest may be found in the model of Dayhoff eta/. (1978). Conservative

substitutions, such as exchanging one amino acid with another having similar proper

ties, are preferred. Individual substitutions deletions or additions that alter, add or de

lete a single amino acid or a small percentage of amino acids (typically less than 5%,

more typically less than 1%) in an encoded sequence are "conservatively modified

variations," where the alterations result in the substitution of an amino acid with a

chemically similar amino acid. Conservative substitution tables providing functionally

similar amino acids are well known in the art. The following five groups each contain

amino acids that are conservative substitutions for one another: Aliphatic: Glycine (G),

Alanine (A), Valine (V), Leucine (L), lsoleucine (I); Aromatic: Phenylalanine (F), Tyro

sine (Y), Tryptophan (W); Sulfur-containing: Methionine (M), Cysteine (C); Basic: Argin-

ine (R), Lysine (K), Histidine (H); Acidic: Aspartic acid (D), Glutamic acid (E), Aspar-

agine (N), Glutamine (Q). See also, Creighton, 1984. In addition, individual substitu

tions, deletions or additions which alter, add or delete a single amino acid or a small

percentage of amino acids in an encoded sequence are also "conservatively modified

variations."

"Expression cassette" or "expression construct" as used herein means a DNA se

quence capable of directing expression of a particular nucleotide sequence in an ap-

propriate host cell, comprising a promoter operably linked to a nucleotide sequence of

interest, which is - optionally - operably linked to termination signals and/or other regu

latory elements. An expression cassette may also comprise sequences required for

proper translation of the nucleotide sequence. The coding region usually codes for a

protein of interest but may also code for a functional RNA of interest, for example an-

tisense RNA or a nontranslated RNA, in the sense or antisense direction. The expres

sion cassette comprising the nucleotide sequence of interest may be chimeric, mean

ing that at least one of its components is heterologous with respect to at least one of its

other components. The expression cassette may also be one, which is naturally occur

ring but has been obtained in a recombinant form useful for heterologous expression.



An expression cassette may be assembled entirely extracellularly {e.g., by recombinant

cloning techniques). However, an expression cassette may also be assembled using in

part endogenous components. For example, an expression cassette may be obtained

by placing (or inserting) a promoter sequence upstream of an endogenous sequence,

which thereby becomes functionally linked and controlled by said promoter sequences.

Likewise, a nucleic acid sequence to be expressed may be placed (or inserted) dow n

stream of an endogenous promoter sequence thereby forming an expression cassette.

In general, the expression of the nucleotide sequence in the expression cassette may

be under the control of a constitutive promoter or of an inducible promoter which initi-

ates transcription only when the host cell is exposed to some particular external stimu

lus. The expression cassettes of the invention, the transcription regulating sequence or

the promoter can also be specific to a particular tissue or organ or stage of develop

ment, in particular to the embryo or the scutellum.. In a preferred embodiment, such

expression cassettes will comprise the transcriptional initiation region of the invention

linked to a nucleotide sequence of interest. Such an expression cassette is preferably

provided with a plurality of restriction sites for insertion of the gene of interest to be

under the transcriptional regulation of the regulatory regions. The expression cassette

may additionally contain selectable marker genes. The cassette will include in the 5'-3'

direction of transcription, a transcriptional and translational initiation region, a DNA se-

quence of interest, and a transcriptional and translational termination region functional

in plants. The termination region may be native with the transcriptional initiation region,

may be native with the DNA sequence of interest, or may be derived from another

source. Convenient termination regions are available from the Ti-plasmid of A tumefa-

ciens, such, as the octopine synthase and nopaline synthase termination regions and

others described below (see also, Guerineau 1991 ; Proudfoot 1991 ; Sanfacon 1991 ;

Mogen 1990; Munroe 1990; Ballas 1989; Joshi 1987).

"Vector" is defined to include, inter alia, any plasmid, cosmid, phage or Agrobacterium

binary vector in double or single stranded linear or circular form which may or may not

be self transmissible or mobilizable, and which can transform prokaryotic or eukaryotic

host either by integration into the cellular genome or exist extrachromosomally {e.g.

autonomous replicating plasmid with an origin of replication).



Specifically included are shuttle vectors by which is meant a DNA vehicle capable,

naturally or by design, of replication in two different host organisms, which may be se

lected, e.g. from actinomycetes and related species, such like Sacharomyces cere-

visiae, bacteria and eukaryotic {e.g. higher plant, mammalian, yeast or fungal cells).

Preferably the nucleic acid in the vector is under the control of, and operably linked to,

an appropriate promoter or other regulatory elements for transcription in a host cell

such as a microbial, e.g. bacterial, or plant cell. The vector may be a bi-functional ex

pression vector which functions in multiple hosts. In the case of genomic DNA, this may

contain its own promoter or other regulatory elements and in the case of cDNA this

may be under the control of an appropriate promoter or other regulatory elements for

expression in the host cell.

"Cloning vectors" typically contain one or a small number of restriction endonuclease

recognition sites at which foreign DNA sequences can be inserted in a determinable

fashion without loss of essential biological function of the vector, as well as a marker

gene that is suitable for use in the identification and selection of cells transformed with

the cloning vector. Marker genes typically include genes that provide tetracycline res is

tance, hygromycin resistance or ampicillin resistance.

A "transgenic plant" is a plant having one or more plant cells that contain an expression

vector or an recombinant expression cassette, like the expression cassettes of the in

vention.

"Plant tissue" includes differentiated and undifferentiated tissues or plants, including

but not limited to roots, stems, shoots, leaves, pollen, seeds, tumor tissue and various

forms of cells and culture such as single cells, protoplast, embryos, and callus tissue.

The plant tissue may be in plants or in organ, tissue or cell culture.

The following terms are used to describe the sequence relationships between two or

more nucleic acids or polynucleotides: (a) "reference sequence", (b) "comparison w in

dow", (c) "sequence identity", (d) "percentage of sequence identity", and (e) "substan

tial identity".



(a) As used herein, "reference sequence" is a defined sequence used as a basis for

sequence comparison. A reference sequence may be a subset or the entirety of a

specified sequence; for example, as a segment of a full-length cDNA or gene se

quence, or the complete cDNA or gene sequence.

(b) As used herein, "comparison window" makes reference to a contiguous and speci

fied segment of a polynucleotide sequence, wherein the polynucleotide sequence

in the comparison window may comprise additions or deletions {i.e., gaps) com

pared to the reference sequence (which does not comprise additions or deletions)

for optimal alignment of the two sequences. Generally, the comparison window is

at least 20 contiguous nucleotides in length, and optionally can be 30, 40, 50, 100,

or longer. Those of skill in the art understand that to avoid a high similarity to a ref

erence sequence due to inclusion of gaps in the polynucleotide sequence a gap

penalty is typically introduced and is subtracted from the number of matches.

Methods of alignment of sequences for comparison are well known in the art.

Thus, the determination of percent identity between any two sequences can be ac

complished using a mathematical algorithm. Preferred, non-limiting examples of

such mathematical algorithms are the algorithm of Myers and Miller, 1988; the lo-

cal homology algorithm of Smith eta/. 1981 ; the homology alignment algorithm of

Needleman and Wunsch 1970; the search-for-similarity-method of Pearson and

Lipman 1988; the algorithm of Karlin and Altschul, 1990, modified as in Karlin and

Altschul, 1993.

Computer implementations of these mathematical algorithms can be utilized for

comparison of sequences to determine sequence identity. Such implementations

include, but are not limited to: CLUSTAL in the PC/Gene program (available from

Intelligenetics, Mountain View, Calif.); the ALIGN program (Version 2.0) and GAP,

BESTFIT, BLAST, FASTA, and TFASTA in the Wisconsin Genetics Software

Package, Version 8 (available from Genetics Computer Group (GCG), 575 Sci

ence Drive, Madison, Wis., USA). Alignments using these programs can be per

formed using the default parameters. The CLUSTAL program is well described

(Higgins 1988, 1989; Corpet 1988; Huang 1992; Pearson 1994). The ALIGN pro

gram is based on the algorithm of Myers and Miller, supra. The BLAST programs



of Altschul eta/., 1990, are based on the algorithm of Karlin and Altschul, supra.

Multiple augments {i.e. of more than 2 sequences) are preferably performed using

the Clustal W algorithm (Thompson 1994; e.g., in the software VectorNTI™ , ver

sion 9 ; Invitrogen Inc.) with the scoring matrix BLOSUM62MT2 with the default set-

tings (gap opening penalty 15/19, gap extension penalty 6.66/0.05; gap separation

penalty range 8 ; % identity for alignment delay 40; using residue specific gaps and

hydrophilic residue gaps).

Software for performing BLAST analyses is publicly available through the National

Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov/). This algorithm

involves first identifying high scoring sequence pairs (HSPs) by identifying short

words of length W in the query sequence, which either match or satisfy some pos i

tive-valued threshold score T when aligned with a word of the same length in a da

tabase sequence. T is referred to as the neighborhood word score threshold (AIt-

schul 1990). These initial neighborhood word hits act as seeds for initiating

searches to find longer HSPs containing them. The word hits are then extended in

both directions along each sequence for as far as the cumulative alignment score

can be increased. Cumulative scores are calculated using, for nucleotide se

quences, the parameters M (reward score for a pair of matching residues; always

>0) and N (penalty score for mismatching residues; always <0). For amino acid

sequences, a scoring matrix is used to calculate the cumulative score. Extension

of the word hits in each direction are halted when the cumulative alignment score

falls off by the quantity X from its maximum achieved value, the cumulative score

goes to zero or below due to the accumulation of one or more negative-scoring

residue alignments, or the end of either sequence is reached.

In addition to calculating percent sequence identity, the BLAST algorithm also pe r

forms a statistical analysis of the similarity between two sequences (see, e.g., Ka r

lin & Altschul ( 1993). One measure of similarity provided by the BLAST algorithm

is the smallest sum probability (P(N)), which provides an indication of the probabil

ity by which a match between two nucleotide or amino acid sequences would oc

cur by chance. For example, a test nucleic acid sequence is considered similar to

a reference sequence if the smallest sum probability in a comparison of the test

nucleic acid sequence to the reference nucleic acid sequence is less than about



0.1 , more preferably less than about 0.01 , and most preferably less than about

0.001 .

To obtain gapped alignments for comparison purposes, Gapped BLAST (in BLAST

2.0) can be utilized as described in Altschul eta/. 1997. Alternatively, PSI-BLAST

(in BLAST 2.0) can be used to perform an iterated search that detects distant re la

tionships between molecules. See Altschul eta/., supra. When utilizing BLAST,

Gapped BLAST, PSI-BLAST, the default parameters of the respective programs

(e.g. BLASTN for nucleotide sequences, BLASTX for proteins) can be used. The

BLASTN program (for nucleotide sequences) uses as defaults a wordlength (W) of

11, an expectation (E) of 10, a cutoff of 100, M=5, N=-4, and a comparison of both

strands. For amino acid sequences, the BLASTP program uses as defaults a

wordlength (W) of 3 , an expectation (E) of 10, and the BLOSUM62 scoring matrix

(see Henikoff & Henikoff, 1989). See http://www.ncbi.nlm.nih.gov. Alignment may

also be performed manually by inspection.

For purposes of the present invention, comparison of nucleotide sequences for de

termination of percent sequence identity to the promoter sequences disclosed

herein is preferably made using the BlastN program (version 1.4.7 or later) with its

default parameters or any equivalent program. By "equivalent program" is intended

any sequence comparison program that, for any two sequences in question, gen

erates an alignment having identical nucleotide or amino acid residue matches and

an identical percent sequence identity when compared to the corresponding

alignment generated by the preferred program.

(c) As used herein, "sequence identity" or "identity" in the context of two nucleic acid

or polypeptide sequences makes reference to the residues in the two sequences

that are the same when aligned for maximum correspondence over a specified

comparison window. When percentage of sequence identity is used in reference to

proteins it is recognized that residue positions which are not identical often differ

by conservative amino acid substitutions, where amino acid residues are substi

tuted for other amino acid residues with similar chemical properties (e.g., charge or

hydrophobicity) and therefore do not change the functional properties of the mole

cule. When sequences differ in conservative substitutions, the percent sequence



identity may be adjusted upwards to correct for the conservative nature of the sub

stitution. Sequences that differ by such conservative substitutions are said to have

"sequence similarity" or "similarity." Means for making this adjustment are well

known to those of skill in the art. Typically this involves scoring a conservative

substitution as a partial rather than a full mismatch, thereby increasing the pe r

centage sequence identity. Thus, for example, where an identical amino acid is

given a score of 1 and a non-conservative substitution is given a score of zero, a

conservative substitution is given a score between zero and 1. The scoring of con

servative substitutions is calculated, e.g., as implemented in the program

PC/GENE (Intelligenetics, Mountain View, Calif.).

(d) As used herein, "percentage of sequence identity" means the value determined by

comparing two optimally aligned sequences over a comparison window, wherein

the portion of the polynucleotide sequence in the comparison window may com-

prise additions or deletions {i.e., gaps) as compared to the reference sequence

(which does not comprise additions or deletions) for optimal alignment of the two

sequences. The percentage is calculated by determining the number of positions

at which the identical nucleic acid base or amino acid residue occurs in both se

quences to yield the number of matched positions, dividing the number of matched

positions by the total number of positions in the window of comparison, and mult i

plying the result by 100 to yield the percentage of sequence identity.

(e) (i) The term "substantial identity" of polynucleotide sequences means that a

polynucleotide comprises a sequence that has at least 60%, 6 1%, 62%, 63%,

64%, 65%, 66%, 67%, 68%, 69%, 70%, 7 1%, 72%, 73%, 74%, 75%, 76%, 77%,

78%, or 79%, preferably at least 80%, 8 1%, 82%, 83%, 84%, 85%, 86%, 87%,

88%, or 89%, more preferably at least 90%, 9 1%, 92%, 93%, or 94%, and most

preferably at least 95%, 96%, 97%, 98%, or 99% sequence identity, compared to a

reference sequence using one of the alignment programs described using stan-

dard parameters. One of skill in the art will recognize that these values can be ap

propriately adjusted to determine corresponding identity of proteins encoded by

two nucleotide sequences by taking into account codon degeneracy, amino acid

similarity, reading frame positioning, and the like. Substantial identity of amino acid



sequences for these purposes normally means sequence identity of at least 60%

or 70%, more preferably at least 80%, 90%, and most preferably at least 95%.

Another indication that nucleotide sequences are substantially identical is if two

molecules hybridize to each other under stringent conditions (see below). Gener

ally, stringent conditions are selected to be about 5°C lower than the thermal melt

ing point (Tm) for the specific sequence at a defined ionic strength and pH. How

ever, stringent conditions encompass temperatures in the range of about 1°C to

about 200C, depending upon the desired degree of stringency as otherwise quali-

fied herein. Nucleic acids that do not hybridize to each other under stringent condi

tions are still substantially identical if the polypeptides they encode are substan

tially identical. This may occur, e.g., when a copy of a nucleic acid is created using

the maximum codon degeneracy permitted by the genetic code. One indication

that two nucleic acid sequences are substantially identical is when the polypeptide

encoded by the first nucleic acid is immunologically cross reactive with the po ly

peptide encoded by the second nucleic acid.

(ii) The term "substantial identity" in the context of a peptide indicates that a pep

tide comprises a sequence with at least 60%, 6 1%, 62%, 63%, 64%, 65%, 66%,

67%, 68%, 69%, 70%, 7 1%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, or 79%, pref

erably 80%, 8 1%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, or 89%, more prefera

bly at least 90%, 9 1%, 92%, 93%, or 94%, or even more preferably, 95%, 96%,

97%, 98% or 99%, sequence identity to the reference sequence over a specified

comparison window. Preferably, optimal alignment is conducted using the homol-

ogy alignment algorithm of Needleman and Wunsch (1970). An indication that two

peptide sequences are substantially identical is that one peptide is immunologically

reactive with antibodies raised against the second peptide. Thus, a peptide is sub

stantially identical to a second peptide, for example, where the two peptides differ

only by a conservative substitution.

For sequence comparison, typically one sequence acts as a reference sequence to

which test sequences are compared. When using a sequence comparison algorithm,

test and reference sequences are input into a computer, subsequence coordinates are

designated if necessary, and sequence algorithm program parameters are designated.



The sequence comparison algorithm then calculates the percent sequence identity for

the test sequence(s) relative to the reference sequence, based on the designated pro

gram parameters.

As noted above, another indication that two nucleic acid sequences are substantially

identical is that the two molecules hybridize to each other under stringent conditions.

The phrase "hybridizing specifically to" refers to the binding, duplexing, or hybridizing of

a molecule only to a particular nucleotide sequence under stringent conditions when

that sequence is present in a complex mixture {e.g., total cellular) DNA or RNA.

"Bind(s) substantially" refers to complementary hybridization between a probe nucleic

acid and a target nucleic acid and embraces minor mismatches that can be accommo

dated by reducing the stringency of the hybridization media to achieve the desired de

tection of the target nucleic acid sequence.

"Stringent hybridization conditions" and "stringent hybridization wash conditions" in the

context of nucleic acid hybridization experiments such as Southern and Northern hy

bridization are sequence dependent, and are different under different environmental

parameters. The Tm is the temperature (under defined ionic strength and pH) at which

50% of the target sequence hybridizes to a perfectly matched probe. Specificity is typi-

cally the function of post-hybridization washes, the critical factors being the ionic

strength and temperature of the final wash solution. For DNA-DNA hybrids, the Tm can

be approximated from the equation of Meinkoth and Wahl, 1984:

Tm = 8 1 .50C + 16.6 (log™ M)+0.41 (%GC) - 0.61 (% form) - 500 / L

where M is the molarity of monovalent cations, %GC is the percentage of guanosine

and cytosine nucleotides in the DNA, % form is the percentage of formamide in the

hybridization solution, and L is the length of the hybrid in base pairs. Tm is reduced by

about 10C for each 1% of mismatching; thus, Tm, hybridization, and/or wash conditions

can be adjusted to hybridize to sequences of the desired identity. For example, if se

quences with >90% identity are sought, the Tm can be decreased 100C. Generally,

stringent conditions are selected to be about 5°C lower than the thermal melting point I

for the specific sequence and its complement at a defined ionic strength and pH. How

ever, severely stringent conditions can utilize a hybridization and/or wash at 1, 2 , 3 , or



4°C lower than the thermal melting point I ; moderately stringent conditions can utilize a

hybridization and/or wash at 6 , 7 , 8 , 9 , or 10 0C lower than the thermal melting point I ;

low stringency conditions can utilize a hybridization and/or wash at 11, 12, 13, 14, 15,

or 200C lower than the thermal melting point I . Using the equation, hybridization and

wash compositions, and desired T, those of ordinary skill will understand that variations

in the stringency of hybridization and/or wash solutions are inherently described. If the

desired degree of mismatching results in a T of less than 45°C (aqueous solution) or

32°C (formamide solution), it is preferred to increase the SSC concentration so that a

higher temperature can be used. An extensive guide to the hybridization of nucleic ac-

ids is found in Tijssen, 1993. Generally, highly stringent hybridization and wash condi

tions are selected to be about 5°C lower than the thermal melting point Tm for the spe

cific sequence at a defined ionic strength and pH.

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, Sambrook, infra, for a description of SSC buffer). Often, a high strin

gency 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 con

centrations of less than about 1.5 M, more preferably about 0.01 to 1.0 M, Na ion con

centration (or other salts) at pH 7.0 to 8.3, and the temperature is typically at least

about 300C and at least about 60°C for long robes {e.g., >50 nucleotides). Stringent

conditions may also be achieved with the addition of destabilizing agents such as for

mamide. 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 hybridize to each other under stringent condi

tions 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 maxi

mum 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 stringent conditions for hybridization of complementary nucleic 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% formamide, 1 M NaCI, 1% SDS (so-

dium dodecyl sulphate) at 37°C, and a wash in 1 X to 2 X SSC (20 X SSC=3.0 M

NaCI/0.3 M trisodium citrate) at 50 to 55°C. Exemplary 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 following are examples of sets of hybridization/wash conditions that may be used

to clone orthologous nucleotide sequences that are substantially identical to reference

nucleotide sequences of the present invention: a reference nucleotide sequence pref

erably hybridizes to the reference nucleotide sequence in 7% sodium dodecyl sulfate

(SDS), 0.5 M NaPO4, 1 mM EDTA at 500C with washing in 2 X SSC, 0 . 1% SDS at

50°C, more desirably in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA

at 500C with washing in 1 X SSC, 0.1 % SDS at 50°C, more desirably still in 7% sodium

dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA at 50°C with washing in 0.5 X SSC,

0 . 1% SDS at 500C, preferably in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1

mM EDTA at 50°C with washing in 0.1 X SSC, 0.1 % SDS at 50°C, more preferably in

7% sodium dodecyl sulfate (SDS), 0.5 M NaPO 4, 1 mM EDTA at 500C with washing in

0.1 X SSC, 0.1 % SDS at 65°C.

"DNA shuffling" is a method to introduce mutations or rearrangements, preferably ran

domly, in a DNA molecule or to generate exchanges of DNA sequences between two

or more DNA molecules, preferably randomly. 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 preferably e n

codes a variant polypeptide modified with respect to the polypeptide encoded by the

template DNA, and may have an altered biological activity with respect to the polypep-

tide encoded by the template DNA.

"Recombinant DNA molecule" is a combination of DNA sequences that are joined to

gether using recombinant DNA technology and procedures used to join together DNA

sequences as described, for example, in Sambrook eta/., 1989.



The present invention is especially useful for applications in monocotyledonous plants.

The term "monocotyledonous plant" includes plants of a variety of ploidy levels, includ

ing aneuploid, polyploid, diploid, haploid and hemizygous. Included are furthermore the

mature plants, seed, shoots and seedlings, and parts, propagation material (for exam

ple seeds and fruit) and cultures, for example cell cultures, derived therefrom. Annual

and perennial monocotyledonous plants are preferred host organisms for the genera

tion of transgenic plants.

Furthermore, the preset invention includes mature plants, seed, shoots and seedlings,

and parts, propagation material and cultures derived therefrom, for example, cell cul

tures. Mature plants refers to plants at any developmental stage beyond that of the

seedling. The term seedling refers to a young immature plant in an early developmental

stage, at which it is still dependent upon assimilates stored within the seed {e.g. in the

endosperm, perisperm or cotyledons. Included are all genera of the subfamilies Bam-

busoideae {e.g., the genus bamboo), Andropogonoideae {e.g., the genera Saccharum,

Sorghum, or Zea), Arundineae {e.g., the genus Phragmites), Oryzoideae {e.g., the ge

nus Oryza), Panicoideae {e.g., the genera Pan/cum, Pennisetum, and Setaria),

Pooideae (Festuciadeae) {e.g., the genera Poa, Festuca, Lolium, Trisetum, Agrostis,

Phleum, Dactylis, Alopecurus, Avena, Triticum, Secale, and Hordeum). Preferred are

Avena sat/va {oais), Bambusa sp. and Bambusa bambos (bamboo), Saccharum offici-

narum (sugarcane), Triticum dicoccum (Emmer wheat), Triticum monococcum (Einkorn

wheat), Triticum spelta (spelt wheat), Triticum durum (wheat), Triticum turgidum, Triti

cum aestivum (wheat), Zea mays (maize/corn), Panicum miliaceum (common millet),

Pennisetum thiphoides (Bulrush millet), Hordeum vulgare or H. sativum (barley), Oryza

sativa (rice), Zizania aquatica (wild rice), Secale cereale (rye), Sorghum bicolor {S.

vulgare) (sorghum). More preferred are wheat { Triticum spp.), rice {Oryza spp.), barley

{Hordeum spp.), oats {Avena spp.), rye {Secale spp.), corn {Zea mays), sorghum and

millet {Pennisettum spp). Preferred are all wheat species especially of the Triticum fam-

ily (including both winter and spring wheat), more especially Triticum spp.: common ( T

aestivum), durum { T durum), spelt { T spelta), Triticum dicoccum (Emmer wheat), Triti

cum turgidum, and Triticum monococcum (Einkorn wheat), with T. aestivum being pa r

ticularly preferred. The method of the invention can be used to produce transgenic

plants from spring wheats, such as, for example, Bobwhite, Marshall, PIVOT1 , UC702,



and Panewawa as well as from winter wheats, such as, for example, HY368, Neeley,

FL302, RH91 , R332, R1269 and R585. Other suitable wheat genotypes are including,

but not limited to Yecora Rojo, Karl and Anza. However, it should be pointed out, that

the invention is not limited to certain varities but is highly genotype-independent.

The word "plant" refers to any plant, particularly to agronomically useful plants {e.g.,

seed plants), and "plant cell" is a structural and physiological unit of the plant, which

comprises a cell wall but may also refer to a protoplast. The plant cell may be in form of

an isolated single cell or a cultured cell, or as a part of higher organized unit such as,

for example, a plant tissue, or a plant organ differentiated into a structure that is pre

sent 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. Pref

erably, the term "plant" includes whole plants, shoot vegetative organs/structures {e.g.

leaves, stems and tubers), roots, flowers and floral organs/structures {e.g. bracts, se-

pals, petals, stamens, carpels, anthers and ovules), seeds (including embryo, en

dosperm, and seed coat) and fruits (the mature ovary), plant tissues {e.g. vascular t is

sue, ground tissue, and the like) and cells {e.g. guard cells, egg cells, trichomes and

the like), and progeny of same.

"Significant increase" is an increase that is larger than the margin of error inherent in

the measurement technique, preferably an increase by about 2-fold or greater.

"Significantly less" means that the decrease is larger than the margin of error inherent

in the measurement technique, preferably a decrease by about 2-fold or greater.

DETAILED DESCRIPTION OF THE INVENTION

One first embodiment of the invention relates to

a plant or plant cell comprising an expression cassette, said expression cassette com

prising

a) a first nucleic acid molecule elected from the group consisting of

i) a polynucleotide as defined in SEQ ID NO:1 ;



ii) a polynucleotide having at least 50%, preferably at least 60%, 70%, or 80%,

more preferably at least 85% or 90%, most preferaly at least 95%, 98% or 99%

sequence identity to the polynucleotide of SEQ ID NO:1 ; and

iii) a polynucleotide hybridizing under conditions equivalent to hybridization in 7%

sodium dodecyl sulfate (SDS), 0.5M NaPO4, 1mM EDTA at 5 O0C with washing

in 2xSSC, 0.1 % SDS at 5 O0C, more preferably in 7% sodium dodecyl sulfate

(SDS), 0.5 M NaPO4, 1 mM EDTA at 500C with washing in 1 X SSC, 0.1 % SDS

at 500C, more preferably in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1

mM EDTA at 50°C with washing in 0.5 X SSC, 0 . 1% SDS at 500C, more pref-

erably in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA at 50°C

with washing in 0.1 X SSC, 0.1 % SDS at 50°C, and most preferably in 7% so

dium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA at 500C with washing in

0.1 X SSC, 0.1 % SDS at 65°C to a nucleic acid comprising at least 50 nucleo

tides of a polynucleotide as defined in SEQ ID NO:1 , or the complement thereof,

and operably linked thereto

b) a second nucleic acid molecule selected from the group consisting of

i) a polynucleotide as defined in SEQ ID NO:3;

ii) a polynucleotide having at least 50%, preferably at least 60%, 70%, or 80%,

more preferably at least 85% or 90%, most preferaly at least 95%, 98% or 99%

sequence identity to the polynucleotide of SEQ ID NO:3; and

iii) a polynucleotide hybridizing under conditions equivalent to hybridization in 7%

sodium dodecyl sulfate (SDS), 0.5M NaPO4, 1mM EDTA at 5 O0C with washing

in 2xSSC, 0.1 % SDS at 5 O0C, more preferably in 7% sodium dodecyl sulfate

(SDS), 0.5 M NaPO4, 1 mM EDTA at 50°C with washing in 1 X SSC, 0.1 % SDS

at 500C, more preferably in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1

mM EDTA at 50°C with washing in 0.5 X SSC, 0 . 1% SDS at 50°C, more pref

erably in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA at 500C

with washing in 0.1 X SSC, 0.1 % SDS at 50°C, and most preferably in 7% so

dium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA at 50°C with washing in

0.1 X SSC, 0.1 % SDS at 65°C to a nucleic acid comprising at least 50 nucleo

tides of a sequence described by SEQ ID NO:3, or the complement thereof,

and operably linked to at least one nucleic acid which is heterologous in relation to

said first or said second nucleic acid sequence of the transcription regulating se-



quence and is capable suitable to confer to a plant an increased yield, and/or in

creased stress tolerance, and/or increased nutritional quality and/or oil content of a

seed or a sprout.

Preferably, the chimeric transcription regulating nucleotide sequence causes said het

erologous DNA to be predominantly expressed in the germinating embryo. This ex

pression profile is especially useful for the following applications:

i) enhanced resistance against stress factors: as described above in the prior art

section the embryo is very sensitive against all kinds of biotic and abiotc stress fac

tors (drought, cold, diseases etc.). These stress factors have an immediate effect

on yield and crop quality. Most promoters known in the art have no or low expres

sion capacity during this stage. The transcription regulating specificity disclosed

herein is especially useful to express stress-resistance genes "on-demand" i.e. at

the right time to high levels. Furthermore, because of the specificity in the starchy

endosperm it is possible to pursue new ways of stress-resistance. Because the

starchy endosperm is the tissue, which nourishes the embryo, one can increase

stress-resistance via improved supplementation of the embryo with nutrients

ii) increased nutritional quality of a seed or a sprout: The expression profile of the

chimeric transcription regulating nucleic acid sequences allows for conversion of

seed (kernel) ingredients or for changing the distribution of the ingredients in the

seed. For example one can convert carbohydrates (starch) into oil or other high-

value ingredients {e.g., vitamins) or can shift localization of ingredients from the

endosperm towards the embryo thereby providing sprouts with improved nutritional

value.

iii) increased yield: Increased yield is partially related to stress resistance (see above

under i)). However, the expression profile of the chimeric transcription regulating

nucleic acid sequences allows even without stress factors to increase yield by o p

timizing growth of the embryo, which will directly affect growth of the seedling. One

can also achieve earlier germination under field conditions and other traits, which

will lead to higher or earlier yield.

iv) targeted sequence excision. As described above homogenous excision of se

quences, especially marker sequences, is a yet unsolved issue in the field of biotech

nology. Most plants demonstrate mosaic-like excision patterns, which areas of sue-



cessful excision and areas of no excision. To achieve homogenous or substantially

homogenous excision, the excision mechanism needs to be activated preferably at an

early stage of development, when the organism does not consist of many plants. Fur

thermore the activation {i.e. expression of the excision mediating enzyme) needs to be

strong. Both requirements are met by the expression profile of the chimeric transcrip

tion regulating nucleic acid sequences disclosed herein. The strong transcription activ

ity in early embryo germination allows for efficient marker excision in this stage, from

which a target sequence free (e.g., marker-free) plant is generated.

"Germinating embryo-specific transcription" in the context of this invention means the

transcription of a nucleic acid sequence by a transcription regulating element in a way

that transcription of said nucleic acid sequence in the germinating plant, preferably the

germinating embryo contribute to more than 90%, preferably more than 95%, more

preferably more than 99% of the entire quantity of the RNA transcribed from said nu-

cleic acid sequence in the entire plant, seed or sprout during the specified developmen

tal stage.

1. The chimeric transcription regulating nucleic acid sequence

In its most general form the nucleic acid molecule comprising a polynucleotide encod-

ing a chimeric transcription regulating nucleotide sequence comprises

i) a first nucleic acid molecule selected from the group consisting of

a) a polynucleotide as defined in SEQ ID NO:1 ;

b) a polynucleotide having at least 50%, preferably at least 60%, 70%, or 80%, more

preferably at least 85% or 90%, most preferaly at least 95%, 98% or 99% sequence

identity to the polynucleotide of SEQ ID NO:1 ; and

c) a polynucleotide hybridizing under conditions equivalent to hybridization in 7% so

dium dodecyl sulfate (SDS), 0.5M NaPO 4, 1mM EDTA at 5 O0C with washing in

2xSSC, 0.1 % SDS at 5 O0C, more preferably in 7% sodium dodecyl sulfate (SDS),

0.5 M NaPO 4, 1 mM EDTA at 500C with washing in 1 X SSC, 0.1 % SDS at 500C,

more preferably in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO 4, 1 mM EDTA at

50°C with washing in 0.5 X SSC, 0 . 1% SDS at 500C, more preferably in 7% sodium

dodecyl sulfate (SDS), 0.5 M NaPO 4, 1 mM EDTA at 50°C with washing in 0.1 X

SSC, 0.1 % SDS at 50°C, and most preferably in 7% sodium dodecyl sulfate (SDS),

0.5 M NaPO 4, 1 mM EDTA at 500C with washing in 0.1 X SSC, 0.1 % SDS at 65°C



to a nucleic acid comprising at least 50 nucleotides of a polynucleotide as defined in

SEQ ID NO:1 , or the complement thereof, and

ii) a second nucleic acid molecule selected from the group consisting of

a) a polynucleotide as defined in SEQ ID NO:3;

b) a polynucleotide having at least 50%, preferably at least 60%, 70%, or 80%, more

preferably at least 85% or 90%, most preferaly at least 95%, 98% or 99% sequence

identity to the polynucleotide of SEQ ID NO:3; and

c) a polynucleotide hybridizing under conditions equivalent to hybridization in 7% so

dium dodecyl sulfate (SDS), 0.5M NaPO4, 1mM EDTA at 5 O0C with washing in

2xSSC, 0.1 % SDS at 5 O0C, more preferably in 7% sodium dodecyl sulfate (SDS),

0.5 M NaPO4, 1 mM EDTA at 500C with washing in 1 X SSC, 0.1 % SDS at 500C,

more preferably in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA at

50°C with washing in 0.5 X SSC, 0 . 1% SDS at 500C, more preferably in 7% sodium

dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA at 50°C with washing in 0.1 X

SSC, 0.1 % SDS at 50°C, and most preferably in 7% sodium dodecyl sulfate (SDS),

0.5 M NaPO4, 1 mM EDTA at 500C with washing in 0.1 X SSC, 0.1 % SDS at 65°C

to a nucleic acid comprising at least 50 nucleotides of a sequence described by

SEQ ID NO:3, or the complement thereof,

wherein said first and said second nucleic acid sequences are functionally linked

and heterologous to each other.

The term "derived" when used in the context of DNA regions like promoters, transcrip

tion regulating nucleic acid sequences, or upstream activating sequences refers to

situations where the DNA region that is "derived" is obtained from or based upon a

naturally-occurring DNA region or other source DNA region. The DNA region that is

"derived" can differ, usually through deliberate mutation, from the naturally-occurring

DNA region or other source DNA region.

1.1 Derivatives and variants of the chimeric transcription regulating nucleotide se-

quence of the invention and its functional elements

The invention disclosed herein contemplates that in addition to the specific chimeric

transcription regulating nucleotide sequences and their specific elements disclosed

herein, derivatives and variants of said sequences can be employed.



Derivatives of the specific chimeric transcription regulating nucleotide sequences and

their specific elements may include, but are not limited to, deletions of sequence, s in

gle or multiple point mutations, alterations at a particular restriction enzyme site, addi

tion of functional elements, or other means of molecular modification. This modification

may or may not enhance, or otherwise alter the transcription regulating activity of said

sequences.

For example, one of skill in the art may delimit the functional elements within the se

quences and delete any non-essential elements. Functional elements may be modified

or combined to increase the utility or expression of the sequences of the invention for

any particular application. Functionally equivalent fragments of a transcription regulat

ing nucleotide sequence of the invention can also be obtained by removing or deleting

non-essential sequences without deleting the essential one. Narrowing the transcription

regulating nucleotide sequence to its essential, transcription mediating elements can

be realized in vitro by trial-and-error deletion mutations, or in silico using promoter e le

ment search routines. Regions essential for promoter activity often demonstrate clus

ters of certain, known promoter elements. Such analysis can be performed using avail

able computer algorithms such as PLACE ("Plant Cis-acting Regulatory DNA Ele

ments"; Higo 1999), the BIOBASE database "Transfac" (Biologische Datenbanken

GmbH, Braunschweig; Wingender 2001) or the database PlantCARE (Lescot 2002).

Especially preferred are equivalent fragments of transcription regulating nucleotide

sequences, which are obtained by deleting the region encoding the 5'-untranslated

region of the mRNA, 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). Accordingly, some of the transcription regulating nucleotide se

quences of the invention are equivalent fragments of other sequences.

As indicated above, deletion mutants of the promoter of the invention can be randomly

prepared and then assayed. With this strategy, a series of constructs are prepared,

each containing a different portion of the clone (a subclone), and these constructs are

then screened for activity. A suitable means for screening for activity is to attach a de

leted promoter construct, which contains a deleted segment to a selectable or

screenable marker, and to isolate only those cells expressing the marker gene. In this

way, a number of different, deleted promoter constructs are identified which still retain



the desired, or even enhanced, activity. The smallest segment, which is required for

activity, is thereby identified through comparison of the selected constructs. This seg

ment may then be used for the construction of vectors for the expression of exogenous

genes.

The means for mutagenizing or creating deletions in a DNA segment encoding any

promoter sequence are well known to those of skill in the art and are disclosed, for ex

ample, in US 6,583,338, incorporated herein by reference in its entirety. Certain variant

nucleotide sequences of the present invention retain biological activity {i.e. regulate

transcription with a profile as defined above). One example of a regulatory sequence

variant is a promoter formed by one or more deletions from a larger promoter. The 5'

portion of a promoter up to the TATA box near the transcription start site can some

times be deleted without abolishing promoter activity, as described by Zhu eta/., (1995)

The Plant Cell 7:1681-1689. A routine way to remove part of a DNA sequence is to use

an exonuclease in combination with DNA amplification to produce unidirectional nested

deletions of double-stranded DNA clones. A commercial kit for this purpose is sold u n

der the trade name Exo-Size.TM. (New England Biolabs, Beverly, Mass.). Biologically

active variants also include, for example, the native promoter sequences of the inven

tion having one or more nucleotide substitutions, deletions or insertions.

Derivatives and variants also include homologs, paralogs and orthologs from other

species, such as but not limited to, bacteria, fungi, and plants. "Homolog" is a generic

term used in the art to indicate a polynucleotide or polypeptide sequence possessing a

high degree of sequence relatedness to a reference sequence. Such relatedness may

be quantified by determining the degree of identity and/or similarity between the two

sequences as hereinbefore defined. Falling within this generic term are the terms

"ortholog", and "paralog". "Paralog" refers to a polynucleotide or polypeptide that within

the same species which is functionally similar. "Ortholog" refers to a polynucleotide or

polypeptide that is the functional equivalent of the polynucleotide or polypeptide in an-

other species. An orthologous gene means preferably a gene, which is encoding a

orthologous protein. More specifically, the term "ortholog" denotes a polypeptide or

protein obtained from one species that is the functional counterpart of a polypeptide or

protein from a different species. Sequence differences among orthologs are the result

of speciation.



Preferably, the transcription regulating activity of a variant or derivative of a chimeric

transcription regulating nucleotide sequences is substantially the same (or equivalent)

than for the chimeric transcription regulating nucleotide sequences specifically dis-

closed herein, i.e. that expression is regulated in the germinating embryo-specific fash

ion as described above. In addition to this, the transcription regulating activity of a de

rivative or variant may vary from the activity of its parent sequence, especially with re

spect to expression level. The expression level may be higher or lower than the ex

pression level of the parent sequence. Both derivations may be advantageous depend-

ing on the nucleic acid sequence of interest to be expressed. Preferred are such func

tional equivalent sequences, which - in comparison with its parent sequence - does,

not derivate from the expression level of said parent sequence by more than 50%,

preferably 25%, more preferably 10% (as to be preferably judged by either mRNA ex

pression or protein {e.g., reporter gene) expression). Furthermore preferred are equiva-

lent sequences which demonstrate an increased expression in comparison to its parent

sequence, preferably an increase by at least 50%, more preferably by at least 100%,

most preferably by at least 500%. Such expression profile is preferably demonstrated

using reporter genes operably linked to said transcription regulating nucleotide se

quence. Preferred reporter genes (Schenborn 1999) in this context are green fluores-

cence protein (GFP) (Chui 1996; Leffel 1997), chloramphenicol transferase, luciferase

(Millar 1992), β-glucuronidase or ύ-galactosidase. Especially preferred is β-

glucuronidase (Jefferson 1987). Other methods to assay transcriptional regulation are

well known in the art and include Northern blots, and RT-PCR (see, for example, Sam-

brook et a/., supra, herein incorporated by reference).

In one preferred embodiment the transcription regulating nucleotide sequence is de

scribed by a isolated nucleic acid molecule comprising a polynucleotide encoding a

sequence selected from the group consisting of

i) the sequence described by SEQ ID NO:1 ;

ii) a fragment of at least 50 consecutive bases, preferably at least 100 consecutive

bases, more preferably 200 consecutive bases of the sequence described by SEQ

ID NOs:1 ,



iii) a nucleotide sequence having a sequence identity of at least 50%, preferably at

least 60%, 70% or 80%, more preferably at least 85% or 90%, most preferably at

least 95% , 98% or 99% to the sequence described by SEQ ID NO:1 ,

iv) a nucleotide sequence capable of hybridizing (preferably under low stringency

conditions, more preferably under medium stringency conditions, most preferably

under high stringency conditions as define above in the DEFINITION section; for

example under conditions equivalent to hybridization in 7% sodium dodecyl sulfate

(SDS), 0.5 M NaPO4, 1 mM EDTA at 500C with washing in 2 X SSC, 0 . 1% SDS at

500C, more desirably in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM

EDTA at 50°C with washing in 1 X SSC, 0.1 % SDS at 500C, more desirably still in

7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA at 50°C with wash

ing in 0.5 X SSC, 0 . 1% SDS at 50°C, preferably in 7% sodium dodecyl sulfate

(SDS), 0.5 M NaPO4, 1 mM EDTA at 500C with washing in 0.1 X SSC, 0.1 % SDS

at 50°C, more preferably in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM

EDTA at 50°C with washing in 0.1 X SSC, 0.1 % SDS at 65°C) to the sequence de

scribed by SEQ ID NO: 1, or the complement thereof;

v) a nucleotide sequence capable of hybridizing (preferably under low stringency

conditions, more preferably under medium stringency conditions, most preferably

under high stringency conditions as define above in the DEFINITION section; for

example under conditions equivalent to hybridization in 7% sodium dodecyl sulfate

(SDS), 0.5 M NaPO4, 1 mM EDTA at 500C with washing in 2 X SSC, 0 . 1% SDS at

50°C, more desirably in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM

EDTA at 500C with washing in 1 X SSC, 0.1 % SDS at 50°C, more desirably still in

7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA at 50°C with wash-

ing in 0.5 X SSC, 0 . 1% SDS at 500C, preferably in 7% sodium dodecyl sulfate

(SDS), 0.5 M NaPO4, 1 mM EDTA at 50°C with washing in 0.1 X SSC, 0.1 % SDS

at 50°C, more preferably in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM

EDTA at 500C with washing in 0.1 X SSC, 0.1 % SDS at 65°C) to a nucleic acid

comprising 50 to 200 or more consecutive nucleotides (such as 50 or 100, pref-

erably 150 or 200, more preferably 250 or 400 consecutive nucleotides, most pref

erably the entire sequence) of a sequence described by SEQ ID NO: 1, or the

complement thereof;

vi) a nucleotide sequence which is the complement or reverse complement of any of

the previously mentioned nucleotide sequences under i) to v).



In another preferred embodiment the upstream activating sequence is described by a

nucleic acid molecule comprising a polynucleotide encoding a sequence selected from

the group consisting of

i) the sequence described by SEQ ID NO: 3 ,

ii) a fragment of at least 50 consecutive bases, preferably at least 100 consecutive

bases, more preferably 200 consecutive bases of the sequence described by SEQ

ID NO:3,

iii) a nucleotide sequence having a sequence identity of at least 50%, preferably at

least 60%, 70% or 80%, more preferably at least 85% or 90%, most preferably at

least 95%, 98% or 99% to the sequence described by SEQ ID NO: 3 ,

iv) a nucleotide sequence capable of hybridizing (preferably under low stringency

conditions, more preferably under medium stringency conditions, most preferably

under high stringency conditions as define above in the DEFINITION section; for

example under conditions equivalent to hybridization in 7% sodium dodecyl sulfate

(SDS), 0.5 M NaPO4, 1 mM EDTA at 500C with washing in 2 X SSC, 0 . 1% SDS at

500C, more desirably in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM

EDTA at 50°C with washing in 1 X SSC, 0.1 % SDS at 500C, more desirably still in

7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA at 50°C with wash-

ing in 0.5 X SSC, 0 . 1% SDS at 50°C, preferably in 7% sodium dodecyl sulfate

(SDS), 0.5 M NaPO4, 1 mM EDTA at 500C with washing in 0.1 X SSC, 0.1 % SDS

at 50°C, more preferably in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM

EDTA at 50°C with washing in 0.1 X SSC, 0.1 % SDS at 65°C) to the sequence de

scribed by SEQ ID NO: 3 , or the complement thereof;

v) a nucleotide sequence capable of hybridizing (preferably under low stringency

conditions, more preferably under medium stringency conditions, most preferably

under high stringency conditions as define above in the DEFINITION section; for

example under conditions equivalent to hybridization in 7% sodium dodecyl sulfate

(SDS), 0.5 M NaPO4, 1 mM EDTA at 500C with washing in 2 X SSC, 0 . 1% SDS at

50°C, more desirably in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM

EDTA at 500C with washing in 1 X SSC, 0.1 % SDS at 50°C, more desirably still in

7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA at 50°C with wash

ing in 0.5 X SSC, 0 . 1% SDS at 500C, preferably in 7% sodium dodecyl sulfate

(SDS), 0.5 M NaPO4, 1 mM EDTA at 50°C with washing in 0.1 X SSC, 0.1 % SDS



at 500C, more preferably in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM

EDTA at 500C with washing in 0.1 X SSC, 0.1 % SDS at 65°C) to a nucleic acid

comprising 50 to 200 or more consecutive nucleotides (such as 50 or 100, pref

erably 150 or 200, more preferably 250 or 400 consecutive nucleotides, most pref-

erably the entire sequence) of a sequence described by SEQ ID NO: 3 , or the

complement thereof;

vi) a nucleotide sequence which is the complement or reverse complement of any of

the previously mentioned nucleotide sequences under i) to v).

The sequences specified under ii), iii), iv) v) and vi) of any of the specified chimeric

transcription regulating sequences defined above are preferably capable to modify

transcription in a monocotyledonous plant cell or organism, more preferably they are

capable to induce embryo specific expression. Preferably, the sequences specified

under iv) or v) are hybridizing under stringent conditions with the specified target se-

quence.

Preferably, the nucleotide sequences identity is determined by using the BlastN pro

gram (version 1.4.7 or later) with its default parameters (wordlength (W) of 11, an ex

pectation (E) of 10, a cutoff of 100, M=5, N=-4, and a comparison of both strands) or

any equivalent program.

In hybridization techniques, all or part of a known nucleotide sequence is used as a

probe that selectively hybridizes to other corresponding nucleotide sequences present

in a population of cloned genomic DNA fragments or cDNA fragments {i.e., genomic or

cDNA libraries) from a chosen organism. The hybridization probes may be genomic

DNA fragments, cDNA fragments, RNA fragments, or other oligonucleotides, and may

be labeled with a detectable group such as 32P, or any other detectable marker. Thus,

for example, probes for hybridization can be made by labeling synthetic oligonucleo

tides based on the sequence of the invention. Methods for preparation of probes for

hybridization and for construction of cDNA and genomic libraries are generally known

in the art and are disclosed in Sambrook eta/. (1989). In general, sequences that hy

bridize to the sequences disclosed herein will have at least about 60% to 70% and

even about 80% 85%, 90%, 95% to 98% or more identity with the disclosed se-



quences. That is, the sequence similarity of sequences may range, sharing at least

about 60% to 70%, and even about 80%, 85%, 90%, 95% to 98% sequence similarity.

A typical core promoter motif of the current invention, as shown in Tables 8 and 9 ,

comprises four well-defined nucleotides flanked by a string of any nucleotides at both

the 5' and 3' ends of the promoter motif. For example, GAPB/GAP.01 promoter motif

comprises 15 nucleotides "aaaaATGAatagaaa" as defined in SEQ ID NO:26, wherein

"nnnnATGAnnnnnnn" is the core GAPB/GAP.01 promoter motif as described in SEQ ID

NO:27, wherein n is selected from the group consisting of a , c, t and g . The number of

n at either the 5' end or the 3' end of the core promoter motif corresponds to the num

ber of nucleotides flanking the core promoter motif in the corresponding promoter motif

at the 5' or 3' end, respectively. The identity percentage of the core promoter motif to

the corresponding promoter motif is calculated, for example, as illustrated below.

When two "n" in the core GAPB/GAP.01 promoter motif of SEQ ID NO:26 are identical

to the nucleotides at the corresponding positions of the GAPB/GAP.01 promoter motif

of SEQ ID NO:27, for example, n(2) = a and n(4) = a , the percentage identity is deter

mined by dividing the total number of the identical nucleotides (including the four core

nucleotides) by the entire length of the promoter motif, 6/15 = 40%. When five "n" in

the core GAPB/GAP.01 promoter motif of SEQ ID NO:26 are identical to the nucleo-

tides at the corresponding positions of the GAPB/GAP.01 promoter motif of SEQ ID

NO:27, for example, n(1) = a , n(3) = a , n(10) = t , n(12) = g , and n(14) = a , the percent

age identity is 9/15 = 60%.

The promoter motifs and core promoter motifs identified in Ar.cor78 are shown in Ta-

bles 8 and 9 . More specifically, SEQ ID NOs: 10, 12, 14, 17, 20, 22, 25, 27, 29, 3 1, 33,

35, 37, 39, 42, 44, 46, 48, 50, 53, 55, 57, 59, 63, 66, 68, 70, 72, 74, 77, 79, 82, 84, 86,

88, 90, 94, 96, 98, 102, 104, 108, 112, 114, 117, 121 , 123, 125, 127, 129, 131 , 137,

and 138 are core promoter motifs identified in At.cor78 promoter. SEQ ID NOs: 9 , 11,

13, 15, 16, 18, 19, 2 1, 23, 24, 26, 28, 30, 32, 34, 36, 38, 40, 4 1, 43, 45, 47, 49, 5 1 , 52,

54, 56, 58, 60, 6 1 , 62, 64, 65, 67, 69, 7 1 , 73, 75, 76, 78, 80, 8 1, 83, 85, 87, 89, 9 1 , 92,

93, 95, 97, 99, 100, 101 , 103, 105, 106, 107, 109, 110, 111, 113 , 115, 116, 118, 119,

120, 122, 124, 126, 128, 130, 132, 133, 134, 135, and 136 are promoter motifs identi

fied in At.sor78 promoter. Arabidopsis cor78 promoter (SEQ ID NO:1) is described e.g.

in (Horvath 1993)and (Gilmour etal. 1991 ; Nordin etal. 1991). In some cases, one



core promoter motif corresponds to promoter motifs located at different positions of

At.cor78 with different flanking 5' and 3' nucleotides, as shown in Table 9 .

The current invention relates further to a nucleic acid molecule comprising a polynu-

cleotide encoding a transcription regulating sequence comprising at least two core

promoter motifs selected from the group consisting of the sequences as defined in

SEQ ID NOs: 10, 12, 14, 17, 20, 22, 25, 27, 29, 3 1, 33, 35, 37, 39, 42, 44, 46, 48, 50,

53, 55, 57, 59, 63, 66, 68, 70, 72, 74, 77, 79, 82, 84, 86, 88, 90, 94, 96, 98, 102, 104,

108, 112, 114, 117, 121 , 123, 125, 127, 129, 131 , 137, and 138. Preferably the core

promoter motifs of SEQ ID NOs: 10, 12, 14, 17, 20, 22, 25, 27, 29, 3 1 , 33, 35, 37, 39,

42, 44, 46, 48, 50, 53, 55, 57, 59, 63, 66, 68, 70, 72, 74, 77, 79, 82, 84, 86, 88, 90, 94,

96, 98, 102, 104, 108, 112, 114, 117, 121 , 123, 125, 127, 129, 131 , 137, and 138 are

30-40%, preferably 40-50%, or more preferably 50-60% or more identical to SEQ ID

NOs: 9 , ( 1 1,18), 13, (15, 16), 19, (21 , 23, 6 1 , 92), (24, 75), (26, 40), 28, 30, (32, 5 1 , 80,

105, 109), 34, 36, 38, 4 1, (43, 64, 132), 45, 47, 49, 52, (54, 99), (56, 119), (58, 60), 62,

65, 67, 69, 7 1 , 73, 76, 78, 8 1 , 83, 85, (87,100,106, 110), (89, 91), 93, 95, 97, 101 , 103,

107, 111, ( 1 13, 115), ( 1 16,1 18), 120, 122, 124, 126, 128, (130, 134, 135), 136, and

133, respectively. More preferably the core promoter motifs of SEQ ID NOs: 10, 12,

14, 16, 19, 22, 24, 27, 29, 3 1 , 33, 35, 37, 39, 4 1, 44, 46, 48, 50, 52, 55, 57, 59, 6 1 , 65,

68, 70, 72, 74, 76, 79, 8 1 , 84, 86, 88, 90, 92, 96, 98, 100, 104, 106, 110, 114, 116, 119,

123, 125, 127, 129, 131 , 133, 139, and 140 are 60-70%, preferably 70-80%, or more

preferably 80-90% or more identical to SEQ ID NOs:9, ( 1 1,18), 13 , (15, 16), 19, (21 ,

23, 6 1 , 92), (24, 75), (26, 40), 28, 30, (32, 5 1, 80, 105, 109), 34, 36, 38, 4 1, (43, 64,

132), 45, 47, 49, 52, (54, 99), (56, 119), (58, 60), 62, 65, 67, 69, 7 1 , 73, 76, 78, 8 1 , 83,

85, (87,100,106, 110), (89, 91), 93, 95, 97, 101 , 103, 107, 111, ( 1 13, 115), ( 1 16,1 18),

120, 122, 124, 126, 128, (130, 134, 135), 136, and 133, respectively. Most preferably

the core promoter motifs of SEQ ID NOs: 10, 12, 14, 16, 19, 22, 24, 27, 29, 3 1, 33, 35,

37, 39, 4 1, 44, 46, 48, 50, 52, 55, 57, 59, 6 1 , 65, 68, 70, 72, 74, 76, 79, 8 1, 84, 86, 88,

90, 92, 96, 98, 100, 104, 106, 110, 114, 116, 119, 123, 125, 127, 129, 131 , 133, 139,

and 140 are 90-95% or preferably 95-99% identical to SEQ ID NOs:9, ( 1 1,18), 13, (15,

16), 19, (21 , 23, 6 1 , 92), (24, 75), (26, 40), 28, 30, (32, 5 1, 80, 105, 109), 34, 36, 38,

4 1, (43, 64, 132), 45, 47, 49, 52, (54, 99), (56, 119), (58, 60), 62, 65, 67, 69, 7 1 , 73, 76,

78, 8 1 , 83, 85, (87,100,106, 110), (89, 91), 93, 95, 97, 101 , 103, 107, 111, ( 1 13, 115),

( 1 16,1 18), 120, 122, 124, 126, 128, (130, 134, 135), 136, and 133, respectively.



1.2 Additional regulatory and functional elements for the expression cassette and vec¬

tors of the invention

An expression cassette of the invention may comprise further regulatory elements. The

term in this context is to be understood in a broad meaning comprising all sequences

which may influence construction or function of the expression cassette. Regulatory

elements may for example modify transcription and/or translation in prokaryotic or eu-

karyotic organism. In a preferred embodiment the expression cassette of the invention

comprised transcription regulating sequence and - optionally additional regulatory ele-

ments - each operably liked to the nucleic acid sequence to be expressed (or the t ran

scription regulating nucleotide sequence).

A variety of 5' and 3' transcriptional regulatory sequences are available for use in the

present invention. Transcriptional terminators are responsible for the termination of

transcription and correct mRNA polyadenylation. The 3' untranslated regulatory DNA

sequence preferably includes from about 50 to about 1,000, more preferably about 100

to about 1,000, nucleotide base pairs and contains plant transcriptional and transla-

tional termination sequences. Appropriate transcriptional terminators and those which

are known to function in plants include the CaMV 35S terminator, the tml terminator,

the nopaline synthase terminator, the pea rbcS E9 terminator, the terminator for the T7

transcript from the octopine synthase gene of Agrobacterium tumefaciens, and the 3'

end of the protease inhibitor I or Il genes from potato or tomato, although other 3' e le

ments known to those of skill in the art can also be employed. Alternatively, one also

could use a gamma coixin, oleosin 3 or other terminator from the genus Coix

As the DNA sequence between the transcription initiation site and the start of the cod

ing sequence, i.e., the untranslated leader sequence, can influence gene expression,

one may also wish to employ a particular leader sequence. Preferred leader sequences

are contemplated to include those, which include sequences, predicted to direct opti-

mum expression of the attached gene, i.e., to include a preferred consensus leader

sequence, which may increase or maintain mRNA stability and prevent inappropriate

initiation of translation. The choice of such sequences will be known to those of skill in

the art in light of the present disclosure. Sequences that are derived from genes that

are highly expressed in plants will be most preferred.



Preferred regulatory elements also include the 5'-untranslated region, introns and the

3'-untranslated region of genes.

Such sequences that have been found to enhance gene expression in transgenic

plants include intron sequences (see below for details) and viral leader sequences

{e.g., from TMV, MCMV and AMV; Gallie 1987). For example, a number of untrans

lated leader sequences derived from viruses are known to enhance expression. Spe

cifically, leader sequences from Tobacco Mosaic Virus (TMV), Maize Chlorotic Mottle

Virus (MCMV), and Alfalfa Mosaic Virus (AMV) have been shown to be effective in en

hancing expression {e.g., Gallie 1987; Skuzeski 1990). Other leaders known in the art

include but are not limited to: Picornavirus leaders, for example, EMCV leader (En-

cephalomyocarditis 5' noncoding region) (Elroy-Stein 1989); Potyvirus leaders, for ex

ample, TEV leader (Tobacco Etch Virus); MDMV leader (Maize Dwarf Mosaic Virus);

Human immunoglobulin heavy-chain binding protein (BiP) leader, (Macejak 1991); Un

translated leader from the coat protein mRNA of alfalfa mosaic virus (AMV RNA 4),

(Jobling 1987; Tobacco mosaic virus leader (TMV), (Gallie 1989; and Maize Chlorotic

Mottle Virus leader (MCMV) (Lommel 1991 . See also, Della-Cioppa 1987. Regulatory

elements such as the TMV omega element (Gallie 1989), may further be included

where desired. Additional examples of enhancers include elements from the CaMV

35S promoter, octopine synthase genes (Ellis el al., 1987), the rice actin I gene, the

maize alcohol dehydrogenase gene (Callis 1987), the maize shrunken I gene (Vasil

1989), TMV Omega element (Gallie 1989) and promoters from non-plant eukaryotes

{e.g. yeast; Ma 1988). Vectors for use in accordance with the present invention may be

constructed to include the ocs enhancer element. This element was first identified as a

16 bp palindromic enhancer from the octopine synthase (ocs) gene of ultilane (Ellis

1987), and is present in at least 10 other promoters (Bouchez 1989). The use of an

enhancer element, such as the ocs elements and particularly multiple copies of the

element, will act to increase the level of transcription from adjacent promoters when

applied in the context of plant transformation.

Additional preferred regulatory elements are enhancer sequences or polyadenylation

sequences. Preferred polyadenylation sequences are those from plant genes or Agro-



bacterium T-DNA genes (such as for example the terminator sequences of the OCS

(octopine synthase) or NOS (nopaline synthase) genes).

An expression cassette of the invention (or a vector derived therefrom, i . e. a vector

comprising a expression cassette of the invention) may comprise additional functional

elements, which are to be understood in the broad sense as all elements which inf lu

ence construction, propagation, or function of an expression cassette or a vector or a

transgenic organism comprising them. Such functional elements may include origin of

replications (to allow replication in bacteria; for the ORI of pBR322 or the P15A ori;

Sambrook 1989), or elements required for Agrobacterium T-DNA transfer (such as for

example the left and/or rights border of the T-DNA).

Additionally, the expression cassettes may be constructed and employed in the intra

cellular targeting of a specific gene product within the cells of a transgenic plant or in

directing a protein to the extracellular environment. This will generally be achieved by

joining a DNA sequence encoding a transit or signal peptide sequence to the coding

sequence of a particular gene. The resultant transit or signal peptide will transport the

protein to a particular intracellular or extracellular destination, respectively, and will

then be post-translationally removed. Transit or signal peptides act by facilitating the

transport of proteins through intracellular membranes, e.g., vacuole, vesicle, plastid

and mitochondrial membranes, whereas signal peptides direct proteins through the

extracellular membrane. By facilitating the transport of the protein into compartments

inside and outside the cell, these sequences may increase the accumulation of gene

product protecting them from proteolytic degradation. These sequences also allow for

additional mRNA sequences from highly expressed genes to be attached to the coding

sequence of the genes. Since mRNA being translated by ribosomes is more stable

than naked mRNA, the presence of translatable mRNA in front of the gene may in

crease the overall stability of the mRNA transcript from the gene and thereby increase

synthesis of the gene product. Since transit and signal sequences are usually post-

translationally removed from the initial translation product, the use of these sequences

allows for the addition of extra translated sequences that may not appear on the final

polypeptide. Targeting of certain proteins may be desirable in order to enhance the

stability of the protein (US 5,545,818).



1.3 Assembly of the chimeric transcription regulating nucleic acid sequence, expres¬

sion cassettes, and vectors of the invention

An operable linkage in relation to any chimeric transcription regulating nucleic acid se

quence, expression cassette or vector of the invention may be realized by various

methods known in the art, comprising both in vitro and in vivo procedure. Thus, any

chimeric transcription regulating nucleic acid sequence, expression cassette or vector

of the invention may by realized using standard recombination and cloning techniques

well known in the art (see e.g., Maniatis 1989; Silhavy 1984; Ausubel 1987). Many ap

proaches or methods have been developed and used for gene cloning. Examples of

these are cloning by restriction enzyme digestion and ligation of compatible ends, T-A

cloning directly from PCR product, TOPO-attached unidirectional cloning, and recom

bination-based cloning. Recombination-based cloning is one of the most versatile clon

ing methods available due to its high cloning efficiency and its broad application for

cloning a variety of genes regardless of available restriction enzyme sites. Recombina-

tion cloning uses the lambda recombination system to clone genes into vectors that

contain recombination sequences for the lambda recombinase machinery. Recombina

tion cloning uses site-specific recombinases, which along with associated proteins in

some cases, recognize specific sequences of bases in a nucleic acid molecule and

exchange the nucleic acid segments flanking those sequences. The recombinases and

associated proteins are collectively referred to as "recombination proteins." Site-

specific recombinases are proteins that are present in many organisms {e.g., viruses

and bacteria) and have been characterized as having both endonuclease and ligase

properties. Many of the known site-specific recombinases belong to the integrase fam

ily of recombinases including the Integrase/att system from bacteriophage lambda. An

example of one application of the Integrase/att system from bacteriophage lambda is

the LR cloning reaction as disclosed in US 5,888,732 and US 6,277,608 and U.S. pub

lished patent application 2002/0007051 A 1 and International application WO

02/08171 1 A 1, all of which are incorporated herein by reference. The LR cloning reac

tion is commercially available as the GATEWAY™ cloning technology (available from

Invitrogen Corporation, Carlsbad, California). The LR cloning reaction is catalyzed by

the LR Clonase Enzyme mix, which comprises lambda recombination proteins Int, Xis,

and the E. coli-encoded protein IHF.



An expression cassette may also be assembled by inserting a chimeric transcription

regulating nucleic acid sequence of the invention into the plant genome. Such insertion

will result in an operable linkage to a nucleic acid sequence of interest, which as such

already existed in the genome. By the insertion the nucleic acid of interest is expressed

in a germinating embryo-specific way due to the transcription regulating properties of

the chimeric transcription regulating nucleotide sequence. The insertion may be d i

rected or by chance. Preferably the insertion is directed and realized by for example

homologous recombination. By this procedure a natural promoter may be exchanged

against the chimeric transcription regulating nucleotide sequence of the invention,

thereby modifying the expression profile of an endogenous gene. The transcription

regulating nucleotide sequence may also be inserted in a way, that antisense mRNA of

an endogenous gene is expressed, thereby inducing gene silencing.

An operable linkage may - for example - comprise an sequential arrangement of the

chimeric transcription regulating nucleotide sequence of the invention (for example the

super-promoter) with a nucleic acid sequence to be expressed, and - optionally - addi

tional regulatory elements such as for example polyadenylation or transcription termi

nation elements, enhancers, introns etc, in a way that the transcription regulating nu

cleotide sequence can fulfill its function in the process of expression the nucleic acid

sequence of interest under the appropriate conditions. The term "appropriate condi

tions" mean preferably the presence of the expression cassette in a plant cell. Pre

ferred are arrangements, in which the nucleic acid sequence of interest to be ex

pressed is placed down-stream {i.e., in 3'-direction) of the chimeric transcription regu

lating nucleotide sequence of the invention in a way, that both sequences are cova-

lently linked. Optionally additional sequences may be inserted in-between the two se

quences. Such sequences may be for example linker or multiple cloning sites. Fur

thermore, sequences can be inserted coding for parts of fusion proteins (in case a f u

sion protein of the protein encoded by the nucleic acid of interest is intended to be ex

pressed). Preferably, the distance between the nucleic acid sequence of interest to be

expressed and the transcription regulating nucleotide sequence of the invention is not

more than 200 base pairs, preferably not more than 100 base pairs, more preferably

not more than 50 base pairs.



Virtually any DNA composition may be used for delivery to recipient monocotyledonous

plants or plant cells, to ultimately produce fertile transgenic plants in accordance with

the present invention. For example, DNA segments or fragments in the form of vectors

and plasmids, or linear DNA segments or fragments, in some instances containing only

the DNA element to be expressed in the plant, and the like, may be employed. The

construction of vectors, which may be employed in conjunction with the present inven

tion, will be known to those of skill of the art in light of the present disclosure (see, e.g.,

Sambrook 1989; Gelvin 1990).

The present invention further provides a recombinant vector or other DNA construct

suitable for plant transformation (including but not limited to cosmids, YACs (yeast art i

ficial chromosomes), BACs (bacterial artificial chromosomes), and plant artificial chro

mosomes) containing the expression cassette of the invention, and monocotyledonous

host cells comprising the expression cassette or vector, e.g., comprising a plasmid.

The expression cassette or vector may (preferably) augment the genome of a trans

formed monocotyledonous plant or may be maintained extra chromosomally. The ex

pression cassette or vector of the invention may be present in the nucleus, chloroplast,

mitochondria and/or plastid of the cells of the plant. Preferably, the expression cassette

or vector of the invention is comprised in the chromosomal DNA of the plant nucleus. In

certain embodiments, it is contemplated that one may wish to employ replication-

competent viral vectors in monocot transformation. Such vectors include, for example,

wheat dwarf virus (WDV) "shuttle" vectors, such as pW1-1 1 and PW1-GUS (Ugaki

1991). These vectors are capable of autonomous replication in maize cells as well as

E. coli, and as such may provide increased sensitivity for detecting DNA delivered to

transgenic cells. A replicating vector may also be useful for delivery of genes flanked

by DNA sequences from transposable elements such as Ac, Ds, or Mu.

The DNA construct according to the invention and any vectors derived therefrom may

comprise further functional elements. The term "further functional elements" is to be

understood in the broad sense. It preferably refers to all those elements which affect

the generation, multiplication, function, use or value of said DNA construct or vectors

comprising said DNA construct, or cells or organisms comprising the beforementioned.

These further functional elements may include but shall not be limited to:



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 men

tioned are ORI (origin of DNA replication), the pBR322 ori or the P15A ori (Sam-

brook eta/. 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 or insertion into the

genome of a host organism.

iv) Elements, for example border sequences, which make possible the Agrobacterium-

mediated transfer in plant cells for the transfer and integration into the plant ge

nome, such as, for example, the right or left border of the T-DNA or the vir region.

The introduced recombinant DNA molecule used for transformation herein may be c ir

cular or linear, double-stranded or single-stranded. Generally, the DNA is in the form of

chimeric DNA, such as plasmid DNA, that can also contain coding regions flanked by

regulatory sequences, which promote the expression of the recombinant DNA present

in the resultant plant. Generally, the introduced recombinant DNA molecule will be re la

tively small, i.e., less than about 30 kb to minimize any susceptibility to physical, chemi

cal, or enzymatic degradation which is known to increase as the size of the nucleotide

molecule increases. As noted above, the number of proteins, RNA transcripts or mix

tures thereof, which is introduced into the plant genome, is preferably preselected and

defined, e.g., from one to about 5-10 such products of the introduced DNA may be

formed.

The present invention also provides a monocotyledonous plant (preferably a transgenic

plant), seed and parts from such a plant, and progeny plants from such a plant, includ-

ing hybrids and inbreds.

The invention also provides a method of plant breeding, e.g., to prepare a crossed fer

tile transgenic plant. The method comprises crossing a fertile transgenic plant compris

ing a particular expression cassette of the invention with itself or with a second plant,



e.g., one lacking the particular expression cassette, to prepare the seed of a crossed

fertile transgenic plant comprising the particular expression cassette. The seed is then

planted to obtain a crossed fertile transgenic plant. The plant may be preferably a

monocot (preferably as defined above). The crossed fertile transgenic plant may have

the particular expression cassette inherited through a female parent or through a male

parent. The second plant may be an inbred plant. The crossed fertile transgenic may

be a hybrid. Also included within the present invention are seeds of any of these

crossed fertile transgenic plants.

2 . Advantageous traits or properties to be expressed by the expression cassette of the

invention

The chimeric transcription regulating nucleotide sequences of the invention are useful

to modify the phenotype of a plant. Various changes in the phenotype of a transgenic

plant are desirable and can be achieved using the advantageous expression profile

{i.e. germinating embryo-specific expression) of the transcription regulating nucleotide

sequences disclosed herein. These results can be achieved by providing expression of

heterologous products or increased expression of endogenous products in plants. A l

ternatively, the results can be achieved by providing for a reduction of expression of

one or more endogenous products, particularly enzymes or cofactors in the plant. Gen-

erally, the chimeric transcription regulating nucleotide sequences may be employed to

express a nucleic acid segment that is operably linked to said promoter such as, for

example, an open reading frame, or a portion thereof, an anti-sense sequence, a se

quence encoding for a sense or double-stranded RNA sequence, a sequence encoding

for a micro RNA sequence, or a transgene in plants. These changes result in an altera-

tion in the phenotype of the transformed plant.

The choice of a heterologous DNA for expression in a monocotyledonous plant host

cell in accordance with the invention will depend on the purpose of the transformation.

One of the major purposes of transformation of crop plants is to add commercially de-

sirable, agronomically important or end-product traits to the plant.

Although numerous nucleic acid sequences are suitable to be expressed by the chi

meric transcription regulating nucleic acid sequence of the invention most preferably



the nucleic acid is conferring upon expression to the monocotyledonous plant a trait or

property selected from the group consisting of

i) enhanced resistance against at least one stress factor,

ii) increased nutritional quality of a seed or a sprout,

iii) increased yield, and

iv) excision of a target sequence, e.g. excision of a selection marker sequence.

2.1 Basic Principles

Two principal methods for the control of expression are known, overexpression and

underexpression. Overexpression can be achieved by insertion of one or more than

one extra copy of the selected gene. It is, however, not unknown for plants or their

progeny, originally transformed with one or more than one extra copy of a nucleotide

sequence, to exhibit the effects of underexpression as well as overexpression. For un

derexpression there are two principle methods, which are commonly referred to in the

art as "antisense downregulation" and "sense downregulation" (sense downregulation

is also referred to as "cosuppression"). Generically these processes are referred to as

"gene silencing". Both of these methods lead to an inhibition of expression of a target

gene.

Thus, expression of the nucleic acid sequence under the chimeric transcription regulat

ing sequence may result in transcription of a mRNA and expression of a protein, or

expression of an antisense RNA, sense RNA, dsRNA, microRNA, ta-siRNA, snRNA,

RNAi, or any combination thereof.

The mRNA or the regulatory RNA expressed/transcripted in the method of the inven

tion can be for example

a) a double-stranded RNA nucleic acid sequence (dsRNA) as described above;

b) an antisense nucleic acid sequence. Encompassed are those methods in which

the antisense nucleic acid sequence is directed against a gene (i.e. genomic

DNA sequences including the promoter sequence) or a gene transcript (i.e. RNA

sequences) including the 5 ' and 3 ' non-translated regions. Also encompassed are

α-anomeric nucleic acid sequences;



c) an antisense nucleic acid sequence in combination with a ribozyme;

d) a sense nucleic acid sequences for inducing cosuppression;

e) a nucleic acid sequence encoding dominant-negative factor;

f) a DNA-, RNA- or protein-binding factor or antibodies against genes, RNA's or

proteins;

g) a viral nucleic acid sequences which bring about the degradation of RNA;

h) a microRNA or micro-RNA (miRNA) that has been designed to target the gene of

interest in order to induce a breakdown of the mRNA or translation inhibition of

the gene of interest and thereby silence gene expression;

i) a ta-siRNA that has been designed to target the gene of interest in order to in

duce breakdown of the mRNA (or maybe translational inhibition) of the gene of

interest and thereby silence gene expression; and/or

What follows is a brief description of the individual preferred methods. In general,

herein, the meaning of the term "expression" shall include the meaning of the terms

"transcription" and/or "translation" where appropriate.

a) The regulatory RNA expressed in the method of the invention can be for example a

double-stranded RNA nucleic acid sequence (dsRNA) e.g. for the reduction or deletion

of activity of the nucleic acid molecule or polypeptide which activity is to be reduced in

the process of the invention.

As an alternative to antisense polynucleotides and sense polynucleotides, double

stranded RNA (dsRNA) can be used to reduce expression of a gene. The term dsRNA,

as used herein, refers to RNA hybrids comprising two stands of RNA. The dsRNA can

be linear or circular in structure. The hybridizing RNAs may be substantially or com

pletely complementary. By "substantially complementary", is meant that when the two

hybridizing RNAs are optimally aligned using the Needleman and Wunsch algorithm as

described above, the hybridizing portions are at least 95% complementary. Preferably,

the dsRNA will be at least 100 se pairs in length. Methods for making and using dsRNA

are known in the art. One method comprises the simultaneous transcription of two

complementary DNA strands in vivo (See, for example, U.S. Patent No. 5,795,715).



DsRNA can be introduced into a plant or plant cell directly by standard transformation

procedures. Alternatively, dsRNA can be express in a plant by transcribing two com

plementary RNAs.

The method of regulating genes by means of double-stranded RNA ("double-stranded

RNA interference"; dsRNAi) has been described extensively for animal, yeast, fungi

and plant organisms, e.g. for Neurospora, Zebrafish, Drosophila, mice, planaria, h u

mans, Trypanosoma, petunia or Arabidopsis (for example Matzke MA et al. (2000)

Plant MoI. Biol. 43: 401-415; Fire A. et al. (1998) Nature 391 : 806-81 1; WO 99/32619;

WO 99/53050; WO 00/68374; WO 00/44914; WO 00/44895; WO 00/49035;

WO 00/63364). In addition, RNAi is also documented as an advantageously tool for the

repression of genes in bacteria, such as E. coli, for example by Tchurikov et al. [J. Biol.

Chem., 2000, 275 (34): 26523-26529]. Fire et al. named the phenomenon RNAi for

RNA interference. The techniques and methods described in the above references are

expressly referred to. Efficient gene suppression can also be observed in the case of

transient expression or following transient transformation, for example, as the conse

quence of a biolistic transformation (Schweizer P et al. (2000) Plant J 2000 24: 895-

903). dsRNAi methods are based on the phenomenon that the simultaneous introduc

tion of complementary strand and counterstrand of a gene transcript brings about

highly effective suppression of the expression of the gene in question. The resulting

phenotype is very similar to that of an analogous knock-out mutant (Waterhouse PM et

al. (1998) Proc. Natl. Acad. Sci. USA 95: 13959-64).

Tuschl et al., Gens Dev., 1999, 13 (24): 3191-3197, were able to show that the eff i

ciency of the RNAi method is a function of the length of the duplex, the length of the 3'-

end overhangs, and the sequence in these overhangs.

Based on the work of Tuschl et al. and assuming that the underlining principles are

conserved between different species, the following guidelines can be given to the

skilled worker. Accordingly, the dsRNA molecule of the invention or used in the process

of the invention preferable fulfils at least one of the following principles:

- to achieve good results, the 5' and 3' untranslated regions of the nucleic acid se-

quence in use and regions close to the start codon should be, in general, avoided as

these regions are richer in regulatory protein binding sites and interactions between

RNAi sequences and such regulatory proteins might lead to undesired interactions;



-in plants, the 5' and 3' untranslated regions of the nucleic acid sequence in use

and regions close to the start codon, preferably 50 to 100 nt upstream of the start

codon, give good results and therefore should not be avoided;

-preferably a region of the used mRNA is selected, which is 50 to 100 nt (= nucleotides

or bases) downstream from the AUG start codon;

-only dsRNA (= double-stranded RNA) sequences from exons are useful for

the method, as sequences from introns have no effect;

-the G/C content in this region should be greater than 30% and less than 70%, ideally

around 50%;

-a possible secondary structure of the target mRNA is less important for the effect of

the RNAi method.

The dsRNAi method can be particularly effective and advantageous for reducing the

expression of the nucleic acid molecule which activity is to be reduced in the process of

the invention. As described inter alia in WO 99/32619, dsRNAi approaches are clearly

superior to traditional antisense approaches.

Accordingly, the invention can be used fot the expression of double-stranded RNA

molecules (dsRNA molecules) which, when introduced into an organism, advantage

ously into a plant (or a cell, tissue, organ or seed derived therefrom), bring about a l

tered metabolic activity by the reduction in the expression of the nucleic acid molecule

which activity is to be reduced in the process of the invention.

In a double-stranded RNA molecule, e.g. a dsRNA for reducing the expression of a

protein encoded by a nucleic acid molecule which activity is to be reduced in the proc

ess of the invention, one of the two RNA strands is essentially identical to at least part

of a nucleic acid sequence, and the respective other RNA strand is essentially identical

to at least part of the complementary strand of a nucleic acid sequence.

The term "essentially identical" refers to the fact that the dsRNA sequence may also

include insertions, deletions and individual point mutations in comparison to the target

sequence while still bringing about an effective reduction in expression. Preferably, the

homology as defined above amounts to at least 30%, preferably at least 40%, 50%,



60%, 70% or 80%, very especially preferably at least 90%, most preferably 100%, be

tween the "sense" strand of an inhibitory dsRNA and a part-segment of a nucleic acid

sequence of the invention including in a preferred embodiment of the invention their

endogenous 5 ' - and 3 ' untranslated regions or between the "antisense" strand and the

complementary strand of a nucleic acid sequence, respectively. The part-segment

amounts to at least 10 bases, preferably at least 17, 18, 19, 20, 2 1 , 22, 23, 24, 25, 26,

27, 28, 29 or 30 bases, especially preferably at least 40, 50, 60, 70, 80 or 90 bases,

very especially preferably at least 100, 200, 300 or 400 bases, most preferably at least

500, 600, 700, 800, 900 or more bases or at least 1000 or 2000 bases or more in

length. In another preferred embodiment of the invention the part-segment amounts to

17 , 18 , 19 , 20, 2 1 , 22, 23, 24, 25, 26 or 27 bases, preferably to 20, 2 1 , 22, 23, 24 or 25

bases. These short sequences are preferred in animals and plants. The longer se

quences preferably between 200 and 800 bases are preferred in nonmammalian ani

mals, preferably in invertebrates, in yeast, fungi or bacteria, but they are also useable

in plants. Long double-stranded RNAs are processed in the organisms into many

siRNAs (= small/short interfering RNAs) for example by the protein Dicer, which is a

^specific Rnase III enzyme. As an alternative, an "essentially identical" dsRNA may

also be defined as a nucleic acid sequence, which is capable of hybridizing with part of

a gene transcript (for example in 400 mM NaCI, 40 mM PIPES pH 6.4, 1 mM EDTA at

500C or 700C for 12 to 16 h).

The dsRNA may consist of one or more strands of polymerized ribonucleotides. Modif i

cation of both the sugar-phosphate backbone and of the nucleosides may furthermore

be present. For example, the phosphodiester bonds of the natural RNA can be modi

fied in such a way that they encompass at least one nitrogen or sulfur hetero atom.

Bases may undergo modification in such a way that the activity of, for example, adeno

sine deaminase, is restricted. These and other modifications are described herein be

low in the methods for stabilizing antisense RNA.

The dsRNA can be prepared enzymatically; it may also be synthesized chemically,

either in full or in part. Short dsRNA up to 30 bp, which effectively mediate RNA inter-

ference, can be for example, efficiently generated by partial digestion of long dsRNA

templates using E. coli ribonuclease III (RNase III). (Yang, D., et al. (2002) Proc. Natl.

Acad. Sci. USA 99, 9942.)



The double-stranded structure can be formed starting from a single, self-

complementary strand or starting from two complementary strands. In a single, self-

complementary strand, "sense" and "antisense" sequence can be linked by a linking

sequence ("linker") and form, for example, a hairpin structure. Preferably, the linking

sequence may take the form of an intron, which is spliced out following dsRNA syn

thesis. The nucleic acid sequence encoding a dsRNA may contain further elements

such as, for example, transcription termination signals or polyadenylation signals. If the

two strands of the dsRNA are to be combined in a cell or an organism advantageously

in a plant, this can be brought about in a variety of ways:

a) transformation of the cell or of the organism, advantageously of a plant, with a vec

tor encompassing the two expression cassettes;

b) cotransformation of the cell or of the organism, advantageously of a plant, with two

vectors, one of which encompasses the expression cassettes with the "sense"

strand while the other encompasses the expression cassettes with the "antisense"

strand;

c) supertransformation of the cell or of the organism, advantageously of a plant, with a

vector encompassing the expression cassettes with the "sense" strand, after the

cell or the organism had already been transformed with a vector encompassing the

expression cassettes with the "antisense" strand or vice versa;

d) hybridization e.g. crossing of two organisms, advantageously of plants, each of

which has been transformed with one vector, one of which encompasses the ex

pression cassette with the "sense" strand while the other encompasses the expres

sion cassette with the "antisense" strand;

e) introduction of a construct comprising two promoters that lead to transcription of the

desired sequence from both directions; and/or

f) infecting of the cell or of the organism, advantageously of a plant, with an engi

neered virus, which is able to produce the desired dsRNA molecule.

Formation of the RNA duplex can be initiated either outside the cell or within the cell. If

the dsRNA is synthesized outside the target cell or organism, it can be introduced into

the organism or a cell of the organism by injection, microinjection, electroporation, high



velocity particles, by laser beam or mediated by chemical compounds (DEAE-dextran,

calciumphosphate, liposomes).

Accordingly, in one embodiment, the present invention relates to a dsRNA whereby the

sense strand of said double-stranded RNA nucleic acid molecule has a homology of at

least 30%, 35%, 40%, 45%, 50%, 55% or 60%, preferably 65%, 70%, 75% or 80%,

more preferably 85%, 90%, 95%, 96%, 97%, 98% or 99% to the nucleic acid se

quence.

Another embodiment of the invention is a dsRNA molecule, comprising a fragment of at

least 10 base pairs (= bases, nt, nucleotides), preferably at least 17, 18, 19, 20, 2 1, 22,

23, 24, 25, , 26, 27, 28, 29, 30, 35, 40, 45 or 50, especially preferably at least 55, 60,

70, 80 or 90 base pairs, very especially preferably at least 100, 200, 300 or 400 base

pairs, most preferably at least 500, 600, 700, 800, 900 or more base pairs or at least

1000 or 2000 base pairs of a nucleic acid molecule with a homology of at least 50%,

60%, 70%, 80% or 90%, preferably 100% to a nucleic acid molecule.

In another preferred embodiment of the invention the encoded sequence or its part-

segment of the dsRNA molecule amounts to 17, 18, 19, 20, 2 1, 22, 23, 24, 25, 26 or 27

bases, preferably to 20, 2 1 , 22, 23, 24 or 25 bases, whereby the homology of the se

quence is essentially 95%, 96%, 97%, 98%, or preferred 99% or 100%.

In a preferred embodiment of the invention the sense and antisense strand of the dou-

ble-stranded RNA are covalently bound or are bound by other, e.g. weak chemical

bonds such as hydrogen bonds to each other and the antisense strand is essentially

the complement of the sense-RNA strand.

As shown in WO 99/53050, the dsRNA may also encompass a hairpin structure, by

linking the "sense" and "antisense" strands by a "linker" (for example an intron). The

self-complementary dsRNA structures are preferred since they merely require the ex

pression of a construct and always encompass the complementary strands in an equi-

molar ratio.

The expression cassettes encoding the "antisense" or the "sense" strand of the dsRNA

or the self-complementary strand of the dsRNA are preferably inserted into a vector

and stably inserted into the genome of a plant, using the methods described herein



below (for example using selection markers), in order to ensure permanent expression

of the dsRNA. Transient expression with bacterial or viral vectors are similarly useful.

The dsRNA can be introduced using an amount which makes possible at least one

copy per cell. A larger amount (for example at least 5 , 10, 100, 500 or 1 000 copies per

cell) may bring about more efficient reduction.

As has already been described, 100 % sequence identity between the dsRNA and a

gene transcript of a nucleic acid molecule to be reduced, is not necessarily required in

order to bring about effective reduction in the expression. The advantage is, accord

ingly, that the method is tolerant with regard to sequence deviations as may be present

as a consequence of genetic mutations, polymorphisms or evolutionary divergences.

Thus, for example, using the dsRNA, which has been generated starting from a nucleic

acid molecule to be reduced according to the process of the invention.

The dsRNA can be synthesized either in vivo or in vitro. To this end, a DNA sequence

encoding a dsRNA can be introduced into an expression cassette under the control of

at least one genetic control element (such as, for example, promoter, enhancer, s i

lencer, splice donor or splice acceptor or polyadenylation signal). Suitable advanta

geous constructs are described herein below. Polyadenylation is not required, nor do

elements for initiating translation have to be present.

A dsRNA can be synthesized chemically or enzymatically. Cellular RNA polymerases

or bacteriophage RNA polymerases (such as, for example T3, T7 or SP6 RNA poly

merase) can be used for this purpose. Suitable methods for the in-vitro expression of

RNA are described (WO 97/32016; US 5,593,874; US 5,698,425, US 5,712,135,

US 5,789,214, US 5,804,693). Prior to introduction into a cell, tissue or organism, a

dsRNA which has been synthesized in vitro either chemically or enzymatically can be

isolated to a higher or lesser degree from the reaction mixture, for example, by extrac

tion, precipitation, electrophoresis, chromatography or combinations of these methods.

The dsRNA can be introduced directly into the cell or else be applied extracellularly (for

example into the interstitial space). In one embodiment of the invention the RNAi

method leads to only a partial loss of gene function and therefore enables the skilled

worker to study a gene dose effect in the desired organism and to fine tune the process

of the invention. In another preferred embodiment it leads to a total loss of function and



therefore increases the production of the fine chemical. Furthermore, it enables a pe r

son skilled in the art to study multiple functions of a gene.

Stable transformation of the plant with an expression construct, which brings about the

expression of the dsRNA is preferred, however. Suitable methods are described herein

below.

b) The regulatory RNA expressed in the method of the invention can be for example an

antisense nucleic acid sequence, e.g. for the reduction or deletion of the nucleic acid

molecule or polypeptide which activity is to be reduced in the process of the invention.

An exogenous DNA sequence may be designed to down-regulate a specific nucleic

acid sequence. This is for example accomplished by operably linking with the chimeric

transcription regulating nucleic acid sequence of the invention, an exogenous DNA in

an antisense orientation or a DNA designed such that a hairpin-forming RNA molecule

is generated upon transcription. Gene suppression may be effective against a native

plant gene associated with a trait, e.g. to provide plants with reduced levels of a protein

encoded by the native gene or with enhanced or reduced levels of an affected metabo

lite. For example, the chimeric transcription regulating nucleic acid sequence of the

invention may be operably linked to a heterologous DNA designed such that a hairpin-

shaped RNA is formed for suppression of a native gene in maize embryos. Different

types of exogenous DNA arrangements resulting in gene suppression are known to

those of skill in the art and include but are not limited to the following. International

Publication WO 94/01550 discloses DNA constructs where the anti-sense RNA was

stabilized with a self-complementary 3' segment. Other double-stranded hairpin-

forming elements in transcribed RNA are disclosed in WO 98/05770 where the anti-

sense RNA is stabilized by hairpin forming repeats of poly(CG) nucleotides and Patent

Application Publication No. 2002/0048814 A 1 describes sense or anti-sense RNA sta

bilized by a poly(T)-poly(A) tail. U.S. Patent Application Publication No. 2003/0018993

A 1 discloses sense or anti-sense RNA that is stabilized by an inverted repeat of a sub

sequence of 3' untranslated region of the NOS gene. U.S. Patent Application Publica

tion No. 2003/0036197 A 1 describes an RNA stabilized by two complementary RNA

regions having homology to a target sequence.

Methods for suppressing a specific protein by preventing the accumulation of its mRNA

by means of "antisense" technology can be used widely and has been described ex-



tensively, including for plants; Sheehy et al. (1988) Proc. Natl. Acad. Sci. USA 85:

8805-8809; US 4,801 ,34100; MoI JN et al. (1990) FEBS Lett 268(2): 427-430. The an-

tisense nucleic acid molecule hybridizes with, or binds to, the cellular mRNA and/or the

genomic DNA encoding the target protein to be suppressed. This process suppresses

the transcription and/or translation of the target protein. Hybridization can be brought

about in the conventional manner via the formation of a stable duplex or, in the case of

genomic DNA, by the antisense nucleic acid molecule binding to the duplex of the ge

nomic DNA by specific interaction in the large groove of the DNA helix.

In one embodiment, an "antisense" nucleic acid molecule comprises a nucleotide se-

quence, which is at least in part complementary to a "sense" nucleic acid molecule en

coding a protein, e.g., complementary to the coding strand of a double-stranded cDNA

molecule or complementary to an encoding mRNA sequence. Accordingly, an an

tisense nucleic acid molecule can bind via hydrogen bonds to a sense nucleic acid

molecule. The antisense nucleic acid molecule can be complementary to an entire cod-

ing strand of a nucleic acid molecule conferring the expression of the polypeptide to be

reduced in the process of the invention or comprising the nucleic acid molecule which

activity is to be reduced in the process of the invention or to only a portion thereof. A c

cordingly, an antisense nucleic acid molecule can be antisense to a "coding region" of

the coding strand of a nucleotide sequence of a nucleic acid molecule of the present

invention.

The term "coding region" refers to the region of the nucleotide sequence comprising

codons, which are translated into amino acid residues.

In another embodiment, the antisense nucleic acid molecule is antisense to a "noncod-

ing region" of the mRNA flanking the coding region of a nucleotide sequence. The term

"noncoding region" refers to 5' and 3' sequences which flank the coding region that are

not translated into a polypeptide, i.e., also referred to as 5' and 3' untranslated regions

(5 ' -UTR or 3 ' -UTR). Advantageously, the noncoding region is in the area of 50 bp, 100

bp, 200bp or 300 bp, preferably 400 bp, 500 bp, 600 bp, 700 bp, 800 bp, 900 bp or

1000 bp up- and/or downstream from the coding region.

Given the coding strand sequences encoding the polypeptide or the nucleic acid mole

cule to be reduced in the process of the invention, e.g. having above mentioned activ

ity, e.g. the activity of a polypeptide with the activity o the protein which activity is to be



reduced in the process of the invention as disclosed herein, antisense nucleic acid

molecules can be designed according to the rules of Watson and Crick base pairing.

In a further embodiment, the antisense nucleic acid molecule can be an α-anomeric

nucleic acid. Such α-anomeric nucleic acid molecules form specific double-stranded

hybrids with complementary RNA in which - as opposed to the conventional β-nucleic

acids - the two strands run in parallel with one another (Gautier C et al. (1987) Nucleic

Acids Res. 15: 6625-6641). Furthermore, the antisense nucleic acid molecule can also

comprise 2'-O-methylribonucleotides (Inoue et al. (1987) Nucleic Acids Res. 15: 6 13 1-

6148), or chimeric RNA-DNA analogs (Inoue et al. (1987) FEBS Lett 215: 327-330).

The antisense nucleic acid molecules of the invention are typically administered to a

cell or generated in situ such that they hybridize with or bind to cellular mRNA and/or

genomic DNA encoding a polypeptide having the activityOf protein which activity is to

be reduced in the process of the invention or encoding a nucleic acid molecule having

the activity e the nucleic acid molecule which activity is to be reduced in the process of

the invention and thereby inhibit expression of the protein, e.g., by inhibiting transcrip

tion and/or translation and leading to the aforementioned fine chemical increasing ac

tivity.

The antisense molecule of the present invention comprises also a nucleic acid mole

cule comprising a nucleotide sequences complementary to the regulatory region of an

nucleotide sequence encoding the natural occurring polypeptide of the invention, e.g.

the polypeptide sequences shown in the sequence listing, or identified according to the

methods described herein, e.g., its promoter and/or enhancers, e.g. to form triple he li

cal structures that prevent transcription of the gene in target cells. See generally,

Helene, C. (1991) Anticancer Drug Des. 6(6):569-84; Helene, C. et al. (1992) Ann. N. Y.

Acad. Sci. 660:27-36; and Maher, LJ. (1992) Bioassays 14(1 2):807-1 5 .

c) The regulatory RNA expressed in the method of the invention can be for example an

antisense nucleic acid sequence combined with a ribozyme, e.g. for the reduction or

deletion of activity of the nucleic acid molecule or polypeptide which activity is to be

reduced in the process of the invention.

It is advantageous to combine the above-described antisense strategy with a ribozyme

method. Catalytic RNA molecules or ribozymes can be adapted to any target RNA and



cleave the phosphodiester backbone at specific positions, thus functionally deactivating

the target RNA (Tanner NK (1999) FEMS Microbiol. Rev. 23(3): 257-275). The ri-

bozyme per se is not modified thereby, but is capable of cleaving further target RNA

molecules in an analogous manner, thus acquiring the properties of an enzyme. The

incorporation of ribozyme sequences into "antisense" RNAs imparts this enzyme-like

RNA-cleaving property to precisely these "antisense" RNAs and thus increases their

efficiency when inactivating the target RNA. The preparation and the use of suitable

ribozyme "antisense" RNA molecules is described, for example, by Haseloff et al.

(1988) Nature 33410: 585-591 .

Further the antisense nucleic acid molecule of the invention can be also a ribozyme.

Ribozymes are catalytic RNA molecules with ribonuclease activity, which are capable

of cleaving a single-stranded nucleic acid, such as an mRNA, to which they have a

complementary region. In this manner, ribozymes (for example "Hammerhead" r i

bozymes; Haselhoff and Gerlach (1988) Nature 33410: 585-591) can be used to cata-

lytically cleave the mRNA of an enzyme to be suppressed and to prevent translation.

The ribozyme technology can increase the efficacy of an antisense strategy. Methods

for expressing ribozymes for reducing specific proteins are described in (EP 0 291 533,

EP 0 321 201 , EP 0 360 257). Ribozyme expression has also been described for plant

cells (Steinecke P et al. (1992) EMBO J 11(4): 1525-1530; de Feyter R et al. (1996)

MoI. Gen. Genet. 250(3): 329-338). Suitable target sequences and ribozymes can be

identified for example as described by Steinecke P, Ribozymes, Methods in Cell Bio l

ogy 50, Galbraith et al. eds, Academic Press, Inc. (1995), pp. 449-460 by calculating

the secondary structures of ribozyme RNA and target RNA and by their interaction

[Bayley CC et al. ( 1992) Plant MoI. Biol. 18(2): 353-361 ; Lloyd A M and Davis RW et al.

(1994) MoI. Gen. Genet. 242(6): 653-657]. For example, derivatives of the tetrahymena

L-19 IVS RNA, which have complementary regions to the mRNA of the protein to be

suppressed can be constructed (see also US 4,987,071 and US 5,1 16,742). As an a l

ternative, such ribozymes can also be identified from a library of a variety of ribozymes

via a selection process (Bartel D and Szostak JW (1993) Science 261 : 141 1-1418).

d) The regulatory RNA expressed in the method of the invention can be for example a

(sense) nucleic acid sequence for inducing cosuppression, e.g. for the reduction or

deletion of activity of the nucleic acid molecule or polypeptide which activity is to be

reduced in the process of the invention.



As used herein "gene suppression" means any of the well-known methods for sup

pressing an RNA transcript or production of protein translated from an RNA transcript,

including post-transcriptional gene suppression and transcriptional suppression. Post-

transcriptional gene suppression is mediated by double-stranded RNA having homol-

ogy to a gene targeted for suppression. Gene suppression by RNA transcribed from an

exogenous DNA construct comprising an inverted repeat of at least part of a transcrip

tion unit is a common feature of gene suppression methods known as anti-sense sup

pression, co-suppression and RNA interference. More particularly, post transcriptional

gene suppression by inserting an exogenous DNA construct with anti-sense oriented

DNA to regulate gene expression in plant cells is disclosed in US 5,107,065 and US

5,759,829. Transcriptional suppression can be mediated by a transcribed double-

stranded RNA having homology to promoter DNA sequence to effect what is called

promoter trans-suppression. Post transcriptional gene suppression by inserting an

exogneous DNA construct with sense-oriented DNA to regulate gene expression in

plants is disclosed in US 5,283,184 and US 5,231 ,020.

The expression of a nucleic acid sequence in sense orientation can lead to cosuppres-

sion of the corresponding homologous, endogenous genes. The expression of sense

RNA with homology to an endogenous gene can reduce or indeed eliminate the ex-

pression of the endogenous gene, in a similar manner as has been described for the

following antisense approaches: Jorgensen et al. (1996) Plant MoI. Biol. 3 1(5): 957-

973, Goring et al. ( 1991 ) Proc. Natl. Acad. Sci. USA 88: 1770-1 774], Smith et al. ( 1990)

MoI. Gen. Genet. 224: 447-481 , Napoli et al. (1990) Plant Cell 2 : 279-289 or Van der

Krol et al. (1990) Plant Cell 2 : 291-99. In this context, the construct introduced may

represent the homologous gene to be reduced either in full or only in part. The applica

tion of this technique to plants has been described for example by Napoli et al. (1990)

The Plant Cell 2 : 279-289 and in US 5,03410,323. Furthermore the above described

cosuppression strategy can advantageously be combined with the RNAi method as

described by Brummell et al., 2003, Plant J. 33, pp793-800. At least in plants it is ad-

vantageously to use strong or very strong promoters in cosuppression approaches.

Recent work for example by. Schubert et al., (Plant Journal 2004, 16, 2561-2572 ) has

indicated that cosuppression effects are dependent on a gene specific threshold level,

above which cosuppression occurs.



e) The mRNA expressed in the method of the invention can be for example nucleic

acid sequences encoding a dominant-negative protein, e.g. for the reduction or deletion

of activity of the polypeptide which activity is to be reduced in the process of the inven

tion

The function or activity of a protein can efficiently also be reduced by expressing a

dominant-negative variant of said protein. The skilled worker is familiar with methods

for reducing the function or activity of a protein by means of coexpression of its domi

nant-negative form [Lagna G and Hemmati-Brivanlou A (1998) Current Topics in De

velopmental Biology 36: 75-98; Perlmutter RM and Alberola-lla J (1996) Current Opin-

ion in Immunology 8(2): 285-90; Sheppard D (1994) American Journal of Respiratory

Cell & Molecular Biology 11(1): 1-6; Herskowitz I (1987) Nature 329 (6136): 219-22].

A dominant-negative variant can be realized for example by changing of an amino acid

of a polypeptide.

This change can be determined for example by computer-aided comparison ("align-

ment"). These mutations for achieving a dominant-negative variant are preferably ca r

ried out at the level of the nucleic acid sequences. A corresponding mutation can be

performed for example by PCR-mediated in-vitro mutagenesis using suitable oligonu

cleotide primers by means of which the desired mutation is introduced. To this end,

methods are used with which the skilled worker is familiar. For example, the "LA PCR

in vitro Mutagenesis Kit" (Takara Shuzo, Kyoto) can be used for this purpose. It is also

possible and known to those skilled in the art that deleting or changing of functional

domains, e. g . TF or other signaling components which can bind but not activate may

achieve the reduction of protein activity.

f) Yet another embodiment of the invention the controlled mRNA encodes a DNA- or

protein-binding factor.

These factors attach to the genomic sequence of the endogenous target gene, pref

erably in the regulatory regions, and bring about repression of the endogenous gene.

The use of such a method makes possible the reduction in the expression of an e n

dogenous gene without it being necessary to recombinantly manipulate the sequence

of the latter. Such methods for the preparation of relevant factors are described in

Dreier B et al. (2001) J. Biol. Chem. 276(31): 29466-78 and (2000) J. MoI. Biol. 303(4):



489-502, Beerli RR et al. (1998) Proc. Natl. Acad. Sci. USA 95(25): 14628-14633;

(2000) Proc. Natl. Acad. Sci. USA 97(4): 1495-1500 and (2000) J . Biol. Chem. 275(42):

32617-32627), Segal DJ and Barbas CF, 3rd (2000) Curr. Opin. Chem. Biol. 4(1):

3410-39, Kang JS and Kim JS (2000) J. Biol. Chem. 275(12): 8742-8748, Kim JS et al.

(1997) Proc. Natl. Acad. Sci. USA 94(8): 3616-3620, Klug A (1999) J. MoI. Biol. 293(2):

215-218, Tsai SY et al. (1998) Adv. Drug DeNv. Rev. 30(1-3): 23-31 , Mapp AK et al.

(2000) Proc. Natl. Acad. Sci. USA 97(8): 3930-3935, Sharrocks A D et al. (1997) Int. J.

Biochem. Cell Biol. 29(12): 1371-1387 and Zhang L et al. (2000) J. Biol. Chem.

275(43): 33850-33860. Examples for the application of this technology in plants have

been described in WO 01/52620, Ordiz Ml et al., (Proc. Natl. Acad. Sci. USA, Vol. 99,

Issue 20, 13290 - 13295, 2002) or Guan et al., (Proc. Natl. Acad. Sci. USA, Vol. 99,

Issue 20, 13296 - 13301 , 2002)

These factors can be selected using any portion of a gene. This segment is preferably

located in the promoter region. For the purposes of gene suppression, however, it may

also be located in the region of the coding exons or introns. The skilled worker can ob

tain the relevant segments from Genbank by database search or starting from a cDNA

whose gene is not present in Genbank by screening a genomic library for correspond

ing genomic clones.

It is also possible to first identify sequences in a target crop, which encompass the nu-

cleic acid molecule or which encode the polypeptide which activity is to be reduced in

the process of the invention, then find the promoter and reduce expression by the use

of the abovementioned factors.

The skilled worker is familiar with the methods required for doing so.

Furthermore, factors which are introduced into a cell may also be those which them-

selves inhibit the target protein. The protein-binding factors can, for example, be ap-

tamers (Famulok M and Mayer G (1999) Curr. Top Microbiol. Immunol. 243: 123-36) or

antibodies or antibody fragments or single-chain antibodies. Obtaining these factors

has been described, and the skilled worker is familiar therewith. For example, a cyto

plasmic scFv antibody has been employed for modulating activity of the phytochrome A

protein in genetically modified tobacco plants (Owen M et al. (1992) Biotechnology

(NY) 10(7): 790-794; Franken E et al. (1997) Curr. Opin. Biotechnol. 8(4): 4 11-416;

Whitelam (1996) Trend Plant Sci. 1: 286-272).



Gene expression may also be suppressed by tailor-made low-molecular-weight syn

thetic compounds, for example of the polyamide type Dervan PB and Bϋrli RW (1999)

Current Opinion in Chemical Biology 3 : 688-693; Gottesfeld JM et al. (2000) Gene

Expr. 9(1-2): 77-91 . These oligomers consist of the units 3-(dimethyl-

amino)propylamine, N-methyl-3-hydroxypyrrole, N-methylimidazole and N-methyl-

pyrroles; they can be adapted to each portion of double-stranded DNA in such a way

that they bind sequence-specifically to the large groove and block the expression of

the gene sequences located in this position. Suitable methods have been described in

Bremer RE et al. (2001) Bioorg. Med. Chem. 9(8): 2093-103], Ansari AZ et al. [(2001)

Chem. Biol. 8(6): 583-92, Gottesfeld JM et al. (2001) J. MoI. Biol. 309(3): 615-29,

Wurtz NR et al. (2001) Org. Lett 3(8): 1201-3, Wang CC et al. (2001) Bioorg. Med.

Chem. 9(3): 653-7], Urbach AR and Dervan PB (2001) Proc. Natl. Acad. Sci. USA

98(8): 434103-8 and Chiang SY et al. (2000) J. Biol. Chem. 275(32): 24246-54.

g) The regulatory RNA expressed in the method of the invention can be for example a

viral nucleic acid sequence which brings about the degradation of RNA, e.g. for the

reduction or deletion of activity of the nucleic acid molecule or polypeptide which activ

ity is to be reduced in the process of the invention.

Inactivation or downregulation can also be efficiently brought about by inducing specific

RNA degradation by the organism, advantageously in the plant, with the aid of a viral

expression system (Amplikon) (Angell, SM et al. (1999) Plant J. 20(3): 357-362). Nu

cleic acid sequences with homology to the transcripts to be suppressed are introduced

into the plant by these systems - also referred to as "VIGS" (viral induced gene silenc

ing) with the aid of viral vectors. Then, transcription is switched off, presumably medi

ated by plant defense mechanisms against viruses. Suitable techniques and methods

are described in Ratcliff F et al. (2001) Plant J. 25(2): 237-45, Fagard M and Vaucheret

H (2000) Plant MoI. Biol. 43(2-3): 285-93, Anandalakshmi R et al. (1998) Proc. Natl.

Acad. Sci. USA 95(22): 13079-84 and Ruiz MT (1998) Plant Cell 10(6): 937-46.

g) The regulatory RNA expressed in the method of the invention can be for example a

microRNA (or micro-RNA) that has been designed to target the gene of interest in or-

der to induce a breakdown or translational inhibition of the mRNA of the gene of intrest

and thereby silence gene expression or of an expression cassette ensuring the expres

sion of the former, e.g. for the reduction or deletion of activity of the nucleic acid mole

cule or polypeptide which activity is to be reduced in the process of the invention.



Regulation of gene expression can also be achieved by modifying expression of mi-

croRNAs. Growing evidence demonstrates that plant miRNAs have a wide range of

regulatory functions in meristem identity, cell division, organ separation, organ polarity

and abiotic stress response (Bartel D 2004). Many plant miRNAs have unique spatial

or temporal expression pattern. Overexpression or ectopic expression of plant miRNA

can change the morphology and physiology of a plant. Plant miRNA precursor can also

be engineered to target a reporter gene in Arabidopsis (Parizotto E A et al., 2004).

MicroRNAs (miRNAs) have emerged as evolutionarily conserved, RNA-based regula

tors of gene expression in plants and animals. MiRNAs (~ 2 1 to 25 nt) arise from larger

precursors with a stem loop structure that are transcribed from non-protein-coding

genes. miRNA targets a specific mRNA to suppress gene expression at post-

transcriptional {i.e. degrades mRNA) or translational levels {i.e. inhibits protein synthe

sis) (Bartel D 2004, Cell 116, 281-297). MiRNAs can be efficiently design to specifally

target and down regulated selected genes. Determinants of target selection of natural

plant miRNAs have been analysed by Schwab and coworkers (Schwab et al. 2005,.

2005 Dev. Cell 8 , 517-527). This work has been extended to the design and use of

artificial miRNAs (amiRNAs) to efficiently down regulate target genes, resulting in con

cepts and rules for the design of effective amiRNAs for directed gene silencing (Highly

Specific Gene Silencing by Artificial microRNAs in Arabidopsis, Schwab et al., Plant

Cei/2006 18 (A)) and a web based tool for efficient amiRNA design

(http://wmd.weigelworld.org)).

i) The regulatory RNA expressed in the method of the invention can be for example a

transacting small interfering RNA (ta-siRNA) or of an expression cassette ensuring the

expression of the former, e.g. for the reduction or deletion of activity of the nucleic acid

molecule or maybe a polypeptide which activity is to be reduced in the process of the

invention.

Trans-acting siRNA (ta-siRNA) is a recently identified endogenous siRNA (Peragine et

al. 2004; Vazquez et al. 2004). The generation of ta-siRNA requires miRNA-mediated

mRNA cleavage and subsequent dsRNA synthesis by an RNA-dependent RNA poly-

merase (RdRP), RDR6 (Allen et al. 2005). ta-siRNA regulates gene expression in a

way similar to that of miRNA.



A transacting small interfering RNA (ta-siRNA) can be designed to target the gene of

interest in order to induce a breakdown of the mRNA of the gene of interest and

thereby silence gene expression.

Methods employing ta-siRNAs useful for the repression or inactivation of a gene prod-

uct according to the process of the present invention are described in US 60/672976

and 60/718645.

Nucleic acid sequences as described in above items are expressed in the cell or organ

ism by transformation/transfection of the cell or organism or are introduced in the cell or

organism by known methods, for example as disclosed in item A).

2.2 Agronomically relevant traits

The chimeric transcription regulating nucleotide sequences can be preferably em

ployed to confer to the transformed monocotyledonous plant an agronomically relevant

trait. Such traits include, but are not limited to, herbicide resistance, herbicide toler-

ance, insect resistance, insect tolerance, disease resistance, disease tolerance (viral,

bacterial, fungal, nematode), stress tolerance, stress resistance, as exemplified by re

sistance or tolerance to drought, heat, chilling, freezing, excessive moisture, salt stress

and oxidative stress, increased yield, food content and value, increased feed content

and value, physical appearance, male sterility, female sterility, drydown, standability,

prolificacy, starch quantity and quality, oil quantity and quality, protein quality and quan

tity, amino acid composition, and the like. Although numerous nucleic acid sequences

are suitable to be expressed by the chimeric transcription regulating nucleic acid se

quence of the invention {e.g., in combination with preferred promoters, for example with

the super-promoter) most preferably the nucleic acid is conferring upon expression to

the monocotyledonous plant an agronomically relevant trait selected from the group

consisting of

i) enhanced resistance or tolerance against at least one stress factor,

ii) increased nutritional quality of a seed or a sprout,

iii) increased yield.

One of the most economically relevant traits is yield. Yield is heavily affected by dam

age in any kind to the embryo and young seedling. Accordingly, any kind of trait which



protects the young seedling and embryo or enhances its performance is advantageous

with respect to yield. Thus, a trait resulting in stress resistance (see below) can also

result in increased yield. Thus, another embodiment of the invention relates to a

method for conferring increased yield and/or increased stress tolerance to a plant, said

method comprising the steps of

A) introducing into a plant an expression construct comprising a polynucleotide en

coding a plant transcription regulating sequence, wherein the polynucleotide e n

coding the transcription regulating sequence comprises

i) a first nucleic acid molecule selected from the group consisting of

a) a polynucleotide as defined in SEQ ID NO:1 ;

a) a polynucleotide having at least 50%, preferably at least 60%, 70% or 80%,

more preferably at least 85% or 90%, most preferably at least 95%, 98% or 99%

sequence identity to the polynucleotide of SEQ ID NO:1 ;

b) a fragment of at least 50 consecutive bases, preferably at least 100 consecutive

bases, more preferably 200 consecutive bases of the polynucleotide of SEQ ID

NO:1 ; and

d) a polynucleotide hybridizing under conditions equivalent to hybridization in 7%

sodium dodecyl sulfate (SDS), 0.5M NaPO4, 1mM EDTA at 5 O0C with washing in

2xSSC, 0.1 % SDS at 5 O0C, more preferably in 7% sodium dodecyl sulfate (SDS),

0.5 M NaPO4, 1 mM EDTA at 500C with washing in 1 X SSC, 0.1 % SDS at 500C,

more preferably in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA

at 50°C with washing in 0.5 X SSC, 0 . 1% SDS at 500C, more preferably in 7% so

dium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA at 50°C with washing in

0.1 X SSC, 0.1 % SDS at 50°C, and most preferably in 7% sodium dodecyl sulfate

(SDS), 0.5 M NaPO4, 1 mM EDTA at 500C with washing in 0.1 X SSC, 0.1 % SDS

at 65°C, to a nucleic acid comprising at least 50 nucleotides of a polynucleotide as

defined in SEQ ID NO:1 , or the complement thereof, and operably linked thereto

ii) a second nucleic acid molecule selected from the group consisting of

a) a polynucleotide as defined in SEQ ID NO:3;

b) a polynucleotide having at least 50%, preferably at least 60%, 70% or 80%,

more preferably at least 85% or 90%, most preferably at least 95%, 98% or

99% sequence identity to the polynucleotide of SEQ ID NO:3;



c) a fragment of at least 50 consecutive bases, preferably at least 100 consecu

tive bases, more preferably 200 consecutive bases of the polynucleotide of

SEQ ID NO:3; and

d) a polynucleotide hybridizing under conditions equivalent to hybridization in 7%

sodium dodecyl sulfate (SDS), 0.5M NaPO4, 1mM EDTA at 5 O0C with washing in

2xSSC, 0.1 % SDS at 5 O0C, more preferably in 7% sodium dodecyl sulfate (SDS),

0.5 M NaPO4, 1 mM EDTA at 500C with washing in 1 X SSC, 0.1 % SDS at 500C,

more preferably in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA

at 50°C with washing in 0.5 X SSC, 0 . 1% SDS at 500C, more preferably in 7% so-

dium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA at 50°C with washing in

0.1 X SSC, 0.1 % SDS at 50°C, and most preferably in 7% sodium dodecyl sulfate

(SDS), 0.5 M NaPO4, 1 mM EDTA at 500C with washing in 0.1 X SSC, 0.1 % SDS

at 65°C, to a nucleic acid comprising at least 50 nucleotides of a sequence de

scribed by SEQ ID NO:3, or the complement thereof,

and operably linked to at least one nucleic acid which is heterologous in relation to said

first or said second nucleic acid sequence the transcription regulating sequence and is

capable to confer to a plant an increased yield and/or increased stress tolerance, and

B) selecting transgenic plants, wherein the plants have increased yield and/or in

creased stress tolerance as compared to the wild type or null segregant plants.

The increased yield and/or increased stress tolerance and the corresponding heterolo

gous nucleic acid sequence to be expressed are defined as above. More specific ex

amples are given herein below. Preferred chimeric transcription regulating nucleotide

sequence are described above.

2.2.1 Increase stress resistance or tolerance

The transcription regulating nucleotide sequences can be preferably employed to con

fer to the transformed monocotyledonous plant an increased (or enhanced) stress re

sistance (preferably to achieve a stress-resistant or stress tolerant plant). By "resistant"

is meant a plant, which exhibits substantially no phenotypic changes as a consequence

of agent administration, infection with a pathogen, or exposure to stress. By "tolerant"

is meant a plant, which, although it may exhibit some phenotypic changes as a conse

quence of infection, does not have a substantially decreased reproductive capacity or

substantially altered metabolism.



Various nucleic acids sequences are known to the person skilled in the art to obtain

such stress resistance. Said sequences may include but are not limited to polynucleo

tides encoding a polypeptide involved in phytohormone biosynthesis, phytohormone

regulation, cell cycle regulation, or carbohydrate metabolism. The stress factor is pref-

erably defined as above. The heterologous nucleic acid sequence to be expressed

(e.g., either as a sense, antisense or double-stranded RNA) may encode a stress-

related polypeptide as desribed above (or a part thereof; preferably a part of at least 5 ,

more preferably at least 10, most preferably at least 30 consecutive amino acids). Pre

ferred chimeric transcription regulating nucleotide sequence are described above.

The stress factor and the heterologous nucleic acid sequence to be expressed are

preferably defined as above. Preferred chimeric transcription regulating nucleotide se

quence are described above.

The stress resistance, which can be advantageously obtained, is preferably against an

abiotic or biotic stress factor. The biotic stress factor may be selected from the group

consisting of fungal resistance, nematode resistance, insect resistance, virus res is

tance, and bacteria resistance. Preferably, the biotic stress factor is a seed-borne d is

ease (mainly fungal diseases e.g. common bunt ( Tilletia tritici) mainly in wheat; leaf

stripe (Pyrenophora graminea), and loose smut (Ustilago nuda) mainly in barley).

The abiotic stress factor may be selected from the group consisting of drought, exces

sive moisture, heat, chilling, freezing, cold, salt, nitrogen, high plant population density,

UV light and oxidative stress. Preferably, the stress resistance is achieved by inducing

early vigor.

Various nucleic acids sequences are known to the person skilled in the art to obtain

such stress resistance. Said sequences may include but are not limited to polynucleo

tides encoding a polypeptide involved in phytohormone biosynthesis, phytohormone

regulation, cell cycle regulation, or carbohydrate metabolism. More specific examples

are given below.

The invention is applicable to all monocotyledonous plants such as maize, wheat, rice,

barley, oat, rye, sorghum, millet, triticale, ryegrass or coix, but is preferably applicable



to kernel producing cereal plants of the Pooideae family such as maize, wheat, rice,

barley, oat, rye, sorghum, millet, or triticale, preferably to maize, barley and wheat,

most preferably to maize.

Further embodiments of the invention relate to seeds, parts and cells of the monocoty-

ledonous plant of the invention. Preferably, the plant parts are selected from the group

consisting of: cells, protoplasts, cell tissue cultures, callus, cell clumps, embryos, po l

len, ovules, seeds, flowers, kernels, ears, cobs, leaves, husks, stalks, roots, root tips,

anthers, and silk.

Indirectly, the increased stress tolerance may cause one or more traits which promote

aspects of enhanced grain agronomic characteristics, grain fill, decreased kernel abor

tion, increased transport of nutrients and the like.

2.2.1 . 1 Insect Resistance and Tolerance

An important aspect of the present invention concerns the introduction of insect res is

tance-conferring genes into plants. Potential insect resistance genes, which can be

introduced, include Bacillus thuringiensis crystal toxin genes or Bt genes (Watrud

1985). Bt genes may provide resistance to lepidopteran or coleopteran pests such as

European Corn Borer (ECB) and corn rootworm (CRW). Preferred Bt toxin genes for

use in such embodiments include the CrylA(b) and CrylA(c) genes. Endotoxin genes

from other species of B. thuringiensis, which affect insect growth or development, may

also be employed in this regard. Protease inhibitors may also provide insect resistance

(Johnson 1989), and will thus have utility in plant transformation. The use of a protease

inhibitor Il gene, pinll, from tomato or potato is envisioned to be particularly useful.

Even more advantageous is the use of a pinll gene in combination with a Bt toxin gene,

the combined effect of which has been discovered by the present inventors to produce

synergistic insecticidal activity. Other genes, which encode inhibitors of the insects'

digestive system, or those that encode enzymes or co-factors that facilitate the produc-

tion of inhibitors, may also be useful. Cystatin and amylase inhibitors, such as those

from wheat and barley, may exemplify this group.

Also, genes encoding lectins may confer additional or alternative insecticide properties.

Lectins (originally termed phytohemagglutinins) are multivalent carbohydrate-binding



proteins, which have the ability to agglutinate red blood cells from a range of species.

Lectins have been identified recently as insecticidal agents with activity against wee

vils, ECB and rootworm (Murdock 1990; Czapla & Lang, 1990). Lectin genes contem

plated to be useful include, for example, barley and wheat germ agglutinin (WGA) and

rice lectins (Gatehouse 1984), with WGA being preferred.

Genes controlling the production of large or small polypeptides active against insects

when introduced into the insect pests, such as, e.g., lytic peptides, peptide hormones

and toxins and venoms, form another aspect of the invention. For example, it is con-

templated, that the expression of juvenile hormone esterase, directed towards specific

insect pests, may also result in insecticidal activity, or perhaps cause cessation of

metamorphosis (Hammock 1990).

Transgenic plants expressing genes, which encode enzymes that affect the integrity of

the insect cuticle form yet another aspect of the invention. Such genes include those

encoding, e.g., chitinase, proteases, lipases and also genes for the production of nik-

komycin, a compound that inhibits chitin synthesis, the introduction of any of which is

contemplated to produce insect resistant maize plants. Genes that code for activities

that affect insect molting, such those affecting the production of ecdysteroid UDP-

glucosyl transferase, also fall within the scope of the useful transgenes of the present

invention.

Genes that code for enzymes that facilitate the production of compounds that reduce

the nutritional quality of the host plant to insect pests are also encompassed by the

present invention. It may be possible, for instance, to confer insecticidal activity on a

plant by altering its sterol composition. Sterols are obtained by insects from their diet

and are used for hormone synthesis and membrane stability. Therefore alterations in

plant sterol composition by expression of novel genes, e.g., those that directly promote

the production of undesirable sterols or those that convert desirable sterols into unde-

sirable forms, could have a negative effect on insect growth and/or development and

hence endow the plant with insecticidal activity. Lipoxygenases are naturally occurring

plant enzymes that have been shown to exhibit anti-nutritional effects on insects and to

reduce the nutritional quality of their diet. Therefore, further embodiments of the inven-



tion concern transgenic plants with enhanced lipoxygenase activity which may be res is

tant to insect feeding.

The present invention also provides methods and compositions by which to achieve

qualitative or quantitative changes in plant secondary metabolites. One example con-

cerns transforming plants to produce DIMBOA which, it is contemplated, will confer

resistance to European corn borer, rootworm and several other maize insect pests.

Candidate genes that are particularly considered for use in this regard include those

genes at the bx locus known to be involved in the synthetic DIMBOA pathway (Dunn

1981). The introduction of genes that can regulate the production of maysin, and genes

involved in the production of dhurrin in sorghum, is also contemplated to be of use in

facilitating resistance to earworm and rootworm, respectively.

Tripsacum dactyloides is a species of grass that is resistant to certain insects, including

corn rootworm. It is anticipated that genes encoding proteins that are toxic to insects or

are involved in the biosynthesis of compounds toxic to insects will be isolated from

Tripsacum and that these novel genes will be useful in conferring resistance to insects.

It is known that the basis of insect resistance in Tripsacum is genetic, because said

resistance has been transferred to Zea mays via sexual crosses (Branson & Guss,

1972).

Further genes encoding proteins characterized as having potential insecticidal activity

may also be used as transgenes in accordance herewith. Such genes include, for ex

ample, the cowpea trypsin inhibitor (CpTI; Hilder 1987) which may be used as a root-

worm deterrent; genes encoding avermectin (Campbell 1989; lkeda 1987) which may

prove particularly useful as a corn rootworm deterrent; ribosome inactivating protein

genes; and even genes that regulate plant structures. Transgenic maize including anti-

insect antibody genes and genes that code for enzymes that can covert a non-toxic

insecticide (pro-insecticide) applied to the outside of the plant into an insecticide inside

the plant are also contemplated.

2.2.1 .2 Environment or Stress Resistance and Tolerance



Improvement of a plant's ability to tolerate various environmental stresses such as, but

not limited to, drought, excess moisture, nitrogen, chilling, freezing, high temperature,

salt, and oxidative stress, can also be effected through expression of heterologous, or

overexpression of homologous genes. Benefits may be realized in terms of increased

resistance to freezing temperatures through the introduction of an "antifreeze" protein

such as that of the Winter Flounder (Cutler 1989) or synthetic gene derivatives thereof.

Improved chilling tolerance may also be conferred through increased expression of

glycerol-3-phosphate acetyltransferase in chloroplasts (Murata 1992; Wolter 1992).

Resistance to oxidative stress (often exacerbated by conditions such as chilling tem-

peratures in combination with high light intensities) can be conferred by expression of

superoxide dismutase (Gupta 1993), and may be improved by glutathione reductase

(Bowler 1992). Such strategies may allow for tolerance to freezing in newly emerged

fields as well as extending later maturity higher yielding varieties to earlier relative ma

turity zones.

Expression of novel genes that favorably effect plant water content, total water poten

tial, osmotic potential, and turgor can enhance the ability of the plant to tolerate

drought. As used herein, the terms "drought resistance" and "drought tolerance" are

used to refer to a plant's increased resistance or tolerance to stress induced by a re-

duction in water availability, as compared to normal circumstances, and the ability of

the plant to function and survive in lower-water environments, and perform in a re la

tively superior manner. In this aspect of the invention it is proposed, for example, that

the expression of a gene encoding the biosynthesis of osmotically active solutes can

impart protection against drought. Within this class of genes are DNAs encoding man-

nitol dehydrogenase (Lee and Saier, 1982) and trehalose-6-phosphate synthase

(Kaasen 1992). Through the subsequent action of native phosphatases in the cell or by

the introduction and coexpression of a specific phosphatase, these introduced genes

will result in the accumulation of either mannitol or trehalose, respectively, both of

which have been well documented as protective compounds able to mitigate the effects

of stress. Mannitol accumulation in transgenic tobacco has been verified and prelimi

nary results indicate that plants expressing high levels of this metabolite are able to

tolerate an applied osmotic stress (Tarczynski 1992).



Similarly, the efficacy of other metabolites in protecting either enzyme function {e.g.

alanopine or propionic acid) or membrane integrity {e.g., alanopine) has been docu

mented (Loomis 1989), and therefore expression of gene encoding the biosynthesis of

these compounds can confer drought resistance in a manner similar to or complimen-

tary to mannitol. Other examples of naturally occurring metabolites that are osmotically

active and/or provide some direct protective effect during drought and/or desiccation

include sugars and sugar derivatives such as fructose, erythritol (Coxson 1992), sorbi

tol, dulcitol (Karsten 1992), glucosylglycerol (Reed 1984; Erdmann 1992), sucrose,

stachyose (Koster & Leopold 1988; Blackman 1992), ononitol and pinitol (Vernon &

Bohnert 1992), and raffinose (Bernal-Lugo & Leopold 1992). Other osmotically active

solutes, which are not sugars, include, but are not limited to, proline and glycine-

betaine (Wyn-Jones and Storey, 1981). Continued canopy growth and increased re

productive fitness during times of stress can be augmented by introduction and expres

sion of genes such as those controlling the osmotically active compounds discussed

above and other such compounds, as represented in one exemplary embodiment by

the enzyme myoinositol O-methyltransferase.

It is contemplated that the expression of specific proteins may also increase drought

tolerance. Three classes of Late Embryogenic Proteins have been assigned based on

structural similarities (see Dure 1989). All three classes of these proteins have been

demonstrated in maturing {i.e., desiccating) seeds. Within these 3 types of proteins, the

Type-ll (dehydrin-type) have generally been implicated in drought and/or desiccation

tolerance in vegetative plant parts {e.g. Mundy and Chua, 1988; Piatkowski 1990; Ya-

maguchi-Shinozaki 1992). Recently, expression of a Type-Ill LEA (HVA-1) in tobacco

was found to influence plant height, maturity and drought tolerance (Fitzpatrick, 1993).

Expression of structural genes from all three groups may therefore confer drought to l

erance. Other types of proteins induced during water stress include thiol proteases,

aldolases and transmembrane transporters (Guerrero 1990), which may confer various

protective and/or repair-type functions during drought stress. The expression of a gene

that effects lipid biosynthesis and hence membrane composition can also be useful in

conferring drought resistance on the plant.

Many genes that improve drought resistance have complementary modes of action.

Thus, combinations of these genes might have additive and/or synergistic effects in



improving drought resistance in maize. Many of these genes also improve freezing

tolerance (or resistance); the physical stresses incurred during freezing and drought

are similar in nature and may be mitigated in similar fashion. Benefit may be conferred

via constitutive expression or tissue-specific of these genes, but the preferred means of

expressing these novel genes may be through the use of a turgor-induced promoter

(such as the promoters for the turgor-induced genes described in Guerrero et al. 1990

and Shagan 1993). Spatial and temporal expression patterns of these genes may en

able maize to better withstand stress.

Expression of genes that are involved with specific morphological traits that allow for

increased water extractions from drying soil would be of benefit. For example, introduc

tion and expression of genes that alter root characteristics may enhance water uptake.

Expression of genes that enhance reproductive fitness during times of stress would be

of significant value. For example, expression of DNAs that improve the synchrony of

pollen shed and receptiveness of the female flower parts, i.e., silks, would be of benefit.

In addition, expression of genes that minimize kernel abortion during times of stress

would increase the amount of grain to be harvested and hence be of value. Regulation

of cytokinin levels in monocots, such as maize, by introduction and expression of an

isopentenyl transferase gene with appropriate regulatory sequences can improve

monocot stress resistance and yield (Gan 1995).

Given the overall role of water in determining yield, it is contemplated that enabling

plants to utilize water more efficiently, through the introduction and expression of novel

genes, will improve overall performance even when soil water availability is not limiting.

By introducing genes that improve the ability of plants to maximize water usage across

a full range of stresses relating to water availability, yield stability or consistency of

yield performance may be realized.

Improved protection of the plant to abiotic stress factors such as drought, heat or chill,

can also be achieved - for example - by overexpressing antifreeze polypeptides from

Myoxocephalus Scorpius (WO 00/00512), Myoxocephalus octodecemspinosus, the

Arabidopsis thaliana transcription activator CBF1 , glutamate dehydrogenases (WO

97/12983, WO 98/1 1240), calcium-dependent protein kinase genes (WO 98/26045),

calcineurins (WO 99/05902), casein kinase from yeast (WO 02/052012), farnesyltrans-



ferases (WO 99/06580; Pei ZM eta/. 1998), ferritin (Deak M eta/. 1999), oxalate ox i

dase (WO 99/04013; Dunwell JM 1998), DREB1 A factor ("dehydration response e le

ment B 1A"; Kasuga M eta/. 1999), genes of mannitol or trehalose synthesis such as

trehalose-phosphate synthase or trehalose-phosphate phosphatase (WO 97/42326) or

by inhibiting genes such as trehalase (WO 97/50561).

One use for the chimeric transcription regulating sequences is to protect the embryo

from cold damage during germination. One important factor is oxidative damage. The

super-promoter could drive i.e. catalase, ascorbate peroxidase, superoxide dismutase

and alike. The cold affects the COX enzyme activity also through a rigid membrane.

For drought-stress expression of glutamine synthase and glycine betain synthase might

be beneficial.

2.2.1 .3 Disease Resistance and Tolerance

It is proposed that increased resistance to diseases may be realized through introduc

tion of genes into plants. It is possible to produce resistance to diseases caused, by

viruses, bacteria, fungi, root pathogens, insects and nematodes. It is also contemplated

that control of mycotoxin producing organisms may be realized through expression of

introduced genes.

Resistance to viruses may be produced through expression of novel genes. For exam

ple, it has been demonstrated that expression of a viral coat protein in a transgenic

plant can impart resistance to infection of the plant by that virus and perhaps other

closely related viruses (Cuozzo 1988, Hemenway 1988, Abel 1986). It is contemplated

that expression of antisense genes targeted at essential viral functions may impart re

sistance to said virus. For example, an antisense gene targeted at the gene responsi

ble for replication of viral nucleic acid may inhibit said replication and lead to resistance

to the virus. It is believed that interference with other viral functions through the use of

antisense genes may also increase resistance to viruses. Further it is proposed that it

may be possible to achieve resistance to viruses through other approaches, including,

but not limited to the use of satellite viruses.

It is proposed that increased resistance to diseases caused by bacteria and fungi may

be realized through introduction of novel genes. It is contemplated that genes encoding



so-called "peptide antibiotics," pathogenesis related (PR) proteins, toxin resistance,

and proteins affecting host-pathogen interactions such as morphological characteristics

will be useful. Peptide antibiotics are polypeptide sequences, which are inhibitory to

growth of bacteria and other microorganisms. For example, the classes of peptides

referred to as cecropins and magainins inhibit growth of many species of bacteria and

fungi. It is proposed that expression of PR proteins in plants may be useful in confer

ring resistance to bacterial disease. These genes are induced following pathogen a t

tack on a host plant and have been divided into at least five classes of proteins (BoI

1990). Included amongst the PR proteins are beta-1 ,3-glucanases, chitinases, and

osmotin and other proteins that are believed to function in plant resistance to disease

organisms. Other genes have been identified that have antifungal properties, e.g., UDA

(stinging nettle lectin) and hevein (Broakgert 1989; Barkai-Golan 1978). It is known that

certain plant diseases are caused by the production of phytotoxins. Resistance to these

diseases could be achieved through expression of a novel gene that encodes an en-

zyme capable of degrading or otherwise inactivating the phytotoxin. Expression novel

genes that alter the interactions between the host plant and pathogen may be useful in

reducing the ability the disease organism to invade the tissues of the host plant, e.g.,

an increase in the waxiness of the leaf cuticle or other morphological characteristics.

Plant parasitic nematodes are a cause of disease in many plants. It is proposed that it

would be possible to make the plant resistant to these organisms through the expres

sion of novel genes. It is anticipated that control of nematode infestations would be

accomplished by altering the ability of the nematode to recognize or attach to a host

plant and/or enabling the plant to produce nematicidal compounds, including but not

limited to proteins.

Furthermore, a resistance to fungi, insects, nematodes and diseases, can be achieved

by targeted accumulation of certain metabolites or proteins. Such proteins include but

are not limited to glucosinolates (defense against herbivores), chitinases or glucanases

and other enzymes which destroy the cell wall of parasites, ribosome-inactivating pro

teins (RIPs) and other proteins of the plant resistance and stress reaction as are in

duced when plants are wounded or attacked by microbes, or chemically, by, for exam

ple, salicylic acid, jasmonic acid or ethylene, or lysozymes from nonplant sources such

as, for example, T4-lysozyme or lysozyme from a variety of mammals, insecticidal pro-



teins such as Bacillus thuringiensis endotoxin, alpha-amylase inhibitor or protease in

hibitors (cowpea trypsin inhibitor), lectins such as wheatgerm agglutinin, RNAses or

ribozymes. Further examples are nucleic acids which encode the Trichoderma har-

zianum chit42 endochitinase (GenBank Ace. No.: S78423) or the N-hydroxylating,

multi-functional cytochrome P-450 (CYP79) protein from Sorghum bicolor (GenBank

Ace. No.: U32624), or functional equivalents of these. The accumulation of glucosi-

nolates as protection from pests (Rask L eta/. 2000; Menard R eta/. 1999), the ex

pression of Bacillus thuringiensis endotoxins (Vaeck eta/. 1987) or the protection

against attack by fungi, by expression of chitinases, for example from beans (Broglie et

al. 1991), is advantageous. Resistance to pests such as, for example, the rice pest

Nilaparvata lugens in rice plants can be achieved by expressing the snowdrop (Ga/an-

thus nivalis) lectin agglutinin (Rao eta/. 1998).The expression of synthetic crylA(b) and

crylA(c) genes, which encode lepidoptera-specific Bacillus thuringiensis D-endotoxins

can bring about a resistance to insect pests in various plants (Goyal RK eta/. 2000).

Further genes which are suitable for pathogen defense comprise "polygalacturonase-

inhibiting protein" (PGIP), thaumatine, invertase and antimicrobial peptides such as

lactoferrin (Lee TJ eta/. 2002). Other nucleic acid sequences which may be advanta

geously used herein include traits for insect control (U.S. Nos. 6,063,597; 6,063,756;

6,093,695; 5,942,664; and 6,1 10,464), fungal disease resistance (U.S. Pat. Nos.

5,516,671 ; 5,773,696; 6,121 ,436; 6,316,407; and 6,506,962), virus resistance (U.S.

Pat. Nos. 5,304,730 and 6,013,864), nematode resistance (US 6,228,992), and bacte

rial disease resistance (US 5,516,671).

The heterologous nucleic acid sequence to be expressed may encode a stress-related

polypeptide (or a part thereof; preferably a part of at least 5 , more preferably at least

10, most preferably at least 30 consecutive amino acids). Preferred chimeric transcrip

tion regulating nucleotide sequence are described above.

2.2.2 Increased nutritional quality of a seed or a sprout

The chimeric transcription regulating nucleotide sequences can be preferably em

ployed to confer to the transformed monocotyledonous plant an increased (or e n

hanced) nutritional quality of a seed or a sprout. Accordingly another embodiment of

the invention relates to a method for conferring increased nutritional quality and/or oil

content of a seed or a sprout to a plant, said method comprising the steps of



A) introducing into a plant an expression construct comprising a polynucleotide encod

ing a plant transcription regulating sequence, wherein the polynucleotide encoding the

transcription regulating sequence comprises

i) a first nucleic acid molecule selected from the group consisting of

a) a polynucleotide as defined in SEQ ID NO:1 ;

b) a polynucleotide having at least 50%, preferably at least 60%, 70% or 80%,

more preferably at least 85% or 90%, most preferably at least 95%, 98% or

99% sequence identity to the polynucleotide of SEQ ID NO:1 ; and

c) a polynucleotide hybridizing under conditions equivalent to hybridization in 7%

sodium dodecyl sulfate (SDS), 0.5M NaPO4, 1mM EDTA at 5 O0C with washing

in 2xSSC, 0.1 % SDS at 5 O0C, more preferably in 7% sodium dodecyl sulfate

(SDS), 0.5 M NaPO4, 1 mM EDTA at 500C with washing in 1 X SSC, 0.1 % SDS

at 500C, more preferably in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1

mM EDTA at 50°C with washing in 0.5 X SSC, 0 . 1% SDS at 500C, more pref-

erably in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA at 50°C

with washing in 0.1 X SSC, 0.1 % SDS at 50°C, and most preferably in 7% so

dium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA at 500C with washing in

0.1 X SSC, 0.1 % SDS at 65°C to a nucleic acid comprising at least 50 nucleo

tides of a polynucleotide as defined in SEQ ID NO:1 , or the complement

thereof, and operably linked to

ii) a second nucleic acid molecule selected from the group consisting of

a) a polynucleotide as defined in SEQ ID NO:3;

b) a polynucleotide having at least 50%, preferably at least 60%, 70% or 80%, more

preferably at least 85% or 90%, most preferably at least 95%, 98% or 99% se-

quence identity to the polynucleotide of SEQ ID NO:3; and

c) a polynucleotide hybridizing under conditions equivalent to hybridization in 7% so

dium dodecyl sulfate (SDS), 0.5M NaPO4, 1mM EDTA at 5 O0C with washing in

2xSSC, 0.1 % SDS at 5 O0C, more preferably in 7% sodium dodecyl sulfate (SDS),

0.5 M NaPO4, 1 mM EDTA at 50°C with washing in 1 X SSC, 0.1 % SDS at 500C,

more preferably in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA at

50°C with washing in 0.5 X SSC, 0 . 1% SDS at 50°C, more preferably in 7% sodium

dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA at 500C with washing in 0.1 X

SSC, 0.1 % SDS at 50°C, and most preferably in 7% sodium dodecyl sulfate (SDS),



0.5 M NaPO4, 1 mM EDTA at 500C with washing in 0.1 X SSC, 0.1 % SDS at 65°C

to a nucleic acid comprising at least 50 nucleotides of a sequence described by

SEQ ID NO:3, or the complement thereof,

and operably linked to at least one nucleic acid which is heterologous in relation to

said first or said second nucleic acid sequence and is suitable to confer to a plant an

increased nutritional quality and/or oil content of a seed or a sprout, and

B) selecting transgenic plants, wherein the plants have increased nutritional quality

and/or oil content of a seed or a sprout as compared to the wild type or null segregant

plants.

The nutritional quality and/or oil content may comprise an increased content of at least

one compound selected from the group consisting of vitamins, carotinoids, antioxi

dants, unsaturated fatty acids, and poly-unsatu rated fatty acids. The heterologous n u

cleic acid sequence to be expressed (e.g., either as a sense, antisense or double-

stranded RNA) may encode a trait-related polypeptide (or a part thereof; preferably a

part of at least 5 , more preferably at least 10, most preferably at least 30 consecutive

amino acids) as described below, or a functional equivalent thereof, which is capable to

bring about the same phenotype than any of said polypeptide. Preferred chimeric t ran

scription regulating nucleotide sequence are described above.

The nutritional quality and the corresponding heterologous nucleic acid sequence to be

expressed are defined herein below. Preferred chimeric transcription regulating nucleo

tide sequence are described above, most preferred is the super-promoter. The mono-

cotyledonous plant to which the methods of this invention are preferably applied to may

be selected from the group consisting of maize, wheat, rice, barley, oat, rye, sorghum,

ryegrass or coix. Preferably the plant is a cereal plant selected from the group consist

ing of maize, wheat, barley, rice, oat, rye, and sorghum, even more preferably from

maize, wheat, and rice, most preferably the plant is a maize plant.

An increased nutritional quality may - for example - result in one or more of the follow

ing properties: modifying the fatty acid composition in a plant, altering the amino acid

content of a plant, increases the concentration of a plant metabolite.



Genes may be introduced into monocotyledonous plants, particularly commercially

important cereals such as maize, wheat or rice, to improve the grain for which the ce

real is primarily grown. A wide range of novel transgenic plants produced in this man

ner may be envisioned depending on the particular end use of the grain.

For example, the largest use of maize grain is for feed or food. Introduction of genes

that alter the composition of the grain may greatly enhance the feed or food value. The

primary components of maize grain are starch, protein, and oil. Each of these primary

components of maize grain may be improved by altering its level or composition. Sev-

eral examples may be mentioned for illustrative purposes but in no way provide an ex

haustive list of possibilities.

The protein of many cereal grains is suboptimal for feed and food purposes especially

when fed to pigs, poultry, and humans. The protein is deficient in several amino acids

that are essential in the diet of these species, requiring the addition of supplements to

the grain. Limiting essential amino acids may include lysine, methionine, tryptophan,

threonine, valine, arginine, and histidine. Some amino acids become limiting only after

the grain is supplemented with other inputs for feed formulations. For example, when

the grain is supplemented with soybean meal to meet lysine requirements, methionine

becomes limiting. The levels of these essential amino acids in seeds and grain may be

elevated by mechanisms which include, but are not limited to, the introduction of genes

to increase the biosynthesis of the amino acids, decrease the degradation of the amino

acids, increase the storage of the amino acids in proteins, or increase transport of the

amino acids to the seeds or grain.

One mechanism for increasing the biosynthesis of the amino acids is to introduce

genes that deregulate the amino acid biosynthetic pathways such that the plant can no

longer adequately control the levels that are produced. This may be done by deregulat

ing or bypassing steps in the amino acid biosynthetic pathway that are normally regu-

lated by levels of the amino acid end product of the pathway. Examples include the

introduction of genes that encode deregulated versions of the enzymes aspartokinase

or dihydrodipicolinic acid (DHDP)-synthase for increasing lysine and threonine produc

tion, and anthranilate synthase for increasing tryptophan production. Reduction of the

catabolism of the amino acids may be accomplished by introduction of DNA sequences



that reduce or eliminate the expression of genes encoding enzymes that catalyse steps

in the catabolic pathways such as the enzyme lysine-ketoglutarate reductase.

The protein composition of the grain may be altered to improve the balance of amino

acids in a variety of ways including elevating expression of native proteins, decreasing

expression of those with poor composition, changing the composition of native pro

teins, or introducing genes encoding entirely new proteins possessing superior compo

sition. DNA may be introduced that decreases the expression of members of the zein

family of storage proteins. This DNA may encode ribozymes or antisense sequences

directed to impairing expression of zein proteins or expression of regulators of zein

expression such as the opaque-2 gene product. The protein composition of the grain

may be modified through the phenomenon of cosuppression, i.e., inhibition of expres

sion of an endogenous gene through the expression of an identical structural gene or

gene fragment introduced through transformation (Goring 1991). Additionally, the intro-

duced DNA may encode enzymes, which degrade zeines. The decreases in zein ex

pression that are achieved may be accompanied by increases in proteins with more

desirable amino acid composition or increases in other major seed constituents such

as starch. Alternatively, a chimeric gene may be introduced that comprises a coding

sequence for a native protein of adequate amino acid composition such as for one of

the globulin proteins or 10 kD zein of maize and a promoter or other regulatory se

quence designed to elevate expression of said protein. The coding sequence of said

gene may include additional or replacement codons for essential amino acids. Further,

a coding sequence obtained from another species, or, a partially or completely syn

thetic sequence encoding a completely unique peptide sequence designed to enhance

the amino acid composition of the seed may be employed.

The introduction of genes that alter the oil content of the grain may be of value. In

creases in oil content may result in increases in metabolizable energy content and

density of the seeds for uses in feed and food. The introduced genes may encode en-

zymes that remove or reduce rate-limitations or regulated steps in fatty acid or lipid

biosynthesis. Such genes may include, but are not limited to, those that encode acetyl-

CoA carboxylase, ACP-acyltransferase, beta-ketoacyl-ACP synthase, plus other well-

known fatty acid biosynthetic activities. Other possibilities are genes that encode pro

teins that do not possess enzymatic activity such as acyl carrier protein. Additional ex-



amples include 2-acetyltransferase, oleosin pyruvate dehydrogenase complex, acetyl

CoA synthetase, ATP citrate lyase, ADP-glucose pyrophosphorylase and genes of the

carnitine-CoA-acetyl-CoA shuttles. It is anticipated that expression of genes related to

oil biosynthesis will be targeted to the plastid, using a plastid transit peptide sequence

and preferably expressed in the seed embryo. Genes may be introduced that alter the

balance of fatty acids present in the oil providing a heathier or nutritious feedstuff. The

introduced DNA may also encode sequences that block expression of enzymes in¬

volved in fatty acid biosynthesis, altering the proportions of fatty acids present in the

grain such as described below.

Genes may be introduced that enhance the nutrition value of the starch component of

the grain, for example by increasing the degree of branching, resulting in improved

utilization of the starch in cows by delaying its metabolism.

Besides affecting the major constituents of the grain, genes may be introduced that

affect a variety of other nutrient, processing, or other quality aspects of the grain as

used for feed or food. For example, pigmentation of the grain may be increased or de¬

creased. Enhancement and stability of yellow pigmentation is desirable in some animal

feeds and may be achieved by introduction of genes that result in enhanced production

of xanthophylls and carotenes by eliminating rate-limiting steps in their production.

Such genes may encode altered forms of the enzymes phytoene synthase, phytoene

desaturase, or lycopene synthase. Alternatively, unpigmented white corn is desirable

for production of many food products and may be produced by the introduction of DNA,

which blocks or eliminates steps in pigment production pathways.

Feed or food comprising some cereal grains possesses insufficient quantities of vita¬

mins and must be supplemented to provide adequate nutrition value. Introduction of

genes that enhance vitamin biosynthesis in seeds may be envisioned including, for

example, vitamins A , E, B12, choline, and the like. For example, maize grain also does

not possess sufficient mineral content for optimal nutrition value. Genes that affect the

accumulation or availability of compounds containing phosphorus, sulfur, calcium,

manganese, zinc, and iron among others would be valuable. A n example may be the

introduction of a gene that reduced phytic acid production or encoded the enzyme phy-

tase, which enhances phytic acid breakdown. These genes would increase levels of



available phosphate in the diet, reducing the need for supplementation with mineral

phosphate.

Numerous other examples of improvement of cereals for feed and food purposes might

be described. The improvements may not even necessarily involve the grain, but may,

for example, improve the value of the grain for silage. Introduction of DNA to accom

plish this might include sequences that alter lignin production such as those that result

in the "brown midrib" phenotype associated with superior feed value for cattle.

In addition to direct improvements in feed or food value, genes may also be introduced

which improve the processing of grain and improve the value of the products resulting

from the processing. The primary method of processing certain grains such as maize is

via wetmilling. Maize may be improved though the expression of novel genes that in

crease the efficiency and reduce the cost of processing such as by decreasing steep-

ing time.

Improving the value of wetmilling products may include altering the quantity or quality

of starch, oil, corn gluten meal, or the components of corn gluten feed. Elevation of

starch may be achieved through the identification and elimination of rate limiting steps

in starch biosynthesis or by decreasing levels of the other components of the grain re

sulting in proportional increases in starch. An example of the former may be the intro

duction of genes encoding ADP-glucose pyrophosphorylase enzymes with altered

regulatory activity or which are expressed at higher level. Examples of the latter may

include selective inhibitors of, for example, protein or oil biosynthesis expressed during

later stages of kernel development.

Oil is another product of wetmilling of corn and other grains, the value of which may be

improved by introduction and expression of genes. The quantity of oil that can be ex

tracted by wetmilling may be elevated by approaches as described for feed and food

above. Oil properties may also be altered to improve its performance in the production

and use of cooking oil, shortenings, lubricants or other oil-derived products or im

provement of its health attributes when used in the food-related applications. Novel

fatty acids may also be synthesized which upon extraction can serve as starting mate

rials for chemical syntheses. The changes in oil properties may be achieved by altering



the type, level, or lipid arrangement of the fatty acids present in the oil. This in turn may

be accomplished by the addition of genes that encode enzymes that catalyze the syn

thesis of novel fatty acids and the lipids possessing them or by increasing levels of na

tive fatty acids while possibly reducing levels of precursors. Alternatively DNA se-

quences may be introduced which slow or block steps in fatty acid biosynthesis result

ing in the increase in precursor fatty acid intermediates. Genes that might be added

include desaturases, epoxidases, hydratases, dehydratases, and other enzymes that

catalyze reactions involving fatty acid intermediates. Representative examples of cata

lytic steps that might be blocked include the desaturations from stearic to oleic acid and

oleic to linolenic acid resulting in the respective accumulations of stearic and oleic ac

ids.

Improvements in the other major cereal wetmilling products, gluten meal and gluten

feed, may also be achieved by the introduction of genes to obtain novel plants. Repre-

sentative possibilities include but are not limited to those described above for improve

ment of food and feed value.

In addition it may further be considered that the plant be used for the production or

manufacturing of useful biological compounds that were either not produced at all, or

not produced at the same level, in the plant previously. The novel plants producing

these compounds are made possible by the introduction and expression of genes by

transformation methods. The possibilities include, but are not limited to, any biological

compound which is presently produced by any organism such as proteins, nucleic ac

ids, primary and intermediary metabolites, carbohydrate polymers, etc. The compounds

may be produced by the plant, extracted upon harvest and/or processing, and used for

any presently recognized useful purpose such as pharmaceuticals, fragrances, indus

trial enzymes to name a few.

Further possibilities to exemplify the range of grain traits or properties potentially en-

coded by introduced genes in transgenic plants include grain with less breakage sus

ceptibility for export purposes or larger grit size when processed by dry milling through

introduction of genes that enhance gamma-zein synthesis, popcorn with improved

popping, quality and expansion volume through genes that increase pericarp thickness,

corn with whiter grain for food uses though introduction of genes that effectively block



expression of enzymes involved in pigment production pathways, and improved quality

of alcoholic beverages or sweet corn through introduction of genes which affect flavor

such as the shrunken gene (encoding sucrose synthase) for sweet corn.

Useful nucleic acid sequences that can be combined with the promoter nucleic acid

sequence of the present invention and provide improved end-product traits include,

without limitation, those encoding seed storage proteins, fatty acid pathway enzymes,

tocopherol biosynthetic enzymes, amino acid biosynthetic enzymes, and starch branch

ing enzymes. A discussion of exemplary heterologous DNAs useful for the modification

of plant phenotypes may be found in, for example, U.S. Nos. 6,1 94,636; 6,207,879;

6,232,526; 6,426,446; 6,429,357; 6,433,252; 6,437,217; 6,515,201 ; and 6,583,338 and

WO 02/057471 , each of which is specifically incorporated herein by reference in its

entirety. Such traits include but are not limited to:

- Expression of metabolic enzymes for use in the food-and-feed sector, for example of

phytases and cellulases. Especially preferred are nucleic acids such as the artificial

cDNA which encodes a microbial phytase (GenBank Ace. No. A19451 ) or functional

equivalents thereof.

- Expression of genes which bring about an accumulation of fine chemicals such as of

tocopherols, tocotrienols or carotenoids. An example which may be mentioned is

phytoene desaturase. Preferred are nucleic acids which encode the Narcissus pseu-

donarcissus photoene desaturase (GenBank Ace. No.X78815) or functional equiva

lents thereof. Preferred tocopherol biosynthetic enzymes include tyrA, slr1736,

ATPT2, dxs, dxr, GGPPS, HPPD, GMT, MT1 , tMT2, AANT1 , sir 1737, and an an-

tisense construct for homogentisic acid dioxygenase (Kridl eta/. (1991); Keegstra

(1989); Nawrath eta/. (1994); Xia eta/. (1992); Lois eta/. (1998); Takahashi eta/.

(1998); Norris eta/. (1998); Bartley and Scolnik (1994); Smith eta/. (1997); WO

00/32757; WO 00/10380; Saint Guily eta/. (1992); Sato eta/. (2000), all of which are

incorporated herein by reference.

- starch production (U.S. Nos. 5,750,876 and 6,476,295), high protein production (US

6,380,466), fruit ripening (US 5,512,466), enhanced animal and human nutrition

(U.S. Nos. 5,985,605 and 6,171 ,640), biopolymers (US 5,958,745 and U.S. Patent

Publication No. 2003/0028917), environmental stress resistance (US 6,072,103),

pharmaceutical peptides (US 6,080,560), improved processing traits (US

6,476,295), improved digestibility (US 6,531 ,648), low raffinose (US 6,1 66,292), in-



dustrial enzyme production (US 5,543,576), improved flavor (US 6,01 1,199), nitro

gen fixation (US 5,229,1 14), hybrid seed production (US 5,689,041), and biofuel

production (US 5,998,700), the genetic elements and transgenes described in the

patents listed above are herein incorporated by reference. Preferred starch branch-

ing enzymes (for modification of starch properties) include those set forth in U.S.

Nos. 6,232,122 and 6,147,279; and WO 97/22703, all of which are incorporated

herein by reference.

- Modified oils production (US 6,444,876), high oil production (U.S. Nos. 5,608,149

and 6,476,295), or modified fatty acid content (US 6,537,750). Preferred fatty acid

pathway enzymes include thioesterases (U.S. Nos. 5,512,482; 5,530,186;

5,945,585; 5,639,790; 5,807,893; 5,955,650; 5,955,329; 5,759,829; 5,147,792;

5,304,481 ; 5,298,421 ; 5,344,771 ; and 5,760,206), diacylglycerol acyltransferases

(U.S. Patent Publications 200301 15632A1 and 20030028923A1), and desaturases

(U.S. Nos. 5,689,050; 5,663,068; 5,614,393; 5,856,157; 6,1 17,677; 6,043,41 1;

6,194,167; 5,705,391 ; 5,663,068; 5,552,306; 6,075,183; 6,051 ,754; 5,689,050;

5,789,220; 5,057,419; 5,654,402; 5,659,645; 6,100,091 ; 5,760,206; 6,172,106;

5,952,544; 5,866,789; 5,443,974; and 5,093,249) all of which are incorporated

herein by reference.

- Preferred amino acid biosynthetic enzymes include anthranilate synthase (US

5,965,727 and WO 97/26366, WO 99/1 1800, WO 99/49058), tryptophan decarboxy

lase (WO 99/06581), threonine decarboxylase (U.S. Nos. 5,534,421 and 5,942,660;

WO 95/19442), threonine deaminase (WO 99/02656 and WO 98/55601), dihydro-

dipicolinic acid synthase (US 5,258,300), and aspartate kinase (U.S. Nos.

5,367,1 10; 5,858,749; and 6,040,160) all of which are incorporated herein by refer-

ence.

- Production of nutraceuticals such as, for example, polyunsaturated fatty acids (for

example arachidonic acid, eicosapentaenoic acid or docosahexaenoic acid) by ex

pression of fatty acid elongases and/or desaturases, or production of proteins with

improved nutritional value such as, for example, with a high content of essential

amino acids (for example the high-methionine 2S albumin gene of the brazil nut).

Preferred are nucleic acids which encode the Bertholletia excelsa high-methionine

2S albumin (GenBank Ace. No. AB044391), the Physcomitrella patens ύ6-acyl-lipid

desaturase (GenBank Ace. No.AJ222980; Girke eta/. 1998), the Mortierella alpina

ύ6-desaturase (Sakuradani eta/. 1999), the Caenorhabditis elegans ύ5-desaturase



(Michaelson eta/. 1998), the Caenorhabditis elegans ύ5-fatty acid desaturase (des-

5) (GenBank Ace. No.AF078796), the Mortierella alpina ύ5-desaturase (Michaelson

eta/. JBC 273:19055-19059), the Caenorhabditis elegans ύ6-elongase (Beaudoin et

a/. 2000), the Physcomitrella patens ύ6-elongase (Zank eta/. 2000), or functional

equivalents of these.

- Production of high-quality proteins and enzymes for industrial purposes (for example

enzymes, such as lipases) or as pharmaceuticals (such as, for example, antibodies,

blood clotting factors, interferons, lymphokins, colony stimulation factor, plasmino

gen activators, hormones or vaccines, as described by Hood EE and Jilka JM 1999).

For example, it has been possible to produce recombinant avidin from chicken a l

bumen and bacterial ύ-glucuronidase (GUS) on a large scale in transgenic maize

plants (Hood eta/. 1999).

- Obtaining an increased storability in cells which normally comprise fewer storage

proteins or storage lipids, with the purpose of increasing the yield of these sub-

stances, for example by expression of acetyl-CoA carboxylase. Preferred nucleic ac

ids are those which encode the Medicago sativa acetyl-CoA carboxylase (ACCase)

(GenBank Ace. No. L25042), or functional equivalents thereof. Alterenatively, in

some scenarios an increased storage protein content might be advantageous for

high-protein product production. Preferred seed storage proteins include zeins (U.S.

Nos. 4,886,878; 4,885,357; 5,215,912; 5,589,616; 5,508,468; 5,939,599; 5,633,436;

and 5,990,384; WO 90/01869, WO 91/13993, WO 92/14822, WO 93/08682, WO

94/20628, WO 97/28247, WO 98/26064, and WO 99/40209), 7S proteins (U.S.

5,003,045 and 5,576,203), brazil nut protein (US 5,850,024), phenylalanine free pro

teins (WO 96/17064), albumin (WO 97/35023), beta-conglycinin (WO 00/19839),

11S (US 6,107,051), alpha-hordothionin (U.S. 5,885,802 and 5,885,801), arcelin

seed storage proteins (US 5,270,200), lectins (US 6,1 10,891), and glutenin (U.S.

5,990,389 and 5,914,450) all of which are incorporated herein by reference.

- Reducing levels of ύ-glucan L-type tuber phosphorylase (GLTP) or ύ-glucan H-type

tuber phosphorylase (GHTP) enzyme activity preferably within the potato tuber (see

US 5,998,701). The conversion of starches to sugars in potato tubers, particularly

when stored at temperatures below 7°C, is reduced in tubers exhibiting reduced

GLTP or GHTP enzyme activity. Reducing cold-sweetening in potatoes allows for

potato storage at cooler temperatures, resulting in prolonged dormancy, reduced in

cidence of disease, and increased storage life. Reduction of GLTP or GHTP activity



within the potato tuber may be accomplished by such techniques as suppression of

gene expression using homologous antisense or double-stranded RNA, the use of

co-suppression, regulatory silencing sequences. A potato plant having improved

cold-storage characteristics, comprising a potato plant transformed with an expres-

sion cassette having a TPT promoter sequence operably linked to a DNA sequence

comprising at least 20 nucleotides of a gene encoding an ύ-glucan phosphorylase

selected from the group consisting of ύύglucan L-type tuber phosphorylase (GLTP)

and ύ-glucan H-type phosphorylase (GHTP).

Further examples of advantageous genes are mentioned for example in Dunwell JM,

Transgenic approaches to crop improvement, J Exp Bot. 2000; 5 1 Spec No; pages

487-96. A discussion of exemplary heterologous DNAs useful for the modification of

plant phenotypes may be found in, for example, U.S. 6,194,636;

Another aspect of the invention provides a DNA construct in which the promoter with

starchy-endosperm and/or germinating embryo-specific or -preferential expression

drives a gene suppression DNA element, e.g. to suppress an amino acid catabolizing

enzyme.

Seed maturation or grain development refers to the period starting with fertilization in

which metabolizable food reserves {e.g., proteins, lipids, starch, etc.) are deposited in

the developing seed, particularly in storage organs of the seed, including the en

dosperm, testa, aleurone layer, embryo, and scutellar epithelium, resulting in enlarge

ment and filling of the seed and ending with seed desiccation.

Embryo-specific promoters of this invention may be useful in minimizing yield drag and

other potential adverse physiological effects on maize growth and development that

might be encountered by high-level, non-inducible, constitutive expression of a trans

genic protein or other molecule in a plant. When each transgene is fused to a promoter

of the invention, the risk of DNA sequence homology dependent transgene inactivation

(co-suppression) can be minimized.

It may be useful to target DNA itself within a cell. For example, it may be useful to ta r

get introduced DNA to the nucleus as this may increase the frequency of transforma

tion. Within the nucleus itself it would be useful to target a gene in order to achieve site-



specific integration. For example, it would be useful to have a gene introduced through

transformation replace an existing gene in the cell. Other elements include those that

can be regulated by endogenous or exogenous agents, e.g., by zinc finger proteins,

including naturally occurring zinc finger proteins or chimeric zinc finger proteins (see,

e.g., US 5,789,538, WO 99/48909; WO 99/451 32; WO 98/53060; WO 98/53057; WO

98/53058; WO 00/23464; WO 95/19431 ; and WO 98/5431 1) or myb-like transcription

factors. For example, a chimeric zinc finger protein may include amino acid sequences,

which bind to a specific DNA sequence (the zinc finger) and amino acid sequences that

activate {e.g., GAL 4 sequences) or repress the transcription of the sequences linked to

the specific DNA sequence.

General categories of genes of interest for the purposes of the present invention in

clude, for example, those genes involved in information, such as Zinc fingers, those

involved in communication, such as kinases, and those involved in housekeeping, such

as heat shock proteins. More specific categories of transgenes include genes encoding

important traits for agronomic quality, insect resistance, disease resistance, herbicide

resistance, and grain characteristics. Still other categories of transgenes include genes

for inducing expression of exogenous products such as enzymes, cofactors, and ho r

mones from plants and other eukaryotes as well as from prokaryotic organisms. It is

recognized that any gene of interest can be operably linked to the promoter of the in

vention and expressed under stress.

In a more preferred embodiment, the promoter of the instant invention modulates

genes encoding proteins which act as cell cycle regulators, or which control carbohy-

drate metabolism or phytohormone levels, as has been shown in tobacco and canola

with other tissue-preferred promoters. (Ma, Q. H. eta/., 1998; Roeckel, P. eta/., 1997)

For example, genes encoding isopentenyl transferase or IAA-M may be useful in

modulating development of the female florets. Other important genes encode growth

factors and transcription factors. Expression of selected endogenous or heterologous

nucleotides under the direction of the promoter may result in continued or improved

development of the female florets under adverse conditions.

Seed production may be improved by altering expression of genes that affect the re

sponse of seed growth and development during environmental stress (Cheikh-N eta/.



1994) and genes controlling carbohydrate metabolism to reduce seed abortion in maize

(Zinselmeier eta/. 1995).

2.3 Targeted Sequence Excision

The specificity of the chimeric transcription regulating nucleic acid sequences of the

invention in monocotyledonous plants makes it especially useful for targeted excision

or deletion of sequences (such as marker sequences) from the genome of said mono

cotyledonous plant. It is one known disadvantage of the methods known in the prior art

that excision is not homogenous through the entire plants thereby leading to mosaic-

like excision patterns, which require laborious additional rounds of selection and re

generation. The specificity of the promoters of the invention in the early embryo allows

for homogenous excision throughout the entire embryo, which will then provide a plant

homogenous target-sequence {e.g., marker) free plant.

Another embodiment of the invention relates to a method for excision of target se

quences {e.g., marker sequences) from a plant, preferably a monocotyledonous plant,

said method comprising the steps of

A) constructing an expression cassette by operably linking polynucleotide encoding

a chimeric transcription regulating nucleotide sequence comprising

i) a first nucleic acid molecule selected from the group consisting of

a) a polynucleotide as defined in SEQ ID NO:1 ;

b) a polynucleotide having at least 50%, preferably at least 60%, 70% or 80%,

more preferably at least 85% or 90%, most preferably at least 95%, 98% or

99% sequence identity to the polynucleotide of SEQ ID NO:1 ;

c) a fragment of at least 50 consecutive bases, preferably at least 100 consecutive

bases, more preferably 200 consecutive bases of the polynucleotide of SEQ ID

NO:1 ; and

d) a polynucleotide hybridizing under conditions equivalent to hybridization in 7%

sodium dodecyl sulfate (SDS), 0.5M NaPO4, 1mM EDTA at 5 O0C with washing

in 2xSSC, 0.1 % SDS at 5 O0C, more preferably in 7% sodium dodecyl sulfate

(SDS), 0.5 M NaPO4, 1 mM EDTA at 500C with washing in 1 X SSC, 0.1 % SDS

at 500C, more preferably in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1

mM EDTA at 50°C with washing in 0.5 X SSC, 0 . 1% SDS at 500C, more pref

erably in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA at 50°C



with washing in 0.1 X SSC, 0.1 % SDS at 500C, and most preferably in 7% so

dium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA at 500C with washing in

0.1 X SSC, 0.1 % SDS at 65°C to a nucleic acid comprising at least 50 nucleo

tides of a polynucleotide as defined in SEQ ID NO:1 , or the complement

thereof, and operably linked to

ii) a second nucleic acid molecule selected from the group consisting of

a) a polynucleotide as defined in SEQ ID NO:3;

b) a polynucleotide having at least 50% preferably at least 60%, 70% or 80%, more

preferably at least 85% or 90%, most preferably at least 95%, 98% or 99% se-

quence identity to the polynucleotide of SEQ ID NO:3;

c) a fragment of at least 50 consecutive bases, preferably at least 100 consecutive

bases, more preferably 200 consecutive bases of the polynucleotide of SEQ ID

NO:1 ; and

i) d) a polynucleotide hybridizing under conditions equivalent to hybridization in

7% sodium dodecyl sulfate (SDS), 0.5M NaPO 4, 1mM EDTA at 5 O0C with wash

ing in 2xSSC, 0.1 % SDS at 5 O0C, more preferably in 7% sodium dodecyl sulfate

(SDS), 0.5 M NaPO4, 1 mM EDTA at 500C with washing in 1 X SSC, 0.1 % SDS

at 50°C, more preferably in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1

mM EDTA at 50°C with washing in 0.5 X SSC, 0 . 1% SDS at 500C, more pref-

erably in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO 4, 1 mM EDTA at 50°C

with washing in 0.1 X SSC, 0.1 % SDS at 50°C, and most preferably in 7% so

dium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA at 500C with washing in

0.1 X SSC, 0.1 % SDS at 65°C to a nucleic acid comprising at least 50 nucleo

tides of a sequence described by SEQ ID NO:3, or the complement thereof,

to at least one nucleic acid sequence which is heterologous in relation to said ch i

meric transcription regulating nucleotide sequence and is suitable to induce exci

sion of a target sequences from a monocotyledonous plant, and

B) inserting said expression cassette into a monocotyledonous plant comprising at

least one target sequence to provide a transgenic plant, wherein said plant ex-

presses said heterologous nucleic acid sequence, and

C) selecting transgenic plants, which demonstrate excision of said marker.

The excision is realized by various means, including but not limited to:



- induction of sequence deletion by side specific recombination using site-specific

recombinases, wherein said site-specific recombinase is expressed by the chimeric

transcription regulating nucleotide sequence of the invention,

- induction of sequence deletion by induced homologous recombination, wherein the

sequences to be deleted are flanked by sequences, said sequences having an o ri

entation, a sufficient length and a homology to each other to allow for homologous

recombination between them, wherein homologous recombination is induced by a

site-specific double-strand break made by a site-specific endonuclease (preferably a

homing endonuclease, more preferably the homing endonuclease I-Scel), wherein

said site-specific endonuclease is expressed by the chimeric transcription regulating

nucleotide sequence of the invention.

Another embodiment of the invention relates to a plant, preferably a monocotyledonous

plant or plant cell comprising

A) at least one target sequence, which is stably inserted into the plant genome,

wherein said target sequence is flanked by excision-sequences which are capable

to mediate upon interaction with a sequence specific excision-mediating enzyme ex

cision of said target sequence from the plant genome, and

B) an expression cassette comprising at least one nucleic acid sequence encoding an

excision-mediating enzyme, which is capable to interact with said excision-

sequences of i), operably linked to a chimeric transcription regulating nucleotide

sequence comprising

i) a first nucleic acid molecule selected from the group consisting of

a) a polynucleotide as defined in SEQ ID NO:1 ;

b) a polynucleotide having at least 50%, preferably at least 60%, 70% or 80%,

more preferably at least 85% or 90%, most preferably at least 95%, 98% or

99% sequence identity to the polynucleotide of SEQ ID NO:1 ; a

c) a fragment of at least 50 consecutive bases, preferably at least 100 consecutive

bases, more preferably 200 consecutive bases of the polynucleotide of SEQ ID

NO:1 ; and

d) a polynucleotide hybridizing under conditions equivalent to hybridization in 7%

sodium dodecyl sulfate (SDS), 0.5M NaPO 4, 1mM EDTA at 5 O0C with washing

in 2xSSC, 0.1 % SDS at 5 O0C, more preferably in 7% sodium dodecyl sulfate



(SDS), 0.5 M NaPO4, 1 mM EDTA at 500C with washing in 1 X SSC, 0.1 % SDS

at 500C, more preferably in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1

mM EDTA at 50°C with washing in 0.5 X SSC, 0 . 1% SDS at 500C, more pref

erably in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA at 50°C

with washing in 0.1 X SSC, 0.1 % SDS at 50°C, and most preferably in 7% so

dium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA at 500C with washing in

0.1 X SSC, 0.1 % SDS at 65°C to a nucleic acid comprising at least 50 nucleo

tides of a polynucleotide as defined in SEQ ID NO:1 , or the complement

thereof, and operably linked to

ii) a second nucleic acid molecule selected from the group consisting of

a) a polynucleotide as defined in SEQ ID NO:3;

b) a polynucleotide having at least 50%, preferably at least 60%, 70% or 80%, more

preferably at least 85% or 90%, most preferably at least 95%, 98% or 99% se

quence identity to the polynucleotide of SEQ ID NO:3;

c) a fragment of at least 50 consecutive bases, preferably at least 100 consecutive

bases, more preferably 200 consecutive bases of the polynucleotide of SEQ ID

NO:1 ; and

d) a polynucleotide hybridizing under conditions equivalent to hybridization in 7% so

dium dodecyl sulfate (SDS), 0.5M NaPO4, 1mM EDTA at 5 O0C with washing in

2xSSC, 0.1 % SDS at 5 O0C, more preferably in 7% sodium dodecyl sulfate (SDS),

0.5 M NaPO4, 1 mM EDTA at 50°C with washing in 1 X SSC, 0.1 % SDS at 500C,

more preferably in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA at

50°C with washing in 0.5 X SSC, 0 . 1% SDS at 50°C, more preferably in 7% sodium

dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA at 500C with washing in 0.1 X

SSC, 0.1 % SDS at 50°C, and most preferably in 7% sodium dodecyl sulfate (SDS),

0.5 M NaPO4, 1 mM EDTA at 50°C with washing in 0.1 X SSC, 0.1 % SDS at 65°C

to a nucleic acid comprising at least 50 nucleotides of a sequence described by

SEQ ID NO:3, or the complement thereof.

Preferred nucleic acid molecules comprising a polynucleotide encoding a chimeric

transcription regulating nucleotide sequence are described above. Preferred heterolo

gous nucleic acid sequence to be expressed to achieve sequence excision {e.g., en

coding for a site-specific recombinase or endonuclease) are described herein below.



The monocotyledonous plant to which the methods of this invention are preferrably

applied to may be selected from the group consisting of maize, wheat, rice, barley, rye,

millet, sorghum, ryegrass or coix, triticale or oats and sugar cane. Preferably the plant

is a cereal plant selected from the group consisting of maize, wheat, barley, rice, oat,

rye, and sorghum, even more preferably from maize, wheat, and rice, most preferably

the plant is a maize plant.

The chimeric transcription regulating nucleotide sequence is preferably defined as

above. The target sequence in the above defined monocotyledonous pant or plant cell

will be excised as soon as seeds of said plant are germinated and the embryo starts to

grow. From this embryo a target-sequence free plant will result.

The target-sequence and the expression cassette for the excision-mediating enzyme

may be combined on one DNA or on different construct. The different DNA constructs

may be combined by other means in the genome of the monocotyledonous plant of

plant cell such as - for example - crossing of distinct parental lines comprising said

target sequence and said expression cassette for the excision-mediating enzyme, re

spectively, or co-transformation or subsequent transformation.

Accordingly, another embodiment of the invention relates to a method for excising at

least one target sequence from the genome of a monocotyledonous plant or plant cell

comprising the steps of

A) stably inserting into the genome a nucleic acid construct at least one target se

quence, which is stably inserted into the plant genome, wherein said target se-

quence is flanked by excision-sequences, which are capable to mediate upon inte r

action with a sequence specific excision-mediating enzyme excision of said target

sequence from the plant genome, and

B) introducing into said monocotyledonous plants or plant cells an expression cas

sette comprising at least one nucleic acid sequence encoding an excision-

mediating enzyme, which is capable to interact with said excision-sequences of i),

operably linked to polynucleotide encoding a chimeric transcription regulating nu

cleotide sequence comprising

i) a first nucleic acid molecule selected from the group consisting of

a) a polynucleotide as defined in SEQ ID NO:1 ;



b) a polynucleotide having at least 50% sequence identity to the polynucleotide of

SEQ ID NO:1 ; and

c) a polynucleotide hybridizing under conditions equivalent to hybridization in 7%

sodium dodecyl sulfate (SDS), 0.5M NaPO4, 1mM EDTA at 5 O0C with washing

in 2xSSC, 0.1 % SDS at 5 O0C to a nucleic acid comprising at least 50 nucleo

tides of a polynucleotide as defined in SEQ ID NO:1 , or the complement

thereof, and operably linked to

ii) a second nucleic acid molecule selected from the group consisting of

a) a polynucleotide as defined in SEQ ID NO:3;

b) a polynucleotide having at least 50% sequence identity to the polynucleotide of

SEQ ID NO:3; and

a) c) a polynucleotide hybridizing under conditions equivalent to hybridization in

7% sodium dodecyl sulfate (SDS), 0.5M NaPO4, 1mM EDTA at 5 O0C with wash

ing in 2xSSC, 0.1 % SDS at 5 O0C to a nucleic acid comprising at least 50 nu-

cleotides of a sequence described by SEQ ID NO:3, or the complement thereof,

C) generating seeds of said monocotyledonous plant or plant cells comprising both said

target sequence and said expression cassette, germinating said seeds and growing

plants therefrom, and

D) selecting plants from which said target sequence has be excised.

In a preferred embodiment the method of the invention further comprises the step of

regeneration of a fertile plant. The method may further include sexually or asexually

propagating cvgrowing off-spring or a descendant of the plant regenerated from said

plant cell.

Preferably, excision (or deletion) of the target sequence can be realized by various

means known as such in the art, including but not limited to one or more of the follow

ing methods:

a) recombination induced by a sequence specific recombinase, wherein said target

sequence is flanked by corresponding recombination sites in a way that recombina

tion between said flanking recombination sites results in deletion of the target-

sequences in-between from the genome,



b) homologous recombination between homology sequences A and A' flanking said

target sequence, preferably induced by a sequence-specific double-strand break be

tween 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 orien

tation which - upon recombination between A and A' - will lead to excision of said

target sequence from the genome of said plant.

Preferred excision sequences and excision enzymes are specified below. In another

preferred embodiment the mechanism of deletion/excision can be induced or activated

in a way to prevent pre-mature deletion/excision of the dual-function marker. Prefera

bly, thus expression and/or activity of an preferably employed sequence-specific re-

combinase 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 excision en

zyme {e.g., recombinase or endonuclease) to the chimeric transcription regulating

sequence combined with an inducible promoter or promoter element,

b) inducible activation, by employing an inducible, modified excision enzyme {e.g., a

recombinase or endonuclease) for example comprising a ligand-binding-domain,

wherein activity of said modified excision enzyme can be modified by treatment of

a compound having binding activity to said ligand-binding-domain.

Preferably, the target sequence is a marker, more preferably a selection marker (pre

ferred marker sequences are specified below). Thus the method of the inventions re-

suits in a monocotyledonous plant cell or plant, which is selection marker-free.

2.3.1 Preferred excision sequences and excision enzymes

For ensuring target sequence deletion / excision the target sequence is flanked by ex

cision sequences, which are capable to mediate upon interaction with a sequence spe-

cific excision-mediating enzyme excision of said target sequence from the plant ge

nome. Preferably, deletion of the target sequence 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 target

sequence is flanked by corresponding recombination sites in a way that recombina-



tion between said flanking recombination sites results in deletion of the target se

quence in-between from the genome,

b) homologous recombination between homology sequences A and A ' flanking said

target sequence, preferably induced by a sequence-specific double-strand break be-

tween 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 orien

tation which - upon recombination between A and A ' - will lead to excision of said

target sequence from the genome of said plant.

Accordingly, for ensuring target sequence deletion / excision the target sequence is

flanked by sequences which allow for specific deletion of said expression cassette.

Said sequences may be recombination sites for a sequence specific recombinase,

which are placed in a way the recombination induced between said flanking recombina-

tion sites results in deletion of the said target sequence from the genome. There are

various recombination sites and corresponding sequence specific recombinases known

in the art (described herein below), which can be employed for the purpose of the in

vention.

In another preferred embodiment, deletion / excision of the target sequence is pe r

formed by intramolecular (preferably intrachromosomal) homologous recombination.

Homologous recombination may occur spontaneous but is preferably induced by a se

quence-specific double-strand break {e.g., between the homology sequences). The

basic principals are disclosed in WO 03/004659. For this purpose the target sequence

is flanked by homology sequences A and A', wherein said homology sequences 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 an excision said target sequence from the genome. Furthermore, the se

quence 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 a endonuclease selected from the group consisting of I-Scel, I-Cpal, I-Cpall,



I-Crel and I-Chul or chimeras thereof with ligand-binding domains. Suitable endonucle-

ases are described herein below.

2.3.1 . 1 Recombination Sites and Recombinases

Sequence-specific recombinases and their corresponding recombination sites suitable

within the present invention may include but are not limited to the Cre/lox system of the

bacteriophage P 1 (Dale EC and Ow DW 1991 ; Russell SH eta/. 1992; Osborne B I

eta/. 1995), the yeast FLP/FRT system (Kilby NJ eta/. 1995; Lyznik LA eta/. 1996),

the Mu phage Gin recombinase, the E. coli Pin recombinase or the R/RS system of the

plasmid pSR1 (Onouchi H eta/. 1995; Sugita Ket eta/. 2000). The recombinase (for

example Cre or FLP) interacts specifically with its corresponding recombination se

quences (34 bp lox sequence and 47 bp FRT sequence, respectively) in order to delete

or invert the interposed sequences. Deletion of standard selection marker in plants

which was flanked by two lox sequences by the Cre is described (Dale EC and Ow DW

1991). The preferred recombination sites for suitable recombinases are described in

Table 1 below:

Table 1. Suitable sequence-specific recombinases

2.3.1 .2 The Homology Sequences

Referring to the homology sequences (e.g., A , A') "sufficient length" preferably refers to

sequences with a length of at least 20 base pairs, preferably at least 50 base pairs,



especially preferably at least 100 base pairs, very especially preferably at least 250

base pairs, most preferably at least 500 base pairs.

Referring to the homology sequences {e.g., A , A'), "sufficient homology" preferably re-

fers to sequences with at least 70%, preferably 80%, by preference at least 90%, es

pecially preferably at least 95%, very especially preferably at least 99%, most prefera

bly 100%, homology within these homology sequences over a length of at least 20

base pairs, preferably at least 50 base pairs, especially preferably at least 100 base

pairs, very especially preferably at least 250 base pairs, most preferably at least 500

base pairs.

The homology sequences A and A' are preferably organized in the form of a direct re

peat. The term "direct repeat" means a subsequent localization of two sequences on

the same strand of a DNA molecule in the same orientation, wherein these two se-

quences fulfill the above given requirements for homologous recombination between

said two sequences.

In a preferred embodiment, the homology sequences may be a duplication of a se

quence having additional use within the DNA construct. For example, the homology

sequences may be two transcription terminator sequences. One of these terminator

sequences may be operably linked to the agronomically valuable or relevant trait, while

the other may be linked to the dual-function selection marker, which is localized in 3'-

direction of the trait gene. Recombination between the two terminator sequences will

excise the target sequence {e.g., a marker gene) but will reconstitute the terminator of

the trait gene. In another example, the homology sequences may be two promoter se

quences. One of these promoter sequences may be operably linked to the agronomi

cally valuable or relevant trait, while the other may be linked to the target sequence

{e.g., a selection marker), which is localized in 5'-direction of the trait gene. Recombi

nation between the two promoter sequences will excise the target sequence {e.g., a

marker gene) but will reconstitute the promoter of the trait gene. The person skilled in

the art will know that the homology sequences do not need to be restricted to a single

functional element {e.g. promoter or terminator), but may comprise or extent to other

sequences {e.g. being part of the coding region of the trait gene and the respective

terminator sequence of said trait gene.



2.3.1 .3. Double-Strand Break Inducing Enzyme

Preferably, deletion / excision of the target sequence {e.g., a marker gene) is realized

by homologous recombination between the above specified homology sequences in-

duced by a sequence-specific double-strand break, preferably between the homology

sequences which should recombine. General methods are disclosed for example in

WO 03/004659, incorporated herein entirely by reference. Various enzyme suitable for

induction of sequence-specific double-strand breaks (hereinafter together "endonucle-

ase") are known in the art. The endonuclease may be for example selected from the

group comprising:

1. Restriction endonucleases (type II), preferably homing endonucleases as de

scribed in detail hereinbelow.

2 . Transposases, for example the P-element transposase (Kaufman PD and Rio DC

1992) or AcDs (Xiao YL and Peterson T 2000). In principle, all transposases or

integrases are suitable as long as they have sequence specificity (Haren L eta/.

1999; Beall EL, Rio DC 1997).

3 . Chimeric nucleases as described in detail hereinbelow.

4 . Enzymes which induce double-strand breaks in the immune system, such as the

RAG1/RAG2 system (Agrawal A eta/. 1998).

5 . Group I l intron endonucleases. Modifications of the intron sequence allows group

I l introns to be directed to virtually any sequence in a double-stranded DNA,

where group I l introns can subsequently insert by means of a reverse splice

mechanism (Mohr eta/. 2000; Guo eta/. 2000). During this reverse splice

mechanism, a double-strand break is introduced into the target DNA, the excised

intron RNA cleaving the sense strand while the protein portion of the group I l in

tron endonuclease hydrolyses the antisense strand (Guo eta/. 1997). If it is only

desired to induce the double-strand break without achieving complete reverse

splicing, as is the case in the present invention, it is possible to resort to, for ex

ample, group Il intron endonucleases which lack the reverse transcriptase activ-

ity. While this does not prevent the generation of the double-strand break, the re

verse splicing mechanism cannot proceed to completion.

Suitable enzymes are not only natural enzymes, but also synthetic enzymes. Preferred

enzymes are all those endonucleases whose recognition sequence is known and which



can either be obtained in the form of their proteins (for example by purification) or ex

pressed using their nucleic acid sequence.

In a preferred embodiment a sequence-specific endonuclease is employed for specific

induction of double-strand breaks and subsequent induced homologous recombination.

The term "sequence specific DNA-endonuclease" generally refers to all those e n

zymes, which are capable of generating double-strand breaks in double stranded DNA

in a sequence-specific manner at one or more recognition sequences. Said DNA

cleavage may result in blunt ends, or so-called "sticky" ends of the DNA (having a 5'- or

3'-overhang). The cleavage site may be localized within or outside the recognition se

quence. Various kinds of endonucleases can be employed. Endonucleases can be, for

example, of the Class Il or Class Ns type. Class Ns R-M restriction endonucleases cata

lyze the DNA cleavage at sequences other than the recognition sequence, i.e. they

cleave at a DNA sequence at a particular number of nucleotides away from the recog-

nition sequence (Szybalski eta/. 1991). The following may be mentioned by way of

example, but not by limitation:

1. Restriction endonucleases {e.g., type I l or Ns), preferably homing endonucleases

as described in detail hereinbelow.

2 . Chimeric or synthetic nucleases as described in detail hereinbelow.

Unlike recombinases, restriction enzymes typically do not ligate DNA, but only cleave

DNA. Restriction enzymes are described, for instance, in the New England Biolabs

online catalog (www.neb.com), Promega online catalog (www.promega.com) and Rao

eta/. (2000). Within this invention "ligation" of the DNA ends resulting from the cleav-

age by the endonuclease is realized by fusion by homologous recombination of the

homology sequences.

Preferably, the endonuclease is chosen in a way that its corresponding recognition

sequences are rarely, if ever, found in the unmodified genome of the target plant or-

ganism. Ideally, the only copy (or copies) of the recognition sequence in the genome is

(or are) the one(s) introduced by the DNA construct of the invention, thereby eliminat

ing the chance that other DNA in the genome is excised or rearranged when the se

quence-specific endonuclease is expressed.



One criterion for selecting a suitable endonuclease is the length of its corresponding

recognition sequence. Said recognition sequence has an appropriate length to allow for

rare cleavage, more preferably cleavage only at the recognition sequence(s) comprised

in the DNA construct of the invention. One factor determining the minimum length of

said recognition sequence is - from a statistical point of view - the size of the genome

of the host organism. In a preferred embodiment the recognition sequence has a length

of at least 10 base pairs, preferably at least 14 base pairs, more preferably at least 16

base pairs, especially preferably at least 18 base pairs, most preferably at least 20

base pairs.

A restriction enzyme that cleaves a 10 base pair recognition sequence is described in

Huang B eta/. 1996.

Suitable enzymes are not only natural enzymes, but also synthetic enzymes. Preferred

enzymes are all those sequence specific DNA-endonucleases whose recognition se

quence is known and which can either be obtained in the form of their proteins (for ex

ample by purification) or expressed using their nucleic acid sequence.

Especially preferred are restriction endonucleases (restriction enzymes) which have no

or only a few recognition sequences - besides the recognition sequences present in

the transgenic recombination construct - in the chromosomal DNA sequence of a par

ticular eukaryotic organism. This avoids further double-strand breaks at undesired loci

in the genome. This is why homing endonucleases are especially preferred (Review:

(Belfort M and Roberts RJ 1997; Jasin M 1996; Internet:

http://rebase.neb.com/rebase/rebase.homing.html). Owing to their long recognition

sequences, they have no, or only a few, further recognition sequences in the chromo

somal DNA of eukaryotic organisms in most cases.

The sequences encoding for such homing endonucleases can be isolated for example

from the chloroplast genome of Chlamydomonas (Turmel M eta/. 1993). They are

small (18 to 26 kD) and their open reading frames (ORF) have a "codon usage" which

is suitable directly for nuclear expression in eukaryotes (Monnat RJ Jr eta/. 1999).

Homing endonucleases which are very especially preferably isolated are the homing

endonucleases I-Scel (WO96/14408), I-Scell (Sarguiel B eta/. 1990), I-Scelll (Sarguiel

B eta/. 1991), I-Ceul (Marshall 1991), I-Crel (Wang J eta/. 1997), I-Chul (Cote V eta/.



1993), I-Tevl (Chu eta/. 1990; Bell-Pedersen eta/. 1990), I-Tevll (Bell-Pedersen eta/.

1990), I-Tevlll (Eddy eta/. 1991), Endo Seel (Kawasaki eta/. 1991), I-Cpal (Turmel M

eta/. 1995a) and I-Cpall (Turmel M eta/. 1995b).

Further homing endonucleases are detailed in the abovementioned Internet website,

and examples which may be mentioned are homing endonucleases such as F-Scel, F-

Scell, F-Suvl, F-Tevl, F-Tevll, I-Amal, I-Anil, I-Ceul, l-CeuAIIP, I-Chul, I-Cmoel, I-Cpal,

I-Cpall, I-Crel, l-CrepsblP, l-CrepsbllP, l-CrepsblllP, l-CrepsblVP, I-Csml, I-Cvul, I-

CvuAIP, I-Ddil, I-Ddill, I-Dirl, I-Dmol, I-Hmul, I-Hmull, l-HspNIP, I-Llal, I-Msol, I-Naal, I-

Nanl, l-NcllP, l-NgrlP, I-Nitl, I-Njal, l-Nsp236IP, I-Pakl, l-PbolP, l-PculP, l-PcuAI, I-

PcuVI, l-PgrlP, l-PoblP, I-Porl, l-PorllP, l-PpblP, I-Ppol, l-SPBetalP, I-Scal, I-Scel, I-

Scell, I-Scelll , l-ScelV, l-SceV, l-SceVI, l-SceVII, l-SexlP, l-SnelP, l-SpomCP, I-

SpomlP, l-SpomllP, l-SqulP, l-Ssp6803l, l-SthPhiJP, l-SthPhiST3P, l-SthPhiS3bP, I-

TdelP, I-Tevl, I-Tevll, I-Tevlll, l-UarAP, l-UarHGPA1 P, l-UarHGPA13P, l-VinlP, l-ZbilP,

Pl-Mtul, PI-MtuHIP, PI-MtuHIIP, Pl-Pful, Pl-Pfull, Pl-Pkol, Pl-Pkoll, Pl-Pspl, Pl-

Rma43812IP, PI-SPBetalP, Pl-Scel, Pl-Tful, Pl-Tfull, Pl-Thyl, PI-TIiI, PI-TIiII, H-Drel,

I-Basl, I-Bmol, I-Pogl, I-Twol, Pl-Mgal, Pl-Pabl, Pl-Pabll.

Preferred in this context are the homing endonucleases whose gene sequences are

already known, such as, for example, F-Scel, I-Ceul, I-Chul, I-Dmol, I-Cpal, I-Cpall, I-

Crel, I-Csml, F-Tevl, F-Tevll, I-Tevl, I-Tevll, I-Anil, I-Cvul, I-Ddil, I-Hmul, I-Hmull, I-Llal,

I-Nanl, I-Msol, I-Nitl, I-Njal, I-Pakl, I-Porl, I-Ppol, I-Scal, l-Ssp6803l, Pl-Pkol, Pl-Pkoll,

Pl-Pspl, Pl-Tful, PI-TIiI. Especially preferred are commercially available homing e n

donucleases such as I-Ceul, I-Scel, I-Dmol, I-Ppol, Pl-Pspl or Pl-Scel. Endonucleases

with particularly long recognition sequences, and which therefore only rarely (if ever)

cleave within a genome include: I-Ceul (26 bp recognition sequence), Pl-Pspl (30 bp

recognition sequence), Pl-Scel (39 bp recognition sequence), I-Scel (18 bp recognition

sequence) and I-Ppol (15 bp recognition sequence). The enzymes can be isolated from

their organisms of origin in the manner with which the skilled worker is familiar, and/or

their coding nucleic acid sequence can be cloned. The sequences of various enzymes

are deposited in GenBank. Especially preferred are the homing endonucleases I-Scel,

I-Cpal, I-Cpall, I-Crel and I-Chul. Sequences encoding said nucleases are known in

the art and - for example - specified in WO 03/004659 {e.g., as SEQ ID NO: 2 , 4 , 6 , 8 ,

and 10 of WP 03/004659 hereby incorporated by reference).



The heterologous nucleic acid sequence to be expressed may preferably encode a

polypeptide as described by any of SEQ ID NO: 22, or a functional equivalent thereof,

which is capable to bring about the same phenotype than any of said polypeptide. Most

preferably the nucleic acid sequence to be expressed is described by SEQ ID NO 2 1 or

23.

In a preferred embodiment, the sequences encoding said homing endonucleases can

be modified by insertion of an intron sequence. This prevents expression of a functional

enzyme in procaryotic host organisms and thereby facilitates cloning and transforma

tion procedures {e.g., based on E.coliox Agrobacterium). In plant organisms, expres

sion of a functional enzyme is realized, since plants are able to recognize and "splice"

out introns. Preferably, introns are inserted in the homing endonucleases mentioned as

preferred above {e.g., into I-Scel or I-Crel).

In some aspects of the invention, molecular evolution can be employed to create an

improved endonuclease. Polynucleotides encoding a candidate endonuclease enzyme

can, for example, be modulated with DNA shuffling protocols. DNA shuffling is a proc

ess 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); Stemmer (1994); and US 5,605,793,

US 5,837,458, US 5,830,721 and US 5 , 8 11,238.

Other synthetic endonucleases which may be mentioned by way of example are chi

meric nucleases which are composed of an unspecific nuclease domain and a se-

quence-specific DNA binding domain consisting of zinc fingers (Bibikova M eta/. 2001).

These DNA-binding zinc finger domaines can be adapted to suit any DNA sequence.

Suitable methods for preparing suitable zinc finger domaines are described and known

to the skilled worker (Beerli RR eta/. 2000; Beerli RR eta/. 2000; Segal DJ and Barbas

CF 2000; Kang JS and Kim JS 2000; Beerli RR eta/. 1998; Kim JS eta/. 1997; Klug A

1999; Tsai SY eta/. 1998; Mapp AK eta/. 2000; Sharrocks A D eta/. 1997; Zhang L

eta/. 2000).

The endonuclease is preferably expressed as a fusion protein with a nuclear localiza

tion sequence (NLS). This NLS sequence enables facilitated transport into the nucleus



and increases the efficacy of the recombination system. A variety of NLS sequences

are known to the skilled worker and described, inter alia, by Jicks GR and Raikhel NV

1995. Preferred for plant organisms is, for example, the NLS sequence of the SV40

large antigen. Examples are provided in WO 03/060133. However, owing to the small

size of many DSBI enzymes (such as, for example, the homing endonucleases), an

NLS sequence is not necessarily required. These enzymes are capable of passing

through the nuclear pores even without any aid.

In a further preferred embodiment, the activity of the endonuclease can be induced.

Suitable methods have been described for sequence-specific recombinases (Angrand

PO eta/. 1998; Logie C and Stewart AF 1995; lmai T eta/. 2001). These methods em

ploy fusion proteins of the endonuclease and the ligand binding domain for steroid

hormone receptor (for example the human androgen receptor, or mutated variants of

the human estrogen receptor as described therein). Induction may be effected with

ligands such as, for example, estradiol, dexamethasone, 4-hydroxytamoxifen or

raloxifen. Some endonucleases are active as dimers (homo- or heterodimers; I-Crel

forms a homodimer; l-SeclV forms a heterodimerk) (Wernette CM 1998). Dimerization

can be designed as an inducible feature, for example by exchanging the natural

dimerization domains for the binding domain of a low-molecular-weight ligand. Addition

of a dimeric ligand then brings about dimerization of the fusion protein. Corresponding

inducible dimerization methods, and the preparation of the dimeric ligands, have been

described (Amara JF eta/. 1997; Muthuswamy SK eta/. 1999; Schultz LW and Clardy

J 1998; Keenan T eta/. 1998).

Recognition sequences for sequence specific DNA endonuclease {e.g., homing en

donucleases) are described in the art. "Recognition sequence" refers to a DNA se

quence that is recognized by a sequence-specific DNA endonuclease of the invention.

The recognition sequence will typically be at least 10 base pairs long, is more usually

10 to 30 base pairs long, and in most embodiments, is less than 50 base pairs long.

"Recognition sequence" generally refers to those sequences which, under the condi

tions in a plant cell used within this invention, enable the recognition and cleavage by

the sequence specific DNA-endonuclease. The recognition sequences for the respec-



tive sequence specific DNA-endonucleases are mentioned in Table 2 hereinbelow by

way of example, but not by limitation.

Table 2 . Recognition sequences and organisms of origin for endonucleases {e.g., hom

ing endonucleases; "Λ" indicates the cleavage site of the sequence specific DNA-

endonuclease within a recognition sequence).









Also encompassed are minor deviations (degenerations) of the recognition sequence

which still enable recognition and cleavage by the sequence specific DNA-

endonuclease in question. Such deviations - also in connection with different f rame

work conditions such as, for example, calcium or magnesium concentration - have

been described (Argast GM eta/. 1998). Also encompassed are core sequences of

these recognition sequences and minor deviations (degenerations) in there. It is known

that the inner portions of the recognition sequences suffice for an induced double-

strand break and that the outer ones are not absolutely relevant, but can codetermine

the cleavage efficacy. Thus, for example, an 18bp core sequence can be defined for I-

Scel.

2.3.2 Initiation of Deletion / Excision

There are various means to appropriately initiate deletion / excision of the target se

quence. Preferably deletion is only initiated after successful integration of the target

sequence into the plant genome. For example in cases, where the target sequence is a

selection marker, excision is preferably initiated after the marker has successfully com

pleted its function resulting in insertion of the DNA construct into the genome of the

plant cell or organism to be transformed.

Various means are available for the person skilled in art to combine the excision e n

zyme with the target sequence flanked by the excision sequences. Preferably, an exci-



sion enzyme {e.g., a recombinase or endonuclease) can be expressed or combined

with its corresponding excision sequence {e.g., a recombination or recognition site),

respectively, by a method selected from the group consisting of:

a) incorporation of the expression cassette for the excision enzyme {e.g., the recombi-

nase or sequence-specific endonuclease) into a DNA construct, preferably together

with the target sequence {e.g., a marker gene) flanked by said excision sequences,

b) incorporation of the expression cassette for the excision enzyme {e.g., the recombi

nase or sequence-specific endonuclease) into plant cells or plants, which are a l

ready comprising the target sequence {e.g., a marker gene) flanked by said excision

sequences,

c) incorporation of the expression cassette for the excision enzyme {e.g., the recombi

nase or sequence-specific endonuclease) into plant cells or plants, which are sub

sequently used for as master plants or cells for transformation with constructs com

prising the target sequence {e.g., a marker gene) flanked by said excision se-

quences,

d) incorporation of the expression cassette for the excision enzyme {e.g., the recombi

nase or sequence-specific endonuclease) into a separate DNA construct, which is

transformed by way of co-transformation with a separate DNA construct comprising

the target sequence {e.g., a marker gene) flanked by said excision sequences.

Accordingly the target sequence and the excision enzyme {e.g., the recombinase or

endonuclease) can be combined in a plant organism, cell, cell compartment or tissue

for example as follows:

1.) Plants comprising inserted into their genome the target sequence {e.g., a marker

gene) flanked by excision sequences (preferably into the chromosomal DNA) are

generated in the customary manner. A further expression cassette for the exci

sion enzyme is then combined with said DNA constructs by

a) a second transformation with said second expression cassette, or

b) crossing of the plants comprising the target sequence with master plants com-

prising the expression cassette for the excision enzyme.

2.) The expression cassette encoding for the excision enzyme can be integrated into

the DNA construct which already bears the target sequence. It is preferred to in

sert the sequence encoding the excision enzyme between the sequences allow

ing for deletion and thus to delete it from the genomic DNA after it has fulfilled its



function. Especially preferred, expression of the endonuclease is inducible in

such a case (for example under the control of one of the inducible promoters de

scribed hereinbelow), in a development-dependent fashion using a development-

dependent promoter, or else excision enzymes are employed whose activity is

inducible in order to avoid premature deletion of the dual-function marker prior to

its insertion into the genome.

3.) Relying on the co-transformation technique, the expression cassette for the exci

sion enzyme can be transformed into the cells simultaneously with the DNA con

struct comprising the target sequence, but on a separate DNA molecule {e.g.,

vector). Co-transformation can be stable or transient. In such a case, expression

of the excision enzyme is preferably inducible (for example under the control of

one of the inducible chimeric transcription regulating sequence as described

above), although the development-dependent expression pattern of the unmodi

fied super-promoter is already preventing premature excision.

4.) Plants expressing the excision enzyme may also act as parent individuals. In the

progeny from the crossing between plants expressing the excision enzyme on the

one hand and plants bearing the target sequence on the other hand, the desired

target sequence excision {e.g., by double-strand breaks and recombination be

tween the homology sequences) are observed.

A preferred embodiment of the invention is related to DNA constructs comprising both

the target sequence {e.g., an expression cassette a selection marker; the first expres

sion cassette) and a second expression cassette for the excision enzyme {e.g., an en

donuclease or recombinase encoding sequence linked to a plant promoter), preferably

in a way that said second expression cassette is together with said first expression

cassette flanked by said excision sequences, which allow for specific target sequence

deletion.

In another preferred embodiment the mechanism of deletion/excision can be induced

or activated in a way to prevent pre-mature deletion/excision of the dual-function

marker. Preferably, thus expression and/or activity of a preferably employed excision

enzyme can be induced, preferably by a method selected from the group consisting of



a) inducible expression by operably linking the sequence encoding said excision en

zyme {e.g., a recombinase or endonuclease) to an inducible promoter,

b) inducible activation, by employing a modified excision enzyme {e.g., a recombi-

nase or endonuclease) comprising a ligand-binding-domain, wherein activity of

said modified excision enzyme can be modified by treatment of a compound hav

ing binding activity to said ligand-binding-domain.

Expression of the polynucleotide encoding the excision enzyme is preferably controlled

by an excision promoter, which allows for expression in a timely manner so that the

dual-function marker can perform its function as a negative selection marker before

getting excised. Suitable promoters are for example described in the German Patent

Application DE 03028884.9. Such promoters may have for example expression speci

ficity for late developmental stages like e.g., reproductive tissue. The excision promoter

may be selected from one of the following groups of promoters:

2.3.3 The target sequence to be excised

Although various sequences are contemplated herein, where excision might be advan

tageous, the most preferred target sequence to be excised is a marker sequence. Vari-

ous selectable and screenable marker sequences are comprised under the general

term marker sequence. Thus, the methods of the invention results in a monocotyledon-

ous plant cell or plant, which is marker-free. The terms "marker-free" or "selection

marker free" as used herein with respect to a cell or an organism are intended to mean

a cell or an organism which is not able to express a functional marker protein. The se-

quence encoding said marker protein may be absent in part or -preferably - entirely.

2.3.3.1 Marker Genes

Marker genes {e.g., selectable or screenable marker) are frequently used in order to

improve the ability to identify transformants. "Marker genes" are genes that impart a

distinct phenotype to cells expressing the marker gene and thus allow such trans

formed cells to be distinguished from cells that do not have the marker. Such genes

may encode either a selectable or screenable marker, depending on whether the

marker confers a trait which one can selecf for by chemical means, i.e., through the

use of a selective agent {e.g., a herbicide, antibiotic, or the like), or whether it is simply



a trait that one can identify through observation or testing, i.e., by screening {e.g., the

R-locus trait, the green fluorescent protein (GFP)). Of course, many examples of suit

able marker genes are known to the art and can be employed in the practice of the

invention. Included within the terms selectable or screenable marker genes are also

genes which encode a "secretable marker" whose secretion can be detected as a

means of identifying or selecting for transformed cells. Examples include markers,

which encode a secretable antigen that can be identified by antibody interaction, or

even secretable enzymes, which can be detected by their catalytic activity. Secretable

proteins fall into a number of classes, including small, diffusible proteins detectable,

e.g., by ELISA; small active enzymes detectable in extracellular solution {e.g., alpha-

amylase, beta-lactamase, phosphinothricin acetyltransferase); and proteins that are

inserted or trapped in the cell wall {e.g., proteins that include a leader sequence such

as that found in the expression unit of extensin or tobacco PR-S).

With regard to selectable secretable markers, the use of a gene that encodes a protein

that becomes sequestered in the cell wall, and which protein includes a unique epitope

is considered to be particularly advantageous. Such a secreted antigen marker would

ideally employ an epitope sequence that would provide low background in plant tissue,

a promoter-leader sequence that would impart efficient expression and targeting across

the plasma membrane, and would produce protein that is bound in the cell wall and yet

accessible to antibodies. A normally secreted wall protein modified to include a unique

epitope would satisfy all such requirements. One example of a protein suitable for

modification in this manner is extensin, or hydroxyproline rich glycoprotein (HPRG). For

example, the maize HPRG (Steifel 1990) molecule is well characterized in terms of

molecular biology, expression and protein structure. However, any one of a variety of

ultilane and/or glycine-rich wall proteins (Keller 1989) could be modified by the addition

of an antigenic site to create a screenable marker.

One exemplary embodiment of a secretable screenable marker concerns the use of a

maize sequence encoding the wall protein HPRG, modified to include a 15 residue

epitope from the pro-region of murine interleukin, however, virtually any detectable e pi

tope may be employed in such embodiments, as selected from the extremely wide va

riety of antigen-antibody combinations known to those of skill in the art. The unique



extracellular epitope can then be straightforwardly detected using antibody labeling in

conjunction with chromogenic or fluorescent adjuncts.

Elements of the present disclosure may be exemplified in detail through the use of the

bar and/or GUS genes, and also through the use of various other markers. Of course,

in light of this disclosure, numerous other possible selectable and/or screenable marker

genes will be apparent to those of skill in the art in addition to the one set forth herein

below. Therefore, it will be understood that the following discussion is exemplary rather

than exhaustive. In light of the techniques disclosed herein and the general recombi-

nant techniques which are known in the art, the present invention renders possible the

introduction of any gene, including marker genes, into a recipient cell to generate a

transformed plant.

The marker sequence can be expressed by any transcription regulating sequence or

promoter having expression capability in plant cells (suitable promoter sequences are

described below). Most preferred are marker sequences, which are employed in plant

transformation, screening and selection. Markers enable transgenic cells or organisms

(e.g., plants or plant cells) to be identified after transformation. They can be divided into

positive selection marker (conferring a selective advantage), negative selection marker

(compensating a selection disadvantage), and counter-selection marker (conferring a

selection disadvantage), respectively. Such markers may include but are not limited to:

2.3.3.1.1 Negative selection markers

Negative selection markers confer a resistance to a biocidal compound such as a

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

glyphosate). Transformed plant materials {e.g., cells, tissues or plantlets), which ex

press marker genes, are capable of developing in the presence of concentrations of a

corresponding selection compound {e.g., antibiotic or herbicide), which suppresses

growth of an untransformed wild type tissue. Especially preferred negative selection

markers are those, which confer resistance to herbicides. Examples, which may be

mentioned, 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). Preferred are the bar gene from

Streptomyces hygroscopicus or the pat gene from Streptomyces viridochro-

mogenes. PAT inactivates the active ingredient in the herbicide bialaphos,

phosphinothricin (PPT). PPT inhibits glutamine synthetase, (Murakami 1986; Twell

1989) causing rapid accumulation of ammonia and cell death.

altered 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS) conferring res is

tance to Glyphosate ® (N-(phosphonomethyl)glycine) (Hinchee 1988; Shah 1986;

Della-Cioppa 1987). Where a mutant EPSP synthase gene is employed, additional

benefit may be realized through the incorporation of a suitable chloroplast transit

peptide, CTP (EP-A1 0 218 571).

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 (EP-A1 154 204)

Bromoxynil ® degrading nitrilases (bxn; Stalker 1988)

Kanamycin- or geneticin (G418) resistance genes (NPTII; NPT or neo; Potrykus

1985) coding e.g., for neomycin phosphotransferases (Fraley 1983; Nehra 1994)

2-Desoxyglucose-6-phosphate phosphatase (DOG R1-Gene product; WO

98/45456; EP 0 807 836) conferring resistance against 2-desoxyglucose (Randez-

GiI 1995).

hygromycin phosphotransferase (HPT), which mediates resistance to hygromycin

(Vanden Elzen 1985).

altered dihydrofolate reductase (Eichholtz 1987) conferring resistance against

methotrexat (Thillet 1988);

mutated anthranilate synthase genes that confers resistance to 5-methyl trypto

phan.

Additional negative selectable marker genes of bacterial origin that confer resistance to

antibiotics include the aadA gene, which confers resistance to the antibiotic spectino-

mycin, gentamycin acetyl transferase, streptomycin phosphotransferase (SPT), ami-

noglycoside-3-adenyl transferase and the bleomycin resistance determinant (Hayford

1988; Jones 1987; Svab 1990; HiIIe 1986).



Especially preferred are negative selection markers that confer resistance against the

toxic effects imposed by D-amino acids like e.g., D-alanine and D-serine (WO

03/060133; Erikson 2004). Especially preferred as negative selection markers in this

contest are the dad gene (EC: 1.4. 3.3: GenBank Acc.No. U60066) from the yeast

Rhodotorula gracilis (Rhodosporidium toruloides) and the E. co/i gene dsdA (D-serine

dehydratase (D-serine deaminase) [EC: 4.3. 1.18; GenBank Acc.No. J01603).

Transformed plant materials (e.g., cells, embryos, tissues or plantlets) which express

such marker genes are capable of developing in the presence of concentrations of a

corresponding selection compound (e.g., antibiotic or herbicide) which suppresses

growth of an untransformed wild type tissue. The resulting plants can be bred and hy

bridized in the customary fashion. Two or more generations should be grown in order

to ensure that the genomic integration is stable and hereditary. Corresponding methods

are described (Jenes 1993; Potrykus 1991).

Furthermore, reporter genes can be employed to allow visual screening, which may or

may not (depending on the type of reporter gene) require supplementation with a sub

strate as a selection compound.

Various time schemes can be employed for the various negative selection marker

genes. In case of resistance genes (e.g., against herbicides or D-amino acids) selec

tion is preferably applied throughout callus induction phase for about 4 weeks and be

yond 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) as the selective marker,

phosphinotricin at a concentration of from about 1 to 50 mg/L may be included in the

medium. For example, with the dao1 gene as the selective marker, D-serine or D-

alanine at a concentration of from about 3 to 100 mg/L may be included in the medium.

Typical concentrations for selection are 20 to 40 mg/L. For example, with the mutated

ahas genes as the selective marker, PURSUIT ™at a concentration of from about 3 to

100 mg/L may be included in the medium. Typical concentrations for selection are 20

to 40 mg/L.



2.3.3.1.2 Positive selection marker

Furthermore, positive selection marker can be employed. Positive selection markers

are those, which do not result in detoxification of a biocidal compound, but confer an

advantage by increased or improved regeneration, growth, propagation, multiplication

as the like of the cell or organism comprising such kind of marker. Examples are

isopentenyltransferase (a key enzyme of the cytokinin biosynthesis facilitating regen

eration of transformed plant cells by selection on cytokinin-free medium; Ebinuma

2000a; Ebinuma 2000b; for example from strain:PO22; Genbank Ace. No. AB025109).

Additional positive selection markers, which confer a growth advantage to a trans

formed plant cells in comparison with a non-transformed one, are described e.g., in EP-

A 0 601 092. Growth stimulation selection markers may include (but shall not be limited

to) ύ-Glucuronidase (in combination with e.g., a cytokinin glucuronide), mannose-6-

phosphate isomerase (in combination with mannose), UDP-galactose-4-epimerase (in

combination with e.g., galactose), wherein mannose-6-phosphate isomerase in combi

nation with mannose is especially preferred.

2.3.3.1.3 Counter-selection marker

The target sequence to be excised may not only comprise a negative selection marker

or a positive selection marker (to facilitate selection and isolation of successfully trans

formed plants) but may also comprise a counter-selection marker to evaluate success

ful subsequent marker excision. In one preferred embodiment both the negative and/or

positive selection marker and the counter selection marker are flanked by the excision

sequences and are both deleted / excised by action of the excision enzyme. Counter-

selection markers are especially suitable to select organisms with defined deleted se

quences comprising said marker (Koprek 1999). Counter-selection markers are se

quences encoding for enzymes which are able to convert a non-toxic compound into a

toxic compound. In consequence, only cells will survive treatment with said non-toxic

compound which are lacking said counter-selection marker, thereby allowing for selec-

tion of cells which have successfully undergone sequence {e.g., marker) deletion. Typi

cal counter-selection markers known in the art are for example

a) cytosine deaminases (CodA) in combination with 5-fluorocytosine (5-FC) (WO

93/01281 ; US 5,358,866; Gleave AP eta/. 1999; Perera RJ eta/. 1993; Stougaard J



1993; EP-A1 595 837; Mullen CA eta/. 1992; Kobayashi T eta/. 1995; Schlaman

HRM & Hooykaas PFF 1997; Xiaohui Wang H eta/. 2001 ; Koprek T eta/. 1999;

Gleave A P eta/. 1999; Gallego ME 1999; Salomon S & Puchta H 1998; Thykjaer T

eta/. 1997; Serino G 1997; Risseeuw E 1997; Blanc V eta/. 1996; Corneille S eta/.

2001).

b) Cytochrome P-450 enzymes in combination with the sulfonylurea pro-herbicide

R7402 (2-methylethyl-2-3-dihydro-N-[(4,6-dimethoxypyrimidine-2-yl)aminocarbonyl]-

1,2-benzoisothiazol-7-sulfonamid-1 , 1 -dioxide) (O'Keefe DP eta/. 1994; Tissier A F et

a/. 1999; Koprek T eta/. 1999; O'Keefe DP 1991).

c) lndoleacetic acid hydrolases like e.g., the tms2 gene product from Agrobacterium

tumefaciens in combination with naphthalacetamide (NAM) (Fedoroff NV & Smith

DL 1993; Upadhyaya NM eta/. 2000; Depicker AG eta/. 1988; Karlin-Neumannn

GA eta/. 1991 ; Sundaresan V eta/. 1995; Cecchini E eta/. 1998; Zubko E eta/.

2000).

d) Haloalkane dehalogenases (dhlA gene product) from Xanthobacter autotropicus

GJ10 in combination with 1,2-dichloroethane (DCE) (Naested H eta/. 1999; Janssen

DB eta/. 1994; Janssen DB 1989).

e) Thymidine kinases (TK), e.g., from Type 1 Herpes Simplex virus (TK HSV-1), in

combination with acyclovir, ganciclovir or 1,2-deoxy-2-fluoro- ύ-D-arabinofuranosil-5-

iodouracile (FIAU) (Czako M & Marton L 1994; Wigler M eta/. 1977; McKnight SL et

a/. 1980; McKnight SL eta/. 1980; Preston eta/. 1981 ; Wagner eta/. 1981 ; St. Clair

/.1987).

Several other counter-selection systems are known in the art (see for example interna-

tional application WO 04/013333; p.13 to 20 for a summary; hereby incorporated by

reference).

2.3.3.1.4. Screenable Markers

Screenable markers (also named reporter genes or proteins; Schenborn E, Groskreutz

D. 1999) that may be employed include, but are not limited to, a beta-glucuronidase

(GUS; Jefferson eta/. 1987) or uidA gene which encodes an enzyme for which various

chromogenic substrates are known; an R-locus gene, which encodes a product that

regulates the production of anthocyanin pigments (red color) in plant tissues (DeIIa-

porta 1988); a beta-lactamase gene (Sutcliffe 1978), which encodes an enzyme for



which various chromogenic substrates are known {e.g., PADAC, a chromogenic cepha

losporin); a xylE gene (Zukowsky 1983) which encodes a catechol dioxygenase that

can convert chromogenic catechols; an ύ-amylase gene (Ikuta 1990); a tyrosinase

gene (Katz 1983) which encodes an enzyme capable of oxidizing tyrosine to DOPA

and dopaquinone which in turn condenses to form the easily detectable compound

melanin; ύ-galactosidase gene, which encodes an enzyme for which there are chro

mogenic substrates; a luciferase (lux) gene (Ow 1986; Millar eta/. 1992), which allows

for bioluminescence detection; or even an aequorin gene (Prasher 1985), which may

be employed in calcium-sensitive bioluminescence detection, or a green fluorescent

protein gene (GFP) (Niedz 1995; Chui WL eta/. 1996; Leffel SM eta/. 1997; Sheen et

a/. 1995; Haseloff eta/. 1997; Reichel eta/. 1996; Tian eta/. 1997).

Genes from the maize R gene complex are contemplated to be particularly useful as

screenable markers. The R gene complex in maize encodes a protein that acts to regu-

late the production of anthocyanin pigments in most seed and plant tissue. A gene from

the R gene complex was applied to maize transformation, because the expression of

this gene in transformed cells does not harm the cells. Thus, an R gene introduced into

such cells will cause the expression of a red pigment and, if stably incorporated, can be

visually scored as a red sector. If a maize line is dominant for genes encoding the en-

zymatic intermediates in the anthocyanin biosynthetic pathway (C2, A 1, A2, Bz1 and

Bz2), but carries a recessive allele at the R locus, transformation of any cell from that

line with R will result in red pigment formation. Exemplary lines include Wisconsin 22

which contains the rg-Stadler allele and TR1 12, a K55 derivative which is r-g, b, P 1 .

Alternatively any genotype of maize can be utilized if the C 1 and R alleles are intro-

duced together.

It is further proposed that R gene regulatory regions may be employed in chimeric con

structs in order to provide mechanisms for controlling the expression of chimeric genes.

More diversity of phenotypic expression is known at the R locus than at any other locus

(Coe 1988). It is contemplated that regulatory regions obtained from regions 5' to the

structural R gene would be valuable in directing the expression of genes, e.g., insect

resistance, drought resistance, herbicide tolerance or other protein coding regions. For

the purposes of the present invention, it is believed that any of the various R gene fam

ily members may be successfully employed {e.g., P, S, Lc, etc.). However, the most



preferred will generally be Sn (particularly Sn:bol3). Sn is a dominant member of the R

gene complex and is functionally similar to the R and B loci in that Sn controls the t is

sue specific deposition of anthocyanin pigments in certain seedling and plant cells,

therefore, its phenotype is similar to R.

A further screenable marker contemplated for use in the present invention is firefly

luciferase, encoded by the lux gene. The presence of the lux gene in transformed cells

may be detected using, for example, X-ray film, scintillation counting, fluorescent spec

trophotometry, low-light video cameras, photon counting cameras or multiwell lumi-

nometry. It is also envisioned that this system may be developed for populational

screening for bioluminescence, such as on tissue culture plates, or even for whole

plant screening. Where use of a screenable marker gene such as lux or GFP is de

sired, benefit may be realized by creating a gene fusion between the screenable

marker gene and a selectable marker gene, for example, a GFP-NPTII gene fusion.

This could allow, for example, selection of transformed cells followed by screening of

transgenic plants or seeds.

2.3.3.1.5. Dual-function marker

In one preferred embodiment of the invention the target sequence is a dual-function

marker. The term dual-function marker relates to a marker which combines in one se

quence the opportunity to be employed as negative or counter selection marker. The

choice, which effect is achieved, depends on the substrate employed in the screening

process. Most preferably the dual-function marker is a D-amino acid oxidase. This e n

zyme is capable to convert D-amino acids. Some D-amino acids are toxic to plants and

are detoxified by action of the enzyme. Other D-amino acids are harmless to plants but

are converted to toxic compounds by the enzyme.

The term D-amino acid oxidase (abbreviated DAAO, DAMOX, or DAO) is referring to

the enzyme converting a D-amino acid into a 2-oxo acid, by - preferably - employing

Oxygen (O2) as a substrate and producing hydrogen peroxide (H2O2) as a co-product

(Dixon M & Kleppe K. Biochim. Biophys. Acta 96 (1965) 357-367; Dixon M & Kleppe K

Biochim. Biophys. Acta 96 (1965) 368-382; Dixon M & Kleppe Biochim. Biophys. Acta

96 (1965) 383-389; Massey V etal. Biochim. Biophys. Acta 48 (1961) 1-9. Meister A &



Wellner D Flavoprotein amino acid oxidase. In: Boyer, P.D., Lardy, H. and Myrback, K.

(Eds.), 1963)

DAAO can be described by the Nomenclature Committee of the International Union of

Biochemistry and Molecular Biology (IUBMB) with the EC (Enzyme Commission) num

ber EC 1.4.3.3 . Generally a DAAO enzyme of the EC 1.4.3.3. class is an FAD flavoen-

zyme that catalyzes the oxidation of neutral and basic D-amino acids into their corre

sponding keto acids. DAAOs have been characterized and sequenced in fungi and

vertebrates where they are known to be located in the peroxisomes. The term D-amino

oxidase further comprises D-aspartate oxidases (EC 1.4.3.1 ) (DASOX) (Negri A eta/.

1992), which are enzymes structurally related to DAAO catalyzing the same reaction

but active only toward dicarboxylic D-amino acids. Within this invention DAAO of the

EC 1.4.3.3. class is preferred.

In DAAO, a conserved histidine has been shown (Miyano M eta/. 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 motif:

[LIVM]-[LIVM]-HMN HA]-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 abbreviation for the

individual amino acid residues have their standard IUPAC meaning as defined above.

Further potential DAAO enzymes comprising said motif are described in Table 3 .

Table 3 . Suitable D-amino acid oxidases from various organism. Ace.-No. refers to pro

tein sequence from SwisProt database.









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, Neurospora crassa, Chlorella vulgaris,

and Rhodotorula gracilis. A suitable D-amino acid metabolising polypeptide may be a

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 Es-

cherichia coli. Examples of suitable polypeptides which metabolise D-amino acids are

shown in Table 4 .

Table 4 . Suitable D-amino acid oxidases from various organism. Ace.-No. refers to pro

tein sequence from SwisProt database



Preferably the D-amino acid oxidase is selected from the enzymes encoded by a nu

cleic acid sequence or a corresponding amino acid sequences selected from the fo l

lowing Table 5 :

Table 5 : Suitable D-amino acid oxidases from various organism. Ace.-No. refers to pro

tein sequence from GenBank database.

DAAO is a well-characterized enzyme, and both its crystal structure and its catalytic

mechanism have been determined by high-resolution X-ray spectroscopy (Umhau S. et

al. 2000). It is a flavoenzyme located in the peroxisome, and its recognized function in

animals is detoxification of D-amino acids (Pilone MS 2000). In addition, it enables

yeasts to use D-amino acids for growth (Yurimoto H eta/. 2000). As demonstrated

above, DAAO from several different species have been characterized and shown to

differ slightly in substrate affinities (Gabler M et al. 2000), but in general they display

broad substrate specificity, oxidatively deaminating all D-amino acids (except D-

glutamate and D-aspartate for EC 1.4.3.3. calss DAAO enzymes; Pilone MS 2000).

DAAO activity is found in many eukaryotes (Pilone MS 2000), but there is no report of

DAAO activity in plants. The low capacity for D-amino acid metabolism in plants has

major consequences for the way plants respond to D-amino acids.



In a preferred embodiment D-amino acid oxidase expressed form the DNA-construct of

the invention has preferably enzymatic activity against at least one of the amino acids

selected from the group consisting of D-alanine, D-serine, D-isoleucine, D-valine, and

derivatives thereof.

Suitable D-amino acid oxidases also include fragments, mutants, derivatives, variants

and alleles of the polypeptides exemplified above. Suitable fragments, mutants, deriva¬

tives, variants and alleles are those which retain the functional characteristics of the D-

amino acid oxidase 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 substitu¬

tion 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.

The D-amino acid oxidase of the invention may be expressed in the cytosol, perox¬

isome, or other intracellular compartment of the plant cell. Compartmentalisation of the

D-amino acid metabolising polypeptide 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 gen¬

erally accumulate in the cytosol. The localisation of expressed DAAO in the perox¬

isome produces H2O2 that can be metabolised by the H2O2 degrading enzyme catalase.

Higher levels of D-amino acids may therefore be required to produce damaging levels

of H2O2. Expression of DAAO in the cytosol, where levels of catalase activity are lower,

reduces the amount of D-amino acid required to produce damaging levels H2O2. Ex¬

pression of DAAO in the cytosol may be achieved by removing peroxisome targeting

signals or transit peptides from the encoding nucleic acid sequence. For example, the

dao1 gene (EC: 1.4.3.3: GenBank Acc.No. U60066) from the yeast Rhodotorula

gracilis (Rhodosporidium toruloides) was cloned as described (WO 03/060133). The

last nine nucleotides encode the signal peptide SKL, which guides the protein to the

peroxisome sub-cellular organelle. Although no significant differences were observed

between cytosolic and peroxisomal expressed DAAO, the peroxisomal construction

was found to be marginally more effective than the cytosolic version in respect of inhib¬

iting the germination of the DAAO transgenic plants on 30 mM D-Asn. However, both



constructs are inhibited significantly more than the wild-type and may thus be used for

conditional counter-selection.

Addtional modifications and use of dual-function marker are disclosed in EP Appl. No.

04006358.8 (SweTree Technologies A B & BASF; IMPROVED CONSTRUCTS FOR

MARKER EXCISION BASED ON DUAL-FUNCTION SELECTION MARKER) and addi

tional national and international applications claiming priority therefrom.

2.3.4. Expression of the marker gene and other sequences

The marker gene (or other sequences which can be expressed from one of the DNA

constructs of the invention) may be expressed by any promoter functional in plants.

These promoters include, but are not limited to, constitutive, inducible, temporally regu

lated, developmentally regulated, spatially-regulated, chemically regulated, stress-

responsive, tissue-specific, viral and synthetic promoters. The promoter may be a

gamma zein promoter, an oleosin ole16 promoter, a globulins promoter, an actin I pro

moter, an actin cl promoter, a sucrose synthetase promoter, an INOPS promoter, an

EXM5 promoter, a globulin2 promoter, a ύ-32, ADPG-pyrophosphorylase promoter, an

Ltpl promoter, an Ltp2 promoter, an oleosin ole17 promoter, an oleosin ole18 promoter,

an actin 2 promoter, a pollen-specific protein promoter, a pollen-specific pectate lyase

promoter, an anther-specific protein promoter, an anther-specific gene RTS2 promoter,

a pollen-specific gene promoter, a tapeturn-specific gene promoter, a tapeturn-specific

gene RAB24 promoter, an anthranilate synthase alpha subunit promoter, an alpha zein

promoter, an anthranilate synthase beta subunit promoter, a dihydrodipicolinate syn

thase promoter, a Thil promoter, an alcohol dehydrogenase promoter, a cab binding

protein promoter, an H3C4 promoter, a RUBISCO SS starch branching enzyme pro

moter, an ACCase promoter, an actin3 promoter, an actin7 promoter, a regulatory pro

tein GF14-12 promoter, a ribosomal protein L9 promoter, a cellulose biosynthetic en

zyme promoter, an S-adenosyl-L-homocysteine hydrolase promoter, a superoxide dis-

mutase promoter, a C-kinase receptor promoter, a phosphoglycerate mutase promoter,

a root-specific RCc3 mRNA promoter, a glucose-6 phosphate isomerase promoter, a

pyrophosphate-fructose 6-phosphatelphosphotransferase promoter, a ubiquitin pro

moter, a beta-ketoacyl-ACP synthase promoter, a 33 kDa photosystem 11 promoter,

an oxygen evolving protein promoter, a 69 kDa vacuolar ATPase subunit promoter, a

metallothionein-like protein promoter, a glyceraldehyde-3-phosphate dehydrogenase



promoter, an ABA- and ripening-inducible-like protein promoter, a phenylalanine am

monia lyase promoter, an adenosine triphosphatase S-adenosyl-L-homocysteine hy

drolase promoter, an ύ-tubulin promoter, a cab promoter, a PEPCase promoter, an R

gene promoter, a lectin promoter, a light harvesting complex promoter, a heat shock

protein promoter, a chalcone synthase promoter, a zein promoter, a globulin-1 pro

moter, an ABA promoter, an auxin-binding protein promoter, a UDP glucose flavonoid

glycosyl-transferase gene promoter, an NTI promoter, an actin promoter, an opaque 2

promoter, a b70 promoter, an oleosin promoter, a CaMV 35S promoter, a CaMV 34S

promoter, a CaMV 19S promoter, a histone promoter, a turgor-inducible promoter, a

pea small subunit RuBP carboxylase promoter, a Ti plasmid mannopine synthase pro

moter, a Ti plasmid nopaline synthase promoter, a petunia chalcone isomerase pro

moter, a bean glycine rich protein I promoter, a CaMV 35S transcript promoter, a po

tato patatin promoter, or a S-E9 small subunit RuBP carboxylase promoter.

3 . Assays of Transgene Expression

To confirm the presence of an exogenous DNA in regenerated plants, a variety of as

says may be performed. Such assays include, for example, molecular biological assays

such as Southern and Northern blotting and PCR; biochemical assays such as detect

ing the presence of a protein product, e.g., by immunological means (ELISAs and

Western blots) or by enzymatic function; plant part assays such as leaf or root assays;

and in some cases phenotype analysis of a whole regenerated plant. Additional assays

useful for determining the efficiency of transgene expression and promoter function

also include without limitation fluorescent in situ hybridization (FISH), direct DNA se

quencing, pulsed field gel electrophoresis (PFGE) analysis, single-stranded conforma-

tion analysis (SSCA), RNase protection assay, allele-specific oligonucleotide (ASO),

dot blot analysis, denaturing gradient gel electrophoresis, RT-PCR, quantitative RT-

PCR, RFLP and PCR-SSCP. Such assays are known to those of skill in the art (see

also above).

4 . Transformed (Transgenic) Plants of the Invention and Methods of Preparation

Monocot plant species may be transformed with the DNA construct of the present in

vention by various methods known in the art. Any plant tissue capable of subsequent

clonal propagation, whether by organogenesis or embryogenesis, may be transformed.

The term "organogenesis," as used herein, means a process by which shoots and



roots are developed sequentially from meristematic centers; the term "embryogenesis,"

as used herein, means a process by which shoots and roots develop together in a con

certed fashion (not sequentially), whether from somatic cells or gametes. The particular

tissue chosen will vary depending on the clonal propagation systems available for, and

best suited to, the particular species being transformed. Exemplary tissue targets in

clude leaf disks, pollen, embryos, cotyledons, hypocotyls, megagametophytes, callus

tissue, existing meristematic tissue {e.g., apical meristems, axillary buds, and root mer-

istems), and induced meristem tissue {e.g., cotyledon meristem and ultilane meristem).

Plants of the present invention may take a variety of forms. The plants may be chime

ras of transformed cells and non-transformed cells; the plants may be clonal transfor-

mants {e.g., all cells transformed to contain the expression cassette); the plants may

comprise grafts of transformed and untransformed tissues {e.g., a transformed root

stock grafted to an untransformed scion in citrus species). The transformed plants may

be propagated by a variety of means, such as by clonal propagation or classical breed

ing techniques. For example, first generation (or T1) transformed plants may be selfed

to give homozygous second generation (or T2) transformed plants, and the T2 plants

further propagated through classical breeding techniques. A dominant selectable

marker (such as npt II) can be associated with the expression cassette to assist in

breeding.

Thus, the present invention provides a transformed (transgenic) monocotyledonous

plants and monocotyledonous plant cell, in planta or ex planta, including a transformed

plastid or other organelle, e.g., nucleus, mitochondria or chloroplast. The present in-

vention may be used for transformation of any monocotyledonous plant species, includ

ing, but not limited to, cells from the plant species specified above in the DEFINITION

section. Preferably, transgenic plants of the present invention are crop plants and in

particular cereals (for example, corn, alfalfa, rice, barley, sorghum, wheat, millet etc.),

and even more preferably corn, wheat and rice. Other embodiments of the invention

are related to cells, cell cultures, tissues, parts (such as plants organs, leaves, roots,

etc.) and propagation material (such as seeds) of such monocotyledonous plants.

Transformation of monocotyledonous plants can be undertaken with a single DNA

molecule or multiple DNA molecules {i.e., co-transformation), and both these tech-



niques are suitable for use with the expression cassettes of the present invention. N u

merous transformation vectors are available for plant transformation, and the expres

sion cassettes of this invention can be used in conjunction with any such vectors. The

selection of vector will depend upon the preferred transformation technique and the

target species for transformation.

A variety of techniques are available and known to those skilled in the art for introduc

tion of constructs into a plant cell host. These techniques generally include transforma

tion with DNA employing A. tumefaciens or A. rhizogenes as the transforming agent,

liposomes, PEG precipitation, electroporation, DNA injection, direct DNA uptake, mi-

croprojectile bombardment, particle acceleration, and the like (see, for example, EP

295959 and EP 138341). However, cells other than plant cells may be transformed with

the expression cassettes of the invention. The general descriptions of plant expression

vectors and reporter genes, and Agrobacterium and Agrobacter/um-me ated gene

transfer, can be found in Gruber eta/. (1993).

Expression vectors containing genomic or synthetic fragments can be introduced into

protoplasts or into intact tissues or isolated cells. Preferably expression vectors are

introduced into intact tissue. General methods of culturing plant tissues are provided for

example by Maki eta/., (1993); and by Phillips eta/. (1988). Preferably, expression

vectors are introduced into maize or other plant tissues using a direct gene transfer

method such as microprojectile-mediated delivery, DNA injection, electroporation and

the like. More preferably expression vectors are introduced into plant tissues using the

microprojectile media delivery with the biolistic device. See, for example, Tomes et al.

( 1995). The vectors of the invention can not only be used for expression of structural

genes but may also be used in exon-trap cloning, or promoter trap procedures to detect

differential gene expression in varieties of tissues (Lindsey 1993; Auch & Reth 1990).

It is particularly preferred to use the binary type vectors of Ti and Ri plasmids of Agro-

bacterium spp. Ti-derived vectors transform a wide variety of higher plants, including

monocotyledonous and dicotyledonous plants, such as soybean, cotton, rape, tobacco,

and rice (Pacciotti 1985: Byrne 1987; Sukhapinda 1987; Lorz 1985; Potrykus, 1985;

Park 1985: Hiei 1994). The use of T-DNA to transform plant cells has received exten

sive study and is amply described (EP 120516; Hoekema, 1985; Knauf, 1983; and An



1985). For introduction into plants, the chimeric genes of the invention can be inserted

into binary vectors as described in the examples.

Other transformation methods are available to those skilled in the art, such as direct

uptake of foreign DNA constructs (see EP 295959), techniques of electroporation

(Fromm 1986) or high velocity ballistic bombardment with metal particles coated with

the nucleic acid constructs (Kline 1987, and US 4,945,050). Once transformed, the

cells can be regenerated by those skilled in the art.

Those skilled in the art will appreciate that the choice of method might depend on the

type of monocotyledonous plant targeted for transformation. Suitable methods of trans

forming plant cells include, but are not limited to, microinjection (Crossway 1986) , e lec

troporation (Riggs 1986), Agrobacterium-mediated transformation, direct gene transfer

(Paszkowski 1984), and ballistic particle acceleration using devices available from

Agracetus, Inc., Madison, Wis. And BioRad, Hercules, Calif (see, for example, US

4,945,050; and McCabe 1988). Also see, Datta 1990;(rice); Klein 1988 (maize); Klein

1988 (maize); Klein 1988 (maize); Fromm 1990 (maize); and Gordon-Kamm 1990

(maize); Koziel 1993 (maize); Shimamoto 1989 (rice); Christou 1991 (rice); European

Patent Application EP 0 332 581 (orchardgrass and other Pooideae); Vasil 1993

(wheat); Weeks 1993 (wheat), Li 1993 and Christou 1995 (rice); Osjoda 1996 (maize

via Agrobacterium tumefaciens), rice (Hiei 1994), and corn (Gordon-Kamm 1990;

Fromm 1990); all of which are herein incorporated by reference.

Agrobacterium tumefaciens cells containing a vector comprising an expression cas-

sette of the present invention, wherein the vector comprises a Ti plasmid, are useful in

methods of making transformed plants. Plant cells are infected with an Agrobacterium

tumefaciens as described above to produce a transformed plant cell, and then a plant

is regenerated from the transformed plant cell. Numerous Agrobacterium vector sys

tems useful in carrying out the present invention are known. Various Agrobacterium

strains can be employed, preferably disarmed Agrobacterium tumefaciens or

rhizogenes strains. In a preferred embodiment, Agrobacterium strains for use in the

practice of the invention include octopine strains, e.g., LBA4404 or agropine strains,

e.g., EHA101 or EHA105. Suitable strains of A. tumefaciens^ 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 \urx\eia-

ciens C58, a nopaline strain. Other suitable strains are A. tumefaciens C58C1 (Van

Larebeke 1974), A136 (Watson 1975) or LBA401 1 (Klapwijk 1980). In another pre-

ferred embodiment the soil-borne bacterium is a disarmed variant of Agrobacterium

rhizogenes strain K599 (NCPPB 2659). Preferably, these strains are comprising a d is

armed 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 Agrobacte

rium strain used to transform the plant tissue pre-cultured with the plant phenolic com-

pound contains a L,L-succinamopine type Ti-plasmid, preferably disarmed, such as

pEHA101 . In another preferred embodiment, the Agrobacterium strain used to trans

form the plant tissue pre-cultured with the plant phenolic compound contains an oc-

topine-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 de-

leted or inactivated (Jarschow 1991).

The method of the invention can also be used in combination with particular Agrobacte

rium strains, to further increase the transformation efficiency, such as Agrobacterium

strains wherein the vir gene expression and/or induction thereof is altered due to the

presence of mutant or chimeric virA or virG genes {e.g. Hansen 1994; Chen and Wi-

nans 1991 ; Scheeren-Groot, 1994). Preferred are further combinations of Agrobacte

rium 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 recombination

techniques, multiplied in E. coli, and introduced into Agrobacterium by e.g., electropo-

ration or other transformation techniques (Mozo & Hooykaas 1991 ) .

Agrobacterium is grown and used in a manner similar to that described in Ishida

( 1996). The vector comprising Agrobacterium strain may, for example, 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). Bacte

ria 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 target tissue {e.g., an immature embryo) by the Agrobacte-

rium may be carried out by merely contacting the target tissue with the Agrobacterium.

The concentration 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 - 10 1 1 , preferably 106 to 1010 , more preferably about

108 cells or cfu / ml is prepared and the target tissue is immersed in this suspension for

about 3 to 10 minutes. The resulting target tissue is then cultured on a solid medium for

several days together with the Agrobacterium.

Preferably, the bacterium is employed in concentration of 106 to 10 10 cfu/mL. In a pre

ferred embodiment for the co-cultivation step about 1 to 10 µl of a suspension of the

soil-borne bacterium {e.g., Agrobacteria) in the co-cultivation medium are directly ap

plied to each target tissue explant and air-dried. This is saving labor and time and is

reducing unintended Agrobacterium-me ated damage by excess Agrobacterium us

age.

For Agrobacterium treatment, the bacteria are resuspended in a plant compatible co-

cultivation medium. Supplementation of the co-culture medium with antioxidants {e.g.,

silver nitrate), phenol-absorbing compounds (like polyvinylpyrrolidone, Perl 1996) or

thiol compounds {e.g., dithiothreitol, L-cysteine, Olhoft 2001) which can decrease t is

sue necrosis due to plant defence responses (like phenolic oxidation) may further im-

prove the efficiency of Agrobacterium-me ated transformation. In another preferred

embodiment, the co-cultivation medium comprises at 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 mM and 1OmM of L-

Cysteine, 0.1 mM to 5 mM DTT, and/or 0.1 mM to 5 mM sodium thiolsulfate. Prefera-

bly, the medium employed during co-cultivation comprises from about 1 µM to about 10

µM of silver nitrate and from about 50 mg/L to about 1,000 mg/L of L-Cystein. This re

sults in a highly reduced vulnerability of the target tissue against Agrobacterium-

mediated damage (such as induced necrosis) and highly improves overall transforma

tion efficiency.



Various vector systems can be used in combination with Agrobacteria. Preferred are

binary vector systems. 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 vectors are derivatives of pBIN19 (Bevan 1984). Various

binary vectors are known, some of which are commercially available such as, for ex

ample, pBI1 0 1 .2 or pBIN19 (Clontech Laboratories, Inc. USA). Additional vectors were

improved with regard to size and handling {e.g. pPZP; Hajdukiewicz 1994). Improved

vector systems are described also in WO 02/00900.

Methods using either a form of direct gene transfer or Agrobacter/um-me aieύ transfer

usually, but not necessarily, are undertaken with a selectable marker, which may pro

vide resistance to an antibiotic {e.g., kanamycin, hygromycin or methotrexate) or a her

bicide {e.g., phosphinothricin). The choice of selectable marker for plant transformation

is not, however, critical to the invention.

For certain plant species, different antibiotic or herbicide selection markers may be

preferred. Selection markers used routinely in transformation include the nptll gene

which confers resistance to kanamycin and related antibiotics (Messing & Vierra, 1982;

Bevan 1983), the bar gene which confers resistance to the herbicide phosphinothricin

(White 1990, Spencer 1990), the hph gene which confers resistance to the antibiotic

hygromycin (Blochlinger & Diggelmann), and the dhfr gene, which confers resistance to

methotrexate (Bourouis 1983).

5 . Production and Characterization of Stably Transformed Plants

Transgenic plant cells are then placed in an appropriate selective medium for selection

of transgenic cells, which are then grown to callus. Shoots are grown from callus.

Plantlets are generated from the shoot by growing in rooting medium. The various con

structs normally will be joined to a marker for selection in plant cells. Conveniently, the

marker may be resistance to a biocide (particularly an antibiotic, such as kanamycin,

G418, bleomycin, hygromycin, chloramphenicol, herbicide, or the like). The particular

marker used will allow for selection of transformed cells as compared to cells lacking

the DNA, which has been introduced. Components of DNA constructs including t ran

scription cassettes of this invention may be prepared from sequences, which are native



(endogenous) or foreign (exogenous) to the host. By "foreign" it is meant that the se

quence is not found in the wild-type host into which the construct is introduced. Het

erologous constructs will contain at least one region, which is not native to the gene

from which the transcription-initiation-region is derived.

To confirm the presence of the transgenes in transgenic cells and plants, a variety of

assays may be performed. Such assays include, for example, "molecular biological"

assays well known to those of skill in the art, such as Southern and Northern blotting, in

situ hybridization and nucleic acid-based amplification methods such as PCR or RT-

PCR or TaqMan; "biochemical" assays, such as detecting the presence of a protein

product, e.g., by immunological means (ELISAs and Western blots) or by enzymatic

function; plant part assays, such as seed assays; and also, by analyzing the phenotype

of the whole regenerated plant, e.g., for disease or pest resistance.

DNA may be isolated from cell lines or any plant parts to determine the presence of the

preselected nucleic acid segment through the use of techniques well known to those

skilled in the art. Note that intact sequences will not always be present, presumably

due to rearrangement or deletion of sequences in the cell.

The presence of nucleic acid elements introduced through the methods of this inven-

tion may be determined by polymerase chain reaction (PCR). Using these technique

discreet fragments of nucleic acid are amplified and detected by gel electrophoresis.

This type of analysis permits one to determine whether a preselected nucleic acid

segment is present in a stable transformant, but does not prove integration of the intro

duced preselected nucleic acid segment into the host cell genome. In addition, it is not

possible using PCR techniques to determine whether transformants have exogenous

genes introduced into different sites in the, genome, i.e., whether transformants are of

independent origin. It is contemplated that using PCR techniques it would be possible

to clone fragments of the host genomic DNA adjacent to an introduced preselected

DNA segment.

Positive proof of DNA integration into the host genome and the independent identities

of transformants may be determined using the technique of Southern hybridization.

Using this technique specific DNA sequences that were introduced into the host ge

nome and flanking host DNA sequences can be identified. Hence the Southern hybridi

zation pattern of a given transformant serves as an identifying characteristic of that



transformant. In addition it is possible through Southern hybridization to demonstrate

the presence of introduced preselected DNA segments in high molecular weight DNA,

i.e., confirm that the introduced preselected, DNA segment has been integrated into the

host cell genome. The technique of Southern hybridization provides information that is

obtained using PCR, e.g., the presence of a preselected DNA segment, but also dem

onstrates integration into the genome and characterizes each individual transformant.

It is contemplated that using the techniques of dot or slot blot hybridization which are

modifications of Southern hybridization techniques one could obtain the same informa-

tion that is derived from PCR, e.g., the presence of a preselected DNA segment.

Both PCR and Southern hybridization techniques can be used to demonstrate trans

mission of a preselected DNA segment to progeny. In most instances the characteristic

Southern hybridization pattern for a given transformant will segregate in progeny as

one or more Mendelian genes (Spencer 1992); Laursen 1994) indicating stable inheri

tance of the gene. The non-chimeric nature of the callus and the parental transformants

(Ro) was suggested by germline transmission and the identical Southern blot hybridiza

tion patterns and intensities of the transforming DNA in callus, Ro plants and Ri prog

eny that segregated for the transformed gene.

Whereas DNA analysis techniques may be conducted using DNA isolated from any

part of a plant, RNA may only be expressed in particular cells or tissue types and

hence it will be necessary to prepare RNA for analysis from these tissues. PCR tech

niques may also be used for detection and quantitation of RNA produced from intro-

duced preselected DNA segments. In this application of PCR it is first necessary to

reverse transcribe RNA into DNA, using enzymes such as reverse transcriptase, and

then through the use of conventional PCR techniques amplify the DNA. In most in

stances PCR techniques, while useful, will not demonstrate integrity of the RNA prod

uct. Further information about the nature of the RNA product may be obtained by

Northern blotting. This technique will demonstrate the presence of an RNA species and

give information about the integrity of that RNA. The presence or absence of an RNA

species can also be determined using dot or slot blot Northern hybridizations. These

techniques are modifications of Northern blotting and will only demonstrate the pres

ence or absence of an RNA species.



While Southern blotting and PCR may be used to detect the preselected DNA segment

in question, they do not provide information as to whether the preselected DNA seg

ment is being expressed. Expression may be evaluated by specifically identifying the

protein products of the introduced preselected DNA segments or evaluating the pheno-

typic changes brought about by their expression.

Assays for the production and identification of specific proteins may make use of physi

cal-chemical, structural, functional, or other properties of the proteins. Unique physical-

chemical or structural properties allow the proteins to be separated and identified by

electrophoretic procedures, such as native or denaturing gel electrophoresis or isoelec

tric focusing, or by chromatographic techniques such as ion exchange or gel exclusion

chromatography. The unique structures of individual proteins offer opportunities for use

of specific antibodies to detect their presence in formats such as an ELISA assay.

Combinations of approaches may be employed with even greater specificity such as

Western blotting in which antibodies are used to locate individual gene products that

have been separated by electrophoretic techniques. Additional techniques may be em

ployed to absolutely confirm the identity of the product of interest such as evaluation by

amino acid sequencing following purification. Although these are among the most

commonly employed, other procedures may be additionally used.

Assay procedures may also be used to identify the expression of proteins by their func

tionality, especially the ability of enzymes to catalyze specific chemical reactions involv

ing specific substrates and products. These reactions may be followed by providing

and quantifying the loss of substrates or the generation of products of the reactions by

physical or chemical procedures. Examples are as varied as the enzyme to be ana

lyzed.

Very frequently the expression of a gene product is determined by evaluating the phe-

notypic results of its expression. These assays also may take many forms including but

not limited to analyzing changes in the chemical composition, morphology, or physio

logical properties of the plant. Morphological changes may include greater stature or

thicker stalks. Most often changes in response of plants or plant parts to imposed

treatments are evaluated under carefully controlled conditions termed bioassays. Two



or more generations can be grown to ensure that tissue-preferred expression of the

desired phenotypic characteristic under conditions of interest is stably maintained and

inherited.

6 . Uses of Transgenic Plants

Once an expression cassette of the invention has been transformed into a particular

plant species, it may be propagated in that species or moved into other varieties of the

same species, particularly including commercial varieties, using traditional breeding

techniques. Particularly preferred plants of the invention include the agronomically use-

ful plants or agronomically important crops, in particular the cereal plants listed above,

in particular, if said plants are monocotyl. The genetic properties engineered into the

transgenic seeds and plants described above are passed on by sexual reproduction

and can thus be maintained and propagated in progeny plants. The present invention

also relates to a transgenic plant cell, tissue, organ, seed or plant part obtained from

the transgenic plant. Also included within the invention are transgenic descendants of

the plant as well as transgenic plant cells, tissues, organs, seeds and plant parts o b

tained from the descendants.

Preferably, the expression cassette in the transgenic plant is sexually transmitted. In

one preferred embodiment, the coding sequence is sexually transmitted through a

complete normal sexual cycle of the R O plant to the R 1 generation. Additionally pre

ferred, the expression cassette is expressed in the cells, tissues, seeds or plant of a

transgenic plant in an amount that is different than the amount in the cells, tissues,

seeds or plant of a plant, which only differs in that the expression cassette is absent.

The transgenic plants produced herein are thus expected to be useful for a variety of

commercial and research purposes. Transgenic plants can be created for use in tradi

tional agriculture to possess traits beneficial to the grower {e.g., agronomic traits such

as resistance to water deficit, pest resistance, or increased yield), beneficial to the con

sumer of the grain harvested from the plant {e.g., improved nutritive content in human

food or animal feed; increased vitamin, amino acid, and antioxidant content; the pro

duction of antibodies (passive immunization) and nutriceuticals), or beneficial to the

food processor {e.g., improved processing traits). In such uses, the plants are generally

grown for the use of their grain in human or animal foods. Additionally, the use of em

bryo-specific promoters in transgenic plants can provide beneficial traits that are local-



ized in the consumable (by animals and humans) seeds of plants such as, but not ex

cluding others, flour, cernels, nuts or seed oil. However, other parts of the plants, in

cluding stalks, husks, vegetative parts, and the like, may also have utility, including use

as part of animal silage or for ornamental purposes. Often, chemical constituents {e.g.,

oils or starches) of maize and other crops are extracted for foods or industrial use and

transgenic plants may be created which have enhanced or modified levels of such

components.

Transgenic plants may also find use in the commercial manufacture of proteins or other

molecules, where the molecule of interest is extracted or purified from plant parts,

seeds, and the like. Cells or tissue from the plants may also be cultured, grown in vitro,

or fermented to manufacture such molecules. The transgenic plants may also be used

in commercial breeding programs, or may be crossed or bred to plants of related crop

species. Improvements encoded by the expression cassette may be transferred, e.g.,

from maize cells to cells of other species, e.g., by protoplast fusion.

The transgenic plants may have many uses in research or breeding, including creation

of new mutant plants through insertional mutagenesis, in order to identify beneficial

mutants that might later be created by traditional mutation and selection. An example

would be the introduction of a recombinant DNA sequence encoding a transposable

element that may be used for generating genetic variation. The methods of the inven

tion may also be used to create plants having unique "signature sequences" or other

marker sequences which can be used to identify proprietary lines or varieties.

Thus, the transgenic plants and seeds according to the invention can be used in plant

breeding, which aims at the development of plants with improved properties conferred

by the expression cassette, such as tolerance of drought, disease, or other stresses.

The various breeding steps are characterized by well-defined human intervention such

as selecting the lines to be crossed, directing pollination of the parental lines, or select-

ing appropriate descendant plants. Depending on the desired properties different

breeding measures are taken. The relevant techniques are well known in the art and

include but are not limited to hybridization, inbreeding, backcross breeding, multilane

breeding, variety blend, interspecific hybridization, aneuploid techniques, etc. Hybridi

zation techniques also include the sterilization of plants to yield male or female sterile



plants by mechanical, chemical or biochemical means. Cross-pollination of a male ster

ile plant with pollen of a different line assures that the genome of the male sterile but

female fertile plant will uniformly obtain properties of both parental lines. Thus, the

transgenic seeds and plants according to the invention can be used for the breeding of

improved plant lines, which for example increase the effectiveness of conventional

methods such as herbicide or pesticide treatment or allow dispensing with said meth

ods due to their modified genetic properties. Alternatively new crops with improved

stress tolerance can be obtained which, due to their optimized genetic "equipment",

yield harvested product of better quality than products, which were not able to tolerate

comparable adverse developmental conditions.

Accordingly, the present invention relates in a further embodiment to the use of the

nucleic acid molecule of the present application for the expressing of a gene of interest

preferentially or specifically in embryonic tissue or cells.

Further, in another embodiment, the present invention relates to the use of the nucleic

acid molecule of the invention for increasing the transcription of a nucleic acid molecule

in a plant under stress conditions.

In another embodiment, the present invention relates to a method for producing a plant

with increased yield, and/or increased stress tolerance, and/or increased nutritional

quality, and/or increased or modified oil content of a seed or sprout to the plant,

wherein the method comprises the steps of

A) introducing into the plant the nucleic acid molecule of the present invention, the

expression cassette of the present invention, or the expression vector of the

present invention, wherein the nucleic acid molecule is operably linked to at

least one nucleic acid molecule which sequence is heterologous in relation to

said first or said second nucleic acid sequence and is capable to confer to the

plant increased yield, and/or increased stress tolerance, increased nutritional

quality, and/or increased or modified oil content to the plant; and

B) selecting transgenic plants, wherein the plants have increased yield and/or in

creased stress tolerance under stress conditions, and/or increased nutritional



quality and/or increased or modified oil content of a seed or a sprout of the

plants, as compared to the wild type or null segregant plants.

Sequences

SEQ ID NO: 1 Nucleic acid sequence encoding the transcription regulating nu

cleotide sequence of Arabidopsis thaliana Cor78 gene

SEQ ID NO: 2 Nucleic acid sequence of pBPSMM368 binary vector

SEQ ID NO: 3 Nucleic acid sequence encoding Os.BPSI. 1 intron

SEQ ID NO: 4 Nucleic acid sequence encoding Zm.ubiquitin intron

SEQ ID NO: 5 Cor78 promoter forward primer

5'-gcaagaatct caaacacgga gatctca-3'

SEQ ID NO: 6 Cor78 promoter reverse primer

5'-atttgtgagt aaaacagagg agggtctca-3'

SEQ ID NO: 7 BPSI. 1-5' primer

5'-cccgggcaccctgcggagggtaagatccgatcacc-3'

SEQ ID NO: 8 BPSI. 1-3' primer

5'-cggaccggtacatcttgcatctgcatgtac-3'

SEQ ID NO:9 CCAF/CCA1 .01 motif located from position 4-18 of At.cor78

gccgcaagaa tctca

SEQ ID NOs: 9-138 as described in Table 9

SEQ ID NOs: 139-144 as described in Figures 4a to 4c and 5



EXAMPLES

and General Methods

Unless indicated otherwise, chemicals and reagents in the Examples were obtained

from Sigma Chemical Company (St. Louis, MO), restriction endonucleases were from

New England Biolabs (Beverly, MA) or Roche (Indianapolis, IN), oligonucleotides were

synthesized by MWG Biotech Inc. (High Point, NC), and other modifying enzymes or

kits regarding biochemicals and molecular biological assays were from Clontech (Palo

Alto, CA), Pharmacia Biotech (Piscataway, NJ), Promega Corporation (Madison, Wl),

or Stratagene (La JoIIa, CA). Materials for cell culture media were obtained from

Gibco/BRL (Gaithersburg, MD) or DIFCO (Detroit, Ml). The cloning steps carried out for

the purposes of the present invention, such as, for example, restriction cleavages, aga

rose gel electrophoresis, purification of DNA fragments, transfer of nucleic acids to n i

trocellulose and nylon membranes, linking DNA fragments, transformation of E. coli

cells, growing bacteria, multiplying phages and sequence analysis of recombinant

DNA, are carried out as described by Sambrook (1989). The sequencing of recombi

nant DNA molecules is carried out using ABI laser fluorescence DNA sequencer follow

ing the method of Sanger (Sanger 1977).

For generating transgenic plants Agrobacterium tumefaciens (strain C58C1 [pMP90]) is

transformed with the various promoter::GUS vector constructs (see below). Resulting

Agrobacterium strains are subsequently employed to obtain transgenic plants. For this

purpose an isolated transformed Agrobacterium colony is incubated in 4 mL culture

(Medium: YEB medium with 50 µg/mL Kanamycin and 25 µg/mL Rifampicin) over night

at 28°C. With this culture a 400 ml culture of the same medium is inoculated and incu-

bated over night (28 0C, 220 rpm). The bacteria are precipitated by centrifugation

(GSA-Rotor, 8000 U/min, 20 min) and the pellet is resuspended in infiltration medium

(1/2 MS-Medium; 0,5 g/L MES, pH 5,8; 50 g/L sucrose). The suspension is placed in a

plant box (Duchefa) and 100 mL SILVET L-77 (Osi Special-ties Inc., Cat. P030196) are

added to a final concentration of 0.02%. The plant box with 8 to 12 Plants is placed into

a desiccator for 10 to 15 min. under vacuum with subsequent, spontaneous ventilation

(expansion). This process is repeated 2-3 times. Thereafter all plants are transferred

into pods with wet-soil and grown under long daytime conditions (16 h light; day tem

perature 22-24°C, night temperature 19°C; 65% relative humidity). Seeds are har

vested after 6 weeks.



EXAMPLE 1. Vector construction

Arabidopsis cor7 promoter constructs were made containing with (pBPSMM368; Fig

ure 1) or without BPSI. 1 intron (pBPSMM250) (Table 6). The BPSI. 1 intron was re

placed with maize ubiquitin intron for the purpose of comparison (pBPSMM346). The

intron-mediated enhancement (IME)-conferring intron such as BPSI. 1 and Zm. ubiquitin

intron were subcloned into the 5' untranslated region (UTR) of the expression cassette.

Table 6 . GUS chimeric constructs

EXAMPLE 2 . Monocotyledonous plant transformation

The Agrobacter/um-me aieύ plant transformation using standard transformation and

regeneration techniques may also be carried out for the purpose of transforming crop

plants (Gelvin 1995; Glick 1993).

The transformation of maize or other monocotyledonous plants can be carried out us

ing, for example, a technique described in US 5,591 ,61 6 .

The transformation of plants using particle bombardment, polyethylene glycol-mediated

DNA uptake or via the silicon carbonate fiber technique is described, for example, by

Freeling & Walbot 1993.

EXAMPLE 3 . Detection of reporter gene expression

To identify the characteristics of the promoter and the essential elements of the latter,

which bring about its tissue specificity, it is necessary to place the promoter itself and

various fragments thereof before what is known as a reporter gene, which allows the

determination of the expression activity. An example, which may be mentioned, is the

bacterial β-glucuronidase (Jefferson 1987a). The β-glucuronidase activity can be de

tected in-planta by means of a chromogenic substrate such as 5-bromo-4-chloro-3-



indolyl- β-D-glucuronic acid in an activity staining (Jefferson 1987b). To study the tissue

specificity, the plant tissue is cut, embedded, stained and analyzed as described (for

example Baumlein 1991 b).

A second assay permits the quantitative determination of the GUS activity in the tissue

studied. For the quantitative activity determination, MUG (4-methylumbelliferyl- β-D-

glucuronide) is used as substrate for β-glucuronidase, and the MUG is cleaved into MU

(methylumbelliferone) and glucuronic acid.

To do this, a protein extract of the desired tissue is first prepared and the substrate of

GUS is then added to the extract. The substrate can be measured fluorimetrically only

after the GUS has been reacted. Samples which are subsequently measured in a

fluorimeter are taken at various points in time. This assay may be carried out for exam

ple with linseed embryos at various developmental stages (21 , 24 or 30 days after

flowering). To this end, in each case one embryo is ground into a powder in a 2 ml_

reaction vessel in liquid nitrogen with the aid of a vibration grinding mill (Type: Retsch

MM 2000). After addition of 100 µL of EGL buffer (0.1 M KPO4, pH 7.8; 1 mM EDTA;

5% glycerol; 1 M DTT), the mixture is centrifuged for 10 minutes at 25°C and 14,000 x

g . The supernatant is removed and recentrifuged. Again, the supernatant is transferred

to a new reaction vessel and kept on ice until further use. 25 µL of this protein extract

are treated with 65 µL of EGL buffer (without DTT) and employed in the GUS assay. 10

µL of the substrate MUG (10 mM 4-methylumbelliferyl- β-D-glucuronide) are now

added, the mixture is vortexed, and 30 µL are removed immediately as zero value and

treated with 470 µL of Stop buffer (0.2 M Na2COs). This procedure is repeated for all of

the samples at an interval of 30 seconds. The samples taken were stored in the refrig

erator until measured. Further readings were taken after 1 h and after 2 h . A calibration

series which contained concentrations from 0.1 mM to 10 mM MU (4-

methylumbelliferone) was established for the fluorimetric measurement. If the sample

values were outside these concentrations, less protein extract was employed (10 µL, 1

µL, 1 µL from a 1:10 dilution), and shorter intervals were measured (0 h , 30 min, 1 h).

The measurement was carried out at an excitation of 365 nm and an emission of 445

nm in a Fluoroscan I l apparatus (Labsystem). As an alternative, the substrate cleavage

can be monitored fluorimetrically under alkaline conditions (excitation at 365 nm,

measurement of the emission at 455 nm; Spectra Fluorimeter BMG Polarstar+) as de-



scribed in Bustos (1989). All the samples were subjected to a protein concentration

determination by the method of Bradford (1976), thus allowing an identification of the

promoter activity and promoter strength in various tissues and plants.

EXAMPLE 4 . Embryo-specific expression in maize

Construct pBPSMM368 was highly expressed in the embryo, especially in scutellum,

while staining in the endosperm was almost undetectable using GUS histochemical

assays (Figure 2). This strong embryo-specific expression was maintained during ger

mination. Construct pBPSMM368 was not expressed in roots or leaves. However this

embryo-specific expression was not detected in combination of At.cor78 promoter with

Zm.ubiquitin intron construct (pBPSMM346). The transgenic maize plants transformed

with pBPS346 showed constitutive, but overall very weak expression. Construct

pBPSMM250 was not expressed in any tissue analyzed.

Table 7 . GUS expression controlled by monocot constitutive promoter candidates



1Positive controls as a constitutive promoter (pBPSMM232=Zm.ubiquitin pro-

moter::Zm.ubiquitin intron::GUS (PIV2)::NOS terminator; a range of GUS expression

levels measured by histochemical assay (- to +++++), ND: not determined yet,

^Transgenic plants containing pBPSMM368 showed weak expression in the first inter-

nodem node area of embryo axis, but almost no expression in other regions of the em

bryo axis, which comprised of primary root, plumule, stem, leaves, and coleoptile. 3

Three days (72 hrs) after imbibition (germination), the transgenic plants containing

pBPSMM346 showed expression in radicle and the whole seed, but those containing

pBPSMM368 showed expression restricted mostly in scutellum

EXAMPLE 5 . Drought-inducible expression

The transgenic maize plants containing pBPSMM250 (without intron-mediated e n

hancement conferring intron) did not show inducible expression under the drought

stress (at 5 leaf stage, 4 , 8 , 13 days after withholding water). In order to enhance the

expression of transgene, Zm.ubiquitin intron was added into the 5'UTR of At.cor78

promoter construct to generate pBPSMM346 construct. The transgenic maize plants

containing pBPSMM346 at 5-leaf stage were used for drought stress. Drought-

inducible expression was detected in T O plants using quantitative RT-PCR. Based on

this sensitive assay, approximately 3 .5-fold induction was detected under the drought

stress. Induction was up to 3 .5-fold as determined with quantitative PCR (Figure 3).



EXAMPLE 6 . Utilization of transgenic crops

A reporter gene in pBPSMM368 can be replaced with a gene of interest to express in

an embryo-specific manner and confer tolerance to biotic and abiotic environmental

stresses. The chimeric constructs are transformed into monocotyledonous plants.

Standard methods for transformation in the art can be used if required. Transformed

plants are regenerated using known methods. Various phenotypes are measured to

determine improvement of biomass, yield, fatty acid composition, high oil, disease to l

erance, or any other phenotypes that link yield enhancement or stability. Gene expres-

sion levels are determined at different stages of development and at different genera

tions (To to T 2 plants or further generations). Results of the evaluation in plants lead to

determine appropriate genes in combination with this promoter to increase yield, im

prove disease tolerance, and/or improve abiotic stress tolerance.

EXAMPLE 7 . Expression of selectable marker gene in monocotyledonous plants

A reporter gene in pBPSMM368 can be replaced with a selectable marker gene and

transformed into monocotyledonous plants such as maize, wheat, rice, barley, rye, m il

let, sorghum, ryegrass or coix, triticale sugar cane, or oats, but is not restricted to these

plant species. Standard methods for transformation in the art can be used if required.

Transformed plants are selected under the selection agent of interest and regenerated

using known methods. Selection scheme is examined at early developmental stages of

tissues or tissue culture cells. Gene expression levels can be determined at different

stages of development and at different generations (To to T 2 plants or further genera

tions). Results of the evaluation in plants lead to determine appropriate genes in com-

bination with this promoter.

EXAMPLE 8 . Deletion analysis

The cloning method is described by Rouster (1997) and Sambrook (1989). Detailed

mapping of these promoters {i.e., narrowing down of the nucleic acid segments rele-

vant for its specificity) is performed by generating various reporter gene expression

vectors which firstly contain the entire promoter region and secondly various fragments

thereof. Firstly, the entire promoter region or fragments thereof are cloned into a binary

vector containing GUS or other reporter gene. To this end, fragments are employed



firstly, which are obtained by using restriction enzymes for the internal restriction cleav

age sites in the full-length promoter sequence. Secondly, PCR fragments are employed

which are provided with cleavage sites introduced by primers. The chimeric GUS con

structs containing various deleted promoters are transformed into Zea mays, Arabidop-

sis and other plant species using transformation methods in the current art. Promoter

activity is analyzed by using GUS histochemical assays or other appropriate methods

in various tissues and organs at the different developmental stages. Modification of the

promoter sequences can eliminate leakiness based on our needs.

EXAMPLE 9 . In vivo mutagenesis

The skilled worker is familiar with a variety of methods for the modification of the pro

moter activity or identification of important promoter elements. One of these methods is

based on random mutation followed by testing with reporter genes as described above.

The in vivo mutagenesis of microorganisms can be achieved by passage of the plas-

mid (or of another vector) DNA through E. co/ior other microorganisms (for example

Bacillus spp. or yeasts such as Saccharomyces cerevisiae) in which the ability of main

taining the integrity of the genetic information is disrupted. Conventional mutator strains

have mutations in the genes for the DNA repair system (for example mutHLS, mutD,

mutT and the like; for reference, see Rupp 1996). The skilled worker is familiar with

these strains. The use of these strains is illustrated for example by Greener (1994).

The transfer of mutated DNA molecules into plants is preferably effected after selection

and testing of the microoganisms. Transgenic plants are generated and analyzed as

described above.

EXAMPLE 10. Vector Construction for Overexpression and Gene "Knockout" Ex¬

periments

10.1 Overexpression

Vectors used for expression of full-length "candidate genes" of interest in plants (over-

expression) are designed to overexpress the protein of interest and are of two general

types, biolistic and binary, depending on the plant transformation method to be used.

For biolistic transformation (biolistic vectors), the requirements are as follows:



1. a backbone with a bacterial selectable marker (typically, an antibiotic resistance

gene) and origin of replication functional in Escherichia coli {E. coli ; e.g., CoIEI),

and

2 . a plant-specific portion consisting of:

a . a gene expression cassette consisting of a promoter {e.g. ZmUBIint MOD), the

gene of interest (typically, a full-length cDNA) and a transcriptional terminator

{e.g., Agrobacterium tumefaciens nos terminator);

b. a plant selectable marker cassette, consisting of a suitable promoter, selectable

marker gene {e.g., D-amino acid oxidase; daof) and transcriptional terminator

(eg. nos terminator).

Vectors designed for transformation by Agrobacterium tumefaciens {A. tumefaciens;

binary vectors) consist of:

1. a backbone with a bacterial selectable marker functional in both E. co/i and A. tume-

faciens {e.g., spectinomycin resistance mediated by the aadA gene) and two origins

of replication, functional in each of aforementioned bacterial hosts, plus the A. tume

faciens virG gene;

2 . a plant-specific portion as described for biolistic vectors above, except in this in

stance this portion is flanked by A. tumefaciens right and left border sequences

which mediate transfer of the DNA flanked by these two sequences to the plant.

10.2 Gene Silencing Vectors

Vectors designed for reducing or abolishing expression of a single gene or of a family

or related genes (gene silencing vectors) are also of two general types corresponding

to the methodology used to downregulate gene expression: antisense or double-

stranded RNA interference (dsRNAi).

(a) Anti-sense

For antisense vectors, a full-length or partial gene fragment (typically, a portion of the

cDNA) can be used in the same vectors described for full-length expression, as part of

the gene expression cassette. For antisense-mediated down-regulation of gene ex

pression, the coding region of the gene or gene fragment will be in the opposite orien-



tation relative to the promoter; thus, mRNA will be made from the non-coding (an-

tisense) strand in planta.

(b) dsRNAi

5 For dsRNAi vectors, a partial gene fragment (typically, 300 to 500 base pairs long) is

used in the gene expression cassette, and is expressed in both the sense and an-

tisense orientations, separated by a spacer region (typically, a plant intron, e.g. the

OsSHI intron 1, or a selectable marker, e.g. conferring kanamycin resistance). Vectors

of this type are designed to form a double-stranded mRNA stem, resulting from the

10 basepairing of the two complementary gene fragments in planta.

Biolistic or binary vectors designed for overexpression or knockout can vary in a num

ber of different ways, including e.g. the selectable markers used in plant and bacteria,

the transcriptional terminators used in the gene expression and plant selectable marker

15 cassettes, and the methodologies used for cloning in gene or gene fragments of inte r

est (typically, conventional restriction enzyme-mediated or Gateway™ recombinase-

based cloning).

EXAMPLE 11. Putative transcription factor binding site Analysis for At.Cor78 pro-

20 moter (SEQ ID NO: 1)

Based on the below given Genomatixs results potential TATA box could be located in

from base pair 790 to 804 of SEQ ID NO: 1.

Table 8 clusters of promoter elements identified in the At.cor78 promoter

25 as described by SEQ ID NO: 1.

Position
Further Infαrma- Core ai Se ue e

Family/matrix Opt. tm m tr
tiør* " sim. (red: ci-vaSu© > 60

capitals: core sequence)

AG-motif binding
P$AGP1/AGP1 .01 0.91 18 - 28 (+) 1.000 0.913 ggaGATCtcaa

protein 1

P$MYBL/MYBPH3.02 Myb-l ike protein of 0.76 55 - 7 1 (-) 0.817 0.847 gtaagtTTGTtttgagt



iPetunia hybrida

IAGL15, Arabidop-

isis MADS-domain
iP$MADS/AGL15.01 0.79 66 - 86 |(+) 0.775 iθ.792 actTACGaaatttaggtagaa

!protein AGA-

iMOUS-like 15

IAGL15, Arabidop-

isis MADS-domain 89 -
iP$MADS/AGL15.01 0.79 !(-) 0.775 10.81 1 aatTACAatataatgtatata

iprotein AGA- 109

!MOUS-like 15

IAGL15, Arabidop-

isis MADS-domain 90 -
iP$MADS/AGL15.01 0.79 0.775 iθ.823 ataTACAttatattgtaattt

iprotein AGA- 110
K+)

!MOUS-like 15

iMyb-like protein of 110 -
iP$MYBL/MYBPH3.02 0.76 0.817 10.799 aacattTTGTtacaaaa

iPetunia hybrida 126
K-)

iSoybean embryo 123 -
iP$SEF4/SEF4.01 0.98 1.000 iθ.997 tgTTTTtatta

ifactor 4 133
K+)

iSunflower ho-

imeodomain leu- 127 -
!P$AHBP/HAHB4.01 0.87 1.000 10.923 tttattATTAt

icine-zipper protein 137
K+)

!Hahb-4

iSunflower ho-

imeodomain leu- 130 -
iP$AHBP/HAHB4.01 0.87

icine-zipper protein 140
K+) 1.000 iθ.923 attattATTAt

iHahb-4

147 -
|P$GTBX/SBF1 .01 iSBF-1 0.87

163
K+) 1.000 iθ.894 ttactggTTAAattaaa

iCis-element in the

iGAPDH promoters 161 -
iP$GAPB/GAP.01 0.88

iconferring light 175
K+) 1.000 10.950 aaaaATGAatagaaa

iinducibility

iP$DOFF/PBOX.01 iProlamin box, 0.75 166 - i(+) 1.000 10.789 tgaatagaAAAGgtgaa



iconserved in ce- 182

ireal seed storage

iprotein gene pro-

imoters

il-Box in rbcS

igenes and other 167 -
!P$I BOX/I BOX.01 0.81

Night regulated 183
K+) 0.750 10.817 gaataGAAAaggtgaat

igenes

iNodulin consen- 172 -
|P$NCS1/NCS1 .01 0.85 1.00O iO.856 gAAAAggtgaa

isus sequence 1 182
K+)

195 -
jP$OCSE/OCSL01 iOCS-like elements 0.69 0.769 iθ.7O4 agaagaaaatgtttACCTcct

215
!(-)

200 -

210 !(-) 0.878 iθ.853 aAAATgtttac

209 -
0.91 1 ttcttctATTTtttcatattt

229
K+) 1.000 1

iCis-element in the

iGAPDH promoters 215 -
iP$GAPB/GAP.01 0.88 !(-) 1.000 10.892 aaatATGAaaaaata

iconferring light 229

iinducibility

iMybSti (Myb So-

ilanum tuberosum 226 -
|P$MYBS/MYBST1 .01 0.90 atttATCCtgaaaat

i1) with a single 242
K-) 1.000 iθ.945 ta

imyb repeat

iClass I GATA fac- 229 -
iP$IBOX/GATA.01 0.93

itors 245
K+) 1.000 iθ.956 ttcagGATAaattattg

iArabidopsis
236 -

|P$AHBP/ATHB1 .01 ithaliana homeo 0.90
246

K+) 1.000 iθ.989 taaATTAttgt

ibox protein 1

iHDZip class I pro- 236 -
iP$AHBP/ATHB5.01 0.89 i(-) 0.829 iθ.940 acaATAAttta

itein ATHB 246

iP$GTBX/GT3A.O1 iTrihelix DNA- 0.83 239 - !(-) 0.750 iθ.839 taaactTTTAcaataat



ibinding factor GT- 255

!3a

iNodulin consen- 246-
jP$NCS1/NCS1 .01 0.85

i(+ ) 1.000 10.898 tAAAAgtttac
isus sequence 1 256

iGAAA motif in-

ivolved in pollen 253-
iP$PSRE/GAAA.O1 0.83 1.000 iθ.836 aaatgGAAAtcttgtaa

ispecific transcrip
!(-)

269

tional activation

iS1 F, site 1 binding
255-

!P$GTBX/S1 F.O1 ifactor of spinach 0.79 1.000 iθ.794 tcaaATGGaaatcttgt
271

!(-)

irps1 promoter

!WRKY plant spe-

icific zinc-finger-

itype factor associ- 263-
iP$WBXF/WRKY.O1 0.92

iated with patho- 279
i(+ ) 1.000 iθ.953 tccatTTGActagtgta

igen defence, W

ibox

iMYB protein from 279-
iP$MYBS/TAMYB80.01 0.83 1.000 iθ.980 gagaATATtcctcattt

iwheat 295
!(-)

iMYB protein from 284-
iP$MYBS/TAMYB80.01 0.83 1.000 10.941 aggaATATtctctagta

iwheat 300
K+)

iSunflower ho-

imeodomain leu- 300 -
iP$AHBP/HAHB4.01 0.87 00 iθ.920 aagatcATTAt

icine-zipper protein 310
K+) 1.0

lHahb-4

iMotif involved in

icarotenoid and

tocopherol biosyn-
312 -

iP$LREM/ATCTA.01 ithesis and in the 0.85 i(+ ) 1.000 iθ.859 tcATCTacttc
322

iexpression of pho-

itosynthesis-

irelated genes



iClass I GATA fac- 318 -
iP$IBOX/GATA.01 0.93

itors 334
K-) 1.000 J0.975 tagaaGATAaaagaagt

iHeat shock ele- 319 -
iP$HEAT/HSE.O1 0.81

iment 333
!(-) 1.000 10.858 agaagataaaAGAAg

iAGL1 , Arabidopsis

iMADS-domain 329 -
iP$MADS/AGL1 .01 0.84

iprotein AGA- 349
!(-) 0.975 10.864 ttaTTCCtctactggtagaag

!MOUS-like 1

IAGL1 , Arabidopsis

iMADS-domain 330 -
!P$MADS/AGL1 .01 0.84 0.995 10.867 ttcTACCagtagaggaataaa

iprotein AGA- 350
K+)

!MOUS-like 1

iMYB protein from 337 -
!P$MYBS/TAMYB80.01 0.83 0.750 10.831 ttgtTTATtcctctact

iwheat 353
!(-)

iProlamin box,

iconserved in ce-
362 -

iP$DOFF/PBOX.01 ireal seed storage 0.75 tcctttgtAAATacaaa
378

K+) 0.776 iθ.796

iprotein gene pro-

imoters

402 -
|P$GTBX/SBF1 .01 iSBF-1 0.87 !(-) 1.000 iθ.897 cgtaaaaTTAAaattga

418

iWheat NACdo-
409 -

iP$NACF/TANAC69.01 imain DNA binding 0.68 ttttattttaTACGtaaaatta
431

K-) 1.000 iθ.723 c

ifactor

iHigh mobility
417 -

iP$HMGF/HMG_IY.01 igroup l/Y-like pro- 0.89 !(-) 1.000 iθ.944 ctttTATTttatacg
431

iteins

iNodulin consen- 426 -
|P$NCS1/NCS1 .01 0.85

isus sequence 1 436
K+) 1.000 10.969 tAAAAgatcat

iHomeodomain 448 -
iP$AHBP/WUS.01 0.94

iprotein WUSCHEL 458
K-) 1.000 iθ.963 ctcctTAATcg

|P$GTBX/GT1 .01 iGT1-Box binding 0.85 520 - !(-) 0.843 10.881 catgtgGTCAttttacg



I ifactors with a tri- 536

i ihelix DNA-binding

I idomain

i iTCP class I tran-
534 -

|P$TCPF/ATTCP2O.O1 iscription factor 0.94 !(-) 1.000 10.956 attgGCCCatcat
546

I i(Arabidopsis)

551 -
iP$DREB/CRT_DRE.O1 irepeat/dehyd ration 0.89

565
K+) 1.000 10.913 atggaCCGActacta

I iresponse element

i IAGL15, Arabidop-

isis MADS-domain 557 -
!P$MADS/AGL15.01 0.79

iprotein AGA- 577
!(-) 1.000 iθ.887 actTACTattattagtagtcg

!MOUS-like 15

IAGL15, Arabidop-

isis MADS-domain 558 -
iP$MADS/AGL15.01 0.79

iprotein AGA- 578
K+) 1.000 iθ.896 gacTACTaataatagtaagtt

IMOUS-Iike 15

iSunflower ho-

imeodomain leu- 563 -
iP$AHBP/HAHB4.01 0.87

icine-zipper protein 573
!(-) 1.000 10.941 actattATTAg

lHahb-4

iDNA-binding pro-

itein of sweet po-

itato that binds to

jthe SP8a
564 -

!P$SPF1/SP8BF.O1 i(ACTGTGTA) and 0.87
576

!(-) 1.000 10.919 ctTACTattatta

iSP8b (TACTATT)

isequences of spo-

iramin and beta-

iamylase genes

iTrihelix DNA- 570 -
!P$GTBX/GT3A.O1 0.83 1.000 iθ.889 tagtaaGTTAcatttta

ibinding factor GT- 586
K+)



i3a

iTEIL (tobacco 574 -
iP$EINL/TEIL01 0.92 !(-) 1.000 10.933 aTGTAactt

!EIN3-like) 582

I iS1 F, site 1 binding
585 -

iP$GTBX/S1 F.O1 ifactor of spinach 0.79 1.000 10.792 taggATGGaataaatat
601

K+)
I irpsi promoter

601 -
JP$DREB/CRT_DRE.O1 irepeat/dehyd ration 0.89 1.000 10.940 tcataCCGAcatcag

615
K+)

I iresponse element

617 -
iP$DOFF/PBF.Q1 iPBF (MPBF) 0.97 1.000 10.979 ttgaaagaAAAGggaaa

633
K+)

iTEF cis acting

ielements in both

iRNA polymerase 624 -
iP$TEFB/TEF1 .01 0.76 7 aaAAGGgaaaaaaagaaaaaa

ill-dependent pro- 644
K+) 0.956 10.81

imoters and rDNA

ispacer sequences

iNodulin consen- 649 -
|P$NCS1/NCS1 .01 0.85

isus sequence 1 659
K+) 1.000 10.909 tAAAAgatata

658 -
iP$DREB/CRT_DRE.O1 irepeat/dehyd ration 0.89 i(+ ) 1.000 J0.986 tactaCCGAcatgag

672
i iresponse element

i iDof3 - single zinc
671 -

iP$DOFF/DOF3.01 ifinger transcription 0.99
687

K+) 1.000 iθ.996 agttccaaAAAGcaaaa

I ifactor

iNodulin consen- 688 -
|P$NCS1/NCS1 .01 0.85

isus sequence 1 698
K+) 1.00O iO.966 aAAAAgatcaa

695 -
iP$DREB/CRT_DRE.O1 irepeat/dehyd ration 0.89

709
+) 1.00O iO.903 tcaagCCGAcacaga

I iresponse element

iCoupling element 703 -
iP$CE3S/CE3.01 0.77

!3 (CE3), non- 721
!(-) 1.000 iθ.853 tctctaCGCGtgtctgtgt



IACGT ABRE

iArabidopsis

ithaliana signal-

iresponsive genei ,

;Ca2+/ calmodulin
708 -

jP$CGCG/ATSR1 .01 ibinding protein 0.84 0 10.919 ctaCGCGtgtc
718 !(-) 1.00

ihomolog to NtERI

i(tobacco early

iethylene-

iresponsive gene)

iArabidopsis

ithaliana signal-

iresponsive genei ,

iCa2+/ calmodulin
709 -

|P$CGCG/ATSR1 .01 ibinding protein 0.84 i(+ ) 1.000 10.878 acaCGCGtaga
719

ihomolog to NtERI

i(tobacco early

iethylene-

iresponsive gene)

iArabidopsis leuci-
727 -

!P$GBOX/TGA1 .01 ine zipper protein 0.90 !(-) 1.000 iθ.982 gtggtgTGACgtcaaagtcat
747

iTGA1

iArabidopsis leuci-
728 -

iP$GBOX/TGA1 .01 ine zipper protein 0.90 i(+ ) 1.000 iθ.961 tgacttTGACgtcacaccacg
748

ITGA1

iWRKY plant spe-

icific zinc-finger-

itype factor associ- 728 -
iP$WBXF/WRKY.01 0.92 gtcacac

iated with patho- 744
K+) 1.000 iθ.934 tgactTTGAc

igen defence, W

ibox

iRice transcription 730 -
iP$OPAQ/RITA1 .01 0.95 i(+ ) 1.000 iθ.958 actttgACGTcacacca

iactivator-1 (RITA), 746



lbasic leucin zipper

Iprotein, highly

lexpressed during

iseed development

IZinc-finger protein

Mn alfalfa roots, 738 -
jP$SALT/ALFIN1 .01 0.93 !(-) 1.000 iθ.948 ttttcGTGGtgtgac

lregulates salt tol- 752

ierance

IbZIP protein G-
757-

|P$GBOX/GBF1 .01 iBox binding factor 0.94 ccttta
777

K+)1.000 iθ.968 cgcttcatACGTgtc

h
IABA response 758-

!P$ABRE/ABRE.01 0.82 1.000 10.971 gcttcatACGTgtccct
ielements 774

K+)

762-
iP$OCSE/OCSL01 iOCS-like elements 0.69 1.000 iθ.778 agagataaagggacACGTatg

782
K-)

|(GA)n/(CT)n bin-

iding proteins 764-
iP$GAGA/GAGABP.01 0.75 !(-) 1.000 iθ.797 actgagAGAGataaagggacacgta

!(GBP, soybean; 788

!BBR, barley)

iClass I GATA fac 768-
|P$IBOX/GATA.01 0.93 !(-) 1.000 10.939 agagaGATAaagggaca

tors 784

!(GA)n/(CT)n bind-

iing proteins (GBP, 772 -
|P$GAGA/GAGABP.01 0.75 i(-) 0.750 iθ.785 atagagAGACtgagagagataaagg

isoybean; BBR, 796

ibarley)

|(GA)n/(CT)n bind-

iing proteins (GBP, 774 -
iP$GAGA/GAGABP.01 0.75 !(-) 1.000 iθ.786 ttatagAGAGactgagagagataaa

isoybean; BBR, 798

ibarley)

i(GA)n/(CT)n bin-
776 -

iP$GAGA/GAGABP.01 iding proteins 0.75 !(-) 1.000 iθ.782 gtttatAGAGagactgagagagata
800

!(GBP, soybean;



BBR, barley)

790 -
P$TBPF/TATA.O1 Plant TATA box 0.88 (+) 1.000 0.909 tctcTATAaacttag

804

5 Table 9 promoter motifs and core promoter motifs identified in

At.cor78 (SEQ ID NO: 1) with SEQ ID NOs











EXAMPLE 12. Enhanced resistance against at least one stress factor, nutritional

quality of a seed or a sprout, yield, or frequency of selection marker excision

A reporter gene in pBPSMM368 can be replaced with

(1) abiotic stress resistance genes (14-3-3 protein & phosphoinositide-specific phos-

pholipase C: WO01 77355 and US6720477),

(2) genes involved in vitamin E biosynthesis (tyrosin aminotransferase (BT000782:

WO02072848), putative porphobilinogen deaminase, putative omega-3 fatty acid

desatu rase [NM 185577])

10 (3) biotic stress resistance genes (Oryza sativa Fusarium resistance protein l2C-5-like

[NM194161], constitutive expressor of pathogenesis related genes 5 (cpr5:



NM1 85577)), GTPase [WO03020939], Actin Depolymerization Factor 3

[WO2004035798], t-SNARE interactor of ROR2 and Syntaxin, interactor of

SNAP34 [WO2004081217],

(4) homing endonuclease gene (for example a sequence encoding the homing en-

donuclease I-Scel)

to be expressed in embryo during germination, thereby improving - for example - to l

erance to abiotic environmental stresses, early vigor resulting in potential yield en

hancement, the amount of vitamin E, tolerance to biotic stresses and the frequency of

marker excision. The chimeric constructs are transformed into monocotyledonous

plants. Standard methods for transformation in the art can be used if required. Trans

formed plants are regenerated using known methods. Various phenotypes are meas

ured to determine improvement of biomass, yield, fatty acid composition, high oil, d is

ease tolerance, or any other phenotypes that indicate yield enhancement or yield sta

bility. Gene expression levels are determined at different stages of development and in

different generations (TO to T2 plants or further generations). Results of the evaluation

in plants lead to identification of appropriate genes in combination with this promoter

that increase yield, improve disease tolerance, improve abiotic stress tolerance and/or

increase nutritional quality of seed or sprout.

EXAMPLE 13. Expression of transgene for improving feed, food, or yield traits in

monocotyledonous plants

A reporter gene in pBPSMM368 can be replaced with a gene of interest to overexpress

mostly in embryo to improve nutrition value in embryo when transformed into mono

cotyledonous plants such as rice, barley, maize, wheat, or ryegrass, but is not re-

stricted to these plant species. The gene of interest can be non-coding sequence {e.g.

miRNA precursor, or ta-siRNA) to down-regulate one or more target genes. Standard

methods for transformation in the art can be used if required. Transformed plants are

selected under the selection agent of interest and regenerated using known methods.

Selection scheme is examined at early developmental stages of tissues or tissue cul-

ture cells. Gene expression levels can be determined at different stages of develop

ment and at different generations (TO to T2 plants or further generations). Results of

the evaluation in plants lead to determine appropriate genes in combination with this

promoter.
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CLAIMS

We claim:

1. An isolated nucleic acid molecule comprising a plant transcription regulating sequence,

wherein the transcription regulating sequence comprises

i) a first nucleic acid sequence comprising the promoter sequence of a drought, cold

responsive and/or ABA regulated gene ("cor78 promoter"),

and operably linked thereto

ii) a second nucleic acid sequence comprising the first intron of a plant gene encoding

a Metallothionin 1 (MET1) as defined in Fig. 5 or a functional equivalent or a

homolog thereof ("MET1 gene").

2 . The nucleic acid molecule of claim 1 comprising a linker sequence of 0 bp to 100 bp which

is located between the cor78 promoter sequence and the first nucleotide of said intron.

3 . The nucleic acid molecule of claim 1 or 2 , comprising a 5'UTR which is located between the

cor78 promoter sequence and the first nucleotide of said intron.

4 . The nucleic acid molecule of any one of claims 1 to 3 , whereby said first intron of MET1 is

located in the sequence of a intron of a nucleotide sequence transcribed under the control

of the transcription regulating nucleotide sequence.

5 . The nucleic acid molecule of any one of claims 1 to 4 , whereby said first intron is derived

from a MET1 from a monocotyledonous plant.

6 . The nucleic acid molecule of any one of claims 1 to 5 , whereby the cor78 promoter is

derived from dicotyledonous plant.

7 . The isolated nucleic acid molecule of any one of claims 1 to 6 comprising a plant

transcription regulating sequence, wherein the transcription regulating sequence comprises

i) a first nucleic acid sequence selected from the group consisting of

a) a polynucleotide sequence having at least 50% sequence identity to the

polynucleotide of SEQ ID NO:1 ;



b) a polynucleotide sequence having a fragment of at least 50 consecutive bases,

preferably at least 100 consecutive bases, more preferably 200 consecutive bases of

the polynucleotide of SEQ ID NO:1 ;

c) a polynucleotide sequence of a polynucleotide hybridizing under conditions

equivalent to hybridization in 7% sodium dodecyl sulfate (SDS), 0.5M NaPO , 1mM

EDTA at 5 O0C with washing in 2xSSC, 0.1 % SDS at 5 O0C, to a nucleic acid

comprising at least 50 nucleotides of a polynucleotide as defined in SEQ ID NO:1 ;

and

d) a polynucleotide sequence which is the complement or reverse complement of any

of the previously mentioned nucleotide sequences under a) to c), and

ii) a second nucleic acid sequence selected from the group consisting of

a) a polynucleotide sequence having at least 50% sequence identity to the

polynucleotide of SEQ ID NO:3;

b) a polynucleotide sequence having a fragment of at least 50 consecutive bases,

preferably at least 100 consecutive bases, more preferably 200 consecutive bases of

the polynucleotide of SEQ ID NO:3; and

c) a polynucleotide sequence of a polynucleotide hybridizing under conditions

equivalent to hybridization in 7% sodium dodecyl sulfate (SDS), 0.5M NaPO , 1mM

EDTA at 5 O0C with washing in 2xSSC, 0.1 % SDS at 5 O0C to a nucleic acid

comprising at least 50 nucleotides of a sequence described by SEQ ID NO:3; and

d) a polynucleotide sequence which is the complement or reverse complement of any

of the previously mentioned nucleotide sequences under a) to c),

wherein said first and said second nucleic acid sequences are operably linked and

heterologous to each other.

8 . The nucleic acid molecule of any one of claims 1 to 7 , wherein the first nucleic acid

sequence comprises at least two core promoter motifs selected from the group consisting of

the sequences as defined in SEQ ID NOs: 10, 12, 14, 17, 20, 22, 25, 27, 29, 3 1 , 33, 35, 37,

39, 42, 44, 46, 48, 50, 53, 55, 57, 59, 63, 66, 68, 70, 72, 74, 77, 79, 82, 84, 86, 88, 90, 94,

96, 98, 102, 104, 108, 112, 114, 117, 121 , 123, 125, 127, 129, 131 , 137, and 138.

9 . The nucleic acid molecule of any one of claims 1 to 7 , wherein the first nucleic acid

sequence comprises at least two promoter motifs selected from the group consisting of the

sequences as defined in SEQ ID NOs: 9 , 11, 13, 15, 16, 18, 19, 2 1, 23, 24, 26, 28, 30, 32,

34, 36, 38, 40, 4 1, 43, 45, 47, 49, 5 1 , 52, 54, 56, 58, 60, 6 1, 62, 64, 65, 67, 69, 7 1, 73, 75,



76, 78, 80, 8 1 , 83, 85, 87, 89, 9 1 , 92, 93, 95, 97, 99, 100, 101 , 103, 105, 106, 107, 109,

110, 111, 113, 115, 116, 118, 119, 120, 122, 124, 126, 128, 130, 132, 133, 134, 135, and

136.

10. The nucleic acid molecule of any of claims 1 to 9 , wherein the first nucleic acid sequence

comprises a polynucleotide sequence having an identity of at least 70% to a sequence as

defined in SEQ ID NO: 1, and wherein the second nucleic acid sequence comprises a

polynucleotide sequence having an identity of at least 70% to a sequence as defined in

SEQ ID NO: 3 .

11. The nucleic acid molecule of any of claims 1 to 10, wherein said transcription regulating

sequence is operable linked to a nucleic acid sequence or a gene conferring the expression

of a regulatory or protein coding RNA molecule in a plant or plant cell.

12. The nucleic acid molecule of claim 11, wherein the plant or plant cell is monocotyledonous.

13. The nucleic acid molecule of any of claims 1 to 12, wherein the nucleic acid molecule

regulates a tissue-specific expression of an operably linked nucleic acid sequence.

14. The nucleic acid molecule of claim 13, wherein the transcription regulating sequence

regulates embryo-specific expression of an operably linked nucleic acid sequence.

15. The nucleic acid molecule of claim 13, wherein the transcription regulating sequence

regulates scutellum-specific expression of an operably linked nucleic acid sequence.

16. The nucleic acid molecule of any of claims 1 to 15, wherein the transcription regulating

sequence regulates stress-inducible expression of an operably linked nucleic acid

sequence.

17. The nucleic acid molecule of any of claims 1 to 16, wherein the transcription regulating

sequence regulates drought-inducible expression of an operably linked nucleic acid

sequence.



18. The nucleic acid molecule of any of claims 1 to 17, wherein the operably linked nucleic acid

sequence confers the expression of or encodes an antisense RNA, sense RNA, dsRNA,

microRNA, ta-siRNA, snRNA, RNAi, or combination thereof,

19. An expression cassette comprising

i) the nucleic acid molecule of any of claims 1 to 18,

ii) and operably linked thereto one or more nucleic acid molecules.

20. The expression cassette of claim 19, wherein transcription of said operably linked nucleic

acid sequence results in expression of a mRNA encoding a protein or expression of a

ribonucleotide sequence capable to impart function of at least one gene in the target plant

2 1. An expression vector comprising the nucleic acid molecule of any of claims 1 to 18 or the

expression cassette of any of claims 19 to 20.

22. A plant or plant cell comprising the nucleic acid molecule of any of claims 1 to 18, the

expression cassette of any of claims 19 to 20, or the expression vector of claim 2 1.

23. The plant or plant cell of claim 22, wherein the plant or plant cell is a monocotyledonous

plant or plant cell.

24. The plant of claim 22 or 23, wherein the plant is selected from the group consisting of

maize, wheat, rice, barley, oat, rye, sorghum, ryegrass, and coix plant.

25. A plant seed produced by the plant of any of claims 22 to 24, wherein the seed comprises

the nucleic acid molecule of any of claims 1 to 18, the expression cassette of any one of

claims 19 to 20, or the expression vector of claim 2 1.

26. A method for excision of target sequences from a plant, said method comprising the steps of

A) constructing an expression cassette by operably linking the nucleic acid molecule of any of

claims 1 to 18 to at least one nucleic acid molecule which is heterologous in relation to said

first or said second nucleic acid sequence as characterized in any onr of claims 1 to 18 and

which is capable to confer the excision of a target sequence from a plant or plant cell, and



B) introducing said expression cassette stable or transient directly or indirectly into a plant cell

or a plant comprising at least one target sequence excisable by the expression product of

the nucleic acid molecule which is heterologous and, wherein said plant cell or plant

expresses said nucleic acid sequence which is heterologous, and

C) selecting transgenic plants, which demonstrate excision of said target sequence.

27. The method of claim 26, whereby said nucleic acid molecule, which is heterologous and

which is operably linked to said nucleic acid molecule of any of claims 1 to 18 is a nucleic acid

molecule conferring the expression of a site specific recombinase.

28. The method of claim 27, whereby said nucleic acid molecule, which is heterologous and

which is operably linked to said nucleic acid molecule of any of claims 1 to 18 is a nucleic

acid molecule conferring expression a site-specific endonuclease capable to induce a DNA

double strand break specific for the target sequence and wherein the target sequence to be

deleted is flanked by sequences having an orientation, a sufficient length and a homology to

each other to allow for homologous recombination between them.

29. A method for producing a plant with increased yield, and/or increased stress tolerance,

and/or increased nutritional quality, and/or increased or modified oil content of a seed or

sprout to the plant, wherein the method comprises the steps of

A) introducing into the plant the nucleic acid molecule of any of claims 1 to 18, the

expression cassette of any of claims 19 to 20, or the expression vector of claim 19,

wherein the nucleic acid molecule is operably linked to at least one nucleic acid

molecule which sequence is heterologous in relation to said first or said second nucleic

acid sequence and is capable to confer to the plant increased yield, and/or increased

stress tolerance, increased nutritional quality, and/or increased or modified oil content to

the plant; and

B) selecting transgenic plants, wherein the plants have increased yield and/or increased

stress tolerance under stress conditions, and/or increased nutritional quality and/or

increased or modified oil content of a seed or a sprout of the plants, as compared to the

wild type or null segregant plants.

30. Use of the nucleic acid molecule of any of claims 1 to 18 for the expressing of a gene of

interest preferentially or specifically in embryonic tissue or cells.



Use of the nucleic acid molecule of any of claims 1 to 18 for increasing the transcription of a

nucleic acid molecule in a plant under stress conditions.
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