(19) AUSTRALIAN PATENT OFFICE

(11) Application No. Al 2004227111 B2

Methods and means for increasing the tolerance of plants to stress conditions

(33)

(54) Title
(51)2  International Patent Classification(s)
C12N 15,82 (2006.01)sBMER C12N
C12N 9,24 (2006.01) 9-24
120 1582 20060101AL12005100
20060101AF12005100 8BMEP
PCT/EP2004-003995
(21 Application No: 2004227111
(87)  WIPONo:  wopsa 090140
(30) Priority Data
(31) Number (32) Date
60,496,688 2003 .08 .21
03076044.1 2003 .04 .09
(43) Publication Date : 2004 10 21
(1) Applicant(s)
Bayer BioScience N.V.
(72) Inventor(s)
De Block, Marc
(74) Agent/Attorney
Davies Collison Cave, 1 Nicholson Street,
(56) Related Art
Panda, S. et al. 2002. Development Cell, 3(1):
wo 2003000898
us 2002-0040490

Mel

51

(22) Application Date:  2np4 pa 09

Country
us
EP

bourne, VIC, 3000

61




2004/090140 A3 IINNWALAUAIE IR N

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATE

(19) World Intellcetual Property
Organization
TInternational Bureau

(43) International Publication Date

T COOPERATION TREATY (PCT)

L |

(10) Intcrnational Publication Number

21 October 2004 (21.10.2004) PCT WO 2004/090140 A3

(51) International Patent Classification’: CI12N 15/82, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
15/11, AOLH 5/00 GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, IP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
(21) International Application Number: MG, MK, MN, MW, MX. MZ, NA, NI, NO, NZ, OM. PG,
PCT/EP2004/003995 PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
. . i TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,

{22) International Filing Date: 9 April 2004 (09.04.2004) 7W.
(25) Filing Language: English  (84) Designated States (urless otherwise indicated, for every
. kind of regional protection available): ARIPO (BW, GH,

(26) Publication Tanguage: Tinglish

(30) Priority Dala:
03076044.1
60/496,688

9 April 2003 (09.04.2003)
21 August 2003 (21.08.2003)

EP
Us

(71) Applicant (for all designated States except US): BAYER
BIOSCIENCE N.V. [BE/BE]; Technologicpark 38,
B-9052 Gent (BE).

(72) Tnventor; and
(75) Inventor/Applicant (for US only): DE BLOCK, Marc
[BE/BE]; Abrikozenstraat 26, B-9820 Merelbeke (BE).

(74) Common Representative: BAYER BIOSCIENCE N.V.;
Technologiepark 38, B-9052 Gent (BE).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,

GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Curasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Guro-
pean (AT, BE, BG, CH, CY, CZ, DE, DK, K, HS, H1, FR,
GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI, SK,
TR), OAPI (BT, B, CT, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17;
as to the identity of the imventor (Rule 4.17(i)) for the fol-
lowing designations AF, AG, AL, AM, AT, AU, A7, BA, BB,

DK, DM, DZ, EC, EE, EG, LS, FI, GB, GD, GE, GH, GM,
HR, HU, ID, 1L, IN, IS, IP KE, KG, KP. KR, K7, L.C, LK,
LR, LS, LT, LU, LY, MA, MD, MG, MK, MN, MW, MX, MZ,
NA, NI, NO, NZ, OM, PG, PH, PL, PL RO, RU, $C, 5D,
SE, SG, SK, SL, SY 14, IM, IN, IR, 11, TZ, UA, UG, UZ,
VC, VN, YU, ZA, ZM, ZW, ARIPO puatent (BW, GH, CM,
KE, LS, MW, MZ, SD, SL, S, T4, UG, ZM, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ MD, RU, 1), M), European

[Continued on next page]

(54) Title: MEETHODS AND MEANS FOR INCREASING THI TOLERANCE O PLANTS TO STRESS CONDITIONS

NAD*

\

active
PARP

A

ADP-ribose

PARP - [ADP-ribose] *
inactivated

nicotinamide

ADP-ribose

nicotinamide

inactivated
PARP - [ADP-ribose],

Y
PARP
active

NADT

o (57) Abstract: Mcthods and means arc provided to increase the tolerance of plants to abiotic stress or adverse growing conditions,
including drought, high light intensities, high temperatures, nutrient limitations and the like by reducing the activity of endogenous

PARG proteins in plants.




WO 2004/090140 A3

O 0O

patent (AT, BF, BG, CH, CY, 7, DF, DK, FF, FS, FI, FR,
GB, GR, HUIEIT, LU, MC, NL, PL, PT. RO, SI, §1, SK,
TR), OAP! patent (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, MI. MR, NF, SN, TD, TG)

as 1o applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii)) for the following designations AE,
AG, Al, AM, AT, All, A7, RA, BR, RG, BR, BW, RY, R7,
CA, CII, CN, CO, CR, CUJ, C7, DE, DK, DM, D7, EC, EE,
KG, ES, FI, GB, GD, GE, GI1, GM, 1R, 11U, ID, 11, IN, IS,
AP KF, KG, KP KR, KZ. I.C, IK IR, .5 1T 11, IV, MA,
MD, MG, MK, MIN, MW, MX, MZ, NA, NI, NO, NZ, OM,
PG, PII, Pi, PT, RO, RU, SC, SD, SE, SG, SK, SI, SY. TJ,
TM, TN, TR. TT. TZ, UA, UG, UZ, VC, VN, YU, ZA, ZM,
ZW, ARIPO patent (BW, GIi, GM, KE, LS, MW, MZ, SD,
SI, 87, TZ, UG, 7M, ZW), Eurasian patent (AM, AZ, BY,
KG, KZ. MD, RU, TJ, TM), European patent (AT, BE, BG,
Cll, CY, CZ, DE, DK, EE, ES, F1, FR, GB, GR, L{U, IE, IT,

LU, MC, NI, PI, PT. RO, SF, 81, SK, TR), OAPI patent (BF,
BA, CI CG, CI, CM, GA, GN, GO, GW, ML, MR, NI, SN,
D, TG)

— as i the applicanr’s entitlement 1o claim the priovity of the
earlier application (Rule 4.17(iii)) for all designations

—  of inventorship (Rule 4.17(iv)) for US only

Published:
—  with international search report

(88) Date of publication of the international search report:
23 December 2004

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviarions” appearing at the begin-
ning of each regular issue of the PCT Gazette.




WO 2004/090140 PCT/EP2004/003995

Methods and means for increasing the tolerance of plants to

stress conditions.

Field of the invention.

[11The present invention relates to the use of poly (ADP-ribose)
glycohydrolases in plants to increase the tfolerance of plants to adverse
growing conditions, including drought, high light intensities, high temperatures,
nutrient limitations and the like. Methods and means are provided to produce
plants that are tolerant to abiotic stress conditions.

Background to the invention

[2] . Frequently, abiotic stress wili lead either directly or indirectly to damage
of the DNA of the cells of the plants exposed to the adverse conditions.
Genomic damage, if left unrepaired, can lead to cell death. Tolerance to
stress conditions exhibited by plants is the result of the ability of the plant cells
exposed to the adverse conditions to reduce and/or repair the damage, and to

survive.

[3] Plant cells, like other eukaryotic cells, have evolved an elaborate DNA
repair system. The activation of poly(ADP-ribose) polymerase (PARP) by DNA
strand breaks is often one of the first cellular responses to DNA damage.
PARP catalyzes the post-translational modification of proteins by adding
successively molecules of ADP-ribose, obtained from the conversion of
nicotineamide dinucleotide (NAD), to form multibranched polymers containing
up to 200 ADP-ribose residues (about 40 residues in plants). The dependence
of poly(ADP-ribose) synthesis on DNA strand breaks, and the presence of
PARP in multiprotein complexes further containing key effectors of DNA
repair, replication and transcription reactions, strongly suggests that this
posttranslational modification is involved in metabolism of nucleic acids, and
DNA repair. There are also indications that poly (ADP -ribase) synthesis is

involved in regulation of cell cycle and cell death.
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[4] Poly (ADP-ribosylation) of proteins is transient in living cells. The poly
(ADP-ribose) polymers are rapidly turned over, being converted to free ADE’-
ribose by the exoglycosidase and endoglycosidase activity of poly (ADP-
ribose) glycohydrolase (PARG; E.C.3.2.1.143). The most proximal unit of ADP
ribose on the protein acceptor is hydrolyzed by the action of another enzyme
(ADP-ribosyl protein lyase).

[5] In addition to this positive (DNA-repair associated) effect of PARP on cell
survival, there is also a negative effect of PARP. The process of activating
PARP upon DNA damage is associated with a rapid lowering of NAD+ levels,
since each ADP-ribose unit transferred by PARP consumes one molecule of
NAD+, NAD+ depletion in turn results in ATP depletion, because NAD+
resynthesis requires at least (depending on the biosynthesis pathway) three
molecules of ATP per molecule of NAD+. Furthermore, NAD+ depletion block
glyceraldehyde —3-phosphate dehydrogenase activity, which is required to
resynthesize ATP during glycolysis. Finally, NAD+ is a key carrier of electrons

needed to generate ATP via electron transport and oxidative phosphorylation.

[6] The physiological consequence of NAD+ and ATP depletion has been
established in the context of DNA-damage induced cell death. It has been
shown that the completion of apoptosis is absolutely dependent on the
presence of ATP and that, in the absence of this nucleotide, the type of
cellular demise switches from apoptosis to necrosis. Since the cellular lysis
associates with necrosis generates further damage to neighboring cells it is
preferable for multicellular organisms to favor apoptotic cell death rather than

necrosis.

[7]t is thus very important to consider the delicate balance of positive and
negative effects of the poly (ADP ribosyl)ation on the potential of a cell to
survive DNA damage.

[8] WO 00/04173 describes methods to modulate programmed cell death
(PCD) in eukaryotic cells and organisms, particularly plant cells and plants, by
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introducing of "PCD modulating chimeric genes” influencing the expression
and/or apparent activity of endogenous poly-(ADP-ribose) polymerase (PARP)
genes. Programmed cell death may be inhibited or provoked. The invention
particularly relates to the use of nucleatide sequences encoding proteins with
PARP activity for modulating PCD, for enhancing growth rate or for producing

stress tolerant cells and organisms.

[9] PARG encoding genes have been identified in a number of animals such
as Rattus norvegicus (Accession numbers: NM_031339, NW_043030,
ABO019366, ), Mus musculus (Accession numbers: NT_039598, NM_003631,
AFQ79557), Homo sapiens (Accession numbers: NT_017696; NM_003631,
AFQ005043), Bos taurus (Accession numbers: NM_174138, U78975)
Drosophila melanogaster (Accession number: AF079556)

[10] 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 (ef). 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).

Summary of the invention

[11] The invention provides a method to produce a plant tolerant to stress
conditions comprising the steps of providing plant cells with a chimeric gene to
create transgenic plant cells, wherein the chimeric gene comprises the
following operably linked DNA fragments: a plant-expressible promoter; a
DNA region, which when transcribed yields an ParG inhibitory RNA molecule;
and a 3’ end region involved in transcription termination and polyadenylation.
A population of transgenic plant lines is regenerated frbm the transgenic plant
cell; and a stress tolerant plant line is identified within the population of
transgenic plant lines. The ParG inhibitory RNA molecule may comprise a
nucleotide sequence of at least 20 consecutive nucleotides of the nucleotide
sequence of the ParG gene present in the plant cell (the endogenous ParG
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gene). The ParG inhibitory RNA molecule may also comprise a nucleotide
sequence of at least 20 consecutive nucleotides of the complement of the
nucleotide sequence of the ParG gene present in the plant cell (the
endogenous ParG gene). In yet ancther embodiment, the parG inhibitory RNA
may comprise a sense region comprising a nucleotide sequence of at least 20
consecutive nucleotides of the nucleotide sequence of the ParG gene present
in the plant cell and an antisense region comprising a nucleotide sequence of
at least 20 consecutive nucleotides of the complement of the nucleotide
sequence of the ParG gene present in the plant cell, wherein the sense and
antisense region are capable of forming a double stranded RNA region
comprising said at least 20 consecutive nuclectides. The chimeric gene may
further comprise a DNA region encoding a self-splicing ribozyme between
said DNA region coding for parG inhibitory RNA molecule and the 3’ end
region. Stress conditions may be selected from heat, drought, nutrient
depletion, oxidative stress or high light conditions.

[12] In another embodiment of the invention, a method is provided to
produce a plant tolerant to stress conditions comprising the steps of: isolating
a DNA fragment of at least 100 bp comprising a part of the parG encoding
gene of the plant of interest; producing a chimeric gene by operably linking a
plant expressible promoter region to the isolated DNA fragment comprising
part of the parG encoding gene of the plant in direct orientation compared to
the promoter region; and to the isolated DNA fragment comprising part of the
parG encoding gene of said plant in inverted orientation compared to the
promoter region, and a 3’ end region involved in transcription termination and
polyadenylation. These chimeric genes are then provided to plant cells to
create transgenic plant cells. A population of transgenic plant lines is
regenerated from the transgenic plant cells; and a stress tolerant plant line is
identified within the population of transgenic plant lines. The invention also
relates to stress tolerant plant cells and plants obtained by this process.

[13] In yet another embodiment of the invention, a method is provided to
produce a plant tolerant to stress conditions comprising the steps of providing
plant cells with a chimeric gene to create fransgenic plant cells, comprising a
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DNA region, which when transcribed yields an ParG inhibitory RNA molecule,
whereby the DNA region comprises a nucleotide sequence of at least 21 to
100 nucleotides of a nuclectide sequence encoding a protein comprising the
amino acid sequence of SEQ ID No 1, 2 or 16 or at least 21 to 100
nucleotides of a nucleotide sequence of SEQ ID 3, 4, 15 or 23 operably linked
to a plant-expressible promoter and a 3 end region involved in transcription
termination and polyadenylation; regenerating a population of transgenic
plant lines from said transgenic plant cell; and identifying a stress tolerant
plant line within the population of transgenic plant lines.

[14] The invention also provides DNA molecules comprising a plant-
expressible promoter, operably linked to a DNA region, which when
transcribed yields an ParG inhibitory RNA molecule, and to a 3’ end region
involved in transcription termination and polyadenylation. The ParG inhibitory
RNA molecule may comprise a nucleotide sequence of at least 20
consecutive nucleotides of the nucleotide sequence of the ParG gene present
in the plant cell (the endogenous ParG gene). The ParG inhibitory RNA
molecule may also comprise a nucleotide sequence of at least 20 consecutive
nucleotides of the complement of the nucleotide sequence of the ParG gene
present in the plant cell (the endogenous ParG gene). In yet another
embodiment, the parG inhibitory RNA may comprise a sense region
comprising a nucleotide sequence of at least 20 consecutive nucleotides of
the nucleotide sequence of the ParG gene present in the plant cell and an
antisense region comprising a nucleotide sequence of at least 20 consecutive
nucleotides of the complement of the nucleotide sequence of the ParG gene
present in the plant cell, wherein thé sense and antisense region are capable
of forming a double stranded RNA region comprising said at least 20
consecutive nucleotides. The chimeric gene may further comprise a DNA
region encoding a self-splicing ribozyme between said DNA region coding for
parG inhibitory RNA molecule and the 3’ end region. The chimeric gene may
also comprise a nucleotide sequence of at least 21 to 100 nucleotides of a
nucleotide sequence encoding a protein comprising the amino acid sequence
of SEQ ID No 1, 2 or 16 or at least 21 to 100 nucleotides of a nucleotide
sequence of SEQ ID 3, 4, 15 or 23.
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[15] In yet another embodiment, the invention relates to plant cell
comprising the DNA molecule of the invention and plants consisting
essentially of such plant cells, as well as to processes for producing stress
tolerant plants, comprising the step of further crossing such plants with
another plant. Seeds and propagating material of such plants comprising the
chimeric genes of the invention are also provided.

[16] The invention also relates to a method for obtaining stress tolerant
plants comprising the steps of subjecting a plant cell line or a plant or plant
line, to mutagenesis; identifying those plant cells or plants that have a
mutation in an endogenous ParG gene; subjecting the identified plant cells or
plants to stress conditions and identifying plant cells or plants that tolerate
said stress conditions better than control plants. Alternatively, plant cells or
plants may be selected for resistance to ParG inhibitors and further treated as
described in this paragraph.

[17]1 The invention further relates to a stress tolerant plant cell or plant

having a mutation in the endogenous ParG gene.

Brief description of the figures.

[18] Figure 1. Schematic representation of the poly-ADP ribose
polymeratization / depolymerization cycle by the action of PARP/PARG in a
eukaryotic cell,

[19] Figure 2. Diagram of the NAD+ and ATP content of Arabidopsis lines
under high light stress. Dark boxes represent NAD content under high light
conditions expressed as percentage of the value for NAD content determined
under low light conditions. Light boxes represent ATP content under high light
conditions expressed as percentage of the value for ATP content determined
under low light conditions.
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[20] Figure 3. Diagram of the NAD+ and ATP content of corn lines under
nitrogen depletion stress. Dark boxes represent NAD content while light boxes

represent ATP content.

Detailed description of preferred embodiments

[21] The invention is based, on the one hand, on the demonstration that
cells from stress resistant plant lines comprising a chimeric gene reducing the
PARP gene expression, exhibited a higher NAD/ATP content under adverse
conditions than cells from untransformed plant lines. On the other hand, it has
been observed that silencing of the expression of PARG encoding gene in
tobacco using a transient silencing RNA vector based on satellite viruses
resulted in a similar phenotype as that observed for silencing of PARP
encoding gene using the same silencing system. Furthermore, silencing the
expression of PARG encoding gene in plants, such as Arabidopsis and
tobacco, resulted in plants that were more resistant to stress conditions, such
as e.g. those imposed by high light conditions.

[22] Although not intending to limit the invention to a specific mode of
action, it is expected that silencing of PARG gene expression results in a
similar phenotype as silencing of PARP gene expression for the following
reasons. As can be seen from Figure 1, polymerization of ADP ribose
catalyzed by PARP, consuming NAD, is followed by depolymerization of poly
ADP ribose, catalyzed by PARG. Poly ADP ribosylation of the PARP protein
itself results in inactivation of the PARP protein. The speed at which the ADP
ribose polymerization / depolymerization cycle occurs in plant cells, leading to
NAD depletion and consequently ATP depletion, can be slowed down or
stopped by reduction of the PARP gene expression or of the enzymatic
activity of PARP. As a result, plant cells, and plants comprising such cells are
more resistant to adverse conditions. The data provided here indicate that a
similar effect can be obtained through slowing down or stopping the cycle by
reduction of the PARG gene expression or PARG activity.

-10-
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[23] The invention relates to reduction of plant cell death in response to
adverse environmental conditions, and consequently to enhanced stress
resistance, by altering the level of expression of ParG genes, or by altering
the activity or the apparent activity of PARG proteins in that plant cell.
Conveniently, the level of expression of ParG genes may be controlled
genetically by introduction of chimeric genes altering the expression of ParG
genes, or by altering the endogenous PARG encoding genes, including the
expression signals.

[24] In one embodiment of the invention, a methad for producing plants
tolerant to stress conditions or adverse growing conditions is provided
comprising the steps of:
- providing plant cells with a chimeric gene to create transgenic plant cells,
wherein the chimeric gene comprises the following operably linked DNA
fragments:
- a plant-expressible promoter;
- a DNA region, which when transcribed yields a ParG inhibitory RNA
molecule;
- a 3 end region involved in transcription termination and
polyadenylation;
- regenerating a population of transgenic plant lines from said transgenic
plant cell; and
- identifying a stress tolerant plant line within said population of transgenic
plant lines.

[25] As used herein “a stress tolerant plant” or “ a plant tolerant to stress
conditions or adverse growing conditions” is a plant (particularly a plant
obtained according to the methods of the invention), which, when subjected to
adverse growing conditions for a period of time, such as but not limited to
drought, high temperatures, limited supply of nutrients (particularly nitrogen),
high light intensities, grows better than a control plant not treated according to
the methods of the invention. This will usually be apparent from the general
appearance of the plants and may be measured e.g., by increased biomass
production, continued vegetative growth under adverse conditions or higher

11-
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seed yield. Stress tolerant plant have a broader growth spectrum, i.e. they
are able to withstand a broader range of climatological and other abiotic

changes, without yield penalty. Biochemically, stress tolerance may be

apparent as the higher NADT-NADH /ATP content and lower production of
reactive oxygen species of stress tolerant plants compared to control plants
under stress condition. Stress tolerance may also be apparent as the higher
chlorophyll content, higher photosynthesis and lower chlorophyll fluorescence
under stress conditions in stress tolerant plants compared to control plants

under the same conditions.

[26] It will be clear that it is also not required that the plant be grown
continuously under the adverse conditions for the stress tolerance to become
apparent. Usually, the difference in stress tolerance between a plant or plant
cell according to the invention and a control plant or plant cell will become
apparent even when only a relatively short period of adverse conditions is

encountered during growth.

[27] As used herein, a "ParG inhibitory RNA molecule” is an RNA molecule
that is capable of decreasing the expression of the endogenous PARG
encoding genes of a plant cell, preferably through post-transcriptional
silencing. It will be clear that even when a ParG inhibitory RNA molecule
decreases the expression of a PARG encoding gene through post-
transcriptional sitencing, such an RNA molecule may also exert other
functions within a cell, such as e.g. guiding DNA methylation of the
endogenous ParG gene, again ultimately leading to decreased expression of
the PARG encoding gene. Also, expression of the endogenous PARG
encoding genes of a plant cell may be reduced by transcriptional silencing,
e.g., by using RNAi or dsRNA targeted against the promoter region of the
endogenous ParG gene.

[28] As used herein, a “PARG encoding gene” or a “ParG gene” is a gene

capable of encoding a PARG (poly ADP ribose glycohydrolase) protein,
wherein the PARG protein catalyzes the depolymerization of poly ADP-ribose,

-12-
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by releasing free ADP ribose units either by endoglycolytic or exoglycolytic
action.

[29] PARG encoding genes may comprise a nucleotide sequence encoding
a protein comprising the amino acid sequence of SEQ ID No 1 (Arabidopsis
thaliana) or of SEQ ID No 2 (Solanum tuberosum) or of SEQ ID No 16 (Oryza
sativa) or parts thereof, such as a DNA fragment comprising the nucleotide
sequence of SEQ ID No. 3 or SEQ ID 4 or SEQ ID No 15. or SEQ ID 23 (Zsa
mays).

[30] However, it will be clear that the skilled person can isolate variant DNA
sequences from other plant species, by hybridization with a probe derived
from the above mentioned PARG encoding genes from plant species, or even
with a probe derived from the above mentioned PARG encoding genes from
animal species. To this end, the probes should preferably have a nucleotide
sequence comprising at least 40 consecutive nucleotides from the coding
region of those mentioned PARG encoding genes sequences, preferably from
the coding region of SEQ ID No 3 or SEQ ID No 4. The probes may however
comprise longer regions of nuclectide sequences derived from the ParG
genes, such as about 50, 60, 75, 100, 200 or 500 consecutive nucleotides
from any of the mentioned ParG genes. Preferably, the probe should
comprise a nucleotide sequence coding for one of the highly conserved
regions of the catalytic domain, which have been identified by aligning the
different PARG proteins from animals. These regions are also present in the
identified PARG protein from Arabidopsis thaliana and comprise the amino
acid sequence LXVDFANXXXGGG (corresponding to SEQ ID No 1 from the
amino acid at position 252 to the amino acid at position 264; X may be any
amino acid) LXVDFANXXXGGGXXXXGXVQEEIRF (corresponding to SEQ
ID No 1 from the amino acid at position 252 to the amino acid at position 277)
or LXYDFANXXXGGGXXXXGXVQEEIRFXXXPE (corresponding to SEQ ID
No 1 from the amino acid at position 252 to the amino acid at position 282),
TGXWGCGXFXGD (corresponding to SEQ ID No 1 from the amino acid at
positon 449 to the amino acid at positon 460) or
TGXWGCGAFXGDXXLKXXXQ (corresponding to SEQ ID No 1 from the

13-
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amino acid at position 449 to the amino acid at position 468). Other conserved
regions have the amino acid sequence DXXXRXXXXAIDA (corresponding to
SEQ ID No 1 from the amino acid at position 335 to the amino acid at position
344) or REXXKAXXGF (corresponding to SEQ ID No 1 from the amino acid at
position 360 to the amino acid at position 369) or GXXXXSXYTGY
(corresponding to SEQ ID No 1 from the amino acid at position 303 to the
amino acid at position 313). Hybridization should preferably be under stringent
conditions.

[31] "Stringent hybridization conditions” as used herein mean that
hybridization will generally occur if there is at least 95% and preferably at least
97% sequence identity between the probe and the target sequence. Examples
of stringent hybridization conditions are overnight incubation in a solution
comprising 50% formamide, 5 x SSC (150 mM NaCl, 15 mM trisodium citrate),
50 mM sodium phosphate (pH 7.6), 5x Denhardt's solution, 10% dextran
sulfate, and 20 pg/ml denatured, sheared carrier DNA such as salmon sperm
DNA, followed by washing the hybridization support in 0.1 x SSC at
approximately 65 °C, e.g. for about 10 min (twice). Other hybridization and
wash conditions are well known and are exemplified in Sambrook et al,
Molecular Cloning: A Laboratory Manual, Second Edition, Cold Spring Harbor,
NY (1989), particularly chapter 11.

[32] Alternatively, ParG encoding genes or parts thereof may also be
isolated by PCR based techniques, using as primers oligonucleotides
comprising at least 20 consecutive nucleotides from a nucleotide sequence of
the mentioned PARG encoding genes or the complement thereof. Such
primers may comprise a nucleotide sequence encoding a conserved region,
as mentioned above, or be complementary fo such a nucleotide sequence.
Oligonucleotides which may be used for that purpose may comprise the
nucleotide sequence of either or SEQ ID No.5, SEQ ID No 6., SEQ ID No. 7
or SEQ ID No. 8. Oligonucleotides which may be used may also be
degenerate, such as the oligonucleotide primers of SEQ ID No 17, SEQ ID No
18, SEQID No 19; SEQ ID No 20, SEQ ID No 21 or SEQ ID No 22.

-14-
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[33] Specific PCR fragments from ParG genes may e.g., be obtained by
using combinations of the oligonucleotides having the nucleotide sequence of
SEQ ID No. 5 and SEQ ID No 6 using e.g., Arabidopsis genomic DNA or
cDNA as a template DNA, or by using combinations of the oligonucleotides
having the nucleotide sequence of SEQ ID No. 7 and SEQ ID No 8 using e.g.,
potato genomic DNA or cDNA as a template DNA, under stringent annealing

conditions.

[34] The isolated sequences may encode a functional PARG protein or a
part thereof. Preferably the isolated sequences should comprise a nucleotide
sequence coding for one or more of the highly conserved regions from the

catalytic domain of PARG proteins as mentioned elsewhere.

[35] However, for the purpose of the invention is not required that the
isolated sequences encode a functional ParG protein nor that a complete
coding region is isolated. Indeed, all that is required for the invention is that a
chimeric gene can be designed or produced, based on the identified or
isolated sequence of the endogenous ParG gene from a plant, which is
capable of producing a ParG inhibitory RNA. Several alternative methods are

available to produce such a ParG inhibitory RNA molecule.

[36] In one embodiment, the ParG inhibitory RNA molecule encoding
chimeric gene is based on the so-called antisense technology. In other words,
the coding region of the chimeric gene comprises a nucleotide sequence of at
least 20 consecutive nucleotides of the complement of the nucleotide
sequence of the endogenous ParG gene of the plant cell or plant, the
expression of which is targeted to be reduced. Such a chimeric gene may be
conveniently constructed by operably linking a DNA fragment comprising at
least 20 nucleotides from the isolated or identified ParG gene, or part of such
a gene, in inverse orientation, to a plant expressible promoter and 3’end
formation region involved in transcription termination and polyadenylation. It
will be immediately clear that there is no need to know the exact nucleotide
sequence or complete nucleotide sequence of such a DNA fragment from an

isolated ParG gene.
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[37] In another embodiment the ParG inhibitory RNA molecule encoding
chimeric gene is based on the so-called co-suppression technology. In other
words, the coding region of the chimeric gene comprises a nucleotide
sequence of at least 20 consecutive nucleotides of the nucleotide sequence of
the endogenous ParG gene of the plant cell or plant, the expression of which
is targeted to be reduced. Such a chimeric gene may be conveniently
constructed by operably linking a DNA fragment comprising at least 20
nucleotides from the isolated or identified ParG gene, or part of such a gene,
in direct orientation, to a plant expressible promoter and 3'end formation
region involved in transcription termination and polyadenylation. Again it is not
required to know the exact nucleotide sequence of the used DNA fragment
from the isolated ParG gene.

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

[39] The efficiency or the above mentioned chimeric genes in reducing the
expression of the endogenous ParG gene of a plant cell may also be further
enhanced by including into one plant cell simultaneously a chimeric gene as
herein described encoding a antisense ParG inhibitory RNA molecule and a
chimeric gene as herein described encoding a sense ParG inhibitory RNA
molecule, wherein said antisense and sense ParG 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.

[40] As further described in WO 99/563050, the sense and antisense ParG

inhibitory RNA regions, capable of forming a double stranded RNA region may
be present in one RNA molecule, preferably separated by a spacer region.
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The spacer region may comptise an intron sequence. Such a chimeric gene
may be conveniently constructed by operably linking a DNA fragment
comprising at least 20 nucleotides from the isolated or identified endogenous
ParG 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 chimeric gene, use can be made of the vectors described in WO
02/059294

[41] Anembodiment of the invention thus concerns a method for obtaining a
stress tolerant plant line comprising the steps of

- providing plant cells with a chimeric gene to create transgenic plant cells,
wherein the chimeric gene comprises the following operably linked DNA
fragments:

- aplant-expressible promoter,

- a DNA region, which when transcribed yields a ParG inhibitory RNA
molecule comprising a nuclectide sequence of at least 20
consecutive nucleotides of the nucleotide sequence of the ParG
gene present in said plant cell; or

- a DNA region, which when transcribed yields a ParG inhibitory RNA
molecule comprising a nucleotide sequence of at least 20
consecutive nucleotides of the complement of the nucleotide
sequence of the ParG gene present in said plant cell; or

- a DNA region, which when transcribed yields a ParG inhibitory RNA
molecule comprising a sense region comprising a nuclectide
sequence of at least 20 consecutive nucleotides af the nucleotide
sequence of the ParG gene present in said plant cell and an
antisense region comprising a nucleotide sequence of at least 20
consecutive nucleotides of the complement of the nuclectide
sequence of the ParG gene present in said plant cell, wherein said
sense and antisense region are capable of forming a double
stranded RNA region comprising said at least 20 consecutive

nucleotides.
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- a 3 end region involved in transcription termination and
polyadenylation;
- regenerating a population of transgenic plant lines from said transgenic
plant cell; and
- identifying a stress tolerant plant line within said population of transgenic

plant lines.

[42] As used herein “comprising” is to be interpreted as specifying the
presence of the stated features, integers, steps or components as referred to,
but does not preclude the presence or addition of one or more features,
integers, steps or components, or groups thereof. Thus, e.g., a nucleic acid or
protein comprising a sequence of nucleotides or amino acids, may comprise
more nucleotides or amino acids than the actually cited ones, i.e., be
embedded in a larger nucleic acid or protein. A chimeric gene comprising a
DNA region which is functionally or structurally defined, may comprise
additional DNA regions etc.

[43] It will thus be clear that the minimum nucleotide sequence of the
antisense or sense RNA region of about 20 nt of the ParG 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.

[44] The mentioned antisense or sense nucleotide regions may thus be
about from about 21 nt to about 5000 nt long, such as 21nt, 40 nt, 50 nt,
100nt, 200 nt, 300nt, 500nt, 1000 nt, 2000 nt or even about 5000 nt or larger
in length.

[45] Moreover, it is not required for the purpose of the invention that the
nucleotide sequence of the used inhibitory ParG RNA molecule or the
encoding region of the chimeric gene, is completely identical or
complementary to the endogenous ParG 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
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50% or 60 % or 70% or 80% or 90 % or 100% to the nucleotide sequence of
the endogenous ParG 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 ParG gene. Preferably the
strefch of about 100 % sequence identity should be about 50, 75 or 100 nt.

[46] For the purpose of this invention, the "sequence identity" of two related
nucleotide seguences, 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 pasitions 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.

[47] 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.

[48] It will also be clear that chimeric genes capable of producing inhibitory
ParG genes for a particular ParG gene in a particular plant variety or plant
species, may also be used to inhibit ParG gene expression in other plant
varieties or plant species. Indeed, when sufficient homology exists between
the ParG inhibitory RNA region and the ParG gene, or when the ParG genes
share the same stretch of 19 nucleotides, expression of those other genes

will also be down-regulated.
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[49] In view of the potential role of ParG in nucleic acid metabolism, it may
be advantageous that the expression of the endogenous ParG gene by the
ParG inhibitory RNA is not completely inhibited. Downregulating the
expression of a particular gene by gene silencing through the introduction of a
chimeric gene encoding ParG inhibitory RNA will result in a population of
different transgenic lines, exhibiting a distribution of different degrees of
silencing of the ParG gene. The population will thus contain individual
transgenic plant lines, wherein the endogenous ParG gene is silenced to the
required degree of silencing. A person skilled in the art can easily identify
such plant lines, e.g. by subjecting the plant lines to a particular adverse
condition, such a high light intensity, oxidative stress, drought, heat etc. and
selecting those plants which perform satisfactory and survive best the

treatment.

[50] As used herein, the term "promoter" denotes any DNA which is
recognized and bound (directly or indirectly) by a DNA-dependent RNA-
polymerase during initiation of transcription. A promoter includes the
transcription initiation site, and binding sites for transcription initiation factors
and RNA polymerase, and can comprise various other sites (e.g., enhancers),

at which gene expression regulatory proteins may bind.

[51] The term "regulatory region”, as used herein, means any DNA, that is
involved in driving transcription and controlling (i.e., regulating) the timing and
level of transcription of a given DNA sequence, such as a DNA coding for a
protein or polypeptide. For example, a 5' regulatory region (or "promoter
region") is a DNA sequence located upstream (i.e., 5") of a coding sequence
and which comprises the promoter and the 5-untranslated leader sequence.
A 3' regulatory region is a DNA sequence located downstream (i.e., 3') of the
coding sequence and which comprises suitable transcription termination
(and/or regulation) signals, including one or more polyadenylation signals.

[52] In one embodiment of the invention the promoter is a constitutive

promoter. In another embodiment of the invention, the promoter activity is
enhanced by external or internal stimuli (inducible promoter), such as but not
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limited to hormones, chemical compounds, mechanical impulses, abiotic or
biotic stress conditions. The activity of the promoter may also regulated in a
temporal or spatial manner (tissue-specific promoters; developmentally

regulated promoters).

[53] For the purpose of the invention, the promoter is a plant-expressible
promoter. As used herein, the term "plant-expressible promoter" means a
DNA sequence which is capable of controlling (initiating) transcription in a
plant cell. This includes any promoter of plant origin, but also any promoter of
non-plant origin which is capable of directing transcription in a plant cell, i.e.,
certain promoters of viral or bacterial origin such as the CaMV35S (Hapster et
al.,, 1988), the subterranean clover virus promoter No 4 or No 7
(W09606932), or T-DNA gene promoters but also tissue-specific or organ-
specific promoters including but not limited to seed-specific promoters (e.g.,
WO89/03887), organ-primordia specific promoters (An et al.,, 1996), stem-
specific promoters (Keller et al., 1988), leaf specific promoters (Hudspeth et
al., 1989), mesophyl-specific promoters (such as the light-inducible Rubisco
promoters),  root-specific promoters (Keller et al.,1989), tuber-specific
promoters (Keil et al., 1989), vascular tissue specific promoters ( Peleman et
al., 1989 ), stamen-selective promoters ( WO 89/10396, WO 92/13956),
dehiscence zone specific promoters ( WO 97/13865) and the like.

[54] Methods for the introduction of chimeric genes into plants are well
known in the art and include Agrobacterium-mediated transformation, particle
gun delivery, microinjection, electroporation of intact cells, polyethyleneglycol-
mediated protoplast transformation, electroporation of protoplasts, liposome-
mediated transformation, silicon-whiskers mediated transformation etc. The
transformed cells obtained in this way may then be regenerated into mature
fertile plants.

[65] The transgenic plant cells and plant lines according to the invention
may further comprise chimeric genes which will reduce the expression of
PARP genes as described in WO 00/04173. These further chimeric genes

may be introduced e.g. by crossing the transgenic plant lines of the current
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invention with transgenic plants containing PARP gene expression reducing
chimeric genes. Transgenic plant cells or plant ines may also be obtained by
introducing or transforming the chimeric genes of the invention into transgenic
plant cells comprising the PARP gene expression reducing chimeric genes or
vice versa. Alternatively, the PARP and PARG inhibitory RNA regions may be

encoded by one chimeric gene and transcribed as one RNA molecule.

[56] The chimeric genes of the invention (or the inhibitory RNA molecules
corresponding thereto) may also be introduced into plant cells in a transient
manner, e.g using the viral vectors, such as viral RNA vectors as described in
WO 00/63397 or WO 02/13964.

[57]1 Having read this specification, it will be immediately clear to the skilled
artisan, that mutant plant cells and plant lines, wherein the PARG activity is
reduced may be used to the same effect as the transgenic plant cells and
plant lines described herein. Mutants in ParG gene of a plant cell or plant may
be easily identified using screening methods known in the art, whereby
chemical mutagenesis, such as e.g., EMS mutagenesis, is combined with
sensitive detection methods (such as e.g., denaturing HPLC). An example of
such a technique is the so-called “Targeted Induced Local Lesions in
Genomes” method as described in McCallum et al, Plant Physiology 123 439-
442 or WO 01/75167. However, other methods to detect mutations in
particular genome regions or even alleles, are also available and include
screening of libraries of existing or newly generated insertion mutant plant
lines, whereby pools of genomic DNA of these mutant plant lines are
subjected to PCR amplification using primers specific for the inserted DNA
fragment and primers specific for the genomic region or allele, wherein the
insertion is expected ( see e.g. Maes et al., 1999, Trends in Plant Science, 4,
pp 90-96).

[58] Plant cell lines and plant lines may also be subjected to mutagenesis
by selection for resistance to ParG inhibitors, such as gallotannines . (Ying, et
al. (2001). Proc. Natl. Acad. Sci. USA 98(21), 12227-12232; Ying, W.,
Swanson, R.A. (2000). NeuroReport 11(7), 1385-1388.
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[59] Thus, methods are available in the art to identify plant cells and plant
lines comprising a mutation in the ParG gene. This population of mutant cells
or plant lines can then be subjected to different abiotic stresses, and their
phenotype or survival can be easily determined. Additionally, the NAD and/or
the ATP content of the stressed cells can be determined and compared to
results of such determinations of unstressed cells. In stress tolerant cells, the
reduction of NAD content under stress conditions should when compared with
unstressed cells, should be lower than for corresponding control cells.

[60] It is also an object of the invention to provide plant cells and plants
containing the chimeric genes or the RNA molecules according to the
invention. Gametes, seeds, embryos, either zygotic or somatic, progeny or
hybrids of plants comprising the chimeric genes of the present invention,
which are produced by traditional breeding methods are also included within

the scope of the present invention.

[61] The plants obtained by the methods described herein may be further
crossed by traditional breeding techniques with other plants to obtain stress
tolerant progeny plants comprising the chimeric genes of the present

invention.

[62] The methods and means described herein are believed to be suitable
for all plant cells and plants, both dicotyledonous and monocotyledonous plant
cells and plants including but not limited to cotton, Brassica vegetables,
oilseed rape, wheat, corn or maize, barley, alfalfa, peanuts, sunflowers, rice,
oats, sugarcane, spybean, turf grasses, barley, rye, sorghum, sugar cane,
vegetables (including chicory, lettuce, tomato, zucchini, bell pepper, eggplant,
cucumber, melon, onion, leek), tobacco, potato, sugarbeet, papaya,
pineapple, mango, Arabidopsis thaliana, but also plants used in horticulture,
floriculture or forestry (poplar, fir, eucalyptus etc.).

[63] The following non-limiting Examples describe method and means for
increasing stress tolerance in plants according to the invention.
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[64] Unless stated otherwise in the Examples, all recombinant DNA
techniques are carried out according to standard protocols as described in
Sambrook et al. (1989) Molecular Cloning: A Laboratory Manual, Second
Edition, Cold Spring Harbor Laboratory Press, NY and in Volumes 1 and 2 of
Ausubel et al. (1994) Current Protocols in Molecular Biology, Current
Protocols, USA. Standard materials and methods for plant molecular work are
described in Plant Molecular Biology Labfax (1993) by R.D.D. Croy, jointly
published by BIOS Scientific Publications Ltd (UK) and Blackwell Scientific
Publications, UK. Other references for standard molecular biology techniques
include Sambrook and Russell (2001) Molecular Cloning: A Laboratory
Manual, Third Edition, Cold Spring Harbor Laboratory Press, NY, Volumes |
and Il of Brown (1998) Molecular Biology LabFax, Second Edition, Academic
Press (UK). Standard materials and methods for polymerase chain reactions
can be found in Dieffenbach and Dveksler (1995) PCR Primer: A Laboratory
Manual, Cold Spring Harbor Laboratory Press, and in McPherson at al. (2000)
PCR - Basics: From Background to Bench, First Edition, Springer Verlag,

Germany.

[65] Throughout the description and Examples, reference is made to the

following sequences:

[66] SEQ ID N°1: amino acid sequence of the ParG protein from
Arabidopsis thaliana.

[67] SEQ ID N°2: amino acid sequence of part of the ParG protein from
Solanum tuberosum.

[68] SEQ ID N°3: nucleotide sequence encoding the ParG protein from
Arabidopsis thafiana.

[69] SEQ ID N°4: nucleotide sequence encoding the part of the ParG
protein from Solanum tuberosum.

[70] SEQ ID N°5: nucleotide sequence of an oligonucleotide primer suitable
for PCR amplification of part of a ParG protein encoding DNA fragment.

[71] SEQ ID N°6: nucleotide sequence of an oligonucleotide primer suitable
for PCR amplification of part of a ParG protein encoding DNA fragment.
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[73]

[74]

[751

[78]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]
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SEQ ID N°7: nucleotide sequence of an oligonucleotide primer suitable
for PCR amplification of part of a ParG protein encoding DNA fragment.
SEQ ID N°8: nucleotide sequence of an oligonucleotide primer suitable
for PCR amplification of part of a ParG protein encoding DNA fragment.
SEQ ID N°9: nuclectide sequence of the T-DNA vector containing the
ParG expression reducing chimeric gene based on the Arabidopsis
ParG gene sequence.
SEQ ID N°10: amino acid sequence of conserved sequence 1 of PARG
proteins.
SEQ ID N°11: amino acid sequence of conserved sequence 2 of PARG
proteins.
SEQ ID N°12: amino acid sequence of conserved sequence 3 of PARG
proteins.
SEQ ID N°13: amino acid sequence of conserved sequence 4 of PARG
proteins.
SEQ ID N°14: amino acid sequence of conserved sequence 5 of PARG
proteins.
SEQ ID N°15: nucleotide sequence of the ParG protein from Oryza
sativa.
SEQ ID N°16: amino acid sequence of the ParG protein from Oryza
sativa.
SEQ ID N° 17: nucleotide sequence of an oligonuclectide primer PG1
suitable for PCR amplification of part of a ParG protein encoding DNA
fragment.
SEQ ID N° 18: nucleotide sequence of an oligonucleotide primer PG2
suitable for PCR amplification of part of a ParG protein encoding DNA
fragment.
SEQ ID N° 19: nucleotide sequence of an oligonucleotide primer PG3
suitable for PCR amplification of part of a ParG protein encoding DNA
fragment.
SEQ ID N° 20: nucleotide sequence of an oligonucleotide primer PG4
suitable for PCR amplification of part of a ParG protein encoding DNA

fragment.
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[86] SEQ ID N° 21: nucleotide sequence of an oligonucleotide primer PG5
suitable for PCR amplification of part of a ParG protein encoding DNA
fragment.

[87] SEQ ID N° 22: nuclectide sequence of an oligonuclectide primer PG6
suitable for PCR amplification of part of a ParG protein encoding DNA
fragment.

[88] SEQ ID N°23: nucleotide sequence encoding a ParG protein from Zea
mays.

[89] SEQ ID N°24: nucleotide sequence of a T-DNA vector comprising a
chimeric gene capable of reducing PARG expression

[90] SEQ ID N°25: nuclectide sequence of a T-DNA vector comprising a
chimeric gene capable of reducing PARG expression
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Examples

Example 1. Analysis of the influence of stress on energy production

[92]

[93]

efficiency of transgenic stress tolerant plant lines
containing PARP gene expresssion reducing chimeric

genes.

Hypocotyls of transgenic Brassica napus plants comprising PARP gene
expression reducing chimeric genes as described in WO 00/04173
were cultivated for 5 days on a growth medium. Explants were then
transferred to liguid medium comprising 30 mg/L aspirin or
acetylsalicylic acid (resulting in oxidative stress conditions) for one day.
In control experiments, hypocotyls of non-transgenic Brassica napus
plants N90-740 were cultivated on the same growth medium and then
incubated for one day in liquid medium comprising 30 mg/L aspirin. In
addition, hypocotyls of both the transgenic lines and the control line

were cultivated on the same growth medium without aspirin.

After the cultivation period, the ATP content of 125 explants was
determined for each experiment. Additionally, the oxygen consumed in
3 hours by 125 explants was determined. The resuits are summarized
in Table 1. The standard error of the mean was less than 6%. Whereas,
the ratio of moles ATP per mg consumed oxygen in the control plants
decreased in the control plants when oxidative stress was applied, the
same ratio in the stress tolerant transgenic plant lines actually
increased under stress conditions, and was considerably higher (about
24%) than in the control plants. The stress resistant transgenic lines
thus maintained an constant energy production efficiency, whereas the
control lines exhibited an decreased energy production efficiency. In
addition, superoxide production, expressed as a percentage of
superoxide production in control plants not subjected to the oxidative
stress, did not increase in siress tolerant plants subjected to stress
conditions.
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cultured Brassica napus hypocotyl explants.

PCT/EP2004/003993

Table 1. Influence of stress on energy production efficiency of 5 days

Plant line

Stress

moles ATP
per 125

explants

02 mg/L.
consumed in
3 hrs by 125

explants

moles ATP

myg
consumed
0,

Superoxide
production

N90-740

None

12.4x107

2.96

419x107

100%

{control)

30mg/L
aspirin

132x107

4.06

3.25x107

167%

Transgenic

None

9.3x107

2.33

3.99x 107

108%

ling

30mglL

114x107

2.82

4.04 x 107

100%

aspirin

[95]

[96]

In another experiment, the NAD+ and ATP content of 4 different
transgenic Arabidopsis lines comprising PARP gene expression
reducing chimeric genes as described in WO 00/04173 were
determined under high and low light conditions, and compared to the
values obtained for a non transformed control line under the same
conditions. The 4 different lines exhibited different degrees of stress
resistance as exhibited e.g. by their ability to withstand heat and/or
drought conditions. The values obtained for the NAD and ATP contents
under high light stress are expressed as a percentage of the values for
the NAD and ATP contents under low light conditions, and are plotted
in Figure 2.

The results show that high light stress leads to a significant NAD
reduction in control plant cells and in the transgenic plant line which is
the least stress resistant. The more stress resistant the transgenic plant
lines are, the less signicifant the NAD reduction Is under high light

stress conditions.
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In another experiment, the NAD+ and ATP content of a segregating
population resulting from a cross between transgenic corn lines
comprising PARP gene expression reducing chimeric genes as
described in WO 00/04173 and an untransformed corn line, were
determined under conditions of nutrient (nitrogen) depletion, and
compared to the values obtained for a non transformed control line
under the same conditions. Figure 3 is a graphic representation of the
of the obtained results. Hemizygous and azygous lines were
discriminated by verification for the presence of the selectable marker
gene. The NAD and ATP content was significantly higher in the
hemizygous, stress tolerant plants than in the untransformed control

plants or the azygous plants.

Example 2. Construction of ParG gene expression reducing chimeric

[98]

genes.

To reduce the expression of the PARG gene e.g. in Arabidopsis and
related plants, a chimeric gene was constructed which is capable
expressing a dsRNA comprising both a sense and antisense region
which can form a double stranded RNA. Such dsRNA is very effective
in reducing the expression of the genes with which is shares sequence
homology, by post-transcriptional silencing. The chimeric gene
comprises the following DNA fragments:

s A promoter region from Cauliflower mosaic Virus (CaMV 358);

s A DNA fragment comprising 163 bp from the ParG gene from
Arabidopsis thaliana in direct orientation (Genbank Accession
number AF394690 from nucleotide position 973 fo 1135);

» A DNA fragment encoding intron 2 from the pdk gene from Flaveria;

» The DNA fragment comprising 163 bp from the ParG gene from
Arabidopsis thaliana in inverted orientation (Genbank Accession
number AF394690 from nucleotide position 973 to 1135)

» A fragment of the 3’ untranslated end from the octopine synthetase
gene from Agrobacterium tumefaciens.
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This chimeric gene was introduced in a T-DNA vector, between the left
and right border sequences from the T-DNA, together with a selectable
marker gene providing resistance to the herbicide phosphinotricin.

To reduce the expression of the PARG gene e.g. in potatoes and
related plants, a chimeric gene is constructed which is capable
expressing a dsRNA comprising both a sense and antisense region of
a c¢DNA sequence from potato, that is capable of encoding a protein
having high sequence identity with the N-terminal part of the

Arabidopsis PARG protein. The chimeric gene comprises the following

DNA fragments:

» A promoter region from Cauliflower mosaic Virus (CaMV 358);

e A DNA fragment comprising a sequence of at least 100 bp from
ParG homologue from Solanum tuberosum in direct orientation
(Genbank Accession number BE340510);

o A DNA fragment encoding intron 2 from the pdk gene from Flaveria;

+ The DNA fragment comprising the sequence of at least 100 bp from
ParG homologue from Sofanum tuberosum in inverted orientation
(Genbank Accession number BE340510);

¢ A fragment of the 3’ untranslated end from the octopine synthetase
gene from Agrobacterium tumefaciens

This chimeric gene is introduced in a T-DNA vector, between the left
and right border sequences from the T-DNA, together with a selectable
marker gene providing resistance to the herbicide phosphinotricin.

Example 3. Analysis of transgenic plant lines comprising ParG gene

[102]

expression reducing chimeric genes.

The chimeric genes of Example 2 are introduced into Arabidopsis or

potato respectively, by Agrobacterium mediated transformation.
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[103] The population of obtained transgenic lines is subjected to the following
stress conditions, tagether with control plants:
¢ Increased heat for a period of days (greenhouse) or hours (in vitro)
« Drought for a period of days
¢ High light conditions for a period of days
o Nutrient depletion

[104] Individual plant lines surviving well the above mendioned siress
conditions are selected.

[105] The NAD content and ATP content for the above mentioned plants is
determined under control and stress conditions.

Example 4. Quantitative determination of NAD, ATP and superoxide

radicals in plant cells.

[106] Quantification of ATP in plant tissues was done basically as decribed
by Rawyler et al. (1999), Plant Physiol. 120, 293-300. The assay was
used for the determination of the ATP content of hypocotyl explants
that were cultured for 4-5 days on A2S3 medium or 2 weeks old in vitro
culiured Arabidopsis plants. All manipulations are performed on
crushed ice unless otherwhise indicated.

[107] ATP extraction
- Freeze plant material with liquid nitrogen
* 100 hypocotyt explants
* * 700mg Arabidopsis plants (roots + shoots) (about 32-37 18-
days old C24 plants)
Put frozen hypocotyls in mortar and add 6ml of 6% perchloric acid.

Extraction can be done at room temperature using a pestle. After

extraction, put samples as soon as possible on ice.
- Centrifuge at 24,000 (Sorvall, S$34 rotor at 14,000rpm) for 10min. at
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4°C.
- The supernatant is neutralized with 5M KxCOj3 (add 350p! of 5M KCOj3
to 3ml of supernatant).

- KCIO4 is removed by spinning as described above.

[108] Quantitative bioluminescent determination of ATP

- The ATP bioluminescent assay kit from Sigma is used (FL-AA).

- Dilute extract 6000 x (about 6 mL extract from which 100yl is taken, that
is diluted 1000 times) The dilutions are made with the ‘ATP assay mix
dilution buffer’ (FL-AAB) of the ATP bioluminescent assay kit

- The amount of light that is produced is measured with the TD-20/20
luminometer of Turner Designs (Sunnyvale, USA).

- Standard curve: disolve ATP standard of kit (FL-AAS) in 10ml of water
(2x10°® moles)

[109] Quantification of NAD+ and NADH in plant tissues was performed,
essentially as described by Karp et al. (1983) or Filipovic et al. (1999)
on the following plant material:

Brassica napus: 150 5-days cultured hypocotyl explants/sample
Arabidopsis: 1000mg 18-days old in vitro grown plants (shoots +
roots)/sample (corresponds to 260 C24 plants)

[110] Assay solution
(A) For measuring NADH: 25mM potassium phosphate buffer pH7
0.1mM DTT
3uM FMN (Fluka, 83810)
30uM n-decanal (Sigma, D-7384)

(B) For measuring NAD" + NADH:
idem as for measuring NADH alone
+ 2ug/mL alcohol dehydrogenase (Roche, 102 717)

[111] Extraction
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- Freeze with liquid nitrogen

- Put frozen plant material in cooled mortar (cooled at —20°C) and add
SmL extraction buffer

- Grind material using a pestle

- Centrifuge at 24 000g (Sorvall, 5834 rotor at 14 000rpm) for 15 minutes
at4°C

- Take 1 mL of supernatant for analysis

[112] Assay

NADH
- 390uL of assay solution A

- +10uL extract
-+ 2uL NAD(P)H:FMN oxidoreductase
-+ 100pL luciferase solution

NAD'+ NADH
- 390uL of assay solution B

- + 10uL extract
- 2 minutes at room temperature
-+ 2uL NAD(P)H:FMN oxidoreductase

- + 100pL luciferase solution

The amount of light that is produced is measured with the TD-20/20
luminometer of Turner Designs (Sunnyvale, USA)

NADH-standard
NADH stock solution: 1miM (7.1mg/10mL H,0)

NADH: disodium salt, Roche, 107 735
Dilution series in 10mM potassium phosphate buffer pH7: (10°%); 5x107%;
2x10°%; 10, 5x10™
Add 10pL of dilutions in 390pL of assay solution A and perform reaction

Make standard curve

[113] Superoxide radicals production was measured by quantifying the
reduction of XTT as described in De Block and De Brouwer (2002)
Plant Physiol. Biochem. 40, 845-852
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[114] BRASSICA NAPUS

[115] Media and reaction buffers

Sowing medium (medium 201):
Half concentrated Murashige and Skoog salts
2% sucrose
pH 5.8
0.6% agar (Difco Bacto Agar)
250mg/l triacillin

Callus inducing medium A2S3:
MS medium, 0.5g/l Mes (pH 5.8), 3% sucrose, 40mg/l adenine-SO,,
0.5% agarose, 1mgfi 2,4-D, 0.25mg/l NAA, 1mg/l BAP, 250mg/|
triacillin

Incubation medium:
25mM K-phosphate buffer pH5.8
2% sucrose
1 drop Tween20 for 25ml medium

Reaction buffer:
50mM K-phosphate buffer pH7.4
1mM sodium,3’-{1-[phenylamino-carbonyl]-3,4-tetrazolium}-bis(4-
methoxy-6-nitro) = XTT (bts, Germany, cat n° 2525)
1 drop Tween20 for 25ml buffer

[116] Sterilization of seeds - pregermination of seeds - growing of the
seedlings. Seeds are soaked in 70% ethanol for 2 min, then surface-
sterilized for 15 min in a sodium hypachlorite solution (with about 6%
active chlorine) containing 0.1% Tween20. Finally, the seeds are
rinsed with 11 of sterile tap water. Incubate seeds for at least one hour
in sterile tap water (to allow diffusion from seeds of components that
may inhibit germination). Seeds are put in 250ml erlenmeyer flasks
containing 50ml of sterile tap water (+ 250mg/| triacillin). Shake for
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[119]

[120]

32
about 20 hours. Seeds from which the radicle is protruded are put in

Vitro Vent containers from Duchefa containing about 125ml of sowing
medium (10 seeds/vessel, not too many to reduce loss of seed by
contamination). The seeds are germinated at +24°C and 10-
30:Einstein/s 'm with a daylength of 16h.

Preculture of the hypocotyl explants and induction of stress

12-14 days after sowing, the hypocotyls are cut in about 7-10mm
segments.

The hypocotyl explants (25 hypocotyls/Optilux Petridish, Falcon S1005,
Denmark) are cultured for 5 days on medium A2S83 at 25°C (at 10-
30CEinstein/s 'm?).

XTT-assay

Transfer 150 hypocotyl explants to a 50ml Falcon tube.

Wash with reaction buffer (without XTT).

Add 20mL reaction buffer + XTT.

(explants have to be submerged, but do not vacuum infiltrate)
Incubate in the dark at 26°C for about 3hours

Measure the absorption of the reaction medium at 470nm

ARABIDOPSIS THALIANA

Media and reaction buffers

Plant medium:

Half concentrated Murashige and Skoog salts
BS vitamins

1.5% sucrose

pH5.8

0.7% Difco agar

Incubation medium:

10mM K-phosphate buffer pH5.8
2% sucrose

1 drop Tween20 for 25ml medium

Reaction buffer:

-35-




WO 2004/090140 PCT/EP2004/003993

33

50mM K-phosphate buffer pH7.4

1mM sodium,3’-{1-[phenylamino-carbonyl]-3,4-tetrazolium}-bis(4-
methoxy-6-nitro) = XTT (bts, Germany, cat n° 2525)

1 drop Tween20 for 25ml buffer

[121] Arabidopsis plants
- Arabidopsis lines: control
lines to test
- Sterilization of Arabidopsis seeds:
2min. 70% ethanol
10 min. bleach (6% active chlorine) + 1drop Tween 20 for 20mi
solution
wash 5 times with sterile tap water
- Pregermination of seeds:
In 9cm Optilux Petridishes (Falcon) containing 12ml sterile tap water.
Low light overnight to 24 hours.
- Growing of Arabidopsis plants
Seeds are sown in Intergrid Tissue Culture disks of Falcon (nr. 3025)
containing +125ml of plant medium: 1 seed/grid.
Plants are grown at 24°C
30uEinstein s™'m?
16hours light - 8hours dark
for about 3 weeks (before bolting)

[122] XTT-assay

Control condition (no stress)

- Harvest shoots (roots included) from agar plates and put them directly
in a 50ml Falcon tube containing reaction buffer (without XTT)
Stressed shoots

- Transfer shoots to 50ml Falcon tubes containing reaction buffer
(without XTT)

- Replace reaction buffer with buffer containing XTT (40mL/tube)
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- Shoots have {o be submerged, but do not vacuum infiltrate
- Incubate in the dark at 26°C for about 3hours
- Measure the absorption of the reaction medium at 470nm

[123] Quantification of respiration by measuring oxygen consumption using a

Clark polarographic electrode was done in the following way:

[124] Plant material
Brassica napus
150-200* hypocotyl explants
Cultured for 5 days at 25°C

(cfr. protocol vigour assay)

* 150 explants error <10%; 200 explants error <6%

Arabidopsis
For C24 + 1000mg* in vitro plants (shoots + roots) (corresponds with
~50 18-days old plants)
Pregerminate seeds before sowing
Grow for 18 days at 24°C
(cfr. protocol in vifro growth Arabidopis)

* for error <8%

[125] Incubation media
Brassica napus
256mM K-phosphate buffer pH5.8
2% sucrose
Tween20 (1 drop/25ml)

Arabidopsis

10mM K-phosphate buffer pH5.8
2% sucrose
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Tween20 (1 drop/25ml)

Before use, aerate (saturate with oxygen) medium well by stirring for at

least a few hours

[126]

Assay

Put explants in 100ml glass bottle (Schott, Germanyy) filled with
incubation medium. Put the same weight of shoots in each bottle (+
700mg)
Fill bottle to overflowing and close tightly (avoid large air bubbles)
Fill also a bottle with incubation medium that does not contain
explants (blanco)
Incubate at 24°C at low light for: 3-4 hours (Brassica hapus)

3 hours (Arabidopsis)
Shake gently during incubation (to avoid oxygen depletion of
medium around explants)
Measure oxygen concentration (mg/l) of incubation media using an
hand-held dissolved oxygen meter (Cyberscan DO 310; Eutech
Instruments, Singapore)

mg/l consumed oxygen = foxygen] blanco — [oxygen] sample.

Example 5. Analysis of transgenic plant lines comprising ParG gene

expression reducing chimeric genes.

[127] The chimeric genes of Example 2 were introduced into Arabidopsis an

Nicotiana tabacum c.v. Petit Havana SR1 by Agrobacterium mediated

transformation.

[128] Transgenic seeds were germinated on a medium containing MS

salts/2; B5 vitamins; 1,5% sucrose; pH5.8 and 0.7% Difco agar.

Germinated seeds were subject to low light (photosynthetic photon flux

of about 30 umol m™ s for 14 to 18 days, after which the light intensity

was increased about 6-fold (photosynthetic photon flux of about 190
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pumol m” s7). After 1 day, the NAD and NADH contents were
determined using the enzymatic cycling method (Karp et al. (1983)
Anal. Biochem. 128, pp 175-180). A portion of the seedlings were
cultivated further under high light conditions for about 3 to about days,

after which the damage was scored. Damage was visible as darkening

of the young leaves and shoot tip, bleaching of older leaves and growth

retardation. The results are summarized in Table 1 for Arabidopsis and

in Table 2 for tobacco.

[129] Table 1. Analysis of Arabidopsis (Columbia). R indicates that some

dark pigmentation was observed. ND: not determined

High light NAD+NADH % TTC-reducing
tolerance content in 1 gram capacity vs
of tissue (103uM) control

Non-transgenic control S 17.3 100
Transgenic line 9 R 28.2 ND
Transgenic line 10 R 31.7 ND
Transgenic line 11 +R 26.5 ND
Transgenic line 12 S 19.4 ND
Transgenic line 26 R 33.2 55
Transgenic line 27 S 21.3 100
Transgenic line 28 +R 26.5 75
Transgenic line 29 S 17.7 102
Transgenic line 30 R 28.3 66
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[130] Table 2. Analysis of Nicotiana tabacum c.v. Petit Havana SR1. £R
indicates that some dark pigmentation was observed. R/S indicates tha

the resistance phenotype was not very clear.

High light % TTC-reducing
tolerance capacity vs
v control
Non-transgenic control S 100
Transgenic line 1 R/S 88
Transgenic line 2 +R 79
Transgenic line 3 R 53

[131] There is a positive correlation between the resistance to high light
stress in the transgenic plants and the NAD+NADH content of the cells.
An inverse correlation can be seen between TTC reducing capacity

and high light tolerance.

Example 6. Construction of ParG gene expression reducing chimeric

genes suited for use in cereal plants.

[132] To reduce the expression of the PARG gene e.g. in cereals such as
rice or corn (maize) and related plants, a chimeric gene is constructed
which is capable expressing a dsRNA comprising both a sense and
antisense region of nucleotide sequence from rice, that is capable of
encoding a protein having high sequence identity with PARG protein
encoding nucleotide sequences. The chimeric gene comprises the
following DNA fragments:

o A promoter region from Cauliflower mosaic Virus (CaMV 358);

» A DNA fragment comprising a sequence of at least 100 bp from
ParG homologue from Oryza sativa (SEQ ID No 15) in direct
orientation;

« A DNA fragment encoding intron 2 from the pdk gene from Flaveria;
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« A DNA fragment comprising a sequence of at least 100 bp from
ParG homologue from Oryza sativa (SEQ ID No 15) in inverted
orientation;

¢ A fragment of the 3’ untranslated end from the octopine synthetase
gene from Agrobacterium tumefaciens.

This chimeric gene is introduced in a T-DNA vector, between the left
and right border sequences from the T-DNA, together with a selectable

marker gene providing resistance to e.g. the herbicide phosphinotricin.

To reduce the expression of the PARG gene e.g. in cereals such as
rice or corn (maize) and related plants, a chimeric gene is constructed
which is capable expressing a dsRNA comprising both a sense and
antisense region of nucleotide sequence from rice, that is capable of
encoding a protein having high sequence identity with PARG protein
encoding nucleotide sequences. The chimeric gene comprises the
following DNA fragments:

« A promoter region from Cauliflower mosaic Virus (CaMV 35S);

o A DNA fragment comprising a sequence of at least 100 bp from
ParG homologue from Zea mays (SEQ ID No 23) in direct
orientation;

o A DNA fragment encoding intron 2 from the pdk gene from Flaveria;

« A DNA fragment comprising a sequence of at least 100 bp from
ParG homologue from Zea mays (SEQ ID No 23) in inverted
orientation;

o A fragment of the 3’ untranslated end from the octopine synthetase
gene from Agrobacterium tumefaciens.

This chimeric gene is introduced in a T-DNA vector, between the left
and right border sequences from the T-DNA, together with a selectable
marker gene providing resistance to e.g. the herbicide phosphinotricin.

The nucleotide sequence of two examples of such T-DNA vectors
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comprising two different chimeric gences as described in the previous paragraph is
represented in SEQ ID Nos. 24 and 25.

Example 7. Analysis of transgenic plant lines comprising ParG gene expression

reducing chimeric genes.

[136] The chimeric genes of Example 6 are introduced into rice or corn respectively, by

Agrobacterium mediated transformation.

[137] The population of obtained transgenic lines is subjected to the following stress
conditions, together with control plants:
o Increased heat for a period of days (greenhouse) or hours (in vitro)
o Drought for a period of days
e High light conditions for a period of days

» Nutrient depletion

[138] Individual plant lines surviving well the above mentioned stress conditions, or at

least one thereof, are selected.

{139] The NAD content and ATP content for the above mentioned plants is determined
under control and stress conditions.

Throughout this specification and the claims which follow, unless the context requires

otherwise, the word “comprise”, and variations such as “comprises” and “comprising”,

will be understood to imply the inclusion of a stated integer or step or group of integers or

steps but not the exclusion of any other integer or step or group of integers or steps.

The reference in this specification to any prior publication (or information derived from it),
or to any matter which is known, is not, and should not be taken as an acknowledgment or
admission or any form of suggestion that that prior publication (or information derived
from it) or known matter forms part of the common general knowledge in the field of

endeavour to which this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

I. A method to produce a plant tolerant to stress conditions comprising the steps of
(a)  providing plant cells with a chimeric gene to create transgenic plant cells,
said chimeric gene comprising the following operably linked DNA fragments
) a plant-expressible promoter;
(i)  a DNA region, which when transcribed yields a ParG inhibitory
RNA molecule;
(i) a 3’ end region involved in transcription termination and
polyadenylation;
(b)  regenerating a population of transgenic plant lines from said transgenic
plant cell; and
()  identifying a stress tolerant plant line within said population of transgenic

plant lines.

2. The method according to claim 1, wherein said parG inhibitory RNA molecule
comprises a nucleotide sequence of at least 20 consecutive nucleotides of the nucleotide

sequence of the ParG gene present in said plant cell.

3. The method according to claim 1, wherein said parG inhibitory RNA molecule
comprises a nucleotide sequence of at least 20 consecutive nucleotides of the complement

of the nucleotide sequence of the ParG gene present in said plant cell,

4. The method according to claim 2 or 3, wherein said chimeric gene further
comprises a DNA region encoding a self-splicing ribozyme between said DNA region
coding for said parG inhibitory RNA molecule and said 3’ end region,

5. The method according to claim 1, wherein said parG inhibitory RNA comprises a
sense region comprising a nucleotide sequence of at least 20 consecutive nucleotides of the
nucleotide sequence of the ParG gene present in said plant cell and an antisense region

comprising a nucleotide sequence of at least 20 consecutive nuclcotides of the complement
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of the nucleotide sequence of the ParG gene present in said plant cell, wherein said sense
and antisense region are capable of forming a double stranded RNA region comprising said
at least 20 consecutive nucleotides.

6. The method according to any one of claims 1 to 5 whercin said stress conditions is

selected from heat, drought, nutrient depletion, oxidative stress or high light conditions.

7. The method according to any one of claims 1 to 6, comprising further crossing said

transgenic plant line with another plant line to obtain stress tolerant progeny plants,

8. A ethod to produce a planit tolerant to stress conditions comprising the steps of:
(a)  isolating a DNA fragment of at least 100 bp comprising a part of the parG
encoding gene of said plant;
() producing a chimeric gene by operably linking the following DNA
fragments;
{i) a plant expressible promoter region;
(ii)  said isolated DNA fragment comprising part of the parG encoding
gene of said plant in direct orientation compared to the promoter region;
(iif)  said isolated DNA fragment comprising part of the parG encoding
gene of said plant in inverted orientation compared to the promoter region;
(ivy a 3 end region involved in ftranscription termination and
polyadenylation;
(¢)  providing plant cells with said chimeric gene to create transgenic plant
cells;
(d)  regenerating a population of transgenic plant lines from said transgenic
plant cell; and
(e)  identifying a stress tolerant plant line within said population of transgenic

plant lines,

9. A plant obtained by the method of any one of claims 1 to 8.

COMS ID No: ARCS-233526  Received by IP Australia: Time (H:m) 16:48 Date (Y-M-d) 2009-05-05
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10. A process for producing stress tolerant plants, comprising the step of further
crossing a plant of claim 9 with another plant.

11. A plant obtained by the process of claim 10.

12. A method to produce a plant tolerant to stress conditions comprising the steps of
(@)  providing plant cells with a chimeric gene to create transgenic plant cells,
said chimeric gene comprising the following operably linked DNA fragments
) a plant-expressible promoter;
(i) a DNA region, which when transcribed yields a ParG inhibitory
RNA molecule, said DNA region comprising a nucleotide sequence of at
least 21 to 100 nucleotides of a nucleotide sequence encoding a protein
comprising the amino acid sequence of SEQ ID No 1, 2 or 16 or at least 21
to 100 nucleotides of a nucleotide sequence of SEQ ID 3, 4, 15 or 23;
(i) a 3 end region involved in transcription fermination and
polyadenylation;
()  regenerating a population of transgenic plant lines from said transgenic
plant cell; and
(¢} identifying a stress tolerant plant line within said population of transgenic
plant lines.

13. A method fo produce a plant tolerant to stress conditions comprising the steps of
(8)  subjecting a plant cell line or a plant or plant line, to mutagenesis;
(b)  identifying those plant cells or plants that have & mutation in an endo gEnous
ParG gene;
(c)  subjecting the identificd plant cells or plants to atress conditions;

(@ identifying plant cells or plants that tolerate said stress conditions better
than control plants.

14, Amethod to produce a plant toletant to stress conditions comprising the steps of

(@)  seleeting a plant cell line or a plant or plant line which is resistant to a ParG

COMS ID No: ARCS-233526  Received by IP Australia: Time (H:m) 16:48 Date (Y-M-d) 2000-05-05
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inhibitor;

(b)  identifying those plant cells or plants that have a mutation in an endogenous
ParG gene;

(¢)  subjecting the identificd plant cells or plants to stress conditions;

(d)  identifying plant cells or plants that tolerate said stress conditions better
than control plants. '

15. A plant cell or plant obtained by the method of any one of claims 12 to 14.
16. A method according to any one of claims 1, §, 12, 13 or 14 or a plant cell or plant
obtained by a said method, or a process according to claim 10 or a plant obtained by a said

process, substantially as hereinbefore described with reference to the Examples and the
accompanying drawings.

COMS ID No: ARCS-233526 Received by IP Australia: Time (H:m) 16:48 Date (Y-M-d) 2009-05-05
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SEQUENCE LISTING

<110> Bayer BioSCience N.V.
De Block, Marc

<120> Methods and means for ‘increasing the tolerance of plants to stress
conditions.

<130> BCS' 03 2002 WOl

<150> EP03076044.1
<151> 2003-04-09

<150> US 60/496,688
<151> 2003-08-21

<160> 25

<170> PatentIn version 3.1

<210> 1
<21l> 548
<212> PRT

<213> Arabidopsis thaliana

<400> 1
Met Glu Asn Arg Glu Asp Leu Asn Ser Ile Leu Pro Tyr Leu Pro Leu
1 5 10 15
Val Ile Arg Ser Ser Ser Leu Tyr Trp Pro Pro Arg Val Val Glu Ala
20 25 30
Leu Lys Ala Met Ser Glu Gly Pro Ser His Ser Gln Val Asp Ser Cly
35 40 - 45
Glu val Leu Arg Gln Ala Ile Phe Asp Met Arg Arg Ser Leu Ser Phe
50 S5 60
Ser Thr Leu Glu Pro Ser Ala Ser Asn Gly Tyr Ala Phe Leu Phe Asp
65 70 75 80
@lu Leu Ile Asp Glu Lys Glu Ser Lys Arg Trp Phe Asp Glu Ile Ile
85 20 95
Pro Ala Leu Ala Ser Leu Leu Leu Gln Phe Pro Ser Leu Leu Glu Val
100 105 110
His Phe Gln Asn Ala Asp Asn Ile Val Ser Gly Ile Lys Thr Gly Leu
115 . 120 125
Arg Leu Leu Asn Ser Gln Gln Ala Gly Ile Val Phe Leu Ser Gln Glu
130 135 140
Leu Tle Gly Ala Leu Leu Ala Cys Ser Phe Phe Cys Leu Phe Pro Asp
145 150 155 160
Asp Asn Arg Gly Ala Lys His Leu Pro Val Ile Asn Phe Asp His Leu
165 170 175
phe Ala Ser Leu Tyr Ile Ser Tyr Ser Gln Ser Gln Glu Ser Lys Ile
180 185 190
Arg Cys Ile Met His Tyr Phe Glu Arg Phe Cys Ser Cye Val Pro Ile
195 200 205
Gly Ile Val Ser Phe Glu Arg Lys Ile Thr Ala Ala Pro Asp Ala Asp
210 215 220
Phe Trp Ser Lys Ser Asp Val Ser Leu Cys Ala Phe Lys Val His Ser
225 230 235 240
phe Gly Leu Ile Glu Asp Gln Pro Asp Asn Ala Leu Glu Val Asp Phe
245 250 255
ala Asn Lys Tyr Leu Gly Gly Gly Ser Leu Ser Arg Gly Cys Val Gln
260 265 270
Glu Glu Ile Arg Phe Met Ile Asn Pro Glu Leu Ile Ala Gly Met Leu

1/25
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275
Pro Arg Met Asp Asp
= 295
phe Ser Cys Tyr Thr
310

@ly Glu Tyr Ile Bsp Lys Lys

Thr Arg
Phe Lys

Phe Leu
370

325
Ile Val Ala Ile Asp
340
Asp Ile Cys Leu Leu
355
Asn Cys Ser Lys Ala
375

Glu Gly Asp Asn Glu Ile Gln

385

390

Leu Leu Arg Thr Glu Thr Thr

Val Glu

Tyr Val

405
Met Asn Arg Glu Lys
420
Glu Gly Val Asp Asn
435

Thr Gly Asn Trp Gly Cys Gly

450
Ala Thr
465
ser Tyr

Thr Lys
Met Met

Gly Phe
530
Ile Gln
545
<210>
<211>
<212>
<213>

<400>
Met Glu
1
Cys Leu
Leu Lys
Gln Val
50
Pro Asp
65

Phe Asp
Val Val

Glu Ala

455
Ile Gln Trp Leu Ala
470
Tyr Thr Phe Gly Val
485
Trp Ile Leu Ser His
500
Leu Glu Tyr Ser Ala
515
Phe Ser Trp Leu Leu
535
Pro Pro

2

169

PRT

Solanum tuberosum

2
Asn Arg Glu Asp Val
5
Arg Ser Ser Ser Leu
20
Ala Leu Ser Glu Gly
35
Leu Phe Leu Ala Ile
55
Ser Ser Ile Ser Ser
70

Asp Leu Ile Pro Arg
85

Pro Lys Met Ala Asp
100

His Tyr Glu Lys Ala
115

280
Asn

Gly
Ala
Ala
Arg
360
Trp
Leu
Ala
Pro
Glu
440
val
Ala
Glu
Lys
Gln

520
Pro

Lys
Fhe
Pro
40

Ser

Ser
Asp
Leu

Asp
120

Glu
Tyr
Met
Leu
345
Glu
Glu
val
Ser
Ala
425
Asp
Phe
Ser
Ala
Trp
505
Arg

Ser

ser
Trp
His
Asp

ala
Glu
Leu

105

Gly

Ala
Ala
Asp
330
Cys

Ile

Arg
His
410
Asn
His
Gly
Gln
Leu
490
Thr

Leu

Leu

Ile
10

Pro
Tyr
Ile
Ser
Ala

20

Leu

Gly

225

-51-

Ile
Ser
315
Pro
Thr
Agsn
Gln
Asn
395
Arg
Asn
Glu
Gly
Thr
475
Arg
val

Tyr

Ala

Leu
Pro
Ser
Arg
Asp
75

val

Arg

Ile

Glu
300
Ser
Phe

Pro

Asn
380
Gly
Thr
Leu
Asp
Asp
460
Arg
Asn
Gly
Lys

Thr
540

Pro
Leu
Asn
Asn

Gly

Lys

Leu

Val

285
Ile

Phe
Lys
Lys
Ala
365
Ile
Arg
Pro
Ile
Asp
445
Pro
Arg
Leu

Asp

Gln

525

Thr

Phe
Val
val
45

Ser

Phe

Trp

Pro

Lys
125

val
Arg
Arg
Met
350
Leu
Phe
Asp
Leu
Arg
430
Gly
Glu
Pro
Asp
Leu
510
Thr

Asn

Leu
val
30

Agn

Leu

Ser

Phe

Ser

110

Gly

Gly
Phe
Arg
335
Arg
Cys
Met
Ser
Asn
415
Asp
val
Leu
Phe
Gln
495
Trp

Ser

Lys

Pro
15

Glu
Ser
Ser
Leu
Lys
95

Leu

val

PCT/EP2004/003995

Phe
2la
Lys
Ile
480
Val
Agn

Val

Ala

Val
Ala
Gly
Leu
Leu
80

alu

Leu

Asn
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Thr Gly Leu Arg Leu Leu Glu Ser Gln Gln Pro Gly Ile Val Phe Leu
130 135 140

Ser Gln Glu Leu Val Gly Ala Leu Leu Ala Cys Ser Phe Phe Cys Tyr
145 150 155 160

Ser Leu Pro Met Ile Glu Val Ser Val

165
<210> 3 .
<211> 1647
<212> DNA

<213> Arabidopsis thaliana

<400> - 3
atggagaatc.gcgaagatet taactcaatt cttcegtace . ttccacttgt aattcgttcg 60
togtegetgt attggecgec gegtgtggtg gaggcgttaa aggcaatgte tgaaggacca 120
tctcacagee aagttgaétc aggagaggtt ctacggcaag ctattttega tatgagacga 180
tecttatett tetctactct cgagccatct gettctaatg getacgeatt tctctttgac 240
gaattgattg atgagaaaga atcaaagaga tggttcgatg agattatcce agcattggeg 300
agcttactte ‘tacdgtttce atctetgtta gaagtgcatt tccaaaatge tgataatatt 360
gttagtggaa‘tcaaaacegyg téttcgttty ttaaattece aacaagetgg cattgtttte 420
ctcagecagg-agttgattgg agetettett geatgetett tettttgttt gtttccggat 480
gataatagagugtgqaaaaca ceottcecagte atcaactttyg atcatttgtt tgcaagectt 540
tatataagtt atadgtcaaag:tcaagaaagc aagataagat gtattatgca ttactttgaa 600
aggttttgcet. cctgegtgee tattggtatt gtttéatttg aacgcaagat taccgetgct 660
cctgatgctg“atttctggag caagtotgac. gtttetettt gtgeatttaa ggttcactct 720
tttgggttaa ttgadgatca acctgacaat getetegaag tggactttge aaacaagtat 780
cteggaggtg gttccctaag tagagggtge gtgcaggaag agatacgett catgattaac 840
cctgaattaa tegetggeat gettttettg ccteggatgg atgacaatga agctatagaa 900
. atagttggtg cggaaagatt ttcatgttac acagggtatg catcttegtt teggtttget 1960
ggtgagtaca ttgacaaaaa ggcaatggat cctttcaaaa ggecgaagaac cagaattgtt 1020
gcaattgatg cattatgtac accgaagatyg, agacacttta aagatatatg tcttttaagg 1080
‘gaaattaata aggcactatg tggcttttta aattgtagca aggcttggga'gcaccagaat 1140
atattcatgg atgaaggaga taatgaaatt’ cagcttgtcc gaaacggeag agattctggt 1200
cttctgegta cagaaactac tgegtcacac cgaactccac taaatgatgt tgagatgaat 1260
agagaaasagc ctgctaacaa tcttatcaga gatttttatg tggaaggagt tgataacgag 1320
gatcatgaag atgatggtgt cgcgacaggg aattggggat gtggtgtttt tggaggagac 1380
ccagagctaa aggctacgat acaatggett gctgettece agactcgaag accatttata 1440
tcatattaca cctttggagt agaggcactc cgaaacctag atcaggtgac gaagtggatt 1500
ctttcccata aatggactgt tggagatdtg tggaacatga tgttagaata ttctgctcaa | 1560-
aggctetaca agecaaaccag tgttggette ttttettgge tacttccate tetagctace 1620

accaacaaag ctatccagec gcettga 1647
<210> 4

<211> 598

<212> DNA

<213> Solanum tuberogum

<400> 4

gcaatggaga atagagaaga cgtgaagtca atcctteeet ttttgecggt gtgtcteega 60
tcatottete ttttetggee gecgetagtt gttgaagcac tgaaagcoct ctctgaagge 120
ccteattaca geaatgttaa cteccggocaa gtectettec tecgecaatete cgacattcgg 180
aattcocttt cactacctga ttcttcaatt tectettetg cttcagacgg attttctete 240
ttatttgatg atttaattcc tagggatgaa getgttaaat ggttcaaaga agtggtgccy 300
aaaatggcgg atttgetatt geggttgeet tccttattgg aggctcacta tgagaaggct 360
gatggtggaa ttgttaaagg agtcaacact ggtctteget tattggaatc acaacageet 420
ggcattgttt tcctcagtca ggaattagte ggtgetctte ttgeatgttc cttettttge 480
tattccctac caatgataga ggtatctgta tgatcagtat gacgagaaat ttgaaaataa 540
attgaagtgc attcttcact attttgagag gattggctca ttgatacctg cgggctac 598
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<210> 5
<211> 37
<212> DNA

<213»> Artificial Sequence

<220>

<223> oligonucleotide primer ParGAtl
<400> 5

ggatcccetg caggacaaaa aggcaatgga tecttte

<210> 6
<211> 39
«<212> DNA

<213> Artificial Sequence

<220>

<223> oligonucleotide primer ParGAt2
<400> 6

gcacgaattc gcggecgegy tgeteccaag ccttgetac

<210> 7
<211> 39
<212> DNA

<213> Artificial Sequence

<220>

<223> oligonucleotide primer ParGStl
<400> 7

ggatccectg caggcteact atgagaaggc tgatggtgag

«210> B

<211> 43
<212> DNA

<213> Artificial Sequence

<220>

<223> oligonucleotide primer ParGSt2

<400> 8

gcacgaattc gecggecgegt catactgatc atacagatac ctc

<210> 9
«211> 13466
<212> DNA

<213> Artificial Sequence

<220>

223> nucleotide sequence of pTVE428
<220>

<«221> misc_feature

<222> (198)..(222)

<223> Right T-DNA border

<220>
<221> misc_feature
<222> (983),.(273)

PCT/EP2004/003995

39

39

43

«223> 3' ocs (3' untranslated end of octopine synthase gene)

<220>

<221> misc_feature

<222>  (995)..(1155)

<223> part of poly (ADP-ribose) glycohydrolase
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<220>

.<221> misc_feature

<222> (1929)..(1188)

<223> dintron 2 from the Pdk gene of Flaveria

<220>

<221> wmisc_feature

<222> (2122} ..(19252)

<223> part of poly (ADP-ribose) glycohydrolase

<220>

<221> misc_feature

«<222> (3478)..(2131)

«223> 358 promoter region from Cauliflower Mosaic Virus

<220>

<221> misc_feature

<222> (3948)..(3737)

<223> 3' untranslated end of gene 7 from Agrobacterium tumefaciens

<220>

<221> misc_feature
<222> (4521)..(3970)
<223» bar coding region

<220>

<221> misc_feature

<222> (6247)..(4522)

<223> PSSulAra promoter region

«220>

<221> uisc_feature

<222> (6415)..(6439)

<223> left border region of T-DNA of Agrobacterium tumefaciens

<400> 9

agattcgaag ctcggtcccg tgggtgttet gtegtctegt tgtacaacga aatccattec 60
cattoogege tcaagatgge tteccectegg cagttcatcea gggetaaate aatctagecg 120
acttgtccgg tgaaatggge tgcactccaa cagaaacaat casacaaaca tacacagega 180
cttattcaca cgcgacaaat tacaacggta tatatcctge cagtactcgg cegtegaceg 240
cggtaccccg gaattaaget tgeatgectg caggtcctge tgagectcga catgttgteg 300
caaaattcgc cetggaccey cccaacgatt tgtcgtcact gtcaaggttt gacctgeact 360

teatttgggy cccacataca ccaaaaaaat gctgcataat tcteggggea geaagteggt 420
tacccggeeg cegtgetgga cegggttgaa tggtgecegt aacttteggt agageggacg 480

gccaatacte aacttcaagg aatctcaccc atgegegeeg geggggaacc ggagttccct 540
tcagtgaacg ttattagttc gecgeteggt gtgtegtaga tactagecce tggggecttt 600
tgaaatttga ataagattta tgtaatcagt cttttaggtt tgaccggtte tgcegetttt 660

tttaaaattg gatttgtaat aataaaacgc aattgtttgt tattgtggeg ctctatcata 720
gatgtcgeta taaacctatt cagcacaata tattgtttte attttaatat tgtacatata 780
agtagtaggy tacaatcagt aaattgaacg gagaatatta ttcataaaaa tacgatagta 840
acgggtgata tattcattag aatgaaccga aaccggeggt aaggatctga getacacatg 900
ctecaggtttt ttacaacgtg cacaacagaa ttgaaagcaa atatcatgeg atcataggeg 960
tctegeatat ctcattaaag caggactcta gagacaaaaa ggcaatggat cctttcaaaa 1020
ggcgaagaac cagaattgtt geaattgatg cattatgtac accgaagatg agacacttta 1080
aagatatatg tcttttaagg gaaattaata aggcactatg tggettttta aattgtagea 1140
aggettggga geaccatega tttogaaccc agettcccaa ctgtaatcaa tccaaatgta 1200
agatcaatga taacacaatg acatgatcta tcatgttacc ttgtttattc atgttcgact 1260
aattcattta attaatagtc aatccattta gaagttaata aaactacaag tattatttag 1320
aaattaataa gaatgttgat tgaaaataat actatataaa atgatagatc ttgcgetttg 1380
ttatattage attagattat gttttgttac attagattac tgtttctatt agtttgatat 1440
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tatttgttac tttagcttgt tatttaatat tttgtttatt gataaattac aagcagattg 1500
gaatttctaa caaaatattt attaactttt aaactaaaat atttagtaat ggtatagata 1560
tttaattata taataaacta ttaatcataa aaaaatatta ttttaattta tttattctta 1620
tttttactat agtattttat cattgatatt taattcatca aaccagctag aattactatt 1680
atgattaaaa caaatattaa tgctagtata tcatcttaca tgttcgatca aattcattaa 1740
aaataatata cttactctea acttttatct tcttegtekt acacatcact tgtcatattt 1800
ttttacatta ctatgttgtt tatgtaaaca atatatttat aaattatttt ttcacaatta 1860
taacaactat attattataa tcatactaat taacatcact taactatttt atactaaaag 1920
gaaaaaagaa aataattatt tccttaccaa getggggtac cggtgetcce aagecttget 1980
acaatttaaa aagccacata gtgccttatt aatttccctt aaaagacata tatctttasa 2040
gtgtctcate ttcggtgtac ataatgcatc aattgcaaca attetggtte ttegectttt 2100
gaaaggatcc attgectttt tgtcctegag cgtgtectct ccaaatgaaa tgaactteet 2160
tatatagagg aagggtcttg cgaaggatag tgggattgtg cgteatcect tacgtcagtg 2220
gagatgtcac atcaatccac ttgetttgaa gacgtggttg gaacgtctte tttttecacy 2280
atgcteotey tgggtggggg tccatctttyg ggaccactgt ‘eggcagagay atcttgaatg 2340
atagccttte ctttatcgea atgatggeat ttgtaggage caccttcett ttctactgte 2400
ctttegatga agtgacagat agcetgggcaa tggaatccga ggaggtttce cgaaattate 2460
ctttgttgaa aagtctcaat agccetttgg tcttetgaga ctgtatettt gacatttttg 2520
gagtagacca gagtgtcgtyg cteccaccaty ttgacgaaga ttttettett gtcattgagt 2580
cgtaaaagac tctgtatgaa ctgttegeca gtetteacgg cgagttctgt tagatccteg 2640
atttgaatct tagactccat gcatggcctht agattcagta ggaactacct ttttagagac 2700
tccaatctet attacttgec ttggtttatg aaécaagcct tgaategtee atactggaat 2760
agtacttetg atcttgagaa atatgtcttt ctetgtgtte ttgatgcaat tagtcctgaa 2820
tcottttgact gcatctttaa ccttettggg aaggtatttg atctectgga gattgttact 2880
cgggtagatc gtcttgatga gacctgectge gtaggectet ctaaccatct gtgggtcage ‘2940
attctttety aaattgaaga ggctaacctt ctcattatca gtggtgaaca tagtgtegte 3000
accttcacet tcgaacttoc ttectagatc gtaaagatag aggaaategt ccattgtaat 3060
ctccggggea aaggagatct cttttgggge tggatcactg ctgggeettt tggttoctag 3120
cgtgageccag tgggettttt getttggtgg gettgttagy geeckttagecaa agectettggy 3180
cttgagttga gcttctcctt tggggatgaa gttcaacctg tctgtttget gacttgttgt 3240
' gtacgcgtea gotgetgete ttgectetgt aatagtggea aatttcttgt .gtgcaactcc 3300
gggaacgceg tttgttgecg cctitgtaca accccagtcea tcgtatatac cggecatgtgg © 3360
accgttatac acaacgtaght agttgatatg agggtgttga atacccgatt ctgctetgayg 23420
aggagcaact gtgctgttaa gctcagattt ttgtgggatt ggaattaatt cgtcgagegyg 3480
ccgetegacg agegegecga tategegate geccgggecg gccatttaaa tgaattcgag 3540
ctcggtacce aaacgeggec gcaagctata acttegtata geatacatta tacgaagtta 3600
ttcgacteta gaggatccea attcccatge atggagtcaa agattcaaat agaggacact 3660
tctegaacte ggcegtegaa cteggeegte gagtacatgg tcgataagaa aaggcaattt 3720
gtagatgtta attcccatct tgaaagaaat atagtttaaa tatttattga taaaataaca 3780
agtcaggtat tatagtccaa gcaaaaacat aaatttattg atgcaagttt aaattcagaa 3840
atatttcaat aactgattat atcagctggt acattgeegt agatgaaaga ctgagtgcga 3900
tattatgtgt aatacataaa ttgatgatat agctagetta getcatcggg ggatcctaga 3960
cgegtgagat cagatctegg tgacgggcag gaccggacgg ggeggtaceg gecaggctgaa 4020
gtecagetge cagaaaccca cgtcatgeca gttecegtge ttgaagcecgg ccgeecgeag 4080
catgceogegy ggggeatate cgagegecte gtgeatgege acgetegggt cgttgggcag 4140
ccegatgaca gegaccacge tottgaagec ctgtgeoctee agggacttca gcaggtgggt 4200
gtagagcgtyg gagcccagtce cegteegetyg gtggeggggy gagacgtaca cggtcgacte 4260
ggcegtccag tcgtaggegt tgegtgectt ccaggggecce gcgtaggega tgccggegac 4320
- ctecgecgtee accteggega cgagecaggg atagegetee cgecagacgga cgaggtegte 4380
egtccactee tgeggtteoct goggcteggt acggaagttg accgtgettg tetcgatgta 4440
gtgattgacg atggtgcaga ccgceggeat gteegectey gtggcacgge ggatgtegge 4500
cgggegtegt tetgggteca ttgttcettet ttactctttg tgtgactgag gtttggteta 4560
gtgctttggt catctatata taatgataac aacaatgaga acaagctttg gagtgatcgg 4620
agggtctagyg atacatgaga ttcaagtgga ctaggatcta caccgttgga ttttgagtgt 4680
ggatatgtgt gaggttaatt ttacttggta acggccacaa aggcctaagg agaggtgttg 4740
agacccttat cggettgaac cgctggaata atgccacgtg gaagataatt ccatgaatct 4800
tategttate tatgagtgaa attgtgtgat ggtggagtgg tgcttgectca ttttacttge 4860
ctggtggact tggeccctttc cttatgggga atttatattt tacttactat agagetttea 4920
tacctttttt ttaccttgga tttagttaat atataatggt atgattcatg aataaaaatg 4980
ggaaattttt gaatttgtac tgctaaatgc ataagattag gtgaaactgt ggaatatata 5040
tttttttecat ttaaaagcaa aatttgectt ttactagaat tataaatata gaaaaatata 5100
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taacattcaa ataaaaatga aaataagaac tttcaaaaaa cagaactatg tttaatgtgt 5160
aaagattagt cgcacafcaa gtcatctgtt acaatatgtt acaacaagtc ataagcccaa 5220
caaagttagc acgtctaaat aaactaaaga gtccacgaaa atattacaaa tecataagceoo 5280
aacaaagtta ttgatcaaaa aaaaaaaacg cccaacaaag ctaaacaaag tccaaaaaaa 5340
acttctcaag tctccatctt cctttatgaa cattgaaaac tatacacaaa acaagtcaga 5400
taaatctctt tctgggeetg tecttcccaac ctecectacate acttoectat cggattgaat 5460
gttttacttg taccttttee gttgcaatga tattgatagt atgtttgtga aaactaatag 5520
ggttaacaat cgaagtcatg gaatatggat ttggtccaag attttccgag agctttetag 5580
tagaaagcce atcaccagaa atttactagt aaaataaatc accaattagg tttettatta 5640
tgtgccaaat tcaatataat tatagaggat atttcaaatg aaaacgtatg aatgttatta 5700
gtaaatggtc aggtaagaca ttaaaaaaat cctacgtcag atattcaact ttaaaaattc 5760
gatcagtgtg gaattgtaca amaatttggy atctactata tatatataat gctttacaac 5820
acttggattt ttttttggag getggaattt ttaatctaca tatttgtttt ggccatgcac 5880
caactcattg tttagtgtaa tactttgatt ttgtcaaata tatgtgtteg tgtatatttg 5940
tataagaatt tctttgacca tatacacaca cacatatata tatatatata tatattatat 6000
atcatgeact tttaattgaa aaaataatat atatatatat agtgcatttt ttctaacaac 6060
catatatgtt gcgattgatc tgcaaaaata ctgctagagt aatgaaaaat ataatctatt 6120
gctgaaatta tctcagatgt taagatttte ttaaagtaaa ttctttcaaa ttttagctaa 5180
aagtcttgta ataactaaag aataatacac aatctcgacc acggaaaaaa aacacataat 6240
aaatttgaat ttcgaccgeg gtacceggaa ttgggttata attacctcag gtcgaggaat 6300
taattcggta cgtacctaat aacttegtat agcatacatt atacgaagtt atatggatct 6360
cgaggcatta cggeattacyg geactegcga gggtcccaat tcegageatgg agccatttac 6420
aattgaatat atcctgecge cgetgecget ttgcaccegg tggagettge atgttggttt 6480
ctacgcagaa ctgagccggt taggcagata atttccattg agaactgage catgtgeacc 6540
ttccceoccaa cacggtgage gacggggcaa cggagtgate cacatgggac ttttaaacat 6600
catcegtegg atggegttge gagagaagca gtcgatcegt gagatcagec gacgcacegq 6660
gcaggcgege aacacgateg caaagtattt gaacgcaggt acaatcgagce cgacgttcac 6720
ggtaccggaa cgaccaagea agctagetta gtaaageect cgetagattt taatgeggat 6780
gttgcgatta cttegecaac tattgcgata acaagaaaaa gecagecttt catgatatat -° 6840
ctcccaattt gtgtaggget tattatgcac gettaaaaat aataaaagca gacttgacct 5900
gatagtttgyg ctgtgagcaa ttatgtgett agtgeatcta acgcttgagt taagcegege 63960
cgcgaagegg cgtcggettg aacgaattgt tagacattat ttgccgacta cecttggtgat 7020
ctcgoottte acgtagtgga caaattctto caactgatet gegegegagg ccaagcgatc 7080
ttcttettgt ccaagataag cetgtctage ttcaagtatg acgggetgat actgggccgg 7140
caggeogctce attgoccagt cggcagegac atccttegge gegattttge cggttactge 7200
gotgtaccaa atgegggaca acgtaageac tacatttege teatcgecag cccagtcggg 7260
cggegagtte catagegtta aggtttcatt tagegectea aatagatcct gttcaggaac 7320
cggatcaaag agttccteceg cegetggace taccaaggea acgetatgtt ctcttgettt 7380
tgtcagcaag atagccagat caatgtcgat cgtggetgge tcgaagatac ctgcaagaat 7440
gteattgege tgccattcte caaattgeag ttcgegetta getggataac gccacggaat 7500
gatgtegteg tgcacaacaa tggtgactte tacagegegg agaatctege tetetccagg 7560
ggaagcegaa gtttccaaaa ggtcgttgat caaagetege cgegttgttt catcaagect 7620
tacggtcace gtaaccagea aatcaatatc actgtghbgge ttcaggccge catccactge 7680
ggagecgtac aaatgtacgyg ccagcaacgt cggttegaga tggcgetecga tgacgecaac 7740
tacctctgat agttgagteg atacttecgge gatcaccget teccteatga tgtttaactt 7800
tgttttaggy cgactgccct gotgegtaac ategttgetg ctccataaca tcaaacatcg 7860
acccacggeg taacgegett getgettgga tgeccgagge atagactgta ccccaaaaaa 7920
acagtcataa caagccatga aaaccgccac tgcgcegtta ccaccgctge gtteggtecaa 7980
ggttetggac cagttgcgtg agcgcatacg ctacttgeat tacagcttac gaaccgaaca 8040
ggettatgte cactgggtte gtgectteat cegtttocac ggtgtgegte acccggcaac 8100
cttgggcagc agcgaagtcg aggeatttot gtectggetg gegaacgage geaaggtttc 8160
ggtctecacyg catcgtcagg cattggegge cttgctgtte ttetacggea agtgctgtge 8220
acggatctge cetggettca ggagatcgga agacctegge cgteegggeg cttgeeggty 8280
gtgctgacce cggatgaagt ctctagaget ctagagggtt cgecatceteg gttttebgga 8340
aggcgagcat cgtttgttcg cccagettet gtatggaacg ggcatgegga tcagtgaggyg 8400
tttgcaactg cgggtcaagg atctggattt cgatcacgge acgatcateg tgegggaggd 8460
caagggctce aaggatcggg ccttgatgtt accegagage ttggeaccea gectgegega - 8520
geagggateg atccaaccec tccgetgeta tagtgeagte ggettetgac gttcagtgea 8580
goegtettet gaamacgaca tgtcgeacaa gtcctaagtt acgecgacagyg ctgecgcect 8640
geecttttee tggegtttte ttgtegegtg ttttagtege ataaagtaga atacttgega 8700
ctagaaccgg agacattacg ceatgaacaa gagcgccgee gotggectge tgggetatge 8760
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cecgagteage
ctgcaccaag
caggatgett
ggeecgeage
cctgegtage
gaccgtgtte
cgggegegag
ggcacagatc
ggctgcactg
agtgacgcee
cgacgeectg |
gacggecagg
gggtacgtgt~
ggtttgtetyg
cgecegaegte
gegtatatga
ctgtacttaa
ccctgeaact
gcgattggge
cgattgaccyg
cecaggegge
tgcagecaag|
geattgaggt.
gcacgegceat
agtccegtat
ttgaatcaga
aatcaaaact.
aagtgccgge
‘cacgecagee
gatgtacgeg
gctaccagag
gcggeatgga
gaacgggcgg
‘gaacceccaa
ggcgeggege
caacgeatceg
cgcaaagaat
ggcgacgage
cgecagecatca
gtgateceget
gecagtgtgt
aaccgatacc
gacgtactca
acctgcatte
ggecgectgyg
agcgaaaccg
atcacagaag
cccggecateg
agatggttgt
tgtttcaccyg
gaggegggge
gcateegeeg
aaaggtcgaa
attgggaace
atgtaagtga
cttattaaaa
gaagagetge
cgtcggeceta
ccagggcgeg
ctgcetegeg
ggtcacaget

accgacgace
ctgtttteceg
gaccacttac
accegogace
ctggcagage
geeggeattg
gecgecaagg
gcgeacgece
cttggegtge
accgaggeca
geggeegeeg
acgaaccgtt
tegageegee
atgccaaget
taaaaaggtg
tgcgatgagt
ccagaaaggc
cgeeggggec
ggecgtgegyg
cgacgtgaag
ggacttgget
cqettacgac
cacggatgga
cggeggtgag
cacgcagege,
accegaggge,
catttgagtt
cgtcecgageg:
atgaagcggy,
gtacgccaag
taaatgagca
aaatcaagaa
ttggecagge
gcccgaggaa
tgggtgatga
aggcagaagce
ccaggeaace
aaccagattt
tggacgtgge
acgagcttee

gggattacga*

gggaagggaa
agttetgeoy
ggttaaacac
tgacggtatc
ggeggecgga
gcaagaacce
geegttttet
tcaagacgat
tgcgecaaget
aggctggecce
gttectaatg
aaggtctett
ggaacccgta
ctgatataaa
ctettaaaac
aaaaagcgcc
tcgeggecege
gacaagecge
cgttteggtyg
tgtctgtaag

aggacttgac
agaagatcac
gcectggega
tactggacat
cgtgggeega
ccgagttega
cecgaggegt
gcgagetgat
atcgctegac
ggeggegegyg
agaatgaacg
tttcattacc
cgcgeacgte
ggcggectgg
atgtgtattt
aaataaacaa
gggtcaggea
gatgttctgt
gaagatcaac
gccatcggee
gtgtecegega
atatgggcca
aggctacaag
gttgcegagg
gtgagctacce
gacgctgece
aatgaggtaa
cacgecageag
tcaactttea
gcaagaccat

aatgaataaa-

caaccaggca
gtaagegget
teggegtgac
cctagtggagy
acgecceggt
gccggeagee
tttegtteeg
cgtttteegt
agacgggcac
cctggtactg
gggagacaag
gcgagecgat
cacgeacgtt
cgagggtgaa
gtacatcgayg
ggacgtgetg
ctacegectg
ctacgaacgc
gategggtca
gatcctagte
tacggagcag
tcctgtggat
cattgggaac
agagaaaaaa
cegecetggee
taccettcgyg
tggcegetea
gecgtegeea
atgacggtga
cggatgcecegg

caaccaacgyg
cggcaccagyg
cgttgtgaca
tgcecgagege
caccaccacyg
gegtteecta
gaagtttgge
cgaccaggaa
cctgtacege
tgcetteegt
ccaagaggaa
gaagagatcg
tcaaccgtgce
ceggeocaget
gagtaaaaca
atacgcaagg
agacgaccat
tagtcgattc
cgctaaccgt
ggegegactt
tcaaggeage

caegeegacct
cggectttgt.

cgetggeegy
caggcactgc
gegaggteca
agagaaaatg

caaggeotgea

gttgceggeg
taccgagetg
tgagtagatg
cegacgecgt
gggttgtctg
ggtcgeaaac

‘aagttgaagg

gaategtggc
ggtgegeegt
atgctctatg
ctgtcgaage
gtagaggttt
atggcggtte
ceceggoegeg
ggeggaaage
gceatgeage
gecttgatta
atcgagetag
acggttecacc
geacgccgeg
agtggcagcg
aatgacctgce
atgcgctacc
atgctagggc
agcacgtaca
ccaaageegt
ggegattttt
tgtgcataac
tegetgeget
aaaatggctg
ctcgacegec
aaacctctga
gagcagacaa
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gecgaactge
cgcgaccgec
gtgaccagge
atecaggagd
ccggeeggee
atcatcgacce
ceccgeccta
ggeegeaccy
geacttgage
gaggacgcat
caagcatgaa
aggcggagat
ggctgeatga
tggeegetga
gcttgegtea
ggaacgcatg
cgcaaccceat
cgatccecag
tgteggeatce
cgtagtgatc
cgacttcgtg
ggtggagcetyg
cgtgtegegy
gtacgagetg
cgeogecggce
ggegetggece
agcaaaagea
acgttggcca
gaggatcaca
ctatctgaat
aattttageg

ggaatgccee

cecggecetge
catccggecec
cogegeagge
aagcggecge
cgattaggaa
acgtgggcac
gtgaccgacg
cogeagggce
ccecatctaac
tgttecgtee
agaaagacga
gtacgaagaa
gccgetacaa
ctgattggat
ccgattactt
ccgeaggcaa
ceggagagtt
cggagtacga
gcaacctgat
aaattgccct
ttgggaacce
acattgggaa
ccgectaaaa
tgtctggeca
ccctacgece
gectacggec
ggcgcceaca
cacatgcagc
gecegtcagy

PCT/EP2004/003993

acgeggecgg
cggagctgge
tagaccgect
ceggegeggg
gcatggtgtt
gcacceggag
cccteaccee
tgaaagaggc
gcagcgagga
tgaccgagge
acegcaccag
gatcgeggece
aatcetggeo
agaaaccgag
tgeggteget
aaggttateg
ctagccegeyg
ggcagtgccc
gaccgeecga
gacggagege
ctgattecgg
gttaagcagc
gegatcaaag
cecattettg
acaaccgtte
getgaaatta
caaacacget
gectggeaga
ccaagctgaa
acatecgcgea
gctaaaggag
atgtgtggag
aatggcactg
ggtacaaatc
cgcccagegg
tgatcgaatc
gecgeccaag
cecgegatagt
agctggcgag
ggeeggeatg
cgaatecatg
acacgttgeg
cetggtagaa
ggccaagaac
gatecgtaaag
gtaccgegag
tttgatcgat
ggcagaagce
caagaagtte
tttgaaggag
cgagggcgaa
agcaggggaa
aaagccgtac
ceggteacac
ctctttaaaa
gegcacagee
cgeegetteyg
aggcaatcta
tcaaggcacc
teceggagac
gegegteage

8820
8880
8940
9000
9060
9120
9180
9240
9300
9360
2420
2480
9540
9600
9660
9720
9780
92840
9900
9960
10020
10080
10140
10200
10260
10320
10380
10440
10500
10560
10620
10680
10740
10800
10860
10920
10980
11040
11100
11160
11220~

11280

11340
11400
11460
11520
11580
11640
11700
11760
11820
11880
11940
12000
12060
12120
12180
12240
12300
12360
12420
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gggtattgge gggtgteggg gegeagecat gacccagtca cgtagegata geggagtgta 12480
tactggctta actatgegge atcagageag attgtactga gagtgcacca tatgcggtgt 12540
gaaataccge acagatcgt aaggagaaaa taccgeatca ggcgetette cgettecteg 12600
ctcactgact cgetgegetc ggtegttegy ctgeggegag cggtateage tcactcaaag 12660
gcggtaatac ggttatccac agaatcaggg gataacgcag gaaagaacat gtdagcaaaa 12720
ggccagcaaa aggccaggaa ccgtaaaaag gccgegttge tggegttttt ccataggete 12780
cgecccccty acgagcatca caaaaatcga cgctcaagtc agaggtggeg aaacccgaca 12840
ggactataaa gataccagge gtttcccect ggaagcteee tegtgegetc tectgttceg 12900
accctgecge ttaceggata cetgtoegec tttetecctt cgggaagegt gdecgetttet 12960
catagctcac getgtaggta tctcagtteg gtgtaggtecg ttegetcecaa getgggetgt 13020
gtgcacgaac cceccegttea gcocegaccede tgegecttat ccggtaacta tegtettgag 13080
tccaaccegg taagacacga cttatcgeea ctggcagcag ccactggtaa caggattagc 13140
agagcgaggt atgtaggegg tgetacagag ttcttgaagt ggtggcctaa ctacggetac 13200
actagaagga cagtatttgg tatctgeget ctgctgaage cagttacctt cggaaaaaga 13260
gttggtagct cttgatccgg caaacaaace accgetggta geggtggttt ttttgtttge 13320
aagcagcaga ttacgcgcag aaaaaaagga tctcaagaag atccggaaaa cgcaagcegea 13380
aagagaaagc aggtagcttg cagtgggett acatggcgat agctagactg ggeggtttta 13440

tggacagcaa gegaaccgga attgcec 13466
<210> 10

<211> 31

<212> FRT

<213> Artificial Sequence

<220>

«223> Consensus sequence 1 of PARG protein
<220>

<221> MISC_FEATURE

<«222>  (2)..(2)

<223> X represents any amino acid

<220>

<221> MISC_FEATURE

<222> (8)..(10)

<223> X represents any amino acid

<220>

<221> MISC_FEATURE

«222> (14} ..(17)

<223> X represents any amino acid

<220>

<221> MISC_FEATURE

<222> (19)..(18)

<223> X represents any amino acid

<220>
<221> MISC_FEATURE
<222>  (27)..(29)

<223> X represents any amino acid

<400> 10
Leu Xaa Val Asp Phe Ala Asn Xaa Xaa Xaa Gly Gly Gly Xaa Xaa Xaa
1 5 10 15

Xaa Gly Xaa Val Gln Glu Glu Ile Arg Phe Xaa Xaa Xaa Pro Glu
20 25 30

<210> 11
<211> 20
<212> PRT
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<213> Artificial Sequence

<220>

<223> Consensus sequence 2 for PARG protein
<220>

<221> MISC_FEATURE

<222> (3)..(3)

<223> X represents any amino acid

<220»

<221> MISC_FEATURE

<222> (10)..(10)

<223> X represents any amino acid

<220>

<221> MISC_FEATURE

<222>  (13)..(14)

<223> X represents any amino acid

<220>

<221> MISC FEATURE
<222> (17)..(L9)

<223> X represents any amino acid

<400> 11
Thr Gly Xaa Trp Gly Cys Gly Ala Phe Xaa Gly Asp Xaa Xaa Leu Lys
1 5 10 15

Xaa Xaa Xaa Cln

20
<210> 12
<21l> 13
<212> PRT

<213> Artificial Sequence

«220>

<223> Consensus sequence 3 for PARC protein
<220>

<221> MISC_FEATURE

222> (2)..(4)

<223» X represents any amino acid

<220>

<221> MISC_FEATURE

<222> (6)..(9)

<223> X represents any amino acid

<400> 12

Asp Xaa Xaa Xaa Arg Xaa Xaa Xaa Xaa Ala Ile Asp Ala
1 5 10

<210> 13

<211> 10

<212> PRT

<213> Artificial Sequence
<220>
<223> Consensus sequence 4 for PARG protein

<220>
<221> MISC_FEATURE
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<222> (3)..(4)
<223> X represents any amino acid

<220>

<221> MISC FEATURE

<222>  (7)..(8)

<223> X represents any amino acid

<400> 13

Arg Glu Xaa Xaa Lys Ala Xaa Xaa Gly Phe
1 5 10
<210> 14

<211> 11

<212> PRT

<213> Artificial Sequence

<220>

<223> conserved PARG region

<220>

«221> MISC_FEATURE

<222> (2)..(5)

<223> X represents any amino acid

<220>

<221> MISC_FEATURE

<222> (7)..(7)

<223> X represents any amino acid

<400> 14

Gly Xaa Xaa Xaa Xaa Ser Xaa Tyr Thr Gly Tyr
1 5 10
<210> 15

<211> 1530

<212> DNA

<212> Oryza sativa

<220>

<221> (DS

<222> (1)..(1530)
<223>

<400> 15
atg gag geg cgc ggc gac ctg cge teg atc ctg cce tac cte ccc gte 48
Mel Glu Ala Arg Gly Asp Leu Arg Ser Ile Leu Pro Tyr Leu Pro Val

gtg cte cge gge gge gecg cte tte tgg ceg ceg geg gog cag gag geg 96
val Leu Arg Gly Gly Ala Leu Phe Trp Pro Pro Ala Ala Gln Glu Ala

cte aag geg ctg geg ctg gge cce gac gtg agc cgec gte tee tee gge 144
Leu Lys Ala Leu Ala Leu Gly Pro Asp Val Ser Arg Val Ser Ser Gly

gac gte cte gec gac gee cte ace gac cte ege cte geg cte aac cte 192
Asp Val Leu Ala Asp Ala Leu Thr Asp Leu Arg Leu Ala Leu Asn Leu

50 55 60 ’
gac cca ctec ccg cgc cgc goe gee gag gge tte geg cte tte tte gac 240
Asp Pro Leu Pro Arg Arg Ala Ala Glu Gly Phe Ala Leu Phe Phe Asp

gac cte ectg teg cgg geg cag geg cdg gac tgg tte gac cac gtc gec 288
Asp Leu Leu Ser Arg Ala Gln Ala Arg Asp Trp Phe Asp His Val Ala
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cce
Pro

cac
His

teg
Ser

ctg
Leu
145
gag
Glu

tgt
Cys

cac
His

ttt
Phe

tac
Tyr
225
tte
Phe

ctt
Leu

aga
Arg

atc
Ile

gaa
Glu
305
tca
Ser

atg
Met

Pro

aag
Lys

aag
Lys
385
cct
Pro

WO 2004/090140

tcc
Ser

tac
Tyr

cag
Gln
130
cte
Leu

gcg
Ala

tat
Tyr

tat
Tyr

gag
Glu
210
cct
Pro

cgg
Arg

gaa
Glu

ggc
Gly

gtg
val
290
att
Ile

ttc
Phe

ggt
Gly

act
Thr

gct
Ala
370
ctt
Leu

gat
Asp

ctec
Leu

cge
Arg
115
gat
Asp

gece
Ala

tge
Cys

aat
Asn

ttt
Phe
195
cgt
Arg

gac
Asp

gta
Val

gtt

val

tge
Cys
275
ggc
Gly

gtt
Val

cgt
Arg

aga
Arg

agy
Arg
355
ttt
Phe

gte
Val

gaa
Glu

gce
Ala
100
gee
Ala

gcc
Ala

tge
Cys

Len

teg
Ser
180
gac
Asp

aag
Lys

atg
Met

ttt
Phe

gac
Asp
260
gtg
Val

atg
Met

ggt
Gly

ttt
Phe

cgg
Arg
340
tta
Leu

tgt
Cys

cag
Gln

tgc
Cys

85
cge
Arg

gce
Ala

999
Gly

gcg
Ala

ceyg
Pro
165
agg
Arg

agg
Arg

gtt
Val

gat
Asp
ECC
Ser
245

ttt
Phe

cag
Gln

cte
Leu

gca
Ala

act

325
aaa
Lys

cag
Gln

gga
Gly

gat
Asp

ata
Ile
405

cte
Leu

gge
Gly

cte
Leu

cte
Leu
150
geg
Ala

caa
Gln

gtg

val-

ctt
Leu

act
‘Thr
230
teca
Ser

geca
Ala

gaa
Glu

tte
Phe

gaa
Glu
310
ggt
Gly

act
Thr

ttt
Bhe

ttt
Phe

tta
Leu
390
gg9a
aly

cte
Leu

gac
Asp

gtg
val
135
tte
Phe

ate
Ile

age
Ser

ace
Thr

cct
Pro
215
tgg
Trp

gge
Gly

adt
Asn

gaa
Glu

atg
Met
295
agg
Arg

gac
Asp

agg
Arg

gaa
Glu

ttg
Leu
375
aat
Asn

gtt
Val

cto
Leu

gag
Glu
120
cte
Leu

tge
Cys

aat
Asn

cag
Gln

gect
Ala
200
cgc
Arg

atg
Met

ttg
Leu

aga
Arg

atc
Ile
280
gtt
val

tte
Phe

tac
Tyr

ata
Ile

tct
Ser
360
gat
Asp

aca
Thr

tca
Ser

cge
Arg
105
get
Ala

cte
Leu

ctg
Leu

tte
Phe

gag
Glu
185
tct
Ser

cgt
Arg

aaa
Lys

ata
Ile

tat
Tyr
265
cgg
Arg

tca
Ser

tea
Ser

tta
Leu

gtg
Val
345
agt
Ser

caa
Gln

aag
Lys

act
Thr

90
cte
Leu

cge
Arg

age
Ser

tte
Phe

gat
Asp
170
cag
Gln

aca
Thr

cek
Pro

tct
Ser

gaa
Glu
250
ttg
Leu

tte
Phe

atg

Met -

cag
Gln

gat
Asp
330
gca
Ala

ggt
Gly

tea
Ser

gat
Asp

gga
Gly
410

cece
Pro

999
Gly

cag
Gln

cce
Pro
155
agc
Ser

aag
Lys

cct
Pro

gaa
Glu

agt
Gly
235
gat
BAsp

gga
Gly

atg
Met

gaa
Glu

tac
Tyr
315
age
Ser

att
Ile

ctt
Leu

aat
Asn

aac
Asn
395
aac
Asn
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acg
Thr

cte
Leu

gag
Glu
140
acc
Thr

cta
Leu

gtg
Val

act
Thr

tct
Ser
220
gtt
Val

gag
CGlu

ggt
Gly

ata
Ile

gat
Asp
300
atg
Met

aaa
Lys

gat
Asp

cta
Leu

cat
His
380
tgt
Cys

tgg
Trp

ctg
Leu

cge

125
cte
Leu

gcc
Ala

ttt
Phe

agg
Arg

ggt
Gly
205
gat
Asp

cce
Pro

gaa
Glu

ggc
Gly

aac
Asn
285
aat
Asn

999
Gly

cce
Pro

gect
Ala

agyg
Arg
365
cag
Gln

cca
Pro

ggt
Gly

ctc
Leu
110
atc
Ile

gee
Ala

gat
Asp

gcyg
Ala

tge
Cys
190
tce
Ser

gge
Gly

ctt
Leu

caa
Gln

gca
Ala
270
cca
Pro

gaa
Glu

tat
Tyr

ttt
Phe

ttg
Leu
350
gaa
Glu

ctc
Leu

agt
Ser

tgc
Cys

95

gag
Glu

cty
Leu

gea
Ala

agg
Arg

gca
Ala
175
ctt
Leu

gtt
Val

att
Ile

tge
Cys

gaa
Glu
255
ctt
Leu

gaa
Glu

gct
Ala

ggt
Gly

gat
Asp
335
gac
Asp

gtg
Val

tagt
Cys

gte
Val

q99
Gly
415

PCT/EP2004/003995
ggc 336
Gly

agc 384
Ser

geg 432
Ala

gce 480
Ala

160

ctyg 528
Leu

gtt 576
Val

teg 624
Ser .

acg 672
Thr

aca 720
Thr

240

gcc 768
Ala

tecc 816
Ser

ttg 864
Leu

ata 912
Ile

tec 260
Ser

320

geg 1008
Ala

tgt 1056
Cys

aac 1104
Asn

gca 1152
Ala

att 1200
Ile

400

get 1248
Ala
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ttt ggt gga aac cct gaa atc aag agc atg att caa tgg att get gea 1296
phe Gly Gly Asn Pro Glu Ile Lys Ser Met Ile Gln Trp Ile Ala Ala
420 425 430
tea cag gea ctc cga tet ttt att aac tac tac act ttt gag tec gaa 1344
ger Gln Ala Leu Arg Ser Phe Ile Asn Tyr Tyr Thr Phe Glu Ser Glu
435 440 445 .
tea ctg aaa aga tta gaa gag gtg acc cag tgg ata ttg cgc cat agg 1392
Ser Leu Lys Arg Leu Glu Glu Val Thr Gln Trp Ile Leu Arg His Arg
450 455 460
tgg acg gtt gge gag ttg tgg gac atg ctt gtg gag tat tca tcc cag 1440
Trp Thr Val-Gly Glu Leu Trp Asp Met Leu val Glu Tyr Ser Ser Glmn
465 470 475 480
agg cta agargga gac acc aat gag ggc ttt tta aca tgg cta ctt ccc 1488
Arg Leu Arg Gly Asp Thr Asn Glu Gly Phe Leu Thr Trp Leu Leu Pro
S ass 490 495
aag gac atc ccc-aat ggt gat gta gat tac atg.tgt gaa tag 1530
Lys. Bsp:Ile Pro Asn Gly Asp Val Asp Tyr Met Cys Glu
) .'500 505

<210> 16

<211> 509

<2125 4PRT*

<213> 'Oryzaisativa

<400> 16 )
Met Glu Ala ‘Arg Gly Asp Leu Arg Ser Ile Leu Pro Tyr Leu Pro Val
1 - 10 15

val Leu Arg Gly Gly Ala Leu Phe Trp Pro Fro Ala Ala Gln Glu Ala
20 .25 ’ 30

Leu Lys Ala Leu Ala Leu Gly‘Pro Agp Val Ser Arg Val ger Ser Gly
: 35 140 © a5

Asp Val Leu Ala Asp Ala Leu Thr Asp Leu Arg Leu Ala Leu Asn Leu
50 55 60

Asp Pro Leu Pro Arg Arg Ala Ala Glu Gly Phe Ala Leu Phe Phe Asp
65 70 75 80

‘Asp Leu Leu Ser Arg Ala Gln Ala Arg Asp-Trp Phe Asp His Val Ala
85 " 90 95

Pro Ser Leu Ala Arg Leu Leu Leu Arg Leu Pre Thr Leu Leu Glu Gly
100 105 110

His Tyr Arg Ala Ala Gly Asp Glu Ala Arg Gly Leu Arg Ile Leu Ser
115 120 125

Ser Gln Asp Ala Gly Leu Val Leu Leu Ser Gln Glu Leu Ala Ala Ala
130 135 140

Leu Leu Ala Cys Ala Leu Phe Cys Leu Phe Pro Thr Ala Asp Arg Ala
145 150 155 160

@lu Ala Cys Leu Pro Ala Ile Asn Phe Asp Ser Leu Phe Ala Ala Leu
165 170 175

cys Tyr Asn Ser Arg Gln Ser Gln Glu Gln Lys Val Arg Cys Leu Val
180 185 190
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His

Phe

Tyr

225

Phe

Leu

Arg

Ile

Glu

305

Ser

Met

Pro

Lys

Lys

385

Pro

Phe

Ser

Ser

Trp

465

Lys

WO 2004/090140

Tyx

Glu

210

Pro

Arg

Glu

Gly

val

290

Ile

Phe

Gly

Thr

Ala

370

Leu

Asp

Gly

Gln

Leu

450

Thr

Leu

Asp

<210>

Phe

195

Arg

Asp

Vval

Val

Cys

275

Gly

val

Arg

Arg

Arg

355

Phe

val

Glu

Gly

Ala

435

Lys

val

Arg

Ile

17

Asp

Lys

Met

Phe

BAsp

260

Val

Met

Gly

Phe

Arg

340

Leu

cys

Gln

Cys

Asn

420

Leu

Arg

Gly

Gly

Pro
500

Arg

Val

Asp

Ser

245

Phe

Gln

Leu

Ala

Thr

325

Lys

Gln

Gly

Asp

1le

405

Pro

Arg

Leu

Glu

Asp

485

Asn

Val

Leu

Thr

230

Ser

Ala

Glu

Phe

Glu

310

Gly

Thr

Phe

Phe

Leu

390

Gly

Glu

Ser

CGlu

Leu

470

Thr

Gly

Thr

Pro

215

Trp

Gly

Asn

Glu

Met

235

Arg

Asp

Arg

Glu

Leu

375

Asn

val

Ile

Phe

Glu

455

Trp

Asn

BAsp

Ala

200

Arg

Met

Leu

Arg

Ile

280

val

Phe

Tyr

Ile

Ser

360

Asp

Thr

Ser

Lys

Ile

440

Val

Asp

Glu

Val

ser

Arg

Lys

Ile

Tyr

265

Arg

Ser

Ser

Leu

Val

345

Ser

Gln

Lys

Thr

Ser

425

Thr

Met

Gly

Asp

Thr

Pro

Ser

Glu

250

Leu

Phe

Met

Gln

Asp

330

Ala

Gly

Ser

Asp

Gly

410

Met

TYyTY

Gln

Leu

Phe

490

Tyr

505 °

Pro

Glu

aly

235

Asp

Gly

Met

Glu

Tyr

315

Ser

Ile

Leu

Asn

Asn
395

TYY
Trp
Val
475

Leu

Met
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Thr

Ser

220

val

Glu

cly

Tle

Asp

300

Met

Lys

Asp

Leu

His

380

Cys

Trp

Gln

Thr

Ile

460

Glu

Thr

Cys

Gly

205

Asp

Pro

Glu

Gly

Asn

285

Asn

Gly

Pro

Ala

Arg

365

Gln

Pro

Gly

Trp

Phe

445

Leu

Tyr

Trp

Glu

Ser

aly

Leu

Gln

Ala

270

Pro

Glu

Tyr

Phe

Leu

350

Glu

Leu

Ser

Cys

Ile

430

Glu

Arg

Ser

Leu

Val

Ile

Cys

Glu

255

Leu

Glu

Ala

Gly

Asp

338

Asp

Val

Cys

val

Gly

415

Ala

Ser

His

Ser

Leu
495

PCT/EP2004/003995

Ser

Thr

Thr

240

Ala

Ser

Leu

Ile

Ser

320

Ala

cys

Asn’

Ala

Ile

400

Ala

Ala

Glu

Arg

Glin

480

Pro




WO 2004/090140

<211>
<212>
<213>

<220>
<223>
<400>

25
DNA
Artificial Sequence

degenerate oligonucleotide primer PGl
17

atgtbccaca rmtckeecrac mgtcc

<210>
<211>
<212>
<213>

<220>
<223>
<400>

18

28

DNA

Artificial Sequence

degenerate oligonucleotide primer PG2
18

gggtytecwe caaaarcmee rCawccece

<210>
<211>
<212>
<213>

<220>
<223>
<400>

19

26

DNA

Artificial Sequence

degenerate oligonucleotide primer PG3
19

gctatagaaa twgtyggtgy rgaaag

<210>
«211>
t<212>
<213>

<220>
<223>
<400>

20

26

DNA.

Artificial Sequence

degenerate oligonucleotide primer PG4
20

agrggstyyg trcaggarga ratmeg

<210>
<211>
<212>
<213>

<220>
<223>
<220>
<221>
<222>
<223>

<400>

21

23

DNA

Artificial Sequence

degenerate oligonucleotide primer PG5
misc_feature
(18) .. (18)

n=any nucleotide

21

atggargaya aygargcnat hga

<210>
<211>
<212>
<213>

<220>
<223

22

24

DNA

Artificial Sequence

degenerate oligonucleotide primer PG6
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28
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<400> 22
cecaytgdage atrctyttda gytc 24

<210> 23

<211> 603
<212> DNA
<213> zea mays

<400> 23

tagggctgtg tgcaggagga aatecegette atgataaace ccgaattgat tgtgggtatg 60
ctattetigt cttgtatgga agataacgag getatagaaa tetttggtge agaacggttc 120
tcacagtata tgggttatgg ttectccttt cgetttgttg gtgactattt>agataccaaa 180
ccetttgatt cgatgggcag acggagaact aggattgtgg ctatcgatge tttggactgt 240
ccagetaggt tacactatga atctggetgt ctectaaggg aagtgaacaa ggcattttgt 300
ggattttteg atcaatcgaa acaccatcte tatgcgaagc ttttccagga tttgcacaac 360
aaggatgact tttcaagcat caattccagt gagtacgtag gagtttcaac aggaaactgg 420
ggttgtggtg cttttggtgg aaaccctgaa atcaagagca tgattcagtyg gattgctgea 480
tcacaggete ttcgecettt tgttaattac tacacttttg agaacgtgtc tctgcaaaga 540
ttagaggagg tgatccagtg gatacggett catggetgga ctgteggecga getgtggaac 600

ata 603
<210> 24

<211> 12987

<212> DNA

<213> Artificial sequence

<220>

<223> T-DNA vector comprising a chimeric ParG expression reducing gene
<220>

«221> misc_feature

«222> (1)..(25}

'<223> complement of Left T-DNA border

<220>
«221> misc_feature
<222> (58)..(318)

<223> complement of 3' nos

<220>

<221> misc_feature
<222> (337)..(888)
<223> bar coding region

«220>

<221> misc_feature
<222> (889)..{1721)}
«223> 358 promoter

<220>

<221> misc_feature
«222> (1728)..(3123)
<223> 358 promoter

<220>

<221> misc_feature

<222> (3133)..(3311)

<223> part of ParG homologue of Zea mays

<220>
<221> misc_feature
<222> {3344)..(4085)

16/25

-65-




WO 2004/090140 PCT/EP2004/003995
<223> Pdk intron

<220>

<221> misc_feature

<222> (4119)..(4297)

<223> part of ParG@ homologue of Zea mays (inverted)

<220>

<221> misc_feature
<222> (4310)..(5020)
<223> 3' 0CS

<220>

<221> misc_feature

<222> (5066)..(5042)
<223> Right T-DNA border

<400> 24

cggcaggata tattcaattg taaatggetc catggcgatc gotctagagg atcttececga 60
tctagtaaca tagatgacac cgegegegat aatttatect agtttgegeg ctatattttg 120
ttttotatcg cgtattaaat gtataattge gggactctaa tcataaaaac ccatctcata 180
aataacgtca tgcattacat gttaattatt acatgettaa cgtaattcaa cagaaattat 240
atgataatca tcgraagacc ggcaacagga ttcaatctta agaaacttta ttgccaaatyg 300
tttgaacgat ctgcttcgga tcctagacge gtgagatcag atcteggtga cgggcaggac 360
cggacgggge ggtaccggea ggetgaagte cagctgecag aaacccacgt catgecagtt 420
ccegtgettyg aagecggeeg coegeageat gecgegggagg gcatatccega gegectegtyg 480
catgegeacg ctcggghtogt tgggcagcee gatgacageg accacgctct tgaagcectyg 540
tgcctccagg gacttcagca ggtgggtgta gagegtggag cceagteceg teegetggtg 600
gcggggggag acgtacacgg tegactegge cgtecagteg taggegttge gtgecctteca 660
ggggecegeg taggegatge cggegaccke gecgtceace tcggegacga gecagggata 720
gegateocge agacggacga ggtcgtccogt ceactcetge ggttecectgeg geteggtacy 780 -
gaagttgace gtgettgtet cgatgtagtg gttgacgatg gtgcagaceg ceggeatgto 840
cgecteggtyg geacggegga tgteggeegg gegteghtet gggtecatgg ttatagagag 900
agagatagat ttatagagag agactggtga tttcagegtg tcetetecaa atgaaatgaa 260
cttocttata tagaggaagg gtettgegaa ggatagtggg attgtgegte atcccttacg 1020
tcagtggaga tgtcacatca atcecacttgc tttgaagacg tggttggaac gtcttetttt 1080
tecacgatge teetegtggg tgggggtcca tetttgggac cactgteggc agaggcatct 1140
tgaatgatag cctttccttt atcgcaatga tggcatttgt aggagccacce ttccttttet 1200
actgtcettt cgatgaagtg acagataget gggcaatgga atcegaggag gtttcccgaa 1260
attatcettt gttgaaaagt ctcaatagce ctttggtett ctgagactgt atctttgaca 1320
tttttggagt agaccagagt gtegtgctcc accatgttga cgaagatttt cttettgtea 1380
ttgagtcgta aaagactctg tatgaactgt tegecagtet tcacggegag ttetgttaga 1440
tcctegattt gaatcttaga ctcecatgeat ggocttagat tcagtaggaa ctaccttttt 1500
agagactcca atctctatta cttgecttgg tttatgaage aagccttgaa tcgtecatac 1560
tggaatagta cttctgatct tgagaaatat gtctttctet gtgttcttga tgcaattagt 1620
cctgaatctt ttgactgeat ctttaacctt cttgggaagg tatttgatct cctggagatt 1680
gttactecggg tagategtet tgatgagace tgctgegtag gaacgeggece gcgtatacgt 1740
atcgatatct tegaattcga getegtegag cggeegeteg acgaattaat tccaatccca 1800
caaaaatctg agcttaacag cacagttget cctctcagag cagaatcggg tattecaacac 1860
cctecatatea actactacgt tgtgtataac ggtccacaty ccggtatata cgatgactgg 1920
ggttgtacaa aggeggcaac aaacggegtt cceggagttg cacacaagaa atttgccact = 1980
attacagagg caagagcagc agctgacgcg tacacaacaa gtcagcaaac agacaggttg 2040
aacttcatce ccaaaggaga agctcaactc aagcccaaga getttgetaa ggcectaaca 2100
agcccaccaa agcaaaaagce ccactggetc acgetaggaa ccaaaaggec cagcagtgat 2160
ccagecccaa aagagatcte ctttgecceyg gagattacaa tggacgattt cctetatett 2220
tacgatctag gaaggaagtt cgaaggtgaa ggtgacgaca ctatgttcac cactgataat 2280
gagaaggtta gcctcttcaa tttcagaaag aatgctgacc cacagatggt tagagaggec 2340
tacgcagecag gtctcatcaa gacgatctac ccgagtaaca abcteccagga gatcaaatac 2400
cttcccaaga aggttaaaga tgcagtcaaa agattcagga ctaattgcab caagaacaca 2460
gagaaagaca tatttctcaa gatcagaagt actattecag tatggacgat tcaaggettg 2520
cttcataaac caaggcaagt aatagagatt ggagtcteta aaaaggtagt tcctactgaa 2580
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tctaaggeca tgeatggagt ctaagattca aatcgaggat ctaacagaac tcgecgtgaa 2640
gactggcgaa cagttcatac agagtetttt acgactcaat gacaagaaga aaatcttegt 2700
caacatggtg gagcacgaca ctotggteta ctecaaaaat gtcaaagata cagtecteaga 2760
agaccaaagg gctattgaga cttttcaaca aaggataatt tcgggaaacc tccteggatt 2820
ceattgcecca getatetgte actteatcga aaggacagta gaaaaggaag gtggctccta 2880
caaatgcecat cattgegata aaggaaaggc tatcattcaa gatctctctg ccgacagtgg 2940
tcccaaagat ggacccccac ccacgaggag categtggaa aaagaagacy ttecaaccac 3000
gtcttcaaag caagtggatt gatgtgacat ctccactgac gtaagggatg acgcacaatc 3060
ccactatect togcaagace cttcctetat ataaggaaght teattteatt tggagaggac 3120
acgetegage ccgaattgat tgtgggtaty ctattcttgt cttgtatgga agataacgag 3180
gctatagaaa tctttggtgc agaacggttc tcacagtata tgggttatgg ttcctecttt 3240
cgctitgttyg gtgactattt agataccaaa ccctttgatt cgatgggeag acggagaact — 3300
aggattgtgg-cggtacccca gettggtaag gasataatta ttttettttt tccttttagt 3360
ataaaatagt- taagtgatgt taattagtat gattataata atatagttgt tataattgtg 3420
asaaaataat ttataaatat attgtttaca taaacaacat agtaatgtaa aaaaatatga 3480
caagtgatgt gtaagacgaa gaagataaaa gttgagagta agtatattat ttttaatgaa 3540
tttgatcgaa catgtaagat gatatactag cattaatatt tgttttaatc ataatagtaa 3600
ttctagetgg tttgatgaat taaatatcaa tgataaaata ctatagtaaa aataagaata 3660
aataaattaa aataatattt ttttatgatt aatagtttat tatataatta aatatctata 3720
ccattactaa atattttagt ttaaaagtta ataaatattt tgttagaaat tccaatctge 3780
ttgtaattta tcaataaaca aaa;attaaa‘taacaagcta aagtaacaaa taatatcaaa 3840
cﬁéatagééa'cagtaatcta atgtaacaaa acataatcta atgctaatat aacaaagcge 3900
aagatcﬁatc”éttttatata gtattatttt caatcaacat tcttattaat ttctaaataa 3960
tacttgtagt:tttattaact tctaaatgga ttgactatta attaaatgaa ttagtcgaac 4020
‘atgaataaac aaggtaacat gatagatcat gtcattgtgt tatcattgat cttacatttg 4080
gattgattac agttgggaag cEgggttcga aatcgatagce cacaatccta gttetcegte 4140
tgcccatcga‘atcaaagggt ttggtatcta aatagtcacc aacaaagcga aaggaggaac 4200
cataacccat atactgtgag aaccgttetg caccaaagat ttctatagcc tcgttatctt 4260
ccatacaaga caagaatagc atacccacaa tcaatteggg tctagagtee tgctttaatg 4320
agatatgcga gacgcctatg atégoatgat atttgcttte aattctgttg tgeacgttgt 4380
aaaaaacctg agcatgtgta getcagatec ttaccgecgg ttteggttea ttetaatgaa 4440
tatatcaccc gttactatcg tatttttatg aataatattc teegttcaat ttactgattg 4500
taccctacta cttatatgta caatattaaa atgaasacaa tatattgtgce tgaataggtt 4560
tatagcgaca tctatgatag agcgccacaa taacaaacaa ttgcgtttta ttattacaaa 4620
tccaatttta aaaaaagcgg cagaaccggt caaacctaaa agactgatta cataaatctt 4680
attcaaattt caaaaggecc caggggctag tatctacgac acaccgageg gcgaactaat 4740
aacgttcact gaagggaact ccggttccce gecggegege atgggtgaga ttececttgaag 4800
ttgagtattg geogtecget ctaccgaaag ttacgggeac cattcaacce ggtccagcac 4860
ggcagecggg taaccgactt getgccccga gaattatgra gecattttttt ggtgtatgtg 4920
ggecccaaat gaagtgcagg tcaaaccttyg acagtgacga caaatcgttg ggegggtcca 4980
gggcgaattt tgcgacaaca tgtcgaggct -cageaggace tgcaggtaga cggecgagta 5040
ctggcaggat atataccgtt gtaatttgte gegtgtgaat aagtcgetgt gtatgtttgt 5100
ttgattgttt ctgttggagt geageccatt tcaccggaca agtcggetag attgatttag 5160
ccctgatgaa ctgccgaggg gaagecatct tgagegegga atgggaatgy atttcgttgt 5220
acaacgagac gacagaacac ccacgggacce gagctteogat cgagcatcaa atgaaactge 5280
aatttattca tatcaggatt atcaatacca tatttttgaa aaagccgttt ctgtaatgaa 5340
ggagaaaact caccgaggca gttccatagg atggcaagat cctggtateg gtctgegatt . 5400
ccgactegte caacatcaat acaacctatt aatttccect cgtcaaaaat aaggttatea 5460
agtgagaaat caccatgagt gacgactgaa tecggtgaga atggcaaaag tttatgeatt 5520
tetttecaga cttgttcaac aggccageca ttacgetegt catcaaaatc actcgeatca 5580
accaaaccgt tattcattcg tgattgcgce tgagegagac gaaatacgee getgttaaaa 5640
ggacaattac aaacaggaat cgaatgcaac cggcgcagga acactgccag cgcatcaaca 5700
atattttcac ctgaatcagg atattecttet aatacctgga atgetgtttt tcecggggate 5760
gcagtggtga gtaaccatge atcatcagga gtacggataa aatgcttgat ggtcggaaga 5820
ggcataaatt ccgtecageca gtttagtctg accatcteat ctgtaacatc attggcaacg 5880
ctacctttge catgtttcag aaacaactct ggegecategyg gctteccata caatecgatag 5940
attgtcgeac ctgattgece gacattatce gaatctggea attecggtte gettgetgte 6000
cataaaaccg cccagtctag ctatcgecat gtaageccac tgcaagetac ctgetttcte 6060
tttgegettg egttttecgg atcttettga gatcettttt ttctgegegt aatctgetge 6120
ttgcaaacaa aaaaaccacce gctaccageg gtggtttgtt tgecggatea agagetacea 6180
actctttttc cgaaggtaac tggcttcage agagegeaga taccaaatac tgtcctteta 6240
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gtgtagcegt agttaggcca ccacttcaag aactctgtag caccgectac ataccteget 6300
ctgctaatee tgttaccagt ggctgctgec agtggcgata agtegtgtet tacegggttg 6360
gactcaagac gatagtfacc ggataaggeg cageggtegg getgaacggg gggttecgtge 6420
acacageccca gettggageg aacgacctac accgaactga gatacctaca gcgtgageta 6480
tgagaaageg ccacgcettec cgaagggaga aaggcggaca ggtatccggt aageggcagyg 6540
gtcggaacag gagagcgcac gagggagctt ccagggggaa acgcoctggta tctttatagt 6600
cctgtegggt ttegocacct ctgacttgag cgtegatttt tgtgatgete gtcagggggg 6660
cggagcctat ggaaaaacgc cagcaacgeg geetttttac ggttoctgge cttttgctgg 6720
ccttttgete acatgttcott tcctgegtta tccectgatt ctgtggataa ccgtattace 6780
gectttgagt gagetgatac cgctecgecege agccgaacga cegagegeag cgagtcagty 6840
agcgaggaag cggaagageg cctgatgegg tattttetee ttacgeatet gtgeggtatt 6900
tcacacegea tatggtgcac tctcagtaca atctgelketg atgeccgecata gttaagecag 6960
tatacactcc gctatcgecta cgtgactggg tcatggotge gecccgacac ccgecaacac 7020
ccgetgacge gecctgacgg gettgtetge tceceggeate cgettacaga caagetgtga 7080
ccgtctcocgg gagetgeatg tgtcagaggt ttteaccgtc atcaccgaaa cgegegagge 7140
agggtgectt gatgtgggeg ccggeggteg agtggcgacg gcgeggettg tecgegeect 7200
ggtagattge ctggcegtag gocagccatt tttgagegge cageggcege gataggccga 7260
cgcgaagegy cggggcgtag ggagcgcagce gaccgaaggg taggegettt ttgeagetet 7320
teggetgtge getggecaga cagttatgea caggccagge gggttttaag agttttaata 7380
agttttaaag agttttagge ggaaaaatcg ccttttttct cttttatatc agtcacttac 7440
atgtgtgacc ggttcccaat gtacggettt gggttcccaa tgtacgggtt ceggttecca 7500
atgtacgget ttgggttccc aatgtacgtg ctatccacag gaaagagace ttttegacct 7560
ttttcccotg ctagggeaat ttgecetage atctgetceg tacattagga accggceggat 7620
gettegecet cgatcaggtt geggtagege atgactagga tegggeccage ctgcccegee 7680
tcctecttea aatcgtactc cggoaggtca tttgaccega tcagettgeg cacggtgaaa 7740
cagaacttet tgaactctce ggegetgeca ctgegttegt agatcgtctt gaacaaccat 7800
ctggettety cettgectge ggcgeggegt gecaggeggt agagaaaacy gecgatgcecg 7860
ggatcgatca aaaagtaatc ggggtgaacc gtcagcacgt cegggttett geettetgtg 7920
atctcgeggt acatccaatc agctageteg atctegatgt actceggeeyg cceggttteg 7980
ctetttacga tcttgtageg getaatcaag gettcacect cggatacegt caccaggegg B8040
cegttettyg cettettegt acgetgeatg gecaacgtgeg tggtgtttaa ccgaatgeag 8100
.gtttctacca ggtegtcttt ctgetttecg ccateggete geceggcagaa cttgagtacg 8160
tccgcaacgt gtggacggaa cacgeggceg ggettgtcte ccttecette cecggtatcgg 8220
ttcatggatt cggttagatg ggaaaccgce atcagtacca ggtcgtaatc ccacacactg 8280
gecatgeoegg ceggcectge ggaaacctet acgtgecegt ctggaagcte gtageggate 8340
acctegccag ctegteggte acgettcgac agacggaaaa cggccacgte catgatgetg B400
cgactatcge gggtgeccac gtcatagage ateggaacga aaaaatctgg ttgctegteg 8460
cecttgggeg gottoctaat egacggegea ccggetgecg geggttgeey ggattctttg 8520
cggattcgat cagcggeege ttgecacgat teaccgggge gtgcttetge ctegatgegt 8580
tgcegetggg cggectgege ggccttcaac ttetecacca ggtcatcacc cagcgeegeg 8640
ccgatttgta cegggecgga tggtttgega cegtcacgce gattectegg gettgggggt 8700
tecagtgeca ttgeagggee ggcagacaac ccagecgett acgcctggee aaccgeccegt 8760
tcctccacac atggggcatt ccacggegte ggtgectggt tgttettgat tttcecatgec 8820
gcctecttta geegetaaaa ttcatetact catttattca tttgeteatt tactctggta 8880
gectgegegat gtattcagat agcagctegg taatggtett gccttggegt accgegtaca 8940
tectteagett ggtgtgatce tccgeeggea actgaaagtt gaccegette atggctggeg 9000
tgtctgccag getggecaac gttgeagect tgetgetgeg tgegetegga cggecggcac 9060
ttagcgtgtt tgtgettttg ctcattttet ctttacctca ttaacteaaa tgagttttga 9120
tttaattteca geggecageg cctggaccte gegggeageg trgeectegy gttotgatte 9180
aagaacggtt gtgccggegg cggcagtgec tgggtagete acgegetgeg tgatacggga 9240
ctecaagaaty ggcagetcgt acceggecag cgecteggea accteacege cgatgegegt 9300
goctttgate gececgegaca cgacaaagge cgettgtage cttecatceg tgacctecaat 9360
gegetgetta accagctcca ccaggtegge ggtggeccat atgtegtaag ggcttggctg 9420
caccggaate agcacgaagt cggetgectt gatcgeggac acagccaagt ccgcegectg 9480
gggcgetecg tegatcacta cgaagtcgcg ccggeegatg gccttecacgt cgeggteaat 9540
cgtcgggegg tegatgcega caacggttag cggttgatet teecgeacgg ccgeccaatc 9600
gegggeactyg cectggggat cggaatcgac taacagaaca tcggcccegyg cgagttgeag 9660
ggegeggget agatgggttg cgatggtegt cttgectgac cegectttet ggttaagtac 9720
agcgataace ttcatgcgtt ccccttgegt atttgtttat ttactcatcg catcatatac 9780
gecagegaccg catgacgcaa gotgttttac tcaaatacac atcacctttt tagacggegg 9840
cgeteggttt ctteagegge caagetggec ggecaggecyg ceagettgge atcagacaaa 9900
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‘ccggecagga tttcatgeag cegeacggtt gagacgtgeg cgggcggete gaacacgtac 9960
ccggecgega teatetcege ctcgatetet tceggtaatga aasacggtte gtectggecg 10020
tcetggtgeg gtttcatgcet tgttcctett ggegtteatt cteggeggee gccagggegt 10080
cggecteggt caatgegtee teacggaagg caccgegeeg cctggecteg gtgggegtea 10140
cttceteget gegetcaagt gegeggtaca gggtcgageg atgcacgcca agcagtgecag 10200
cegcetettt cacggtgegg cottectggt cgatcagete gegggegtge gegatctgtg 10260
ccggggtgag ggtagggcgg gggccaaact tcacgecteg ggecttggeg gcctegegee 10320
cgeteegggt geggtcgatg attagggaac gctecgaacte ggcaatgeeg gecgaacacgg 10380
tcaacaccat gcggecggee ggegtggtgg tgteggecca cggetetgec aggctacgca 10440
ggcecgegec ggecteetgy atgegetegy caatgtccag taggtegegg gtgetgeggg 10500
ccaggeggte tagectggtc actgtcacaa cgtegecagg gegtaggtgg tcaagcatce 10560
tggccagete cgggeggteg cgeetggtge cggtgatctt ctcggaaaac agcttggtge 10620
agceggecge gtgcagtteg gecegttggt tggtcaagtc ctggtegtcg gtgetgacge 10680
gggcatagee cagcaggeca geggeggcege tcttgtteat ggegtaatgt ctccggttet 10740
agtcgraagt attctacttt atgcgactaa aacacgcgac aagaaaacge caggaaaagg 10800
gcagggegge agectgtege gtaacttagg acttgtgcga catgtegttt tcagaagacg 10860
gctgeactga acgtcagaag ccgactgeac tatagcageg gaggggttgg atcgatccet 10920
getegegeag getgggtgee aagctctegg gtaacatcaa ggeccgatcee ttggagecct 10980
tgcceteceg cacgatgate gtgccgtgat cgaaatccag atccttgacce cgeagttgeca 11040
aacccteact gatccgeatg ceccgttecat acagaagctg ggcgaacaaa cgatgectege 11100
cttccagaaa accgaggatg cgaaccactt catcecggggt cagcaccacc ggcaagegec 11160
cggacggeeg aggtctteeg atctectgaa gecagggead ateccgtgecac agecacttgee 11220
gtagaagaac agcaaggccg ccaatgectg acgatgegtg gagaccgaaa ccttgegete 11280
gttcgeecage caggacagaa atgectcgac ttegetgetg cccaaggtiy cegggtgacg 11340
cacaccgtgg aaacggatga aggcacgaac ccagtggaca taagectgtt cggttegtaa 11400
getgtaatge aagtagcgta tgcgctcacg caactggtec agaaccttga ccgaacgecag 11460
cggtggtaac ggegcagtgg cggtttteat ggcttgttat gactgttttt ttggggtaca 11520
gtctatgeet cgggcatcea ageagcaage gegttacgee gtgagtcgat gtttgatgtt 11580
atggagcage aacgatgtta cgcagcaggy cagtcgccct aaaacaaagt taaacatcat 11640
gagggaagceg gtgatcgecg aagtatecgac tcaactatca gaggtagttg gegtecatcga 11700
gegecatcte gaaccgacgt tgetggeegt acatttgtac ggctccgcag tggatggcgg 11760
- cectgaageca cacagtgata ttgatttget ggttacggtg accgtaagge ttgatgaaac 11820
aacgcggega gettbtgatca acgacctttt ggaaacttcg getteecctg gagagagcega | 11880
gattctccge getgtagaag tcaccattgt tgtgeacgac gacatcattc cgtggegtta 11940
tccagctaag cgegaactge aatttggaga atggeagege aatgacattc ttgcaggtat 12000
cttegageca gocacgatceg acattgatet ggctatctig ctgacaaaag caagagaaca 12060
tagcgttgee ttggtaggtc cagcggegga ggaactcttt gatceggttc ctgaacagga 12120
tctatttgag gegctasatg aaaccttaac gotatggaac tcgecgeceg actgggetgg 12180
cgatgagcga aatgtagtge ttacgttgtc cegeatttgg tacagcgcag taaccggcaa 12240
aatcgegecg aaggatgtceg ctgecgactg ggcaatggag cgectgecgg cccagtatca 12300
geecgtecata cttgaagceta gacaggctta tcttggacaa gaagaagatc gettggeete 12360
gcgegeagat cagttggaag aatttgtcca ctacgtgaaa ggcgagatca ccaaggtagt 12420
cggcaaataa tgtctaacaa ttegttcaag ccgacgecge ttegeggege ggcttaacte 12480
aagcgttaga tgcactaage acataattgc tcacagccaa actatcaggt caagtctget 12540
tttattattt ttaagcgtge ataataagec ctacacaaat tgggagatat atcatgaaag 12600
gotggetttt tettgttatc geaatagttg gcgaagtaat cgcaacatcc geattaaaat 12660
ctagegaggg ctttactaag ctagettget tggtcgttee ggtaccgtga acgteggete 12720
gattgtacct gcgttcaaat actttgegat cgtgttgcge gectgecegyg tgegtegget 12780
gatctcacgg atcgactget tetctegeaa cgecatcega cggatgatgt ttaaaagtcc 12840
catgtggatc actcegttge cecgtogete acegtgttgyg ggggaaggty cacatggcte 12900
agttctcaat ggaaattatc tgcctaaccyg gctcagttet gegtagaaac caacatgeaa 12960

gcteccacegyg gtgcaaageg gcagegd 12987
210> 25

<211> 13226

<212> DNA

<213» Artificial sequence

2220>
<223> T-DNA vector comprising a chimeric ParG expression reducing gene
<220>
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<221> misc_feature
<222> (1)..(25)
<223> Left T-DNA border (C)

<220>

<221> misc_feature
<222> (58}..(318)
<223> 3' nos (C)

<220>

<221> misc_feature

<222> (337)..(888)

<223> bar coding region (C)

<220>

<221> misc_feature

222> (889)..(1721)

<223> 3583 promoter region (C)

<220>
<221>  misc_feature
<222> (1778} ..(3123)

<223> 358 promoter region

<220>

<221> wmisc_feature

<222>  (3130)..(3431)

<223> part of ParG homologue of Zea mays

<220>

<221> misc_feature
<222> (3464)..(4205)
<223» Pdk-intron

<220>

<221> misc_feature

<222> (4238)..(4536)

<223> part of ParG homologue of Zea mays (C)

<220>

<221> wisc_feature
<222> (4549)..(5259
<223> 3' ocs

<220>

<221> misc_feature

<222> (5281)..(5305)

<223> Right T-dNA border (C)

<400> 25

cggcaggata tattcaattg taaatggetc catggegatc gectctagagg atcttccega 60
tctagtaaca tagatgacac cgegegegat aatttatcet agttitgegey ctatattttg 120
ttttctateg cgtattaaat gtataattge gggactctaa tcataaaaac ccateteata 180
aataacgtca tgcattacat gttaattatt acatgcttaa cgtaattcaa cagaaattat 240
atgataatca tcgeaagacc ggcaacagga ttcaatctta agaaacttta ttgccaaatg 300
tttgaacgat ctgcttegga tcctagacge gtgagatcag atctcggtga cgggcaggac 360
cggacgggge ggtaccggea ggctgaagtc cagetgecag aaacccacgt catgecagtt 420
ccegtgeity aagceggecg cecgeagcat goegeggagy gcatatcega gegeeteogtg 480
catgcgeacg ctcgggtegt tgggeagece gatgacageg accacgetcet tgaageectg 540
tgcctecagy gacttcagea ggtgggtgta gagegtggag cccagtcceg tcegetgotg 600
geggagggag acgtacacgg tcgactegge cgtccagteg taggegttge gtgccttceca 660
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ggggccegeyg taggegatge cggegaccte gecgtccace teoggegacga gecagggata 720
gegetecege agacggacga ggtegtecgt ceactcetge ggttoctgeg gctecggtacg 780
gaagttgace gtgcttﬁtct cgatgtagtg gttgacgatg gtgecagaccg ccggcatgte 840
cgcoteggtg gecacggegga tgteggecgg gegtegttet gggtccatgg ttatagagag 200
agagatagat ttatagagag agactggtga ttteagegtg teoctctccaa atgaaatgaa 960
cttecttata tagaggaagg gtettgegaa ggatagtggg attgtgcgte atcecttacg 1020
tcagtggaga tgtcacatca atccacttge tttgaagacg tggttggaac gtcttetttt 1080
tccacgatge tcctegtaggg tgggggteca tetttgggac cactgtegge agaggcatct 1140
tgaatgatag ccttteettt atcgcaatga tggeatttgt aggagecace ttcettttet 1200
actgtcettt cgatgaagtg acagatagct gggcaatgga atccgaggag gtttcecgaa 1260
attatcettt gttgaaaagt ctcaatagcc ctitggtett ctgagactgt atctttgaca 1320
tttttggagt agaccagagt gtcgtgctoe accatgttga cgaagatttt cttcttgtea 1380
ttgagtegta aaagactctg tatgaactgt tegecagtet tcacggegag ttctgttaga 1440
tectogattt gaatcttaga ctecatgeat ggecttagat tcagtaggaa ctacettttt 1500
agagactcca atctctatta cttgecttgg tttatgaage aagccttgaa tcgtecatac 1560
tggaatagta cttctgatct tgagaaatat gtctttetet gtgttcttga tgcaattagt 1620
cctgaatctt ttgactgcat ctttaacctt cttgggaagg tatttgatcet cctggagatt 1680
gttactcggy tagategtet tgatgagace tgctgegtag gaacgeggec gcgtatacgt 1740
atcgatatct tcgaattega getegtegag cggecgeteg acgaattaat tccaatceca 1800
caaaaatctg agcttaacag cacagttgct cctctcagag cagaateggg tattcaacac 1860
ccteatatca actactacgt tgtgtataac ggtccacatg ccggtatata cgatgactgy 1920
ggttgtacaa aggcggcaac aaacggegtt cccggagttg cacacaagaa atttgccact 1980
attacagagg caagagcagc agctgacgcg tacacaacaa gtcagcaaac agacaggttg 2040
aacttcatce ccaaaggaga agctcaactc aagcccaaga getttgetaa ggcectaaca 2100
agcccaccas agcaaaaage ccactggcte acgctaggaa ccaaaaggcc cagcagtgat 2160
cecagecccaa aagagatctc ctttgccceg gagattacaa tggacgattt cctetatett 2220
tacgatctag gaaggaagtt cgaaggtgaa ggtgacgaca ctatgttcac cactgataat 2280
gagaaggtta gcctcttcaa ttteagaaag aatgctgacce cacagatggt tagagaggcc 2340
tacgeagecag gtctcatcaa gacgatctac ccgagtaaca atctccagga gatcaaatac: 2400
cttcccaaga aggttaaaga tgcagtcaaa agattcagga ctaattgcat caagaacaca 2460
gagaaagaca tatttctcaa gatcagaagt actattccag tatggacgat tcaaggettg 2520 -
cttcataaac caaggcaagt aatagagatt ggagtctcta aaaaggtagt tcctactgaa 2580
tetaaggeea tgecatggagt ctaagattca aatcgaggat ctaacagaac tcgecegtgaa 2640
gactggcgaa cagtbtcatac agagtctttt acgactcaat gacaagaaga aaatcttegt 2700
caacatggtyg gagcacgaca ctctggteta ctccaaaaat gtcaaagata cagtctcaga 2760
agaccaaagg gctattgaga cttttcaaca aaggataatt tcgggaaacc tccteggatt 2820
ceattgocca getatctgte actteatega aaggacagta gaaaaggaad gtggctecta 2880
caaatgccat cattgcgata aaggaaaggc tatcattcaa gatctectetg cocgacagtgg 2940
tcccaaagat ggacccccac ccacgaggag catcgtggaa aaagaagacyg tteccaaccac 3000
gtcttcaaag caagtggatt gatgtgacat ctccactgac gtaagggatg acgcacaatc 3060
coactatect tecgcaagace cttectctat ataaggaagt tcattteatt tggagaggac 3120
acgctegagg aatctggetg tetectaagg gaagtgaaca aggcattttg tggatttttc 3180
gatcaatcga aacaccatct ctatgegaag cttttecagg atttgeacaa caaggatgac 3240
ttttcaagca tcaattccag tgagtacgta ggagttteaa caggaaactg gggttgtggt 3300
gcttttggty gaaaccctga aatcaagage atgattcagt ggattgetge atcacaggct 3360
cttegecctt ttgttaatta ctacactttt gagaacgtgt ctetgcaaag attagaggag 3420
gtgatccagt gggtacccca gcottggtaag gaaataatta ttttcttttt teettttagt 3480
ataaaatagt taagtgatgt taattagtat gattataata atatagttgt tataattgtg 3540
aaaaaataat ttataaatat attgtttaca taaacaacat agtaatgtaa aaaaatatga 3600
caagtgatgt gtaagacgaa gaagataaaa gttgagagta agtatattat ttttaatgaa - 3660
tttgatcgaa catgtaagat gatatactag cattaatalt tgttttaatc ataatagtaa’ 3720
ttctagctgg tttgatgaat taaatatcaa tgataaaata ctatagtaaa aataagaata 3780
aataaattaa aataatattt ttttatgatt aatagtttat tatataatta aatatctata 3840
ccattactaa atattttagt ttaaaagtta ataaatattt tgttagaaat tccaatctge 3900
ttgtaattta tcaataaaca aaatattaaa taacaagcta aagtaacaaa taatatcaaa 3960
ctaatagaaa cagtaatcta atgtaacaaa acataatcta atgctaatat aacaaagegce 4020
aagatctatc attttatata gtattatttt caatcaacat tcttattaat ttctaaataa 4080
tacttgtagt tttattaact tctaaatgga ttgactatta attaaatgaa ttagtcgaac 4140
atgaataaac aaggtaacat gatagatcat gtcattgtgt tatcattgat cttacatttg 4200
gattgattac agttgggaag ctgggttecga aatcgatcac tggatcacct cctctaatct 4260
ttgcagagac acgttctcaa aagtgtagta attaacaaaa gggcgaagag cctgtgatgé 4320

22/25

71-




WO 2004/090140 PCT/EP2004/003993

agcaatccac tgaatcatge tottgattte agggtttcca ccaaaagcac cacaacccca 4380
gtttecetgtt gaaactccta cgtactcact ggaattgatg cttgaaaagt catccttgtt 4440
gtgeaaatce tggaaaaget tcgcatagag atggtgttte gattgatcga aaaatccaca 4500
aaatgccttg ttcacttece ttaggagaca geeagattet ctagagtect gctttaatga 4560
gatatgcgag acgectatga tcgeatgata tttgetttea attctgttgt geacgttgta 4620
aaaaacctga gecatgtgtag cteagatcet taccgeeggt ttcggtteat tctaatgaat 4680
atatcaceccg ttactatcgt atttttatga ataatattct cegttcaatt tactgattgt 4740
accctactac ttatatgtac aatattaaaa tgaaaacaat atattgtget gaataggttt 4800
atagcgacat ctatgataga gcgecacaat aacaaacaat tgcgttttat tattacaaat 4860
ccaattttaa aaaaagegge agaaccggtc aaacctaaaa gactgattac ataaatctta 4920
tteaaatttc aaaaggcccce aggggctagt atctacgaca caccgagegy cgaactaata 4980
acgttcactg aagggaactc cggttocccg ccggegegea tgggtgagat tccttgaagt 5040
‘tgagtattgg“ccgtccgctc taccgaéagt tacgggcace attcaacceg gtccagcacg 5100
gcggccgggc,aaccgaéttg ctgcccegay aattatgcag catttttttg gtgtatgtag 5160
gocccaaatyg aagtgcaggt caaaccttga cagtgacgac aaatcgttgg gegggtecag 5220
ggcgaatttt gcgacaacat gtegaggete agcaggacct gcaggtcgac ggccgagtac 5280
tggcaggata tataccgttg taatttgtcg cgtgtgaata agtcgotgtg tatgtttgtt 5340
tgattgtttc tgttggagtg cagcccattt caccggacaa gteggetaga ttgatttage 5400
cctgatgaac tgccgagggg aagccatctt gagegeggaa tgggaatgga tttegttgta 5460
caacgagacg acagaacacc cacgggaccg agettcgatc gageatcaaa tgaaactgeca 5520
atttattcat atdaggatta tcaataccat atttttgaaa aagccgttte tgtaatgaag 5580
gagaaaactd\apdgéggcag:ttcéatagga tgacaagatc ctggtatcegg tcetgcgatte 5640
cgactegtee aacatcaata caacctatta attteccccte gtcaaaaata aggttatcaa 5700
gtgagaaatc_accatgagtg acgactgaat ccggtgagaa tggcaaasagt ttatgeattt 5760
ctttecagac ttgttcaaca ggccageoat tacgetegte atcaaaatca ctegeatcaa 5820
ccaaacegtt attcattegt: gattgegect gagégagacg aaatacgceg ctgttaaaag 5880
gacaattaca aacaggaatc gaatgcaacc ggcgeaggaa cactgccage geatcaacaa 5940
tattttcacé tgaatcagga tattotteota atacctggaa tgetgttttt ceggggateyg 6000
cagtggtgag taaccatgea tcatcaggag tacggataaa atgcttgatg gtcggaagag 6060
gcataaattc cgtcagbcag tttagtctga ceatctcatc tgtaacatea ttggcaacge 6120
tacctttgce atgtttcaga aacaactctg“gcgcatcggg ctteccatac aatcgataga ' 6180
ttgtegcace tgattgcceg acattatccg aatctggcaa ttccggtteg cttgetgtee 6240
ataaaaccgc ¢cagtctage tatcgccatg'taagcgcact gcaagctacc tgptttctct 6300
ttgcgettge gttttcegga tcttettgag atcetttttt totgegegta atctgetgct 6360 -
tgcaaacaaa aaaaccaccyg ctaccaécgg tggtttygttt geecggatcaa gagctaccaa 6420
ctetttttee gaaggtaact ggettcagea gagegcagat accaaatact gtccttctag 6480
tgtagecgta gttaggecac cacttcaaga actectgtage accgcctaca tacctegecte - €540
tgctaatcet gttaccagtg getgetgeca gtggegataa gtcgtgtett acecgggttag 6600
actcaagacyg atagttaccg gataaggcgc ageggteggg ctgaacgggyg ggttcgtgea 6660
cacagcecag cttggagcga acgacctaca ccgaactgag atacctacag cgtgagctat 6720
gagaaagcgc cacgcttccd‘gaagggagaa aggcggacag gtatceggta agecggcaggg 6780
tcggaacagg agagcgcacg agggagettc cagggggaaa cgectggtat ctttatagte 6840
ctgtegggtt tegcecaccte tgacttgagc gtegattttt gtgatgcteyg tcagggggge 6900
ggagectatyg gaaaaacgcec agcaacgcgg cetttttacg gttecctggee ttttgetgge 6960
cttttgetca catgttcttt cetgegttat cccetgatte tgtggataac cgtattaccg 7020
cetttgagtg agetgatace getcgecgea gecgaacgac cgagcgcage gagtcagtga 7080
gcgaggaage ggaagagege ctgatgeggt attttctect tacgcatctg tgcggtattt . 7140
cacaccgcat atggtgeact ctecagtacaa totgectetga tgccgeatag ttaagccagt 7200
atacactccg ctatcgetac gtgactgggt catggetgeg ccccgacacc cgccaacacce 7260
cgctgacgeg cectgacggg cttgtetget cecggeatee gettacagac aagetgtgac 7320
cgtcteeggg agetgeatgt gtecagaggtt ttcacegtcea tcaccgaaac gegcgaggea 7380
gggtgccttyg atgtgggcge cggeggtega gtggegacgg cgcggettgt cegegeccty 7440
gtagattgce tggcegtagg cecagccattt ttgageggee ageggecgeg ataggccgac 7500
gecgaagegge ggggegtagyg gagegeageg accgaagggt aggegetttt tgecagetett 7560
cggetgtgeg ctggecagac agttatgeac aggccaggeg ggttttaaga gttttaataa 7620
gttttaaaga gttttaggeg gaaaaatcge cttttttete ttttatatca gtcacttaca 7680
tgtgtgaceyg gttcccaatg tacggetttg ggttcccaat gtacgggtte cggttoccaa 7740
tgtacggett tgggttccca atgtacgtge tatccacagg aaagagacct tttcgacctt 7800
ttteccetge tagggcaatt tgccctagea tctgetceegt acattaggaa ccggeggatg 7860
cttegeeocte gatcaggtty cggtagegea tgactaggat cgggecagec tgcecegect 7920
cctecttecaa atcgtactce ggcaggteat ttgacccgat cagcttgcgc acggtgaaac 7980
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agaacttctt gaactctceg gegetgecac tgegttegta gatcgtettg aacaaccatc 8040
tggettetge cttgectgeg gegeggegtg ceaggeggta gagaaaacgg ccgatgeegg 8100
gatcgatcaa aaagtadteg gggtgaaccg tcagcacgtc cgggttcttg ccttctgtga 8160
tetegeggta catccaatca getagetcga tctegatgta ctceggecge ceggtttege 8220
tctttacgat cttgtagegg ctaatcaagg cttecacccte ggataccgte accaggegge 8280
cgttettgge cttettegta cgetgcatgg caacgtgegt ggtgtttaac cgaatgcagg 8340
tttetaccag gtegtettte tgettteccge catcggeteg ccggcagaac ttgagtacgt 8400
ccgcaacgtyg tggacggaac acgeggecdg gettgtctee ctteocttee cggtateggt 8460
tcatgoattc ggttagatgg gaaaccgcca tcagtaccag gtegtaatce cacacactgg 8520
ccatgcegge cggecctgeg gaaaccteta cgtgecegte tggaagcteg tageggatca 8580
cctegecage tegteggtea cgeottcgaca gacggaaaac ggecacgtoe atgatgctge 8640
gactategeg ggtgcecccacg tcatagagca tcggaacgaa aaaatetggt tgctegtege 8700
ccttgggegg cttectaatc gacggegeac cggetgcegg cggttgecgg gattctttge 8760
ggattegatc ageggecget tgcecacgatt caceggggeg tgettetgece tegatgegtt 8820
gcegetggge ggectgegeg gecttcaact tctccaccag gteatcacce agcgccgege 8880
cgatttgtac cgggccggat ggtttgegac cgtcacgecy attccteggg cttgggggtt 8940
ccagtgecat tgeagggecy geagacaace cagcogetta cgectggeca accgccegtt 2000
cctocacaca tggggeatte cacggegteg gtgectggtt gttettgatt ttccatgeceg 9060
cctectttag ccgctamaat tcatctacte atttattcat ttgetcattt actetggtag 9120
ctgcgegatg tattcagata geagcteggt aatggtettg cettggegta ccgegtacat 9180
cttcagettyg gtgtgatcet cegecggeaa ctgaaagttg accegettca tggetggegt 9240
gtctgecagg ctggecaacg ttgeagectt getgetgegt gegeteggac ggceggeact 2300
tagegtgttt gtgettttge tcattttete tttaccteat taactcaaat gagttttgat 9360
ttaatttcag cggccagege ctggaccteg cgggeagegt cgcccteggy ttetgatteca 9420
agaacggttg tgecggegge ggeagtgect gggtagctca cgegetgegt gatacgggac 2480
tcaagaatgg geagctcgta cecggecage gectcggeaa cotcaccgee gatgegegtg 9540
cctttgateg cecegegacac gacaaaggce gettgtagee ttecateegt gacctecaatg 9600
cgctgcttaa ccagetcecac caggteggeg gtggcccata tgtegtaagg gettggetge 9660
accggaatca geacgaagtc ggetgecttg atcgeggaca cagcocaagte cgccgectgg 9720
ggegeteoogt cgatcactac gaagtcgege cggecgatgg ccttcacgte geggtcaatc 9780
gtcgggeggt cgatgecgac aacggttage ggttgatett ccegecacgge cgeccaatey 9840
cgggcactgc cctggggate ggaatcgact aacagaacat cggeoecegge gagttgeagg 9800
gegegggeta gatgggttge gatggtegte ttgecctgace cgectttetg gttaagtaca 9960
gcgataacct tcatgegtte cecttgegta tttgtttatt tactcatcge atcatatacg 10020
cagcgaccge atgacgcaag ctgttttact caaatacaca tcaccttttt agacggcgge 10080
gctcggttte tteageggec aagetggeeg gccaggecge cagettggea tcagacaaac 10140
cggecaggat ttcatgcage cgcacggttg agacgtgege gggeggeteg aacacgtacc 10200
cggccgegat catctecgec tegatctett cggtaatgaa aaacggtteg tectggecegt 10260
cctggtgegy tttcatgett gttecteottg gegtteatte teggeggecg ccagggegte 10320
ggccteggte aatgegtect cacggaagge accgegeege ctggectegg tgggegtcac 10380
ttectegety cgctcaagty cgcggtacag ggtcgagega tgcacgecaa geagtgcage 10440
cgectettte acggtgegge cttectggte gatecagetcg cgggegtgeyg cgatetgtge 10500
cggggtgagyg gtagggeggyg ggccaaactt cacgectegg gecttggegg cctegegece 10560
getecgggty cggtegatga ttagggaacg ctcgaactceg gcaatgccgg cgaacacggt 10620
caacaccatg cggecggeeyg gegtggtggt gtcggeccac ggetetgeca ggetacgeag 10680
gecegegeeg gecteetgga tgegetegge aatgtecagt aggtcegeggg tgetgegggce 10740
caggcggtet agectggtea ctgtcacaac gtcgccaggg cgtaggtggt caagcatcct 10800
ggceagetee gggcggtege gectggrgec ggtgatetbc teggaaaaca gcttggtgca 10860
gcoggecgeg tgcagttegg ccegttggtt ggtcaagtec tggtegtegyg tgetgacgeg 10920
ggcatagcee ageaggecag cggeggeget cttgttcatg gegtaatgte teeggttcta 10980
gtegecaagta ttctacttta tgcgactaaa acacgcgaca agaaaacgcc aggaaaadgg 11040
cagggcggea gectgtegeg taackttagga cttgtgcgac atgtcgtttt cagaagacgg 11100
ctgcactgaa cgtcagaage cgactgcact atagcagegg aggggttgga tegatccctg 11160
ctegegeagg ctgggtgcca agetcteggg taacatcaag gcecgatecot tggagecett 11220
geoctecoege acgatgateg tgccgtgate gamatccaga tecttgacce geagttgeaa 11280
accctecactg atcegeatge ccgttccata cagaagetgyg gcogaacaaac gatgetcgee 11340
ttccagaaaa ccgaggatgc gaaccacttc atceggggte agcaccaccg gceaagegece 11400
ggacggcega ggtcttcoega tctoctgaag ccagggecaga tecgtgcaca geacttgeeg 11460
tagaagaaca gcaaggccge caatgeotga cgatgegtgg agaccgaaac cttgegeteg 11520
ttegecagee aggacagaaa tgectcgact tegetgetge cecaaggttge cgggtgacge 11580
acaccgtgga aacggatgaa ggcacgaacc cagtggacat aagcctgtte ggttegtaag 11640
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ctgtaatgca agtagegtat gegcetcacge aactggtcca gaaccttgac cgaacgcage 11700
ggtggtaacg gegeagtgge ggtttteatyg gettgttatg actgtttttt tggggtacag 11760
tctatgccte gggeat¥Bcaa geagcaageg cgttacgeccyg tgggtegatg tttgatgtta 11820
tggagcagea acgatgttac gecagcaggge agtcgeccta aaacaaagtt aaacatcatg 11880
agggaagcgg tgatcgecga agtatcgact caactatcag aggtagttgg cgtcatcgag 11940
cgccateteg aaccgacgtt getggecgta catttgtacg getecgcagt ggatggegge 12000
ctgaagccac acagtgatat tgatttgetg gttacggtga ccgtaaggcet tgatgaaaca 12060
acgcggegag ctttgatcaa cgaccttttyg gaaacttegg cttecectgg agagagcgag 12120
attcteegeg ctgtagaagt caccattgtt gtgcacgacg acatcattce gtggegttat 12180
ccagctaage gcgaactgea atttggagaa tggcagcgca atgacattct tgcaggtate 12240
ttcgagecag ccacgatcga cattgatctg getatettge tgacaaaage aagagaacat 12300
agcgttgect tggtaggtcc ageggeggag gaactctttg atceggttce tgaacaggat 12360
ctatttgagg cgctaaatga aaccttaacg ctatggaact cgccgecccga ctgggectgge 12420
gatgagegaa atgtagtget tacgttgtec cgcatttggt acagegcagt aaccggcoaaa 12480
atecgegeega aggatgtege tgecgactgg gecaatggage gectgecgge ceagtatcag 12540
ceegteatac ttgaagctag acaggettat cttggacaag aagaagateg cttggecteg 12600
cgcgeagatce agttggaaga atttgtccac tacgtgaaag gcgagatcac caagglhagtc 12660
ggcaaataat gtctaacaat tegttcaage cgacgeeget tegeggegeg gettaactea 12720
agegttagat gecactaagea cataattget cacagecaaa ctatcaggte aagtctgett 12780
ttattatttt taagcgtgca taataagcce tacacaaatt gggagatata tcatgaaagg 12840
ctggettttt cttgttateg caatagttgg cgaagtaatc gcaacatccg cattaaaatc 12900
tagegaggge tttactaage tagettgett ggtegttceg gtaccgtgaa cgteggcteg 12960
attgtacctg cgttcaaata ctttgegate gtgttgegeg cetgeceggt gegtcggetg 12020
atctcacgga tcgactgett ctctegcaac gecatcegac ggatgatgtt taaaagtcce 13080
atgtggatca ctcegttgec ccgtegetea cegtgttggg gggaaggtge acatggetea 13140
gttctcaatg gaaattatet goctaaccgg ctcagttctg cgtagaaacc aacatgeaag 13200
ctccacecggg tgcaaagegyg cagegg 13226
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