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Methods for increasing the resistance of plants to hypoxic conditions

Methods are provided for increasing the resistance of plants to hypoxic or anoxic
conditions. Such methods may be applied to increase the penetrance of plant roots in the
growth medium or into soil. The methods according to the invention may include
modification of the genome of the plants by providing such plants with an exogenous stress
tolerance gene or with a stress tolerant variant of an endogenous gene corresponding to
such an exogenous gene. The methods according to the invention may also include
applying neonicotinoid compounds, such as but not limited to imidacloprid, nitenpyram,
acetamiprid, thiacloprid, thiamethoxam, clothianidin, and dinotefuran, to plants or their
habitats, or to cells or seeds thereof. Particularly effeétive neonicotinoid compounds are
neonicotinoid compounds which comprise a chloropyridine side chain, such as
imidacloprid, nitenpyram, acetamiprid, and thiacloprid, particularly those during the
degradation of which in plants 6-chloronicotininc acid (6-CNA) can be set free, like, e.g.,
imidacloprid and thiacloprid. The plants or their habitats can also be treated directly with 6-

CNA.
Background art

Plants engineered to be stress tolerant are known in the art. Stress tolerance in plant cells
and plants can, e.g., be achieved by reducing the activity or the level of the endogenous
poly-ADP-ribose polymerases (PARP) or poly(ADP-ribose) glycohydrolases (PARG) as
described in W0O00/04173 and W0O04/090140, respectively.

European patent application No. 04077624.7 describes that stress tolerance in plants and
plant cells is achieved using nucleotide sequences encoding enzymes involved in the NAD
salvage synthesis pathway and/or the NAD de novo synthesis pathway e.g. for

overexpression in plants.

However, none of these documents disclose the possibility to use the stress tolerance genes
mentioned therein for obtaining tolerance to hypoxic or anoxic conditions in plant cells and
plants. Neither do they disclose the use of the stress tolerance genes described therein for
the purpose of allowing the root system of the plant to penetrate deeper into the growth

medium or the soil.
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The application of compounds of the class of neonicotinoids on plants for purposes other

than insect control is also known from the art (WO 01/26468, WO 03/096811).

WO 01/26468 discloses a method of improving the growth of plants comprising applying
to the plants or the locus thereof at least one compound selected from the class of the

neonicotinoids.

WO003/096811 describes that the yield and/or the vigor of an agronomic plant can be
increased or improved in locations where the level of insect infestation below that
indicating the need for the use of an insecticide for insect control purposes by treating a
seed of the plant with a neonicotinoid compound. The method is deemed useful for non-
transgenic plants and for plants having a foreign gene that encodes for the production of a

modified Bacillus thuringiensis delta-endotoxin protein.,

None of these documents however describe the use of compounds of the class of the
neonicotinoids on plants for the purpose of increasing the tolerance of plant cells or plants
to hypoxic or anoxic conditions or to allow the root system of the plant to penetrate deeper

into the growth medium or the soil.

Thus, the art remains silent on methods to increase the depth of penetration of a root
system or roots of a plant into the growth medium or soil, or to increase tolerance of plant
cells or plants to hypoxic or anoxic stress conditions using stress tolerance genes or by
application of a chemical compound of the neonicotinoid class to plants, or cells thereof as

described hereinafter in the different embodiments and claims.
Summary of the invention

In one embodiment of the invention, a novel method of increasing the tolerance of plant
cells or plants to hypoxic or anoxic conditions is provided comprising, providing the plant
cells or plants with a stress tolerance enhancing transgene, wherein the stress tolerance

enhancing transgene is selected from:

- a stress tolerance enhancing transgene capable of reducing the expression of
plant endogenous PARP genes, particularly wherein the transgene codes for a

PARP inhibitory RNA molecule
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- a stress tolerance enhancing transgene capable of reducing the expression of
plant endogenous PARG genes, particularly wherein the transgene codes for a

PARG inhibitory RNA molecule; or

- a stress tolerance enhancing transgene coding for a plant-functional enzyme of
the nicotinamide adenine dinucleotide salvage synthesis pathway selected from
nicotinamidase, nicotinate  phosphoribosyltransferase, nicotinic  acid
mononucleotide adenyl transferase or nicotinamide adenine dinucleotide

synthetase.

In another embodiment, the invention relates to the use of such stress tolerance enhancing

transgenes to increase the penetrance of plant roots in growth medium, including soil.

In yet another embodiment of the invention, a method for increasing the tolerance of plant
cells or plants to hypoxic or anoxic conditions is provided comprising applying to the plant
cell, plant or seed from which such plant is grown, or to the habitat thereof, an effective

amount of a neonicotinoid compound.

In still another embodiment, the invention relates to the use of such compounds to increase

the penetrance of plant roots in growth medium, including soil.

The invention further relates to a method for increasing the tolerance of plant cells or plants
to hypoxic or anoxic conditions comprising the step of providing cells of said plant with

an effective amount of 6-chloronicotinic acid.

The invention also relates to the use of 6-CNA for increasing the penetrance of plant roots

into the growth medium.

Brief description of the figures.

Figure 1: Schematic representation of the assay to measure root depth of a plant growing
in a agar solution. A container (1) with a seal (2) is filled with a transparent or translucent
growth medium (3), such as 0.4% agar-water or 0.7% agar-water, to which additional test-
compounds may be added. One pregerminated seed is added to the tube and allowed to
grow for three weeks. After three weeks of growth in vertical position, the root depth (5) of

the plant (4) is measured from the top of the medium to the lowest point of the roots.
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Figure 2: Boxplot representation of the root depth (mm) of Arabidopsis thaliana cv. Col-0

plants comprising a transgene encoding a dsRNA molecule capable of reducing the
expression of endogenous PARP2 genes compared to noh-transgenic Arabidopsis thaliana
plants (Col-0).
The following populations were analysed:
e Col-0: data points for wild-type Arabidopsis line
e 427-16: data points for A. thaliana transgenic line comprising anti-PARP2 gene
with a weak tolerance to high light stress conditions
e 427-20: data points for A. thaliana transgenic line comprising anti-PARP2 gene
with a weak tolerance to high light stress conditions
e 427-20: data points for A. thaliana transgenic line comprising anti-PARP2 gene
with a moderate tolerance to high light stress conditions
The graph represents a typical boxplot (or box and whisker plot) on the left of each of the
groups of values, summarizing the following statistical measures:
- median |
- upper and lower quartiles
- minimum and maximum data values.
In addition, on the right hand for each of the groups of values, the mean and the standard
error of the mean for those values is indicated.
The boxplot is interpreted as follows:
- the box itself contains the middle 50% of the data. The upper edge (hinge) of the
box indicates the 75™ percentile of the data set, and the lower hinge indicates the
25" percentile. The range of the middle two quartiles is known as the inter-quartile
range.
- The line in the box indicates the median value of the data.
- The ends of the whiskers indicate the minimum and maximum data values, unless
outliers are present in which case the whiskers extend to the nearest value points

within a range of 1,5 times the interquartile range.

Figure 3: Boxplot representation and standard error of the mean for the measured values
for root depth (mm) of Arabidopsis thaliana cv. Col- plants comprising a transgene
encoding a dsRNA molecule capable of reducing the expression of endogenous PARP
genes.

The following populations were analyzed:
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e Col-0: data points for wild-type Arabidopsis line

e 427-22: data points for A. thaliana transgenic line comprising anti-PARP2 gene
with a high tolerance to high light stress conditions
e 427-24: data points for A. thaliana transgenic line comprising anti-PARP2 gene

with a low tolerance to high light stress conditions

Figure 4: Boxplot representation and standard error of the mean for the measured values
for root depth (mm) of Arabidopsis thaliana cv. C24- plants comprising a transgene
encoding a dsRNA molecule capable of reducing the expression of endogenous PARP
genes.
The following populations were analyzed:
e (C24: data points for wild-type Arabidopsis line
e 1599: data points for 4. thaliana transgenic line comprising anti-PARP2 gene with
a high tolerance to high light stress conditions
e 1463: data points for A. thaliana transgenic line comprising anti-PARP2 gene with
a moderate tolerance to high light stress con&itibns
e 1681: data points for A. thaliana transgenic line comprising anti-PARP1 gene with
a moderate tolerance to high light stress conditions
e 1690: data points for A. thaliana transgenic line comprising anti-PARP1 gene with

a moderate tolerance to high light stress conditions

Figure 5: Boxplot representation and standard error of the mean for the measured values
for root depth (mm) measured on an A. thaliana Col-0 population segregating for the anti-
PARP?2 transgene.
The following populations were analyzed:
e Azygous: data points for A. thaliana plants from the population which do not
contain an anti-PARP2 gene
e Transgenic: data points for A. thaliana plants from the population which contain an

anti-PARP2 gene

Figure 6: Boxplot representation and standard error of the mean for the measured values
for root depth (mm) of Arabidopsis thaliana cv. C24 plants treated with various
concentrations of imidacloprid as compared to untreated Arabidopsis thaliana cv. C24

plants.
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The following populations were analyzed:

e 0:untreated A. thaliana C24 plants
e 50: A. thaliana C24 plants treated with 50 mg/L imidacloprid
e 100: A. thaliana C24 plants treated with 100 rhg/L imidacloprid

Figure 7: Boxplot representation and standard error of the mean for the measured values
for root depth (mm) of Arabidopsis thaliana cv. C24 plants treated with various
concentrations of 6-chloronicotinic acid as compared to untreated Arabidopsis thaliana cv.
C24 plants.
The following populations were analyzed:

e 0: untreated A. thaliana C24 plants

e 1:A. thaliana C24 plants treated with 1 mg/L 6-chloronicotinic acid

e 5:A. thaliana C24 plants treated with 5 mg/L 6-chloronicotinic acid

Detailed description

The current invention is based on the realization that plants comprising stress tolerance
genes, such as the chimeric genes encoding dsRNA targeted for silencing the expression of
parpl or parp?2 genes of plants, developed a root system with roots that protruded deeper
into the growth medium than the roots of control plants. The deeper penetrance of the
roots has remained unnoticed with the plants comprising stress tolerance genes as
described in the prior art and required the development of a particular assay, as described

herein, to analyze statistically the root penetrance into the medium.

Although not intending to limit the invention to a particular mode of action, it is tought that
the stress tolerance genes increase the tolerance of plant cells, including the plant cells of
roots to hypoxic or anoxic conditions, thereby allowing the roots comprising such a stress
tolerance gene to grow in less favourable oxygen conditions, as can be found in the deeper
areas of a growth medium or the deeper soil layers, where the oxygen tension is lower. The
increased penetrance of the root system of plants into the deeper layers of the soil, provides
a partial explanation for the increased drought resistance under field conditions observed
for plants comprising the stress tolerance genes as described herein, such as the dsRNA

encoding genes silencing the expression of the endogeneous parp1 or parp2 genes.
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A similar effect on the root protrusion could be observed in described assay after addition

of compound of the neonicotinoid class or 6-chloronicotinic acid. The effect of the
application of neonicotinoids on root growth depth is independent of the presence of
insects which are the targets of the above-mentioned neonicotinoids. Accordingly, the
effect is also connected with the biochemical imprbvement of stress tolerance, particularly
hypoxia- or anoxia-related stress tolerance, of a plant or plant cell or the seed from which it

is grown.

Accordingly, in a first embodiment, the invention is directed towards the use of a stress
tolerance enhancing transgene to increase the tolerance of a plant cell, plant or seed to

hypoxic or anoxic conditions.

As used herein, “hypoxic or anoxic conditions” refer to conditions to which plant cells,
plants or parts of such plants are exposed wherein the availability of oxygen is low to very
low. Anoxic conditions refer to conditions where there is almost no oxygen available.
Typically, conditions wherein the dissolved oxygen concentration is below about 2 mg/L,
are indicated as hypoxic (0.1 mg/L to 2 mg/L), conditions wherein the dissolved oxygen is
below 0.1 mg/L, particularly below 0.05mg/L are indicated as anoxic. Normal dissolved
oxygen concentration in water is about 8 mg/L. Hypoxic conditions in soil refer to those
conditions where the oxygen tension is low, particularly where oxygen drops below 5% in

the soil atmosphere.

Hypoxic conditions may occur e.g. upon flooding of the plants or parts of the plants.
Hypoxic conditions may also occur where oxygen consumption is high, such as in soil
layers comprising a lot of organic debris in the process of metabolization by
microorganisms. Furhtermore, hypoxic conditions occur in the deeper layers of a growth
medium where diffusion of oxygen occurs from the surface. Hypoxic conditions also occur
in the deeper layers of the soil as oxygen diffusion and consequently oxygen tension
decreases from the surfaces. The rate of decrease in oxygen depends on the compactness of
the soil (whereby the more compact the soil, the less soil atmosphere is present), the

presence of decomposing organic material, water content etc.

As used herein, “ a stress tolerance enhancing transgene” refers to a transgene which when
introduced or expressed in a plant cell or plant, provides the cell or the plant with a better
tolerance to stress which is brought on a plant, e.g, by the application of chemical

compounds (e.g., herbicides, fungicides, insecticides, plant growth regulators, adjuvants,
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fertilizers), exposure to abiotic stress (e.g., drought, waterlogging, submergence, high light

conditions, high UV radiation, increased hydrogen peroxide levels, extreme (high or low)
temperatures, ozone and other atmospheric pollutants, soil salinity or heavy metals,
hypoxia, anoxia, etc.) or biotic stress (e.g., pathogen or pest infection including infection
by fungi, viruses, bacteria, insects, nematodes, mycoplasms and mycoplasma like

organisms, etc.).

Such a stress tolerance enhancing transgene may be a transgene capable of reducing the
expression and/or the activity of poly(ADP-ribose)polymerase (PARP) gene in the plant
cells or plants as described in WO 00/04173 or EP 04077984.5 (herein incorporated by

reference).

Poly(ADP-ribose) polymerase (PARP), also known as poly(ADP-ribose) transferase
(ADPRT) (EC 2.4.2.30), is a nuclear enzyme found in most eukaryotes, including vertebrates,
arthropods, molluscs, slime moulds, dinoflagellates, fungi and other low eukaryotes with the
exception of yeast. The enzymatic activity has also been demonstrated in a number of plants

(Payne et al., 1976; Willmitzer and Wagner, 1982; Chen et al., 1994; O'Farrell, 1995).

PARP catalyzes the transfer of an ADP-ribose moiety derived from NAD", mainly to the
carboxyl group of a glutamic acid residue in the target protein, and subsequent ADP-ribose
polymerization. The major target protein is PARP itself, but also histones, high mobility
group chromosomal proteins, topoisomerase, endonucleases and DNA polymerases have

been shown to be subject to this modification.

As a particular embodiment, the stress tolerance enhancing transgene may comprise the

following operably linked DNA fragments:
a) a plant-expressible promoter;

b) a DNA region which when transcribed results in an RNA molecule capable of reducing
the expression of the endogenous PARP encoding genes of a plant (a PARP inhibitory
RNA molecule);

¢) aDNA region involved in transcription termination and polyadenylation.

The mentioned DNA region may result upon transcription in a so-called antisense RNA
molecule reducing in a transcriptional or post-transcriptional manner the expression of a

PARP encoding gene in the target plant or plant cell, comprising at least 20 or 21
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consecutive nucleotides having at least 95% to 100% sequence identity to the complement

of the nucleotide sequence of a PARP encoding gene present in the plant cell or plant.

The mentioned DNA region may also result in a so-called sense RNA molecule comprising
reducing in a transcriptional or post-transcriptional manner the expression of a PARP
encoding gene in the target plant or plant cell, comprising at least 20 or 21 consecutive
nucleotides having at least 95% to 100% sequence identity to the nucleotide sequence of a

PARP encoding gene present in the plant cell or plant.

However, the minimum nucleotide sequence of the antisense or sense RNA region of about
20 nt of the PARP coding region may be comprised within a larger RNA molecule, varying
in size from 20 nt to a length equal to the size of the target gene. The mentioned antisense
or sense nucleotide regions may thus be about from about 21 nt to about 5000 nt long, such
as 21 nt, 40 nt, 50 nt, 100 nt, 200 nt, 300 nt, 500 nt, 1000 nt, 2000 nt or even about 5000 nt
or larger in length. Moreover, it is not required for the purpose of the invention that the
nucleotide sequence of the used inhibitory PARP RNA molecule or the encoding region of
the transgene, is completely identical or complementary to the endogenous PARP gene the
expression of which is targeted to be reduced in the plant cell. The longer the sequence, the
less stringent the requirement for the overall sequence identity is. Thus, the sense or
antisense regions may have an overall sequence identity of about 40 % or 50 % or 60 % or
70 % or 80 % or 90 % or 100 % to the nucleotide sequence of the endogenous PARP gene
or the complement thereof. However, as mentioned antisense or sense regions should
comprise a nucleotide sequence of 20 consecutive nucleotides having about 100 %
sequence identity to the nucleotide sequence of the endogenous PARP gene. Preferably the

stretch of about 100% sequence identity should be about 50, 75 or 100 nt.

For the purpose of this invention, the "sequence identity" of two related nucleotide
sequences, expressed as a percentage, refers to the number of positions in the two optimally
aligned sequences which have identical residues (x100) divided by the number of positions
compared. A gap, i.e. a position in an alignment where a residue is present in one sequence
but not in the other is regarded as a position with non-identical residues. The alignment of
the two sequences is performed by the Needleman and Wunsch algorithm (Needleman and
Wunsch 1970) Computer-assisted sequence alignment, can be conveniently performed
using standard software program such as -GAP which is part of the Wisconsin Package
Version 10.1 (Genetics Computer Group, Madison, Wisconsin, USA) using the default

scoring matrix with a gap creation penalty of 50 and a gap extension penalty of 3.
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It will be clear that whenever nucleotide sequences of RNA molecules are defined by
reference to nucleotide sequence of corresponding DNA molecules, the thymine (T) in the
nucleotide sequence should be replaced by uracil (U). Whether reference is made to RNA

or DNA molecules will be clear from the context of the application.

The efficiency of the above mentioned transgenes in reducing the expression of the
endogenous PARP gene may be further enhanced by inclusion of DNA elements which
result in the expression of aberrant, unpolyadenylated PARP inhibitory RNA molecules.
One such DNA element suitable for that purpose 1s a DNA region encoding a self-splicing
ribozyme, as described in WO 00/01133 Al.

The efficiency of the above mentioned transgenes in reducing the expression of the
endogenous PARP gene of a plant cell may also be further enhanced by including into one
plant cell simultaneously a transgene as herein described encoding a antisense PARP
inhibitory RNA molecule and a transgéne as herein described encoding a sense PARP
inhibitory RNA molecule, wherein said antisense and sense PARP inhibitory RNA
molecules are capable of forming a double stranded RNA region by base pairing between

the mentioned at least 20 consecutive nucleotides, as described in WO 99/53050 Al.

As further described in WO 99/53050 Al, the sense and antisense PARP inhibitory RNA
regions, capable of forming a double stranded RNA region may be present in one RNA
molecule, preferably separated by a spacer region. The spacer region may comprise an
intron sequence. Such a transgene may be con\}eniently bonstructed by operably linking a
DNA fragment comprising at least 20 nucleotides from the isolated or identified
endogenous PARP gene, the expression of which is targeted to be reduced, in an inverted
repeat, to a plant expressible promoter and 3’end formation region involved in transcription
termination and polyadenylation. To achieve the construction of such a transgene, use can

be made of the vectors described in WO 02/059294 Al.

Current nomenclature refers to the classical Zn-finger-containing polymerases as PARP]
proteins (and corresponding parpl genes) whereas the structurally non-classical PARP
proteins are currently referred to as PARP2 (and corresponding parp2 genes) and “PARP

encoding genes” as used herein, may refer to either type.

The following database entries (herein incorporated by reference) identifying

experimentally demonstrated and putative poly ADP-ribose polymerase protein sequences,
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parts thereof or homologous sequences, could be used according to the current invention:

BADS53855 (Oryza sativa), BAD52929 (Oryza sativa); XP_477671 (Oryza sativa),
BAC84104 (Oryza sativa),; AAT25850 (Zea mays); AAT25849 (Zea mays); NP_197639
(Arabidopsis thaliana), NP_850165 (Arabidopsis thaliana); NP_188107 (Arabidopsis
thaliana); NP_850586 (Arabidopsis thaliana); BABO09119 (Arabidopsis thaliana);
AAD20677 (Arabidopsis thaliana); Q11207 (Arabidopsis thaliana); C84719 (Arabidopsis
thaliana);, T51353 (Arabidopsis thaliana); TO1311 (Arabidopsis thaliana), AAN12901
(Arabidopsis thaliana); AAMI13882 (Arabidopsis thaliana); CAB80732 (Arabidopsis
thaliana); CAA10482 (Arabidopsis thaliana); AAC79704 (Zea mays): AAC19283
(Arabidopsis thaliana); CAA10888 (Zea n%ays);u CAA10889 (Zea mays); CAAR8288
(Arabidopsis thaliana). |

As a particular embodiment of the invention, the PARP gene expression reducing gene may

comprise the following operably linked DNA fragments:
a)  aplant expressible promoter

b) a DNA region which when transcribed yields an RNA molecule, the RNA molecule

comprising:

a.  An antisense nucleotide sequence comprising at least about 20 consecutive
nucleotides having about 96% sequence identity to a nucleotide sequence of
about 20 consecutive nucleotides selected from the nucleotide sequences of
SEQ ID 1 (Arabidopsis parpl coding region) SEQ ID 2 (Arabidopsis parp 2
coding region) SEQ ID 3 (Zea mays parpl éoding region), SEQ ID 4 (another
Zea mays parpl coding region), SEQ ID 5 (Zea mays parp2 coding region) or
SEQ ID 6 (cotton parp2 partial cDNA) or from nucleotide sequences encoding
proteins with similar or identical amino acid sequences as encoded by the

mentioned nucleotide sequences.

b. A sense nucleotide sequence comprising at least about 20 nucleotides which
are complementary to the antisense nucleotide sequence. The sense nucleotide
sequence may thus comprise a sequence of at least about 20 consecutive
nucleotides having about 96% sequence identity to a nucleotide sequence of
about 20 consecutive nucleotides selected from the nucleotide sequences of

SEQ ID 1 (Arabidopsis parpl coding region) SEQ ID 2 (Arabidopsis parp2
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coding region) SEQ ID 3 (Zea mays parpl coding region), SEQ ID 4 (another

Zea mays parpl coding region), SEQ ID 5 (Zea mays parp2 coding region)'or
SEQ ID 6 (cotton parp2 partial cDNA) of from from nucleotide sequences
encoding proteins with similar or identical amino acid sequences as encoded by

the mentioned nucleotide sequences;

whereby the sense and antisense nucleotide sequence are capable of forming a

double stranded RNA molecule (dsRNA);
c) A DNA region for transcription termination and polyadenylation.

However, it will be clear that other PARP gene expression reducing genes as described in

WO000/04173 or EP 04077984.5 may be used.

In another embodiment of the invention, the stress tolerance enhancing transgene may be a
transgene capable of reducing the expression and/or the activity of the PARG encoding
genes of the plants or plants cells, as described e.g. in WO 2004/090140 (herein

incorporated by reference).

PARG (poly (ADP-ribose) glycohydrolase; E.C.3.2.1.143) converts poly (ADP-ribose)
polymers to free ADP-ribose by its exoglycosidase and endoglycosidase activity (PARG).

In plants, a poly(ADP-ribose) glycohydrolase has been identified by map-based cloning of
the wild-type gene inactivated in a mutant affected in clock-controlled transcription of
genes in Arabidopsis and in photoperiod dependent transition from vegetative growth to
flowering (tej). The nucleotide sequence of the gene can be obtained from nucleotide
databases under the accession number AF394690 (Panda et al., 2002 Dev. Cell. 3, 51-61;
SEQ ID No 7)

Nucleotide sequences of other plant PARG encoding genes from plants can be found in
WO 2004/090140 A2, such as the PARG gene from Solanum tuberosum (SEQ ID No 8);
Oryza sativa (SEQ ID No 9) or Zea mays (SEQ ID No 10) as well as methods to isolate

additional PARG encoding genes and variants thereof from other plants.

Thus, in one embodiment, the plants or plant cells engineered to be stress resistant may

comprise the following operably linked DNA fragments:

a)  aplant expressible promoter
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b) a DNA region, which when transcribed yields an inhibitory RNA molecule, the RNA

molecule comprising

i. a antisense nucleotide region comprising at least 20 consecutive nucleotides
having at least 96% sequence identity to a nucleotide sequence of about 20
nucleotides selected from the complement of a nucleotide sequence encoding a
plant PARG protein, such as the nucleotide sequences of SEQ ID 7, SEQ ID 8,
SEQ ID 9 or SEQ ID 10 or nucleotide sequences encoding proteins with similar

or identical amino acid sequences as the nucleotide sequences mentioned; or

ii. a sense nucleotide region comprising at least 20 consecutive nucleotides
selected from a nucleotide sequence encoding a plant PARG protein, such as the
nucleotide sequences of SEQ ID 7, SEQ ID 8, SEQ ID 9 or SEQ ID 10 or
nucleotide sequences encoding proteins with similar or identical amino acid

sequences as the nucleotide sequences mentioned; or

iii. a antisense and sense nucleotide sequences as mentioned sub i) or ii) whereby
said antisense and sense nucleotide sequence are capable of forming a double

stranded RNA molecule;
¢) A DNA region involved in transcription termination and polyadenylation.

It will be immediately clear to the skilled artisan that additional parameters of length of
sense and antisense nucleotide sequences or dSRNA molecules, and sequence identity for
the ParG inhibitory RNA molecules can be used as mentioned above for the PARP
inhibitory RNA molecules.

In yet another embodiment of the invention, the stress tolerance enhancing transgene may a
transgene coding for a plant-function enzyme of the nicotineamide adenine dinucleotide
salvage synthesis pathway. Accordinly, the stress tolerance enhancing gene may comprise

the following operably linked DNA molecules:
a)  aplant-expressible promoter;

b) a DNA region coding for a plant-functional enzyme of the nicotinamide adenine
dinucleotide salvage synthesis pathway selected from nicotinamidase, nicotinate
phosphoribosyltransferase, nicotinic acid mononucleotide adenyl transferase or

nicotinamide adenine dinucleotide synthetase; and
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c) a3’end region involved in transcription termination and polyadenylation,

as described in EP 04077624.7 (herein incorporated by reference).

As used herein, “a plant-functional enzyme of the nicotinamide adenine dinucleotide
salvage synthesis pathway” is an enzyme which when introduced into plants, linked to
appropriate control elements such as plant expressible promoter and terminator region, can
be transcribed and translated to yield a enzyme of the NAD salvage synthesis pathway
functional in plant cells. Included are the enzymes (and encoding genes) from the NAD
salvage synthesis, which are obtained from a plant source, but also the enzymes obtained
from yeast (Saccharomyces cereviseae) or from other yeasts or fungi. It is thought that the
latter proteins may be even more suitable for the methods according to the invention, since
these are less likely to be subject to the enzymatic feedback regulation etc. to which similar

plant-derived enzymes may be subject.
Enzymes involved in the NAD salvage synthesis pathway comprise the following

- Nicotinamidase (EC 3.5.1.19) catalyzing the hydrolysis of the amide group of
nicotinamide, thereby releasing nicotinate and NH3. The enzyme is also known as
nicotinamide deaminase, nicotinamide amidase, YNDase or nicotinamide

amidohydrolase

- Nicotinate phophoribosyltransferase (EC 2.4.2.11) also known as niacin
ribonucleotidase, nicotinic acid mononucleotide glycohydrolase; nicotinic acid
mononucleotide  pyrophosphorylase; nicotinic acid phosphoribosyltransferase

catalyzing the following reaction
Nicotinate-D-ribonucleotide + diphosphate = nicotinate + 5-phospho-o-D
ribose 1-diphosphate

- Nicotinate-nucleotide adenylyltransferase, (EC 2.7.7.18) also known as deamido-
NAD+  pyrophosphorylase; nicotinate  mononucleotide  adenylyltransferase;
deamindonicotinamide adenine dinucleotide pyrophsophorylase; NaMT-ATase,

nicotinic acid mononucleotide adenylyltransferase catalyzing the following reaction

ATP+nicotinate ribonucleotide = diphosphate + deamido-NAD"
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- NAD-synthase (EC 6.3.1.5) also known as NAD synthetase; NADsynthase;

nicotinamide adenine dinucleotide synthetase; diphosphopyridine nucleotide

synthetase, catalyzing the following reaction
Deamido-NAD*+ATP+NH3 = AMP+ diphosphate + NAD"

In one embodiment of the invention, the DNA regions coding for a plant functional enzyme
of the NAD salvage pathway may comprise a nucleotide sequence from SEQ ID Nos 11,
12, 13, 14 or 15 or a nucleotide sequence encoding a protein with similar or identical
amino acid sequences as the proteins encoded by the above mentioned nucleotide

sequences.

As described by Hunt et al., 2004, plant homologues of these enzymes have been identified
and these DNA sequences may be used to similar effect(Hunt et al. , 2004, New
Phytologist163(1): 31-44). The identified DNA sequences have the following Accession
numbers: for nicotinamidase: At5g23220 (SEQ ID No 16); At5g23230 (SEQ ID No 17)
and At3g16190 (SEQ ID No 18); for nicotinate phosphoribosyltransferase: At4g36940
(SEQ ID No 19), At2g23420 (SEQ ID No 20), for nicotinic acid mononucleotide
adenyltransferase: At5g55810 (SEQ ID No 21) and for NAD synthetase: At1g55090 (SEQ
ID No 22).

However, it will be clear that the plants engineered to be stress resistant may also comprise
variants of these nucleotide sequences, including insertions, deletions and substitutions
thereof. Equally, homologues to the mentioned nucleotide sequences from species different
from Saccharomyces cerevisea can be used. These include but are not limited to
nucleotide sequences from plants, and nucleotide sequences encoding proteins with the

same amino acid sequences, as well as variants of such nucleotide sequences.

Variants of the described nucleotide sequence will have a sequence identity which is
preferably at least about 80%, or 85 or 90% or 95% With identified nucleotide sequences
encoding enzymes from the NAD salvage pathway, such as the ones identified in the
sequence listing. Preferably, these variants will encode functional proteins with the same

enzymatic activity as the enzymes from the NAD salvage pathway.

Having read the above description of the use according to the invention of stress tolerance
enhancing transgenes to increase tolerance of plant cells, plants or seeds to hypoxic or

anoxic conditions, the skilled person will immediately realize that similar effects can be
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obtained using variants of an endogenous gene corresponding to such a stress tolerance

enhancing transgene, which variant results in higher stress tolerance of the plant cells or
plants harbouring such a variant. By way of example, variants of an endogenous parp2
gene of a plant, having a low expression level and providing the harbouring plant with
increased stress tolerance could be used in a similar way as a transgene reducing the
expression of the endogenous parp2 gene. Such variants gene can be introduced into plant

cells or plants by breeding techniques.

A person skilled in the art will also be aware that expression of the different stress
tolerance enhancing genes or transgenes may lead to a population of different events,
which exhibit a distribution of effects ranging from almost no effect to a very pronounced
effect. However, a person skilled in the art will clearly be able to distinguish, identify or

isolate those representatives of a population that best suit the needs.

In another embodiment, the invention provides a method for increasing the penetrance of
the roots of a plant into growth medium or soil comprising the step of providing the plant
with a stress tolerance enhancing transgene, or with a endogenous variant of such stress

tolerance enhancing transgene, as herein described in its different embodiments.

As used herein, “protrusion of plant roots” or “the penetrance of the roots of a plant into
growth medium or soil” refers to the depth of the growth of roots in solid growth medium,
including soil, as measured from the surface of the growth medium to the lowest point of

the roots (see also figure 1).

As a rule, an “increase in the protrusion or penetrance of plant roots” means at least a
statistically significant increase in the depth of the growth of roots in growth medium as
measured from the surface of the medium to the lowest point of root growth, which can be
measured either as a difference in a comparison of the root depth of wild-type reference
plants versus the root depth of plants engineered to be stress tolerant, or as a difference in a
comparison of the root depth of plants treated with particular chemical compounds versus

the root depth of untreated plants.

For a correct understanding of the