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(57) ABSTRACT 

Described herein are downy mildew resistant genes in Sun 
flower and downy mildew resistance sunflower plants. Spe 
cifically, the present invention relates to Sunflower plants 
being resistant to the plant pathogen downy mildew, wherein 
the plant comprises a downy mildew resistance conferring 
gene encoding a protein including the amino acid sequence as 
shown in SEQ ID No. 2 or SEQ ID No. 4 and wherein the 
expression of the resistance conferring gene is reduced as 
compared to the expression of said resistance conferring gene 
in a Sunflower plant not being resistant to the plant pathogen 
downy mildew or the enzymatic activity of said protein is 
reduced as compared to the enzymatic activity of said protein 
in a Sunflower plant not being resistant to the plant pathogen 
downy mildew. 
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FIGURE 1 

HaTZ-1 ortholog protein 
MAGKVISSGIQYTTLPDSYVRPVNDRPNLSQVSECNDVPVIDIGGADRELISROIGDACRHY 

GFFQVINHGVADELVKKMEQVGRDFFQLPVEEKMKLYSEDPTKTMRLSTSFNVKKEQVH 
NWRDYLRLHCYPLDQYSPEWPSNPCYTKEYVGNYCIAVRELGMRILEFISESLGLEKERLN 
MILGEQGQHMAINHYPVCPEPELTYGLPGHTDPNALTILLQDTLVSGLQVQKDGKWVAV 

KPHPNAFVINIGDQLEALSNGEYKSV WHRAVVNSDQPRMSIASFLCPCNDSVLSAPNELIK 
DGSTRVIKDITYTEYYKKIWSRNLDQEHCLEFIFKN: 

HaTZ-1 ortholog CDS: 
ATGGCGGGAAAAGTCATCTCCAGTGGCATCCAATACACTACTTTACCCGACAGTTACG 

TCCGTCCGGTCAACGACAGGCCTAACCTATCCCAAGTCTCCGAATGCAACGATGTTCC 

GGTTATCGACATCGGTGGAGCTGACCGGGAGCTCATAAGCCGGCAAATCGGCGATGC 

GTGCCGTCACTACGGCTTTTTCCAGGTGATAAACCACGGTGTGGCGGATGAATTGGTG 

AAGAAGATGGAGCAGGTAGGGAGAGATTTCTTCCAGTTGCCGGTTGAGGAGAAGATG 

AAGCTCTACTCGGAGGATCCGACGAAGACGATGAGGCTTTCGACGAGCTTCAACGTCA 

AGAAAGAACAAGTGCATAACTGGAGGGATTATCTCCGGCTTCACTCGCTATCCTTTGGA 

TCAGTACTCTCCTGAATGGCCTTCCAATCCTTGTTATTTCAAAGAATATGTTGGAAATT 

ACTGTATAGCGGTACGCGAATTAGGGATGAGGATACTTGAATTCATATCGGAAAGTTT 

AGGTTTAGAAAAAGAGCCACTAAATATGATATTAGGCGAGCAAGGACAACATATGGC 

CATCAACCATTATCCAGTGTGCCCTGAACCTGAGTTAACTTATGGGTTGCCTGGTCACA 

CTGATCCTAATGCACTCACCATACTCCTTCAAGACACGCTTGTCTCTGGATTACAAGTT 

CAAAAAGATOGCAAATGGGTAGCGGTTAAACCACACCCTAACGCGTTTCTCATCAAC 

ATTGGCGACCAACTAGAGGCGTTGAGTAATGGTGAATACAAGAGTGTGTGGCATCGA 

GCCGTGGTCAACTCAGACCAACCAAGAATGTCAATAGCTTCGTTTTTGTGTCCCTGTA 

ATGACTCACGTCCTCAGCCCTCCTAACGAACTAATAAAAGATGGATCGACGCGTGTTTT 

CAAAGACTTTACTTACACAGAATACTACAAGAAGTTTTGGAGTCGAAATCTAGACCAA 

GAACATTGTTTAGAGTTCTTCAAGAACTAG 
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FIGURE 2 

HaTZ-2 ortholog protein 

MATTSKRLLVSDLVSTDKIDQVPSNYIRPITQRPNFQNVVRDSIPLIDLKDLNGPNHANVIK 

QIGQACADHGFFQVKNHGVPESIIANMMOTARDFFNLPEQERLKNYSDDPTKTTRI STSFN 

IRTEKVANWRDYLRLHCYPIDNFIDEWPTNPASFRAHVAEYCQSTRNLALQLIAAISESLGL 

HKDYMNTQLGKHAQHMVLNYYPPCPQPDLTYGLPGHTDPNFITILLQDEVPGLQVLKDG 

KWVAVDPVPNTFIINIGDQVQVMSNDKYKSILHRAVVNCDKERISIPTFYCPSPEAVIGPAP 

EVVTDDEPAVYRQFTYGEYYEKFWDNGLEKCLDMFKTS* 

HaTZ-2 ortholog CDS: 
ATGGCTACCACCTCAAAAAGATTACTAGTTAGCGACCTCGTATCCACCGATAAAATCG 

ACCAAGTCCCTTCAAACTACATCCGACCCATCACCCAACGTCCCAATTTCCAAAATGT 

TGTTCGCGACTCCATCCCTCTCATTGACCTCAAAGATCTCAACGGCCCCAATCACGCTA 

ACGTGATCAAACAAATCGGTCAAGCTTGCGCTGATCACGGCTTCTTCCAGGTTAAAAA 

CCATGGCGTACCCGAATCCATCATAGCCAACATGATGCAAACCGCTCGAGACTTCTTC 

AACCTACCCGAACAAGAACGACTCAAAAACTATTCAGATGACCCCACAAAGACCACT 

AGACTCTCCACCAGCTTCAACATACGAACCGAAAAGGTCGCAAACTGGAGAGATTAC 

TTACGACTCCATTGCTACCCGATCGATAACTTCATCOACGAATGGCCAACCAATCCGG 

CCTCGTTTCGGGCCCATGTAGCGGAGTATTGCCAGAGTACAAGAAACTTAGCACTCCA 

ACTTATTGCAGCCATTTCAGAAAGCTTAGGACTTCATAAAGACTACATGAACACACAG 

TTAGGGAAGCATGCTCAGCATATGGTCTTGAACTACTACCCACCATGCCCACAACCCG 

ATTTAACATACGGGTTACCCGGACACACTGATCCTAATTTCATCACCATCCTTCTTCAA 

GATGAGGTTCCTGGTCTTCAGGTCTTGAAAGATGGTAAATGGGTAGCGGTTGATCCGG 

TTCCAAACACTTTCATCATCAACATTGGTGATCAAGTTCAGGTGATGAGTAATGATAA 

GTACAAGAGTATTTTGCATCGAGCTGTGGTGAATTGTGATAAAGAACGGATATCTATA 

CCGACTTTCTACTGTCCGTCCCCTGAGGCGGTTATCOGGCCTGCTCCCGAGGTTGTAAC 

TGATGATGAGCCTGCTGTGTATCGACAGTTTACTTATGGGGAGTACTATGAGAAGTTT 

TGGGACAATGGGCTTGAGAAGTGTTTGGATATGTTCAAGACTAGTTGA 
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DOWNY MILDEW RESISTANCE PROVIDING 
GENESIN SUNFLOWER 

0001. The present invention relates to downy mildew 
resistant genes in Sunflower and especially to downy mildew 
resistance sunflower plants. The present invention further 
relates to methods for obtaining the present downy mildew 
resistant Sunflower plants and the use of the present genes for 
providing downy mildew resistance in Sunflower. 
0002 Helianthus L. is a genus of plants comprising about 
52 species in the Asteraceae family. The common designation 
“Sunflower is generally used to indicate the annual species 
Helianthus annuus. Helianthus annuus and other species 
Such as Jerusalem artichoke (Helianthus tuberoses), are cul 
tivated in temperate regions as food crops and ornamental 
plants. The domesticated Sunflower, Helianthus annuus, is 
the most familiar species of the Helianthus L. genus. Helian 
thus annuus is cultivated both for ornamental purposes as for 
providing vegetable oil from seeds. 
0003 Downy mildew, a common and destructive disease 
in Sunflowers, is capable of killing or stunting plants, reduc 
ing stand and causing significant yield loss (up to 50 to 95%). 
Sunflowers are most susceptible to downy mildew in fields 
where heavy rain has fallen within 2-3 weeks after planting. 
0004 Downy mildew refers to any of several types of 
oomycete plant pathogens that are obligate parasites of 
plants. Downy mildews exclusively belong to Peronospora 
ceae. The downy mildew pathogen generally causing downy 
mildew disease in cultivated sunflowers is designated Plas 
mopara halstedii or Plasmopara helianthi. 
0005. In the technical field of sunflower cultivation and 
breeding, there is a constant need to identify new resistance 
genes against downy mildew. However, most resistance gene 
identified are monogenic dominant resistance genes and the 
resistance provided by these genes is generally rapidly broken 
because downy mildew pathogens evolve and adapt at a high 
frequency thereby regaining the ability to Successfully infect 
a host plant. Accordingly, there is a continuous need in deart 
for new resistance genes, preferably resistance genes of 
which the resistance is not readily broken by adaptation of the 
pathogen. 
0006. A disadvantage of known sunflower resistance 
genes is that, besides providing pathogen resistance, these 
genes often are accompanied by undesired phenotypes such 
as stunted growth or spontaneous occurrence cell death. 
Accordingly, there is a continuous need in the art for new 
resistance genes not providing, besides the resistance, unde 
sirable phenotypes. It is an object of the present invention, 
amongst other objects, to meet, at least partially if not fully, 
the above needs of the art. 
0007. This object of the present invention, amongst other 
objects, is met by providing a Sunflower plants and resistance 
genes as outlined in the appended claims. 
0008 Specifically, this object of the present invention, 
amongst other objects, is met, according to a first aspect, by 
Sunflower plants being resistant to the plant pathogen downy 
mildew, wherein the present plant comprises a downy mildew 
resistance conferring gene encoding (a) protein(s) compris 
ing the amino acid sequence as shown in SEQID No. 2 and/or 
SEQID NO. 4 or a downy mildew resistance conferring gene 
encoding a protein with more than 90% sequence identity, 
preferably more than 94% sequence identity, more preferably 
more than 96% sequence identity with identity SEQID No. 2 
and/or SEQ ID NO. 4 and wherein the expression of the 
present resistance conferring gene is reduced as compared to 

Jun. 9, 2016 

the expression of the present resistance conferring gene in a 
Sunflower plant not being resistant to the plant pathogen 
downy mildew or the enzymatic activity of the present protein 
is reduced as compared to the enzymatic activity of the 
present protein in a Sunflower plant not being resistant to the 
plant pathogen downy mildew. 
0009. In the research that led to the present invention, it 
was surprisingly found that a reduced expression of the 
present genes or a reduced enzymatic activity of the present 
proteins provided a broad and durable resistance to downy 
mildew in sunflower plants. 
0010. According to the present invention, an expression is 
reduced in comparison with the expression of the present 
resistance conferring gene in a Sunflower plant not being 
resistant to the plant pathogen downy mildew. The term “not 
being resistant indicates a resistance level, determined in an 
appropriate disease test and using an appropriate reference 
plant such as a parent plant, being less than the resistance 
level observed in the present plants. Accordingly, the present 
resistance can also be designated as an increased resistance to 
downy mildew. Suitable reference plants according to the 
invention, besides parent plants, can also be plants generally 
designated in the art as downy mildew Susceptible plants. 
0011. A suitable disease test is inoculating plants with a 
downy mildew pathogen and Subsequently observing the 
occurrence of disease symptoms such as large, angular or 
blocky, yellow areas visible on the upper surface of leaves or 
destroyed leaf tissue. 
0012 Expression levels in the present plants and the ref 
erence plants can be determined using any Suitable and gen 
erally known Molecular Biology technique Such as a quanti 
tative Polymerase Chain Reaction (PCR) or mRNA 
hybridization. 
0013. According to the present invention, an enzymatic 
activity is reduced in comparison with the activity of the 
present protein in a Sunflower plant not being resistant to the 
plant pathogen downy mildew. The term “not being resistant” 
indicates a resistance level, determined in an appropriate 
disease test and using an appropriate reference plant, such as 
a parent plant, being less than the resistance level observed in 
the present plants. Accordingly, the present resistance can 
also be designated as an increased resistance to downy mil 
dew. Suitable reference plants according to the invention can, 
besides parent plants, also be plants generally designated in 
the art as downy mildew Susceptible plants. A Suitable disease 
test is inoculating plants with downy mildew and Subse 
quently observing the occurrence of disease symptoms Such 
as large, angular or blocky, yellow areas visible on the upper 
surface of leaves or destroyed leaf tissue. 
0014. The present proteins have a 2-oxoglutarate FE(II)- 
dependent oxygenase activity. The enzyme has an absolute 
requirement for Fe(II) and catalyzes two-electron oxidations, 
including hydroxylation, desaturation and oxidative ring clo 
sure reactions. The oxidation of the prime substrate is 
coupled to the conversion of 20G into succinate and CO. 
One of the oxygens of the dioxygen molecule is incorporated 
into Succinate. In the case of desaturation reactions, the other 
dioxygen-derived oxygen is presumably converted to water. 
In hydroxylation reactions, the partial incorporation of oxy 
gen from dioxygen into the alcohol product occurs with sig 
nificant levels of exchange of oxygen from water being 
observed. Accordingly, the present reduced activity can be 
determined using an assay measuring compounds being 
either the starting compounds or the resulting compounds of 
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the enzymatic reaction. As a Suitable alternative, protein lev 
els, being inherently indicative of a reduced activity, of the 
present proteins can be determined by, for example, ELISA or 
protein hybridization both being techniques commonly 
known to the skilled person. 
0015 Within the context of the present invention, resis 
tance to downy mildew is individually or in combination 
provided, through reduced expression or activity, to the 
present Sunflower plants by the present proteins or genes 
encoding the present proteins. 
0016. The present sunflower plants can be obtained by 
mutagenesis of downy mildew Susceptible plant or downy 
mildew resistant plants thereby increasing the resistance 
thereof. For example, mutations, either at the expression level 
or the protein level, can be introduced in these plants by using 
mutagenic chemicals such as ethyl methane Sul2fonate 
(EMS) or by irradiation of plant material with gamma rays or 
fast neutrons. The resulting mutations can be directed or 
random. In the latter case, mutagenized plants carrying muta 
tions in the present resistance conferring genes can be readily 
identified by using the TILLING (Targeting Induced Local 
Lesions IN Genomes) method (McCallum et al. (2000) Tar 
geted Screening for induced mutations. Nat. Biotechnol. 18, 
455-457, and Henikoff et al. (2004) TILLING. Traditional 
mutagenesis meets functional genomics. Plant Physiol. 135, 
630-636). Briefly, this method is based on the PCR amplifi 
cation of a gene of interest from genomic DNA of a large 
collection of mutagenized plants in the M2 generation. By 
DNA sequencing or by Scanning for point mutations using a 
single-strand specific nuclease. Such as the CEL-I nuclease 
(Tilletal. (2004) Mismatch cleavage by single-strand specific 
nucleases. Nucleic Acids Res. 32, 2632-2641) individual 
plants having a mutation in the present genes are identified. 
0017. According to a preferred embodiment of this first 
aspect of the present invention, the present downy mildew 
pathogens are Plasmopara halstedii and/or Plasmopara 
helianthi. However, other pathogens belonging to the Perono 
sporaceae and capable of causing downy mildew disease in 
sunflower are contemplated within the context of the present 
invention. According to another preferred embodiment of this 
first aspect of the present invention, the present reduced enzy 
matic activity is provided by one or more mutations in the 
coding sequence of the present genes resulting in a truncated 
or non-functional protein. Truncated proteins can be readily 
determined by analyzing gene transcripts at the mRNA or 
cDNA leveland non-functional proteins can be determined in 
enzyme assays or using conformation-dependent antibodies. 
Mutations which can be assayed at the transcript level are, for 
example, amino acid Substitutions, frame-shifts or pre-ma 
ture stop codons. 
0018. According to an especially preferred embodiment of 

this first aspect of the present invention, the present mutations 
resulting in a reduced activity of the present proteins are 
mutations resulting in the absence of or amino acid substitu 
tion(s) in the sequence motif “WRDYLR' or Trp-Arg-Asp 
Tyr-Leu-Arg of the coding sequence of the present resistance 
providing gene. The present sequence motif can be found at 
amino acid positions 107 to 112 of SEQID No. 2 and at amino 
acid positions 116 to 121 of SEQ ID No. 4. The present 
inventors have found that mutations in this region especially 
affect the downy mildew resistance phenotype, i.e. level of 
resistance, observed. Especially mutations involving Y (Tyr) 
and/or R (Arg) are highly correlated the downy mildew resis 
tance phenotype, i.e. level of resistance, observed. 
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0019. According to yet another preferred embodiment this 
first aspect of the present invention, the present reduced 
expression is provided by one or more mutations in the regu 
latory regions or non-coding sequences of the present genes. 
Examples of regulatory regions of the present genes are pro 
motor and terminator regions and examples of non-coding 
regions are introns and especially splicing influencing motifs 
therein. 
0020. According to a second aspect, the present invention 
provides seeds, plant tissues or plants parts of the Sunflower 
plants as described above or obtainable from the sunflower 
plants as described above, comprising a downy mildew resis 
tance conferring gene encoding a protein comprising the 
amino acid sequence as shown in SEQID No. 2 and/or SEQ 
ID NO. 4 or a downy mildew resistance conferring gene 
encoding a protein with more than 90% sequence identity, 
preferably more than 94% sequence identity, more preferably 
more than 96% sequence identity with identity SEQID No. 2 
and/or SEQ ID NO. 4 and the expression of the resistance 
conferring gene is reduced as compared to the expression of 
the resistance conferring gene in a Sunflower plant not being 
resistant to the plant pathogen downy mildew or the enzy 
matic activity of the protein is reduced as compared to the 
enzymatic activity of the protein in a Sunflower plant not 
being resistant to the plant pathogen downy mildew. 
0021. According to a third aspect, the present invention 
relates to methods for providing Sunflower plants being resis 
tant, or methods for increasing the resistance of Sunflower 
plants, to the plant pathogen downy mildew wherein the 
present methods comprise the step of introducing in a Sun 
flower plant a downy mildew resistance conferring gene 
encoding a protein comprising the amino acid sequence as 
shown in SEQ ID No. 2 and/or SEQ ID NO. 4 or a downy 
mildew resistance conferring gene encoding a protein with 
more than 90% sequence identity, preferably more than 94% 
sequence identity, more preferably more than 96% sequence 
identity with identity SEQID No. 2 and/or SEQID NO.4 and 
the expression of the resistance conferring gene is reduced as 
compared to the expression of the resistance conferring gene 
in the starting Sunflower plant or the enzymatic activity of the 
protein is reduced as compared to the enzymatic activity of 
the protein in the starting Sunflower plant not being resistant 
to the plant pathogen downy mildew. 
0022. According to a fourth aspect, the present invention 
relates to the use of a gene, or the cDNA sequence thereof, 
encoding a protein comprising the amino acid sequence as 
shown in SEQID No. 2 or SEQID NO. 4 or a downy mildew 
resistance conferring gene encoding a protein with more than 
90% sequence identity, preferably more than 94% sequence 
identity, more preferably more than 96% sequence identity 
with identity SEQID No. 2 or SEQID NO. 4 for providing 
Sunflower plants being resistant or having an increased resis 
tance to the plant pathogen downy mildew. 
0023. According to a fifth aspect, the present invention 
relates to proteins having an amino acid sequence comprising 
SEQID No. 2 or SEQID No. 4. 
0024. According to a sixth aspect, the present invention 
relates to nucleic acid sequences comprising SEQID No. 1 or 
SEQID NO. 3. 
0025. According to a seventh aspect, the present invention 
relates to gene encoding a protein having an amino acid 
sequence comprising SEQ ID No. 2 or SEQ ID No. 4 or a 
nucleic acid sequence comprising SEQID No. 1 or SEQID 
NO. 3. 
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SEQUENCE LISTING 

<16O is NUMBER OF SEO ID NOS: 5 

<210s, SEQ ID NO 1 
&211s LENGTH: 1014 
&212s. TYPE: DNA 
<213> ORGANISM; Helianthus annuus 

<4 OOs, SEQUENCE: 1 

atggcgggaa aagt catcto cagtggcatc caatacacta citttacccga cagttacgt.c 6 O 

cgt.ccggit ca acgacaggcc taaccitat co caagttct cog aatgcaacga tigttc.cggitt 12 O 

atcgacat cq gtggagctga cc.gggagctic ataag.ccggc aaatcggcga tigcgt.gc.cgt. 18O 

Cactacggct tttitcCaggit gataalaccac ggtgtggcgg atgaattggit gaagaagatg 24 O 

gaggaggtag ggagagattt Ctt CC agttg ccggttgagg agaagatgaa gCt ct acticg 3OO 

gaggat.ccga caagacgat gaggctitt cq acgagct tca acgtcaagaa agaacaagtg 360 

catalactgga goggattat ct c cqgctt cac togctatoctit toggat cagta citctic ct gala 42O 

tggcct tcca atccttgtta tittcaaagaa tatgttggaa attactgtat agcgg tacgc 48O 

gaattaggga tigaggatact taatt cata t cqgaaagtt taggitttaga aaaagagcga 54 O 

ctaaatatga tattagg.cga gcaaggacaa catatggcca toaac catta t ccagtgtgc 6OO 

cctgaacctg agittaactta togggttgcct ggit cacactg atcctaatgc act caccata 660 

CtcCttcaag acacgcttgt Ctctggatta Caagttcaaa aagatggcaa atgggtagcg 72 O 

gttaalaccac accctaacgc gtttgtcatC aac attggcg accalactaga ggcgttgagt 78O 

aatggtgaat acaagagtgt gtggcatcga gcc.gtggtca act cagacca accalagaatg 84 O 

t caatagott cqttitttgtg tocct gtaat gacticagtcc ticagogctic c taacgaacta 9 OO 

ataaaagatg gatcqacgcg tdttittcaaa gactt tactt acacagaata ctacaagaag 96.O 

ttittggagtic gaaatctaga ccaagaac at tdtttagagt tottcaagaa ctag 1014 

<210s, SEQ ID NO 2 
&211s LENGTH: 337 
212. TYPE: PRT 

<213> ORGANISM; Helianthus annuus 

<4 OOs, SEQUENCE: 2 

Met Ala Gly Llys Val Ile Ser Ser Gly Ile Glin Tyr Thr Thr Lieu Pro 
1. 5 1O 15 

Asp Ser Tyr Val Arg Pro Val Asn Asp Arg Pro Asn Lieu. Ser Glin Val 
2O 25 3O 

Ser Glu. Cys Asn Asp Val Pro Val Ile Asp Ile Gly Gly Ala Asp Arg 
35 4 O 45 

Glu Lieu. Ile Ser Arg Glin Ile Gly Asp Ala Cys Arg His Tyr Gly Phe 
SO 55 6 O 

Phe Glin Val Ile Asn His Gly Val Ala Asp Glu Lieu Val Lys Llys Met 
65 70 7s 8O 

Glu Glin Val Gly Arg Asp Phe Phe Glin Lieu Pro Val Glu Glu Lys Met 
85 90 95 

Lys Lieu. Tyr Ser Glu Asp Pro Thr Lys Thr Met Arg Lieu Ser Thr Ser 
1OO 105 11 O 

Phe Asn. Wall Lys Lys Glu Glin Val His Asn Trp Arg Asp Tyr Lieu. Arg 
115 12 O 125 
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- Continued 

Lieu. His Cys Tyr Pro Leu Asp Glin Tyr Ser Pro Glu Trp Pro Ser Asn 
13 O 135 14 O 

Pro Cys Tyr Phe Lys Glu Tyr Val Gly Asn Tyr Cys Ile Ala Val Arg 
145 150 155 160 

Glu Lieu. Gly Met Arg Ile Lieu. Glu Phe Ile Ser Glu Ser Lieu. Gly Lieu. 
1.65 17O 17s 

Glu Lys Glu Arg Lieu. Asn Met Ile Lieu. Gly Glu Glin Gly Glin His Met 
18O 185 19 O 

Ala Ile Asn His Tyr Pro Val Cys Pro Glu Pro Glu Lieu. Thr Tyr Gly 
195 2OO 2O5 

Lieu Pro Gly. His Thr Asp Pro Asn Ala Lieu. Thir Ile Lieu. Lieu. Glin Asp 
21 O 215 22O 

Thir Lieu Val Ser Gly Lieu. Glin Val Glin Lys Asp Gly Llys Trp Val Ala 
225 23 O 235 24 O 

Val Llys Pro His Pro Asn Ala Phe Val Ile Asn. Ile Gly Asp Gln Lieu 
245 250 255 

Glu Ala Lieu. Ser Asn Gly Glu Tyr Lys Ser Val Trp His Arg Ala Val 
26 O 265 27 O 

Val Asn Ser Asp Gln Pro Arg Met Ser Ile Ala Ser Phe Lieu. Cys Pro 
27s 28O 285 

Cys Asn Asp Ser Val Lieu. Ser Ala Pro Asn. Glu Lieu. Ile Lys Asp Gly 
29 O 295 3 OO 

Ser Thr Arg Val Phe Lys Asp Phe Thr Tyr Thr Glu Tyr Tyr Llys Llys 
3. OS 310 315 32O 

Phe Trp Ser Arg Asn Lieu. Asp Glin Glu. His Cys Lieu. Glu Phe Phe Lys 
3.25 330 335 

Asn 

<210s, SEQ ID NO 3 
&211s LENGTH: 1035 
&212s. TYPE: DNA 
<213> ORGANISM; Helianthus annuus 

<4 OOs, SEQUENCE: 3 

atggctacca cct caaaaag attac tagtt agc gacct cq tat coaccga taaaatcgac 6 O 

caagtic cctt caaact acat cog acccatc acccaacgtc. cca attt coa aaatgttgtt 12 O 

cgcgactic catcc ct ct cat tdaccitcaaa gat ct caacg gcc ccaatca cqctaacgtg 18O 

atcaaacaaa toggtcaa.gc titgcgctgat cacggcttct tcc aggttaa aaaccatggc 24 O 

gtaccc.gaat coat catago caa.catgatg caaac cqctic gag acttctt caacct accc 3OO 

gaacaagaac gactcaaaaa citatt cagat gaccc cacaa agaccactag act ct coacc 360 

agct tcaa.ca tacgaaccoa aaagg togca aactggagag attacttacg act coattgc 42O 

tacccgatcq ataact tcat cqacgaatgg ccaac caatc cqgcct cott togggcc cat 48O 

gtag cqgagt attgccagag tacaagaaac ttagcacticc aacttattgc agc catttca 54 O 

gaaagcttag gaCtt cataa agact acatgaac acacagt tagggaagca totcagcat 6OO 

atggtottga act act acco accatgcc.ca caa.cccgatt taa catacgg gttacccgga 660 

cacactgatc ctaattt cat cac catcc tt cittcaagatg aggttcc togg tott caggit c 72 O 

ttgaaagatg gtaaatgggt agcggttgat coggttccaa acactitt cat catcaac att 78O 

ggtgat Caag titcaggtgat gagtaatgat aagtacaaga gtattittgca t cagctgtg 84 O 
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- Continued 

gtgaattgttgataaagaacg gat at ctata ccgactittct actgtc.cgt.c gcc taggcg 9 OO 

gttatcgggc ctgctic ccga ggttgtaact gatgatgagc Ctgctgtgta t cacagttt 96.O 

actitatgggg agtact atga gaagttittgg gacaatgggc titgagaagtg tittggatatg 1 O2O 

ttcaagacta gttga 1035 

<210s, SEQ ID NO 4 
&211s LENGTH: 344 
212. TYPE: PRT 

<213> ORGANISM; Helianthus annuus 

<4 OOs, SEQUENCE: 4 

Met Ala Thir Thir Ser Lys Arg Lieu. Lieu Val Ser Asp Lieu Val Ser Thr 
1. 5 1O 15 

Asp Llys Ile Asp Glin Val Pro Ser Asn Tyr Ile Arg Pro Ile Thr Glin 
2O 25 3O 

Arg Pro Asn. Phe Glin Asn Val Val Arg Asp Ser Ile Pro Lieu. Ile Asp 
35 4 O 45 

Lieu Lys Asp Lieu. Asn Gly Pro Asn His Ala Asn Val Ile Lys Glin Ile 
SO 55 6 O 

Gly Glin Ala Cys Ala Asp His Gly Phe Phe Glin Val Lys Asn His Gly 
65 70 7s 8O 

Val Pro Glu Ser Ile Ile Ala Asn Met Met Gln Thr Ala Arg Asp Phe 
85 90 95 

Phe Asn Lieu Pro Glu Glin Glu Arg Lieu Lys Asn Tyr Ser Asp Asp Pro 
1OO 105 11 O 

Thr Lys Thr Thr Arg Lieu Ser Thr Ser Phe Asn Ile Arg Thr Glu Lys 
115 12 O 125 

Val Ala Asn Trp Arg Asp Tyr Lieu. Arg Lieu. His Cys Tyr Pro Ile Asp 
13 O 135 14 O 

Asn Phe Ile Asp Glu Trp Pro Thr Asn Pro Ala Ser Phe Arg Ala His 
145 150 155 160 

Val Ala Glu Tyr Cys Glin Ser Thr Arg Asn Lieu Ala Lieu. Glin Lieu. Ile 
1.65 17O 17s 

Ala Ala Ile Ser Glu Ser Lieu. Gly Lieu. His Lys Asp Tyr Met Asn Thr 
18O 185 19 O 

Gln Leu Gly Lys His Ala Gln His Met Val Lieu. Asn Tyr Tyr Pro Pro 
195 2OO 2O5 

Cys Pro Gln Pro Asp Lieu. Thr Tyr Gly Leu Pro Gly His Thr Asp Pro 
21 O 215 22O 

Asn Phe Ile Thir Ile Lieu. Lieu. Glin Asp Glu Val Pro Gly Lieu. Glin Val 
225 23 O 235 24 O 

Lieu Lys Asp Gly Llys Trp Val Ala Val Asp Pro Val Pro Asn. Thir Phe 
245 250 255 

Ile Ile Asn. Ile Gly Asp Glin Val Glin Val Met Ser Asn Asp Llys Tyr 
26 O 265 27 O 

Llys Ser Ile Lieu. His Arg Ala Val Val Asn. Cys Asp Llys Glu Arg Ile 
27s 28O 285 

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

Ala Pro Glu Val Val Thr Asp Asp Glu Pro Ala Val Tyr Arg Glin Phe 
3. OS 310 315 32O 
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- Continued 

Thir Tyr Gly Glu Tyr Tyr Glu Lys Phe Trp Asp Asn Gly Lieu. Glu Lys 
3.25 330 

Cys Lieu. Asp Met Phe Lys Thr Ser 
34 O 

<210s, SEQ ID NO 5 
&211s LENGTH: 6 
212. TYPE: PRT 

<213> ORGANISM; Helianthus annuus 

<4 OOs, SEQUENCE: 5 

Trp Arg Asp Tyr Lieu. Arg 
1. 5 

1. A Sunflower plant resistant to the plant pathogen downy 
mildew, comprising a downy mildew resistance conferring 
gene encoding a protein comprising the amino acid sequence 
as shown in SEQ ID No. 2 or SEQ ID No. 4 or a downy 
mildew resistance conferring gene encoding a protein with 
more than 90% sequence identity, to SEQID No. 2 or SEQID 
No. 4 and wherein the expression of said resistance confer 
ring gene is reduced as compared to the expression of said 
resistance conferring gene in a Sunflower plant not being 
resistant to the plant pathogen downy mildew or the enzy 
matic activity of said protein is reduced as compared to the 
enzymatic activity of said protein in a Sunflower plant not 
being resistant to the plant pathogen downy mildew. 

2. The sunflower plant according to claim 1, wherein the 
downy mildew plant pathogen is Plasmopara halstedi or 
Plasmopara helianthi. 

3. The sunflower plant according to claim 1, wherein said 
reduced enzymatic activity is provided by one or more muta 
tions in the coding sequence of said gene resulting in a trun 
cated or non-functional protein. 

4. The sunflower plant according to claim 3, wherein said 
one or more mutations are amino acid substitutions, frame 
shifts or pre-mature stop codons. 

5. The sunflower plant according to claim 4, wherein said 
one or more mutations result in one or more amino acid 
substitutions in the sequence motif"WRDYLR' (SEQID No. 
5) of the coding sequence of said resistance providing gene. 

6. The Sunflower plant according to claim 1, wherein said 
reduced expression is providing by one or more mutations in 
the regulatory regions or non-coding sequences of said gene. 

7. Seeds, plant tissue or plants parts of a Sunflower plant as 
defined in claim 1 comprising a downy mildew resistance 
conferring gene encoding a protein comprising the amino 
acid sequence as shown in SEQID No. 2 or SEQID No. 4 or 
a downy mildew resistance conferring gene encoding a pro 
tein with more than 90% sequence identity, to SEQID No. 2 
or SEQID No. 4 and wherein the expression of said resistance 
conferring gene is reduced as compared to the expression of 
said resistance conferring gene in a Sunflower plant not being 
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resistant to the plant pathogen downy mildew or the enzy 
matic activity of said protein is reduced as compared to the 
enzymatic activity of said protein in a Sunflower plant not 
being resistant to the plant pathogen downy mildew. 

8. Seeds, plant tissue or plants parts obtainable from a 
Sunflower plant as defined in claim 1 comprising a downy 
mildew resistance conferring gene encoding a protein com 
prising the amino acid sequence as shown in SEQID No. 2 or 
SEQID No. 4 or a downy mildew resistance conferring gene 
encoding a protein with more than 90% sequence identity, to 
SEQID No. 2 or SEQID No. 4 and wherein the expression of 
said resistance conferring gene is reduced as compared to the 
expression of said resistance conferring gene in a Sunflower 
plant not being resistant to the plant pathogen downy mildew 
or the enzymatic activity of said protein is reduced as com 
pared to the enzymatic activity of said protein in a Sunflower 
plant not being resistant to the plant pathogen downy mildew. 

9. A method for providing a sunflowerplant resistant to the 
plant pathogen downy mildew comprising the step of intro 
ducing in a Sunflower plant a downy mildew resistance con 
ferring gene encoding a protein comprising the amino acid 
sequence as shown in SEQ ID No. 2 or SEQID No. 4 or a 
downy mildew resistance conferring gene encoding a protein 
with more than 90% sequence identity to SEQ ID No. 2 or 
SEQID No. 4 and wherein the expression of said resistance 
conferring gene is reduced as compared to the expression of 
said resistance conferring gene in a Sunflower plant not being 
resistant to the plant pathogen downy mildew or the enzy 
matic activity of said protein is reduced as compared to the 
enzymatic activity of said protein in a Sunflower plant not 
being resistant to the plant pathogen downy mildew. 

10. (canceled) 
11. A protein comprising an amino acid sequence of SEQ 

ID No. 2 or SEQ ID No. 4. 
12. A nucleic acid comprising a nucleotide sequence of 

SEQID No. 1 or SEQID NO. No. 3. 
13. (canceled) 


