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(57) ABSTRACT 

The invention relates to plants wherein the protein OSD1, 
involved in the transition from meiosis I to meiosis II is 
inactive. These plants produce Second Division Restitution 
(SDR) 2n gametes. The invention further relates to plants 
wherein the inactivation of OSD1 is combined with the inac 
tivation of agene involved in meiotic recombination in plants, 
and of a gene involved in the monopolar orientation of the 
kinetochores during meiosis. These plants produce apomei 
otic gametes. These plants are useful in plant breeding. 
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PLANTS PRODUCING 2N GAMETES OR 
APOMEOTC GAMETES 

0001. The invention relates to plants that produce 2n Sec 
ond Division Restitution (SDR) gametes, and to plants that 
produce apomeiotic gametes, and to their use in plant breed 
1ng. 
0002. 2n gametes (also known as diplogametes) are 
gametes having the Somatic chromosome number rather than 
the gametophytic chromosome number. They have been 
shown to be useful for the genetic improvement of several 
crops (for review, cf. for instance RAMANNA & JACOB 
SEN, Euphytica 133, 3-18, 2003). In particular, the produc 
tion of diplogametes allow crosses betweenplants of different 
ploidy level, for instance crosses between tetraploid crop 
plants and their diploid wild relatives, in order to use their 
genetic diversity in plant breeding programs. 
0003. The formation of 2n gametes results from anomalies 
during meiosis (for review cf. VEILLEUX, Plant Breeding 
Reviews 3, 252-288, 1985, or BRETAGNOLLE & THOMP 
SON, New Phytologist 129, 1-22, 1995). 
0004. In normal meiosis, chromosomes first duplicate, 
resulting in pairs of sister chromatids. This round of replica 
tion is followed by two rounds of division, known as meiosis 
I and meiosis II. During meiosis I homologous chromosomes 
recombine and are separated into two cells, each of them 
comprising one entire haploid content of chromosomes. In 
meiosis II the two cells resulting from meiosis I further 
divide, and the sister chromatids segregate. The spores result 
ing from this division are thus haploid and carry recombined 
genetic information. 
0005. The abnormalities leading to 2n gametes formation 
include in particular abnormal cytokinesis, the skip of the first 
or second meiotic division, or abnormal spindle geometry 
(for review cf. VEILLEUX, Plant Breeding Reviews 3, 252 
288, 1985, or BRETAGNOLLE & THOMPSON, New Phy 
tologist 129, 1-22, 1995). These abnormalities lead to differ 
ent classes of unreduced gametes. For instance, failure of the 
first meiotic division results in First Division Restitution 
(FDR) gametes, while failure of the second meiotic division 
results in Second Division Restitution (SDR) gametes. 
0006 Although numerous mutants able to produce 2n 
gametes have been reported in various plant species, only one 
gene implicated in the formation of 2n pollen has been iden 
tified and characterized at the molecular level until now. The 
inactivation of this gene, designated AtPS1 (for Arabidopsis 
thaliana parallel spindles), generates diploid male spores, 
giving rise to viable diploid pollen grains and to spontaneous 
triploid plants in the progeny. This gene and its use for pro 
ducing 2n pollen are disclosed in European Patent application 
08490672, filed on Jul. 8, 2008, and in the publication of 
D'ERFURTH et al (PLoS Genet. 2008 November, 4(11): 
e1000274. Epub 2008 Nov. 28). 
0007. The inventors have now identified in the model plant 
Arabidopsis thaliana, another gene implicated in the forma 
tion of 2n gametes in plants. The inventors have found that 
inactivation of this gene results in the skipping of the second 
meiotic division. This generates diploid male and female 
spores, giving rise to viable diploid male and female gametes, 
which are SDR gametes. This gene will be hereinafter desig 
nated OSD1, for omission of second division. The sequence 
of the OSD1 gene of Arabidopsis thaliana is available in the 
TAIR database under the accession number At3 g57860, or in 
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the GenBank database under the accession number 
NM 115648. This gene encodes a protein of 243 aa (Gen 
Bank NP 191345), whose sequence is also represented in 
the enclosed sequence listing as SEQID NO: 1. 
0008. The OSD1 gene of Arabidopsis thaliana has been 
previously depicted as “UVI4-Like' gene (UVI4-L), in a 
publication of HASE et al. (Plant J, 46,317-26, 2006), which 
describes its paralogue, named UVI4. According to HASE et 
al. UVI4 acts as a Suppressor of endo-reduplication and is 
necessary for maintaining the mitotic state whereas OSD1 
(UVI4-L) does not appear to be required for this process. In 
contrast, as shown herein, OSD1 appears necessary for allow 
ing the transition from meiosis Ito meiosis II. 
0009. The inventors have also identified in rice (Oryza 
sativa) an orthologoftheOSD1 gene of Arabidopsis thaliana. 
The sequence of the OSD1 gene of Oryza sativa is available in 
the OryCienes or TAIR databases under the accession number 
Os02.g37850. It encodes a protein of 234 aa, whose sequence 
is represented in the enclosed sequence listing as SEQID NO: 
35. The OSD1 proteins of Arabidopsis thaliana and Oryza 
sativa have 23.6% identity and 35% similarity over the whole 
length of their sequences 
0010. The invention thus provides a method for obtaining 
a plant producing Second Division Restitution 2n gametes, 
wherein said method comprises the inhibition in said plant of 
a protein hereinafter designated as OSD1 protein, wherein 
said protein has at least 20%, and by order of increasing 
preference, at least 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 
80, 85,90, 95 or 98% sequence identity, or at least 29%, and 
by order of increasing preference, at least 35, 40, 45, 50, 55. 
60, 65,70, 75,80, 85,90, 95 or 98% sequence similarity with 
the AtOSD1 protein of SEQID NO: 1 or with the OsOSD1 
protein of SEQID NO:35. 
0011 Unless otherwise specified, the protein sequence 
identity and similarity values provided herein are calculated 
over the whole length of the sequences, using the BLASTP 
program under default parameters, or the Needleman-Wun 
sch global alignment algorithm (EMBOSS pairwise align 
ment Needle tool under default parameters). Similarity cal 
culations are performed using the scoring matrix 
BLOSUM62. 

0012. The SDR 2n gametes produced according to the 
invention are useful in all the usual applications of 2n 
gametes, for instance for producing polyploids plants, or to 
allow crosses between plants of different ploidy level. They 
can also be useful in methods of genetic mapping, for instance 
the method of “Reverse progeny mapping disclosed in US 
Patent Application 2008.0057583. 
0013 The inventors have further found that by combining 
the inactivation of OSD1, with the inactivation of two other 
genes, one (SPO11-1) which encodes a protein necessary for 
efficient meiotic recombination in plants, and whose inhibi 
tion eliminates recombination and pairing (GRELON et al., 
EmboJ, 20,589-600, 2001), and another (REC8, At2g47980) 
which encodes a protein necessary for the monopolar orien 
tation of the kinetochores during meiosis (CHELYSHEVA et 
al., J. Cell Sci, 118, 4621-32, 2005), and whose inhibition 
modifies chromatid segregation, resulted in a genotype in 
which meiosis is totally replaced by mitosis without affecting 
Subsequent sexual processes. This genotype will be called 
hereinafter MiMe for “mitosis instead of meiosis'. This 
replacement of meiosis by mitosis results in apomeiotic 
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gametes, retaining all the parent's genetic information 
(BICKNELL & KOLTUNOW, Plant Cell, 16 Suppl, S228 
45, 2004). 
0014 FIG. 1 provides a schematic comparison between 
the mechanisms of mitosis, normal meiosis, meiosis in the 
osd1 mutant, meiosis in a mutant lacking SPO11-1 activity 
(Atspo11-1), meiosis in a double mutant lacking both 
SPO11-1 and REC8 activity (Atspo11-1/Atrec8), and meio 
sis in the MiMe mutant. 
0015. During mitosis in diploid cells, chromosomes rep 
licate and sister chromatids segregate to generate daughter 
cells that are diploid and genetically identical to the initial 
cell. During normal meiosis, two rounds of chromosome 
segregation follow a single round of replication. At division 
one, homologous chromosomes recombine and are separated. 
Meiosis II is more similar to mitosis resulting in equal distri 
bution of sister chromatids. The obtained spores are thus 
haploid and carry recombined genetic information. In the 
osd1 mutant (this study) meiosis II is skipped giving rise to 
diploid spores and SDR gametes with recombined genetic 
information. 
0016. The Atspo11-1 mutant undergoes an unbalanced 

first division followed by a second division leading to unbal 
anced spores and sterility. 
0017. The Atspo11-1/Atrec8 double mutant undergoes a 
mitotic-like division instead of a normal first meiotic division, 
followed by an unbalanced second division leading to unbal 
anced spores and sterility. 
0018. In the triple osd1/Atspol 1-1/Atrec8 mutant 
(MiMe), the presence of the Atspo11-1 and Atrec8 mutations 
leads to a mitotic-like first meiotic division and the presence 
of the osd1 mutation prevents the second meiotic division 
from occurring. Thus meiosis is replaced by a mitotic-like 
division. The obtained spores and gametes are genetically 
identical to the initial cell. 
0019. The apomeiotic gametes produced by the MiMe 
mutant can be used, in the same way as the SDR2n gametes, 
for producing polyploids plants, or for crossing plants of 
different ploidy level. They are also of interest for the pro 
duction of apomictic plants, i.e plants which are able to form 
seeds from the maternal tissues of the ovule, resulting in 
progeny that are genetic clones of the maternal parent. 
Although it exists in over 400 species of angiosperms, very 
few crop species are apomictic and attempts to introduce this 
trait by crossing have failed (SAVIDAN, The Flowering of 
Apomixis: From Mechanisms to Genetic Engineering 2001; 
SPILLANE et al., Sexual Plant Reproduction, 14, 2001). 
0020. A further object of the present invention is thus a 
method for obtaining a plant producing apomeiotic gametes, 
wherein said method comprises the inhibition in said plant of 
the following proteins: 

0021 a) an OSD1 protein as defined above: 
0022 b) a protein involved in initiation of meiotic 
recombination in plants, said protein being selected 
among: 
0023 i) a protein hereinafter designated as SPO11-1 
protein, wherein said protein has at least 40%, and by 
order of increasing preference, at least 45, 50, 55, 60, 
65,70, 75,80, 85,90, 95 or 98% sequence identity, or 
at least 60%, and by order of increasing preference, at 
least, 65, 70, 75, 80, 85, 90, 95 or 98% sequence 
similarity with the SPO11-1 protein of SEQIDNO:2: 

0024 ii) a proteinhereinafter designated as SPO11-2 
protein, wherein said protein has at least 40%, and by 
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order of increasing preference, at least 45, 50, 55, 60, 
65,70, 75,80, 85,90, 95 or 98% sequence identity, or 
at least 60%, and by order of increasing preference, at 
least, 65, 70, 75, 80, 85, 90, 95 or 98% sequence 
similarity with the SPO11-2 protein of SEQIDNO:3: 

0025 iii) a protein hereinafter designated as PRD1 
protein, wherein said protein has at least 25%, and by 
order of increasing preference, at least 30, 35, 40, 45, 
50, 55, 60, 65,70, 75,80, 85,90, 95 or 98% sequence 
identity, or at least 35%, and by order of increasing 
preference, at least, 40, 45, 50, 55, 60, 65,70, 75, 80, 
85,90, 95 or 98% sequence similarity with the PRD1 
protein of SEQID NO: 4; 

0026 iv) a protein hereinafter designated as PAIR1 
protein, wherein said protein has at least 30%, and by 
order of increasing preference, at least 35, 40, 45, 50. 
55, 60, 65, 70, 75, 80, 85,90, 95 or 98% sequence 
identity, or at least 40%, and by order of increasing 
preference, at least, 45, 50, 55, 60, 65,70, 75, 80, 85, 
90, 95 or 98% sequence similarity with the PAIR1 
protein of SEQID NO: 5; 

0027 c) a protein hereinafter designated as Rec8 pro 
tein, wherein said protein has at least 40%, and by order 
of increasing preference, at least 45, 50, 55, 60, 65, 70. 
75, 80, 85,90, 95 or 98% sequence identity, or at least 
45%, and by order of increasing preference, at least, 50. 
55, 60, 65, 70, 75, 80, 85, 90, 95 or 98% sequence 
similarity with the Rec8 protein of SEQID NO: 6. 

(0028 SEQ ID NO: 2 represents the sequence of the 
SPO11-1 protein of Arabidopsis thaliana. This sequence is 
also available in the Swissprot database under the accession 
number Q9M4A2. 
(0029 SEQ ID NO: 3 represents the sequence of the 
SPO11-2 protein of Arabidopsis thaliana. This sequence is 
also available in the SwissProt database under the accession 
number Q9M4A1. 
0030 SEQID NO: 4 represents the sequence of the PRD1 
protein of Arabidopsis thaliana. This sequence is also avail 
able in the GenBank database under the accession number 
ABQ12642. 
0031 SEQID NO:5 represents the sequence of the PAIR1 
protein of Arabidopsis thaliana. This sequence is also avail 
able in the GenBank database under the accession number 
NP 171675. 
0032 SEQID NO: 6 represents the sequence of the Rec8 
protein of Arabidopsis thaliana. This sequence is also avail 
able in the GenBank database under the accession number 
NP 196168. 
0033. The SPO11-1, SPO11-2, PRD1, PAIR1, and Rec8 
proteins are conserved in higher plants, monocotyledons as 
well as dicotyledons. By way of non-limitative examples of 
orthologs of SPO11-1, SPO11-2, PRD1, PAIR1 and Rec8 
proteins of Arabidopsis thaliana in monocotyledonous 
plants, one can cite the Oryza sativa SPO11-1, SPO11-2, 
PRD1, PAIR1, and Rec8 proteins. The sequence of the Oryza 
sativa SPO11-1 protein is available in GenBank under the 
accession number AAP68363; the sequence of the Oryza 
sativa SPO11-2 protein is available in GenBank under the 
accession number NP 001061027; the sequence of the 
Oryza sativa PRD1 protein is available in GenBank under the 
accession number EAZ30311; the sequence of the Oryza 
sativa PAIR1 protein is available in SwissProt under the 
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accession number Q75RY2; the sequence of the Oryza sativa 
Rec8 protein is available in GenBank under the accession 
number AAQ75095. 
0034. The inhibition of the above mentioned OSD1, 
SPO11-1, SPO11-2, PRD1, PAIR1, or Rec8 proteins can be 
obtained either by abolishing, blocking, or decreasing their 
function, or advantageously, by preventing or down-regulat 
ing the expression of the corresponding genes. 
0035. By way of example, inhibition of said protein can be 
obtained by mutagenesis of the corresponding gene or of its 
promoter, and selection of the mutants having partially or 
totally lost the activity of said protein. For instance, a muta 
tion within the coding sequence can induce, depending on the 
nature of the mutation, the expression of an inactive protein, 
or of a protein with impaired activity; in the same way, a 
mutation within the promoter sequence can induce a lack of 
expression of said protein, or decrease thereof. 
0036 Mutagenesis can be performed for instance by tar 
geted deletion of the coding sequence or of the promoter of 
the gene encoding said protein or of a portion thereof, or by 
targeted insertion of an exogenous sequence within said cod 
ing sequence or said promoter. It can also be performed by 
inducing random mutations, for instance through EMS 
mutagenesis or random insertional mutagenesis, followed by 
screening of the mutants within the desired gene. Methods for 
high throughput mutagenesis and Screening are available in 
the art. By way of example, one can mention TILLING (Tar 
geting Induced Local Lesions IN Genomes, described by 
McCallum et al., 2000). 
0037 Among the mutations within the OSD1 gene, those 
resulting in the ability to produce SDR 2n gametes can be 
identified on the basis of the phenotypic characteristics of the 
plants which are homozygous for this mutation: these plants 
can format least 5%, preferably at least 10%, more preferably 
at least 20%, still more preferably at least 50%, and up to 
100% of dyads as a product of meiosis. 
0.038 Among the mutations within a gene encoding a pro 
tein involved in initiation of meiotic recombination in plants, 
such as the SPO11-1 gene or the SPO11-2, PRD1, or PAIR1 
gene, those useful for obtaining a plant producing apomeiotic 
gametes can be identified on the basis of the phenotypic 
characteristics of the plants which are homozygous for this 
mutation, in particular the presence of univalents instead of 
bivalents at meiosis I, and the sterility of the plant. 
0039. Among the mutants having a mutation within the 
REC8 gene, those useful for obtaining a plant producing 
apomeiotic gametes can be identified on the basis of the 
phenotypic characteristics of the plants which are homozy 
gous for this mutation, in particular chromosome fragmenta 
tion at meiosis, and sterility of the plant. 
0040. According to a preferred embodiment of the method 
of the invention for obtaining a plantable to produce SDR 2n 
gametes, said method comprises: 
0041 a) providing a plant having a mutation within an 
allele of the OSD1 gene resulting in the inhibition of the 
protein encoded by this allele, said plant being heterozygous 
for this mutation; 
0042 b) self fertilizing said plant of step a) in order to 
obtain a plant homozygous for said mutation. 
0043. According to a preferred embodiment of the method 
of the invention for obtaining a plantable to produce apomei 
otic gametes, said method comprises: 
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0044) a) providing a plant having a mutation within an 
allele of the OSD1 gene resulting in the inhibition of the 
protein encoded by this allele, said plant being heterozygous 
for this mutation; 
0045 b) providing a plant having a mutation within an 
allele of a gene selected among the SPO11-1, SPO11-2, 
PRD1, or PAIR1 gene resulting in the inhibition of the protein 
encoded by said allele, said plant being heterozygous for this 
mutation; 
0046 c) providing a plant having a mutation within an 
allele of the REC8 gene resulting in the inhibition of the 
protein encoded by said allele, said plant being heterozygous 
for this mutation; 
0047 e) crossing the plants of steps a)b)and c) in order to 
obtain a plant having a mutation within an allele of the OSD1 
gene, a mutation within an allele of a gene selected among the 
SPO11-1, SPO11-2, PRD1, or PAIR1 gene, and a mutation 
within an allele of the REC8 gene, said plant being heterozy 
gous for each mutation; 
0048 f) selffertilizing the plant of step e) in order to obtain 
a plant homozygous for the mutation within the OSD1 gene, 
for the mutation within the gene selected among the SPO11 
1, SPO11-2, PRD1, or PAIR1 gene, and for the mutation 
within the REC8 gene. 
0049. Alternatively, the inhibition of the target protein is 
obtained by silencing of the corresponding gene. Methods for 
gene silencing in plants are known in themselves in the art. 
For instance, one can mention by antisense inhibition or co 
suppression, as described by way of example in U.S. Pat. Nos. 
5,190,065 and 5.283.323. It is also possible to use ribozymes 
targeting the mRNA of said protein. 
0050 Preferred methods are those wherein gene silencing 

is induced by means of RNA interference (RNAi), using a 
silencing RNA targeting the gene to be silenced. Various 
methods and DNA constructs for delivery of silencing RNAs 
are available in the art. 

0051. A “silencing RNA' is hereindefined as a small RNA 
that can silence a target gene in a sequence-specific manner 
by base pairing to complementary mRNA molecules. Silenc 
ing RNAs include in particular small interfering RNAs (siR 
NAs) and microRNAs (miRNAs). 
0.052 Initially, DNA constructs for delivering a silencing 
RNA in a plant included a fragment of 300 bp or more (gen 
erally 300-800 bp, although shorter sequences may sometime 
induce efficient silencing) of the cDNA of the target gene, 
under transcriptional control of a promoter active in said 
plant. Currently, the more widely used silencing RNA con 
structs are those that can produce hairpin RNA (hpRNA) 
transcripts. In these constructs, the fragment of the target gene 
is inversely repeated, with generally a spacer region between 
the repeats (for review, cf. WATSON et al., 2005). One can 
also use artificial microRNAs (amiRNAs) directed against 
the gene to be silenced (for review about the design and 
applications of silencing RNAS, including in particular amiR 
NAs, in plants cf. for instance OSSOWSKI et al., (Plant J., 53, 
674-90, 2008). 
0053. The present invention provides tools for silencing 
one or more target gene(s) selected among OSD1, SPO11-1, 
SPO11-2, PRD1, PAIR1, and REC8, including in particular 
expression cassettes for hpRNA or amiRNA targeting said 
gene (s). 
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0054 An expression cassette of the invention may com 
prise for instance: 

0055 a promoter functional in a plant cell; 
0056 one or more DNA construct(s) of 200 to 1000 bp, 
preferably of 300 to 900 bp, each comprising a fragment 
of a cDNA of a target gene selected among OSD1, 
SPO11-1, SPO11-2, PRD1, PAIR1, and REC8, or of its 
complementary, or having at least 95% identity, and by 
order of increasing preference, at least 96%, 97%, 98%, 
or 99% identity with said fragment, said DNA construct 
(s) being placed under transcriptional control of said 
promoter. 

0057 According to a preferred embodiment of the inven 
tion, an expression cassette for hpRNA comprises: 

0.058 a promoter functional in a plant cell, 
0059 one or more hairpin DNA construct(s) capable, 
when transcribed, of forming a hairpin RNA targeting a 
gene selected among OSD1, SPO11-1, SPO11-2, 
PRD1, PAIR1, and REC8: 

0060 said DNA construct(s) being placed under transcrip 
tional control of said promoter. 
0061 Generally, said hairpin DNA construct comprises: i) 
a first DNA sequence of 200 to 1000 bp, preferably of 300 to 
900 bp, consisting of a fragment of a cDNA of the target gene, 
or having at least 95% identity, and by order of increasing 
preference, at least 96%,97%.98%, or 99% identity with said 
fragment; ii) a second DNA sequence that is the complemen 
tary of said first DNA, said first and second sequences being 
in opposite orientations and ii) a spacer sequence separating 
said first and second sequence. Such that these first and second 
DNA sequences are capable, when transcribed, of forming a 
single double-stranded RNA molecule. The spacer can be a 
random fragment of DNA. However, preferably, one will use 
an intron which is spliceable by the target plant cell. Its size is 
generally 400 to 2000 nucleotides in length. 
0062 According to another preferred embodiment of the 
invention, an expression cassette for an amiRNA comprises: 

0063 a promoter functional in a plant cell, 
0064 one or more DNA construct(s) capable, when 
transcribed, of forming an amiRNA targeting a gene 
selected among OSD1, SPO11-1, SPO11-2, PRD1, 
PAIR1, and REC8: 

0065 said DNA construct(s) being placed under transcrip 
tional control of said promoter. 
0066 Advantageously, an expression cassette of the 
invention comprises a DNA construct targeting the OSD1 
gene. According to a particularly preferred embodiment it 
comprises: a DNA construct targeting the OSD1 gene, a DNA 
construct targeting a gene selected among SPO11-1, SPO11 
2. PRD1, and PAIR1, and a DNA construct targeting REC8. 
0067. A large choice of promoters suitable for expression 
of heterologous genes in plants is available in the art. 
0068. They can be obtained for instance from plants, plant 
viruses, or bacteria Such as Agrobacterium. They include 
constitutive promoters, i.e. promoters which are active in 
most tissues and cells and under most environmental condi 
tions, as well as tissue-specific or cell-specific promoters 
which are active only or mainly in certain tissues or certain 
cell types, and inducible promoters that are activated by 
physical or chemical stimuli, Such as those resulting from 
nematode infection. 

0069. Non-limitative examples of constitutive promoters 
that are commonly used in plant cells are the cauliflower 
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mosaic virus (CaMV) 35S promoter, the Nos promoter, the 
rubisco promoter, the Cassaya vein Mosaic Virus (CsVMV) 
promoter. 
0070. Organ or tissue specific promoters that can be used 
in the present invention include in particular promoters able 
to confer meiosis-associated expression, Such as the DMC1 
promoter (KLIMYUK & JONES, Plant J, 11, 1-14, 1997); 
one can also use any of the endogenous promoters of the 
genes OSD1, SPO11-1, SPO11-2, PRD1, PAIR1, or REC8. 
0071. The DNA constructs of the invention generally also 
include a transcriptional terminator (for instance the 35S 
transcriptional terminator, or the nopaline synthase (Nos) 
transcriptional terminator). 
0072 The invention also includes recombinant vectors 
containing a chimeric DNA construct of the invention. Clas 
sically, said recombinant vectors also include one or more 
marker genes, which allow for selection of transformed hosts. 
0073. The selection of suitable vectors and the methods 
for inserting DNA constructs therein are well known to per 
sons of ordinary skill in the art. The choice of the vector 
depends on the intended host and on the intended method of 
transformation of said host. A variety of methods for genetic 
transformation of plant cells or plants are available in the art 
for many plant species, dicotyledons or monocotyledons. By 
way of non-limitative examples, one can mention virus medi 
ated transformation, transformation by microinjection, by 
electroporation, microprojectile mediated transformation, 
Agrobacterium mediated transformation, and the like. 
0074 The invention also provides a host cell comprising a 
recombinant DNA construct of the invention. Said host cell 
can be a prokaryotic cell, for instance an Agrobacterium cell, 
or a eukaryotic cell, for instance a plant cell genetically trans 
formed by a DNA construct of the invention. The construct 
may be transiently expressed; it can also be incorporated in a 
stable extrachromosomal replicon, or integrated in the chro 
OSOC. 

0075 According to a preferred embodiment of the method 
of the invention for providing a plantable to produce SDR2n 
gametes, said plant is a transgenic plant, and said method 
comprises: 
0076 a) transforming at least one plant cell with a vector 
containing a DNA construct of the invention targeting the 
OSD1 gene; 
0077 b) cultivating said transformed plant cell in order to 
regenerate a plant having in its genome a transgene contain 
ing said DNA construct. 
0078. According to a preferred embodiment of the method 
of the invention for obtaining a plantable to produce apomei 
otic gametes, said plant is a transgenic plant, and said method 
comprises: 
0079 a) transforming at least one plant cell with a vector 
containing a DNA construct of the invention targeting the 
OSD1 gene, a vector containing a DNA construct of the 
invention targeting a gene selected among SPO11-1, SPO11 
2. PRD1, and PAIR1, and a vector containing a DNA con 
struct of the invention targeting the REC8 gene: 
0080 b) cultivating said transformed plant cell in order to 
regenerate a plant having in its genome transgenes containing 
said DNA constructs. 

I0081. According to another preferred embodiment of the 
method of the invention for obtaining a plant able to produce 
apomeiotic gametes, said plant is a transgenic plant, and said 
method comprises: 
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0082 a) transforming at least one plant cell with a vector 
containing a DNA construct of the invention targeting the 
OSD1 gene, a DNA construct of the invention targeting a 
gene selected among SPO11-1, SPO11-2, PRD1, and PAIR1, 
and a vector containing a DNA construct of the invention 
targeting the REC8 gene; 
0083 b) cultivating said transformed plant cell in order to 
regenerate a plant having in its genome a transgene contain 
ing said DNA constructs. 
0084. The invention also encompasses plants able to pro 
duce SDR 2n gametes or apomeiotic gametes, obtainable by 
the methods of the invention. 
0085. This includes in particular plants comprising: 
I0086 a mutation within the OSD1 gene, wherein the 
OSD1 protein is inhibited as a result of this mutation; 
and 

I0087 a mutation within a gene selected among SPO11 
1, SPO11-2, PRD1, or PAIR1 gene, wherein the SPO11 
1, SPO11-2, PRD1, or PAIR1 protein encoded by said 
gene is inhibited as a result of this mutation; and 

I0088 a mutation within the REC8 gene, wherein the 
Rec8 protein is inhibited as a result of this mutation. 

0089. This also includes plants genetically transformed by 
one or more DNA construct(s) of the invention. Preferably, 
said plants are transgenic plants, wherein said construct is 
contained in a transgene integrated in the plant genome, so 
that it is passed onto Successive plant generations. 
0090 The expression of a chimeric DNA construct target 
ing the OSD1 gene, resulting in a down regulation of the 
OSD1 protein, provides to said transgenic plant the ability to 
produce 2n SDR gametes. The co-expression of a chimeric 
DNA construct targeting the OSD1 gene, a chimeric DNA 
construct targeting a gene selected among SPO11-1, SPO11 
2. PRD1, and PAIR1, and a chimeric DNA construct targeting 
the REC8 gene, results in a down regulation of the proteins 
encoded by these three genes and provides to said transgenic 
plant the ability to produce apomeiotic gametes. 
0091. The invention also encompasses a method for pro 
ducing SDR 2n gametes, wherein said method comprises 
cultivating a plant obtainable by a method of the invention and 
recovering the gametes produced by said plant. Preferably 
said gametes comprises at least 10%, more preferably at least 
20%, and by order of increasing preference, at least 30%, 
40%, 50%, 60%, 70%, 80%, or 90% of viable 2n gametes. 
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0092. The invention also encompasses a method for pro 
ducing apomeiotic gametes, wherein said method comprises 
cultivating a plant obtainable by a method of the invention and 
recovering the gametes produced by said plant. Preferably 
said gametes comprises at least 10%, more preferably at least 
20%, and by order of increasing preference, at least 30%, 
40%, 50%, or 60%, 70%, 80%, or 90% of viable apomeiotic 
gametes. 
0093. The present invention applies to a broad range of 
monocot- or dicotyledon plants of agronomical interest. By 
way of non-limitative examples, one can mention potato, rice, 
wheat, maize, tomato, cucumbers, alfalfa, Sugar cane, Sweet 
potato, manioc, clover, soybean, ray-grass, banana, melon, 
watermelon, cotton or ornamental plants such as roses, lilies, 
tulips, and narcissus. 
0094 Foregoing and other objects and advantages of the 
invention will become more apparent from the following 
detailed description and accompanying drawings. It is to be 
understood however that this foregoing detailed description is 
exemplary only and is not restrictive of the invention. 

EXAMPLES 

Experimental Procedures 

Plant Material and Growth Conditions. 

0.095 Arabidopsis plants were cultivated as described in 
VIGNARD et al., (PLoS Genet, 3, 1894-906, 2007). For 
germination assays and cytometry experiments Arabidopsis 
were cultivated in vitro on Arabidopsis medium (ESTELLE 
& SOMERVILLE, Mol. Gen. Genet., 206, 200-06, 1987) at 
21° C. with a 16 h day/8 h night photoperiod and 70% 
hygrometry. 

Genetic Analysis. 

(0096 Plants were genotyped by PCR (30 cycles of 30s at 
94°C., 30s at 56°C. and 1 min at 72°C.) using two primer 
pairs. For each genotype the primer pair is shown in Table I 
and the primer pair specific to the insertion is shown in Table 
II. 

TABL E I 

Primers for Wild-type allele 

oscil-1 pst15307U (5' CGTCACTCTCCCCAAGAAAG 3 ') (SEQ ID NO: 7) 
pst15307L (5' GGCTAAGCAAGCCTGCTATG 3 ') (SEQ ID NO: 8) 

oscil-2 GT21481U (5' CCGGTGTTCTTGTGACTCG 3 ') (SEO ID NO: 9) 

GT21481L (5 GCAGATTCCTAATTCAGCTC 3') (SEO ID NO : 10 

At spo11-1-3 N64 6172U (5' AATCGGTGAGTCAGGTTTCAG 3 '' ) (SEO ID NO : 11) 

N64 6172L (5' CCATGGATGAAAGCGATTTAG 3 '' ) (SEO ID NO : 12) 

Atrec 8-3 N836O37U (5' CTCATATTCACGGTGCTCCC 3') (SEO ID NO : 13) 

N83 6 O37L (5 "GGGGGAAAAGAGAAAGGTTC 3') (SEQ ID NO: 14) 
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TABLE II 

Primers for mutant allele 

oscil-1 pst15307L 
Ds 5-2a (5' TCCGTTCCGTTTTCGTTTTTTAC3") (SEQ ID NO: 15) 

oscil-2 GT21481U 

Ds3-4 (5' CCGTCCCGCAAGTTAAATATG3') (SEO ID NO : 16) 
At spo11-1-3 N64 6172L. 

LbSalk 2 (5 GCTTTCTTCCCTTCCTTTCTC 3') (SEQ ID No. 17) 
Atrec8-3 N83 6137L 

LB3 sail (5'TAGCATCTGAATTTCATAACCAATCTCGATACAC3") (SEO ID NO: 18) 

0097 Genetic markers used to genotype the osd1-1 (No- 488 nm and 405 nm with AlexaFluor488 and DAPI respec 
O)/osd1-2(Ler)xCol-0 F1 population and osd1-1 (No-0)/ 
spo11-1 (Col-O)1 rec8(Col-0) triple mutantxLer F1 popula 
tion are listed in Table III. The PCR conditions were 40 cycles 
of 30s at 94°C., 30s at Tm and 30s at 72° C. 

TABLE III 

marker Chrom. Position pb Primer 1 (SEQ ID NO : ) 

Msat 1-13 1. 25827433 CAACCACCAGGCTC (19) 

F514 1. 24374OO8 CTGCCTGAAATTGTCGAAAC (21) 

Msat 2 - 18 2 2799644 TAGTCTCTTTTGGTGCGCATA (23) 

MSat2-21 2 11461O2O ATTTTTAGCCCAATCACGTTT (25) 

Msat 2-9 2 18152580 TAAAAGAGTCCCTCGTAAAG (27) 

Caps K4 10355 4. 103.548 OO ACCCATTTGGTGATGCTAAC (29) 

Msat 4 - 18 4. 119663 O4 TGTAAATATCGGCTTCTAAG (31) 

Ngals.1 5 4669932 GTTTTGGGAAGTTTTGCTGG (33) 

0098. These markers were amplified (40 cycles of 30s at 
94° C., 30s at 58° C. and 30s at 72° C.) with the indicated 
primers and observed after migration on 3% agarose gel. 
0099 CAPSK4 10355 was observed after Eco47III/HpaII 
double digestion. The two primer pairs specific for the osd1-1 
and osd1-2 insertion borders were used as a marker on chro 
mosome 3. 

Cytology and Flow Cytometry: 

0100 Final meiotic products were observed as described 
in AZUMI et al., (Embo J, 21, 3081-95. 2002) and viewed 
with a conventional light microscope with a 40x dry objec 
tive. Chromosomes spreads and observations were carried 
out using the technique described in MERCIER et al., (Bio 
chimie, 83, 1023-28, 2001). The DNA fluorescence of sper 
matic pollen nuclei was quantified using open LAB 4.0.4 
Software. For each nucleus the Surrounding background was 
calculated and subtracted from the global fluorescence of the 
nucleus. Meiotic spindles were observed according to the 
protocol described in MERCIERet al., (Genes Dev, 15, 1859 
71, 2001) except that the DNA was counter-stained with 
DAPI. Observations were made using an SP2 Leica confocal 
microscope. Images were acquired with a 63x water objective 
in XyZ and 3D reconstructions were made using Leica Soft 
ware. Projections are shown. Cells were imaged at excitation 

tively. Arabidopsis genome sizes were measured as described 
in MARIE & BROWN, (Biol Cell, 78, 41-51, 1993) using 
tomato Lycopersiconesculentum cv “Montfavet” as the stan 
dard. (2C=1.99 pg, 9% GC-40.0%) 

Primer 2 (SEQ ID NO: ) 

GT CAAACCAGTTCAATCA (2O) 

GGCATCACAGTTCTGATTCC (22) 

AGCCTCTCCAAGCTTAGGTCT (24) 

AGGTCAAGTGAAAGGGTAAGG (26) 

GTTGTTGTTGTGGCATT (28) 

GAGCAGTTTCCACTTTGTCC (3 O) 

CTGAAACAAATCGCATTA (32) 

CAGTCTAAAAGCGAGAGTATGATG (34) 

Example 1 

Production of Diploid Gametes by osd1 Mutants 

0101. As a part of an expression profiling screen for mei 
otic genes, using the Expression Angler tool (TOUFIGHI et 
al., Plant J, 43, 153-63, 2005) with the AtGen Express tissue 
set (SCHMID et al., Nat Genet, 37, 501-6, 2005), At3g57860 
was selected as a good candidate due to its co-regulation with 
several known meiotic genes. At3g57860 corresponds to the 
UVI4-Like gene (UVI4-L) which was briefly described in a 
study of its paralogue, the UVI4 gene (HASE et al., Plant J. 
46, 317-26, 2006). Due to its role in meiosis (see below) we 
renamed the At3 g57860 gene OSD1, for omission of second 
division. The OSD1 and UVI4 proteins are conserved 
throughout the plant kingdom but do not contain any obvious 
conserved known functional domains. No homologues were 
identified outside the plant kingdom. 
0102 We investigated the role of the OSD1 gene by iso 
lating and characterising two mutants. The osd1-1 (pst15307) 
and the osd1-2 (GT21481) Ds insertional mutants are in the 
Nooseen (No-0) and Landsberg (Ler) backgrounds, respec 
tively, and in both cases the insertion is in the second exon of 
the OSD1 gene. 
0103) The intron/exon structure of the OSD1 gene and the 
location of the two different Ds insertions are shown in FIG. 
2. The OSD1 gene contains 3 exons and 2 introns and encodes 
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a protein of 243 amino acids. The positions of the two Ds 
insertions are indicated by triangles. 
0104 FIG.3 represents meiosis in wild-type plants and 
FIG. 4 represents meiosis in osd1 mutants. 
0105 Legend of FIG. 3: (A) Pachytene. Homologous 
chromosomes are fully synapsed. (B) Diakinesis. Five pairs 
of homologous chromosomes (bivalent), linked by chias 
mata, are observed. (C) Metaphase I. The five bivalent are 
aligned on the metaphase plate. (D) Anaphase I. The homolo 
gous chromosomes are separated. (E) Telophase I. (F) 
Metaphase II. The pairs of sister chromatids align on the 
metaphase plates. (G) Anaphase II. The sister chromatids are 
separated. (H and I) Telophase II. Four haploid spores are 
formed (tetrad). Scale bar=10 um 
0106 Legend of FIG. 4: (A and B) Male meiotic products 
stained with toluidine blue. (A) A wildtype tetrad. (B) A dyad 
in the osd1-1 mutant. (C to D) Male meiosis in osd1 is indis 
tinguishable from wild type until telophase I (compare to 
FIG.3), but no figures characteristic of a second division were 
observed. (C) pachytene. (D) diakinesis. (E) metaphase I. (F) 
Anaphase I. (G) Telophase I. (H) Metaphase I of female 
meiosis in osd1. 
0107. In both independent osd1 mutants the products of 
male meiosis were dyads (osd1-1: 714/714 oscl1-2:334/334) 
instead of tetrads (FIGS. 4A and B). Complementation tests 
between osd1-1 and osd1-2 confirmed that these mutations 
are allelic (osd1-1/osd1-2: 369 dyads/369), and thus demon 
strated that the observed dyads are due to disruption of the 
OSD1 gene. Osd1 mutants did not show any somatic devel 
opmental defects, male and female gametophyte lethality or 
reduced fertility (wild type 38+11 seeds/fruit, osd1 35+6). 
0108 Next, we measured ploidy levels among the off 
spring of diploidosd1 mutants. Among selfed progeny, tetra 
ploids (84%) and triploids (16%), but no diploid plants were 
found (osd1-1: n=56; osd1-2: n=24). When mutant pollen 
was used to fertilise a wild type plant, all the resulting prog 
eny were triploid (osd1-1: n=75). When mutant ovules were 
fertilised with wild type pollen grains we isolated 12% dip 
loid and 88% triploid plants (n=25). This demonstrated that 
the osd1 mutants produce high levels of male (100%) and 
female (-85%) diploid spores, which result in functional 
gametes. 
0109 To unravel the mechanisms leading to dyad produc 
tion in osdl, we investigated chromosome behaviour during 
meiosis. Both male and female meiosis I were indistinguish 
able from wild type (compare FIG. 4 with FIG. 3). Notably, 
chiasmata, the cytological manifestation of crossovers, and 
bivalents were observed. However, we were unable to find 
any meiosis II figures (among >500 male meiocytes from 
prophase to spore formation), strongly suggesting that dyad 
production is due to an absence of the second meiotic divi 
Sion. If this second division does not take place then any 
heterozygosis at centromeres will be lost in the diploid 
gametes because of sister chromatids co-segregation and 
homologues separation during the first division. Because of 
recombination, any loci which are not linked to centromeres 
will segregate. We tested our assumption by taking advantage 
of the two different genetic backgrounds of the osd1-1 (No-0) 
and osd1-2 mutants (Ler). F1 plants bearing the two muta 
tions—mutant for osd1 and heterozygous for any No-0/Ler 
polymorphisms—were crossed as male or female to a third 
genetic background, Columbia (Col-0). Karyotyping and 
genotyping of the obtained plants for trimorphic molecular 
markers provided direct information on the genetic make-up 
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of pollen grains and female gametophytes produced by the 
mutant. All the diploid gametes tested had the predicted 
genetic characteristics. They were systematically homozy 
gous at centromeres and segregating because of recombi 
nation—at other loci (n=48 for male diploid gametes and 
n=41 for female diploid gametes). These results confirmed 
that the absence of a second meiotic division is indeed the 
cause of 2n gametes production in osd1. This mechanism also 
implies that unbalanced chromosome segregation at meiosis 
I would give rise to unbalanced dyads in osd1; this was 
confirmed by analysing a double Atspo11-1/osd1-1 mutant 
(data not shown). 
0110. Due to an absence of the second meiotic division, 
osd1 mutants produce high frequencies of viable diploid male 
and female gametophytes, which generate, after fecundation, 
viable tetraploid plants. However, this phenomenon differs 
from apomeiosis in that the produced gametes are genetically 
different from the mother plant. 

Example 2 

Production of Apomeiotic Gametes by Triple osd1/ 
Atrec8/Atspo11-1 Mutants 

0111. In double Atspo11-1/Atrec8 mutants the first mei 
otic division is replaced by a mitotic-like division, followed 
by an unbalanced second division which leads to unbalanced 
spores and sterility (CHELYSHEVA et al., J. Cell Sci, 118, 
4621-32, 2005). 
0112 We generated osd1/Atrec8/Atspo11-1 mutants. 
Plants heterozygous for both Atspo11-1 and Atrec8 mutations 
were obtained by crossing plants heterozygous for each muta 
tion, and were crossed by a plant heterozygous for osd1. 
Triple heterozygous plants identified were self-fertilized and 
plants homozygous for the three mutations were analyzed. 
0113. Observation of chromosome behaviour during male 
and female meiosis of these mutants is shown in FIG. 5. 
0114 Legend of FIG. 5: (A) Male metaphase I (B) Male 
anaphase I. The vignette shows a dyad in MiMe. (C) Female 
metaphase I. (D) Female anaphase I. Scale bar-10 um. 
0115 These observations revealed a mitotic-like division: 
10 univalents aligned on the metaphase plate and sister chro 
matids separated at anaphase (FIG. 5). 
0116. The Atspo11-1 and Atrec8 mutations lead to a 
mitotic-like first meiotic division and the osd1 mutation pre 
vents the second meiotic division from taking place. This 
results in replacement of meiosis by a mitotic-like division, 
and in apomeiosis. 
0117 We called this genotype MiMe for “mitosis instead 
of meiosis'. MiMe plants generate dyads (408/408) and are 
fertile (25+6 seeds per fruit). The osd1 mutation therefore 
suppressed the sterility phenotype of the Atspo11-1/Atrec8 
double mutant. 
0118. The selfed progeny of MiMe plants were systemati 
cally tetraploid (n=24) and backcrosses between diploid 
MiMe plants and wild type plants generated triploid plants 
regardless of whether male (n=24) or female (n=67) MiMe 
gametes were used, showing that this mitotic-like division 
gives rise to functional diploid gametes. All the gametes 
(male and female), tested similarly as described above, sys 
tematically retained the mother plantheterozygosity for every 
genetic marker tested and were thus genetically identical to 
the mother plant. These results confirm that MiMe plants 
undergo a mitotic-like division instead of a normal meiotic 
division, without affecting Subsequent sexual processes. 
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0119 When meiosis is replaced by mitosis ploidy is 
expected to double with each generation. This was observed 
in MiMe plants, as shown in FIG. 6. 
0120 Legend of FIG. 6: Left column: mitotic metaphase, 
scale bar 10 Lim. Right columns: the corresponding four 
weeks old plants, (scale bar=2 cm) and flowers (scale bar=1 
mm) 
0121. In subsequent generations, we obtained tetraploid 
(4N. 20 chromosomes, n=26) and octoploid (8N, 40 chromo 
somes, n=33). 

Example 3 
Identification of a Rice Ortholog of the Arabidopsis 

OSD1 Gene 

0122) The Oriza sativa genome contains two OSD1/UVI4 
homologue candidates (Os02.g37850 and Os04.g39670). We 
isolated two T-DNA insertion mutants in one of this putative 
homologue (Os02.g37850). The two lines, AMBA12 and 
AMQF 10 were genotyped by PCR to select homozygotes. In 
both lines we observed spontaneous tetraploids plants among 
the offspring of diploid mutant plants, suggestive of the pro 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 35 

<21 Os SEQ ID NO 1 
&211s LENGTH: 243 
212s. TYPE: PRT 

<213> ORGANISM: Arabidopsis thaliana 

<4 OOs SEQUENCE: 1 

Met Pro Glu Ala Arg Asp Arg Thr Glu Arg Pro Val Asp 
1. 5 1O 

Ile Phe Ala Asn Arg Arg Arg His Gly Ile Lieu. Lieu. Asp 
2O 25 

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

Ile Gly Gly Thr Gly Gly Lieu Val Arg Gly Asn Phe Thr 
SO 55 60 

Pro Gly Asn Gly Arg Gly Gly His Thr Pro Phe Arg Lieu 
65 70 7s 

Arg Glu Asn Met Pro Ile Val Thr Ala Arg Arg Gly Arg 
85 90 
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duction of functional male and female 2n gametes (AMBA 
12: 100% of tetraploid, n=30; AMQF 1037% of tetraploids, 
n=27). We then studied the meiotic products in AMB12 
mutants (n.d400) and observed the production of 100% of 
dyads instead of tetrads, as illustrated by FIG. 7. 
I0123 Legend of FIG. 7: A: Tetrad of spores in wild type: 
B: Dyad of spores in AMB12. 
0.124. This phenotype is identical to the Arabidopsis osd1 
mutant. To unravel the mechanisms leading to dyad produc 
tion in AMBA12 homozygote mutants, we investigated chro 
mosome behavior during meiosis. Meiosis I was indistin 
guishable from wildtype. Notably, chiasmata, the cytological 
manifestation of crossovers, and bivalents were observed. 
However, we were unable to find any meiosis II figures, 
strongly suggesting that 2N spores production is due to an 
absence of the second meiotic division, like in Arabidopsis 
osd1. Altogether, these results show that Os02.g37850 is the 
functional homologue of Arabidopsis OSD1 and therefore 
called it OsOSD1. OSD1 and OsOSD1 proteins have 23.6% 
identity and 35% similarity on an alignment that covers the 
whole length of the sequences (EMBOSS pairwise alignment 
Needle tool). 

Tyr Ser Thr 
15 

Glu Pro Asp 
3 O 

Ile Gly Ser 

Thir Trp Arg 

Pro Glin Gly 
8O 

Gly Gly Gly 
95 

Ile Thir His Lieu Lleu Pro Ser Trip Tyr Pro Arg Thr Pro Lieu. Arg Asp 

Ile 

Asp 

Glu 
145 

Pro 

Wall 

Gly 
13 O 

Ser 

Gly 

Wall 

Arg 
115 

Arg 

Pro 

Pro 

Glin 

Ala 

Wall 

Wall 

Ser 

Lys 
18O 

Ile 

Ile 

Pro 

Wall 
1.65 

Met 

Glu Arg 

Glu Ile 
135 

Luell Ser 
15 O 

Gly Phe 

Lieu. Luell 

Arg 
12O 

Pro 

Gly 

Asp 

105 

Arg 

Thir 

Glu 

Arg 

Ile 
185 

Gly 

His 

His 

Ser 
17 O 

Thir 

Ala 

Arg 

Lys 
155 

Gly 

Glin 
14 O 

Pro 

Glu 

Thir 
125 

Wall 

Ser 

Pro 

Ile 

110 

Gly 

Gly 

Met 

Ser 

Ala 
190 

Gly 

Wall 

Wall 

Thir 
17s 

Glu 
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Lell 

Thir 
16 O 
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- Continued 

Glu Ala Gly Phe Ile Thr Pro Glu Lys Llys Lieu. Lieu. Asn. Ser Ile Asp 
195 2OO 2O5 

Llys Val Glu Lys Ile Val Met Ala Glu Ile Glin Llys Lieu Lys Ser Thr 
21 O 215 22O 

Pro Glin Ala Lys Arg Glu Glu Arg Glu Lys Arg Val Arg Thir Lieu Met 
225 23 O 235 24 O 

Thr Met Arg 

<210s, SEQ ID NO 2 
&211s LENGTH: 362 
212. TYPE: PRT 

<213> ORGANISM: Arabidopsis thaliana 

<4 OOs, SEQUENCE: 2 

Met Glu Gly Llys Phe Ala Ile Ser Glu Ser Thr Asn Lieu. Lieu. Glin Arg 
1. 5 1O 15 

Ile Lys Asp Phe Thr Glin Ser Val Val Val Asp Lieu Ala Glu Gly Arg 
2O 25 3O 

Ser Pro Lys Ile Ser Ile Asn Glin Phe Arg Asn Tyr Cys Met Asn Pro 
35 4 O 45 

Glu Ala Asp Cys Lieu. Cys Ser Ser Asp Llys Pro Llys Gly Glin Glu Ile 
SO 55 6 O 

Phe Thr Lieu Lys Lys Glu Pro Gln Thr Tyr Arg Ile Asp Met Lieu. Lieu. 
65 70 7s 8O 

Arg Val Lieu. Lieu. Ile Val Glin Glin Lieu. Lieu. Glin Glu Asn Arg His Ala 
85 90 95 

Ser Lys Arg Asp Ile Tyr Tyr Met His Pro Ser Ala Phe Lys Ala Glin 
1OO 105 11 O 

Ser Ile Val Asp Arg Ala Ile Gly Asp Ile Cys Ile Lieu. Phe Glin Cys 
115 12 O 125 

Ser Arg Tyr Asn Lieu. Asn Val Val Ser Val Gly Asn Gly Lieu Val Met 
13 O 135 14 O 

Gly Trp Lieu Lys Phe Arg Glu Ala Gly Arg Llys Phe Asp Cys Lieu. Asn 
145 150 155 160 

Ser Lieu. Asn Thr Ala Tyr Pro Val Pro Val Lieu Val Glu Glu Val Glu 
1.65 17O 17s 

Asp Ile Val Ser Lieu Ala Glu Tyr Ile Lieu Val Val Glu Lys Glu Thr 
18O 185 19 O 

Val Phe Glin Arg Lieu Ala Asn Asp Met Phe Cys Llys Thr Asn Arg Cys 
195 2OO 2O5 

Ile Val Ile Thr Gly Arg Gly Tyr Pro Asp Val Ser Thr Arg Arg Phe 
21 O 215 22O 

Lieu. Arg Lieu. Lieu Met Glu Lys Lieu. His Lieu Pro Val His Cys Lieu Val 
225 23 O 235 24 O 

Asp Cys Asp Pro Tyr Gly Phe Glu Ile Leu Ala Thr Tyr Arg Phe Gly 
245 250 255 

Ser Met Gln Met Ala Tyr Asp Ile Glu Ser Lieu. Arg Ala Pro Asp Met 
26 O 265 27 O 

Lys Trp Leu Gly Ala Phe Pro Ser Asp Ser Glu Val Tyr Ser Val Pro 
27s 28O 285 

Lys Glin Cys Lieu Lleu Pro Lieu. Thr Glu Glu Asp Llys Lys Arg Thr Glu 
29 O 295 3 OO 



US 2012/0042408 A1 Feb. 16, 2012 
10 

- Continued 

Ala Met Lieu. Lieu. Arg Cys Tyr Lieu Lys Arg Glu Met Pro Glin Trp Arg 
3. OS 310 315 32O 

Lieu. Glu Lieu. Glu Thir Met Lieu Lys Arg Gly Val Llys Phe Glu Ile Glu 
3.25 330 335 

Ala Leu Ser Val His Ser Leu Ser Phe Leu Ser Glu Val Tyr Ile Pro 
34 O 345 35. O 

Ser Lys Ile Arg Arg Glu Val Ser Ser Pro 
355 360 

<210s, SEQ ID NO 3 
&211s LENGTH: 383 
212. TYPE: PRT 

<213> ORGANISM: Arabidopsis thaliana 

<4 OOs, SEQUENCE: 3 

Met Glu Glu Ser Ser Gly Lieu Ser Ser Met Llys Phe Phe Ser Asp Glin 
1. 5 1O 15 

His Lieu. Ser Tyr Ala Asp Ile Lieu. Lieu Pro His Glu Ala Arg Ala Arg 
2O 25 3O 

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

Pro Ala Ile Ser Asp Lieu. Ser Lieu. Ile Asn Arg Lys Arg Ser Asn. Ser 
SO 55 6 O 

Cys Ile Asn Lys Gly Ile Lieu. Thir Asp Val Ser Tyr Ile Phe Leu Ser 
65 70 7s 8O 

Thir Ser Phe Thr Lys Ser Ser Lieu. Thir Asn Ala Lys Thr Ala Lys Ala 
85 90 95 

Phe Val Arg Val Trp Llys Val Met Glu Ile Cys Phe Glin Ile Leu Lieu. 
1OO 105 11 O 

Glin Glu Lys Arg Val Thr Glin Arg Glu Lieu. Phe Tyr Llys Lieu. Lieu. Cys 
115 12 O 125 

Asp Ser Pro Asp Tyr Phe Ser Ser Glin Ile Glu Val Asn Arg Ser Val 
13 O 135 14 O 

Glin Asp Val Val Ala Lieu. Lieu. Arg Cys Ser Arg Tyr Ser Lieu. Gly Ile 
145 150 155 160 

Met Ala Ser Ser Arg Gly Lieu Val Ala Gly Arg Lieu. Phe Lieu. Glin Glu 
1.65 17O 17s 

Pro Gly Lys Glu Ala Val Asp Cys Ser Ala Cys Gly Ser Ser Gly Phe 
18O 185 19 O 

Ala Ile Thr Gly Asp Lieu. Asn Lieu. Lieu. Asp Asn. Thir Ile Met Arg Thr 
195 2OO 2O5 

Asp Ala Arg Tyr Ile Ile Ile Val Glu Lys His Ala Ile Phe His Arg 
21 O 215 22O 

Lieu Val Glu Asp Arg Val Phe Asn His Ile Pro Cys Val Phe Ile Thr 
225 23 O 235 24 O 

Ala Lys Gly Tyr Pro Asp Ile Ala Thr Arg Phe Phe Lieu. His Arg Met 
245 250 255 

Ser Thir Thr Phe Pro Asp Leu Pro Ile Leu Val Lieu Val Asp Trp Asn 
26 O 265 27 O 

Pro Ala Gly Lieu Ala Ile Lieu. Cys Thr Phe Llys Phe Gly Ser Ile Gly 
27s 28O 285 

Met Gly Lieu. Glu Ala Tyr Arg Tyr Ala Cys Asn Val Llys Trp Ile Gly 
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29 O 295 3 OO 

Lieu. Arg Gly Asp Asp Lieu. Asn Lieu. Ile Pro Glu Glu Ser Lieu Val Pro 
3. OS 310 315 32O 

Lieu Lys Pro Lys Asp Ser Glin Ile Ala Lys Ser Lieu Lleu Ser Ser Lys 
3.25 330 335 

Ile Leu Gln Glu Asn Tyr Ile Glu Glu Lieu Ser Leu Met Val Glin Thr 
34 O 345 35. O 

Gly Lys Arg Ala Glu Ile Glu Ala Lieu. Tyr Cys His Gly Tyr Asn Tyr 
355 360 365 

Lieu. Gly Llys Tyr Ile Ala Thr Lys Ile Val Glin Gly Llys Tyr Ile 
37 O 375 38O 

<210s, SEQ ID NO 4 
&211s LENGTH: 133 O 
212. TYPE: PRT 

<213> ORGANISM: Arabidopsis thaliana 

<4 OOs, SEQUENCE: 4 

Met Phe Phe Gln His Ser Gln Leu Glin Asn Ser Asp His Leu Lieu. His 
1. 5 1O 15 

Glu Ser Met Ala Asp Ser Asn His Glin Ser Leu Ser Pro Pro Cys Ala 
2O 25 3O 

Asn Gly His Arg Ser Thir Ile Ser Lieu. Arg Asp Asp Glin Gly Gly Thr 
35 4 O 45 

Phe Cys Lieu. Ile Cys Phe Ser Asn Lieu Val Ser Asp Pro Arg Ile Pro 
SO 55 6 O 

Thr Val His Val Ser Tyr Ala Lieu. His Glin Leu Ser Ile Ala Ile Ser 
65 70 7s 8O 

Glu Pro Ile Phe Lieu. Arg Thr Lieu. Leu Ser Ser His Ile His Phe Leu 
85 90 95 

Val Ser Pro Lieu Val His Ala Lieu. Ser Ser Ile Asp Asp Ala Pro Ile 
1OO 105 11 O 

Ala Ile Glin Ile Met Asp Met Ile Ser Lieu. Lieu. Cys Ser Val Glu Glu 
115 12 O 125 

Ser Ser Ile Gly Glu Asp Phe Val Glu Arg Ile Ser Asp Gln Lieu. Ser 
13 O 135 14 O 

Ser Gly Ala Lieu. Gly Trp Ser Arg Arg Glin Lieu. His Met Lieu. His Cys 
145 150 155 160 

Phe Gly Val Lieu Met Ser Cys Glu Asn Ile Asp Ile Asn Ser His Ile 
1.65 17O 17s 

Arg Asp Llys Glu Ala Lieu Val Cys Glin Lieu Val Glu Gly Lieu. Glin Lieu 
18O 185 19 O 

Pro Ser Glu Glu Ile Arg Gly Glu Ile Lieu. Phe Ala Lieu. Tyr Llys Phe 
195 2OO 2O5 

Ser Ala Lieu. Glin Phe Thr Glu Glin Asn Val Asp Gly Ile Glu Val Lieu. 
21 O 215 22O 

Ser Lieu. Lieu. Cys Pro Llys Lieu. Lieu. Cys Lieu. Ser Lieu. Glu Ala Lieu Ala 
225 23 O 235 24 O 

Llys Thr Glin Arg Asp Asp Val Arg Lieu. Asn. Cys Val Ala Lieu. Lieu. Thir 
245 250 255 

Ile Lieu Ala Glin Glin Gly Lieu. Lieu Ala Asn. Ser His Ser Asn. Ser Ala 
26 O 265 27 O 
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Ser Ser Met Ser Lieu. Asp Glu Val Asp Asp Asp Pro Met Glin Thr Ala 
27s 28O 285 

Glu Asn Val Ala Ala Arg Pro Cys Lieu. Asn Val Lieu. Phe Ala Glu Ala 
29 O 295 3 OO 

Ile Lys Gly Pro Lieu Lleu Ser Thir Asp Ser Glu Val Glin Ile Llys Thr 
3. OS 310 315 32O 

Lieu. Asp Lieu. Ile Phe His Tyr Ile Ser Glin Glu Ser Thr Pro Ser Lys 
3.25 330 335 

Glin Ile Glin Val Met Val Glu Glu Asn Val Ala Asp Tyr Ile Phe Glu 
34 O 345 35. O 

Ile Lieu. Arg Lieu. Ser Glu. Cys Lys Asp Glin Val Val Asn. Ser Cys Lieu. 
355 360 365 

Arg Val Lieu. Asp Lieu. Phe Ser Lieu Ala Glu. His Ser Phe Arg Lys Arg 
37 O 375 38O 

Lieu Val Ile Gly Phe Pro Ser Val Ile Arg Val Lieu. His Tyr Val Gly 
385 390 395 4 OO 

Glu Val Pro Cys His Pro Phe Glin Ile Glin Thr Lieu Lys Lieu. Ile Ser 
4 OS 41O 415 

Ser Cys Ile Ser Asp Phe Pro Gly Ile Ala Ser Ser Ser Glin Val Glin 
42O 425 43 O 

Glu Ile Ala Lieu Val Lieu Lys Llys Met Lieu. Glu Arg Tyr Tyr Ser Glin 
435 44 O 445 

Glu Met Gly Lieu Phe Pro Asp Ala Phe Ala Ile Ile Cys Ser Val Phe 
450 45.5 460 

Val Ser Leu Met Lys Thr Pro Ser Phe Gly Glu Thir Ala Asp Val Lieu. 
465 470 47s 48O 

Thir Ser Lieu. Glin Glu Ser Lieu. Arg His Ser Ile Lieu Ala Ser Lieu. Ser 
485 490 495 

Lieu Pro Glu Lys Asp Ser Thr Glin Ile Lieu. His Ala Val Tyr Lieu. Lieu. 
SOO 505 51O 

Asn Glu Ile Tyr Val Tyr Cys Thr Ala Ser Thr Ser Ile Asn Met Thr 
515 52O 525 

Ser Cys Ile Glu Lieu. Arg His Cys Val Ile Asp Val Cys Thr Ser His 
53 O 535 54 O 

Lieu. Lieu Pro Trp Phe Lieu. Ser Asp Val Asn. Glu Val Asn. Glu Glu Ala 
5.45 550 555 560 

Thr Lieu. Gly Ile Met Glu Thr Phe His Ser Ile Leu Lleu Glin Asn Ser 
565 st O sts 

Asp Ile Glin Ala Lys Glu Phe Ala Glu Lieu. Lieu Val Ser Ala Asp Trip 
58O 585 59 O 

Phe Ser Phe Ser Phe Gly Cys Lieu. Gly Asin Phe Cys Thr Asp Asn Met 
595 6OO 605 

Lys Glin Arg Ile Tyr Lieu Met Lieu. Ser Ser Lieu Val Asp Ile Lieu. Lieu. 
610 615 62O 

Glu Gln Lys Thr Gly Ser His Ile Arg Asp Ala Lieu. His Cys Lieu Pro 
625 630 635 64 O 

Ser Asp Pro Glin Asp Lieu. Lieu. Phe Lieu. Lieu. Gly Glin Ala Ser Ser Asn 
645 650 655 

Asn Glin Glu Lieu Ala Ser Cys Glin Ser Ala Ala Lieu. Lieu. Ile Phe His 
660 665 67 O 

Thir Ser Ser Ile Tyr Asn Asp Arg Lieu Ala Asp Asp Llys Lieu Val Lieu. 
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Ala 

Ala 
7 Os 

Lell 

Glu 

Lell 

Glin 

Arg 

Arg 

Asp 

Glu 

Asn 

Asn 
865 

Ser 

Ile 

Ala 

Lell 
945 

Asn 

Asp 

Thir 

Ser 

Glin 

Wall 

Ala 

Lell 

Ser 
69 O. 

Ile 

Ala 

Gly 

Glu 
770 

Asn 

Glin 

Asn 

Thir 
850 

Gly 

Ser 

Luell 

Ala 

Ile 
93 O 

Wall 

Ile 

Wall 

Asn 

Lieu. Arg 
1010 

Ala 
1025 

Cys 
104 O 

Pro 
105.5 

Thir 
1070 

675 

Luell 

Ser 

Arg 

Glu 

Ser 

Ser 

Asn 

Arg 

Glu 
835 

Ile 

Ile 

Luell 

Thir 

Wall 
915 

Luell 

Wall 

Ala 

Ile 
995 

Phe 

Ile 

Glin 

Gly 

Glu Glin 

Ser Asp 

Lell 
72 

Ser 

Arg Ile 
740 

Ile Asn 

Ile Ser 

Ile Luell 

Lell 
805 

Ser 

Ala 
82O 

Ala 

Glu Glin 

Wall Ser 

Ser Gly 

Thir 
885 

Gly 

Ser Wall 
9 OO 

Ser Ile 

Glin Asn 

His Tyr 

Asn 
965 

Ser 

Cys Ser 

Gly Glu 

Ser 

Phe 

Tyr 

Ile 

Lell 

Pro 
71O 

Glin 

Ile 

Ile 

Gly 
79 O 

Thir 

Thir 

Glu 

Ile 

Wall 

Ser 

Glin 

His 

Ser 
950 

Ser 

Ala 

Lieu. Glin 

Gly Thr 

Cys His 

Llys Lieu. 

Ser Glu 

Ile 
695 

Ala 

Asn 

Phe 

His 

Ser 
775 

Asn 

Lell 

Asn 

Phe 
855 

Wall 

Phe 

Pro 

Lell 

Glu 
935 

Ser 

Gly 

Lell 

Ile 

Ile 

Luell 

Glu 

His 

Luell 
760 

Luell 

Glu 

Trp 

Luell 

Asp 
84 O 

Pro 

His 

Ala 

Luell 
92 O 

Asp 

Asp 

Luell 

Pro 

Ala 
1OOO 

Wall Lieu 
1015 

Ser Thir 

Asn Lieu. Cys 
1045 

Ile Al 
106 O 

Glin Wall 
1075 

Luell 

Luell 

Arg 

Luell 
74. 

Glu 

Ile 

Wall 

Phe 

Wall 
825 

Wall 

Thir 

Arg 

Thir 

Wall 
905 

Asn 

Met 

Gly 

Wall 

Ala 
985 

Phe Thir Lieu. Lieu. Lieu 

a. 

Ser 

Ser 

Asp 

Asn 

Asn 

Tyr 
73 O 

Luell 

Ser 

His 

Ala 
810 

Asn 

Thir 

Ala 

Luell 

Luell 
890 

Luell 

Phe 

Wall 

Ala 

Ser 

Luell 

Ala 

Luell 

Arg 

Ile 

Lys Thir 

13 

- Continued 

685 

Ser Lieu. Ile 
7 OO 

Luell 

Glin 

ASn 

Luell 

Glin 

Wall 

Ile 

Glu 

Ile 

Asn Lieu. Tyr 

Ser 
73 

Ser 

Glu 
7 O 

Trp 

Trp Leu Phe 
765 

Glin Ile 

ASn 
79. 

Luell 

Ser 

Ser 

Wall 

Lell 

Lell 

Ile 

Asn 

Gly Asp 

Ile Glu 
815 

Ser 

Thir Gin 
83 O 

Luell 

Lieu. Asn. Luell 
845 

Ser ASn Luell 
860 

Wall 

Luell 

Met 

Luell 

Wall 

Ser 

Lell 

Ile 

Ser 

Ile 

Gly Phe Ser 

Wall Phe 
895 

Lell 

Glu 
91 O 

Asp Ser 

Lell 
925 

Arg Asp 

Gly Ile Lieu. 
94 O 

Luell 
955 

Ala 

Thir 

Gly 

Glu 

Lell 

Wall 

Ile 

Glin 

Glu Ala Ser 

Thir Wall 
97. 

Asn 

Glin 
99 O 

Cys Asp 

Tyr P 
1005 

Ala 
1 O2O 

Val Asp 

Thir 
1035 

Leul Pro 

Met 
1 OSO 

His Phe 

Lieu. Lieu. Glu 
1065 

Lys Glu Glin 
108 O 

Gly 

Luell 

Asp 

Glin 

Ser 

Gly 

Gly 

Ala 

Met 

Met 

Asn 

Asn 

Trp 

Thir 

Ser 

Arg 
96.O 

Wall 

Glu 

he Phe 

Trp 

Wall 

Gly 

Lell 

Lell 

Feb. 16, 2012 
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- Continued 

Glin Cys Ser Ser Ser Tyr Lieu Lys Ser Met Lys Ala Val Lieu. Gly 
O85 O9 O O95 

Gly Lieu Val Phe Cys Asp Asp Ile Arg Val Ala Thr Asn. Ser Ala 
OO O5 10 

Lieu. Cys Lieu. Ser Met Ile Lieu. Gly Trp Glu Asp Met Glu Gly Arg 

Thr Glu Met Leu Lys Thir Ser Ser Trp Tyr Arg Phe Ile Ala Glu 

Glu Met Ser Val Ser Leu Ala Leu Pro Cys Ser Ala Ser Ser Thr 

Tyr Val Asn His His Llys Pro Ala Val Tyr Lieu. Thr Val Ala Met 

Lieu. Arg Lieu Lys Asn Llys Pro Val Trp Lieu. Arg Thr Val Phe Asp 

Glu Ser Cys Ile Ser Ser Met Ile Glin Asn Lieu. Asn Gly Ile Asn 
90 95 2OO 

Ile Ser Arg Glu Ile Val e Lieu. Phe Arg Glu Lieu Met Glin Ala 
2O5 21 O 215 

Glu Lieu. Lieu. Asn. Ser Glin Glin Val Thir Lys Lieu. Asp Arg Ala Phe 
22O 225 23 O 

Glin Glu. Cys Arg Lys Gln Met His Arg Asn Gly Thr Arg Asp Glu 
235 24 O 245 

Thr Val Glu Glu Glin Val Glin Arg Lys Ile Pro Ser Ile His Asp 
250 255 26 O 

His Ser Glu Phe Cys Asn Tyr Lieu Val His Leu Met Val Ser Asn 
265 27 O 27s 

Ser Phe Gly His Pro Ser Glu Ser Glu Thir Tyr Thr Glin Lys Lys 
28O 285 29 O 

Lys Glin Ile Lieu. Asp Glu Met Glu Glin Lieu. Ser Glu Lieu. Ile Ser 
295 3OO 305 

Thr Arg Glu Gly Arg Val Ser Pro Ile Glin Glu Glu Thr Arg Glin 
310 315 32O 

Met Glin Thr Glu Arg Ile Val 
3.25 33 O 

<210s, SEQ ID NO 5 
&211s LENGTH: 449 
212. TYPE: PRT 

<213> ORGANISM: Arabidopsis thaliana 

<4 OOs, SEQUENCE: 5 

Met Lys Met Asn. Ile Asn Lys Ala Cys Asp Lieu Lys Ser Ile Ser Val 
1. 5 1O 15 

Phe Pro Pro Asn Lieu. Arg Arg Ser Ala Glu Pro Glin Ala Ser Glin Glin 
2O 25 3O 

Lieu. Arg Ser Glin Glin Ser Glin Glin Ser Phe Ser Glin Gly Pro Ser Ser 
35 4 O 45 

Ser Glin Arg Gly Cys Gly Gly Phe Ser Glin Met Thr Glin Ser Ser Ile 
SO 55 6 O 

Asp Glu Lieu. Lieu. Ile Asn Asp Glin Arg Phe Ser Ser Glin Glu Arg Asp 
65 70 7s 8O 

Lieu. Ser Lieu Lys Llys Val Ser Ser Cys Lieu Pro Pro Ile Asn His Lys 
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85 90 95 

Arg Glu Asp Ser Glin Lieu Val Ala Ser Arg Ser Ser Ser Gly Lieu. Ser 
1OO 105 11 O 

Arg Arg Trp Ser Ser Ala Ser Ile Gly Glu Ser Llys Ser Glin Ile Ser 
115 12 O 125 

Glu Glu Lieu. Glu Glin Arg Phe Gly Met Met Glu Thir Ser Leu Ser Arg 
13 O 135 14 O 

Phe Gly Met Met Lieu. Asp Ser Ile Glin Ser Asp Ile Met Glin Ala Asn 
145 150 155 160 

Arg Gly. Thir Lys Glu Val Phe Lieu. Glu Thr Glu Arg Ile Glin Gln Lys 
1.65 17O 17s 

Lieu. Thir Lieu. Glin Asp Thir Ser Lieu. Glin Glin Lieu. Arg Lys Glu Glin Ala 
18O 185 19 O 

Asp Ser Lys Ala Ser Lieu. Asp Gly Gly Val Llys Phe Ile Lieu. Glu Glu 
195 2OO 2O5 

Phe Ser Lys Asp Pro Asn Glin Glu Lys Lieu Gln Lys Ile Lieu. Glin Met 
21 O 215 22O 

Lieu. Thir Thr Ile Pro Glu Glin Val Glu Thir Ala Leu Gln Lys Ile Glin 
225 23 O 235 24 O 

Arg Glu Ile Cys His Thr Phe Thr Arg Glu Ile Glin Val Lieu Ala Ser 
245 250 255 

Lieu. Arg Thr Pro Glu Pro Arg Val Arg Val Pro Thr Ala Pro Glin Val 
26 O 265 27 O 

Lys Ala Lys Glu Asn Lieu Pro Glu Glin Arg Gly Glin Ala Ala Lys Val 
27s 28O 285 

Lieu. Thir Ser Leu Lys Met Pro Glu Pro Arg Val Glin Val Pro Ala Ala 
29 O 295 3 OO 

Pro Glin Ala Lys Glu Asn. Phe Pro Glu Glin Arg Gly Pro Val Ala Lys 
3. OS 310 315 32O 

Ser Asn Ser Phe Cys Asn Thr Thr Lieu Lys Thr Lys Gln Pro Glin Phe 
3.25 330 335 

Pro Arg Asn Pro Asn Asp Ala Ser Ala Arg Ala Val Llys Pro Tyr Lieu. 
34 O 345 35. O 

Ser Pro Lys Ile Glin Val Gly Cys Trp Llys Thr Val Llys Pro Glu Lys 
355 360 365 

Ser Asn. Phe Llys Lys Arg Ala Thr Arg Llys Pro Val Llys Ser Glu Ser 
37 O 375 38O 

Thr Arg Thr Glin Phe Glu Gln Cys Ser Val Val Ile Asp Ser Asp Glu 
385 390 395 4 OO 

Glu Asp Ile Asp Gly Gly Phe Ser Cys Lieu. Ile Asn. Glu Asn. Thir Arg 
4 OS 41O 415 

Gly. Thir Asn. Phe Glu Trp Asp Ala Glu Lys Glu Thr Glu Arg Ile Lieu. 
42O 425 43 O 

Arg Thr Ala Arg Arg Thr Lys Arg Llys Phe Gly ASn Pro Ile Ile Ile 
435 44 O 445 

Asn 

<210s, SEQ ID NO 6 
&211s LENGTH: 617 
212. TYPE: PRT 

<213> ORGANISM: Arabidopsis thaliana 
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<4 OOs, SEQUENCE: 6 

Met Phe Tyr Ser His Glin Lieu. Lieu Ala Arg Lys Ala Pro Lieu. Gly Glin 
1. 5 1O 15 

Ile Trp Met Ala Ala Thr Lieu. His Ala Lys Ile Asn Arg Llys Llys Lieu. 
2O 25 3O 

Asp Llys Lieu. Asp Ile Ile Glin Ile Cys Glu Glu Ile Lieu. Asn Pro Ser 
35 4 O 45 

Val Pro Met Ala Lieu. Arg Lieu. Ser Gly Ile Lieu Met Gly Gly Val Val 
SO 55 6 O 

Ile Val Tyr Glu Arg Llys Val Lys Lieu. Lieu. Phe Asp Asp Wall Asn Arg 
65 70 7s 8O 

Phe Lieu Val Glu Ile Asn Gly Ala Trp Arg Thr Lys Ser Val Pro Asp 
85 90 95 

Pro Thir Lieu. Lieu Pro Llys Gly Lys Thr His Ala Arg Lys Glu Ala Val 
1OO 105 11 O 

Thir Lieu Pro Glu Asn. Glu Glu Ala Asp Phe Gly Asp Phe Glu Glin Thr 
115 12 O 125 

Arg Asn Val Pro Llys Phe Gly Asn Tyr Met Asp Phe Glin Gln Thr Phe 
13 O 135 14 O 

Ile Ser Met Arg Lieu. Asp Glu Ser His Val Asn. Asn. Asn Pro Glu Pro 
145 150 155 160 

Glu Asp Lieu. Gly Glin Glin Phe His Glin Ala Asp Ala Glu ASn Ile Thr 
1.65 17O 17s 

Lieu. Phe Glu Tyr His Gly Ser Phe Glin Thr Asn Asn Glu Thr Tyr Asp 
18O 185 19 O 

Arg Phe Glu Arg Phe Asp Ile Glu Gly Asp Asp Glu Thr Glin Met Asn 
195 2OO 2O5 

Ser Asn Pro Arg Glu Gly Ala Glu Ile Pro Thr Thr Lieu. Ile Pro Ser 
21 O 215 22O 

Pro Pro Arg His His Asp Ile Pro Glu Gly Val Asn Pro Thr Ser Pro 
225 23 O 235 24 O 

Glin Arg Glin Glu Glin Glin Glu Asn Arg Arg Asp Gly Phe Ala Glu Glin 
245 250 255 

Met Glu Glu Glin Asn. Ile Pro Asp Llys Glu Glu. His Asp Arg Pro Glin 
26 O 265 27 O 

Pro Ala Lys Lys Arg Ala Arg Llys Thr Ala Thir Ser Ala Met Asp Tyr 
27s 28O 285 

Glu Glin Thir Ile Ile Ala Gly His Val Tyr Glin Ser Trp Leu Glin Asp 
29 O 295 3 OO 

Thir Ser Asp Ile Lieu. Cys Arg Gly Glu Lys Arg Llys Val Arg Gly Thr 
3. OS 315 32O 3 O 

Ile Arg Pro Asp Met Glu Ser Phe Lys Arg Ala Asn Met Pro Pro Thr 
3.25 330 335 

Gln Leu Phe Glu Lys Asp Ser Ser Tyr Pro Pro Gln Leu Tyr Glin Leu 
34 O 345 35. O 

Trp Ser Lys Asn Thr Glin Val Lieu Gln Thr Ser Ser Ser Glu Ser Arg 
355 360 365 

His Pro Asp Lieu. Arg Ala Glu Glin Ser Pro Gly Phe Val Glin Glu Arg 
37 O 375 38O 

Met His Asn His His Glin Thr Asp His His Glu Arg Ser Asp Thr Ser 
385 390 395 4 OO 
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Ser Glin Asn Lieu. Asp Ser Pro Ala Glu Ile Lieu. Arg Thr Val Arg Thr 
4 OS 41O 415 

Gly Lys Gly Ala Ser Val Glu Ser Met Met Ala Gly Ser Arg Ala Ser 
42O 425 43 O 

Pro Glu Thir Ile Asn Arg Glin Ala Ala Asp Ile Asn Val Thr Pro Phe 
435 44 O 445 

Tyr Ser Gly Asp Asp Val Arg Ser Met Pro Ser Thr Pro Ser Ala Arg 
450 45.5 460 

Gly Ala Ala Ser Ile Asn. Asn. Ile Glu Ile Ser Ser Lys Ser Arg Met 
465 470 47s 48O 

Pro Asn Arg Lys Arg Pro Asn. Ser Ser Pro Arg Arg Gly Lieu. Glu Pro 
485 490 495 

Val Ala Glu Glu Arg Pro Trp Glu. His Arg Glu Tyr Glu Phe Glu Phe 
SOO 505 51O 

Ser Met Lieu Pro Glu Lys Arg Phe Thr Ala Asp Llys Glu Ile Lieu. Phe 
515 52O 525 

Glu Thir Ala Ser Thr Glin Thr Glin Llys Pro Val Cys Asn Glin Ser Asp 
53 O 535 54 O 

Glu Met Ile Thr Asp Ser Ile Llys Ser His Leu Lys Thr His Phe Glu 
5.45 550 555 560 

Thr Pro Gly Ala Pro Glin Val Glu Ser Lieu. Asn Llys Lieu Ala Val Gly 
565 st O sts 

Met Asp Arg Asn Ala Ala Ala Lys Lieu. Phe Phe Glin Ser Cys Val Lieu. 
58O 585 59 O 

Ala Thr Arg Gly Val Ile Llys Val Asn Glin Ala Glu Pro Tyr Gly Asp 
595 6OO 605 

Ile Lieu. Ile Ala Arg Gly Pro Asn Met 
610 615 

<210s, SEQ ID NO 7 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 OO > SEQUENCE: 7 

cgt.c actict c cccaagaaag 2O 

<210s, SEQ ID NO 8 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 OOs, SEQUENCE: 8 

ggctaa.gcaa goctgctatg 2O 

<210s, SEQ ID NO 9 
&211s LENGTH: 19 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 OOs, SEQUENCE: 9 
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ccggtgttct ttgacticg 19 

<210s, SEQ ID NO 10 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 OOs, SEQUENCE: 10 

gcagattic ct aatticagotc 2O 

<210s, SEQ ID NO 11 
&211s LENGTH: 21 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 OOs, SEQUENCE: 11 

aatcggtgag ticaggttt ca g 21 

<210s, SEQ ID NO 12 
&211s LENGTH: 21 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 OOs, SEQUENCE: 12 

c catggatga aag.cgattta g 21 

<210s, SEQ ID NO 13 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 OOs, SEQUENCE: 13 

ct catatt.ca cqgtgctic cc 2O 

<210s, SEQ ID NO 14 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 OOs, SEQUENCE: 14 

gggggaaaag agaaaggttc 2O 

<210s, SEQ ID NO 15 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 OOs, SEQUENCE: 15 

tcc.gttcc.gt titt cqtttitt tac 23 
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<210s, SEQ ID NO 16 
&211s LENGTH: 21 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 OOs, SEQUENCE: 16 

ccgt.ccc.gca agittaaatat g 

<210s, SEQ ID NO 17 
&211s LENGTH: 21 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 OOs, SEQUENCE: 17 

gctttcttico citt cotttct c 

<210s, SEQ ID NO 18 
&211s LENGTH: 34 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 OOs, SEQUENCE: 18 

tagcatctga attt cataac caatctogat acac 

<210s, SEQ ID NO 19 
&211s LENGTH: 14 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 OOs, SEQUENCE: 19 

caaccaccag gctic 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 18 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 OOs, SEQUENCE: 2O 

gtcaaaccag ttcaatca 

<210s, SEQ ID NO 21 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 OOs, SEQUENCE: 21 

ctgcctgaaa ttgtcgaaac 

<210s, SEQ ID NO 22 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 

19 

- Continued 

21 

21 

34 

14 

18 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 OOs, SEQUENCE: 22 

ggcatcacag ttctgattico 

<210s, SEQ ID NO 23 
&211s LENGTH: 21 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 OOs, SEQUENCE: 23 

tagt ct ctitt toggtgcgcat a 

<210s, SEQ ID NO 24 
&211s LENGTH: 21 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 OOs, SEQUENCE: 24 

agcct citcca agcttagg to t 

<210 SEQ ID NO 25 
&211s LENGTH: 21 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 OOs, SEQUENCE: 25 

atttittagcc caat cacgtt t 

<210s, SEQ ID NO 26 
&211s LENGTH: 21 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 OOs, SEQUENCE: 26 

aggit caagtgaaagggitaag g 

<210s, SEQ ID NO 27 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 OOs, SEQUENCE: 27 

taaaagagtic cct cqtaaag 

<210s, SEQ ID NO 28 
&211s LENGTH: 17 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 OOs, SEQUENCE: 28 

20 

- Continued 

21 

21 

21 

21 
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- Continued 

gttgttgttg tdgcatt 17 

<210s, SEQ ID NO 29 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 OOs, SEQUENCE: 29 

acccatttgg tatgctaac 2O 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 OOs, SEQUENCE: 30 

gagcagtttc. cactttgtc.c 2O 

<210s, SEQ ID NO 31 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 OOs, SEQUENCE: 31 

tgtaaat atc gottctaag 2O 

<210s, SEQ ID NO 32 
&211s LENGTH: 18 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 OOs, SEQUENCE: 32 

ctgaaacaaa togcatta 18 

<210s, SEQ ID NO 33 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 OOs, SEQUENCE: 33 

gttittgggaa gttittgctgg 2O 

<210s, SEQ ID NO 34 
&211s LENGTH: 24 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 OOs, SEQUENCE: 34 

Cagt ctaaaa gcgagagtat gatg 24 
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- Continued 

SEO ID NO 35 
LENGTH: 234 
TYPE PRT 

ORGANISM: Oryza sativa 

< 4 OOs SEQUENCE: 35 

Met Pro Glu Val Arg Ala Ala 
1. 5 

Asn Ser Gly Gly Arg Lell 

Ser Gly Gly Gly Phe Phe Ile Thir Thir Ser Pro Arg Arg 
25 

Wall Ala Wall 
35 

Ala Ala Pro 
45 

Llys Pro Lieu. Arg Leul Pro 
4 O 

Arg 

Glu 
SO 

Wall Ala Wall. Thir Wall 
6 O 

Ser 
55 

Asn Pro Pro Trp Arg 

Glu Pro Ser Leul Pro 
70 

Lys Ser Pro 
65 

Arg Arg Trp Arg 

Ile Thr Wall 
85 

Wall Ala Wall Glu 
90 

Asp Ser Arg Ser 

Ala Ala Wall Glin Glin Ile Glin 
105 

Asn Arg Lieu. Ser Glu Asp 

Wall Ala Thr Wall 
12 O 

Ser Asp Pro Pro Glin Glu Glu 
115 

Gly 
125 

Thir 
13 O 

Thir Thir 
135 

Ser Pro Pro Pro Glin Ala Lieu. Asp Ala 
14 O 

Thir Gin 
150 

Ala Wall Ala Thir 
155 

Cys Pro Ser Ser Ser Thir 
145 

Gly 

Ala Glu Gly Ala Ser Ser Pro Ser 
17O 

Pro Ser Ser 
1.65 

Phe Glin Thr Pro Ser Pro Asn Pro Ala Lieu Ala 
18O 

Arg Asp 
185 

Glu Glu 
195 

Ile 
2OO 

Luell Ser Ser Ser Glu Glin Ile Glu Lys 

Ala Ala Ala Glin Pro Ser 
22O 

Pro 
215 

Asn Luell 
21 O 

Ile 
225 

Glin Thir Lieu Lleu Ser Met 
23 O 

Arg 

1. A method for obtaining a plant producing Second Divi 
sion Restitution 2n gametes, wherein said method comprises 
the inhibition in said plant of a protein hereinafter designated 
as OSD1 protein, wherein said protein has at least 20 A) 
sequence identity, or at least 29% sequence similarity with the 
AtOSD1 protein of SEQ ID NO: 1, or with the OsOSD1 
protein of SEQID NO:35. 

2. A method according to claim 1, wherein inhibition of the 
OSD1 protein is obtained by mutagenesis of the OSD1 gene 
or of its promoter, and the mutants having partially or totally 
lost the OSD1 protein activity are selected. 

3. A method according to claim 1, wherein the inhibition of 
the OSD1 protein is obtained by expressing in said plant a 
silencing RNA targeting the gene encoding said protein. 

4. A method for obtaining a plant producing apomeiotic 
gametes, wherein said method comprises the inhibition in 
said plant of the following proteins: 

Ala 

Pro 

Thir 

Ala 

Pro 

Arg 

Ser 
11 O 

Wall 

Ala 

Ala 

Asp 

Asp 
19 O 

Met 

Asp Pro 
15 

Gly Ala 

Ser Asn 

Thir Pro 

Lieu. Arg 

Luell 
95 

Gly 

Ser Arg 

Pro Glin 

Ala Pro 

Luell 
160 

Tyr 

Cys Ser 
17s 

Luell Met 

Val Arg 

Wall. Thir 

a) an OSD1 protein as defined in claim 1: 
b) a protein involved in initiation of meiotic recombination 

in plants, said protein being selected among: 
i) a protein hereinafter designated as SPO11-1 protein, 

wherein said protein has at least 40% sequence iden 
tity, or at least 60% sequence similarity with the 
SPO11-1 protein of SEQID NO: 2: 

ii) a protein hereinafter designated as SPO11-2 protein, 
wherein said protein has at least 40% sequence iden 
tity, or at least 60% sequence similarity with the 
SPO11-2 protein of SEQID NO:3: 

iii) a protein hereinafter designated as PRD1 protein, 
wherein said protein has at least 25% sequence iden 
tity, or at least 35% sequence similarity with the prod1 
protein of SEQID NO: 4; or 

iv) a protein hereinafter designated as PAIR1 protein, 
wherein said protein has at least 30% sequence iden 
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tity, or at least 40% sequence similarity with the 
PAIR1 protein of SEQID NO: 5; 

c) a protein hereinafter designated as Rec8 protein, 
wherein said protein has at least 40% sequence identity, 
or at least 45% sequence similarity with the Rec8 protein 
of SEQID NO: 6. 

5. A method according to claim 4, wherein inhibition of at 
least one of the OSD1, SPO11-1, SPO11-2, PRD1, PAIR1, or 
Rec8 proteins is obtained by mutagenesis of the gene encod 
ing said protein of or of its promoter, and the mutants having 
partially or totally lost the activity of said protein are selected. 

6. A method according to claim 4, wherein inhibition of at 
least one of the OSD1, SPO11-1, SPO11-2, PRD1, PAIR1, or 
Rec8 proteins is obtained by expressing in said planta silenc 
ing RNA targeting the gene encoding said protein. 

7. An expression cassette comprising: 
a promoter functional in a plant cell; 
at least one DNA construct selected among: 
a) one or more DNA construct(s) of 200 to 1000 bp, each 

comprising a fragment of a cDNA of a target gene 
selected among OSD1, SPO11-1, SPO11-2, PRD1, 
PAIR1, and REC8, or of its complementary, or having at 
least 95% identity with said fragment, said DNA 
sequence(s) being placed under transcriptional control 
of said promoter. 

b) one or more hairpin DNA construct(s) capable, when 
transcribed, of forming a hairpin RNA targeting a gene 
selected among OSD1, SPO11-1, SPO11-2, PRD1, 
PAIR1, and REC8; or 

c) one or more DNA construct(s) capable, when tran 
scribed, of forminganamiRNA targeting a gene selected 
among OSD1, SPO11-1, SPO11-2, PRD1, PAIR1, and 
REC8: 
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said DNA construct(s) being placed under transcriptional 
control of said promoter. 

8. An expression cassette of claim 7 comprising a DNA 
construct targeting the OSD1 gene. 

9. An expression cassette of claim 7, comprising: a DNA 
construct targeting the OSD1 gene, a DNA construct target 
ing a gene selected among SPO11-1, SPO11-2, PRD1, and 
PAIR1, or a DNA construct targeting REC8. 

10. A recombinant vector comprising an expression cas 
sette of claim 7. 

11. A plant producing Second Division Restitution 2n 
gametes, which is a transgenic plant containing a transgene 
comprising an expression cassette of claim 8. 

12. A plant producing apomeiotic gametes, obtainable by 
the method of claim 4. 

13. A plant producing apomeiotic gametes, which is a 
transgenic plant containing a transgene comprising an 
expression cassette of claim 9. 

14. A method for producing Second Division Restitution 
2n gametes, wherein said method comprises cultivating a 
plant obtainable by a method of claim 1, and recovering the 
gametes produced by said plant. 

15. A method for producing apomeiotic gametes, wherein 
said method comprises cultivating a plant obtainable by a 
method of claim 4, and recovering the gametes produced by 
said plant. 

16. A recombinant vector comprising an expression cas 
sette of claim 8. 

17. A recombinant vector comprising an expression cas 
sette of claim 9. 


