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MODULATION OF SEED VIGOR

FIELD OF THE INVENTION

The present invention generally relates to a polynucleotide which enables the modulation
of the seed vigour, particularly enhances the seed vigour, and more particularly enables
the modification of the speed of germination. The invention also relates to a plant seed
comprising the said polynucleotide. Moreover, method of producing the plant seed,
method for improving the germination and vigour of plant seed, transgenic plant and the
use of the polynucleotide of the invention for producing plants growing seeds with
improved germination and vigour characteristics are also provided within the present
invention. The plants of the present invention particularly concern Brassica, more

particularly Brassica oleracea.

BACKGROUND OF THE INVENTION

Seed quality, as defined by the number of uniform usable plants obtainable from a seed
batch, is becoming an ever more important trait in developed horticulture markets. Young
plant raising is a highly technological activity in these markéts and demands with respect
to seed quality are therefore high. Reliable and consistently high seed quality is required
for this. Also, germination under adverse conditions is an important seed quality trait. This
means that one requirement for commercial success of seed varieties is consistent and
robust seed quality. Currently however, seed quality of commercial varieties is not always
stable and predictable.

Seed quality parameters are highly influenced by maternal environmental conditions
during seed development. Given the volumes of seed needed and commercial feasibility,
only limited controls of these conditions are possible. Therefore consistency of seed
quality is limited by the susceptibility for maternal conditions. Research has shown that

“maternal environment can potentially affect all seed quality parameters, including

uniformity and germination under adverse conditions. Decreasing the influence of maternal
conditions would therefore lead to more consistent and robust seed quality, that provides
advantages in both developed and developing markets.

1
SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 2013/127809 PCT/EP2013/053845

Predictable and uniform seedling establishment is essential for the production of crops that
are both sustainable and profitable. A key contributor to this predictability is the
germination performance of seeds, which is influenced directly by seed dormancy and
vigour. Dormancy per se (lack of germination in generally permissible conditions) is not
considered to be a practical problem with many crop species, but low seed vigour (poor
seed performance in practice) greatly influences not only the number of seedlings that
emérge, but also the timing and uniformity of seedling emergence in all crops. The effects
of this have a major impact upon many aspects of crop production that determine cost
effectiveness and the inputs required, and there are also direct crop specific influences on
marketable yield (Finch-Savage, 1995). Low seed vigour can result from seed
deterioration and damage of many kinds and this has great commercial significance.
However, there are aiso inherent differences in the initial vigour of the seed before it
begins to deteriorate, but the genetic, molecular and physiological basis of this remains

poorly understood.

“‘Mutations in many genes have been identified that show phenotypes with altered seed

germination performance and these have been instrumental in developing our current
understanding of the control of germination (reviewed by Finch-Savage and Leubner-
Metzger, 2006; Holdsworth et al., 2008a and 2008b). However, the relative impact of these
genes in wild type or crop seeds is little understood and no clear candidates have beén
revealed that will form the basis of a discriminating test for seed vigour. An alternative
source of genetic- variation to laboratory induced mutations is available in natural
populations and crop genotypes. Using this variation to identify QTL associated with seed
vigour and then candidate genes influencing these traits. may provide a route to identify

practically important genes.

Both natural and crop plant variation has been exploited in quantitative genetic analyses of
a range of seed vigour traits in tomato (Foolad et al., 1999), Brassica oleracea (Bettey et
al., 2000, Finch-Savage et al., 2005) and Arabidopsis (Groot et al., 2000, Clerkx et al.,
2004). Speed of seed germination QTLs have been identified in all three species.

The distinction between dormancy and low seed vigour in healthy non-aged seeds in
terms of speed of germination, if one exists, is not understood and may have the same
basis (Hilhorst and Toorop, 1997). In most situations, for example in Arabidopsis,

'physiological dormancy is not absolute, but seeds are conditionally dormant i.e.
2
SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 2013/127809 PCT/EP2013/053845

germination tends to be slow and is only possible in a limited range of environments. As
dormancy is progressively lost, germination tends to speed up and becomes possible in a

wider range of environments and can therefore appear like an increase in vigour.

Among the factors accounting for the establishment of seed germination and the regulation
of seed dormancy, abscisic acid (ABA), a well-known plant hormone, plays an important
role. ABA is in particular essential for the seed germination and seed maturation
processes (for review, see Finkelstein ef al. 2002) as it is responsible for the establishment
of a period of seed dormancy. As for buds, it is important that the seeds do not germinate
prematurely, for example, during unseasonably mild conditions pi'ior to the onset of winter
or a dry season. ABA in the seed enforces this dormancy. The dormancy is lifted only if the
seed has been exposed to a prolonged cold spell and/or other appropriate environmental
signal and if there is sufficient water to support germination. Besides its role in seed
vigour, ABA also regulates many important aspects of plant life including the physiological

responses to biotic threats and abiotic stresses like drought and dessication

There is thus a long-standing need for seed with a more reliable and constant seed vigour;
especially with a timely-defined and uniform speed of germination, in order to provide
seeds that germinate at a more constant rate, independently of the maternal conditions
and whatever the external environmental conditions are. Such increased seed vigour
would be of particular interest in cases where the seed is coated with a given preparation
(chemical, biological), as it is usually observed a delay in seed germination. In
consequence, seeds comprising sequences which enhance seed vigour, more particularly
enhance the speed and the uniformity of the seed germination would be of primary
importance to - counteract the effect of the coating treatment, while still applying
insecticides and fungicides.

Furthermore, while in many aspects, increasing the seed vigour would be a very useful
and desired trait, it appears that, in some cases, decreasing the seed vigour would be of
great interest. In particular in viviparous seed,-decreasi'ng seed vigour could be beneficial.
Vivipary is defined as the germination of the seed while still on the mother plant or before
drying and can occur both in immature and fully mature seed. Vivipary has been observed:
in many different crop species including Brassica crops (Ruan ef al. 2000). Seeds
comprising sequences which are able to decrease the seed vigour would thus be capable

of delaying, if not removing, the non-desired vivipary phenotype.

3
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SUMMARY OF THE INVENTION

It is therefore to the inventors' credit, in such a state of the art, to have identified a plant
from a population that contained a small introgressed region spanning SOG1 (Speed Of
Germination 1), a speed of seed germination QTL identified in B. oleracea by Bettey et al.
(2000) and particularly to have demonstrated and identified the corresponding genes that
are involved in the modulation of the seed vigour, in particular involved in the regulation of
the speed of germination of the seed. It is in particular demonstrated that these genes, and
their corresponding sequences, can be used as enabling tools to obtain seeds (or plants
that deliver seeds) that exhibit a modified seed vigour phenotype. In particular, gene
sequences can be introduced into a new background in order to modulate the seed vigour.
More particularly, gene sequences can be used to engineer a novel plant, whose seeds
will emerge earlier, more uniformly, independently of the external environmental
conditions, and regardless of the maternal conditions. Furthermore, the said gene
sequences can be used as tools to modify ABA content in the seed and/or the seed
response to ABA, thereby affecting seed behavior regarding to seed dormancy and seed

storage proteins and lipids synthesis.

4
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EMBODIMENTS

Accordingly, in a 1% embodiment, the present invention provides a polynucleotide,
particularly an isolated polyhucleotide, comprising a nucleic acid molecule selected from

the group consisting of

a nucleic acid molecule comprising a nucleotide sequence as depicted in SEQ ID NO: 1
(A12 version of BolC.VG1.a);

a nucleic acid molecule comprising a nucleotide sequence as depicted in SEQ ID NO: 2
(A12 version of BolC.VG2.a);

a nucleic acid molecule comprising a nucleotide sequence as depicted in SEQ ID NO: 3
(GD33 version of BolC.VG1.a);

a nucleic acid molecule comprising a nucleotide sequence as depicted in SEQ ID NO: 4
(GD33 version of BolC.VG2.a);

a nucleic acid molecule comprising a nucleotide sequence the complementary strand of

which hybridizes to the nucleic acid molecule of any of a) — d)';

a nucleic acid molecule comprising a nucleotide sequence that deviates from the

nucleotide sequence defined in any of a) — e) by the degeneracy of the genetic code;

wherein said nucleic acid molecule as defined in any of a) — f) upon expression in a plant

or plant part, leads to a modified seed vigour.

In a 2" embodiment, the present invention provides a polynucleotide, particularly an
isolated polynucleotide, according to embodiment 1, comprising a nucleic acid molecule
selected from the group further consisting of

. a nucleic acid molecule comprising a nucleotide sequence as depicted in SEQ ID NO: §

(truncated A12 allele of BolC.VG2.b);

a nucleic acid molecule comprising a nucleotide sequence as depicted in SEQ ID NO: 6
(truncated GD33 allele of BolC.VG2.b);

a nucleic acid molecule comprising a nucleotide sequence the complementary strand of
which hybridizes to the nucleic acid molecule of any of a) — b); ,
a nucleic acid molecule comprising a nucleotide sequence that deviates from the

nucleotide sequence defined in any of a) — ¢) by the degeneracy of the genetic code;

5
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wherein said nucleic acid molecule as defined in any of a) — d) upon expression in a plant

or plant part, leads to a modified seed vigour.

In a 3™ embodiment, the present invention provides a polynucleotide, particularly an
isolated polynucleotide, comprising a nucleic acid molecule selected from the group

consisting of

nucleic acid molecule comprising a nucleotide sequence that has at least 60% sequence
identity to any of the sequences as depicted in the group comprising : SEQ ID NO:1, SEQ
ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5 and SEQ ID NO:6;

nucleic acid molecule comprising a nucleotide sequence that has at least 80% sequence
identity to any of the sequences as depicted in the group comprising : SEQ ID NO:1, SEQ
ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5 and SEQ ID NO:6;

nucleic acid molecule comprising a nucleotide sequence that has at least 90% sequence
identity to any of the sequences as depicted in the group comprising : SEQ ID NO:1, SEQ
1D NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5 and SEQ ID NO:6;

nucleic acid molecule comprising a nucleotide sequence that has at least 95% sequence
identity to any of the sequences as depicted in the group comprising : SEQ ID NO:1, SEQ
ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5 and SEQ ID NO:6;

nucleic acid molecule comprising a nucleotide sequence that has at least 98% sequence
identity to any of the sequences as depicted in the group comprising : SEQ ID NO:1, SEQ
ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5 and SEQ ID NO:6;

nucleic acid molecule comprising a nucleotide sequence the complementary strand of
which hybridizes to the nucleic acid molecule of any of a) —e); '

nucleic acid molecule comprising a nucleotide sequence that deviates from the nucleotide
sequence defined in any of a) — f) by the degeneracy of the genetic code;

wherein said nucleic acid molecule as defined in any of a) — g) upon expression in a plant
or plant part, leads to a modified seed vigour.

In a 4" embodiment, the present invention relates to a polynucleotide according to first,
second or third embodiment, wherein the modified seed vigour phenotype is characterized

by a further phenotype selected in the group comprising : modified speed of germination,

-modified speed of seedling emergence, modified uniformity of seed germination, modified

6
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uniformity of seedling emergence, modified percentage of seed germination, modified
tolerance of the seed vis-a-vis external environmental and/or maternal conditions, modified

sensitivity to ABA or modified content of ABA.

In a 5" embodiment, the present invention relates to a polynucleotide, particularly an
isolated polynucleotide, comprising a nucleic acid molecule selected in the group
comprising: '

a. a nucleic acid molecule comprising a nucleotide sequence as depicted in SEQ ID NO:
3; “

b. a nucleic acid molecule comprising a nucleotide sequence as depicted in SEQ ID NO:
4,

c. a nucleic acid molecule comprising a nucleotide sequence as depicted in SEQ ID NO:
6;

d. a nucleic acid molecule comprising a nucleotide sequence the complementary strand of

“which hybridizes to the nucleic acid molecule of any of a) — ¢) ;

e. a nucleic acid molecule comprising a nucleotide sequence that deviates from the
nucleotide sequence defined in any of a) — d) by the degeneracy of the genetic code;

wherein said nucleic acid molecule as defined in any of a) — €) upon expression in a plant

or plant part, leads to an increased seed vigour.

In the context of the present invention, the expression “increased seed vigour” means that
the speed of germination of the seed may be modified in the sense that the seed
germinates faster and is thus more vigorous. In one particular embodiment the speed of
germination is increased allowing seeds to be obtained that germinates faster thanks to
the presence of a polynucleotide accbrding to the present invention in its genome as
compared to a seed that does not comprise said polynucleotide. Such an increased speed
of germination results in a significant earlier seedling emergence and thus provides the
seeds with enhanced flexibility and better adaptation to various environments. The 2
genes that were identified were found to have a sign’ificant germination phenotype
indicating these genes are regulators of germination to different extent. The allele

~ corresponding to the polynucleotide of SEQ ID NO: 3 and SEQ ID NO: 4 (GD33 alleles of

the genes) according to the present invention has been proven to correspond to

7
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phenotype of increased seed vigour and thus allow to modify the speed of germination of
plant seed in which it is introgressed into towards and increased speed of germination.

In a 6" embodiment, the present invention relates to a polynucleotide according to
embodiment 5, wherein the increased seed vigour phenotype is characterized by a further
phenotype selected in the group comprising: increased speed of germination, increased
speed of seedling emergence, increased uniformity of seed germination, increased
uniformity of seedling emergence, increased percentage of seed germination, increased
tolerance of the seed vis-a-vis external environmental and/or maternal conditions,

decreased sensitivity to ABA or decreased content of ABA.

In a 7" embodiment, the present invention relates to a polynucleotide, particularly an
isolated polynucleotide, comprising a nucleic acid molecule selected in the group
comprising:

a nucleic acid molecule comprising a nucleotide sequence as depicted in SEQ ID NO: 1;

- a nucleic acid molecule comprising a hucleotide sequence as depicted in SEQ ID NO: 2;

a nucleic acid molecule comprising a nucleotide sequence as depicted in SEQ ID NO: 5;

a nucleic acid molecule comprising a nucleotide sequence the complementary strand of
which hybridizes to the nucleic acid molecule of any of a) to c¢) ;

a nucleic acid molecule comprising a nucleotide sequence that deviates from the
nucleotide sequence defined in any of a) — d) by the degeneracy of the genetic code;
wherein said nucleic acid molecule as defined in any of a) — ) upon expression in a plant

or plant part, leads to a decreased seed vigour.

In an 8" embodiment, the present invention provides an expression cassette comprising a

polynucleotide of any of the preceding embodiments.

In a 9" embodiment, the present invention provides a vector molecule comprising the

expression cassette according to the 8™ embodiment.

In a 10" embodiment, the present invention relates to the use of a polynucleotide
according to embodiments 1 to 3 for modifying seed vigour.

In a 11" embodiment, the present invention relates to a method for modifying the seed
vigour comprising introgressing through crossing or by plant transformation techniques to

8
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and expressing in a plant or plant part a polynucleotide, an expression cassette or a vector

molecule of any of embodiments 1 to 10.

In a 12" embodiment, the present invention relates to a method for producing seed with
modified seed vigour comprising:

. obtaining a first plant verified to contain the polynucleotide of any of embodiments 1 to 7; .

b. crossing said first plant with a second plant verified to lack the said polynucleotide ; and
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identifying a plant seed resulting from the cross exhibiting a modified seed vigour as
compared to seeds delivered by the second plant.

In a 13" embodiment, the present inventio’n relates to a plant or plant part which contains
within its genbme an introgression comprising the polynucleotide, the expression cassette
or the vector molecule of any of embodiments 1 to 9 and exhibits a modification of seed
vigdur as compared to a plant or plant part that does not comprise the said polynucleotide,

expression cassette or vector molecule.

In a 14™ embodiment, the present invention relates to a plant or plant part which contains
within'its genome an introgression comprising a polynucleotide according to embodiment 5
and exhibits an increased seed vigour as compared to a seed delivered by a plant or plaht
part that does not comprise the said polynucleotide.

In a 15" embodiment, the present invention relates to a plant or plant part which contains
within its genome an introgression comprising a polynucleotide according to embodiment 7
and exhibits a decreased seed vigour as compared to a seed delivered by a plant or plant

part that does not comprise thé said polynucleotide.

In a 16™ embodiment, the invention provides a method for selecting plant or plant part with
modified seed vigour, comprising the detection in the plant or plant part to be tested of the
presence or absence of a polynucleotide according to any of embodiments 1 to 7.

In a 17" embodiment, the invention provides a method for selecting plant or plant parts
with modified seed vigour, comprising contacting candidate plant or plant part with a
selection tool selected from the group comprising the polynucleotides of any of
embodiments 1 to 7.

In a 18" embodiment, the present invention relates to plant or plant part according to any
of the preceding claims that are cultivated plant or cultivated plant part and are selected in
the group comprising Brassica oleracea, Brassica napus, Brassica rapa, Brassica

campestris, Brassica juncea, Brassica nigra, Brassica pekinensis, Brassica chinensis,

9
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Brassica rosularis, Eruca vesicaria, Eruca sativa, Raphanus sativus, Lepidium sativum,

Nasturtium officinale, Wasabia japonica.

In a 19" embodiment, the invention provides a non biological method for obtaining plant or
plant part with modified seed vigour, comprising introducing a polynucleotide according to

any of embodiments 1 to 7 into the genome of said plant or plant part.

Aln an embodiment 20, the invention relates to the method according to embodiment N°16

comprising (a) obtaining a first plant verified to contain the polynucleotide of any of
embodiments 1 to 7; (b) crossing said first plant with a second plant verified to lack the

said polynucleotide; and (c) identifying a plant resulting from the cross exhibiting modified

. seed vigour, and containing the said polynucleotide.

In an embodiment 21, the invention relates to the method according to embodiment 20;
wherein presence of the polynucleotide is verified by use of a molecular marker,
particularly by a molecular marker physically located in a position that is within or outside

the genetic locus containing the polynucleotide.

In an embodiment 22, the invention relates to the method according to embodiment 20,
wherein presence of the polynucleotide is verified by use of at least two molecular
markers, particularly by at least two molecular markers physidally located in a position that

is flanking the genetic locus containing the polynucleotide.

In an embodiment 23, the invention relates to a seed comprising a polynucleotidé

according to embodiments 1 to 7, wherein the said seed is coated with any type of coating. -

In an embodiment 24, the invention relates to a plant or plant part according to
embodiments 13 to 18, wherein the plant is a hybrid plant.

In an embodiment 25, the invention relates to a plant or plant part according to
embodiment 24 obtainable from seed deposited at NCIMB under deposit number NCIMB
41951, or progeny thereof.

10
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DETAILED DESCRIPTION OF THE INVENTION

The polynucleotides sequences according to the previous embodiment have been
identified in and isolated from a Brassica oleracea plant with different seed vigour

‘phenotypes. Alleles with the polynucleotide sequences according to the present invention

were introgressed into a plant with different seed quality and different seed vigour. Thanks
to the introgression of any of the polynucleotide sequence according to the present
invention, seed vigour is significantly modified and consequently plant or plant part quality,
particularly seed quality of the plant was significantly modified, particularly seed vigour, as
highlighted by the speed of germination. In one embodiment the seed was able to
germinate better and quicker, particularly in cold conditions, showing more robust seed
quality. The introgression of a polynucleotide sequence according to embodiment 5 allows
to obtain seed quality of the plant less susceptible to seed production environment. This
means that the introgression of the polynucleotide sequences according to the present
invention enables delivery of consistent seed quality from conventional seed production.

Introduction of the polynucleotide sequences according to the present invention in
commercial cultivated plant, particularly cultivated Brassica plants, more particularly
cultivated Brassica oleracea plants, will ensure more reliable production of seed with
sufficient seed quality. This will significantly increase operational flexibility. '
Hybrid seeds that comprise any of the polynucleotide sequences according to the present
invention exhibit a more uniform stand establishment, especially under adverse conditions.
This will definitively add value to the commercial seed product.

Seed Deposit details

The following seed samples were deposited with NCIMB, Ferguson Building, Craibstone
Estate, Bucksburn, Aberdeen AB21 9YA, Scotland, UK, on April 4th, 2012 under the
provisions of the Budapest Treaty in the name of Syngenta Participations AG:

NCIMB 41950 Brassica oleracea A12
NCIMB 41951 Brassica oleracea SL101

11
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Definitions

The technical terms and expressions used within the scope of this application are
generally to be given the meaning commonly applied to them in the pertinent art of genetic
engineering in plants, plant breeding and cultivation if not otherwise indicated herein

below.

As used in this specification and the appended claims, the singular forms "a”, "an", and
"the" include plural referents unless the context clearly dictates otherwise. Thus, for
example, reference to "a plant” includes one or more plants, and reference to "a cell"
includes mixtures of cells, tissues, and the like.

A “cultivated plant”, particularly “cultivated Brassica plant”, more particularly “cultivated
Brassica oleracea plant” is understood within the scope of the ‘in_vention to refer to a plant
that is no longer in the natural state but has been developed by human care and for
human use and/or growing purposes and/or consumption. “Cultivated plant”, particularly
“cultivated Brassica plant”, more particularly “cultivated Brassica oleracea plant” are further
understood to exclude those wild-type species which comprise the trait being subject of

this invention as a natural trait and/or part of their natural genetics.

An “allele” is understood within the scope of the invention to refer to alternative or variant
forms of various genetic units identical or associated with different forms of a gene or of
any kind of identifiable genetic element, which are alternative in inheritance because they

- are situated at the same locus in homologous chromosomes. Such alternative or variant

forms may be the result of single nucleotide polymorphisms, insertions, inversions,
translocations or deletions, or the consequence of gene regulation caused by, for example,
by chemical or structural modification, transcription regulation or post-translational
modification/regulation. In a diploid cell or organism, the two alleles of a given gene or
genetic element typically occupy corresponding loci on a pair of homologous

chromosomes.

A “truncated” allele of a gene is meant within the present invention to represent an allele of

~ a gene that has lost single or multiple partial nucleotide sequences when compared with

its full-length gene allele counterpart.

12
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An allele associated with a qualitative trait may comprise alternative or variant forms of
various genetic units including those that are identical or associated with a single gene or
multiple genes or their products or even a gene disrupting or controlled by a genetic factor

contributing to the phenotype represented by the locus.

As used herein, the term “marker allele” refers to an alternative or variant form of a genetic
unit as defined herein above, when used as a marker to locate genetic loci containing

alleles on a chromosome that contribute to variability of phenotypic traits.

As used herein, the term “breeding”, and grammatical variants thereof, refer to any
process that generates a progeny individual. Breedings can be sexual or asexual, or any
combination thereof. Exemplary non-limiting types of breedings include crossings, selfings,
doubled haploid derivative generation, and combinations thereof, which all are known
techniques to the person skilled in the art.

“Backcrossing” is understood within the scope of the invention to refer to a process in
which a hybrid progeny is repeatedly backcrossed back to one of the parents. Diff_erent _
“recurient parents may be used in subsequent backcrosses. Recombinant lines can be
produced by selfing the offspring resulting from backcrossing.

“Locus” is understood within the scope of the invention to refer to a region on a
chromosome, which comprises a gene or any other genetic element or factor contributing

to a trait.

“Introgression” (or introgressed) is understood within the scope of the present invention to
refer to a movement of gene or segment(s) of nucleic acid from a species into the gene
pool of another species, or from a line into the gene pool of another line within the same
species. Introgression may be achieved by sexual crossing, sexual hybridization or by

genetic transformation.

As used herein, “marker locus” refers to a region on a chromosome, which comprises a
nucleotide or a polynucleotide sequence that is present in an individual's genome and that
is associated with one or more loci of interest, which may which comprise a gene or any
other genetic element or factor contributing to a trait. “Marker locus” also refers to a region
on a chromosome, which comprises a polynucleotide sequence complementary to a

genomic sequence, such as a sequence of a nucleic acid used as probes.

For the purpose of the present invention, the term "segregation" or “co-segregation” refers
to the fact that the allele for the trait and the allele(s) for the marker(s) tend to be
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transmitted together because they are physically close together on the same chromosome
(reduced recombination between them because of their physical proximity) resulting in a
non-random association of their alleles as a result of their proximity on the same
chromosome. "Co-segregation" also refers to the presence of two or more traits within a
single plant of which at least one is known to be genetic and which cannot be readily

explained by chance.

As used herein, the phrase "genetic marker" or “marker” refers to a feature of an
individual’s genome (e.g., a nucleotide or a polynucleotide sequence that is present in an
individual’'s genome) that is associated with one or more loci of interest. In some
embodiments, a genetic marker is polymorphic in a population of interest, or the locus
occupied by the polymorphism, depending on context. Genetic markers include, for
example, single nucleotide polymorphisms (SNPs), indels (i.e., insertions/deletions),
simple sequence repeats (SSRs), restriction fragment length polymorphisms (RFLPs),
random amplified polymorphic DNAs (RAPDs), cleaved amplified polymorphic sequence
_(CAPS) markers, Diversity Arrays Technology .(DArT) markers, and amplified fragment
length polymorphisms (AFLPs), among many other examples. Genetic markers can, for -
example, be used to locate genetic loci containing alleles on a chromosome that contribute
to variability of phenotypic traits. The phrase “genetic marker” or “marker” can also refer to
a polynucleotide sequence complementary to a genomic sequence, such as a sequence of

a nucleic acid used as probes.

A “genetic marker” or “marker” can be physically located in a position on a chromosome
that is within or outside of to the genetic locus with which it is associated (i.e., is intragenic
or extragenic, respectively). Stated another way, whereas “genetic markers” or “markers”
are typically employed when the location on a chromosome of the gene or of a functional
mutation, e.g. within a control element outside of a gene, that corresponds to the locus of
interest has not been identified and there is a non-zero rate of recombination between the
“genetic marker” or “marker” and the locus of interest, the presently disclosed subject
matter can also employ “genetic markers” or “markers” that are physically within the
boundaries of a genetic locus (e.g., inside a genomic sequence that corresponds to a gene
such as, but not limited to a polymorphism within an intron or an.exon of a gene). In some
embodiments of the presently disclosed subject matter, the one or more “genetic markers”
or “markers” comprise between one and ten markers, and in some embodiments the one
or more genetic markers comprise more than ten genetic markers.
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As used herein, the term "genotype" refers to the genetic constitution of a cell or organism.
An individual's "genotype for a set of genetic markers" includes the specific alleles, for one
or more genetic marker loci, present in the individual's haplotype. As is known in the art, a
genotype can relate to a single locus or to multiple loci, whether the loci are related or
unrelated and/or are linked or unlinked. In some embodiments, an individual’'s genotype
relates to one or more genes that are related in that the one or more of the genes are
involved in the expression of a phenotype of interest. Thus, in some embodiments a
genotype comprises a summary of one or more alleles present within an individual at one
or more genetic loci of a quantitative trait. In some embodiments, a genotype is expressed
in terms of a haplotype.

As used herein, the term "linkage", and grammatical variants thereof, refers to the
tendency of alleles at different loci on the same chromosome to segregate together more
often than would be expected by chance if their transmission were independent, in some
embodiments as a consequence of their physical proximity.

For example polynucleotlde sequence as used herein refers to all forms of naturally

_ occurrmg or recomblnantly generated types of nucleic aC|ds and/or nucleotide sequences

as well as to chemically synthesized nucleic acids/nucleotide sequences. This term also
encompasses nucleic acid analogs and nucleic acid derivatives such as, e. g., locked
DNA, RNA, cDNA, PNA, oligonucleotide thiophosphates and substituted ribo-
oligonucleotides. Furthermore, the term “polynucleotide sequence” also refers to any
molecule that comprises nucleotides or nucleotide analogs. The phrase "nucleic acid" or
“polynucleotide” refers to any physical string of monomer units that can be corresponded
to a string of nucleotides, including a polymer of nucleotides (e.g., a typical DNA, cDNA or
RNA polymer), optionally containing synthetie, non-natural or altered nucleotide bases
capable of incorporation into DNA or RNA polymers, modified oligonucleotides (e.g.,
oligonucleotides comprising bases that are not typical to biological RNA or DNA, such as
2'-O-methylated oligonucleotides), and the like. The term "polynucleotide” is understood
herein to refer to polymeric rholecule of high molecular weight which can be single-
stranded or double-stranded, multi-stranded, or combinations thereof, composed of
monomers (nucleotides) containing a sugar, phosphate and a base which is either a purine
or pyrimidine. Unless otherwise indicated, a particular nucleic acid sequence of the
presently disclosed subject matter optionally comprises or encodes complementary
sequences, in addition to any sequence explicitly indicated.

Preferably, the term “polynucleotide sequence” refers to a nucleic acid molecule, i.e.
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deoxyribonucleic acid (DNA) and/ or ribonucleic acid (RNA). The “polynucleotide
sequence” in the context of the present invention may be made by synthetic chemical
methodology known to one of ordinary skill in the art, or by the use of recombinant
technology, or may be isolated from natural sources, or by a combination thereof. The
DNA and RNA may optionally comprise unnatural nucleotides and may be single or double
stranded. “Polynucleotide sequence” also refers to sense and anti-sense DNA and RNA,
that is, a polynucleotide sequence which is complementary to a specific sequence of
nucleotides in DNA and/or RNA. Furthermore, the term “polynucleotide sequence” may
refer to DNA or RNA or hybrids thereof or any modification thereof that is known in the
state of the art (see, e.g., US 5525711, US 4711955, US 5792608 or EP 302175 for
examples of modifications). The polynucleotide sequence may be single- or double-
stranded, linear or circular, natural or synthetic, and without any size limitation. For
instance, the polynucleotide sequence may be genomic DNA, cDNA, mRNA, antisense
RNA, ribozymal or a DNA encoding such RNAs or chimeroplasts (Gamper, Nucleic Acids

Research, 2000, 28, 4332 — 4339). Said polynucleotide sequence may be in the form of a

‘plasmid or of viral DNA or RNA. “Polynuclectide sequence” may also refer to (an)

oligonucleotide(s), wherein any of the state of the art modifications such as
phosphothioates or peptide nucleic acids (PNA) are included.

A "polynucleotide fragment" is a fraction of a given polynucleotide molecule or of a
“polynucleotide sequence”. In higher plants, deoxyribonucleic acid (DNA) is the genetic
material while ribonucleic acid (RNA) is involved in the transfer of information contained
within DNA into proteins. A "genome" is the entire body of genetic material contained in
each cell of an organism.

Unless otherwise indicated, a particular nucleic acid sequence of this invention also
implicitly encompasses conservatively modified variants thereof (e.g. degenerate codon
substitutions) and complementary sequences and as well as the sequence explicitly
indicated. Specifically, degenerate codon substitutions may be achieved by generating
sequences in which the third position of one or more selected (or all) codons is substituted
with mixed-base and/or deoxyinosine residues (Batzer ef al., 1991; Ohtsuka et al., 1985;
Rossolini et al., 1994). The term polynucleotide is used interchangeably with nucleic acid,
nucleotide sequence and may include genes, cDNAs, and mRNAs encoded by a gene,

etc.

The polynucleotide of the invention is understood to be provided in isolated form. The term
16
SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 2013/127809 PCT/EP2013/053845

“isolated” means that the polynucleotide disclosed and claimed herein is not a
polynucleotide as it occurs in its natural context, if it indeed has a naturally occurring
counterpart. Accordingly, the other compounds of the invention described further below
are understood to be isolated. If claimed in the context of a plant genome, the
polynucleotide of the invention is distinguished over naturally occurring counterparts by the
insertion side in the genome and the flanking sequences at the insertion side.

As used herein, the term "gene" refers to any segment of nucleic acid associated with a
biological function. Thus, genes include coding sequences and/or the regulatory
sequences required for their expression. For example, gene refers to a nucleic acid
fragment that expresses mMRNA or functional RNA, or encodes a specific protein, and
which includes regulatory sequences. Genes also include non-expressed DNA segments
that, for example, form recognition sequences for other proteins. Genes can be obtained
from a variety of sources, including cloning from a source of interest or synthesizing from
known or predicted sequence information, and may include sequences designed to have

__desired parameters.

“Marker-based selection” is understood within the scope of the invention to refer to e.g. the
use of genetic markers to detect one or more nucleic acids from the plant, where the
nucleic acid is' associated with a desired trait to identify plants that carry genes for
desirable (or undesirable) traits, so that those plants can be used (or avoided) in a

selective breeding program. A "marker gene" encodes a selectable or screenable trait.

Suitable markers used within the invention may, for example, be selected from the group
consisting of single nucleotide polymorphism (SNP) markers, indel (ie.,
insertions/deletions) markers, simple sequence repeat (SSR) markers, restriction fragment
length polymorphism (RFLP) markers, random amplified polymorphic DNA (RAPD)
markers, cleaved amplified polymorphic sequence (CAPS) markers, Diversity Arrays
Technology (DArT) markers, and amplified fragment length polymorphisms (AFLPs)

“markers.

For example, RFLP involves the use of restriction enzymes to cut chromosomal DNA at
specific short restriction sites, polymorphisms result from duplications or deletions between

the sites or mutations at the restriction sites.
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RAPD utilizes low stringency polymerase chain reaction (PCR) ampilification with single
primers of arbitrary sequence to generate strain-specific arrays of anonymous DNA
fragments. The method requires only tiny DNA samples and analyses a large number of

polymorphic loci.

AFLP requires digestion of cellular DNA with a restriction enzyme(s) before using PCR
and selective nucleotides in the primers to amplify specific fragments. With this method,
using electrophoresis techniques to visualize the obtained fragments, up to 100
polymorphic loci can be measured per primer combination and only small DNA sample are

required for each test.

SSR analysis is based on DNA micro-satellites (short-repeat) sequences that ére widely
dispersed throughout the genome of eukaryotes, which are selectively amplified to detect
variations in simple sequence repeats. Only tiny DNA samples are required for an SSR
analysis. SNPs use PCR extension assays that efficiently pick up point mutations. The
procedure requires little DNA per sample. One or two of the above methods may be used

in a typical marker-based selection breeding program.”

The most preferred method of achieving amplification of nucleotide fragments that span a
polymorphic region of the plant genome employs the polymerase chain reaction ("PCR")
(Mullis et al., Cold Spring Harbor Symp. Quant. Biol. 51:263 273 (1986)), using primer
pairs involving a forward primer and a backward primer that are capable of hybridizing to
the proximal sequences that define a polymorphism in its double-stranded form. As
disclosed herein, such primers may be used for fine mapping, map-based cloning and for

expression analysis.

“Microsatellite or SSRs (Simple sequence repeats) Marker” is understood within the scope
of the invention to refer to a type of genetic marker that consists of numerous repeats of
short sequences of DNA bases, which are found at loci throughout the plant's genome and

have a likelihood of being highly polymorphic.

“PCR (Polymerase chain reaction)” is understood within the scope of the invention to refer
to a method of producing relatively large amounts of specific regions of DNA or subset(s)
of the genome, thereby making possible various analyses that are based on those regions.

“PCR primer” is understood within the scope of the invention to refer to relatively short
fragments of single-stranded DNA used in the PCR amplification of specific regions of
DNA.
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“Phenotype” is understood within the scope of the invention to refer to a distinguishable

characteristic(s) of a genetically contrdlled trait.

As used herein, the phrase "phenotypic trait" refers to the appearance or other detectable
characteristic of an individual, resulting from the interaction of its genome, proteome

and/or metabolome with the environment.

“Polymorphism” is understood within the scope of the invention to refer to the presence in
a population of two or more different forms of a gene, genetic marker, or inherited trait or a
gene product obtainable, for example, through alternative splicing, DNA methylation, etc.

“Probe” as used herein refers to a group of atoms or molecules which is capable of
recognising and binding to a specific target molecule or cellular structure and thus allowing
detection of the target molecule or structure. Particularly, “probe” refers to a labelled DNA
or RNA sequence which can be used to detect the presence of and to quantify a

complementary sequence by molecular hybridization.

Such polynucleotide sequences being capable of hyrbridizi‘n‘g_ may be identified and

isolated by using thé polynucleotide sequences described herein or parts or reverse
complements thereof, for instance by hybridization according to standard methods (see for
instance Sambrook and Russell (2001), Molecular Cloning: A Laboratory Manual, CSH
Press, Cold Spring Harbor, NY, USA). Nucleotide sequences comprising the same or
substantially the same nucleotide sequences as indicated in the listed SEQ ID NO 1, 2 or
3, or parts/fragments thereof, can, for instance, be used as hybridization probes. The
fragments used as hybridization probes can also be vsynthetic fragments which are
prepared by usual synthesis techniques, the sequence of which is substantially identical
with that of a nucleotide sequence according to the invention.

The term "hybridize" as used herein refers to conventional hybridization conditidns,
preferably to hybridization conditions at which 5xSSPE, 1% SDS, 1xDenhardts solution is
used as a solution and/or hybridization temperatures are between 35°C and 70°C,
preferably 65°C. After hybridization, washing is preferably carried out first with 2xSSC, 1%
SDS and subsequently with 0.2xSSC at temperatures between 35°C and 75°C,
particularly between 45°C and 65°C, but especially at 59°C (regarding the definition of
SSPE, SSC and Denhardts solution see Sambrook et al. loc. cit.). High stringenéy
hybridization conditions as for instance described in Sambrook et al, supra, are particularly

preferred. Particularly preferred stringent hybridization conditions are for instance present
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if hybridization and washing occur at 65°C as indicated above. Non-stringent hybridization
conditions for instance with hybridization and washing carried out at 45°C are less
preferred and at 35°C even less.

“Sequence Homology or Sequence Identity” is used herein interchangeably. The terms
"identical" or percent "identity" in the context of two or more nucleic acid or protein
sequences, refer to two or more sequences or sub-sequences that are the same or have a
specified percentage of amino acid residues or nucleotides that are the same, when
compared and aligned for maximum correspondence, as measured using one of the
following sequence comparison algorithms or by visual inspection. For example, this term
is used herein in the context of a nucleotide sequence which has a homology, that is to
say a sequence identity, of at least 50%, 55%, 60%, preferably of at least 70%, 75% more
preferably of at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94, 95%,
96%, 97%, 98%, and even most preferably of at least 99% to another, preferably entire,
nucleotide sequence.

If two_sequences_which are to be compared-with- each other differ in length, sequence --

identity preferably relates to the percentage of the nucleotide residues of the shorter
sequence which are identical with the nucleotide residues of the longer sequence. As used
herein, the percent identity/homology between two sequences is a function of the number
of identical positions shared by the sequences (i.e., % identity = # of identical positions/
total # of positions x 100), taking into account thé number of gaps, and the length of each
gap, which need to be introduced for optimal alignment of the two sequences. The
comparison of sequences and determination of percent identity between two sequences
can be accomplished using a mathematical algorithm, as described herein below. For
example, sequence identity can be determined conventionally with the use of computer
programs such as the Bestfit program (Wisconsin Sequence Analysis Package, Version 8
for Unix, Genetics Computer Group, University Research Park, 575 Science Drive
Madison, WI 63711). Bestfit utilizes the local homology algorithm of Smith and Waterman,
Advances in Applied Mathematics 2 (1981), 482-489, in order to find the segment having
the highest sequence identity between two sequences. When using Bestfit or another
sequence alignment program to determine whether a particular sequence has for instance
95% identity with a reference sequence of the present invention, the parameters are
preferably so adjusted that the percentage of identity is calculated over the entire length of
the reference sequence and that homology gaps of up to 5% of the total number of the
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nucleotides in the reference sequence are permitted. When using Bestfit, the so-called
optional parameters are preferably left at their preset ("default") values. The deviations
appearing in the comparison between a given sequence and the above-described
sequences of the invention may be caused for instance by addition, deletion, substitution;,
insertion or recombination. Such a sequence comparison can preferably also be carried
out with the program “fasta20u66” (version 2.0u66, September 1998 by Wiliam R.

- Pearson and the University of Virginia; see also W.R. Pearson (1990), Methods in

Enzymology 183, 63-98, appended examples and http://workbench.sdsc.edu/). For this

purpose, the "default" parameter settings may be used.

Another indication that two nucleic acid sequences are substantially identical is that the
two molecules hybridize to each other under stringent conditions. The phrase: "hybridizing
specifically to" refers to the binding, duplexing, or hybridizing of a molecule only to a
particular nucleotide sequence under stringent conditions when that sequence is present
in a complex mixture (e.g., total cellular) DNA or RNA. "Bind(s) substantially" refers to
complementary hybridization between a probe nucleic acid and a target nucleic acid and
embraces minor mismatches that can be accommodated by reducing the stringency of the

hybridization media to achieve the desired detection of the target nucleic acid sequence.

"Stringent hybridization conditions” and "stringent hybridization wash conditions" in the
context of nucleic acid hybridization experiments such as Southern and Northern
hybridizétions are sequence dependent, and are different under different environmental
parameters. Longer sequences hybridize specifically at higher temperatures. An extensive
guide to the hybridization of nucleic acids is found in Tissen (1993) Laboratory
Techniques in Biochemistry and Molecular Biology-Hybridization with Nucleic Acid Probes
part | chapter 2 "Overview of principles of hybridization and the strategy of nucleic acid
probe assays" Elsevier, New York. Generally, highly stringent hybridization and wash
conditions are selected to be about 5° C lower than the thermal melting point for the
specific sequence at a defined ionic strength and pH. Typically, under "stringent

conditions" a probe will hybridize to its target subsequence, but to no other sequences.

The thermal melting point is the temperature (under defined ionic strength and pH) at
which 50% of the target sequence hybridizes to a perfectly matched probe. Very stringent
conditions are selected to be equal to the melting temperature (T.sub.m) for a particular
probe. An example of stringent hybridization conditions for hybridization of complementary

nucleic acids which have more than 100 complementary residues on a filter in a Southern
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or northern blot is 50% formamide with 1 mg of heparin at 42°C., with the hybridization
being carried out overnight. An example of highly stringent wash conditions is 0.1 5M NaCl
at 72°C for about 15 minutes. An example of stringent wash conditions is a 0.2 times SSC
wash at 65°C for 15 minutes (see, Sambrook, infra, for a description of SSC buffer). Often,
a high stringency wash is preceded by a low stringency wash to remove background probe
signal. An example medium stringency wash for a duplex of, e.g., more than 100
nucleotides, is 1 times SSC at 45°C for 15 minutes. An example low stringency wash for a
duplex of; e.g., more than 100 nucleotides, is 4-6 times SSC at 40°C for 15 minutes. For
short probes (e.g., about 10 to 50 nucleotides), stringent conditions typically involve salt
concentrations of less than about 1.0M Na ion, typically about 0.01 to 1.0 M Na ion
concentration (or other salts) at pH 7.0 to 8.3, and the temperature is typically at least
about 30°C. Stringent conditions can also be achieved with the addition of destabilizing
agents such as formamide. In general, a signal to noise ratio of 2 times (or higher) than
that observed for an unrelated probe in the particular hybridization assay indicates

detection of a specific hybridization. Nucleic acids that do not hybridize to each other

“Under stringent conditions are still substantially identical if the proteins that they encode

are substantially identical. This occurs, e.g. when a copy of a nucleic acid is created using
the maximum codon degeneracy permitted by the genetic code.

A "plant" is any plant at any stage of development, particularly a seed plant.

A ‘“plant part” as used herein refers to structural and/or functional sub-units of a plant
including, but not limited to, plant cells, plant tissues, plant material, plant organs,
harvestable plant parts, etc..., as defined herein below.

A “harvestable plant part’ is a part of a plant refers to those parts of the plant that are
harvested at any suitable time and may be further processed for industrial use or

consumption including flowers, fruits, leafs, seeds, fibres, etc.

A "plant cell" is a structural and physiological unit of a plant, comprising a protoplast and a
cell wall. The plant cell may be in form of an isolated single cell or a cultured cell, or as a
part of higher organized unit such as, for example, plant tissue, a plant organ, or a whole
plant.

"Plant cell culture" means cultures of plant units such as, for example, protoblasts, cell
culture cells, cells in plant tissues, pollen, polien tubes, ovules, embryo sacs, zygotes and
embryos at various stages of development.
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"Plant material" or “plant material obtainable from a plant’ refers to leaves, stems, roots,
flowers or flower parts, fruits, pollen, egg cells, zygotes, seeds, cuttings, cell or tissue
cultures, or any other part or product of a plant.

A "plant organ" is a distinct and visibly structured and differentiated part of a plant such as

" a root, stem, leaf, flower bud, or embryo.

"Plant tissue" as used herein means a group of plant cells organized into a structural and
functional unit. Any tissue of a plant in planta or in culture is included. This term includes,
but is not limited to, whole plants, plant organs, plant seeds, tissue culture and any groups
of plant cells organized into structural and/or functional units. The use of this term in
conjunction with, or in the absence of, any specific type of plant tissue as listed above or
otherwise embraced by this definition is not intended to be exclusive of any other type of
plant tissue.

As used herein, the term "population” means a genetically heterogeneous collection of

plants sharing a common genetic derivation.

‘As used herein, the term "variety” or "cultivar" means a group of similar plants that by

structural features and performance can be identified from other varieties within the same
species. ‘

As used herein, the term “plant transformation techniques” relates to the introduction of a
transgene, conferring a specific trait, into the host plant. The transgene is incorporated into
the host plant genome and stably inherited through future generations. The correct
regulatory sequences are added to the gene of interest i.e. promoters and terminators,
then the DNA is transferred to the plant cell culture using an appropriate vector. In some
embodiments, the gene is attached to a selectable marker which allows selection for the
presence of the transgene as described herein -above. Once the plant tissue has been
transfbrmed, the cells containing the transgene are selected and regeneration back into

whole plants is carried out.

Plant transformation can be carried out in a number of different ways for generating plant
hosts with delegated functions required making plant host competent for expression of the
sequence of interest, depending on the species of plant in question. For example,
Agrobacterium mediated transformation may be used to transform plants according to the
invention. Within this transformation method, plant or plant tissue (e.g. leaves) is cut into

small pieces, e.g. 10x10mm, and soaked for 10 minutes in a fluid containing suspended
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Agrobacterium containing a Ti-plasmid vector carried by Agrobacterium (US 5,591,616;
US 4,940,838; US 5,464,763). Placed on selectable rooting and shooting media, the plants

will regrow.

Non-Agrobacteridm techniques involve the uptake of exogenous genetic fnaterial directly
by protoplasts or cells. These techniques include, but are not limited to, PEG or
electroporation mediated uptake, particle bombardment-mediated delivery and
microinjection. Examples of these techniques are described in Paszkowski et al., EMBO J
3, 2717-2722 (1984), Potrykus et al., Mol. Gen. Genet. 199,169-177 (1985), Reich ef al.,
Biotechnology 4:1001-1004 (1986), and Klein et al., Nature 327,70-73 (1987). In each
case, the transformed cells are regenerated to whole plants using standard techniques.
For example, within particle bombardment particles of gold or tungsten are coated with
DNA and then shot into young plant cells or’ plant embryos (US 05100792; EP
00444882B1; EP 00434616B1). Some genetic material will stay in the cells and transform
them. This method may also be used to transform plant plastids. Further, electroporation
technique may- be used to- transform plants - according -to the invention. During
electroporation, transient holes are prepared in cell membranes using electric shock
allowing DNA to enter the cell. Another transformation technique within the invention may
be viral transformation (transduction). Here, the desired genetic material is packed into a
suitable plant virus and allow this modified virus to infect the plant. If the genetic material is
DNA, it can recombine with the chromosomes to produce transformed cells. However,
genomes of most plant viruses consist of single stranded RNA which replicates in the
cytoplasm of infected cell.

The transformation or genetically engineering of the plant or plant cell with a nucleotide
sequence or the vector according to the invention can be carried out by standard methods,
as for instance described in Sambrook and Russell (2001), Molecular Cloning: A
Laboratory Manual, CSH Press, Cold Spring Harbor, NY, USA. Moreover, the transgenic
plant cell of the present invention is cultured in nutrient media meeting the requirements of
the particular cell used, in particular in respect of the pH value, temperature, salt
concentration, aeration, antibiotics, vitamins, trace elements etc.

The term “vector” or “vector molecule”, as used herein, may comprise an expression
cassette which may comprise expression control sequences operably linked to said
polynucleotide. The vector(s) may be in the form of a plasmid, and can be used alone or in
combination with other plasmids, to provide transformed plants, using transformation
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methods as described below to incorporate transgenes into the genetic material of the
plant(s). Further vectors may comprise cosmids, viruses, bacteriophages and other
vectors commonly used in genetic engineering.

A "transgene" refers to a gene that has been introduced into the genome by transformation
and is stably maintained. Transgenes may include, for example, genes that are either
heterologous or homologous to the genes of a particular plant to be transformed.
Additionally, transgenes may comprise native genes inserted into a non-native organism,
or chimeric genes. |
"Coding sequence" refers to a DNA or RNA sequence that codes for a specific amino acid
sequence and excludes the non-coding sequences. It may constitute an "uninterrupted
coding sequence", i.e., lacking an intron, such as in a cDNA or it may include one or more
introns bounded by appropriate splice junctions. An "intron" is a sequence of RNA which is
contained in the primary transcript but which is removed through cleavage and re-ligation
of the RNA within the cell to create the mature mRNA that can be translated into a protein.
The term “expression cassette”, as used herein, may be made up of one or more
nucleotide sequences of the present invention in operable linkage with regulatory
nucleotide sequences controlling their expression. As known in the art, an expression
cassette may consist of a promoter sequence (promoter), an open reading frame or a
functional part thereof, a 3' untranslated region and a terminator sequence (terminator).
The cassette may be part of a vector molecule as described herein above. Different
expression cassettes can be transformed into plant or plant cells as long as the correct
regulatory sequences are used.

As used herein, the term "promoter” refers to a nucleotide sequence, usually upstream (5')
to its coding sequence, which controls the expression of the coding sequence by providing
the recognition for RNA polymerase and other factors required for proper transcription. A
“‘promoter” includes a minimal promoter that is a short DNA sequence comprised of a
TATA box and other sequences that serve to specify the site of transcription initiation, to
which regulatory elements are added for control of expression. Further, a "promoter" also
refers to a nucleotide sequence that includes a minimal promoter plus regulatory elements
that is capable of controlling the expression of a coding sequence or functional RNA. This
type of promoter sequence consists of proximal and more distal upstream elements, the
latter elements often referred to as enhancers. Accordingly, an "enhancer" is a DNA
sequence which can stimulate promoter activity and may be an innate element of the

promoter or a heterologous element inserted to enhance the level or tissue specificity of a
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promoter. It is capab|e of operating in both orientations (normal or flipped), and is capable
of functioning even when moved either upstream or downstream from the promoter. Both
enhancers and other upstream promoter elements bind sequence-specific DNA-binding
proteins that mediate their effects. Promoters may be derived in their entirety from a
native gene, or be composed of different elements derived from different promoters found
in nature, or even be comprised of synthetic DNA segments. A promoter may aiso contain
DNA sequences that are involved in the binding of protein factors which control the
effectiveness of transcription initiation in response to physiological or developmental
conditions.

The "initiation site" is the position surrounding the first nucleotide that is part of the
transcribed sequence, which is also defined as position +1. With respect to this site all
other sequences of the gene and its controlling regions are numbered. Downstream
sequences (i.e., further protein encoding sequences in the 3' direction) are denominated
positive, while upstream sequences (mostly of the controlling regions in the 5' direction)
are denominated negative. | -

“Profmoter eléments, particularly a TATA element, that are inactive or that have greatly
reduced promoter activity in the absence of upstream activation are referred to as "minimal
or core promoters". In the presence of a suitable transcription factor, the minimal promoter
functions to permit transcription. A “minimal or core promoter” thus consists only of all
basal elements needed for transcription initiation, e.g. a TATA box and/or an initiator.
According to the invention, the term “promoter” is a regulatory region of nucleic acid (e.g.
DNA) driving the transcription of a gene. Promoters are typically located near the genes
they regulate, on the same strand and upstream (towards the 5' region of the sense
strand). Several types of promoters are well known in the transformation arts, as are other
regulatory elements that can be used alone or in combination with other promoters. A
"plant promoter” is a promoter capable of initiating transcription in plant cells. Examples of
promoters under developmental control include "Tissue-specific promoter" relating to
regulated promoters that are not expressed in all plant cells but only in one or more cell
types in specific organs (such as leaves or seeds), specific tissues (such as embryo or
cotyledon), or specific cell types (such as leaf parenchyma or seed storage cells). These
also include promoters that are temporally regulated, such as in early or late
embryogenesis, during fruit ripening in developing seeds or fruit, in fully differentiated leaf,

or at the onset of senescence.
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A "cell type"-specific promoter or also called “inducible promoter” primarily drives
expression in certain cell types in one or more organs, for example, vascular cells in roots
or leaves by an external stimulus, such as a chemical, light, hormone,' stress, or a
pathogen.

"Constitutive expression" refers to expression using a constitutive or regulated promoter.
"Conditional" and "regulated expression" refer to expression controlled by a regulated
promoter.

"Constitutive promoter" refers to a promoter that is able to express the open reading frame
(ORF) that it controls in all or nearly all of the plant tissues during all or nearly all
developmental stages of the plant. Each of the transcription-activating elements do not
exhibit an absolute tissue-specificity, but mediate transcriptional activation in most plant
parts at a level of 21% of the level reached in the part of the plant in which transcription is
most active.

"Regulated promoter” refers to promoters that direct gene expression not constitutively,
but in a temporally- and/or spatially-regulated manner, and includes both tissue-specific
and inducible promoters. It includes natural and synthetic éequences as well as sequences
which may be a combination of synthetic and natural sequences. Different promoters may
direct the expréssion of a gene in different tissues or cell types, or at different stages of
development, or in response to different environmental conditions. New promoters of
various types useful in plant cells are constantly being discovered, numerous examples
may be found in the compilation by Okamuro et al. (1989). Typical regulated promoters
useful in plants include but are not limited to safener-inducible promoters, promoters
derived from the tetracycline-inducible system, promoters derived from salicylate-inducible
systems, promoters derived from alcohol-inducible systems, promoters derived from
glucocorticoid-inducible system, promoters derived from pathogen-inducible systems, and
promoters derived from ecdysome-inducible systems.

"Operably-linked" refers to the association of nucleic acid sequences on single nucleic acid
fragment so that the function of one is affected by the other. For example, a regulatory
DNA sequence is said to be "operably linked to" or "associated with" a DNA sequence that
codes for an RNA or a polypeptide if the two sequences are situated such that the
regulatory DNA sequence affects expression of the coding DNA sequence (i.e., that the
coding sequence or functional RNA is under the transcriptional control of the promoter).
Coding sequences can be operably-linked to regulatory sequences in sense or antisense

orientation.
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In the above context, the term “terminator” relates to a regulatory region of a DNA
sequence that marks the end of gene on genomic DNA for transcription and, thus, initiates
the termination of transcription of the respective gene.

"Expression”, as used herein, refers to the transcription and/or translation of an
endogenous gene, ORF or portion thereof, or a transgene in plants. For example, in the
case of antisense constructs, expression may refer to the transcription of the antisense
DNA only. In addition, expression refers to the transcription and stable accumulation of
sense (MRNA) or functional RNA. Expression may also refer to the production of protein.
"Overexpression” relates to the level of expression in transgenic cells or organisms that
exceeds levels of expression in normal or untransformed (non transgenic) cells or
organisms.

"Antisense inhibition" refers to the production of antisense RNA transcripts capable of
suppressing the expression of protein from an endogenous gene or a transgene.

"Gene silencing" refers to homology-dependent suppression of viral genes, transgenes, or
endogenous nuclear genes. Gene silencing may be transcriptional, when the suppression

" is due to decfeased transcripfion of the affected génes, or post-transcriptional, when the

suppression is due to increased turnover (degradation) of RNA species homologous to the
affected genes (English et al., 1996). Gene silencing includes virus-induced gene silencing
(Ruiz et al., 1998).

As used herein, the term “BAC(s)” stands for bacterial artificial chromosome and defines a
DNA construct, based on a functional fertility plasmid used for transforming and cloning in
bacteria, such as E. coli. BACs may be used to sequence the genome of organisms such
as plants. A short piece of the organism's DNA is amplified as an insert in BACs, and then
sequenced. Finally, the sequenced parts are rearranged in silico, resulting in the genomic

sequence of the organism.

As used herein, “increased seed vigour” refers to the ability of a seed to germinate rapidly,
in a uniform manner, and to achieve a high percentage of germination; to produce
seedlings that emerge rapidly from the soil and have a high percentage of emergence; to
produce seedlings that grow rapidiy and demonstrate superior tolerance to various
stresses includi‘ng but not limited to cold. Seed vigour is the quantification of any of the
above-mentioned parameters and any combination of these.

“Seed germination” is defined as emergence of the radicle from the seed coat.
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“Speed of germination” hereinafter refers to the average time observed between seed

imbibition and emergence of the radicle from the seed coat.

Along the application, speed of germination can eventually be measured by calculating the
time period which is needed to observe 50% of seed germination (results expressed as a

T50 measurement).

“Increased speed of germination” .is to be understood as a significant observable
difference between the germination of the seed comprising a polynucleotide according to
embodiment 5 versus a seed that does not comprise one of the said polynucleotides.
Typically, an increased speed of germination means that the seed comprising a
polynucleotide according to embodiment 5 germinates earlier than a seed that does not
comprise SEQ ID NO 3, SEQ ID NO: 4 or SEQ ID NO: 6.

“Modified speed of germination” is to be understood as a significant observable difference

between the germination of the seed comprising a polynucleotide according to

“efnbodiments 1 to 7 versus a seed that does not comprise one of the said polynucleotides.

Typically, a modified speed of germination means that the seed Comprising a
polynucleotide according to embodiments 1 to 7 germinates differently than a seed that
does not comprise SEQ IDNO 1, 2, 3,4, 5 or 6.

As used herein, uniformity of seed germination can be expressed as the time between
10% germination and 90% germination. The shorter this period of time is, the better the

uniformity of seed germination is.

“Adverse external environmental conditions” are conditions which inhibit or postpone the
germination of the seed or the emergence of the seedling. In the context of the present
invention, cold is one factor, among others, that can be considered as being adverse to

normal germination conditions.
“Emergence (of a seedling)” is meant to refer to growth of the plant that is observable.

“Increased seedling emergence” is to be understood as a significant observable difference
between the emergence of a seedling from a seed comprising a polynucleotide according
to embodiment 5 versus a seed that does not comprise SEQ ID NO 3, 4 or 6.

29
SUBSTITUTE SHEET (RULE 26)



10

15

20

25

WO 2013/127809 __ . _PCT/EP2013/053845

The invention will be further apparent from the following non-limiting examples

conjunction with the associated sequence listings as described below:

SEQ ID NO 1: Polynucleotide sequence corresponding to the A12DHd allele
BolC.V(G1.a gene (Brassica oleracea ortholog of At3g07060 gene).

SEQ ID NO 2: Polynucleotide sequence corresponding to the A12DHd allele
BolC.VG2.a gene (Brassica oleracea ortholog of At3g01150 gene).

SEQ ID NO 3. Polynucleotide sequence corresponding to the GD33DHd allele
BolC.VG1.a gene (Brassica oleracea ortholog of At3g071060 gene).

SEQ ID NO 4: Polynuclectide sequence corresponding to the GD33DHd allele
BolC.VG2.a gene (Brassica oleracea ortholog of At3g07150 gene).

of

of

of

of

SEQ ID NO 5: Polynucleotide sequence corresponding to the truncated A12DHd allele of

BolC.VG2.b gene (Brassica oleracea ortholog of At3g01150 gene).- - -

SEQ ID NO 6: Polynucleotide sequence corresponding to the truncated GD33DHd allele of

BolC.VG2.b gene (Brassica oleracea ortholog of At3g01150 gene).

Brief description of the figures

Fig. 1 is a graphic representation of the cumulative germination curves of seeds from the
substitution line SL101 (O) and parent lines (A12DHd (W) and GDDH33 (@)) at 15°C on

water. Vertical lines are standard errors.

Fig. 2 is a graphic representation of the cumulative germination curves of SL101 (<) and
the recurrent A12DHd (l) parent and reciprocal F4 backcross lines (A12DHd x SL101 (A)

and SL101 x A12DHd (O).Vertical lines are standard errors.
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Fig. 3 is a graphic representation of the cumulative seedling emergence in the field from
seeds of the substitution line SL101 (A) and parental lines A12DHd (@) and GDD33H (H).

Fig. 4 is a diagram illustrating endogenous concentrations of ABA during germination in
seeds of the substitution line SL101 (white column) and parent lines, GDDH33 (black
column) and A12DHd (grey column).

Fig. 5 is a diagram illustrating the speed of seed germination in 3, for gene Af3g01060
(black columns), and 2, for gene At3g01150 (grey columns), KO lines. The wild type

control line (white column) is colO.

Fig. 6 is a diagram illustrating the speed of seed germination in KO lines 102 (light grey
line) and 18 (low medium grey line) (for gene Af3g01060) and in KO lines 15 (high medium
grey line) and 3 (dark grey line) (for gene Atg01150) compared to wild type control line
ColO0 (black line), following seed production in the glasshouse (more stressful conditions).

Example 1

Material and methods

Seed production and comparison of lines

Seed samples were obtained from Birmingham University, UK, for a range of Brassica
oleracea chromosome substitution lines derived from the doubled haploid parent lines
A12DHd (var. alboglabra) and GDDH33 (var. italica; Rae et al., 1999). Bulk seeds were
then produced and collected from 10 individual replicate plants of the substitution lines and
the GDDH33 parent and 20 plants of the recurrent A12DHd parent as substitution lines are
compared to the latter in germination experiments. Plants were laid out in a randomized'l
block with 10 replicates in a glasshouse at 16-18°C during the 16 h day and at 10-15C at
night as described by Bettey et al. (2000). Supplementary lighting (400 W high pressure
sodium lamps; Osram Ltd, St Helens, UK) was supplied when light intensity fell below 300
w m? during the 16 h day. Plants were self-pollinated by enclosing the inflorescences in
perforated 'polyethylene bags containing blowflies before the flowers opened. The

seedpods were allowed to dry completely on the plant within the enclosing bags before
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harvest. The seeds were cleaned, equilibrated at 15 % rh and 15°C, and then stored at -
20°C before germination experiments were carried out. Cumulative germination on moist
filter paper was recorded at 15°C on 4 replicates of 15 seeds collected from each of the 10
replicate plants (or 20, A12DHd) described above. Previous work had shown this to be
sufficient seeds (Bettey et al., 2000). Frequent counts were made to allow an accurate
calculation of the time to 50% germination from these measurements. Percentage
germination was high in all seed lots.

In later experiments, F1 seeds from reciprocal backcrosses were produced in the same
manner as described above. Bud pollination was performed to make the cross resulting in
the F1. Seeds from the parent lines were produced at the same time for comparison to
minimize the influence of environmental differences during seed production. In addition, on
a number of occasions at different times of the year seeds were produced from replicate
plants of both the parent A12DHd and substitution line SL101 in glasshouses as described
above. Although glasshouse heating, venting and lighting settings remained the same as

those described above ambient temperature differed and was recorded.

Germination assays

Three biological replicates of 50 seeds from substitution and parent Brassica oleracea
lines or 3 to 15 biological replicates of 50 seeds from Arabidopsis wild type and mutant
lines were placed to germinate on 2 layers of filter paper (Whatman International Ltd., UK)
kept moist throughout treatment with water.

In all germination experiments, seeds on filter paper were held in clear polystyrene boxes
laid out in randomized blocks and kept in the dark. No evidence of fungal infection was
observed and so seeds were not sterilized to avoid influencing their germination.
Germination (radicle emergence) was recorded at intervals to construct cumulative

germination curves.

Field emergence

As part of a larger uhpublished comparison of seedling emergence from B. oleracea
genotypes, 100 seeds of the parent lines GDDH33, A12DHd and substitution line SL101
were sown on 31 May, in 4 replicate 1m rows arranged in a randomized block. Seeds were
sown by hand in a 15mm deep furrow, covered with sieved soil (sieve hole size <4mm)
and the surface rolled once with a Stanhay seed drill press wheel. The soil was a sandy

loam and irrigation was applied to maintain soil moisture throughout seed germination and
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seedling emergence. The latter was recorded at regular intervals until no more seedlings

emerged.

Hormone analysis

Samples of seeds from substitution and parent lines were taken as non-imbibed dry seeds
and seeds imbibed for 24 and 48 hours at 15°C on moist filter paper. Each sample
contained 1 g of dry seed measured before imbibition. The samples were placed
immediately in liquid nitrogen, freeze dried and then placed in a domestic freezer at -20°C
until extraction. The samples were in 10 ml of cold (4°C) 80% methanol (containing 20 mg
I-l of BHT), then 500 ng ABA and 100 ng each of GA standards were added. The samples
were stirred overnight in a cold cabinet and then centrifuged. The supernatant was
decanted and the pellet re-suspended in a further 10 ml of 80 % methanol. The samples
were stirred for 4 h, centrifuged and the supernatants combined. The supernétants were
evaporated to aqueous (c. 3-4 ml) and 10 ml of 0.5 M pH 8.2 phosphate buffer was added,
samples were partitioned with 2 x 15 ml of dichloromethane, and the dichloromethane
discarded. The aqueous fraction was adju'ste"d to pH 3 with 1 M phosphoric acid partitioned
with 3 x 15 ml of ethylacetate.

The combined ethylacetate fractions were washed with 2 x 3.5 ml pH 3.0 water and
evaporated to dryness, re-dissolved in 5 ml water and the pH adjusted to 8. The solution
was then loaded onto QMA cartridges which were subsequently washed with 5 ml of 15 %
methanol pH 8.0. GAs and ABA were eluted from the QMA cartridges directly onto C18 21
cartridges with 0.2 M formic acid in 5 % methanol. C18 cartridges were then washed with 5
ml of 20 % methanol and samples recovered in 5 ml of 80 % methanol and evaporated to
dryness. Samples were then dissolved in methanol and methylated with excess ethereal
diazomethane. Following evaporation to dryness samples were re-dissolved in dry
ethylacetate and passed through amino cartridges. The resulting samples were analyzed
directly for ABA content by GC-MS, then evaporated to dryness and re-dissolved in
BSTFA prior to analysis for GA content by GC-MS.

Marker analysis

Primer pairs were designed to 30 Arabidopsis gene models that were spread at intervals
across the SOG1 region using Primer 3 software
(http://gene.pbi.nrc.ca/cgibin/primer/primer3_www.cgi) and gene data from Tair
(http://www.arabidopsis.org/) to give PCR products from 200 to 700 bp. The PCR mix used
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was standard but a touch-down program was used. This consisted of cycling parameters
as follows: 94°C for 5mins; then annealing at 65°C to 55°C for 10 cycles dropping a degree
each cycle with 30 s extension at 72°C and 30 s denaturation at 94°C over the 10 cycles;
followed by 30 cycles of 94°C 30 s, 55°C 30 s, 72°C 45 s; and a final extension at 72°C for
15 min. Primer sequences for the gene models that gave polymorphic results were

selected as markers (Table.1).

Data analysis
All analyses were performed using the statistical package Genstat 5 (Payne et al. 1993),
and where appropriate data were subjected to analyses of variance.

Results

QTL for speed of germination (SOG1) on linkage group C1 confirmed and fine-mapped
Analysis. of variance. of-germination data-comparing substitution-and parent lines showed
that the GDDH33 parent germinated significantly (P<0.001) faster than the A12DHd parent
confirming that the positive speed of germination alleles are provided by GDDH33, as
shown by Bettey et al. (2000) (fig. 1). There were 4 substitution lines which spanned the
SOG1 QTL (SL101, SL111, SL118, SL119) and all of these had significantly (P<0.005)
faster germination than the A12DHd parent. The substitution line SL101 had the smallest
introgressed region (1-9 cM; Rae ef al, 1999) that enhanced speed of germination
compared to A12DHd and accounted for much of the difference in speed of germination
between the parent lines (fig. 1) and was therefore selected for further study of SOG1. |

The SOG1 fast germinating phenotype is not influenced by the maternal genotype

Speed of germination is determined by the embryo, but can also be significantly influenced
by the tissues that surround it which are maternal in origin. Reciprocal backcrosses
between SL101 and A12DHd and between GDDH33 and A12DHd were carried out to
determine the maternal and zygotic genetic components at the SOG17 locus. Germination
was recorded from the F1 seeds of each cross and from seeds of the selfed parent lines
produced at the same time. There was no significant difference in the speed of
germination of SL101 and the F1 from the reciprocal backcrosses with A12DHd (SL101 as
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mother plant and pollen from A12DHd and vice versa), but germination of seeds from all
three were significantly (P<0.01) faster than that from seeds of A12DHd (fig. 2). This
shows the faster germinating GDDH33 allele to be dominant with no genetic maternal

influence on inheritance of the trait confirming that it is embryo based.

Differences in speed of germination lead to differences in the timing of seedling
emergence in the field

The data above show that the speed of germination of GDDH33 and SL101 seeds was
significantly greater than that of A12DHd under constant temperature conditions. In the
field this resulted in significantly earlier seedling emergence from GDDH33 and SL101
than from A12DHd (fig. 3).

Endogenous ABA concentration differs between genotypes at maturity
The endogenous concentration of ABA in dry and imbibing seeds of the three genotypes
was measured using GCMS. There was no significant difference in the endogenous

"~ concentration of ABA in the dry seed of SL101 and GD33 or during imbibition to 48 hours

just prior to radicle emergence. ABA concentration in these two seed lots remained the

~ same over the first 24 hours and then declined to half that by 48 hours. In contrast, the

endogenous concentration of ABA in seeds of A12DHd was initially three fold higher than
that in SL101 and GDDH33 and then declined progressively over the 48 hour period of
imbibition, but remained significantly above that of the other two seed lots (fig. 4).
Interestingly, if ABA continues to decline at the same speed in A12DHd it would reach the
same level after 72 hours, the point of germination, as seen in the other two lines
immediately before their germination.

The results for GDDH33, SL101 and the A12DHD lines presented here show that a clear
genetically determined relationship between higher endogenous ABA content, and lower

speed of germination and vice versa.

A quantitative genetic analysis of the speed of germination trait in Brassica oleracea has
been carried out. _

By fine mapping the QTL with the previously described substitution line SL101, we finally
identified two genes underlying the QTL (Speed Of Germination (SOG1)). This Iihe SL101
has a short introgression at the telomeric end of C1 from the fast germinating parent

(GD33, Broccoli) in the background of the slow germinating parent (A12, Kale) in Brassica
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oleracea. By the way of using markers across this introgressed region of SL101, 30
recombinations along this area were identified within 1,300 lines, thanks to a BAC tilling
path strategy. This strategy allows gathering the lines into 5§ distinct groups and the 2
parent lines. Seed germination was then evaluated throughout these 7 groups and
statistical analysis revealed that faster germination was associated with 2 markers at the
telomeric end of C1. Co-localization of these markers with a single BAC on the telomeric
end of C1 was further assessed by Fluorescence In-Situ Hybridization. The BAC was
sequenced and 12 full-length genes were found to be present within.

Putative orthologs of these Brassica genes have been identified in Arabidopsis, at the top
arm of chromosome 3, where a SOG7 QTL has been located (Clerkx et al. 2004). Based
on the good genetic colinearity between the telomeric end of C1 in Brassica oleracea and
the top arm of chromosome 3 in Arabidopsis (see above and below), it is reasonable to
think that the genes that were identified in Brassica and in Arabidopsis do share common
function in seed germination. In order to strengthen our hypothesis, we have identified

Arabidopsis knockout (KO) mutant lines in putative ortholog genes of those that have been

~discovered in Brassica. Two of these KO lines were found to have a significant

germination phenotype (faster germination compared to control ColO line) suggesting that
these genes act as negative regulators of germination (fig. 5). It is interesting to note that
at least two different KO lines were used to assess germination phenotype and that these
distinct KO lines showed similar results regarding to the speed of germination. When
assessed following seed production in more stressful conditions (fig. 6), the results are

very comparable.

This functional study has thus confirméd the role of Atg01060 and Atg01150 genes in the
regulation of seed vigour, in particular in the regulation of the speed of germination. The
Brassica orthologs of these genes, BolC.VG1.a and BolC.VG1.b, which have been
identified within the SOG7 QTL in Brassica oleracea, can therefore indeed be considered
as tools allowing the modulation of the seed vigour, more particularly the modulation of the
speed of seed germination in brassicaceae.

The linkage between B. oleracea linkage group C1 and the top arm of chromosome three
of Arabidopsis is confirned

Studies on SL101 above have shown that a single introgressed region at the telomeric end
of linkage group C1 (LGC1) contains the QTL for SOG1. In the current work we aimed to
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establish colinearity between this region in B. oleracea and the Arabidopsis genome to
enable comparison with the extensive QTL analysis carried out on this model species.
Previously a number of linkages have been shown between the Brassica genome and
Arabidopsis (Cogan et al., 2004; Parkin et al., 2005).

In particular, the linkage between the LGC1 and Arabidopsis (Cogan et al., 2004) was
utilized to assist in the development of further informative markers. Using this approach,
primer pairs were designed to 30 Arabidopsis gene models, which were spread across this
region. These primers were tested to determine if they amplified a B. oleracea product and
then if there were any polymorphisms between SL101 and the parental lines A12DHd and
GD33DHd (table 1). A banding pattern that is the same in SL101 and GD33DHd, but
different from that in A12DHd indicatess its presence at this locus, and therefore its
usefulness as a marker for SOG1. Primers for three gene models were identified as
informative markers (At3g071190, At3g07130, At3902420, table 1) that anchored the
linkage between the top arm of Arabidopsis chromosome three and the SOG1 region of B.

oleracea LGC1: This confirmation of colinearity justifies comparison_of_ SOG1 with QTL for

-seed-performanceé 16cated o this region of the Arabidopsis genome.

Gene model Primers
F: TTCTTCCACGACTGCTTCG
Al3g01190 R: CTAACAAAACTGATCCGTCAC
F: GTTGCGTTGCCATCTGCAG
Al3g02420 R: CAGGCTGAGATAGCCATTGG
At3g07130 F: CTACTAACCATGGAGTTACC

R: AACGCTGGTGGGATTCAC

Table 1. Primers for selected markers used to anchor SL101 introgression to Arabidopsis

Altogether, these results open up the possibility of using either Bo/C.VG1.a A12/GD33
alleles or BolC.VG2.a A12/GD33 alleles or BolC.VG2.b A12/GD33 alleles according to any
of embodiments 1 to 23, in particular to engineer plants in which the seed vigour has been

modulated, more particularly plants in which speed of germination has been modulated.
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Example 2. Experiments highlighting additional phenotypes linked to seed vigour.

These experiments underlines the differences in germination characteristics between
seeds with (SL101) or without (A12) the GD33 allele.

Seeds of the lines A12 and SL101 originated in the UK and were replicated in 2009 in
South Africa by a commercial seed producer. Determination of the germination

characteristics of the seeds took place in early 2010 in Enkhuizen, Netherlands.

Seed performance under standard commercial conditions

Two replicates of 100 seeds were sown in standard trays filled with soil as in a normal
commercial practice. Trays were placed in a germination chamber at 18°C in the dark for
three days. Trays were then transferred to a greenhouse with an average temperature of
20°C. At 10 days after sowing the number of normally developed seedlings and the

number of non-emerged seeds were counted.

Performance 6f‘S_L101 under these conditions was considerably better than for A12 (table

2).

normal seedlings | non germinated seeds
A12 19 80
SL101 91 7

Table 2. Percentage normal seedlings and percentage non germinated seeds as

measured under practical conditions of seedling production

Temperature sensitivity of germination on paper

Two replicates of 100 seeds of each A12 and SL101 were sown for each combination of
conditions on wet filter paper in transparent plastic germination boxes at temperatures of
10, 20 or 30°C. Boxes were either kept in the dark at the mentioned temperatureé or were
placed under fluorescent light.

Germination, measured as radical protrusion, was counted daily. Germination was counted
until 10 days after the start of the measurement when no additional germination was

observed.
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The data show that under each condition the percentage germination was higher for
SL101 compared to A12 (table 3).

- |temperature
10 . 20 30
ight A12 47 94 59
v SL101 94 100 99
dark A12 65 24 2
SL101 95 78 50

Table 3. Final germination percentage of A12 and SL101 at different temperatures in the
light or in the dark

Speed of germination on paper
Speed of germination was determined under conditions of 20°C in the light, a condition

~_where both lines had their maximum germination. Two replicates of 50 seeds per line were

placed on paper in plastic germination boxes under the mentioned conditions. The t50
(time until 50% of the germinating seeds have germinated) was determined (table 4).
As shown in the table the time until 50% germination was considerably shorter for SL101

compared to A12.

line t50 (h)
Al2 59.0
SL101 47.5

Table 4. Time until 50% germination at 20°C in the light for A12 and SL101

Sensitivity to low temperatures during germination on paper

Two replicates of 50 seeds per treatment were incubated at 5°C or 10°C in the light as
described before for a germination test on paper. Incubation was in water or in a 1mM
solution of GA3. After 10 days seeds that had germinated were removed. The boxes with
the remaining non-germinated seeds were then placed at 20°C in the light. After a further 5
days the number of germinated seeds was counted. As a comparison seeds of both A12
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and SL101 were germinated at 20°C in the light without a pretreatment. Germination
percentage of these seeds was counted after 10 days.

Especially at 5°C there was a large difference between the two lines (table 5). The
pretreatment in water largely prevented for A12 germination at 20°C in the light later on.
This was not the case for pretreatment in 1mM GA3. SL101 showed only a minor

reduction in germination after the pretreatment at 5°C in water.

A12 SL101
no pretreatment 99 100
10d 5C in w ater 15 84
10d 5Cin 1mM GA3 100 100
10d 10C in w ater 82 99
10d 10C in TmM GA3 100 100

Table 5. Percentage of germination of seeds of A12 and SL101 with or without a
pretreatment at 5 or 10°C in the light with an incubation medium of either water or a 1mM

aqueous solution of GA3

Example 3 Effect of genotype on hybrid seed performance

Hybrid seeds were produced under commercial seed production conditions in South Africa
by pollinating flowers of two male sterile lines with pollen from 7 other lines.

Female line 1 contained the GD33 allele, female line 2 contained the A12 allele.

The sensitivity to low temperature during germination was tested for these seeds. Seeds
were incubated on moistened filter paper at 5°C in white fluorescent light for 10 days.
Percent germination was recorded after 10 days and non germinated seeds were
transferred to 20°C in light. After five days the percentage germinated seeds was
recorded.

Seeds produced on the female line containing the GD33 allele showed considerably higher
germination at 5°C and germinated more than 90% after transfer to 20°C. Seeds produced
on the female withc;ut the GD33 allele showed only low germination percentages and did
not recover after transfer to 20°C.
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female 1 (GD33) female 2 (A12)
10d 5C |+5d 20C 10d 5C  |+5d 20C
male1 35 96 0 6
male2 28 96 0 10
male3 72 94 19 44
maled 9 96 0 4
male5 43 100 0 8
male6 28 99 0 4
male7 69 97 35 58
average 41 97 8 19

Table 6. Percentage of germination of hybrid seeds produced using a GD33 or A12 female
line with a pretreatment for 10 days at 5°C in the light followed by incubation of non
germinafed seeds for 5 days at 20°C.

Seeds from the same batches of hybrid seed were tested in a germination test on paper at

germination was calculated (t50). The final germination percentage was determined after 5
days. All hybrids had at least 85% germination, the majority more than 95%. Seeds
produced on the female line with the GD33 allele showed on average around 25% faster

germination, shown by the lower t50 of 1.33 days versus 1.80 days for seeds produced on

the female with the A12 allele.
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female 1 (GD33) female 2 (A12)
germ% t50 (d) germ% | t50 (d)
male 1 100 1.08 99 1.73
male 2 97 1.95 98 1.85
male 3 98 1.85 100 1.90
male 4 100 1.15 95 1.84
male 5 99 1.07 98 1.68
male 6 99 1.14 85 1.84
male 7 95 1.05 98 1.79
average 98 1.33 96 1.80

Table 7. Percentage germination and time taken until 50% germination (t50) of hybrid seed
produced using a GD33 or A12 female line in the light at 25°C.
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Sequence alignments

DNA sequence alignment for the Brassica oleracea VG2 genes. Alignments were performed
5 using the ClustalW web based program (http://www.genome.jp/tools/clustalw/) and the

annotation is drawn

using the web base program BOXSHADE

(http://www.ch.embnet.org/software/BOX_form.html). A12_BOLC.VG2.A is an A12 full length

copy of the gene located in the SOG1 region of linkage group C1. A12_BOLC.VG2.B s a
truncated copy of a similar gene located within 50Kb of the full length gene. A similar
10 annotation has been used to describe the same region in the GD33 genomic background.
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TATTATAATCTTTCTGGAGAGAGTTTGGAARATAGTTTCATGTTCGTCATTCT CAT il
TATTATAATCTTTCTGGAGAGAGTTTGGAAAATAGTTTCATGTTCGTCIT TCT CAT i
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GGACAGGTGTCACTCTGCACTTATCTAGTCATTCTCTT
GGACAGGTGTCACTCTGCACTTATCTAGTCATTCTCTT)
GGACAGGTGTCACTCTGCACTTATCTAGTCATTCTCTT
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TTTTAGTCTCCTAA SRR TTTGAGTTTATTTCGATTGATTTGCTTCCCTTAGTT]

ATTATCAATTTACTCCACTGTATTATATGGACATGACTCATATCTAGTCCAAACTTTTGT)
‘TTATCAATTTACTCCACTGTATTATATGGACATG@CTCATATCTAGTCCAAACTTTTGT
ATTATCAATTTACTCCACTGTATTATATGGACATGACTCATATCTAGTCCAAACTTTTGT
ATTATCAATTTACTCCACTGTATTATATGGACATGACTCATATCTAGTCCAAACTTTTGT]
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k=0l Mo/l ly WYL P T TCAGCGTGTTTTCTGCTTATGGCTTCGTGCACARAATTGCCACTTTTGAGAAAGCTGCTG
Al2 BOLC.VG2.B KNPV T TCAGGTGTTTTCTGCTTATGGCTTCGTGCACAAAATTGCCACTTTTGAGAAAGCTGCTG
GD33_BOLC.VG2.B 3119 pyyerteleyyesyyyiepyeeiyy-vielciopyneoepieiorte vvvyyicloe (eyypieINe v vieeieleiic

5

Al2_BOLC.VG2.A KV PG TTTCCAGGTTAGAGATATCGAGTTTTGTTTTCAAGGTCTTGCRT
GD33 _BOLC.VG2.A 3322 ciwwseeiccyupierics yyviecrlcyuyniciyyyiervecyseipyecioiod)
Al2 BOLC.VG2.B ENRLONGTTTCCAGGTTAGAGATATCGAGTTTTGTTTTCAAGGTCTTGCCT
10 GD33_BOLC.VG2.B 3179 gijygeotcayyie e yyyiserteiyyyiciyyyie vieceiieiyieisieyy
Al2 BOLC.VG2.A kX kVITAATGATGTTTAAACTCATCHTCTGCCGTCATAACCTGCTCAGGCACTTGTTCAGTTTAC
eH I :lol RegYe I WK WP T A A TGATGTTTAAACTCATCHETCTGCCGTCATAACCTGCTCAGGCACTTGTTCAGTTTAC
Al2 BOLC.VG2.B 3238 TAATGATGTTTAAACTCATC%TCTGCCGTCATAACCTGCTCAGGCACTTGTTCAGTTTAC
15 GD33_BOLC.VG2.B 3237 ppuvieVieiugpveleievis Jisiclsescyieryp viseyicioyierteico(ejyiciyier el yyvNe
Al2 BOLC.VG2.A EELFYITCGATGTGGACACTGCCTTAGCGGCAAGGACTGCGCTGGATGGTAGAAGTATACCCARGTA
GD33_BOLC.VG2.A 3432 TGATGTGGACACTGCCTTAGCGGCAAGGACTGCGCTGGATGGTAGAAGTATACCCARGT‘
Al2 BOLC.VG2.B KPEERTCGATGTGGACACTGCCTTAGCGGCAAGGACTGCGCTGGATGGTAGAAGTATACCCA

GD33_BOLC.VG2.B 3297 enviejjeerteteiicdeiyyNeseecior v icerNeyiciscisyiecr Ve eypter vieipSvNelelenCesy:
20

Al2 BOLC.VG2.A KLV TGCTCAAATCCTTCATTCATGCTTTTGACCATAAGATAAAGCTCTGTTGATGGTTTCTTC

G EERg o) Nelp/c vIW N K P TGCTCAAATCCTTCATTCATGCTTTTGACCATAAGATARAGCTCTGTTGATGGTTTCTTC

Al2_BOLC.VG2.B XL TGCTCAAATCCTTCATTCATGCTTTTGACCATAAGATAAAGCTCTGTTGATGGTTTCTTC

eivkicppclorepavcr - KW TCCTCAAATCCTTCATTCATGCTTTTGACCATAAGATAAAGCTCTGTTGATGGTTTCTTC
25 /

Al2 BOLC.VG2.A ELNRCTTTTCTTTTGGTAAATTCAGATATCTGCTTCCAGAACATGTAGGCTCATGCAATTTGCG

(c)pkiclpclo) e/ By WL VIR C T TTTCTTTTGGTARATTCAGATATCTGCTTCCAGAACATGTAGGCTCATGCAATTTGCG
.YV :le) FeR e B - B L MR B C T T TTCTTTTGGTAAATTCAGATATCTGCTTCCAGAACATGTAGGCTCATGCAATTTGCG
7 GD33_BOLC.VG2.B 3417 eysyiayyyiecivvviyioXc vy visilcspisetervievieiyicelspio Yiciovyyutelee
30

Al2 BOLC.VG2.A 3572

GD33_BOLC.VG2.A 3612

Al2 BOLC.VG2.B 3478

GD33_BOLC.VG2.B 3477

AATGTCTTACTCAGCTCATACTGATCTAAATATCAAATTTCAGTCCCACCGCAGCAGGTA
AATGTCTTACTCAGCTCATACTGATCTAAATATCAAATTTCAGTCCCACCGCAGCAGGTA
AATGTCTTACTCAGCOCAMACTGATCTARATATCAAATTTCAGTCCCACCGCAGCAGGTA
AATGTCTTACTCAGCOCAMACTCGATCTAAATATCAAATTTCAGTCCCACCGCAGCAGGTA

35 , g
Al2 BOLC.VG2.A KXV RIGCAGTTTTGAGTCCTCGCAAATGTGCCROTCCATTGTTINTACTGCTC
GD33_BOLC.VG2.A 3672 GAGTTTTGAGTCCTCGCAAATGTGCCTCTCCATTGTTHTACTGCTC
Al2 BOLC.VG2.B
GD33_BOLC.VG2.B

40
Al2 BOLC.VG2.A
ek =lo) lopnvic By WY KV C TTATGGTTGAATAGTTAGTTCATGTGTTTRAATTCTCTIRACGMACTCAGGGACTACACA
Al2 BOLC.VG2.B LR C T TATGGTTGAATAGTTGATTCATGTGTTTGATTITCTGACGTACTCAGGGACTACACA
45 GD33_BOLC.VG2.B 3597 eyyieeyyiervyyNeiyrervyrervieyyedyyiTiervgiTiNeiierXeeyytogierte eierNoyp e ter:

Al2 BOLC.VG2.A WY " TCCATACCTTCCGGTGAATCAAACCGCTATGGASGGTTCTATGCAGGTATATTTTTCC
(e kicp-lo)Nepavic 39 WKV \ A TCCATACCTTCCGGTGAATCAAACCGCTATGGAGGGTTCTATGCAGGTATATTTTTCC
Al2 BOLC.VG2.B kY34~ A TCCATANCTTCCGGTGAATCAAACHGCTATGGATGGTTCTATGCAGGTANATRATTTCC
GD33_BOLC.VG2.B 3657
50
Al2 BOLC.VG2.A 3811
GD33_BOLC.VG2.A 3851
Al2 BOLC.VG2.B 3718
GD33_BOLC.VG2.B 3717

Al2 BOLC.VG2.A 3871 CEET‘CTGATCGTCTTTG CC%TC & TGCETTCAGCCTGCTTTGGGTGCTGATGGARAGE
GD33_BOLC.VG2.A 3911 C ‘iTC‘CTGC\ETTCAGCCTGCTTTGGGTGCTGATGGAAAGA
Al2_BOLC.VG2.B 3769 ----ReiNeryy WTCATTGC%TTCAGCCTGCTTTGGGTGCTGATGGAAAG‘
GD33_BOLC.VG2.B 3768 ----

GTCATTGCATTCAGCCTGCTTTGGGTGCTGATGGAAAGE
60

Al2 BOLC.VG2.A 3931

GGGTTGAAACTCAGAGCAACGTCCT;CTTGCTTTGATTGAGAATATGCAGTACGCTGTC‘
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GD33_BOLC.VG2.A
Al2 BOLC.VG2.B
GD33_BOLC.VG2.B

5 a12 BOLC.VG2.A
GD33_BOLC.VG2.A
Al2_BOLC.VG2.B
GD33_BOLC.VG2.B

10
Al2 BOLC.VG2.A
GD33_BOLC.VG2.A
Al2 BOLC.VG2.B
GD33_BOLC.VG2.B

15

Al2 BOLC.VG2.A

GD33_BOLC.VG2.A

Al2_BOLC.VG2.B
20 Gp33_BOLC.VG2.B

A12 BOLC.VG2.A

GD33_BOLC.VG2.A

A12 BOLC.VG2.B
25 GD33_BOLC.VG2.B

Al2 BOLC.VG2.A

GD33_BOLC.VG2.A

Al2 BOLC.VG2.B
30 Gp33_BOLC.VG2.B

Al2_BOLC.VG2.A

GD33_BOLC.VG2.A

Al2 BOLC.VG2.B
35 GD33_BOLC.VG2.B

Al2 BOLC.VG2.A

GD33_BOLC.VG2.A

Al2 BOLC.VG2.B
40 GD33_BOLC.VG2.B

Al2 BOLC.VG2.A

GD33_BOLC.VG2.A

Al2 BOLC.VG2.B
45 GD33_BOLC.VG2.B

A12 BOLC.VG2.A

GD33_BOLC.VG2.A

Al12 BOLC.VG2.B
50 ¢p33_BOLC.VG2.B

Al2 BOLC.VG2.A
GD33_BOLC.VG2.A
Al2 BOLC.VG2.B

55 Gp33_BOLC.VG2.B

Al2_BOLC.VG2.A

GD33_BOLC.VG2.A

Al2_BOLC.VG2.B
60 Gp33_BOLC.VG2.B

3971
3824
3823

3991
4031
3884
3883

4050
4090
3927
3926

4109
4149
3987
3986

4169
4209
4047
4046

4229
4269
4107
4106

4289
4329
4152
4151

4349
4389
4212
4211

4408
4448
4272
4271

4463
4503
4330
4329

4519
4559
4390
4389

4573
4613
4448
4447

PCT/EP2013/053845

CTTGCTTTGATTGAGAATATGCAGTACGCTGTCE
\CTTGCTTTGATTGAGAATATGCAZTACGCTGTCE
\CTTGCTTTGATTGAGAATATGCAGTACGCTGTCA

GGGTTGAAACTCAGAGCAACGTCCT
GGGTRGAAACTCAGAGCAACGTCCT
GGGTIAGAAACTCAGAGCAACGTCCT

I\

C®GTGGATGTTCTTCACACGGTGAGGAACAACAR
COGTGGATGTTCTTCACACGGTGAGGAACAACAL

AACTGTGCAGAAGATTGCAATATTTGAGAAAAATGGTTCAACGCAAGCCTTAATTCAATA
AACTGTGCAGAAGATTGCAATATTTGAGAAAAATGGTTCAACGCAAGCCTTAATTCAATA

CTCTGGTACATGACCTTGATEATCTGAATACATATATGATT®TACTATACTTCTTTINGGT
CTCTGGTACATGACCTTGATgATCTGAATACATATATGATTCTACTATACTTCTTT GGT]
CTCTGGTACATGACCTTGATGATCTGAATACATATATINATTATACTATACTTCTTTCGGT]
CTCTGGTACATGACCTTGATGATCTGAATACATATATYA aTACTATACTTCTTTCGGT

TATATGGEGAATCIRTCTTATGTGTATGC
TATATGGCGAATCHTCTTATGTGTATGC

GTCATACTGATCTCAATGTAAAGGTACHTAAGATCAGTTGCTTTS
GTCATACTGATCTCAATGTAAAGGTACGTAAGATCAGTTGCTTT®T

ATGCTEEER T TTTTCTC TCAACAATTG--‘GTGAAATCTGAATTCGACgTTCTAGT
TGCT----TTTTTCTCETCAACAATTG——‘GTGAAATCTGAATTCGAC&TTCTAGT

et TGAAATCTGAATTCGACIWTTCTAGT
fTATGCT‘TT'TTTTTCTCTTCAACAATTG—-T&TGAAATCTGAATTCGACTTTCTAGT

¢ CGTCTTCTTTCTTCAGGCATTTAGCGACAAAAGCAGAGAC
TEATTCAACTAATGATTTTRCGTCTTCTTTCTTCAGGCATTTAGCGACAARAGCAGAGAC
T‘TTCAACTA%TGATTTT'CGTCTTCTTTCTTCAGGCATTTAGEGACAAAAGCEGAGAC
TIWATTCAACTAGTGATTTTICGTCTTCTTTCTTCAGGCATTTAGCGACARAAGCEGAGAC
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FNE-JD: 1) Kol v(c 30 NS Ll T 7, C2.CACTGCCTGATCTARGCCAACTGGTGGGCCAAAAGGTTCCAGGAGTGGC
[k EYD:I Kol 30N Y-V P I 7. C ACACTGCCTGATCTARGCCAACTGGTGGGCCAAAAGGTTCCAGGAGTGGC
Al2 BOLC.VG2.B 4508 jNeJNe/Nesvelslouvel-Yieuy:V-Xelolo)-V-Nehielehyelelelele)V-V.V-Neleh wielor:Yele) Nehnelele C

5 GD33_BOLC.VG2.B 4507 eiXeiXeiyeleleuye)-\keyy:V-Xelolo)V-Xoyxeclcyclclclele.V.V.V:-Xeleh Gie[erNele) Xehixelele C
S -1o) ol P20 WP LVl 1, G TG GG CCAACAGATGGT TGGC@CAATGGGCAGGTGCAGACTCAATACANGGG
GD33_BOLC.VG2.A 4732 G
Al2 BOLC.VG2.B 4568

* GD33_BOLC.VG2.B 4567

10

© Al2_BOLC.VG2.A 4745 TGATCCCACIGGAGCTTCACCIMNS
GD33_BOLC.VG2.A 4785 _CTGATCCCACRGGAGCTTCACCTTC
Al2 BOLC.VG2.B 4621 Ty v '
GD33_BOLC.VG2.B 4620

15
Al2 _BOLC.VG2.A 4801
GD33_BOLC.VG2.A 4841
Al2 BOLC.VG2.B 4679
GD33_BOLC.VG2.B 4678
20 ,
Al2 BOLC.VG2.A 4853
GD33_BOLC.VG2.A 4893
Al2_BOLC.VG2.B 4738 T T T TVAIRS T T
GD33_BOLC.VG2.B 4737 CTTTTT&TCTTTETTTAT-—-CGT%TT—
25
Al2 _BOLC.VG2.A 4913
GD33_BOLC.VG2.A 4953
A12. .BOLC.VG2.B-—---4793
GD33_BOLC.VG2.B 4792
30
Al2_BOLC.VG2.A 4970
GD33_BOLC.VG2.A
Al2 BOLC.VG2.B 4850 B yc ATANATIAATTTINATTATC TEGTINAAIWAT TIRINA A IWNA ARV A AZSNT ARNA
35 GD33_BOLC.VG2.B 4849 & dc AT A TRAATTTRATTATGT, AT AP T TN T TLE égggﬁTTtTﬂ
Al2_BOLC.VG2.A 5028 --[CHppeTCHCETE Cipmy-ARCRGIgTCRiTCC
GD33_BOLC.VG2.A e
Al2 BOLC.VG2.B 4910 TINSIUGN AAGINT TTETATTINT T@A 3%AA
40 GD33_BOLC.VG2.B 4909 T "ﬁGﬂTTT%TATTTTTcAA [y
Al2 BOLC.VG2.A 5086 BCECHTcHeAcTTTTEETRTCC
GD33_BOLC.VG2.A
Al2_BOLC.VG2.B 4970
45 GD33_BOLC.VG2.B 4969 L%8}
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Protein sequence alignment of VG2 Brassica oleracea orthologues proteins from GD33 and
A12. Protein sequences were predicted using the web based bioinformatic program
FGENESH (http://mendel.cs.rhul.ac.uk/mendel.php?topic=fgen-file).

5 Al2 BOLC.VG2.A 1 SSQFRYTQTPSKVVHLRNLPWECVEEELIDLCKRFGKIVNTKTNVGANRNQAFVE
GD33_BOLC.VG2.A V2 S SOFRYTOQTPSKVVHLRNLPWECVEEELIDLCKRFGKIVNTKTNVGANRNQAFVE
Al2 BOLC.VG2.B IS S SOQFRY TQTPSKVVHLRNLPWECVEEELIDLCKRFGKIVNTKTNVGANRNQAFVE
GD33_BOLC.VG2.B Ut S SOFRYTOQTPSKVVHLRNLPWECVEEELIDLCKRFGKIVNTKTNVGANRNQAFVE)

10 Al2 _BOLC.VG2.A CE M FGDVNQAISMVSYYASSSEPAQIRGKTVYIQYSNRHEIVNNQSPGEVPGNVLLVTFEGVQ
GD33_BOLC.VG2.A LY MFGDVNQATISMVSYYASSSEPAQIRGKTVYIQYSNRHEIVNNQSPGEVPGNVLLVTFEGVQ,
Al2 BOLC.VG2.B LM FGDVNQATISMVSYYASSSEPAQIRGKTVYIQYSNRHEIVNNQSPGEVPGNVLLVTFEGVQ)
GD33_BOLC.VG2.B LEMFGDVNQATISMVSYYASSSEPAQIRGKTVYIQYSNRHEIVNNQSPGEVPGNVLLVTFEGVQ

15
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Al2 BOLC.VG2.A
GD33_BOLC.VG2.A
Al2 BOLC.VG2.B

5 ¢D33_BOLC.VG2.B

Al2 BOLC.VG2.A
GD33_BOLC.VG2.A
Al2 BOLC.VG2.B

10 cp33_BOLC.VG2.B

Al2_BOLC.VG2.A

GD33_BOLC.VG2.A

Al2_BOLC.VG2.B
15 @p33_BOLC.VG2.B

A12_BOLC.VG2.A
G GD33_BOLC.VG2.A2
Al2 BOLC.VG2.B

20 ep33_BOLC.VG2.B

Al2 BOLC.VG2.A
GD33_BOLC.VG2.A
Al2 BOLC.VG2.B

25 GD33 _BOLC.VG2.B

PCT/EP2013/053845

RS HHVCIDVIHLVFSAYGFVHKIATFEKAAGFQALVQFTDVDTALAARTALDGRS TP
IR CHHVCIDVIHLVFSAYGFVHKIATFEKAAGFQALVOFTDVDTALAARTALDGRSIP
IR CHHVCIDVIHLVFSAYGFVHKIATFEKAAGFQALVQFTDVDTALAARTALDGRSIP
IR CHHVCIDVIHLVFSAYGFVHKIATFEKAAGFQALVQFTDVDTALAARTALDGRSIP

178 PEHVGSCNLRMSYSAHTDLNIKFQSHRSRDYTNPYLPVNQTAMDGSMQPALGADGK%VE
A PEHVGSCNLRMSYSAHTDLNIKFQSHRSRDY TNPYLPVNQTAMDGSMQPALGADG ;VE
AWl PEHVGSCNLRMSYSAHTDLNIKFQSHRSRDY TNPYLPVNQTAMDGSMQ)
I PFHVGSCNLRMSYSAHTDLNIKFQSHRSRDY TNPYLPVNQTAMDGSMQ)

L

238 QSNVLL;LIENMQYAVTVDVLHTVFSAYGTVQKIAIFEKNGSTQALIQYSDISTATMAKE
238 QSNVLL%LIENMQYAVTVDVLHTVFSAYGTVQKIAIFEKNGSTQALIQYSDISTATMAKE

227 ~m----memmmmmmmm e e m e VFSAYGTVQKIAIFEKNGSTQALIQYSDIPTAT%AKE

298
98

264
264

358 IBGIP - - NelOAVONNONMEIISN4UNES P A BI% TEV YRS SGHISPMY G
AD PINGAS PSilelsPiyvpde
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DNA sequence alignment for the VG1 Brassica oleracea genes

Al2 E A\ A AAAGCAGGCTAAGAGTGTAAGCGACCCATTTCACATOGGATCTAAAAATCAMATAATC

GD33 AN A A AGCAGGCTAAGAGTGTAAGCGACCCATTTCACATINGGATCTAAAAATCARATAATC

Al2 (BT AGAGTOTGACAAGAATCAACGTTGATAGAGAGTGEOGAGAGAATAGTACAGAGCCAGTCG]

GD33 BT AGAGTETGACAAGAATCAACGTTGATAGAGAGTGRGAGAGAATAGTACAGAGCCAGTCG]
10

Al2 AN T CGAGGTAGAAATGTTTGTCCTGAGCCCAAATGGTATAGTTGATATTGGGATTCCAGAAC

[CPERENPANN T CGAGGTAGAAATGTTTGTCCTGAGCCCAAATGGTATAGTTGATATTGGGATTCCAGAAC
15 n12 IR N T TGTTATCACCCACTATCCATCTCTTAGCGGCCACCTCAGTCACCGGAGCTGCCGCAAGA

(eI E NN T TCTTATCACCCACTATCCATCTCTTAGCGGCCACCTCAGTCACCGGAGCTGCCGCAAGA

Al2 PR M AGCCAGAACCAWNTGCCGCAGCCATCAACGCAAGTCTAGCCATAGATCACTCTAGAAAG
PAVNCH P YA 7\ 7\ GCCAGAACCASTGCCGCAGCCATCAACGCAAGTCTAGCCATAGATCACTCTAGARAG

Al2 301 “"‘GAAGCTCAGTGCTT@‘TGACTCTTAGTCTTATCTCTCAAGAAATAGCAGTTTTAT
GD33 301 GATGACTCTTAGTCTTATCTCTCAAGAAATAGCAGTTTTAT]

25

5

Al2 361 & gTGAATGTATATGAGCGAGTGGGGCTGTTTCCAAGTCAAATCAGACATACAAATTTCT
GD33 361 e\ pe- - - - - -~ GTGGGGCTGTTTCCAAGTCAAATCAGACATACAAATTTCT)

30

Al2 CYARCGTTTTACGGGGAAAAGATCTCTCAAGATCCGTAATTTCTTCAACTAACGTTTGGAATINT
RV CGTTTTACGGGGAAAAGATCTCTCAAGATCCGTAATTTCTTCAACTAACGTTTGGAATOT
35 n12 T ATTACTACTTTAATCAACCTCGATGTTGACGATGAMGTACACGTTAATTAAAGGTACGC
(eI YW T ATTACTACTTTAATCAACCTCGATGTTGACGATGAMGTACACGTTAATTAAAGGTACGC

Al2 541 GTTATATAGTTAAﬁGGAGTAATTAGATTTT‘ WTGCTGGCATTATTATTATTTTTCTCTG
YO N kNP YA TTATATAGT TAAGGGAGTAATTAGAT TTTAAMTGCTGGCATTATTATTATTTTTCTCTG)

Al2 601

AATATTTTCTCACCTTTTAGGCGGGAATTTATTT]

GD33 587 AATATTTTCTCACCTTTTAGGCGGGAATTTATTT]
45

Al2 FJMCCATTTTCTTCTTTCAAGGGTTCAGAGATTCAATTCCTTTATTAACATACGAAATGAGTA

(KK Y YN CCATTTTCTTCTTTCAAGGGTTCAGAGATTCAATTCCTTTATTAACATACGAAATGAGTA
50

Al2 RN TATAGTATCTTT ﬁAATATTTAAATAATTAAAATAAAAATAAATTACC‘TAACAGTGAT‘

GD33 707 puvesv VNN TATTTAAATAATTAAAATAAAAATAAATTACINATAACAGTGATA

55 a12 INIVRCATATCAAAATTTCCAAAACTAATGTGAGTACTTATATTAGTTGTACTTCTTAGTAAAAT)
(ORI WIRC ATATCAAAATTTCCAARACTAATGTGAGTACTTATATTAGTTGTACTTCTTAGTAAAAT)

/CAAAGCAGAGCATATCTTCCCGCAATAAC
AAAGCAGAGCATATGTTCCCGCAATAAC

AACGAGATATGTTATGGCTCGTCGCATAC
AACGAGATATGTTATGGCTCGTCGCATACA

Al2 830
60 ep33 827
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Al2 LI TGCACACGCAACTGATAGCACGTCGTAACCATTTCCGCGAACCAACCAATGGATATTGT)
(eI T A" TGCACACGCAACTGATAGCACGTCGTAACCATTTCCGCGAACCAACCAATGGATATTGT
Al2 LIV A TTCGATAAGACGACGTCGTGTTGTTGACCACGAATATTTCTTAAATTTCCTTTTATCT]
[CI0 Y-\ "\ TTCGATAAGACGACGTCGTGTTGTTGACCACGAATATTTCTTAAATTTCCTTTTATCT)
(VBN T T TGTTTTTGACGTCAT@®ACATTGCGTTTATGTCCACACGATATCAGTCATARAATCCACG
e RN KT T TGTTTTTGACGTCATEACATTGGTTTATGTCCACACGATATCAGTCATAAAATCCACG

AV T AGGGAACGACTATCCATTACACCCATCCACGTGTTCTCATAACAGCTTCTAGTTCCATT
Rk BRIV AT~ GGlAACGACTATCCATTACACCCATCCACGTGTTCTCATAACAGCTTCTAGTTCCATT]

N BN\ CCTGAACGAACAATAGAAACAGAGCATCGAACTGAGAAAGAAGAAGAAGAAGGGAAGCA
(e RN NI W\ CCTGAACGAACAATAGAAACAGAGCATCGAACTGAGAAAGAAGAAGAAGAAGGGAAGCA
A RN LN GCAGARATGGCGGCAGCGGCCATGGCCGTTCATCTCCCGAAACATTCATCGTTTCTT®CHY
(eI RN CAGAAATGGCGGCAGCGGCCATGGCCGTTCATCTCCCGAAACATTCATCGTTTCTTIACHE

Al2 1250 NATSRINNCE TiNeleI AT TCAAAACTCTAACTTECTCGGTGIGTCCTTBAAGIRTCGGT)
GD33 1246 Ruineelervaeler ijeeryyC TCAAAACTCTAACTTINCTCGGTGEGTCCTTE ]

20

25

30 a12 1310 EERAEINERECCRTR: NNVAT &GGTTTCAGCTGCTTCGACC
" GD33 1306 WEITGOINNEIRSTC ADADSINARAGGTC GGTTTCAGCTGCTTCGACC
NP EY N TCGAAGGCGATCGAAGCARACAGTTTTACATAAACTTCACTGGATTCCCATTTCCTCTT
R R KRG T CGAAGGCGATCGAAGCAAACAGTTTTACATARACTTCACTGGATTCCCATTTCCTCTT
S N VRV TCCTTTCCTTAACCGGCGCACCATCAGAACCGAGGTTAGGCTTTCTCCATCCCTCTTG

R L EREE PG TCCTTTCCTTAACCGGCGCACCATCAGAACCGAGGTTAGGCTTTCTCCATCCCTCTTG

40

N AT\ G TT T TGATTTGAACTCGTTGAGAATCCCATATGCGATHEGTTATGCAGGCGGTTAAAGG
(SR KRNI WA CTTTTGATTTGAACTCGTTGAGAATCCCATATGGATAATGTTATGCAGGCGGTTARAGG
N AN YA\ \GCATATGGATGTTTGAACAAGAACAAGCTTTAGGTTTCAGCAGTGTCTCENACI®A A
eI N YA AGCATATGCGATGTTTGAACAAGAACAAGCTTTAGGTTTCAGCAGTGTCTCIHACIEAA

50 a12 1607
GD33 1606

NIRRT XA C 2 CCAAAGAGTGTATTCAGGTTCCC®CTTTTTATTCATTATCCTTGATAAAGTATCATCC
LR IR M ACCAAAGAGTGTATTCAGGTTCCCIRCTTTTHATTCATTA T C/H
SRR PV T T TCTTATCATTTGATAAMMTAACCAATGTCTAAACTCTINTTTTGGGTTGTTTTGCRYAAC
NN AWM T T TC T TATCATTTGATABRATTAACCAATGTCTARACTCTINTTTTGGGTTGTTTTGCAMNAC

45

AAGAATGACTGTCATCABACTCARATCCGGTGGCTTATGGGTTCATGCCCCTATTGCTCC
AAGAATGACTGTCATCARACTCAAATCCGGTGGCTTATGGGTTCATGCCCCTATTGCTCC

60
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{GGCAGCTTATTGAGGAGTTGGGAGCTCCGGTTGAGTACAT,
TTTTTCTTTGEGGCAGCTTATTGAGGAGTTGGGAGCTCCGGTTCGAGTACATMGTCCTACC

Al2 1785
GD33 1777

LR NP -V . Ciy T TIGC TTACGAGCACAAGATCTTCGTCGGTCCCTTCTCTAGAAAGTTCCCCAAGGC
eI N R AN 7\ CleTT@GCTTACGAGCACAAGATCTTCGTCGGTCCCTTCTCTAGAARAGTTCCCCAAGGC
YA TCAAGTATGGGTGGCGCCAAGACAATGGAGCTGGCCACTGAACTTACCACTCGAGTTTTT
(O R kRl TC 2 A GTATGGGTGGCGCCAAGACAATGGAGCTGGCCACTGAACTTACCACTCGAGTTTTT

CGGTATCTTTCGCGCTAAAACCATTAAAGACGG‘GACTT%TCTACCCCGTGGGCTGATG‘
CGGTATCTTTCGCGCTAARAACCATTAAAGACGGIGACTTETCTACCCCGTGGGCTGATGE

Al2 1965
GD33 1957
15

N AP CATCGAGCAGAAAGTCTTAAGCTCTCCTGAAGTCGGTACGTTCCTTCACTTTCTCAATCT)
(eI NG TCGAGCAGAAAGTCTTAAGCTCTCCTGAAGTCGGTACGTTCCTTCACTTTCTCAATCT)

TGTTGGCCCTCCTTAGCCAAGCCTCAGTEAAACATTCGCOTINAACCCGCACTCICCTCCT
TGTTGGCCCTCCTTAGCCAAGCCTCA TﬁAAACATTCGC'T ole- - - -

20
Al2 2085
GD33 2077

25 a12 2145 SUNCCARZ TTTGAAAA%;ZAGTTTATACATAGCCTCC ARDAAARD
kNP AL I /e CC AL AW TIT TTGAAAALAGT TABATATACATAGCCEC AL ADAAAN

Al2 2205
30 @p33 2185

Al2 2265 GAGGGTCGGTCCTGTACTTATG@AAT"-TAATATACAGGAAT‘GGACCGTATGTGGAAG
e DRI PG AGCCGGTCGCOMCCTGTACTTATGHAATAAATAATATACAGGAATINGGACCGTATGTGGAAG

N A KPP T AGCGTTCTACCATAAGCGTTCAAGAACTCTATTAGTCACHGANNGCTGTGATCTTCGTCC
e ke T NCCCTTCTACCATAAGCGTTCAAGAACTCTATTAGTCACOGCAMGCTGTGATCTTCGTCC
40

Al2 2384 6. CAACCCGCCATCCGAGTATCAGCAGCGACTCOTTGCTCGGC®TCTGCTAAGAACGGAC
GD33 2349 gGAAGCCGCCATCGAGTATCAGCAGCGAGTC TTGCTGGCWTCTGCTAAGAACGGAC

LSNP |G CTGTGAAGATACTTAGCAAAGGCAAACAAGTACCTEATGACCCTGTCGTTGATACCC
(e RPNV T GGCTGTGAAGATACTTAGCAAAGGCAAACAAGTACC TGACCCTGTCGTTGATACCC

N AT C AMACACCCGCCAAAANGGTCAGCCATCAGCTTCTTGAAATTCAAATTCATCAAACAAAR
S O N EE NP C AL ACACCCGCCAAARAGGTCAGCCATCAGCTTCTTGARATTCAAATTCATCAAACAAAN

N A W CATCTCREATCGGGTGTCTTTTAACGTGCAGGATGGGAAAGAATGGTGCTGCAAATCCTGTT]
RV ICATCTCBATGGGTGTCTTTTAACGTGCAGCGATGCGGGAAAGAATGGTGCTGCAAATCCTGTT]

95

35

Al2 2624 (Neyy BCCETCTAATCTCTTGGAGCCAAACGCGAGCTT®GCHCAAATGTCACAGAAGCT
(CVXI LI T C TIOGGMCCATCTAATCTCTTGGAGCCAAACGCGAGCTTINGCGCAAATGTCACAGAAGCT]

60

Al2 2684 GTTTCTCCCATTGTCAAGACTCTGGTCTTTAGCAAAGTCCCTGAGAAGGTGAGGG A
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e XXV MG TIGTTTCTCCCATTGTCAAGACTCTGGTCTTTAGCAAAGTCCCTGAGAAGGTGAGGGA

Al2 2744 CTGGATCGATGAGATAGCGAGTGACTGGAG@TTCAAGAGGATAATCCCAGCTCATTTCG‘

5 6Gp33 2708
GGGTTTCTTGATGATCT
TTCTAGCTGCGTT®CCETTTCTTGATGATCT
NPT T C TAGCGGGARAGATATGTGAACCGTCCTCCTTCGCTCTCTGTTCTCTT®ACTTCGCTGAT
e IV T C TAGGGGARAGATATGTGAACCGTCCTCCTTCGCTCTCTGTTCTCTTINACTTCGCTGAT
15

F NPV GG TARAGCIGC
GD33 2888 EeleNVNeleTeleC
P IVl T TCTTAGTCTCTGTTGEGTGCTGTTAACGAAGACCEGTCTCTGGTAGAAAACGARGATGACG
L -G T TCTTAGTCTCTGTTGETGCTGTTAAGAAGACCGTCTCTEGGTAGAARACCGAAGATGACK

F N YW 2. 2. C AAACCCAGCTTTCT

25 cp33 3008 [FVNINVNelloyNelehwmen

Al12 2804
GD33 2768
10

AGCTATTTTCCTCCGGATGATATGAGBACTCTCTCTTCTCTTGATCA
GCTATTTTCCTCCGGATGATATGAGEACTCTCTCTTCTCTTGATCA
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Protein sequence alignment of VG1 Brassica oleracea orthologues proteins from A12 and
GD33. Protein sequences were predicted using the web based bioinformatic program
FGENESH.

5
Al2 SRMAAAAMAVHLPKHSSFLPPKLPLY / VSAAS TR
GD33 ERMALAAAMAVHLPKHSSFLK PKIsIPRIDONSNFLGGSL FGRSMS%NR KGPVMVSAAS T
10 a12 59 ------ VEGDRSKQFYINFTGFPFPLGPFLNRRTIRTEAVKGSIWMFEQEQALGFSSVST)
GD33 59 ------ [VEGDRSKQFYINFTGFPFPLGPFLNRRTIRTEAVKGSIWMFEQEQALGFSSVST]
Al2 113 NIRMTVI%LKSGGLWVHAPIAPTKECIQLIEELGAPVEYIVLPTFAYEHKIFVGPFSRKF
GD33 RN TRMTVIKLKSGGLWVHAPIAPTKECIQLIEELGAPVEYIVLPTFAYEHKIFVGPFSRKE]
15
Al2 I EKIRPKAQVWVAPROQWSWPLNLPLEFFGIFRAKTIKDGDLSTPWADEIEQKVLSSPEVGIGPY
GD33 IR DKAQVWVAPROQWSWPLNLPLEFFGIFRAKTIKDGDLSTPWADETEQKVLSSPEVGIGPY
Al2 PAXIEVAFYHKRSRTLLVTDAVIFVPRKPPSSISSESLLASAKNGLAVKILSKGKQVPIBDPVVD
20 Gp33 233 EVAFYHKRSRTLLVTDAVIFVPQKPPSSISSESLLASAKNGLAVKILSKGKQVPNDPVVD
Al2 PERMTPNTROKGWERMVLQILFLGPSNLLEPNASFAQMSQKLIVSPIVKTLVFSKVPEKVRDWI
GD33 PEEMT PNTROKGWERMVLQILFLGPSNLLEPNASFAQMSQKLIVSPIVKTLVFSKVPEKVRDWT
25 a12 353 DEIASDWRFKRIIPAHFEAP%NAGRSEFLAAFGFLDDLLGERYVNRPPSLSVLFTSLMG
GD33 KXW DE T ASDWRFKRIIPAHFEAPINAGRSEFLAAFGFLDDLLGERYVNRPPSLSVLFTSLMG
Al2 YA A SYFPPDDMRTLSSLDQFLVSVGAVKKTVSGRKRR
GD33 CaIN 2\ SYFPPDDMRTLSSLDQFLVSVGAVKKTVSGRKRR]
30
59
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CLAIMS

1) A polynucleotide, particularly an isolated polynucleotidé, comprising a nucleic acid

 molecule selected from the group consisting of

a nucleic acid molecule comprising a nucleotide sequence as depicted in SEQ ID
NO: 1 (A12 version of BolC.VG1.a);

a nucleic acid molecule comprising a nucleotide sequence as depicted in SEQ ID
NO: 2 (A12 version of BolC.VG2.a);

a nucleic acid molecule comprising a nucleotide sequence as depicted in SEQ ID
NO: 3 (GD33 version of BolC.VG1.a);

. a nucleic acid molecule comprising a nucleotide sequence as depicted in SEQ ID

NO: 4 (GD33 version of BolC.VG2.a);

a nucleic acid molecule comprising a nucleotide sequence the complementary strand

- of which hybridizes to the nucleic acid molecule of any of a) — d);

a nucleic acid molecule comprising a nucleotide sequence that deviates from the
nucleotide sequence defined in any of a) — e) by the degeneracy of the genetic code;

wherein said nucleic acid molecule as defined in any of a) — f) upon expression in a
plant or plant part, leads to a modified seed vigour. '

2) A polynucleotide, particularly an isolated polynucleotide, according to claim 1,

comprising a nucleic acid molecule selected from the group further consisting of

a nucleic acid molecule comprising a nucleotide sequence as depicted in SEQ ID
NO: 5 (truncated A12 allele of BolC.VG2.b);

a nucleic acid molecule comprising a nucleotide sequence as depicted in SEQ ID
NO: 6 (truncated GD33 allele of BolC.VG2.b);

a nucleic acid molecule comprising a nucleotide sequence the complementary strand
of which hybridizes to the nucleic acid molecule of any of a) - b);

a nucleic acid molecule comprising a nucleotide sequence that deviates from the

nucleotide sequence defined in any of a) — c) by the degeneracy of the genetic code;
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wherein said nucleic acid molecule as defined in any of a) — d) upon expression in a
plant or plant part, leads to a modified seed vigour.

3) A polynucleotide, particularly an isolated polynucleotide, comprising a nucleic acid

molecule selected from the group consisting of

nucleic acid molecule comprising a nucleotide sequence that has at least 60%
sequence identity to any of the sequences as depicted in the group comprising : SEQ
ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5 and SEQ ID
NO:6; ’

nucleic acid molecule compfising a nucleotide sequence that has at least 80%
sequence identity to any of the sequences as depicted in the group comprising : SEQ
ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5 and SEQ ID
NO:6;

nucleic -acid - molecule ‘comprising a nucleotide’ sequence that has at least 90%
sequence identity to any of the sequences as depicted in the group comprising : SEQ
ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5 and SEQ ID
NO:6;

nucleic acid molecule comprising a nucleotide sequence that has at least 95%
sequence identity to any of the sequences as depicted in the group comprising : SEQ
ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5 and SEQ ID
NO:6;

nucleic acid molecule comprising a nucleotide sequence that has at least 98%
sequence identity to any of the sequences as depicted in the group comprising : SEQ
ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5 and SEQ ID
NO:6;

nucleic acid molecule comprising a nucleotide sequence the complementary strand

of which hybridizes to the nucleic acid molecule of any of a) — e);

nucleic acid molecule comprising a nucleotide sequence that deviates from the
nucleotide sequence defined in any of a) — f) by the degeneracy of the genetic code;

wherein said nucleic acid molecule as defined in any of a) — g) upon expression in a

plant or plant part, leads to a modified seed vigour.
- 61
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4) A polynucleotide according to claims 1 to 3 wherein the modified seed vigour
phenotype is characterized by a further phenotype selected in the group comprising:
modified speed of germination, modified speed of seedling emergence, modified
uniformity of seed germination, modified uniformity of seedling emergence, modified
percentage of seed germination, modified tolerance of the seed vis-a-vis external
environmental and/or maternal conditions, modified sensitivity to ABA or modified
content of ABA.

5) A polynucleotide, particularly an isolated polynucleotide, comprising a nucleic acid

molecule selected in the group comprising:

a nucleic acid molecule comprising a nucleotide sequence as depicted in SEQ ID
NO: 3;

a nucleic acid molecule comiprising a nucleotide sequence as depicted in SEQ ID
NO: 4;

a nucleic acid molecule comprising a nucleotide sequence as depicted in SEQ ID
NO: 6 ;

a nucleic acid molecule comprising a nucleotide sequence the compleméntary strand

of which hybridizes to the nucleic acid molecule of any of a) - c);

a nucleic acid molecule comprising a nucleotide sequence that deviates from the

nucleotide sequence defined in any of a) — d) by the degeneracy of the genetic code;

wherein said nucleic acid molecule as defined in any of a) — e) upon expression in a

plant or plant part, leads to an increased seed vigour.

6) A polynucleotide according to claim 5, wherein the increased seed vigour
phenotype is characterized by a further phenotype selected in the group comprising:
increased speed of germination, increased speed of seedling emergence, increased
uniformity of seed germination, increased uniformity of seedling emergence,

increased percentage of seed germination, increased tolerance of the seed vis-a-vis
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external environmental and/or maternal conditions, decreased sensitivity to ABA or
decreased content of ABA.

7) A polynucleotide, particularly an isolated polynucleotide, comprising a nucleic acid
molecule selected in the group comprising:

a nucleic acid molecule comprising a nucleotide sequence as depicted in SEQ ID
NO: 1;
a nucleic acid molecule comprising a nucleotide sequence as depicted in SEQ D
NO: 2,

a nucleic acid molecule comprising a nucleotide sequence as depicted in SEQ ID
NO: 5; -

a nucleic acid molecule comprising a nucleotide sequence the complementary strand
of which hybridizes to the nucleic é_cid molecule of any of a) to ¢) ;

a nucleic acid molecule comprising a nucleotide sequence that deviates from the
nucleotide sequence defined in any of a) — d) by the degeneracy of the genetic code;

wherein said nucleic acid molecule as defined in any of a) — e) upon expression in a

plant or plant part, leads to a decreased seed vigour.

8) An expression cassette comprising a polynucleotide of any of the preceding

claims.
9) A vector molecule comprising the expression cassette according to claim 8.
10) Use of a polynucleotide according to claims 1 to 3 for modifying seed vigour.

11) A method for modifying the seed vigour comprising introgressing through
crossing or by plant transformation techniques to and expressing in a plant or plant
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part a polynucleotide, an expression cassette or a vector molecule of any of the

claims 1 to 10.

12) A method for producing seed with modified seed vigour comprising:

obtaining a first plant verified to contain the polynucleotide of any of the claims 1 to
7

croésing said first plant with a second plant verified to lack the said polynucleotide ;
and

identifying a plant seed resulting from the cross exhibiting a modified seed vigour as
compared to seeds delivered by the second plant.

13) A plant or plant part which contains within its genome an introgression
comprising the polynucleotide; the expression cassette or the vector molecule of any

of claims 1 to 9 and exhibits a modification of seed vigour as compared to a plant or

“plant part that does not comprise the said polynucleotide, expression cassette or

vector molecule.

14) A plant or plant part which contains within its genome an introgression
comprising a polynucleotide according to claim 5 and exhibits an increased seed
vigour as compared to a seed delivered by a plant or plant part that does not

comprise the said polynucleotide.

15) A plant or plant part which contains within its genome an introgreséion
comprising a polynucleotide according to claim 7 and exhibits a decreased seed
vigour as compared to a seed delivered by a plant or plant part that does not

comprise the said polynucleotide.

16) A method for selecting plant or plant part with modified seed vigour, comprising
the detection in the plant or plant part to be tested of the presence or absence of a
polynucleotide according to any of claims 1 to 7.
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17) A method for selecting plant or plant parts with modified seed vigour, comprising
contacting candidate plant or plant part with a selection tool selected from the group

comprising the polynucleotides of any of claims 1to 7.

18) A plant or plant part according to any of the preceding claims that are cultivated
plant or cultivated plant part and are selected in the group comprising Brassica
oleracea, Brassica napus, Brassica rapa, Brassica campestris, Brassica juncea,
Brassica nigra, Brassica pekinensis, Brassica chinensis, Brassica rosularis, Eruca
vesicaria, Eruca sativa, Raphanus sativus, Lepidium sativum, Nasturtium officinale,

Wasabia japonica.

19) A plant or plant part according to claims 13 to 15 or claim 18, wherein said plant

is a hybrid plant.

20) A plant or plant part according to claim 19 obtainable from seed deposited at
NCIMB under deposit number NCIMB 41951, or progeny thereof.

21) A non biological method for obtaining plant or plant part with modified seed
vigour, comprising introducing a polynucleotide according to any of claims 1 to 7 into
the genome of said plant or plant part.

22) A method according to claim 16 comprising (a) obtaining a first plant verified to
contain the polynucleotide of any of claims 1 to 7; (b) crossing said first plant with a
second plant verified to lack the said polynucleotide; and (c) identifying a plant
resulting from the cross exhibiting modified seed vigour, and containing the said

polynucleotide.

23) A method according to claim 22, wherein presence of the polynucleotide is
verified by use of a molecular marker, particularly by a molecular marker physically
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located in a position that is within or outside the genetic locus containing the

polynucleotide.

24) A method according to claim 22, wherein presence of the polynucleotide is
verified by use of at least two molecular markers, particularly by at least two
molecular markers physically located in a position that is flanking the genetic locus

containing the polynucleotide.

25) A seed comprising a polynucleotide according to claims 1 to 7, wherein the said

seed is coated with any type of coating.
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