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(54) Polynucleotide markers

(57) The invention relates to polynucleotides that are
closely linked to the bolting gene or B gene within the
sugar beet genome and can be used for the development
of molecular markers. The invention further relates to mo-
lecular markers and kits comprising said markers that
can be used for mapping, identification and isolation of
the bolting gene or B gene in the sugar beet genome and

to discriminate between the annual and biennial geno-
type or between different haplotypes within plant group-
ings of sugar beet plants exhibiting a biennial genotype.

The invention also relates to assays and methods of
breeding sugar beet plants involving said markers.
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Description

[0001] The present invention is in the area of marker-assisted breeding and quality control of sugar beet seed. In
particular, the invention relates to polynucleotides that are closely linked to or residing within the bolting gene or B gene
within the sugar beet genome and can be used for the development of molecular markers. The invention further relates
to molecular markers and kits comprising said markers that can be used for mapping, identification and isolation of the
bolting gene or B gene in the sugar beet genome and to discriminate between the annual and biennial genotype or
between different haplotypes within plant groupings of sugar beet plants exhibiting a biennial genotype. The invention
further relates to transgenic approaches, wherein transgenic plants are provided with the B gene either being overex-
pressed or downregulated.
[0002] The cultivated sugar beet (Beta vulgaris ssp. vulgaris L.) is a biennial plant which forms a storage root and a
leaf rosette in the first year. Shoot elongation (bolting) and flower formation starts after a period of low temperature. In
contrast, many wild beets of the genus B. vulgaris ssp. maritima show an annual growing habit due to the presence of
the bolting gene B at the B locus, which was mapped to the central region of chromosome II. The dominant allele of
locus B. is abundant in wild beets and causes bolting under long days without the cold requirement usually essential for
biennial cultivars (Abe et al., 1997) carrying the recessive allele.
[0003] Bolting (stem elongation) is the first step clearly visible in the transition from vegetative to reproductive growth.
[0004] In cultivated sugar beet, bolting is an undesirable phenomenon, as it results in reduction of yield and gives rise
to problems during harvesting and sugar extraction. Owing to the incomplete penetrance of the B allele and its environ-
mental dependence, closely linked molecular markers are needed to screen its presence in breeding lines.
[0005] Commercial seed productions for sugar beet are often done in regions, where annual weed beets are growing,
which can cause pollen contamination in the seed productions, resulting in annuals in the commercial seed. This is not
acceptable to the customers. To identify contaminations with annuals, commercial seed lots are grown in regions where
no wild annual beets are growing directly after harvesting the seed. The plants are not vernalized and contaminations
are identified by the presence of bolters. Replacing this test with a marker-based screening assay would be highly
desirable, as results could be obtained earlier, which would lead to cost savings in seed processing.
[0006] A marker-based approach could also be advantageously used in sugar beet breeding, e.g., to speed up the
breeding process, or to introduce new variation from wild sea beets. In these cases, it is important to have a marker
tightly linked to the B gene to be able to select annuals or biennials accurately.
[0007] The present invention now provides the means to develop such markers.
[0008] In particular, the present invention relates to a polynucleotide, particularly an isolated polynucleotide, identified
in the sugar beet genome including variants and derivatives thereof, which polynucleotide is genetically closely linked
to, or, preferably, located within the bolting gene or B gene. The invention further relates to the use of said polynucleotide
for the development of markers that can be used for mapping, identification and isolation of the bolting gene or B gene
in the sugar beet genome.
[0009] In one aspect of the invention, the polynucleotide according to the invention shows perfect co-segregation with
the bolting gene (B gene) associated phenotype in sugar beet.
[0010] In one embodiment, the invention relates to a polynucleotide including informative fragments thereof according
to the invention and as described herein before, which polynucleotide is obtainable from a genomic DNA region that
maps at a distance of 1 cM upstream of markers MP0176 and GJ01 and co-segregates with marker GJ131, shows
perfect co-segregation with the bolting gene (B gene) associated phenotype in sugar beet.
[0011] In another embodiment, the invention relates to a polynucleotide including informative fragments thereof, par-
ticularly an isolated polynucleotide, according to the invention and as described herein before which is obtainable from
a genomic DNA located in the interval delimited by markers GJ131 and GJ01.
[0012] In one embodiment of the invention, a polynucleotide including an informative fragment thereof, particularly an
isolated polynucleotide, is provided which polynucleotide is obtainable from a genomic sugar beet DNA genetically linked
to the bolting gene or B gene in the sugar beet genome and comprises one or more of the following elements:

a) an intronic region that yields an amplification product of approximately 0.5 kb in a PCR reaction with forward
primer PRR7-F and reverse primer PRR7-R as given in SEQ ID NO: 7 and SEQ ID NO: 8, respectively, or a primer
pair having at least 90%, particularly at least 95%, more particularly at least 98% and up to 99% sequence identity
with a sequence as given in SEQ ID NO: 7 and SEQ ID NO: 8, respectively, when using genomic sugar beet DNA
as a template, particularly a polynucleotide fragment exhibiting a nucleotide sequence as depicted in SEQ ID NO:
2, 3 or 4, or a sequence that has at least 70%, particularly at least 75%, more particularly at least 80%, even more
particularly at least 85%, but especially at least 90% and up to at least 95%-99% sequence identity therein;
b) a polynucleotide fragment comprising a nucleotide sequence which has 70%, particularly 75%, more particularly
80%, even more particularly 85%, but especially 90% and up to 95%-99% sequence identity with a nucleotide
sequence as depicted in SEQ ID NO:1 or SEQ ID NO: 52;
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c) a polynucleotide fragment comprising a nucleotide sequence as depicted in SEQ ID NO: 5 or a sequence which
has 70%, particularly 75%, more particularly 80%, even more particularly 85%, but especially 90% and up to 95%-
99% sequence identity with a nucleotide sequence as depicted in SEQ ID NO: 5 or SEQ ID NO: 51;
d) a polynucleotide fragment which, after splicing, encodes a polypeptide which has at least 80%, particularly at
least 85%, more particularly at least 90%, even more particularly at least 95%, but especially at least 98% and up
to 100% sequence identity with a nucleotide sequence shown in SEQ ID NO: 6 and, optionally, in addition
e) a highly conserved portion encoding a Pseudo Response Regulator Receiver Domain motif (PRR) near the
NH2-terminus and a CCT motif at the COOH-terminus.

[0013] In one embodiment, the invention relates to a polynucleotide including an informative fragment thereof, partic-
ularly an isolated polynucleotide, comprising an intronic region that yields an amplification product of approximately 0.5
kb in a PCR reaction with forward primer PRR7-F and reverse primer PRR7-R as given in SEQ ID NO: 7 and SEQ ID
NO: 8, respectively, or a primer pair having at least 90%, particularly at least 95%, more particularly at least 98% and
up to 99% sequence identity with a sequence as given in SEQ ID NO: 7 and SEQ ID NO: 8, respectively, when using
genomic sugar beet DNA as a template.
[0014] In one embodiment, the invention relates to a polynucleotide including an informative fragment thereof, partic-
ularly an isolated polynucleotide, comprising a polynucleotide fragment exhibiting a nucleotide sequence as depicted in
SEQ ID NO: 1, or a sequence that has at least 70%, particularly at least 75%, more particularly at least 80%, even more
particularly at least 85%, but especially at least 90% and up to at least 95%-99% sequence identity therein.
[0015] In one embodiment, the invention relates to a polynucleotide including an informative fragment thereof, partic-
ularly an isolated polynucleotide, comprising a polynucleotide fragment exhibiting a nucleotide sequence as depicted in
SEQ ID NO: 2, 3 or 4, or a sequence that has at least 70%, particularly at least 75%, more particularly at least 80%,
even more particularly at least 85%, but especially at least 90% and up to at least 95%-99% sequence identity therein.
[0016] In one embodiment, the invention relates to a polynucleotide including an informative fragment thereof, partic-
ularly an isolated polynucleotide, which, after splicing, encodes a polypeptide which has at least 80%, particularly at
least 85%, more particularly at least 90%, even more particularly at least 95%, but especially at least 98% and up to
100% sequence identity with a nucleotide sequence shown in SEQ ID NO: 6
[0017] In one embodiment, the invention relates to a polynucleotide including an informative fragment thereof, partic-
ularly an isolated polynucleotide, comprising a polynucleotide fragment comprising a nucleotide sequence as depicted
in SEQ ID NO: 5 or a sequence which has at least 70%, particularly at least 75%, more particularly at least 80%, even
more particularly at least 85%, but especially at least 90% and up to at least 95%-99% sequence identity with a nucleotide
sequence as depicted in SEQ ID NO: 5.
[0018] In one embodiment, the invention relates to a polynucleotide including an informative fragment thereof, partic-
ularly an isolated polynucleotide, comprising a polynucleotide fragment comprising a nucleotide sequence as depicted
in SEQ ID NO: 51 or a sequence which has at least 70%, particularly at least 75%, more particularly at least 80%, even
more particularly at least 85%, but especially at least 90% and up to at least 95%-99% sequence identity with a nucleotide
sequence as depicted in SEQ ID NO: 51.
[0019] In one embodiment, the invention relates to a polynucleotide including an informative fragment thereof, partic-
ularly an isolated polynucleotide, comprising a polynucleotide fragment comprising a nucleotide sequence as depicted
in SEQ ID NO: 52 or a sequence which has at least 70%, particularly at least 75%, more particularly at least 80%, even
more particularly at least 85%, but especially at least 90% and up to at least 95%-99% sequence identity with a nucleotide
sequence as depicted in SEQ ID NO: 52.
[0020] All individual numerical values, which fall into the range from between 70% - 99% as mentioned herein before,
i.e., 71%, 72%, 73%, 74%, 75%, ....90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% should likewise be covered
by the present invention.
[0021] In one embodiment, the invention relates to a polynucleotide including an informative fragment thereof, partic-
ularly an isolated polynucleotide, comprising a polynucleotide fragment wherein the complementary strand of said poly-
nucleotide fragment is capable of hybridizing with a nucleotide sequence depicted in SEQ ID NO: 1, particularly under
moderate hybridization conditions, more particularly under stringent hybridization conditions.
[0022] In one embodiment, the invention relates to a polynucleotide including an informative fragment thereof, partic-
ularly an isolated polynucleotide, comprising a polynucleotide fragment wherein the complementary strand of said poly-
nucleotide fragment is capable of hybridizing with a nucleotide sequence depicted in SEQ ID NO: 2, 3 or 4 particularly
under moderate hybridization conditions, more particularly under stringent hybridization conditions.
[0023] In one embodiment, the invention relates to a polynucleotide including an informative fragment thereof, partic-
ularly an isolated polynucleotide, comprising a polynucleotide fragment wherein the complementary strand of said poly-
nucleotide fragment is capable of hybridizing with a nucleotide sequence depicted in SEQ ID NO: 5, particularly under
moderate hybridization conditions, more particularly under stringent hybridization conditions.
[0024] In one embodiment, the invention relates to a polynucleotide including an informative fragment thereof, partic-
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ularly an isolated polynucleotide, comprising a polynucleotide fragment wherein the complementary strand of said poly-
nucleotide fragment is capable of hybridizing with a nucleotide sequence depicted in SEQ ID NO: 51, particularly under
moderate hybridization conditions, more particularly under stringent hybridization conditions.
[0025] In one embodiment, the invention relates to a polynucleotide including an informative fragment thereof, partic-
ularly an isolated polynucleotide, comprising a polynucleotide fragment wherein the complementary strand of said poly-
nucleotide fragment is capable of hybridizing with a nucleotide sequence which encodes a polypeptide having an amino
acid sequence as depicted in SEQ ID NO: 6, particularly under moderate hybridization conditions, more particularly
under stringent hybridization conditions.
[0026] In one embodiment, the invention relates to a polynucleotide including an informative fragment thereof, partic-
ularly an isolated polynucleotide, comprising a polynucleotide fragment wherein the complementary strand of said poly-
nucleotide fragment is capable of hybridizing with a nucleotide sequence depicted in SEQ ID NO: 52, particularly under
moderate hybridization conditions, more particularly under stringent hybridization conditions.
[0027] In one embodiment of the invention, a polynucleotide is provided including an informative fragment thereof,
particularly an isolated polynucleotide, which polynucleotide is obtainable from a genomic sugar beet DNA genetically
linked to the bolting gene or B gene in the sugar beet genome

a) by screening a BAC library developed from the biennial commercial cultivar H20 using forward primer PRR7-F
and reverse primer PRR7-R as given in SEQ ID NO: 7 and SEQ ID NO: 8, respectively, or a primer pair having at
least 90%, particularly at least 95%, more particularly at least 98% and up to 99% sequence identity with a sequence
as given in SEQ ID NO: 7 and SEQ ID NO: 8, respectively, in a PCR reaction, particularly under the following
conditions:

- primary denaturation at 95°C for 5 min; followed by

- 35 amplification cycles of 30 seconds at 95°C,

- 30 seconds at 60°C;

- 30 seconds at 72°C; and followed by

- 5 min at 72°C.

b) selecting BAC SBA079-L24 comprising two non-overlapping contigs both sharing sequence homology with EST
CV301305 as given in SEQ ID NO: 1 and combining them into one single sequence;

c) obtaining the gene structure of the beet BvPRR7 gene comprising introns and exons based on the alignment of
the BAC sequence contigs to EST CV301305 as given in SEQ ID NO:1 and on sequence homology to the PRR7
gene from Arabidopsis.

[0028] In a specific embodiment, the polynucleotide according to the invention comprises a nucleotide sequence that
has the nucleotide sequence depicted in SEQ ID NO: 1.
[0029] In a specific embodiment, the polynucleotide according to the invention comprises a nucleotide sequence that
has the nucleotide sequence depicted in SEQ ID NO: 2.
[0030] In a specific embodiment, the polynucleotide according to the invention comprises a nucleotide sequence that
has the nucleotide sequence depicted in SEQ ID NO: 3.
[0031] In a specific embodiment, the polynucleotide according to the invention comprises a nucleotide sequence that
has the nucleotide sequence depicted in SEQ ID NO: 4.
[0032] In a specific embodiment, the polynucleotide according to the invention comprises a nucleotide sequence that
has the nucleotide sequence depicted in SEQ ID NO: 5.
[0033] In a specific embodiment, the polynucleotide according to the invention comprises a nucleotide sequence that
has the nucleotide sequence depicted in SEQ ID NO: 51.
[0034] In a specific embodiment, the polynucleotide according to the invention comprises a nucleotide sequence that
has the nucleotide sequence depicted in SEQ ID NO: 52.
[0035] In a specific embodiment, the polynucleotide according to the invention comprises a nucleotide sequence that
has the nucleotide sequence depicted in SEQ ID NO: 5, wherein said sequence has a G at position 3695, a C at position
3827, a T at position 3954, a T at position 5284, a G at position 5714, a G at position 10954, a T at position 11043, a C
at position 11143, a C at position 11150, an A at position 11220, a C at position 11238, an A at position 11299, an A at
position 11391, a G at position 12053, a G at position 12086, a T at position 12127, an A at position 12193, a G at
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position 12337, and a G at position 12837, representing annual allele 1.
[0036] In a specific embodiment, the polynucleotide according to the invention comprises a nucleotide sequence that
has the nucleotide sequence depicted in SEQ ID NO: 5, wherein said sequence has a T at position 3695, a C at position
3827, a T at position 3954, a T at position 5284, a G at position 5714, a G at position 10954, a T at position 11043, a C
at position 11143, a C at position 11150, an A at position 11220, an A at position 11238, an T at position 11299, an A
at position 11391, a G at position 12053, a G at position 12086, a T at position 12127, a G at position 12193, a G at
position 12337, and a G at position 12837, representing annual allele 2.
[0037] In a specific embodiment, the polynucleotide according to the invention comprises a nucleotide sequence that
has the nucleotide sequence depicted in SEQ ID NO: 5, wherein said sequence has a G at position 3695, a C at position
3827, a T at position 3954, a T at position 5284, a G at position 5714, a G at position 10954, a G at position 11043, a
T at position 11143, a C at position 11150, an A at position 11220, a C at position 11238, a T at position 11299, an A
at position 11391, a G at position 12053, a G at position 12086, a T at position 12127, a G at position 12193, a G at
position 12337, and a G at position 12837, representing annual allele 3.
[0038] In a specific embodiment, the polynucleotide according to the invention comprises a nucleotide sequence that
has the nucleotide sequence depicted in SEQ ID NO: 5, wherein said sequence has a G at position 3695, a C at position
3827, a T at position 3954, a T at position 5284, a G at position 5714, a G at position 10954, a T at position 11043, a C
at position 11143, a T at position 11150, an A at position 11220, a C at position 11238, a T at position 11299, an A at
position 11391, a G at position 12053, a G at position 12086, a T at position 12127, an A at position 12193, a G at
position 12337, and a G at position 12837, representing annual allele 4.
[0039] In a specific embodiment, the polynucleotide according to the invention comprises a nucleotide sequence that
has the nucleotide sequence depicted in SEQ ID NO: 5, wherein said sequence has a G at position 3695, a C at position
3827, a T at position 3954, a T at position 5284, a G at position 5714, a G at position 10954, a T at position 11043, a C
at position 11143, a C at position 11150, an A at position 11220, a C at position 11238, a T at position 11299, an A at
position 11391, a G at position 12053, an A at position 12086, a T at position 12127, an A at position 12193, an A at
position 12337, and a G at position 12837, representing annual allele 5.
[0040] In a specific embodiment, the polynucleotide according to the invention comprises a nucleotide sequence that
has the nucleotide sequence depicted in SEQ ID NO: 5, wherein said sequence has a G at position 3695, a C at position
3827, a T at position 3954, a T at position 5284, a G at position 5714, a G at position 10954, a T at position 11043, a C
at position 11143, a C at position 11150, an A at position 11220, a C at position 11238, a T at position 11299, an A at
position 11391, a G at position 12053, a G at position 12086, a T at position 12127, an A at position 12193, an A at
position 12337, and a G at position 12837, representing annual allele 6.
[0041] In a specific embodiment, the polynucleotide according to the invention comprises a nucleotide sequence that
has the nucleotide sequence depicted in SEQ ID NO: 5, wherein said sequence has a G at position 3695, an A at position
3827, an A at position 3954, a C at position 5284, a T at position 5714, an A at position 10954, a G at position 11043,
a C at position 11143, a C at position 11150, a C at position 11220, a C at position 11238, a T at position 11299, a G
at position 11391, an A at position 12053, a G at position 12086, a C at position 12127, a G at position 12193, a G at
position 12337, and an A at position 12837, representing biennial allele 7.
[0042] In a specific embodiment, the polynucleotide according to the invention comprises a nucleotide sequence that
has the nucleotide sequence which encodes a polypeptide having an amino acid sequence as depicted in SEQ ID NO: 6.
[0043] In one embodiment, the invention relates to an amplification product of approximately 0.5 kb including an
informative fragment, which is obtainable in a PCR reaction with forward primer PRR7-F and reverse primer PRR7-R
as given in SEQ ID NO: 7 and SEQ ID NO: 8, respectively, when using genomic sugar beet DNA as a template.
[0044] In a specific embodiment of the invention, a set of polynucleotide markers is provided comprising a plurality of
individual markers which markers are developed based on a polynucleotide as depicted in SEQ ID NO: 5 including any
of its allelic variants 1 to 7 as disclosed herein before and are capable of detecting the various SNPs at the nucleotide
positions given in Table 5, wherein said set of markers is capable of identifying the different alleles and thus of differen-
tiating between annual and biennial sugar beet lines.
[0045] In one embodiment, the invention relates to one or a plurality of probe molecules and/or to one or a plurality
of primers, particularly one or a plurality of primer pairs, but especially one or a plurality of primer pairs consisting of a
forward primer and a reverse primer, which primers are capable of annealing to a nucleotide sequence within a genomic
region of the sugar beet genome that is genetically closely linked to the B gene, but particularly to a region within the B
gene, and which comprises a polynucleotide according to the invention and as described herein before including an
informative fragment thereof, wherein said fragment comprises a polymorphism, particularly a polymorphism that is
based on an SNP, an SSR, a deletion or an insertion of at least one nucleotide, but especially a polymorphism based
on an SNP, which polymorphism is diagnostic for the B allele at the B locus and allows to discriminate between the
annual and biennial genotype or between different haplotypes within plant groupings of sugar beet plants exhibiting a
biennial or annual genotype.
[0046] In one embodiment of the invention, a polynucleotide marker is provided which can be developed from a
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polynucleotide molecule or an informative fragment thereof selected from the group of polynucleotides as depicted in
SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5 , SEQ ID NO: 51, SEQ ID NO: 52 and a
polynucleotide encoding a polypeptide comprising a amino acid sequence as depicted in SEQ ID NO: 6, wherein said
polynucleotide comprises one or more polymorphisms, particularly a polymorphism that is based on an SNP, an SSR,
a deletion or an insertion of at least one nucleotide, but especially a polymorphism based on an SNP, which polymorphism
is diagnostic for the B allele at the B locus and allows to discriminate between the annual and biennial genotype or
between different haplotypes within a plant grouping of sugar beet plants exhibiting a biennial or annual genotype.
[0047] In a specific embodiment of the invention, a polynucleotide marker is provided which is developed based on a
polynucleotide as depicted in SEQ ID NO: 2, which marker is capable of detecting at least one of the following SNPs in
the 3rd intron of the BvPRR7 gene:

a) a cytosine or a thymine at position 87
b) a cytosine or thymine at position 160
c) an adenine or a guanine at position 406

and thus of differentiating between annual and biennial haplotypes.
[0048] In one embodiment, said polynucleotide marker is represented by one or a plurality of probe molecules and/or
to one or a plurality of primers, particularly one or a plurality of primer pairs, but especially a pair of primers consisting
of a forward primer and a reverse primer which primers are capable of annealing to a nucleotide sequence within a
genomic region of the sugar beet genome that is genetically closely linked to the B gene and exhibits the nucleotide
sequences as shown in SEQ ID NO:2 and of amplifying an informative fragment thereof, wherein said fragment comprises
one or more polymorphisms, particularly a polymorphism that is based on an SNP, an SSR, a deletion or an insertion
of at least one nucleotide, but especially a polymorphism based on an SNP as shown, for example, in Table 1, which
polymorphism is diagnostic for the B allele at the B locus and allows to discriminate between plants having an annual
and a biennial genotype or between different haplotypes within a plant grouping of sugar beet plants exhibiting a biennial
or annual genotype.
[0049] In a specific embodiment, a pair of primers is provided according to the invention and as described herein
before, which anneals to a nucleotide sequence within the 3rd intron as depicted in SEQ ID NO: 2 and amplifies an
informative fragment from said region comprising a polymorphism, particularly a polymorphism comprising a C/T SNP
at position #87 and/or a C/T SNP at position #160 and/or an A/G SNP at position #406.
[0050] In particular, a pair of primers comprises a forward primer PRR7-F as depicted in SEQ ID NO: 7 and a reverse
primer PRR7-R as depicted in SEQ ID NO: 8 for amplifying a fragment comprising the SNP #160, SNP #87 and SNP #406.
[0051] In one embodiment, the polynucleotide marker according to the invention is represented by one or a plurality
of probe molecules and/or to one or a plurality of primers, particularly one or a plurality of primer pairs, but especially a
pair of primers consisting of a forward primer and a reverse primer which primers are capable of annealing to a nucleotide
sequence within a genomic region of the sugar beet genome that is genetically closely linked to the B gene, particularly
to a nucleotide sequence within the B gene, particularly to a nucleotide sequence as shown in SEQ ID NO: 5 and of
amplifying an informative fragment thereof, wherein said fragment comprises one or more polymorphisms, particularly
a polymorphism that is based on an SNP, an SSR, a deletion or an insertion of at least one nucleotide, but especially
a polymorphism based on an SNP as shown, for example, in Table 5, which polymorphism is diagnostic for the B allele
at the B locus and allows to discriminate between plants having an annual and a biennial genotype or between different
haplotypes within a plant grouping of sugar beet plants exhibiting a biennial or annual genotype.
[0052] In a specific embodiment, a pair of primers is provided according to the invention and as described herein
before, which anneals to a nucleotide sequence within the coding region of the BvPRR7 gene as depicted in SEQ ID
NO: 5 and amplifies an informative fragment from said coding sequence comprising a polymorphism, particularly a
polymorphism comprising an A/C SNP at position #3827 and/or an A/T SNP at position #3954 and/or a T/G SNP at
position #5714 and/or a C/A SNP at position #11220, and/or a G/A SNP at position #11391, and/or an A/G SNP at
position #12053, and/or a C/T SNP at position #12127.
[0053] In particular, a first pair of primers comprises a forward primer F3806 as depicted in SEQ ID NO 27 and a
reverse primer R3807 as depicted in SEQ ID NO 28 for amplifying a fragment comprising the SNP #3827 and SNP #3954.
[0054] A second pair of primers comprises a forward primer F3768 as depicted in SEQ ID NO 21 and a reverse primer
R3769 as depicted in SEQ ID NO 22 for amplifying a fragment comprising the SNP #5714.
[0055] A third pair of primers comprises a forward primer F3857 as depicted in SEQ ID NO 37 and a reverse primer
R3858 as depicted in SEQ ID NO 38 for amplifying a fragment comprising the SNP #11220.
[0056] A fourth pair of primers comprises a forward primer F3859 as depicted in SEQ ID NO 39 and a reverse primer
R3860 as depicted in SEQ ID NO 40 for amplifying a fragment comprising the SNP #11391.
[0057] A fifth pair of primers comprises a forward primer F3861 as depicted in SEQ ID NO 41 and a reverse primer
R3862 as depicted in SEQ ID NO 42 for amplifying a fragment comprising the SNP #12053 and SNP #12127.
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[0058] In one embodiment, the polynucleotide marker according to the invention is represented by one or a plurality
of probe molecules and/or to one or a plurality of primers, particularly one or a plurality of primer pairs, but especially a
pair of primers consisting of a forward primer and a reverse primer which primers are capable of annealing to a nucleotide
sequence within a genomic region of the sugar beet genome that is genetically closely linked to the B gene, particularly
to a nucleotide sequence within the B gene, particularly to a nucleotide sequence within the promoter region of the PRR7
gene, particularly to a nucleotide sequence within the promoter region of the PRR7 gene as shown in SEQ ID NO: 5
and SEQ ID NO: 51, respectively, and of amplifying an informative fragment thereof, which is diagnostic for the B allele
at the B locus and allows to discriminate between plants having an annual and a biennial genotype or between different
haplotypes within a plant grouping of sugar beet plants exhibiting a biennial or annual genotype.
[0059] In a specific embodiment of the invention, a polynucleotide marker is provided which is represented by a primer
pair selected from the group of primer pair F3808 (SEQ ID NO 29) and R3809 (SEQ ID NO 30) yielding an amplification
product of 0.6 Kb; primer pair F3855 (SEQ ID NO 35) and R3809 (SEQ ID NO 30) yielding an amplification product of
1.0 Kb; and primer pair F3855 (SEQ ID NO 35) and R3856 (SEQ ID NO 36) (Table 4) yielding an amplifications product
of 0.8, provided that a genomic DNA from biennial lines is used as template, but does not provide amplification for the
annual lines.
[0060] Said informative fragment may further comprise one or more polymorphisms, particularly a polymorphism that
is based on an SNP, an SSR, a deletion or an insertion of at least one nucleotide, but especially a polymorphism based
on an SNP, which is diagnostic for the B allele at the B locus and allows to discriminate between plants having an annual
and a biennial genotype or between different haplotypes within a plant grouping of sugar beet plants exhibiting a biennial
or annual genotype.
[0061] The invention further relates to one or a plurality of probe molecules and/or to one or a plurality of primers,
particularly one or a plurality of primer pairs, but especially a pair of primers consisting of a forward primer and a reverse
primer which primers are capable of annealing to a nucleotide sequence within a genomic region of the sugar beet
genome that is genetically closely linked to the B gene, particularly to a nucleotide sequence within the B gene, particularly
to a nucleotide sequence within the promoter region of the PRR7 gene, particularly to a nucleotide sequence within the
promoter region of the PRR7 gene as shown in SEQ ID NO: 5 and SEQ ID NO: 51, respectively, and of amplifying an
informative fragment thereof, which is diagnostic for the B allele at the B locus and allows to discriminate between plants
having an annual and a biennial genotype or between different haplotypes within a plant grouping of sugar beet plants
exhibiting a biennial or annual genotype.
[0062] In another specific embodiment of the invention, a primer pair is provided selected from the group of primer
pair F3808 (SEQ ID NO 29) and R3809 (SEQ ID NO 30) yielding an amplification product of 0.6 Kb; primer pair F3855
(SEQ ID NO 35) and R3809 (SEQ ID NO 30) yielding an amplification product of 1.0 Kb; and primer pair F3855 (SEQ
ID NO 35) and R3856 (SEQ ID NO 36) (Table 4) yielding an amplifications product of 0.8, provided that a genomic DNA
from biennial lines is used as template, but does not provide amplification for the annual lines.
[0063] The above probe molecules and/or primers can be used in a method of identifying annual contaminations in
commercial sugar beet seed.
[0064] In one embodiment, the invention relates to a set of probe polynucleotides comprising at least two separate
probe molecules that are complementary to a sub-region within an informative polynucleotide fragment according to the
invention and as described herein before comprising a polymorphic site and amplify partially overlapping fragments
which differ only by one or two base mismatches in the area of overlap, wherein a first probe, particularly a probe labelled
with a first fluorescent dye, more particularly with a first fluorescent dye and a quencher represents one allele and a
second probe, particularly a probe labelled with a second fluorescent dye, which is not identical with the first dye, more
particularly with a second fluorescent dye and a quencher, represents the other allele.
[0065] In a specific embodiment of the invention, said informative polynucleotide fragment comprises a polymorphism,
wherein said polymorphism is based on SNP #3827. within the Pseudo-receiver domain of the PRR7 gene depicted in
SEQ ID NO: 5 and the first probe molecule labelled with a first fluorescent dye, has a nucleotide sequence as shown in
SEQ ID NO: 47 and the second probe molecule labelled with a second fluorescent dye, has a nucleotide sequence as
shown in SEQ ID NO: 48.
[0066] In one embodiment, the invention relates to the use of a polynucleotide according to the invention and as
described herein before, or any informative fragment thereof, for developing a marker that may be used in an allelic
discrimination assay for detecting a polymorphism in the sugar beet genome, which polymorphism is diagnostic for the
B allele at the B locus and allows to discriminate between the annual and biennial genotype or between different haplotypes
within plant groupings of sugar beet plants exhibiting a biennial genotype or for mapping the B gene to the sugar beet
genome.
[0067] In a specific embodiment, the invention relates to the use of one or a plurality of primers, particularly one or a
plurality of primer pairs, according to the invention and as described herein before in an allelic discrimination assay for
detecting a polymorphism in the sugar beet genome, particularly a polymorphism that is based on an SNP, an SSR, a
deletion or an insertion of at least one nucleotide, but especially a polymorphism based on an SNP, which polymorphism



EP 2 390 335 A2

8

5

10

15

20

25

30

35

40

45

50

55

is diagnostic for the B allele at the B locus and allows to discriminate between the annual and biennial genotype or
between different haplotypes within plant groupings of sugar beet plants exhibiting a biennial genotype.
[0068] In another specific embodiment of the invention, a set of probe molecules according to the invention and as
described herein before may in addition be employed in said allelic discrimination assay.
[0069] In one embodiment, the invention relates to a method of identifying the absence or presence of an allele
associated with annuality in a sugar beet plant, comprising

a) obtaining a genomic sample from a sugar beet plant to be analyzed,
b) analyzing the nucleotide sequence of the genomic region of the sugar beet genome that is genetically closely
linked to the B gene and complementary to or comprises the sequence of a polynucleotide according to the invention
and as described herein before, and
c) comparing said sequence with an allelic sequence known to be associated with the biennial phenotype and the
annual phenotype, respectively.

[0070] In one embodiment, the invention relates to a method of identifying the absence or presence of an allele
associated with annuality in a sugar beet plant, comprising

a) obtaining a genomic sample from a sugar beet plant to be analyzed,
b) amplifying a fragment from said sample DNA using a primer, particularly a primer pair, that is complementary
and binds to a nucleotide sequence present in the promoter region of the BvPRR7 gene, particularly the BvPRR7
as disclosed in SEQ ID NO: 51, and
c) comparing said sequence with an allelic sequence known to be associated with the biennial phenotype but not
with the annual phenotype.

[0071] In one embodiment, the invention relates to a method of identifying the absence or presence of an allele
associated with annuality in a sugar beet plant, comprising

a) obtaining a genomic sample from a sugar beet plant to be analyzed,
b) probing said sample DNA with a probe molecule comprising an allele-specific sequence, particularly an allele-
specific sequence form the promoter region of the BvPRR7 gene, particularly the BvPRR7 as disclosed in SEQ ID
NO: 51, known to be present in the biennial allele but not in the annual allele.

[0072] In a specific embodiment of the invention, a primer pair is used in said method selected from the group of primer
pair F3808 (SEQ ID NO 29) and R3809 (SEQ ID NO 30) yielding an amplification product of 0.6 Kb; primer pair F3855
(SEQ ID NO 35) and R3809 (SEQ ID NO 30) yielding an amplification product of 1.0 Kb; and primer pair F3855 (SEQ
ID NO 35) and R3856 (SEQ ID NO 36) (Table 4) yielding an amplifications product of 0.8, provided that a genomic DNA
from biennial lines is used as template, but does not provide amplification for the annual lines.
[0073] In one embodiment, the invention relates to a method of identifying a specific haplotype within a plant grouping
of sugar beet plants exhibiting a biennial genotype comprising

a) obtaining a genomic sample from a sugar beet plant to be analyzed,
b) analyzing the nucleotide sequence of the genomic region of the sugar beet genome that is genetically closely
linked to the B gene and complementary to or comprises the sequence of a polynucleotide according to the invention
and as described herein before, and
c) comparing said sequence with an allelic sequence known to be associated with a specific haplotype.

[0074] In a specific embodiment, the sequence analysis is carried out using a molecular marker based on a polynu-
cleotide or an informative fragment thereof or on one or a plurality of primers, particularly on one or a plurality of primer
pairs, but especially on one or a plurality of primer pairs consisting of a forward primer and a reverse primer according
to the invention and as described herein before.
[0075] In another specific embodiment, a method of identifying the absence or presence of an allele associated with
annuality in a sugar beet plant is provided comprising

a) obtaining a genomic sample from a sugar beet plant to be analyzed,
b) analyzing the nucleotide sequence of an intronic region obtainable from the sugar beet genome by PCR ampli-
fication based on forward primer PRR7-F as depicted in SEQ ID NO: 7 and a reverse primer PRR7-R as depicted
in SEQ ID NO: 8, and
c) comparing said sequence with an allelic sequence known to be associated with the biennial phenotype and the
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annual phenotype, respectively.

[0076] In one embodiment, the intronic region has at least 70%, particularly at least 75%, more particularly at least
80%, even more particularly at least 85%, but especially at least 90% and up to at least 95%-99% sequence identity
with the nucleotide sequence depicted in SEQ ID NO: 2.
[0077] In still another specific embodiment the intronic region has a nucleotide sequence as shown in SEQ ID NO: 2.
[0078] In another specific embodiment, a method of identifying the absence or presence of an allele associated with
annuality in a sugar beet plant is provided, comprising

a) obtaining a genomic sample from a sugar beet plant to be analyzed,
b) analyzing the nucleotide sequence of a genomic region comprising a nucleotide sequence as given in SEQ ID
NO: 5, and
c) comparing said sequence with an allelic sequence known to be associated with the biennial phenotype and the
annual phenotype, respectively; and
d) determining whether said genomic sample is from a genome representing an annual or a biennial phenotype..

[0079] In still another specific embodiment, a method is provided wherein within a genomic sample from a sugar beet
plant the intronic region of a polynucleotide according to the invention and as described herein before is analyzed using
a forward and a reverse primer flanking a sub-region within said intronic region known to comprise a polymorphic site,
amplifying said sub-region and comparing the amplified fragment with an allelic sequence known to be associated with
the biennial phenotype and the annual phenotype, respectively.
[0080] In another specific embodiment, a method is provided as described herein before, wherein a set of probe
polynucleotides is designed based on said SNP comprising two separate probe molecules which differ by at least one
mismatch, particularly by two or more mismatches located at adjacent sites, but especially by one single mismatch,
wherein a first probe molecule, particularly a labelled probe molecule, more particularly a probe molecule labelled with
a first fluorescent dye and a quencher, represents one allele and a second probe molecule, particularly a labelled probe
molecule, more particularly a probe molecule labelled with a second fluorescent dye and a quencher, which is not
identical with the first dye, represents the other allele, and wherein said set of probe polynucleotides is used for discrim-
inating between the two allelic variants.
[0081] In particular, the markers according to the present invention can be used in an allelic discrimination assay,
particularly in an assay for discriminating between different haplotypes within plant groupings of sugar beet plants
exhibiting a biennial genotype. Said assay is based on a set of probe polynucleotides comprising two separate probe
molecules that are complementary, for example, to a subregion of the BvPRR7 gene obtainable by PCR amplification
based on forward primer PRR7-F and reverse primer PRR7-R as given in SEQ ID NO: 7 and SEQ ID NO: 8, respectively,
which probe molecules differ only by one base mismatch, particularly a base mismatch at position #631.
[0082] A first probe molecule, particularly a probe molecule which has a sequence as depicted in SEQ ID NO: 9 and
is labelled with a first fluorescent dye such as, for example, FAM, more particularly with a first fluorescent dye and a
quencher, represents one allele and a second probe molecule, particularly a probe molecule which has a sequence as
depicted in SEQ ID NO: 10 and is labelled with a second fluorescent dye, which is not identical with the first dye, such
as, for example VIC, more particularly with a second fluorescent dye and a quencher, represents the other allele.
[0083] In one embodiment, an allelic discrimination assay is provided for detecting a polymorphism in a genomic
region of the sugar beet genome co-segregating with the annuality phenotype, particularly a polymorphism that is based
on an SNP, an SSR, a deletion or an insertion of at least one nucleotide, but especially a polymorphism based on an
SNP, which polymorphism is diagnostic for the B allele at the B locus and allows to discriminate between the annual
and biennial genotype, comprising a molecular marker developed based on a polynucleotide according to the invention
and as described herein before or any informative fragment thereof.
[0084] In a specific embodiment, said molecular marker comprises a pair of primers according to the invention and
as described herein before.
[0085] In another specific embodiment, an allelic discrimination assay is provided for detecting a single-base poly-
morphism in an intronic region obtainable from the sugar beet genome by PCR amplification based on forward primer
PRR7-F as depicted in SEQ ID NO: 7 and a reverse primer PRR7-R as depicted in SEQ ID NO: 8, comprising a set of
primers and/or probe polynucleotides according to the invention and as described herein before.
[0086] In one embodiment, the intronic region has at least 70%, particularly at least 75%, more particularly at least
80%, even more particularly at least 85%, but especially at least 90% and up to at least 95%-99% sequence identity
with the nucleotide sequence depicted in SEQ ID NO: 2.
[0087] In still another specific embodiment the intronic region has a nucleotide sequence as shown in SEQ ID NO: 2.
[0088] In one embodiment, the invention relates to the use of a polynucleotide according to the invention and as
described herein before for the development of a molecular marker to be used for identifying the absence or presence
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of an allele associated with annuality in a sugar beet genome, comprising

a) identifying in said polynucleotide polymorphic sites
b) associating said polymorphisms with the absence or presence of an allele associated with annuality in sugar beet by
c) designing a probe molecule or a plurality of probe molecules, particularly a primer or a plurality of primers,
particularly a pair of primers or a plurality of primer pairs, but especially a forward and reverse primer recognizing
a nucleotide sequence flanking this polymorphic site for amplification of a polynucleotide comprising said polymorphic
site that can be used in an allelic discrimination assay.

[0089] In one embodiment, the invention relates to a method of identifying annual contaminations in commercial seed
using a polynucleotide according to the invention and as described herein before or an informative fragment thereof as
a marker for determining the presence or absence of the annuality allele in a plant sample.
[0090] In particular, the invention relates to a method of identifying annual contaminations in commercial seed using
a polynucleotide according to the invention and as described herein before or an informative fragment thereof as a
marker for identifying annual contaminations in commercial seed.
[0091] In one embodiment, the invention relates to a method of identifying annual contaminations in commercial seed
using a marker-based allelic discrimination assay according to the invention and as described herein before.
[0092] The invention further relates to the use of the B gene, particularly the BvPRR7 gene, in a transgenic approach
for producing plants exhibiting an annual or an non-bolting phenotype.
[0093] In particular, the invention relates to chimeric constructs comprising an expression cassette comprising the
coding sequence of the B gene, particularly the BvPRR7 coding sequence as depicted in SEQ ID NO:1, but particularly
in SEQ ID NO: 52 or a sequence that has at least 70%, particularly at least 75%, more particularly at least 80%, even
more particularly at least 85%, but especially at least 90% and up to at least 95%-99% sequence identity therein under
the control of regulatory elements, particularly under the control of regulatory elements functional in plants.
[0094] In one embodiment, the invention provides chimeric constructs comprising an expression cassette comprising
the coding sequence of the B gene, particularly the BvPRR7 coding sequence as depicted in SEQ ID NO:1, but particularly
in SEQ ID NO: 52 or a sequence that has at least 70%, particularly at least 75%, more particularly at least 80%, even
more particularly at least 85%, but especially at least 90% and up to at least 95%-99% sequence identity therein under
the control of annual promoter and terminator sequences such as those provided in the PRR7 gene, particularly the
PRR7 gene of Beta vulgaris.
[0095] In one embodiment of the invention, the chimeric construct as described hereinbefore may further contain a
selection marker gene which allows discriminating between transformed and non-transformed plant material in a selection
procedure.
[0096] In one embodiment, the chimeric construct of the invention comprises a negative selection marker, particularly
a selection marker encoding a resistance to plant toxic compounds such as antibiotics or herbicides.
[0097] In one embodiment, the chimeric construct of the invention comprises a positive selection marker, particularly
a selection marker encoding an enzyme that provides the transformed plant with a selective advantage over the non-
transformed plants, particularly a nutritional advantage such as, for example, a phosphomannose isomerase gene, a
xylose isomerase gene.
[0098] In one embodiment of the invention, a transformation vector and/or an expression vector is provided, particularly
a plant transformation vector and/or an expression vector, comprising the chimeric construct of the invention as described
herein before.
[0099] In one embodiment of the invention a plant cell is provided, particularly a plant cell of a sugar beet plant,
comprising a chimeric polynucleotide construct or a vector molecule according to the invention and as described herein
before.
[0100] In one embodiment of the invention a plant is provided, particularly a sugar beet plant, comprising a plant cell
of the invention and expressing the B gene protein, particularly the BvPRR7 protein such that the plant exhibits an annual
phenotype.
[0101] In one embodiment of the invention, a polynucleotide construct is provided for transgenic suppression of
BvPRR7 gene expression, particularly through an antisense or an RNAi approach.
[0102] In one embodiment of the invention, a polynucleotide construct is provided comprising a nucleotide sequence
encoding a dsRNA which is capable of targetting mRNAs produced by transcription of the DNA sequence encoding the
B gene protein, particularly the BvPRR7 protein, for degradation.
[0103] In one embodiment, a polynucleotide construct is provided comprising a nucleotide sequence encoding a
dsRNA which is substantially identical with at least a region of the coding sequence of the B gene, particularly the coding
region of the BvPRR7 gene as depicted in SEQ ID NO:1, but particularly in SEQ ID NO: 52 or a sequence that has at
least 70%, particularly at least 75%, more particularly at least 80%, even more particularly at least 85%, but especially
at least 90% and up to at least 95%-99% sequence identity therein.



EP 2 390 335 A2

11

5

10

15

20

25

30

35

40

45

50

55

[0104] In one embodiment of the invention, a polynucleotide construct is provided comprising a fragment of the coding
region of the B gene, particularly a fragment of the coding region of the BvPRR7 gene as depicted in SEQ ID NO:1, but
particularly in SEQ ID NO: 52 or a sequence that has at least 70%, particularly at least 75%, more particularly at least
80%, even more particularly at least 85%, but especially at least 90% and up to at least 95%-99% sequence identity
therein, assembled into an RNAi cassette under the control of the constitutive promoter such as, for example, the Ubi3
promoter from Arabidopsis.
[0105] In one embodiment of the invention, a transformation vector and/or an RNAi expression vector is provided,
particularly a plant transformation vector and/or an expression vector, comprising the polynucleotide construct of the
invention as described herein before.
[0106] In one embodiment of the invention, a plant cell is provided, comprising a polynucleotide construct or a vector
molecule according to the invention and as described herein before.
[0107] In one embodiment of the invention, a plant is provided, particularly a sugar beet plant, comprising a plant cell
of the invention and expressing the dsRNA such that bolting is suppressed and the plant exhibits a non-bolting phenotype.

Brief Description of the Figures and Sequences

FIGURES

[0108]

Figure 1 shows an amino acid sequence comparison of the REC domains between different species and the putative
REC domain of sugar beet EST CV301305. Identical amino acids are in black; conserved in grey; weakly similar in
light grey and non-similar in white. Bb, Bordetella bronchiseptica; Bs, Bacillus subtilis; Bv, Beta vulgaris; Ec, Es-
cherichia coli; Kp, Klebsiella pneumoniae; Pa, Pseudomonas aeruginosa; Rc, Rhodobacter capsulatus; Sc, Strep-
tomyces coelicolor; Sf, Shigella flexneri; St, Salmonella typhimurium.

Figure 2: Amino acid sequence comparison of the Arabidopsis PRR7 protein and the predicted partial protein from
sugar beet EST CV301305. Identical amino acids are in black; similar in grey and non-similar in white.

Figure 3: Sequence alignment between the genomic and mRNA sequences of the Arabidopsis PRR7 gene and
sugar beet EST CV301305. Conserved nucleotides between Arabidopsis and Beta vulgaris L. are in grey. Introns
are represented by strings of dashes.

Figure 4: Genetic map of sugar beet chromosome II. Marker names are given at the right of the chromosome, at
the left the cumulative genetic distance is indicated.

Figure 5: Schematic representation of the gene structure of the BvPRR7 gene showing putative exons and introns.
The region covered by EST CV301305 is shown by the block arrow.

Figure 6: Amino acid sequence comparison of the Arabidopsis PRR gene family members and the BvPRR7 protein.
Identical amino acids are in black; conserved in grey; weakly similar in light grey and non-similar in white. The REC
and CCT motifs are boxed.

Figure 7: Phylogenetic relationship between BvPRR7 and related proteins from other flowering plants. The predicted
amino acid sequence of BvPRR7 was aligned to the proteins listed below using ClustalW and an unrooted phylo-
genetic tree was constructed. The evolutionary history was inferred using the Neighbor-Joining method (Saitou and
Nei, 1987). The bootstrap consensus tree inferred from 1000 replicates is taken to represent the evolutionary history
of the taxa analyzed (Felsenstein, 1985). Branches corresponding to partitions reproduced in less than 50% bootstrap
replicates are collapsed. The percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (1000 replicates) are shown next to the branches. The tree is drawn to scale, with branch lengths in
the same units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances
were computed using the Poisson correction method (Zuckerkandl and Pauling, 1965) and are in the units of the
number of amino acid substitutions per site. All positions containing gaps and missing data were eliminated from
the dataset (Complete deletion option). There were a total of 352 positions in the final dataset. Phylogenetic analyses
were conducted in MEGA4 software (Tamura et al., 2007). At PRR3, Arabidopsis thaliana PRR3 (NP_568919); At
PRR5, Arabidopsis thaliana PRR5 (NP_568446); At PRR7, Arabidopsis thaliana PRR7 (NP_568107); At PRR9,
Arabidopsis thaliana PRR9 (NP_566085); At TOC1, Arabidopsis thaliana TOC1/PRR1 (NP_200946); Hv PPD-H1,
Hordeum vulgare PPD-H1 (AAY17586); Os PRR37, Oryza sativa PRR37 (Q0D3B6); Ta PPD-D1, Triticum aestivum
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PPD-D1 (ABL09477).

Figure 8: Gene expression profile of BvPRR7 in biennial sugar beet plant grown in long days (16 h light, 8 h dark)
and at constant temperature 18°C. Values are expressed as relative expression levels normalized against the BvBTU
and BvICDH reference genes by geometric averaging analysis (Vandesompele et al., 2002).

Figure 9. Plasmid map of the binary vector for the transformation of the BvPRR7 cDNA under the control of the
annual BvPRR7 promoter fragment. The selectable marker consists of the PMI gene under the control of the HSP80
promoter (Brunke and Wilson, 1993).

Figure 10. Plasmid map of the binary vector for the transgenic suppression of BvPRR7 by means of RNAi. The
inverted repeat for BvPRR7 consists of a 0.6 Kb cDNA fragment that was cloned between the Ubi3 promoter (Norris
et al, 1993) and Nos terminator in both the antisense and sense orientation, separated by the second intron of the
StLS1 gene from potato (Eckes et al, 1986; Vancanneyt et al, 1990). The selectable marker consists of the PMI
gene under the control of the HSP80 promoter (Brunke and Wilson, 1993).

SEQUENCES

[0109] SEQ ID NO: 1 depicts the nucleotide sequence of EST CV301305
[0110] SEQ ID NO: 2 depicts the nucleotide sequence of Intron 3 of BvPRR7 and its allelic variability for mapping
[0111] SEQ ID NO: 3 depicts the nucleotide sequence of Intron 3 of allelic variant 1 of BvPRR7 (haplotype #1)
[0112] SEQ ID NO: 4 depicts the nucleotide sequence of Intron 3 of allelic variant 2 of BvPRR7 (haplotype #2)
[0113] SEQ ID NO: 5 depicts the genomic nucleotide sequence of BvPRR7
[0114] SEQ ID NO: 6 depicts the putative amino acid sequence of BvPRR7
[0115] SEQ ID NO: 7 depicts the nucleotide sequence of primer PRR7-F
[0116] SEQ ID NO: 8 depicts the nucleotide sequence of primer PRR7-R
[0117] SEQ ID NO: 9 depicts the nucleotide sequence of probe PRR7(T1)-FAM
[0118] SEQ ID NO: 10 depicts the nucleotide sequence of probe PRR7(T1)-VIC
[0119] SEQ ID NO: 11 depicts the nucleotide sequence of forward primer BvPRR7
[0120] SEQ ID NO: 12 depicts the nucleotide sequence of reverse primer BvPRR7
[0121] SEQ ID NO: 13 depicts the nucleotide sequence of forward primer BvBTU
[0122] SEQ ID NO: 14 depicts the nucleotide sequence of reverse primer BvBTU
[0123] SEQ ID NO: 15 depicts the nucleotide sequence of forward primer BvICDH
[0124] SEQ ID NO: 16 depicts the nucleotide sequence of reverse primer BvICDH
[0125] SEQ ID NO: 17 depicts the nucleotide sequence of primer F3766
[0126] SEQ ID NO: 18 depicts the nucleotide sequence of primer R3767
[0127] SEQ ID NO: 19 depicts the nucleotide sequence of primer F3354
[0128] SEQ ID NO: 20 depicts the nucleotide sequence of primer R3355
[0129] SEQ ID NO: 21 depicts the nucleotide sequence of primer F3768
[0130] SEQ ID NO: 22 depicts the nucleotide sequence of primer R3769
[0131] SEQ ID NO: 23 depicts the nucleotide sequence of primer F3782
[0132] SEQ ID NO: 24 depicts the nucleotide sequence of primer R3783
[0133] SEQ ID NO: 25 depicts the nucleotide sequence of primer F3784
[0134] SEQ ID NO: 26 depicts the nucleotide sequence of primer R3785
[0135] SEQ ID NO: 27 depicts the nucleotide sequence of primer F3806
[0136] SEQ ID NO: 28 depicts the nucleotide sequence of primer R3807
[0137] SEQ ID NO: 29 depicts the nucleotide sequence of primer F3808
[0138] SEQ ID NO: 30 depicts the nucleotide sequence of primer R3809
[0139] SEQ ID NO: 31 depicts the nucleotide sequence of primer F381 0
[0140] SEQ ID NO: 32 depicts the nucleotide sequence of primer R3811
[0141] SEQ ID NO: 33 depicts the nucleotide sequence of primer F3853
[0142] SEQ ID NO: 34 depicts the nucleotide sequence of primer F3854
[0143] SEQ ID NO: 35 depicts the nucleotide sequence of primer F3855
[0144] SEQ ID NO: 36 depicts the nucleotide sequence of primer R3856
[0145] SEQ ID NO: 37 depicts the nucleotide sequence of primer F3857
[0146] SEQ ID NO: 38 depicts the nucleotide sequence of primer R3858
[0147] SEQ ID NO: 39 depicts the nucleotide sequence of primer F3859
[0148] SEQ ID NO: 40 depicts the nucleotide sequence of primer R3860
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[0149] SEQ ID NO: 41 depicts the nucleotide sequence of primer F3861
[0150] SEQ ID NO: 42 depicts the nucleotide sequence of primer R3862
[0151] SEQ ID NO: 43 depicts the nucleotide sequence of primer F3863
[0152] SEQ ID NO: 44 depicts the nucleotide sequence of primer R3864
[0153] SEQ ID NO: 45 depicts the nucleotide sequence of primer F3865
[0154] SEQ ID NO: 46 depicts the nucleotide sequence of primer R3866
[0155] SEQ ID NO: 47: depicts the nucleotide sequence of probe PRR7(#3827)-FAM
[0156] SEQ ID NO: 48: depicts the nucleotide sequence of probe PRR7(#3827)-VIC
[0157] SEQ ID NO: 49: depicts the nucleotide sequence of forward primer BvPRR7 used for gene expression analysis
[0158] SEQ ID NO: 50: depicts the nucleotide sequence of reverse primer BvPRR7 used for gene expression analysis
[0159] SEQ ID NO: 51: depicts the nucleotide sequence of genomic nucleotide sequence of BvPRR7 including about
13 kb of the promoter region.
[0160] SEQ ID NO: 52: depicts the nucleotide sequence of the coding region of BvPRR7.

DEFINITIONS

[0161] 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 plant molecular biology if not otherwise indicated herein below.
[0162] 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.
[0163] "Sugar beet" refers to all species and subspecies within the genus Beta as well as all kinds of cultivated beets
of Beta vulgaris. Cultivated beets have been separated into four groups: leaf beet, garden beet, fodder beet and sugar
beet. "Sugar beet" refers also to all cultivated beets including those grown for other purposes than the production of
sugar, such as ethanol, plastics or industrial products. In particular, "Sugar beet" refers to fodder beet and sugar beet,
but especially to sugar beet.
[0164] An "annual sugar beet line" refers to a sugar beet plant containing the dominant allele b at the B locus in a
heterozygous or homozygous state.
[0165] A "biennial sugar beet line" refers to a sugar beet plant containing the recessive allele b at the B locus in a
homozygous state
[0166] "Bolting" refers to the transition from the vegetative rosette stage to the inflorescence or reproductive growth
stage.
[0167] "B gene" as used herein refers to a gene that is responsible for early bolting in sugarbeet. Plants carrying the
dominant allele make shoot elongation followed by flowering without prior exposure to cold temperatures.
[0168] "Vernalization" refers to the process by which floral induction in some plants is promoted by exposing the plants
to chilling for certain duration.
[0169] An "allele" is understood within the scope of the invention to refer to alternative forms of various genetic units
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. In a diploid cell or organism, the two alleles
of a given gene (or marker) typically occupy corresponding loci on a pair of homologous chromosomes.
[0170] 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.
[0171] "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.
[0172] As used herein, the phrase "genetic 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 poly-
morphism, 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 Tech-
nology (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 that contribute to variability in expression of
phenotypic traits on a chromosome. The phrase "genetic marker" can also refer to a polynucleotide sequence comple-
mentary to a genomic sequence, such as a sequence of a nucleic acid used as probes.
[0173] A genetic 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 are typically employed when the location on a chromosome of the gene that corresponds to the locus
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of interest has not been identified and there is a non-zero rate of recombination between the genetic marker and the
locus of interest, the presently disclosed subject matter can also employ genetic 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 comprise between one and ten markers, and in some embodiments the one or more
genetic markers comprise more than ten genetic markers.
[0174] As used herein, the phrase "informative fragment " refers to a polynucleotide fragment with an information
content that is a retrievable and can assist in the determination and/or characterization of a genetic locus of interest.
This information content may be represented by a polymorphism which is associated with said locus of interest such
as, for example, a 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 and may be used for the development of a genetic marker.
The information content of such an "informative fragment" may also be represented by a specific sequence that can be
detected by a corresponding probe molecule.
[0175] 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 with the environment.
[0176] "Marker-based selection" is understood within the scope of the invention to refer to 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.
[0177] "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 DNA and have a likelihood of being highly polymorphic.
[0178] "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, thereby making possible various analyses that are based
on those regions.
[0179] "PCR primer" is understood within the scope of the invention to refer to rrelatively short fragments of single-
stranded DNA used in the PCR amplification of specific regions of DNA.
[0180] "Phenotype" is understood within the scope of the invention to refer to a distinguishable characteristic(s) of a
genetically controlled trait.
[0181] "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.
[0182] "Selective breeding" is understood within the scope of the invention to refer to a program of breeding that uses
plants that possess or display desirable traits as parents.
[0183] The term "polynucleotide" is understood herein to refer to polymeric molecule of high molecular weight which
can be single-stranded or double-stranded, composed of monomers (nucleotides) containing a sugar, phosphate and
a base which is either a purine or pyrimidine. A "polynucleotide fragment" is a fraction of a given polynucleotide molecule.
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. The term "polynucleotide" thus refers to a polymer of DNA or RNA which can be single- or
double-stranded, optionally containing synthetic, non-natural or altered nucleotide bases capable of incorporation into
DNA or RNA polymers. 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 se-
quences 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 et al., 1991; Ohtsuka et al., 1985; Rossolini et al., 1994).. The term polynu-
cleotide is used interchangeably with nucleic acid, nucleotide sequence and may include genes, cDNAs, and mRNAs
encoded by a gene, etc.
[0184] The polynucleotide of the invention is understood to be provided in isolated form. The term "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.
[0185] As used herein, the phrase "nucleic acid" 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 or RNA polymer), modified oligonucle-
otides (e.g., oligonucleotides comprising bases that are not typical to biological RNA or DNA, such as 2’-O-methylated
oligonucleotides), and the like. In some embodiments, a nucleic acid can be single-stranded, double-stranded, multi-
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stranded, or combinations thereof. Unless otherwise indicated, a particular nucleic acid sequence of the presently dis-
closed subject matter optionally comprises or encodes complementary sequences, in addition to any sequence explicitly
indicated.
[0186] The term "gene" is used broadly to refer 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 mRNA or functional RNA, or encodes a specific protein, and which
includes regulatory sequences. Genes also include nonexpressed 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.
[0187] A "marker gene" encodes a selectable or screenable trait.
[0188] The term "chimeric gene" refers to any gene that contains 1) DNA sequences, including regulatory and coding
sequences that are not found together in nature or 2) sequences encoding parts of proteins not naturally adjoined, or
3) parts of promoters that are not naturally adjoined. Accordingly, a chimeric gene may comprise regulatory sequences
and coding sequences that are derived from different sources, or comprise regulatory sequences and coding sequences
derived from the same source, but arranged in a manner different from that found in nature.
[0189] 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.
[0190] The terms "protein," "peptide" and "polypeptide" are used interchangeably herein.
[0191] "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.
[0192] "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. "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. "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 promoter. It is capable 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 also 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.
[0193] 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.
[0194] Promoter elements, 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.
[0195] "Constitutive expression" refers to expression using a constitutive or regulated promoter. "Conditional" and
"regulated expression" refer to expression controlled by a regulated promoter.
[0196] "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 ≥1% of the level reached in the part of the plant in which transcription is most active.
[0197] "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 sequences as well as sequences which may be a combination of synthetic and natural sequences. Different
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promoters may direct the expression 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 tetra-
cycline-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.
[0198] "Tissue-specific promoter" refers 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.
[0199] "Inducible promoter" refers to those regulated promoters that can be turned on in one or more cell types by an
external stimulus, such as a chemical, light, hormone, stress, or a pathogen.
[0200] "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 regu-
latory sequences in sense or antisense orientation.
[0201] "Expression" 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
[0202] "Overexpression" refers to the level of expression in transgenic cells or organisms that exceeds levels of
expression in normal or untransformed (nontransgenic) cells or organisms.
[0203] "Antisense inhibition" refers to the production of antisense RNA transcripts capable of suppressing the expres-
sion of protein from an endogenous gene or a transgene.
[0204] "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 decreased transcription of the affected
genes, or post-transcriptional, when the suppression is due to increased turnover (degradation) of RNA species homol-
ogous to the affected genes (English et al., 1996). Gene silencing includes virus-induced gene silencing (Ruiz et al., 1998).
[0205] The term "hybridize" as used herein refers to conventional hybridization conditions, 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 stringency hybridization conditions as for instance described in Sambrook et al, supra, are particularly preferred.
Particularly preferred stringent hybridization conditions are for instance present 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.
[0206] "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 subsequences
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. 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. 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 53711). 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 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
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comparison can preferably also be carried out with the program "fasta20u66" (version 2.0u66, September 1998 by
William R. Pearson and the University of Virginia; see also Pearson, 1990, appended examples and http://workbench.sd-
sc.edu/). For this purpose, the "default" parameter settings may be used.
[0207] 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 hybridi-
zation 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.
[0208] "Stringent hybridization conditions" and "stringent hybridization wash conditions" in the context of nucleic acid
hybridization experiments such as Southern and Northern hybridizations 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 Tijssen P., 1993 Laboratory Techniques in Biochemistry and
Molecular Biology-Hybridization with Nucleic Acid Probes part I chapter 2 "Overview of principles of hybridization and
the strategy of nucleic acid probe assays" Elsevier, New York. Generally, highly stringent hybridization and wash con-
ditions are selected to be about 5.degree. C. lower than the thermal melting point (T.sub.m) 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.
[0209] The T.sub.m 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 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 or northern blot is 50% formamide with 1 mg of heparin
at 42.degree C, with the hybridization being carried out overnight. An example of highly stringent wash conditions is 0.1
5M NaCl at 72.degree C for about 15 minutes. An example of stringent wash conditions is a 0.2.times.SSC wash at
65.degree 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 time.SSC at 45 degree 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.degree 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.degree 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.
[0210] A "plant" is any plant at any stage of development, particularly a seed plant.
[0211] 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.
[0212] "Plant cell culture" means cultures of plant units such as, for example, protoplasts, cell culture cells, cells in
plant tissues, pollen, pollen tubes, ovules, embryo sacs, zygotes and embryos at various stages of development.
[0213] "Plant material" 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.
[0214] 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.
[0215] "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.
[0216] The present invention discloses polynucleotides identified in the sugar beet genome including variants and
derivatives thereof, which polynucleotides were demonstrated to show perfect co-segregation with the bolting gene (B
gene) associated phenotype in sugar beet, and the use of said polynucleotides for the development of markers that can
be used for mapping and identification of the bolting gene or B gene. The polynucleotide markers according to the
invention may also be used for quality control of commercial seed lots by screening of commercial biennial sugar beet
seed for annual contaminants and for identifying annuals/biennials in breeding programs, which use the annual trait to
speed up the breeding process, or when the annual trait is introduced together with new sources of genetic variation.
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[0217] The polynucleotides according to the invention and described herein before, can further be used in a transgenic
approach for producing transgenic sugar beet plants comprising said polynucleotides stably integrated into the sugar
beet genome. In particular, upon expression from the genome, the expression product can be used to modulate the
vernalization response of the sugar beet plant.
[0218] In one aspect of the invention the vernalization response will be delayed by suppressing or down-regulating
expression of the B gene.
[0219] In another aspect of the invention, early bolting without cold treatment will be induced upon overexpression of
the B gene.
[0220] The present invention provides a polynucleotide which maps at or in close vicinity to the B locus, particularly
at a distance of 1 cM upstream of markers MP0176 and GJ01 and co-segregates with marker GJ131 (Möhring S. et al,
2004; Gaafar R. M. et al, 2005) (Figure 5).
[0221] In one embodiment, the invention relates to a polynucleotide including an informative fragment thereof according
to the invention and as described herein before, which is obtainable from a genomic DNA region that maps at a distance
of less than 1 cM, particularly of less than 0.75 cM, more particularly of less than 0.5 cM, even more particularly of less
than 0.3 cM, but especially of less than 0.25 cM relative to the B gene.
[0222] The polynucleotide according to the invention can further be used to fully characterize the region around the
B locus including the B gene and to identify further putative flowering time control candidate genes.
[0223] A BAC library has been established with DNA from the biennial commercial sugar beet cultivar H20. Partially
(HindIII) digested HMW DNA of fragments in the size of 100-400 kb were size selected two times. The DNA fragments
were ligated into the vector pBeloBAC-Kan. The library contains 57,600 clones with an average insert size of approxi-
mately 120 kb, corresponding to an 8x coverage of the beet genome. The redundancy has been tested by screening
with single-copy probes and the frequency of clones from mitochondrial or plastid DNA was estimated to be lower than 1 %.
[0224] This BAC library was used to recover the full-length genomic sequence of the sugar beet PRR7 gene.
[0225] In particular, primers PRR7-F and PRR7-R were used to screen the sugar beet BAC library using standard
PCR techniques well known to those skilled in the art. The PCR conditions for the screening of the DNA pools were as
follows: primary denaturation was accomplished at a temperature of between 90°C and 98°C, particularly at about 95°C
for 2 to 10 min, particularly for about 5 min followed by between 30 and 40 amplification cycles of between 25 and 35
seconds, particularly about 35 amplification cycles of about 30 seconds at a temperature of between 90°C and 98°C,
particularly at about 95°C, between 25 and 35 seconds, particularly 30 seconds at a temperature of between 55 °C and
65 °C, particularly at about 60°C and between 25 and 35 seconds, particularly 30 seconds at a temperature of between
68 °C and 75 °C, particularly at about 72°C and followed by between 2 and 8 min, particularly about 5 min, at a temperature
of between 68 °C and 75 °C, particularly at about 72°C. PCR experiments are carried out using an appropriate reaction
mix including a suitable polymerase, particularly a Taq polymerase. Subsequent screenings of the DNA pools for fragment
BvPRR7 resulted in the positive identification of a BAC clone carrying the respective fragment.
[0226] In order to obtain the full-length sequence of the BvPRR7 gene, the previously identified BAC clone is sequenced
using standard sequencing technology such as, for example, the pyrosequencing technology developed by 454 Life
Sciences. Two non-overlapping contigs that both share sequence homology with EST CV301305 can then be combined
into one single sequence (SEQ ID NO 5). Based on the alignment of the BAC sequence contigs to EST CV301305 and
on sequence homology to the PRR7 gene from Arabidopsis, the putative gene structure of the beet BvPRR7 gene
comprising introns and exons can be predicted as shown in Figure 5. Based on this prediction the genomic sequence
can be shown to span the entire BvPRR7 gene with 3.6 Kb of sequence upstream of the ATG stop codon and 2.2 Kb
downstream of the coding region. The corresponding amino acid sequence of BvPRR7 is shown under SEQ ID NO 6.
Alignment of the amino acid sequence of BvPRR7 to all members of the PRR gene family from Arabidopsis including
TOC1 (PRR1), PRR3, PRR5, PRR7 and PRR9 illustrates the strong conservation of the Pseudo Response Regulator
receiver domain (PRR) motif (pfam00072) near the NH2-terminus and the CCT motif (pfam06203) at the COOH-terminus
(Figure 6). In addition to the PRR gene family from Arabidopsis, BvPRR7 also shares strong homology to the PRR7
homologue in cereals as illustrated by the phylogenetic tree shown in Figure 7. The PRR7 homologue in cereals, better
known as Ppd, was shown to represent the major determinant of the photoperiod response (Turner et al, 2005; Beales
et al, 2007). A function in the vernalization response as in sugar beet could not yet be demonstrated.
[0227] Based on their homology to known flowering-time control genes or their putative regulatory function as suggested
by the presence of conserved domains representative of regulatory proteins, few genes can be identified as potential
candidates for the B gene. These genes need further validation by allelic variability and/or gene expression studies
between annual and biennial genotypes, or by means of complementation or knockout experiments using transgenic
approaches. The B gene may be used in a transgenic approach for producing transgenic sugar beet plants comprising
said polynucleotides stably integrated into the sugar beet genome. In particular, upon expression from the genome, the
expression product can be used to modulate the vernalization response of the sugar beet plant.
[0228] In one aspect of the invention the vernalization response may be delayed by suppressing or down-regulating
expression of the B gene.
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[0229] In another aspect of the invention, early bolting without cold treatment may be induced upon overexpression
of the B gene.
[0230] In the past molecular marker techniques have been developed which can be used for genetic mapping, gene
cloning, marker assisted plant breeding and for genome fingerprinting and investigating genetic relationships. Genetic
markers are based on DNA polymorphisms in the nucleotide sequences of genomic regions and can either be detected
by restriction enzymes, or by means of two priming sites.
[0231] There are several types of molecular markers that may be used in marker-based selection including restriction
fragment length polymorphism (RFLP), random amplification of polymorphic DNA (RAPD), amplified restriction fragment
length polymorphism (AFLP), single sequence repeats (SSR) and single nucleotide polymorphisms SNPs.
[0232] The information content of the different types of markers may be different depending on the method that was
used to obtain the marker data and the population in which the markers were scored. For example, it is not always
possible to distinguish genome fragments that are present in homozygous condition from heterozygous fragments. In
a heterogeneous population like an F2, co-dominant markers like restriction fragment length polymorphisms (RFLPs,
Botstein et al., 1980) and co-dominantly scored amplified fragment length polymorphisms (AFLPs, Vos et al., 1995)
yield more information than dominant markers like random amplified polymorphic DNAs (RAPDs, Welsh and McCleland,
1990) and dominantly scored AFLPs. RFLPs are co-dominant and are able to identify a unique locus. 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.
[0233] AFLP requires digestion of cellular DNA with a restriction enzyme before using PCR and selective nucleotides
in the primers to amplify specific fragments. With this method up to 100 polymorphic loci can be measured and only
relatively small DNA sample are required for each test.
[0234] The most preferred method of achieving such amplification of nucleotide fragments that span a polymorphic
region of the plant genome employs the polymerase chain reaction ("PCR") (Mullis et al., 1986) ;), using primer pairs
involving a backward primer and a forward primer that are capable of hybridizing to the proximal sequences that define
a polymorphism in its double-stranded form.
[0235] In contrast to RFLPs, PCR-based techniques require only a small percentage (approximately 10%) of the DNA
amount as template to produce large quantities of the target sequence by PCR amplification.
[0236] One such PCR based technique is RAPD, which utilizes low stringency polymerase chain reaction (PCR)
amplification 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. However, the unpredictable
behaviour of short primers which is affected by numerous reaction conditions, inheritance in a dominant manner, and
population specificity are the main disadvantages of RAPDs.
[0237] Microsatellites, or simple sequence repeats (SSRs), simple sequence length polymorphisms (SSLPs), short
tandem repeats (STRs), simple sequence motifs (SSMs), and sequence target microsatellites (STMs) represent a class
of repetitive sequences which are widely dispersed throughout the genome of eukaryotes. The variation in number and
length of the repeats is a source of polymorphism even between closely related individuals. SSR analysis is based on
these (short-repeat) sequences which are selectively amplified to detect variations in simple sequence repeats. Such
microsatellite sequences can be easily amplified by PCR using a pair of flanking locus-specific oligonucleotides as
primers and detect DNA length polymorphisms (Litt and Luty, 1989; Weber and May, 1989).
[0238] Mutations at a single nucleotide position resulting in substitutions, deletions or insertions give rise to single
nucleotide polymorphisms or SNPs, which occur approximately every 1.3 kb in human (Cooper et al., 1985; Kwok et
al., 1996). Most polymorphisms of this type have only two alleles and are also called biallelic loci. Positional cloning
based on SNPs may accelerate the identification of disease traits and a range of biologically informative mutations
(Wang et al., 1998).
[0239] PCR extension assays that efficiently pick up point mutations may be used to detect SNPs. The procedure
requires little DNA per sample. Three widely used types of SNP detection assays using PCR method are cleaved
amplified polymorphic sequences (CAPS) (Konieczny and Ausubel, 1993; Thiel et al., 2004), derived CAPS (dCAPS)
(Michaels and Amasino, 1998; Neff et al., 1998), and single strand conformation polymorphism (SSCP) (Orita et al., 1989).
[0240] CAPS polymorphisms are differences in restriction fragment lengths caused by SNPs or INDELs that create
or abolish restriction endonuclease recognition sites in PCR amplicons produced by locus-specific oligonucleotide prim-
ers. CAPS assays are performed by digesting locus-specific PCR amplicons with one or more restriction enzymes and
then separating the digested DNA on agarose or polyacrylamide gels.
[0241] dCAPS is a modification of the CAPS technique that allows detection of most single-nucleotide changes by
utilizing mismatched PCR primers. Using the method, a restriction enzyme recognition site that includes the SNP is
introduced into the PCR product by a primer containing one or more mismatches to template DNA. The PCR product
modified in this manner is then subjected to restriction enzyme digestion, and the presence or absence of the SNP is
determined by the resulting restriction pattern.
[0242] The SSCP technique separates denatured double stranded DNA on a non-denaturing gel, and thus allows the
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secondary structure, as well as the molecular weight, of single stranded DNA to determine gel mobility.
[0243] The ARMS (amplification refractory mutation system)-PCR procedure (Ye et al., 2001) involves the use of a
single PCR for SNP genotyping (Fan et al., 2003; Chiapparino et al., 2004). A tetra-primer, employing two primer pairs,
is used to amplify two different alleles of a SNP in a single PCR reaction.
[0244] Alternative methods may be employed to amplify such fragments, such as the "Ligase Chain Reaction" ("LCR")
(Barany, F., 1991)), which uses two pairs of oligonucleotide probes to exponentially amplify a specific target. The se-
quences of each pair of oligonucleotides are selected to permit the pair to hybridize to abutting sequences of the same
strand of the target. Such hybridization forms a substrate for a template-dependent ligase. As with PCR, the resulting
products thus serve as a template in subsequent cycles and an exponential amplification of the desired sequence is
obtained.
[0245] LCR can be performed with oligonucleotides having the proximal and distal sequences of the same strand of
a polymorphic site. In one embodiment, either oligonucleotide will be designed to include the actual polymorphic site of
the polymorphism. In such an embodiment, the reaction conditions are selected such that the oligonucleotides can be
ligated together only if the target molecule either contains or lacks the specific nucleotide that is complementary to the
polymorphic site present on the oligonucleotide. Alternatively, the oligonucleotides may be selected such that they do
not include the polymorphic site (see, Segev, PCT Application WO 90/01069).
[0246] A further method that may alternatively be employed is the "Oligonucleotide Ligation Assay" ("OLA") (Landegren
et al., 1988). The OLA protocol uses two oligonucleotides that are designed to be capable of hybridizing to abutting
sequences of a single strand of a target. OLA, like LCR, is particularly suited for the detection of point mutations. Unlike
LCR, however, OLA results in "linear" rather than exponential amplification of the target sequence.
[0247] Nickerson et al., 1990 have described a nucleic acid detection assay that combines attributes of PCR and OLA
(Nickerson et al., 1990). In this method, PCR is used to achieve the exponential amplification of target DNA, which is
then detected using OLA. In addition to requiring multiple, and separate, processing steps, one problem associated with
such combinations is that they inherit all of the problems associated with PCR and OLA.
[0248] Schemes based on ligation of two (or more) oligonucleotides in the presence of a nucleic acid having the
sequence of the resulting "di-oligonucleotide," thereby amplifying the di-oligonucleotide, are also known (Wu and Wallace,
1989), and may be readily adapted to the purposes of the present invention.
[0249] Different assays based on the gene sequence according to the invention and as described herein above can
thus be developed and used to screen plant material for the presence or absence of the annuality allele.
[0250] Molecular markers, preferentially End point TaqMan®, can be developed based on SNPs characterized from
sequenced PCR products that are amplified from annual and biennial plants. Here, several PCR amplifications will be
performed in order to cover the whole sequence of the gene.
[0251] New molecular markers will then be tested within different annual and biennial genetic backgrounds to evaluate
the robustness of the molecular test.
[0252] In one embodiment, a molecular marker is a DNA fragment amplified by PCR, e.g., a SSR marker or a RAPD
marker. In one embodiment, the presence or absence of an amplified DNA fragment is indicative of the presence or
absence of the trait itself or of a particular allele of the trait. In one embodiment, a difference in the length of an amplified
DNA fragment is indicative of the presence of a particular allele of a trait, and thus enables to distinguish between
different alleles of a trait.
[0253] In a specific embodiment of the invention simple sequence repeat (SSR) markers are used to identify invention-
relevant alleles in the parent plants and/or the ancestors thereof, as well as in the progeny plants resulting from a cross
of said parent plants.
[0254] In another specific embodiment of the invention a marker based on a single nucleotide polymorphism is used
to identify invention-relevant alleles in the parent plants and/or the ancestors thereof, as well as in the progeny plants
resulting from a cross of said parent plants.
[0255] In still another embodiment of the invention a marker based on a deletion or an insertion ("INDEL") of at least
one nucleotide is used to identify invention-relevant alleles in the parent plants and/or the ancestors thereof, as well as
in the progeny plants resulting from a cross of said parent plants.
[0256] These markers can be developed based on the sequence of the polynucleotides according to the invention
and as described herein before.
[0257] In one aspect of the invention, markers may be developed and used which are not explicitly disclosed herein
or markers even yet to be identified. Based on the information provided in this application it will be possible, for a skilled
person, to identify or develop markers not explicitly disclosed herein but genetically closely linked to, or, preferably,
located within the bolting gene or B gene or linked to the markers disclosed herein. The skilled person knows that other
markers may provide at least equal utility in screening assays and marker assisted selection.
[0258] There are several methods or approaches available, known to those skilled in the art, which can be used to
identify and/or develop markers in linkage disequilibrium and/or linked to and/or located in the B gene region, as well
as markers that represent the actual causal mutations responsible for the biennial genotype. Without being fully exhaustive
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some approaches, known by those skilled in the art, include:

- use of disclosed sequences/markers in hybridization approaches to identify other sequence in the region of interest:
primer sequences as disclosed herein and/or marker/gene sequences (or part thereof) that can be determined using
the primer sequences as disclosed herein may be used as (hybridization) probes in isolating nucleic acid sequences/
genes flanking the markers and/or linked and/or associated and/or specific for the B gene region from a genomic
nucleic acid sample and/or RNA or cDNA sample or pool of samples (for example screening of genomic resources
like BAC libraries or gDNA or cDNA library screening).

- use of disclosed sequences/markers in PCR approaches to identify other sequence in the region of interest: primer
sequences as disclosed herein and/or marker/(candidate)gene sequences (or part thereof) that can be determined
using the primer sequences as disclosed may be used as (PCR) amplification primers to amplify a nucleic acid
sequence/gene flanking and/or linked to and/or associated with and/or specific for the QTL region from a genomic
nucleic acid sample and/or RNA or cDNA sample or pool of samples either or not isolated from a specific plant
tissue and/or after specific treatment of the plant and from sugar beet or in principal any other organism with sufficient
homology.

- use of disclosed sequences/markers in PCR approaches to identify other sequence in the region of interest: the
nucleotide sequences/genes of one or more markers can be determined after internal primers for said marker
sequences may be designed and used to further determine additional flanking sequence/genes within the B gene
region and/or genetically linked and/or associated with the trait.

- use of disclosed sequences/markers in mapping and/or comparative mapping approaches to identify markers in
the same region(s) (positioning of the B-gene on other maps): based on positional information and/or marker
information as disclosed herein, markers, of any type, may be identified by genetic mapping approaches, eventually
(if already needed) by positioning of the disclosed markers (by genetic mapping or extrapolation based on common
markers across maps) on a (high density) genetic map(s), and/or integrated genetic or consensus map(s). Markers
already known and/or new markers genetically linked and/or positioned in the vicinity of the disclosed markers and/or
B gene region may be identified and/or obtained and eventually used in B gene (fine-) mapping and/or B gene
cloning and/or MAS breeding applications.

- use of disclosed sequences/markers in ’in-siloco’ approaches to identify additional sequences/markers/(candidate)
genes in B-gene region(s): primer sequences as disclosed herein and/or marker/(candidate)gene sequences (or
part thereof) that can be determined using the primer sequences as disclosed herein or based on linked markers
may be used in ’in-silico’ methods to search sequence or protein databases (e.g., BLAST) for (additional) flanking
and/or homolog sequences/genes and/or allelic diversity (both genomic and/or cDNA sequences or even proteins
and both originating from capsicum and/or any other organism) genetically linked and/or associated with the traits
as described herein and/or located in the B gene region.

- use of disclosed sequences/markers in physical mapping approaches (positioning of B-gene on physical map or
genome sequence): primer sequences as disclosed herein and/or marker/gene sequences (or part thereof) that
can be determined using the primer sequences as disclosed herein or using other markers genetically linked to the
markers disclosed herein and/or located in the B gene region may be positioned on a physical map and/or (whole)
genome sequence in principal of any organism with sufficient homology to identify (candidate) sequences/markers/-
genes applicable in B gene(fine-mapping) and/or B gene cloning and/or MAS breeding applications.

- use of disclosed sequences/markers to position B-gene on other (physical) maps or genomes (across species.....for
pepper other Solanaceae as tomato and potato are of first interest of course but model species like Arabidopsis
may be used): primer sequences as disclosed herein and/or marker/gene sequences (or part thereof) that can be
determined using the primer sequences as disclosed herein may be used in comparative genome or syntheny
mapping approaches to identify homolog region and homolog and/or ortholog sequences/(candidate)-genes genet-
ically linked and/or positioned in the B gene region and applicable in B gene(fine-mapping) and/or B gene cloning
and/or MAS breeding applications.

- use of disclosed sequences/markers to select the appropriate individuals allowing the identification of markers in
region of interest by genetic approaches: primer sequences and/or markers as disclosed herein may be used to
select individuals with different/contrasting B gene alleles. Genetic association approaches and/or bulk segregant
analysis (BSA, Michelmore et al., 1991) can be used to identify markers/genes in the specific region (B gene region)
of interest and/or associated or genetically linked to the described traits.

- use of disclosed information to search for (positional) candidate genes: the disclosed information may be used to
identify positional and/or functional candidate genes which may be associated with the described traits and/or
genetically linked.

[0259] In particular, the markers according to the present invention can be used in an allelic discrimination assay,
particularly in an assay for discriminating between different haplotypes within plant groupings of sugar beet plants
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exhibiting a biennial genotype. Said assay is based on a set of probe polynucleotides comprising two separate probe
molecules that are complementary, for example, to a subregion of the BvPRR7 gene obtainable by PCR amplification
based on forward primer PRR7-F and reverse primer PRR7-R as given in SEQ ID NO: 7 and SEQ ID NO: 8, respectively,
which probe molecules differ only by one base mismatch, particularly a base mismatch at position #631.
[0260] In another aspect of the invention, an assay is provided involving markers that can discriminate specifically
between annual plants and biennial plants and can thus be used, for example, for quality control of seed lots.
[0261] In particular, the invention relates to an assay, which is based on a set of probe polynucleotides comprising
two separate probe molecules that are complementary, for example, to a to a subregion of the BvPRR7 gene obtainable
by PCR amplification based on forward primer PRR7-F and reverse primer PRR7-R as given in SEQ ID NO: 7 and SEQ
ID NO: 8, respectively, which probe molecules differ only by one base mismatch, particularly a base mismatch at position
#631.
[0262] The majority of commercial seed productions for sugar beet are done in southern France and northern Italy.
In both regions, the presence of annual weed beets can cause pollen contamination in the seed productions, resulting
in annuals in the commercial seed. This is not acceptable to a customer, and therefore all commercial seed lots are
grown in regions, such as Argentina where no wild beets are growing directly after harvesting the seed. The plants are
not vernalized and the presence of bolters is used to identify seed lots contaminated with annuals.
[0263] The annual plant habit conferred by the B gene behaves as a single dominant trait; the requirement for vernal-
ization in biennial plants accordingly is recessive. The transformation of an annual allele of BvPRR7 into a biennial
genotype thus is predicted to bestow the annual flowering behavior onto the biennial acceptor genotype. To verify this
hypothesis, the coding sequence of an annual allele of BvPRR7 under the control of an annual promoter and terminator
fragment is transformed into biennial genotype such as, for example G018. Transformation can be accomplished by
methods known in art such as that disclosed by Chang et al, 2002 using sugar beet meristems as explant material and
the phosphomannose isomerase (PMI) gene as selectable marker... Transgenic shoots are checked for expression of
the selection marker such as, for example, PMI activity (Joersbo et al, 1998) and subsequently rooted, potted in soil and
transferred to the greenhouse. Negative controls consist of non-transgenic shoots that are subjected to the same in vitro
regeneration procedure, but without Agrobacterium infection and selection. Plants are grown in growth chambers at a
constant temperature of 18 °C and a photoperiod of 17 hours light and 7 hours dark. Under these conditions none of
the non-transgenic controls are supposed to show any signs of bolting during the observation period, whereas annual
control plants are supposed to bolt normally within 8 weeks. Contrary to the non-transgenic biennial control plants, a
substantial number of transgenic events should start bolting within four to ten weeks and basically behave as annual
plants despite their biennial genetic background. Transgenic plants that bolted and flowered are cross-pollinated with a
biennial maintainer line to produce offspring. Progeny plants are tested for selection marker activity and subsequently
monitored for bolting and flowering without vernalization. Most progenies should show a one to one segregation ratio
and a perfect correlation between PMI activity and the annual habit. These data will equivocally confirm the causal
relationship between BvPRR7 and vernalization-independent flowering in sugar beet.
[0264] BvPRR7 plays a key role in the vernalization response in sugar beet and can thus be used for engineering
bolting resistance into sugar beet plants by suppressing the vernalization response. To this purpose a BvPRR7 cDNA
fragment such as, for example the 0.6 Kb fragment depicted in SEQ ID NO. 1, is assembled into an RNAi cassette under
the control of a constitutive promoter. Suitable constitutive promoters are, for example, the Ubi3 promoter from Arabi-
dopsis (Norris et al, 1993), the CaMV 35S promoter, or any other promoter known to promote constitutive expression
in sugar beet. The expression cassette further contains a selectable marker gene under the control of a suitable promoter.
Particularly, the marker gene encodes a positive selection marker such as phosphomannose isomerase or a xylose
isomerase. The inverted repeat of the BvPRR7 fragment may be separated by the second intron from the potato StLS1
gene (Eckes et al, 1986; Vancanneyt et al, 1990) to stabilize the RNAi cassette, but also to improve the efficiency of the
RNAi phenomenon (Wang and Waterhouse, 2001; Smith et al, 2000).
[0265] The RNAi cassette can then be transformed into a biennial sugar beet genotype such as, for example, G018
as described herein previously. Transgenic shoots are checked for expression of the selection marker such as, for
example, PMI activity (Joersbo et al, 1998). Positive shoots and non-transgenic controls are rooted and transferred to
the greenhouse for an acclimatization period of two weeks minimum at 18 °C prior to the vernalization treatment. Once
well-established, the transgenic plants are exposed to the vernalization treatment consisting of a period of 14 weeks at
a constant temperature of 6 °C and 12 hours low artificial light. Prior to applying bolting-inductive conditions, vernalized
plants are slowly acclimatized for two weeks in climate chambers by stepwise increasing the temperature from 10 to 18
°C. Plants are subsequently repotted into to larger pots (2 liter), and monitored for bolting while exposed to a constant
temperature of 18 °C and a long-day photoperiod of 17 hours light / 7 hours dark. Non-transgenic control plants routinely
start bolting between four to six weeks post vernalization. Transgenic plants suppressed for BvPRR7 frequently show
a delay in bolting ranging from only two weeks to more than two months. A few events never bolted under the conditions
applied in the greenhouse. Apart from the delay in bolting and flowering, transgenic plants develop normally and show
no phenotypic aberrations. In general, plants delayed in bolting show a higher leaf number at the time of bolting as a
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result of the prolonged vegetative stage.
[0266] Obtaining sufficient levels of transgene expression in the appropriate plant tissues is an important aspect in
the production of genetically engineered crops. Expression of heterologous DNA sequences in a plant host is dependent
upon the presence of an operably linked promoter that is functional within the plant host. Choice of the promoter sequence
will determine when and where within the organism the heterologous DNA sequence is expressed.
[0267] For example, if overexpression is desired, a plant promoter fragment may be employed which will direct ex-
pression of the gene in all tissue; of a regenerated plant. Such promoters are referred to herein as "constitutive" promoters
and are active under most environmental conditions and states of development or cell differentiation. Examples of
constitutive promoters include the cauliflower mosaic virus (CaMV) 35S transcription initiation region, the 1’- or 2’-
promoter derived from T-DNA of Agrobacterium tumefaciens, and other transcription initiation regions from various plant
genes known to those of skill. Such genes include for example, the AP2 gene, ACT11 from Arabidopsis (Huang et al.
Plant Mol. Biol. 33:125-139 (1996)), Cat3 from Arabidopsis (GenBank No. U43147, Zhong et al., Mol. Gen. Genet. 251:
196-203 (1996)), the gene encoding stearoyl-acyl carrier protein desaturase from Brassica napus (Genbank No. X74782,
Solocombe et al. Plant Physiol. 104:1167-1176 (1994)), GPc1 from maize (GenBank No. X15596, Martinez et al. J. Mol.
Biol 208:551-565 (1989)), and Gpc2 from maize (GenBank No. U45855, Manjunath et al., Plant Mol. Biol. 33:97-112
(1997)).
[0268] Alternatively, the plant promoter may direct expression of the nucleic acid molecules of the invention in a specific
tissue or may be otherwise under more precise environmental or developmental control. Examples of environmental
conditions that may effect transcription by inducible promoters include anaerobic conditions, elevated temperature, or
the presence of light. Such promoters are referred to here as "inducible" or "tissue-specific" promoters. One of skill will
recognize that a tissue-specific promoter may drive expression of operably linked sequences in tissues other than the
target tissue. Thus, as used herein a tissue-specific promoter is one that drives expression preferentially in the target
tissue, but may also lead to some expression in other tissues as well.
[0269] Examples of promoters under developmental control include promoters that initiate transcription only (or pri-
marily only) in certain tissues, such as fruit, seeds, or flowers. Promoters that direct expression of nucleic acids in ovules,
flowers or seeds are particularly useful in the present invention. As used herein a seed-specific or preferential promoter
is one which directs expression specifically or preferentially in seed tissues, such promoters may be, for example, ovule-
specific, embryo-specific, endosperm-specific, integument-specific, seed coat-specific, or some combination thereof.
Examples include a promoter from the ovule-specific BEL1 gene described in Reiser et al. Cell 83:735-742 (1995)
(GenBank No. U39944). Other suitable seed specific promoters are derived from the following genes: MAC1 from maize
(Sheridan et al. Genetics 142:1009-1020 (1996), Cat3 from maize (GenBank No. L05934, Abler et al. Plant Mol. Biol.
22:10131-1038 (1993), the gene encoding oleosin 18 kD from maize (GenBank No, J05212, Lee et al. Plant Mol. Biol.
26:1981-1987 (1994)), vivparous-1 from Arabidopsis (Genbank No. U93215), the gene encoding oleosin from Arabidopsis
(Genbank No. Z17657), Atmycl from Arabidopsis (Urao et al. Plant Mol. Biol. 32:571-576 (1996), the 2s seed storage
protein gene family from Arabidopsis (Conceicao et al. Plant 5:493-505 (1994)) the gene encoding oleosin 20 kD from
Brassica napus (GenBank No. M63985), napA from Brassica napus (GenBank No. J02798, Josefsson et al. JBL 26:
12196-1301 (1987), the napin gene family from Brassica napus (Sjodahl et al. Planta 197:264-271 (1995), the gene
encoding the 2S storage protein from Brassica napus (Dasgupta et al. Gene 133:301-302 (1993)), the genes encoding
oleosin A (Genbank No. U09118) and oleosin B (Genbank No. U09119) from soybean and the gene encoding low
molecular weight sulphur rich protein from soybean (Choi et al. Mol Gen, Genet. 246:266-268 (1995)).
[0270] Alternatively, particular sequences which provide the promoter with desirable expression characteristics, or
the promoter with expression enhancement activity, could be identified and these or similar sequences introduced into
the sequences via mutation. It is further contemplated that one could mutagenize these sequences in order to enhance
their expression of transgenes in a particular species.
[0271] Furthermore, it is contemplated that promoters combining elements from more than one promoter may be
useful. For example, U.S. Patent No. 5,491,288 discloses combining a Cauliflower Mosaic Virus promoter with a histone
promoter. Thus, the elements from the promoters disclosed herein may be combined with elements from other promoters.
[0272] A variety of 5’ and 3’ transcriptional regulatory sequences are available for use in the present invention. Tran-
scriptional terminators are responsible for the termination of transcription and correct mRNA polyadenylation. The 3’
nontranslated regulatory DNA sequence preferably includes from about 50 to about 1,000, more preferably about 100
to about 1,000, nucleotide base pairs and contains plant transcriptional and translational termination sequences. Ap-
propriate transcriptional terminators and those which are known to function in plants include the CaMV 35S terminator,
the tml terminator, the nopaline synthase terminator, the pea rbcS E9 terminator, the terminator for the T7 transcript
from the octopine synthase gene of Agrobacterium tumefaciens, and the 3’ end of the protease inhibitor I or II genes
from potato or tomato, although other 3’ elements known to those of skill in the art can also be employed. Alternatively,
one also could use a gamma coixin, oleosin 3 or other terminator from the genus Coix.
[0273] Preferred 3’ elements include those from the nopaline synthase gene of Agrobacterium tumefaciens (Bevan
et al., 1983), the terminator for the T7 transcript from the octopine synthase gene of Agrobacterium tumefaciens, and
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the 3’ end of the protease inhibitor I or II genes from potato or tomato.
[0274] As the DNA sequence between the transcription initiation site and the start of the coding sequence, i.e., the
untranslated leader sequence, can influence gene expression, one may also wish to employ a particular leader sequence.
Preferred leader sequences are contemplated to include those which include sequences predicted to direct optimum
expression of the attached gene, i.e., to include a preferred consensus leader sequence which may increase or maintain
mRNA stability and prevent inappropriate initiation of translation. The choice of such sequences will be known to those
of skill in the art in light of the present disclosure. Sequences that are derived from genes that are highly expressed in
plants will be most preferred.
[0275] Other sequences that have been found to enhance gene expression in transgenic plants include intron se-
quences (e.g., from Adh1, bronze1, actin1, actin 2 (WO 00/760067), or the sucrose synthase intron) and viral leader
sequences (e.g., from TMV, MCMV and AMV). For example, a number of non-translated leader sequences derived from
viruses are known to enhance expression. Specifically, leader sequences from Tobacco Mosaic Virus (TMV), Maize
Chlorotic Mottle Virus (MCMV), and Alfalfa Mosaic Virus (AMV) have been shown to be effective in enhancing expression
(e.g., Gallie et al., 1987; Skuzeski et al., 1990). Other leaders known in the art include but are not limited to: Picornavirus
leaders, for example, EMCV leader (Encephalomyocarditis 5 noncoding region) (Elroy-Stein et al., 1989); Potyvirus
leaders, for example, TEV leader (Tobacco Etch Virus); MDMV leader (Maize Dwarf Mosaic Virus); Human immunoglob-
ulin heavy-chain binding protein (BiP) leader, (Macejak et al., 1991); Untranslated leader from the coat protein mRNA
of alfalfa mosaic virus (AMV RNA 4), (Jobling et al., 1987; Tobacco mosaic virus leader (TMV), (Gallie et al., 1989; and
Maize Chlorotic Mottle Virus leader (MCMV) (Lommel et al., 1991. See also, Della-Cioppa et al., 1987.
[0276] Regulatory elements such as Adh intron 1 (Callis et al., 1987), sucrose synthase intron (Vasil et al., 1989) or
TMV omega element (Gallie, et al., 1989), may further be included where desired.
[0277] Examples of enhancers include elements from the CaMV 35S promoter, octopine synthase genes (Ellis el al.,
1987), the rice actin I gene, the maize alcohol dehydrogenase gene (Callis et al., 1987), the maize shrunken I gene
(Vasil et al., 1989), TMV Omega element (Gallie et al., 1989) and promoters from non-plant eukaryotes (e.g., yeast; Ma
et al., 1988).
[0278] Two principal methods for the control of expression are known, viz.: overexpression and underexpression.
Overexpression can be achieved by insertion of one or more than one extra copy of the selected gene. It is, however,
not unknown for plants or their progeny, originally transformed with one or more than one extra copy of a nucleotide
sequence, to exhibit the effects of underexpression as well as overexpression. For underexpression there are two
principle methods which are commonly referred to in the art as "antisense downregulation" and "sense downregulation"
(sense downregulation is also referred to as "cosuppression"). Generically these processes are referred to as "gene
silencing". Both of these methods lead to an inhibition of expression of the target gene.
[0279] Within the scope of the present invention, the alteration in expression of the nucleic acid molecule of the present
invention may be achieved in one of the following ways:

"Sense" Suppression

[0280] Alteration of the expression of a nucleotide sequence of the present invention, preferably reduction of its
expression, is obtained by "sense" suppression (referenced in e.g., Jorgensen et al. (1996) Plant Mol. Biol. 31, 957-973).
In this case, the entirety or a portion of a nucleotide sequence of the present invention is comprised in a DNA molecule.
The DNA molecule is preferably operatively linked to a promoter functional in a cell comprising the target gene, preferably
a plant cell, and introduced into the cell, in which the nucleotide sequence is expressible. The nucleotide sequence is
inserted in the DNA molecule in the "sense orientation", meaning that the coding strand of the nucleotide sequence can
be transcribed. In a preferred embodiment, the nucleotide sequence is fully translatable and all the genetic information
comprised in the nucleotide sequence, or portion thereof, is translated into a polypeptide. In another preferred embod-
iment, the nucleotide sequence is partially translatable and a short peptide is translated. In a preferred embodiment,
this is achieved by inserting at least one premature stop codon in the nucleotide sequence, which brings translation to
a halt. In another more preferred embodiment, the nucleotide sequence is transcribed but no translation product is being
made. This is usually achieved by removing the start codon, e.g., the "ATG", of the polypeptide encoded by the nucleotide
sequence. In a further preferred embodiment, the DNA molecule comprising the nucleotide sequence, or a portion
thereof, is stably integrated in the genome of the plant cell. In another preferred embodiment, the DNA molecule comprising
the nucleotide sequence, or a portion thereof, is comprised in an extrachromosomally replicating molecule.
[0281] In transgenic plants containing one of the DNA molecules described immediately above, the expression of the
nucleotide sequence corresponding to the nucleotide sequence comprised in the DNA molecule is preferably reduced.
Preferably, the nucleotide sequence in the DNA molecule is at least 70% identical to the nucleotide sequence the
expression of which is reduced, more preferably it is at least 80% identical, yet more preferably at least 90% identical,
yet more preferably at least 95% identical, yet more preferably at least 99% identical.
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"Anti-sense" Suppression

[0282] In another preferred embodiment, the alteration of the expression of a nucleotide sequence of the present
invention, preferably the reduction of its expression is obtained by "anti-sense" suppression. The entirety or a portion of
a nucleotide sequence of the present invention is comprised in a DNA molecule. The DNA molecule is preferably
operatively linked to a promoter functional in a plant cell, and introduced in a plant cell, in which the nucleotide sequence
is expressible. The nucleotide sequence is inserted in the DNA molecule in the "anti-sense orientation", meaning that
the reverse complement (also called sometimes non-coding strand) of the nucleotide sequence can be transcribed. In
a preferred embodiment, the DNA molecule comprising the nucleotide sequence, or a portion thereof, is stably integrated
in the genome of the plant cell. In another preferred embodiment the DNA molecule comprising the nucleotide sequence,
or a portion thereof, is comprised in an extrachromosomally replicating molecule. Several publications describing this
approach are cited for further illustration (Green, P. J. et al., Ann. Rev. Biochem. 55:569-597 (1986); van der Krol, A.
R. et al, Antisense Nuc. Acids & Proteins, pp. 125-141 (1991); Abel, P. P. et al., Proc. Natl. Acad. Sci. USA 86:6949-6952
(1989); Ecker, J. R. et al., Proc. Natl. Acad. Sci. USA 83:5372-5376 (Aug. 1986)).
[0283] In transgenic plants containing one of the DNA molecules described immediately above, the expression of the
nucleotide sequence corresponding to the nucleotide sequence comprised in the DNA molecule is preferably reduced.
Preferably, the nucleotide sequence in the DNA molecule is at least 70% identical to the nucleotide sequence the
expression of which is reduced, more preferably it is at least 80% identical, yet more preferably at least 90% identical,
yet more preferably at least 95% identical, yet more preferably at least 99% identical.

Homologous Recombination

[0284] In another preferred embodiment, at least one genomic copy corresponding to a nucleotide sequence of the
present invention is modified in the genome of the plant by homologous recombination as further illustrated in Paszkowski
et al., EMBO Journal 7:4021-26 (1988). This technique uses the property of homologous sequences to recognize each
other and to exchange nucleotide sequences between each by a process known in the art as homologous recombination.
Homologous recombination can occur between the chromosomal copy of a nucleotide sequence in a cell and an incoming
copy of the nucleotide sequence introduced in the cell by transformation. Specific modifications are thus accurately
introduced in the chromosomal copy of the nucleotide sequence. In one embodiment, the regulatory elements of the
nucleotide sequence of the present invention are modified. Such regulatory elements are easily obtainable by screening
a genomic library using the nucleotide sequence of the present invention, or a portion thereof, as a probe. The existing
regulatory elements are replaced by different regulatory elements, thus altering expression of the nucleotide sequence,
or they are mutated or deleted, thus abolishing the expression of the nucleotide sequence. In another embodiment, the
nucleotide sequence is modified by deletion of a part of the nucleotide sequence or the entire nucleotide sequence, or
by mutation. Expression of a mutated polypeptide in a plant cell is also contemplated in the present invention. More
recent refinements of this technique to disrupt endogenous plant genes have been described (Kempin et al., Nature
389:802-803 (1997) and Miao and Lam, Plant J., 7:359-365 (1995).
[0285] In another preferred embodiment, a mutation in the chromosomal copy of a nucleotide sequence is introduced
by transforming a cell with a chimeric oligonucleotide composed of a contiguous stretch of RNA and DNA residues in a
duplex conformation with double hairpin caps on the ends. An additional feature of the oligonucleotide is for example
the presence of 2’-O-methylation at the RNA residues. The RNA/DNA sequence is designed to align with the sequence
of a chromosomal copy of a nucleotide sequence of the present invention and to contain the desired nucleotide change.
For example, this technique is further illustrated in US patent 5,501,967 and Zhu et al. (1999) Proc. Natl. Acad. Sci. USA
96: 8768-8773.

Ribozymes

[0286] In a further embodiment, the RNA coding for a polypeptide of the present invention is cleaved by a catalytic
RNA, or ribozyme, specific for such RNA. The ribozyme is expressed in transgenic plants and results in reduced amounts
of RNA coding for the polypeptide of the present invention in plant cells, thus leading to reduced amounts of polypeptide
accumulated in the cells. This method is further illustrated in US patent 4,987,071.

Dominant-Negative Mutants

[0287] In another preferred embodiment, the activity of the polypeptide encoded by the nucleotide sequences of this
invention is changed. This is achieved by expression of dominant negative mutants of the proteins in transgenic plants,
leading to the loss of activity of the endogenous protein.
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Aptamers

[0288] In a further embodiment, the activity of polypeptide of the present invention is inhibited by expressing in trans-
genic plants nucleic acid ligands, so-called aptamers, which specifically bind to the protein. Aptamers are preferentially
obtained by the SELEX (Systematic Evolution of Ligands by EXponential Enrichment) method. In the SELEX method,
a candidate mixture of single stranded nucleic acids having regions of randomized sequence is contacted with the protein
and those nucleic acids having an increased affinity to the target are partitioned from the remainder of the candidate
mixture. The partitioned nucleic acids are amplified to yield a ligand enriched mixture. After several iterations a nucleic
acid with optimal affinity to the polypeptide is obtained and is used for expression in transgenic plants. This method is
further illustrated in US patent 5,270,163.

Zinc finger proteins

[0289] A zinc finger protein that binds a nucleotide sequence of the present invention or to its regulatory region is also
used to alter expression of the nucleotide sequence. Preferably, transcription of the nucleotide sequence is reduced or
increased. Zinc finger proteins are for example described in Beerli et al. (1998) PNAS 95:14628-14633., or in WO
95/19431, WO 98/54311, or WO 96/06166, all incorporated herein by reference in their entirety.

dsRNA

[0290] Alteration of the expression of a nucleotide sequence of the present invention is also obtained by dsRNA
interference as described for example in WO 99/32619, WO 99/53050 or WO 99/61631, all incorporated herein by
reference in their entirety.

Insertion of a DNA molecule (Insertional mutagenesis)

[0291] In another preferred embodiment, a DNA molecule is inserted into a chromosomal copy of a nucleotide sequence
of the present invention, or into a regulatory region thereof. Preferably, such DNA molecule comprises a transposable
element capable of transposition in a plant cell, such as e.g., Ac/Ds, Em/Spm, mutator. Alternatively, the DNA molecule
comprises a T-DNA border of an Agrobacterium T-DNA. The DNA molecule may also comprise a recombinase or
integrase recognition site which can be used to remove part of the DNA molecule from the chromosome of the plant
cell. An example of this method is set forth in Example 2. Methods of insertional mutagenesis using T-DNA, transposons,
oligonucleotides or other methods known to those skilled in the art are also encompassed. Methods of using T-DNA
and transposon for insertional mutagenesis are described in Winkler et al. (1989) Methods Mol. Biol. 82:129-136 and
Martienssen (1998) PNAS 95:2021-2026, incorporated herein by reference in their entireties.

Deletion mutagenesis

[0292] In yet another embodiment, a mutation of a nucleic acid molecule of the present invention is created in the
genomic copy of the sequence in the cell or plant by deletion of a portion of the nucleotide sequence or regulator
sequence. Methods of deletion mutagenesis are known to those skilled in the art. See, for example, Miao et al, (1995)
Plant J. 7:359.
[0293] In yet another embodiment, this deletion is created at random in a large population of plants by chemical
mutagenesis or irradiation and a plant with a deletion in a gene of the present invention is isolated by forward or reverse
genetics. Irradiation with fast neutrons or gamma rays is known to cause deletion mutations in plants (Silverstone et al,
(1998) Plant Cell, 10:155-169; Bruggemann et al., (1996) Plant J., 10:755-760; Redei and Koncz in Methods in Arabidopsis
Research, World Scientific Press (1992), pp. 16-82). Deletion mutations in a gene of the present invention can be
recovered in a reverse genetics strategy using PCR with pooled sets of genomic DNAs as has been shown in C. elegans
(Liu et al., (1999), Genome Research, 9:859-867.). A forward genetics strategy would involve mutagenesis of a line
displaying PTGS followed by screening the M2 progeny for the absence of PTGS. Among these mutants would be
expected to be some that disrupt a gene of the present invention. This could be assessed by Southern blot or PCR for
a gene of the present invention with genomic DNA from these mutants.

Overexpression in a plant cell

[0294] In yet another preferred embodiment, a nucleotide sequence of the present invention encoding the B gene,
particularly the BvPRR7 gene, in a plant cell is overexpressed. Examples of nucleic acid molecules and expression
cassettes for overexpression of a nucleic acid molecule of the present invention are described above. Methods known
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to those skilled in the art of over-expression of nucleic acid molecules are also encompassed by the present invention.
[0295] In still another embodiment, the expression of the nucleotide sequence of the present invention is altered in
every cell of a plant. This is for example obtained though homologous recombination or by insertion in the chromosome.
This is also for example obtained by expressing a sense or antisense RNA, zinc finger protein or ribozyme under the
control of a promoter capable of expressing the sense or antisense RNA, zinc finger protein or ribozyme in every cell of
a plant. Constitutive expression, inducible, tissue-specific or developmentally-regulated expression are also within the
scope of the present invention and result in a constitutive, inducible, tissue-specific or developmentally-regulated alter-
ation of the expression of a nucleotide sequence of the present invention in the plant cell. Constructs for expression of
the sense or antisense RNA, zinc finger protein or ribozyme, or for overexpression of a nucleotide sequence of the
present invention, are prepared and transformed into a plant cell according to the teachings of the present invention,
e.g., as described infra.
[0296] The invention hence also provides sense and anti-sense nucleic acid molecules corresponding to the open
reading frames identified in the SEQ ID NO: 1 of the Sequence Listing as well as their orthologs..
[0297] The genes and open reading frames according to the present invention which are substantially similar to a
nucleotide sequence encoding a polypeptide as given in SEQ ID NO: 6 including any corresponding anti-sense constructs
can be operably linked to any promoter that is functional within the plant host including the promoter sequences according
to the invention or mutants thereof.
[0298] Once completed, the polynucleotide construct of the invention comprising an expression cassette or an RNAi
cassette may be mobilized into a suitable vector for plant transformation, such as, for example, a binary vector, which
may then be mobilized to sugar beet using one of the well known transformation techniques such as, for example,
Agrobacterium-mediated transformation.
[0299] Transgenic plants (or plant cells, or plant explants, or plant tissues) incorporating and expressing the polynu-
cleotide or dsRNA of the invention can be produced by a variety of well established techniques. Following construction
of the polynucleotide construct of the invention comprising an expression cassette or an RNAi cassette incorporating a
polynucleotide sequence according to the invention and as described herein before, standard techniques can be used
to introduce the polynucleotide into a plant, a plant cell, a plant explant or a plant tissue of interest. Optionally, the plant
cell, explant or tissue can be regenerated to produce a transgenic plant. The plant can be any higher plant, including
gymnosperms, monocotyledonous and dicotyledonous plants. Suitable protocols are available for Leguminosae (alfalfa,
soybean, clover, etc.), Umbelliferae (carrot, celery, parsnip), Cruciferae (cabbage, radish, rapeseed, broccoli, etc.),
Curcurbitaceae (melons and cucumber), Gramineae (wheat, corn, rice, barley, millet, etc.), Solanaceae (potato, tomato,
tobacco, peppers, etc.), and various other crops. See protocols described in Ammirato et al., eds., (1984) Handbook of
Plant Cell Culture--Crop Species, Macmillan Publ. Co., New York, N.Y.; Shimamoto et al. (1989) Nature 338: 274 276;
Fromm et al. (1990) Bio/Technol. 8: 833 839; and Vasil et al. (1990) Bio/Technol. 8: 429 434. Transformation and
regeneration of both monocotyledonous and dicotyledonous plant cells is now routine, and the selection of the most
appropriate transformation technique will be determined by the practitioner. The choice of method will vary with the type
of plant to be transformed; those skilled in the art will recognize the suitability of particular methods for given plant types.
Suitable methods can include, but are not limited to: electroporation of plant protoplasts; liposome-mediated transfor-
mation; polyethylene glycol (PEG) mediated transformation; transformation using viruses; micro-injection of plant cells;
microprojectile bombardment of plant cells; vacuum infiltration; and Agrobacterium tumefaciens mediated transformation.
[0300] Transformation of plants can be undertaken with a single DNA molecule or multiple DNA molecules (i.e., co-
transformation), and both these techniques are suitable for use with the polynucleotide constructs of the present invention.
Numerous transformation vectors are available for plant transformation, and the expression cassettes of this invention
can be used in conjunction with any such vectors. The selection of vector will depend upon the preferred transformation
technique and the target species for transformation.
[0301] A variety of techniques are available and known to those skilled in the art for introduction of constructs into a
plant cell host. These techniques generally include transformation with DNA employing A. tumefaciens or A. rhizogenes
as the transforming agent, liposomes, PEG precipitation, electroporation, DNA injection, direct DNA uptake, micropro-
jectile bombardment, particle acceleration, and the like (See, for example, EP 295959 and EP 138341) (see below).
However, cells other than plant cells may be transformed with the polynucleotide construct of the invention. The general
descriptions of plant expression vectors and reporter genes, and Agrobacterium and Agrobacterium-mediated gene
transfer, can be found in Gruber et al. (1993).
[0302] Expression vectors containing a polynucleotide sequence according to the invention can be introduced into
protoplasts or into intact tissues or isolated cells. Preferably expression vectors are introduced into intact tissue. General
methods of culturing plant tissues are provided for example by Maki et al., (1993); and by Phillips et al. (1988). Preferably,
expression vectors are introduced into maize or other plant tissues using a direct gene transfer method such as micro-
projectile-mediated delivery, DNA injection, electroporation and the like. More preferably expression vectors are intro-
duced into plant tissues using the microprojectile media delivery with the biolistic device. See, for example, Tomes et
al. (1995). The vectors of the invention can not only be used for expression of structural genes but may also be used in
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exon-trap cloning, or promoter trap procedures to detect differential gene expression in varieties of tissues, (Lindsey et
al., 1993; Auch & Reth et al.).
[0303] It is particularly preferred to use the binary type vectors of Ti and Ri plasmids of Agrobacterium spp. Ti-derived
vectors transform a wide variety of higher plants, including monocotyledonous and dicotyledonous plants, such as
soybean, cotton, rape, tobacco, and rice (Pacciotti et al., 1985: Byrne et al., 1987; Sukhapinda et al., 1987; Lorz et al.,
1985; Potrykus, 1985; Park et al., 1985: Hiei et al., 1994). The use of T-DNA to transform plant cells has received
extensive study and is amply described (EP 120516; Hoekema, 1985; Knauf, et al., 1983; and An et al., 1985). For
introduction into plants, the chimeric genes of the invention can be inserted into binary vectors as described in the
examples.
[0304] Those skilled in the art will appreciate that the choice of method might depend on the type of plant, i.e.,
monocotyledonous or dicotyledonous, targeted for transformation. Suitable methods of transforming plant cells include,
but are not limited to, microinjection (Crossway et al., 1986), electroporation (Riggs et al., 1986), Agrobacterium-mediated
transformation (Hinchee et al., 1988), direct gene transfer (Paszkowski et al., 1984), and ballistic particle acceleration
using devices available from Agracetus, Inc., Madison, Wis. And BioRad, Hercules, Calif. (see, for example, Sanford et
al., U.S. Pat. No. 4,945,050; and McCabe et al., 1988). Also see, Weissinger et al., 1988; Sanford et al., 1987 (onion);
Christou et al., 1988 (soybean); McCabe et al., 1988 (soybean); Datta et al., 1990 (rice); Klein et al., 1988 (maize); Klein
et al., 1988 (maize); Klein et al., 1988 (maize); Fromm et al., 1990 (maize); and Gordon-Kamm et al., 1990 (maize);
Svab et al., 1990 (tobacco chloroplast); Koziel et al., 1993 (maize); Shimamoto et al., 1989 (rice); Christou et al., 1991
(rice); European Patent Application EP 0 332 581 (orchardgrass and other Pooideae); Vasil et al., 1993 (wheat); Weeks
et al., 1993 (wheat). In one embodiment, the protoplast transformation method for maize is employed (European Patent
Application EP 0 292 435, U. S. Pat. No. 5,350,689).
[0305] The main focus of the present invention is on transformation of sugar beet. The experimental procedures for
the transformation of sugar beet are well known to those skilled in the art such as that disclosed by Chang et al, 2002
using sugar beet meristems as explant material.
[0306] After transformed plant cells or plants are selected and grown to maturity, those plants showing the trait of
interest are identified. The trait can be any of those traits described above. Additionally, to confirm that the trait of interest
is due to the expression of the introduced polynucleotide of interest under control of the regulatory nucleotide according
to the invention, expression levels or activity of the polypeptide or polynucleotide of interest can be determined by
analyzing mRNA expression using Northern blots, RT-PCR or microarrays, or protein expression using immunoblots or
Western blots or gel shift assays.
[0307] The invention thus relates to plant cells and tissues, to plants derived from such cells and tissues, respectively,
to plant material, to the progeny and to seeds derived from such plants, and to agricultural products including processed
plant products with improved properties obtainable by, for example, any one of the transformation methods described
below.
[0308] Once an expression cassette according the present invention and as described herein before comprising a
polynucleotide sequence according to the invention in association with a polynucleotide of interest has been transformed
into a particular plant species, it may be propagated in that species or moved into other varieties of the same species,
particularly including commercial varieties, using traditional breeding techniques. Preferred plants of the invention include
gymnosperms, monocots, and dicots, especially agronomically important crop plants, such as rice, wheat, barley, rye,
rape, corn, potato, carrot, sweet potato, sugar beet, bean, pea, chicory, lettuce, cabbage, cauliflower, broccoli, turnip,
radish, spinach, asparagus, onion, garlic, eggplant, pepper, celery, carrot, squash, pumpkin, zucchini, cucumber, apple,
pear, quince, melon, plum, cherry, peach, nectarine, apricot, strawberry, grape, raspberry, blackberry, pineapple, avo-
cado, papaya, mango, banana, soybean, tobacco, tomato, sorghum and sugarcane.
[0309] The genetic properties engineered into the transgenic plants described above are passed on by sexual repro-
duction or vegetative growth and can thus be maintained and propagated in progeny plants. Generally said maintenance
and propagation make use of known agricultural methods developed to fit specific purposes such as tilling, sowing or
harvesting. Specialized processes such as hydroponics or greenhouse technologies can also be applied. Use of the
advantageous genetic properties of the transgenic plants according to the invention can further be made in plant breeding
that aims at the development of plants with improved properties such as tolerance of pests, herbicides, or stress, improved
nutritional value, increased yield, or improved structure causing less loss from lodging or shattering. The various breeding
steps are characterized by well-defined human intervention such as selecting the lines to be crossed, directing pollination
of the parental lines, or selecting appropriate progeny plants. Depending on the desired properties different breeding
measures are taken. The relevant techniques are well known in the art and include but are not limited to hybridization,
inbreeding, backcross breeding, multiline breeding, variety blend, interspecific hybridization, aneuploid techniques, etc.
Hybridization techniques also include the sterilization of plants to yield male or female sterile plants by mechanical,
chemical or biochemical means. Cross pollination of a male sterile plant with pollen of a different line assures that the
genome of the male sterile but female fertile plant will uniformly obtain properties of both parental lines. Thus, the
transgenic plants according to the invention can be used for the breeding of improved plant lines that for example increase
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the effectiveness of conventional methods such as herbicide or pesticide treatment or allow to dispense with said methods
due to their modified genetic properties. Alternatively new crops with improved stress tolerance can be obtained that,
due to their optimized genetic "equipment", yield harvested product of better quality than products that were not able to
tolerate comparable adverse developmental conditions.
[0310] In one embodiment, a polynucleotide sequence is provided as given in SEQ ID NO: 5, SEQ ID NO: 51 and
SEQ ID NO: 52, which encodes a protein which is functionally equivalent to the B gene.

EXAMPLES

[0311] The following Examples provide illustrative embodiments. In light of the present disclosure and the general
level of skill in the art, those of skill will appreciate that the following Examples are intended to be exemplary only and
that numerous changes, modifications, and alterations can be employed without departing from the scope of the presently
claimed subject matter.

EXAMPLE 1:

CHARACTERIZATION OF THE SUBAR BEET PRR7 GENE

EXAMPLE 1.1: Characterization of the putative PRR7 homologue from sugar beet

[0312] Based on a candidate gene approach for the identification and characterization of putative bolting control genes
in sugar beet, the EST sequence with accession number CV301305 was identified as the putative beet homologue of
PRR7 by means of homology searches using BLAST. SEQ ID 1 shows the nucleotide sequence of EST CV301305.
The corresponding amino acid sequence shows the partial presence of a Pseudo Response Regulator receiver (PRR,
pfam00072) or Signal Receiver (REC, cd00156) domain (Figure 1), a hallmark of the PRR gene family that appear to
be crucial for certain circadian-associated events (Nakamichi et al, 2005). Figure 2 shows the alignment of the amino
acid sequence of CV301305 with PRR7, its closest Arabidopsis homologue, which has been described as a component
of the temperature-sensitive circadian system (Nakamichi et al, 2007; Salomé and McClung 2005). The circadian clock
is known to control several developmental processes in plants including flowering time (i.e; bolting) control (Imaizumi
and Kay, 2006; Zhou et al, 2007).
[0313] Based on the above observations, the putative gene structure of the partial beet PRR7 fragment was deduced
using the alignment between the genomic sequence and the mRNA of the Arabidopsis PRR7 gene (AT5G02810 and
NM_ 120359 respectively) to the BvPRR7 sugar beet EST (CV301305), which revealed the presence of several putative
intronic regions (Figure 3). Primers PRR7-F and -R (SEQ ID NO 2 and 3) encompassing the third putative intronic region
delivered an amplification product of approximately 0.5 Kb when using genomic beet DNA as template. The PCR con-
ditions for the amplification reaction were as follows: primary denaturation at 95°C for 5 min followed by 35 amplification
cycles of 30 seconds at 95°C, 30 seconds at 60°C and 30 seconds at 72°C and followed by 5 min at 72°C. PCR
experiments were run at a GeneAMP PCR System 9600 instrument from Applied Biosystems Inc. using Platinum Taq
DNA polymerase and the corresponding reaction mix from Invitrogen Corporation as recommended by the supplier.
Sequence analysis of the PCR product enabled the reconstruction of the genomic sequence around intron 3 of the
BvPRR7 gene fragment, and confirmed the presence of an intron of 296 base pairs in length (SEQ ID NO 4).

EXAMPLE 1.2: Mapping of the BvPRR7 gene

[0314] Using the PRR7-F and PRR7-R primers described above, the genomic fragment of the BvPRR7 gene was
amplified and sequenced across a panel of sugar beet parental lines consisting of 15 biennial and one annual line. All
biennial lines revealed monomorphic for BvPRR7 as only two different haplotypes were observed: one biennial allele
and one annual allele (Table1). In order to map BvPRR7 in a population segregating for the annual habit, an assay was
developed targeting the SNP at position #160 (SEQ ID NO 4) using the EndPoint TaqMan® technology. Table 2 sum-
marizes the nucleotide sequences of the primers and probes designed for the PRR7(T1) TaqMan® assay targeting SNP
at position #160; the reactions further consisted of the TaqMan® Universal PCR Master Mix, No AmpErase® UNG (2X)
from Applied Biosystems Inc. according to the manufacturer’s recommendations. The PCR amplification was performed
as follows: 95°C for 10 min followed by 40 cycles of 95°C for 15 sec and 60°C for 1 min, using an ABI PRISM 7700
Sequence Detector instrument. EndPoint measurement was performed using the Sequence Detection System 2.0 soft-
ware.
[0315] Using the above PRR7(T1) assay, the BvPRR7 gene was mapped in a F2 population of 198 individuals derived
from a cross between the annual line and a biennial line polymorphic for the SNP at position #160. BvPRR7 maps at
chromosome II at an approximate distance of 1 cM downstream of the GJ131 marker (Figure 4), a region known to
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contain the B gene for vernalization-independent flowering (Möhring et al, 2004; Gaafar et al, 2005). The results of the
PRR7(T1) assay show a perfect match between the predicted genotype of the B gene and the genotype of the BvPRR7
gene. The genotype of the B gene was predicted based on phenotypic evaluation of the F3 populations derived from
the individual F2 plants for vernalization-independent flowering. Table 3 summarizes the graphical representation of the
fine-map of the B gene region for 9 individual progeny plants comprising the closest recombination events. The combi-
nation of its map position and its biological function relating to the temperature-sensitive circadian rhythm (Salomé and
McClung, 2005) obviously make BvPRR7 a strong candidate for the B gene.

EXAMPLE 1.3: Recovery of the full-length genomic sequence of BvPRR7

[0316] Using the primers PRR7-F and PRR7-R, a sugar beet BAC library was screened by means of PCR. The library
was developed from the biennial commercial cultivar H20 and calculated to represent 6 genome equivalents with an
average insert size of 120 Kb (McGrath et al, 2004). DNA pools for this library are distributed by Amplicon Express,
Pullman WA. The PCR conditions for the screening of the DNA pools were as follows: primary denaturation at 95°C for
5 min followed by 35 amplification cycles of 30 seconds at 95°C, 30 seconds at 60°C and 30 seconds at 72°C and
followed by 5 min at 72°C. PCR experiments were run at a GeneAMP PCR System 9700 instrument from Applied
Biosystems Inc. using Platinum Taq DNA polymerase and the corresponding reaction mix from Invitrogen Corporation
as recommended by the supplier. Subsequent screenings of the DNA pools for the presence of the BvPRR7 fragment
according to the supplier’s instructions resulted in the positive identification of BAC SBA079-L24.
[0317] In order to obtain the full-length sequence of the BvPRR7 gene, BAC SBA079-L24 was sent to MWG Biotech
AG, Germany for sequence analysis by means of the 454 sequencing technology. Where necessary, gaps between the
obtained contigs were filled by regular Sanger sequencing to yield one single genomic sequence for the BvPRR7 gene
(SEQ ID NO 5). Based on the alignment of the genomic sequence to EST CV301305 and on sequence homology to the
PRR7 gene from Arabidopsis, the putative gene structure of the beet BvPRR7 gene comprising introns and exons was
predicted as shown in Figure 5. Based on this prediction, the genomic sequence spans the entire BvPRR7 gene with
3.6 Kb of sequence upstream of the ATG start codon and 2.2 Kb downstream of the coding region. The corresponding
amino acid sequence of BvPRR7 is shown under SEQ ID NO 6. Alignment of the amino acid sequence of BvPRR7 to
all members of the PRR gene family from Arabidopsis including TOC1 (PRR1), PRR3, PRR5, PRR7 and PRR9 illustrates
the strong conservation of the Pseudo Response Regulator receiver domain (PRR) motif (pfam00072) near the NH2-
terminus and the CCT motif (pfam06203) at the COOH-terminus (Figure 6). In addition to the PRR gene family from
Arabidopsis, BvPRR7 also shares strong homology to the PRR7 homologue in cereals as illustrated by the phylogenetic
tree shown in Figure 7. Surprisingly, the PRR7 homologue in cereals, better known as Ppd, is known to represent a
major determinant of the photoperiod response (Turner et al, 2005; Beales et al, 2007) rather than the vernalization
response as suggested here for sugar beet.

EXAMPLE 1.4: Gene expression analysis of BvPRR7

[0318] For gene expression analysis, seedlings from biennial vernalized plants were grown in controlled environment
chambers at a constant temperature of 18 °C and a photoperiod of 16 h day and 8 h night. Leaf samples were harvested
every two hours over a period of 24 hours and total RNA was isolated using the RNAqueous®-4PCR Kit commercialized
by Ambion, basically following the supplier’s instructions. Plant RNA Isolation Aid (Ambion) was added to the RNA
isolation steps to remove contaminants such as polysaccharides and polyphenolics and the RNA samples were treated
with DNase I (Ambion) for removal of DNA residues. The RNA samples were converted to cDNA using the RETROscript®
Kit (Ambion) starting from 1 Pg of total RNA as template. The expression of the BvPRR7 gene was measured by means
of quantitative PCR (qPCR) using the Power SYBR® Green PCR Master Mix (Applied Biosystems Inc.) on an ABI PRISM
7700 Sequence Detector instrument. The PCR conditions were as follows: primary denaturation at 95°C for 10 min
followed by 40 amplification cycles of 15 seconds at 95°C and 1 min at 60°C. The nucleotide sequences of the forward
and reverse primer for BvPRR7 are as follows: 5’-TTGGAGGAGGTGTCACAGTTCTAG-3’ (SEQ ID NO: 49) and 5’-
TGTCATTGTCCGACTCTTCAGC-3’ (SEQ ID NO: 50), respectively. The beta tubulin (BvBTU) and isocitrate dehydro-
genase (BvICDH) genes were used as reference genes for normalizing the expression of BvPRR7. The primer sequences
designed for these two reference genes consisted of 5’-TTGTTGAAAATGCAGACGAGTGT-3’ (SEQ ID NO: 13) and 5’-
AAGATCGCCAAAGCTTGGTG-3’ for BvBTU (AW063029) (SEQ ID NO: 14) and 5’-CACACCAGATGAAGGCCGT-3’
(SEQ ID NO: 15) and 5’-CCCTGAAGACCGTGCCAT-3’ (SEQ ID NO: 16) for BvICDH (AF173666). All time points were
run on biological triplicates and each qPCR experiment was repeated twice. Data were analysed using the Sequence
Detection System 2.0 software (Applied Biosystems Inc.) and the GenEx software (MuItiD Analyses).
[0319] As illustrated in Figure 8, the expression profile of BvPRR7 gene shows a circadian oscillation with a peak of
expression 7 h after dawn. This experiment confirms the rhythmic and circadian expression of BvPRR7 as described
for most of the clock-associated genes identified thus far (McClung, 2006).
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EXAMPLE 1.5: Allelic variability and association to the vernalization requirement

[0320] Using several primer pairs (Table 4) the entire coding region of the BvPRR7 gene was amplified and sequenced
across a panel of 16 biennial and 14 annual plants. The PCR conditions for the amplifications were as follows: primary
denaturation at 95°C for 5 min followed by 35 amplification cycles of 30 seconds at 95°C, 30 seconds at 60°C and 30
seconds at 72°C and followed by 5 min at 72°C. PCR experiments were run at a GeneAMP PCR System 9600 instrument
from Applied Biosystems Inc. using Platinum Taq DNA polymerase and the corresponding reaction mix from Invitrogen
Corporation as recommended by the supplier. The graphical representation of the observed genotypes shows 7 distinct
alleles; 6 annual and 1 biennial allele (Table 5). The biennial allele is unique for the biennial lines and is never found in
the annual entries, which suggest a strong correlation between the allelic variation observed for BvPRR7 and the annual
or biennial plant habit. This observation further strengthens the causal relationship between BvPRR7 and the B locus
for vernalization independent flowering in sugar beet. Amongst the 19 SNPs characterized in the coding regions, 7 of
them lead to amino acid changes in the predicted protein sequence between the annual and the biennial alleles. According
to the haplotypes illustrated in Table 5, any of the SNPs at positions #3827, #3954, #5284, #5714, #10954, #11220,
#11391, #12053, #12127, and #12837 can be used to distinguish all annual alleles from the biennial allele by means of
molecular markers targeting one or more of these SNPs.
[0321] Besides the coding region of the PRR7 gene, the promoter region also revealed polymorphic between annual
and biennial lines. Using primers F3808 (SEQ ID NO 29) and R3809 (SEQ ID NO 30), an amplification product of 0.6
Kb is obtained when using genomic DNA from biennial lines as template, but no amplification for the annual lines. The
PCR conditions for the amplification reaction were as follows: primary denaturation at 95°C for 5 min followed by 35
amplification cycles of 30 seconds at 95°C, 30 seconds at 60°C and 30 seconds at 72°C and followed by 5 min at 72°C.
PCR experiments were run at a GeneAMP PCR System 9600 instrument from Applied Biosystems Inc. using Platinum
Taq DNA polymerase and the corresponding reaction mix from Invitrogen Corporation as recommended by the supplier.
This primer pair thus specifically amplifies the biennial alleles, but not the annual alleles. Similar results were obtained
for primer pairs F3855 (SEQ ID NO 35) and R3809 (SEQ ID NO 30) or F3855 (SEQ ID NO 35) and R3856 (SEQ ID NO
36) (Table 4) yielding amplifications products of 1,0 Kb and 0.8 Kb respectively in biennial lines, but no amplification in
annuals. The person skilled in the art would know that the choice of discriminative polymorphisms is not limited to those
listed herein above, but can also be identified in other parts of the non-coding or flanking regions such as the terminator
and the introns.

TABLES

[0322]

Table 2: Nucleotide sequences of primers and probes corresponding to the TaqMan assay PRR7(T1) for the 
genotyping of SNP #160

precursor names sequence (5’ to 3’)

PRR7(T1)-F GAGGTGTCACAGTGTAAGTGTCT

PRR7(T1)-R AAAGACTGCTACACGAACCACTAAG



EP 2 390 335 A2

32

5

10

15

20

25

30

35

40

45

50

55

(continued)

precursor names sequence (5’ to 3’)

PRR7(T1)-FAM FAM-CTGATGAAAAGCTG-MGB-NFQ

PRR7(Tl)-VIC VIC-CTGATGGAAAGCTG-MGB-NFQ
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Table 4: Nucleotide sequences of the PCR primers used to amplify and sequence all exons of BvPRR7 and part of 
the introns and promoter or terminator regions.

precursor names sequence (5’ to 3’) location SEQ ID NO

F3766 TTTGATGCTTTTTTCAGGCCA intron 1 SEQ ID NO:17

R3767 TTTTCTTATAGGCTTCACCAGAAAGTC exon 3 SEQ ID NO:18

F3354 ATGTCATCTCATGATTCGATGGG exon 3 SEQ ID NO:19

R3355 TCAGCCCTCTTGCTTCCTATG exon 4 SEQ ID NO:20

F3768 TTTCCTCATTCTTTTTTTAGTCTAGTGGT intron 3/exon 4 SEQ ID NO:21

R3769 AATATGTGTGAGAAAATGGTGGCA intron 4 SEQ ID NO:22

F3782 TCYCAATGGGAAAGGATTTG exon 6 SEQ ID NO:23

R3783 AATTTCGGGTGGTGCATCAG exon 6 SEQ ID NO:24

F3784 GCCCCCAACCACAGTCTACA exon 5 SEQ ID NO:25

R3785 GGTCCATTTAGCCGTGAATCTG exon 6 SEQ ID NO:26

F3806 TTTTTGCATACCGAAGGCGT promoter SEQ ID NO:27

R3807 CATTTGTTGAAGTAGGTGATAAGGACAA intron 1 SEQ ID NO:28

F3808 TTAGATCCTCTCCCTTAGACTCTTCTGT promoter SEQ ID NO:29

R3809 TCACCAATTCTTTATATCATATCATGACA promoter SEQ ID NO:30

F3810 GAGAAAAGGGTTTTAGATGGTAAGTTTT promoter SEQ ID NO:31

R3811 AACTTTAACCCATCATGTCTTTTCAAC promoter SEQ ID NO:32

F3853 AACTGGACACTTGGATTTCAAGTCA promoter SEQ ID NO:33

R3854 TTATGGGAAAAAACTCTCGGTATTCT promoter SEQ ID NO:34

F3855 GAACCCCATTTTAGTATTGACATTTCT promoter SEQ ID NO:35

R3856 AATTAGATGAATAAAAAGACAAATGAGGA
A

promoter SEQ ID NO:36

F3857 TCCATTTGAGGAGTAGGTATGATGAG intron 4 SEQ ID NO:37

R3858 CTTCGACCATCATTTTCCTGGT exon 6 SEQ ID NO:38

F3859 GGAAAACCAATATTCACAGTTAGACCT exon 6 SEQ ID NO:39

R3860 TCTTGAGCTGCTGATCCACGT exon 7 SEQ ID NO:40

F3861 CTGCATCTGGTAAGCCTGGTG exon 7 SEQ ID NO:41

R3862 CGTACCTGGCGCACGAAT exon 8 SEQ ID NO:42

F3863 AATTTGGCCATTTCTTGCTTGTAT intron 7 SEQ ID NO:43

R3864 AATGTGACCCGTAAACGCCT terminator SEQ ID NO:44

F3865 GGTGTGATGCATATAATCTTGTTTGG terminator SEQ ID NO:45

R3866 AGCAAGCCTGCGCTGG terminator SEQ ID NO:46
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EXAMPLE 2: Transgenic validation of BvPRR7 by means of a complementation study

[0323] The annual plant habit conferred by the B gene behaves as a single dominant trait; the requirement for vernal-
ization in biennial plants accordingly is recessive. The transformation of an annual allele of BvPRR7 into a biennial
genotype thus is predicted to bestow the annual flowering behavior onto the biennial acceptor genotype. To verify this
hypothesis, the coding sequence of an annual allele of BvPRR7 under the control of an annual promoter and terminator
fragment is transformed into biennial genotype G018. The experimental procedure for the transformation of sugar beet
is essentially as disclosed by Chang et al, 2002 using sugar beet meristems as explant material and the phosphomannose
isomerase (PMI) gene as selectable marker. The plasmid map of the binary vector carrying the gene cassettes for both
the PMI selectable marker gene and the annual BvPRR7 allele is shown in Figure 9. Transgenic shoots are checked
for PMI activity (Joersbo et al, 1998) and subsequently rooted, potted in soil and transferred to the greenhouse. Negative
controls consist of non-transgenic shoots that underwent the same in vitro regeneration procedure, but without Agro-
bacterium infection and mannose selection. Plants are grown in growth chambers at a constant temperature of 18 °C
and a photoperiod of 17 hours light and 7 hours dark. Under these conditions none of the non-transgenic controls are
supposed to show any signs of bolting during the observation period, whereas annual control plants are supposed to
bolt normally within 8 weeks. Contrary to the non-transgenic biennial control plants, a substantial number of transgenic
events should start bolting within four to ten weeks and basically behaved as annual plants despite their biennial genetic
background. Transgenic plants that bolted and flowered are cross-pollinated with a biennial maintainer line to produce
offspring. Progeny plants are tested for PMI activity and subsequently monitored for bolting and flowering without ver-
nalization. Most progenies should show a one to one segregation ratio and a perfect correlation between PMI activity
and the annual habit. These data will equivocally confirm the causal relationship between BvPRR7 and vernalization-
independent flowering in sugar beet.

EXAMPLE 3: Transgenic suppression of BvPRR7 confers bolting resistance

[0324] Since BvPRR7 plays a key role in the vernalization response in sugar beet, BvPRR7 represents an obvious
candidate for engineering bolting resistance by suppressing the vernalization response. To this purpose a BvPRR7
cDNA fragment of 0.6 Kb (SEQ ID NO.1) is assembled into an RNAi cassette under the control of the constitutive Ubi3
promoter from Arabidopsis (Norris et al, 1993). The inverted repeat of the BvPRR7 fragment is separated by the second
intron from the potato StLS1 gene (Eckes et al, 1986; Vancanneyt et al, 1990) to stabilize the RNAi cassette, but also
to improve the efficiency of the RNAi phenomenon (Wang and Waterhouse, 2001; Smith et al, 2000). The plasmid map
of the binary vector carrying the RNAi gene cassette for BvPRR7 and the PMI selectable marker gene is shown in Figure
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10. The RNAi cassette is transformed into the biennial genotype G018 as described in the previous example. PMI-
positive shoots and non-transgenic controls are rooted and transferred to the greenhouse for an acclimatization period
of two weeks minimum at 18 °C prior to the vernalization treatment. Once well-established, the transgenic plants are
exposed to the vernalization treatment consisting of a period of 14 weeks at a constant temperature of 6 °C and 12 hours
low artificial light. Prior to applying bolting-inductive conditions, vernalized plants are slowly acclimatized for two weeks
in climate chambers by stepwise increasing the temperature from 10 to 18 °C. Plants are subsequently repotted into to
larger pots (2 liter), and monitored for bolting while exposed to a constant temperature of 18 °C and a long-day photoperiod
of 17 hours light / 7 hours dark. Non-transgenic control plants routinely start bolting between four to six weeks post
vernalization. Transgenic plants suppressed for BvPRR7 frequently show a delay in bolting ranging from only two weeks
to more than two months. A few events may never bolt under the conditions applied in the greenhouse. Apart from the
delay in bolting and flowering, transgenic plants develop normally and show no phenotypic aberrations. In general, plants
delayed in bolting show a higher leaf number at the time of bolting as a result of the prolonged vegetative stage.
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Preferred embodiments

[0326]

Embodiment 1: A polynucleotide including informative fragments thereof according to the invention and as described
herein before, which polynucleotide is obtainable from a genomic DNA region that maps at a distance of 1 cM
upstream of markers MP0176 and GJ01 and co-segregates with marker GJ131, shows perfect co-segregation with
the bolting gene (B gene) associated phenotype in sugar beet.
Embodiment 2: A polynucleotide according to embodiment 1 including an informative fragment thereof, particularly
an isolated polynucleotide, according to the invention and as described herein before, which is obtainable from a
genomic DNA region that maps at a distance of less than 1 cM, particularly of less than 0.75 cM, more particularly
of less than 0.5 cM, even more particularly of less than 0.3 cM, but especially of less than 0.25 cM relative to the B gene.
Embodiment 3: A polynucleotide according to embodiment1 including an informative fragment thereof, which poly-
nucleotide is obtainable from a genomic sugar beet DNA genetically linked to the bolting gene or B gene in the sugar
beet genome and comprises one or more of the following elements:

a) an intronic region that yields an amplification product of approximately 0.5 kb in a PCR reaction with forward
primer PRR7-F and reverse primer PRR7-R as given in SEQ ID NO: 7 and SEQ ID NO: 8, respectively, or a
primer pair having at least 90%, particularly at least 95%, more particularly at least 98% and up to 99% sequence
identity with a sequence as given in SEQ ID NO: 7 and SEQ ID NO: 8, respectively, when using genomic sugar
beet DNA as a template, particularly a polynucleotide fragment exhibiting a nucleotide sequence as depicted
in SEQ ID NO: 2, 3 or 4, or a sequence that has at least 70%, particularly at least 75%, more particularly at
least 80%, even more particularly at least 85%, but especially at least 90% and up to at least 95%-99% sequence
identity therein;
b) a polynucleotide fragment comprising a nucleotide sequence which has 70%, particularly 75%, more partic-
ularly 80%, even more particularly 85%, but especially 90% and up to 95%-99% sequence identity with a
nucleotide sequence as depicted in SEQ ID NO:1 or SEQ ID NO: 52;
c) a polynucleotide fragment comprising a nucleotide sequence as depicted in SEQ ID NO: 5 or a sequence
which has 70%, particularly 75%, more particularly 80%, even more particularly 85%, but especially 90% and
up to 95%-99% sequence identity with a nucleotide sequence as depicted in SEQ ID NO: 5 or SEQ ID NO: 51;
d) a polynucleotide fragment which, after splicing, encodes a polypeptide which has at least 80%, particularly
at least 85%, more particularly at least 90%, even more particularly at least 95%, but especially at least 98%
and up to 100% sequence identity with a nucleotide sequence shown in SEQ ID NO: 6 and, optionally, in addition
e) a highly conserved portion encoding a Pseudo Response Regulator Receiver Domain motif (PRR) near the
NH2-terminus and a CCT motif at the COOH-terminus.

Embodiment 4: A polynucleotide including an informative fragment thereof according to embodiment34, comprising
an intronic region that yields an amplification product of approximately 0.5 kb in a PCR reaction with forward primer
PRR7-F and reverse primer PRR7-R as given in SEQ ID NO: 7 and SEQ ID NO: 8, respectively, or a primer pair
having at least 90%, particularly at least 95%, more particularly at least 98% and up to 99% sequence identity with
a sequence as given in SEQ ID NO: 7 and SEQ ID NO: 8, respectively, when using genomic sugar beet DNA as a
template. Embodiment 5: A polynucleotide including an informative fragment thereof according to the preceding
embodiments, particularly an isolated polynucleotide, comprising a polynucleotide fragment exhibiting a nucleotide
sequence as depicted in SEQ ID NO: 1, or a sequence that has at least 70%, particularly at least 75%, more
particularly at least 80%, even more particularly at least 85%, but especially at least 90% and up to at least 95%-
99% sequence identity therein.
Embodiment 6: A polynucleotide including an informative fragment thereof according to the preceding embodiment,
comprising a polynucleotide fragment exhibiting a nucleotide sequence as depicted in SEQ ID NO: 2, 3 or 4, or a
sequence that has at least 70%, particularly at least 75%, more particularly at least 80%, even more particularly at
least 85%, but especially at least 90% and up to at least 95%-99% sequence identity therein.
Embodiment 7: A polynucleotide including an informative fragment thereof according to the preceding embodi-
mentswhich, after splicing, encodes a polypeptide which has at least 80%, particularly at least 85%, more particularly
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at least 90%, even more particularly at least 95%, but especially at least 98% and up to 100% sequence identity
with a nucleotide sequence shown in SEQ ID NO: 6.
Embodiment 8: A polynucleotide including an informative fragment thereof according to the preceding embodiments,
comprising a polynucleotide fragment comprising a nucleotide sequence as depicted in SEQ ID NO: 5 or a sequence
which has at least 70%, particularly at least 75%, more particularly at least 80%, even more particularly at least
85%, but especially at least 90% and up to at least 95%-99% sequence identity with a nucleotide sequence as
depicted in SEQ ID NO: 5.
Embodiment 9: A polynucleotide including an informative fragment thereof according to the preceding embodiments,
comprising a polynucleotide fragment comprising a nucleotide sequence as depicted in SEQ ID NO: 51 or a sequence
which has at least 70%, particularly at least 75%, more particularly at least 80%, even more particularly at least
85%, but especially at least 90% and up to at least 95%-99% sequence identity with a nucleotide sequence as
depicted in SEQ ID NO: 51.
Embodiment 10: A polynucleotide including an informative fragment thereof according to the preceding embodiments,
comprising a polynucleotide fragment comprising a nucleotide sequence as depicted in SEQ ID NO: 52 or a sequence
which has at least 70%, particularly at least 75%, more particularly at least 80%, even more particularly at least
85%, but especially at least 90% and up to at least 95%-99% sequence identity with a nucleotide sequence as
depicted in SEQ ID NO: 52.
Embodiment 11: A polynucleotide including an informative fragment thereof according to the preceding embodiments,
comprising a polynucleotide fragment wherein the complementary strand of said polynucleotide fragment is capable
of hybridizing with a nucleotide sequence depicted in SEQ ID NO: 1, particularly under moderate hybridization
conditions, more particularly under stringent hybridization conditions.
Embodiment 12: A polynucleotide including an informative fragment thereof according to the preceding embodiments,
comprising a polynucleotide fragment wherein the complementary strand of said polynucleotide fragment is capable
of hybridizing with a nucleotide sequence depicted in SEQ ID NO: 2, 3 or 4 particularly under moderate hybridization
conditions, more particularly under stringent hybridization conditions.
Embodiment 13: A polynucleotide including an informative fragment thereof according to the preceding embodiments,
comprising a polynucleotide fragment wherein the complementary strand of said polynucleotide fragment is capable
of hybridizing with a nucleotide sequence depicted in SEQ ID NO: 5, particularly under moderate hybridization
conditions, more particularly under stringent hybridization conditions.
Embodiment 14: A polynucleotide including an informative fragment thereof according to the preceding embodiments,
comprising a polynucleotide fragment wherein the complementary strand of said polynucleotide fragment is capable
of hybridizing with a nucleotide sequence which encodes a polypeptide having an amino acid sequence as depicted
in SEQ ID NO: 6, particularly under moderate hybridization conditions, more particularly under stringent hybridization
conditions. Embodiment 15: A polynucleotide including an informative fragment thereof according to the preceding
embodiments, comprising a polynucleotide fragment wherein the complementary strand of said polynucleotide
fragment is capable of hybridizing with a nucleotide sequence depicted in SEQ ID NO: 51, particularly under moderate
hybridization conditions, more particularly under stringent hybridization conditions.
Embodiment 16: A polynucleotide including an informative fragment thereof according to the preceding embodiments,
comprising a polynucleotide fragment wherein the complementary strand of said polynucleotide fragment is capable
of hybridizing with a nucleotide sequence depicted in SEQ ID NO: 52, particularly under moderate hybridization
conditions, more particularly under stringent hybridization conditions.
Embodiment 17: A polynucleotide including an informative fragment thereof according to the preceding embodiments,
which polynucleotide is obtainable from a genomic sugar beet DNA genetically linked to the bolting gene or B gene
in the sugar beet genome.

a) by screening a BAC library developed from the biennial commercial cultivar H20 using forward primer PRR7-F
and reverse primer PRR7-R as given in SEQ ID NO: 7 and SEQ ID NO: 8, respectively, or a primer pair having
at least 90%, particularly at least 95%, more partiuclarly at least 98% and up to 99% sequence identity with a
sequence as given in SEQ ID NO: 7 and SEQ ID NO: 8, respectively,in a PCR reaction, particularly under the
following conditions:

- primary denaturation at 95°C for 5 min; followed by
- 35 amplification cycles of 30 seconds at 95°C,
- 30 seconds at 60°C;
- 30 seconds at 72°C; and followed by
- 5 min at 72°C.

b) selecting BAC SBA079-L24 comprising two non-overlapping contigs both sharing sequence homology with
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EST CV301305 as given in SEQ ID N0:1 and combining them into one single sequence;

c) obtaining the gene structure of the beet BvPRR7 gene comprising introns and exons based on the alignment
of the BAC sequence contigs to EST CV301305 as given in SEQ ID NO:1 and on sequence homology to the
PRR7 gene from Arabidopsis.

Embodiment 18: A polynucleotide including an informative fragment thereof according to the preceding embodiments,
comprising a nucleotide sequence that has the nucleotide sequence depicted in SEQ ID NO:1.
Embodiment 19: A polynucleotide including an informative fragment thereof according to the preceding embodiments,
comprising a nucleotide sequence that has the nucleotide sequence depicted in SEQ ID NO: 2.
Embodiment 20: A polynucleotide including an informative fragment thereof according to the preceding embodiments,
comprising a nucleotide sequence that has the nucleotide sequence depicted in SEQ ID NO: 3.
Embodiment 21: A polynucleotide including an informative fragment thereof according to the preceding embodiments,
comprising a nucleotide sequence that has the nucleotide sequence depicted in SEQ ID NO: 4.
Embodiment 22: A polynucleotide including an informative fragment thereof according to the preceding embodiments,
comprising a nucleotide sequence that has the nucleotide sequence depicted in SEQ ID NO: 5.
Embodiment 23: A polynucleotide including an informative fragment thereof according to the preceding embodiment,
comprising a nucleotide sequence that has the nucleotide sequence depicted in SEQ ID NO: 51.
Embodiment 24: A polynucleotide including an informative fragment thereof according to the preceding embodiments,
comprising a nucleotide sequence that has the nucleotide sequence depicted in SEQ ID NO: 52.
Embodiment 25: A polynucleotide including an informative fragment thereof according to the preceding embodiments,
comprising a nucleotide sequence that has the nucleotide sequence depicted in SEQ ID NO: 5, wherein said se-
quence has a G at position 3695, a C at position 3827, a T at position 3954, a T at position 5284, a G at position
5714, a G at position 10954, a T at position 11043, a C at position 11143, a C at position 11150, an A at position
11220, a C at position 11238, an A at position 11299, an A at position 11391, a G at position 12053, a G at position
12086, a T at position 12127, an A at position 12193, a G at position 12337, and a G at position 12837, representing
annual allele 1.
Embodiment 26: A polynucleotide including an informative fragment thereof according to the preceding embodiments,
comprising a nucleotide sequence that has the nucleotide sequence depicted in SEQ ID NO: 5, wherein said se-
quence has a T at position 3695, a C at position 3827, a T at position 3954, a T at position 5284, a G at position
5714, a G at position 10954, a T at position 11043, a C at position 11143, a C at position 11150, an A at position
11220, an A at position 11238, an T at position 11299, an A at position 11391, a G at position 12053, a G at position
12086, a T at position 12127, a G at position 12193, a G at position 12337, and a G at position 12837, representing
annual allele 2.
Embodiment 27: A polynucleotide including an informative fragment thereof according to the preceding embodiments,
comprising a nucleotide sequence that has the nucleotide sequence depicted in SEQ ID NO: 5, wherein said se-
quence has a G at position 3695, a C at position 3827, a T at position 3954, a T at position 5284, a G at position
5714, a G at position 10954, a G at position 11043, a T at position 11143, a C at position 11150, an A at position
11220, a C at position 11238, a T at position 11299, an A at position 11391, a G at position 12053, a G at position
12086, a T at position 12127, a G at position 12193, a G at position 12337, and a G at position 12837, representing
annual allele 3.
Embodiment 28: A polynucleotide including an informative fragment thereof according to the preceding embodiments,
comprising a nucleotide sequence that has the nucleotide sequence depicted in SEQ ID NO: 5, wherein said se-
quence has a G at position 3695, a C at position 3827, a T at position 3954, a T at position 5284, a G at position
5714, a G at position 10954, a T at position 11043, a C at position 11143, a T at position 11150, an A at position
11220, a C at position 11238, a T at position 11299, an A at position 11391, a G at position 12053, a G at position
12086, a T at position 12127, an A at position 12193, a G at position 12337, and a G at position 12837, representing
annual allele 4.
Embodiment 29: A polynucleotide including an informative fragment thereof according to the preceding embodiments,
comprising a nucleotide sequence that has the nucleotide sequence depicted in SEQ ID NO: 5, wherein said se-
quence has a G at position 3695, a C at position 3827, a T at position 3954, a T at position 5284, a G at position
5714, a G at position 10954, a T at position 11043, a C at position 11143, a C at position 11150, an A at position
11220, a C at position 11238, a T at position 11299, an A at position 11391, a G at position 12053, an A at position
12086, a T at position 12127, an A at position 12193, an A at position 12337, and a G at position 12837, representing
annual allele 5.
Embodiment 30: A polynucleotide including an informative fragment thereof according to the preceding embodiments,
comprising a nucleotide sequence that has the nucleotide sequence depicted in SEQ ID NO: 5, wherein said se-
quence has a G at position 3695, a C at position 3827, a T at position 3954, a T at position 5284, a G at position
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5714, a G at position 10954, a T at position 11043, a C at position 11143, a C at position 11150, an A at position
11220, a C at position 11238, a T at position 11299, an A at position 11391, a G at position 12053, a G at position
12086, a T at position 12127, an A at position 12193, an A at position 12337, and a G at position 12837, representing
annual allele 6.
Embodiment 31: A polynucleotide including an informative fragment thereof according to the preceding embodiments,
comprising, wherein said sequence has a G at position 3695, an A at position 3827, an A at position 3954, a C at
position 5284, a T at position 5714, an A at position 10954, a G at position 11043, a C at position 11143, a C at
position 11150, a C at position 11220, a C at position 11238, a T at position 11299, a G at position 11391, an A at
position 12053, a G at position 12086, a C at position 12127, a G at position 12193, a G at position 12337, and an
A at position 12837, representing biennial allele 7.
Embodiment 32: A polynucleotide including an informative fragment thereof according to the preceding embodiments,
comprising a nucleotide sequence that has the nucleotide sequence which encodes a polypeptide having an amino
acid sequence as depicted in SEQ ID NO: 6.
Embodiment 33: An amplification product of approximately 0.5 kb including an informative fragment, which is ob-
tainable in a PCR reaction with forward primer PRR7-F and reverse primer PRR7-R as given in SEQ ID NO: 7 and
SEQ ID NO: 8, respectively, when using genomic sugar beet DNA as a template.
Embodiment 34: A set of polynucleotide markers comprising a plurality of individual markers which markers are
developed based on a polynucleotide as depicted in SEQ ID NO: 5 including any of its allelic variants 1 to 7 as
disclosed herein before and are capable of detecting the various SNPs at the nucleotide positions given in Table 5,
wherein said set of markers is capable of identifying the different alleles and thus of differentiating between annual
and biennial sugar beet lines.
Embodiment 35: A polynucleotide marker which can be developed from a polynucleotide molecule or an informative
fragment thereof selected from the group of polynucleotides as depicted in SEQ ID NO:1, SEQ ID NO:2, SEQ ID
NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 51 and SEQ ID NO: 52 and a polynucleotide encoding a polypeptide
comprising a amino acid sequence as depicted in SEQ ID NO: 6, wherein said polynucleotide marker comprises
one or more polymorphisms, particularly a polymorphism that is based on an SNP, an SSR, a deletion or an insertion
of at least one nucleotide, but especially a polymorphism based on an SNP, which polymorphism is diagnostic for
the B allele at the B locus and allows to discriminate between the annual and biennial genotype or between different
haplotypes within a plant grouping of sugar beet plants exhibiting a biennial or annual genotype.
Embodiment 36: A polynucleotide marker according to embodiment35, which is developed based on a polynucleotide
as depicted in SEQ ID NO:2 and capable of detecting at least one of the following SNPs in the 3rd intron of the
BvPRR7 gene:

a) a cytosine or a thymine at position 87
b) a cytosine or thymine at position 160
c) an adenine or a guanine at position 406

and thus of differentiating between annual and biennial haplotypes.
Embodiment 37: A polynucleotide marker according to the preceding embodiments, which is represented by a pair
of primers consisting of a forward primer and a reverse primer which primers are capable of annealing to a nucleotide
sequence within a genomic region of the sugar beet genome that is genetically closely linked to the B gene and
exhibits the nucleotide sequences as shown in SEQ ID NO:2 and of amplifying an informative fragment thereof,
wherein said fragment comprises one or more polymorphisms, particularly a polymorphism that is based on an SNP,
an SSR, a deletion or an insertion of at least one nucleotide, but especially a polymorphism based on an SNP as
shown, for example, in Table 5, which polymorphism is diagnostic for the B allele at the B locus and allows to
discriminate between plants having an annual and a biennial genotype or between different haplotypes within a
plant grouping of sugar beet plants exhibiting a biennial or annual genotype. Embodiment 38: A pair of primers,
which anneals to a nucleotide sequence within the 3rd intron as depicted in SEQ ID NO:2 and amplifies an informative
fragment from said region comprising a polymorphism, particularly a polymorphism comprising a C/T SNP at position
#87 and/or a C/T SNP at position #160 and/or an A/G SNP at position #406.
Embodiment 39: A pair of primers consisting of a forward primer and a reverse primer, which primers are capable
of annealing to a nucleotide sequence within a genomic region of the sugar beet genome that is genetically closely
linked to the B gene, but particularly to a region within the B gene, and which comprises a polynucleotide according
to the invention and as described herein before including an informative fragment thereof, wherein said fragment
comprises a polymorphism, which polymorphism is diagnostic for the B allele at the B locus and allows to discriminate
between the annual and biennial genotype or between different haplotypes within plant groupings of sugar beet
plants exhibiting a biennial or annual genotype.
Embodiment 40: A pair of primers according to embodiment39 consisting of a forward primer and a reverse primer,
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which primers are capable of annealing to a nucleotide sequence within a genomic region of the sugar beet genome
that is genetically closely linked to the B gene, particularly to a nucleotide sequence within the B gene, particularly
to a nucleotide sequence within the promoter region of the B gene, particularly to a nucleotide sequence within the
promoter region of the B gene as shown in SEQ ID NO: 51 and of amplifying an informative fragment thereof, which
is diagnostic for the B allele at the B locus and allows to discriminate between plants having an annual and a biennial
genotype or between different haplotypes within a plant grouping of sugar beet plants exhibiting a biennial or annual
genotype. Embodiment 41: A pair of primers according to embodiment39, which primers are capable of amplifying
a fragment of the polynucleotide according to any of the preceding claims or of an informative part thereof, wherein
said fragment comprises a polymorphism, which polymorphism is diagnostic for the B allele at the B locus and allows
to discriminate between the annual and biennial genotype.
Embodiment 42: A pair of primers according to embodiment39, wherein the polymorphic site is characterized by a
polymorphism based on an SNP, an SSR, a deletion or an insertion of at least one nucleotide.
Embodiment 43: A pair of primers which anneals to a nucleotide sequence within the coding region of the BvPRR7
gene as depicted in SEQ ID NO: 5 and amplifies an informative fragment from said coding sequence comprising a
polymorphism, particularly a polymorphism comprising an A/C SNP at position #3827 and/or an A/T SNP at position
#3954 and/or a T/G SNP at position #5714 and/or a C/A SNP at position #11220, and/or a G/A SNP at position
#11391, and/or an A/G SNP at position #12053, and/or a C/T SNP at position #12127.
Embodiment 44: A pair of primers according to embodiment43 comprising a forward primer F3806 as depicted in
SEQ ID NO 27 and a reverse primer R3807 as depicted in SEQ ID NO 28 for amplifying a fragment comprising SNP
#3827.
Embodiment 45: A pair of primers according to the preceding embodimentscomprising a forward primer PRR7-F
as depicted in SEQ ID NO: 7 and a reverse primer PRR7-R as depicted in SEQ ID NO: 8 for amplifying a fragment
comprising SNP #160.
Embodiment 46: A set of probe polynucleotides comprising at least two separate probe molecules that are comple-
mentary to a sub-region within an informative polynucleotide fragment wherein said informative polynucleotide
fragment comprises a polymorphism, wherein said polymorphism is based on SNP #3827. within the Pseudo-receiver
domain of the PRR7 gene depicted in SEQ ID NO: 5 and a first probe molecule labelled with a first fluorescent dye,
has a nucleotide sequence as shown in SEQ ID NO: 47 and a second probe molecule labelled with a second
fluorescent dye, has a nucleotide sequence as shown in SEQ ID NO: 48. Embodiment 47: Use of a polynucleotide
according to any of the preceding embodimentsor any informative fragment thereof as a marker in an allelic dis-
crimination assay for detecting a polymorphism in the sugar beet genome. Embodiment 48: Use of a pair of primers
according to any of the preceding embodimentsin an allelic discrimination assay for detecting a polymorphism in
the sugar beet genome.
Embodiment 49: A method of identifying the absence or presence of an allele associated with annuality in a sugar
beet plant comprising

a. obtaining a genomic sample from a sugar beet plant to be analyzed,
b. analyzing the nucleotide sequence of a genomic region from said sample complementary to the sequence
of a polynucleotide according to any of the preceding claims, and
c. comparing said sequence with an allelic sequence known to be associated with the biennial phenotype and
the annual phenotype, respectively.

Embodiment 50: A method according to embodiments49, wherein the genomic region has a sequence as depicted
in SEQ ID NO: 5.
Embodiment 51: A method according to embodiment49, wherein the sequence analysis is carried out using a
molecular marker based on a polynucleotide or an informative fragment thereof or a pair of primers according to
any of the preceding claims.
Embodiment 52: A method according to embodiment49 comprising

i. analyzing the nucleotide sequence of a BAC selected from a first group of ACs isolated from a BAC library
developed from the biennial commercial cultivar H20 and
ii. comparing said sequence with an allelic sequence known to be associated with the biennial phenotype and
the annual phenotype, respectively.

Embodiment 53: A method according to embodiment49, wherein an intronic region is analyzed in a PCR reaction
using a forward and a reverse primer flanking a sub-region of a polynucleotide according to any of the preceding
claims comprising a polymorphic site, amplifying said sub-region and comparing the amplified fragment with an
allelic sequence known to be associated with the biennial phenotype and the annual phenotype, respectively.
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Embodiment 54: A method according to embodiment53 wherein said polymorphism is based on an SNP.
Embodiment 55: A method of identifying the absence or presence of an allele associated with annuality in a sugar
beet plant is provided comprising

a) obtaining a genomic sample from a sugar beet plant to be analyzed,
b) analyzing the nucleotide sequence of an intronic region obtainable from the sugar beet genome by PCR
amplification based on forward primer PRR7-F as depicted in SEQ ID NO: 7 and a reverse primer PRR7-R as
depicted in SEQ ID NO: 8, and
c) comparing said sequence with an allelic sequence known to be associated with the biennial phenotype and
the annual phenotype, respectively.

Embodiment 56: A method according to embodiment55, wherein the intronic region has at least 70%, particularly
at least 75%, more particularly at least 80%, even more particularly at least 85%, but especially at least 90% and
up to at least 95%-99% sequence identity with the nucleotide sequence depicted in SEQ ID NO:2. Embodiment 57:
A method according to embodiment55, wherein the intronic region has a nucleotide sequence as shown in SEQ ID
NO: 2.
Embodiment 58: An allelic discrimination assay for detecting a polymorphism in a genomic region of the sugar beet
genome co-segregating with the annuality phenotype, which polymorphism is diagnostic for the B allele at the B
locus and allows to discriminate between the annual and biennial genotype comprising a molecular marker developed
based on a polynucleotide according to any of the preceding claims or any informative fragment thereof.
Embodiment 59: An allelic discrimination assay according to embodiment58, wherein said molecular marker com-
prises a pair of primers according to any of the preceding claims.
Embodiment 60: A method of identifying annual contaminations in commercial seed using a marker-based allelic
discrimination assay according to anyone of embodiments58 and 59.
Embodiment 61: Use of a polynucleotide according to any of the preceding embodimentsfor the development of a
molecular marker to be used for identifying the absence or presence of an allele associated with annuality in a sugar
beet genome comprising

a) identifying in said polynucleotide polymorphic sites
b) associating said polymorphisms with the absence or presence of an allele associated with annuality in sugar
beet by
c) designing forward and reverse primers recognizing a nucleotide sequence flanking this polymorphic site for
amplification of a polynucleotide comprising said polymorphic site that can be used in an allelic discrimination
assay.

Embodiment 62: A method of identifying the absence or presence of an allele associated with annuality in a sugar
beet plant comprising

a) obtaining a genomic sample from a sugar beet plant to be analyzed,
b) amplifying a fragment from said sample DNA using a primer, particularly a primer pair, that is complementary
and binds to a nucleotide sequence present in the promoter region of the BvPRR7 gene, particularly the BvPRR7
as disclosed in SEQ ID NO: 51, and
c) comparing said sequence with an allelic sequence known to be associated with the biennial phenotype but
not with the annual phenotype.

Embodiment 63: A method according to embodiment62 comprising

a) obtaining a genomic sample from a sugar beet plant to be analyzed,
b) probing said sample DNA with a probe molecule comprising an allele-specific sequence, particularly an allele-
specific sequence form the promoter region of the BvPRR7 gene, particularly the BvPRR7 as disclosed in SEQ
ID NO: 51, known to be present in the biennial allele but not in the annual allele.
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1. A polynucleotide, including informative fragments thereof, that shows perfect co-segregation with the bolting gene
(B gene) associated phenotype in sugar beet, wherein said polynucleotide or fragment thereof is obtainable from
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the genomic sugar beet DNA having the nucleotide sequence as depicted in SEQ ID NO: 51 which is genetically
linked to the bolting gene or B gene in the sugar beet genome, or from a nucleotide sequence which has at least
80%, particularly at least 85%, more particularly at least 90% and most particularly up to 95%-99% sequence identity
with the nucleotide sequence as depicted in SEQ ID NO: 51.

2. A polynucleotide according to claim 1, including an informative fragment thereof, wherein said polynucleotide or
informative fragment thereof is obtainable from the genomic sugar beet DNA having the nucleotide sequence as
depicted in SEQ ID NO: 5 which is genetically linked to the bolting gene or B gene in the sugar beet genome, or
from a nucleotide sequence which has at least 80%, particularly at least 85%, more particularly at least 90% and
most particularly up to 95%-99% sequence identity with the nucleotide sequence as depicted in SEQ ID NO: 5.

3. The polynucleotide according to claim 1 or 2, including an informative fragment thereof, which comprises a polynu-
cleotide fragment wherein the complementary strand of said polynucleotide fragment is capable of hybridizing under
moderate hybridization conditions with one or more of the nucleotide sequences depicted in SEQ ID NO: 51, SEQ
ID NO: 5 or SEQ ID NO: 52.

4. A polynucleotide according to any of claims 1 to 3, including an informative fragment thereof, which comprises the
nucleotide sequence as depicted in SEQ ID NO:1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5,
SEQ ID NO: 51, or SEQ ID NO: 52.

5. A set of polynucleotide markers comprising a plurality of individual polynucleotide markers which polynucleotide
markers are developed based on the polynucleotide of any of claims 1 to 4 or an informative fragment thereof, and
which polynucleotide markers are capable of detecting the various SNPs at the nucleotide positions given in Table
5, wherein said set of polynucleotide markers is capable of identifying different alleles and thus of differentiating
between annual and biennial sugar beet lines.

6. A polynucleotide marker which can be developed from the polynucleotide of any of claim 1 to 4 or of an informative
fragment thereof, wherein said polynucleotide marker comprises one or more polymorphisms, particularly a poly-
morphism that is based on an SNP, an SSR, a deletion or an insertion of at least one nucleotide, but especially a
polymorphism based on an SNP, which polymorphism is diagnostic for the B allele at the B locus and allows to
discriminate between the annual and biennial genotype or between different haplotypes within a plant grouping of
sugar beet plants exhibiting a biennial or annual genotype.

7. A pair of primers consisting of a forward primer and a reverse primer, wherein the primers are capable

(i) of annealing to a polynucleotide according to any of claim 1 to 4 or an informative fragment thereof, which
shows perfect co-segregation with the bolting gene (B gene) associated phenotype in sugar beet, wherein said
polynucleotide or fragment thereof comprises a polymorphism, which polymorphism is diagnostic for the B allele
at the B locus; and
(ii) of amplifying an informative fragment of the polynucleotide or fragment thereof of step (i), which is diagnostic
for the B allele at the B locus and allows to discriminate between plants having an annual or a biennial genotype
or between different haplotypes within a plant grouping of sugar beet plants exhibiting a biennial or annual
genotype.

8. A pair of primers according to claim 7, wherein the primers are capable of annealing to a nucleotide sequence within
the B gene, particularly to a nucleotide sequence within the promoter region of the B gene as shown in SEQ ID NO: 51.

9. A pair of primers according to claim 7 or 8, wherein the primers are capable of amplifying a fragment of the polynu-
cleotide according to any of claims 1 to 4 or of an informative fragment thereof, wherein said fragment comprises
a polymorphism, which polymorphism is diagnostic for the B allele at the B locus and allows to discriminate between
the annual and biennial genotype.

10. A pair of primers according to any of claims 7 to 9, wherein the polymorphic site is characterized by a polymorphism
based on an SNP, an SSR, a deletion or an insertion of at least one nucleotide.

11. A pair of primers according to any of claims 7 to 10, which anneals to a nucleotide sequence within the coding region
of the BvPRR7 gene as depicted in SEQ ID NO: 5 and amplifies an informative fragment from said coding sequence
comprising one or more polymorphisms selected from the group of polymorphisms comprising an A/C SNP at
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position #3827 and/or an A/T SNP at position #3954 and/or a T/G SNP at position #5714 and/or a C/A SNP at
position #11220, and/or a G/A SNP at position #11391, and/or an A/G SNP at position #12053, and/or a C/T SNP
at position #12127.

12. A pair of primers according to any of claims 7 to 10 comprising forward primer PRR7-F as depicted in SEQ ID NO:
7 and reverse primer PRR7-R as depicted in SEQ ID NO: 8 for amplifying a fragment comprising SNP #160.

13. A set of probe polynucleotides comprising at least two separate probe molecules that are complementary to a sub-
region within an informative polynucleotide fragment obtainable from the polynucleotide according to any of claims
1 to 4, wherein said informative polynucleotide fragment comprises a polymorphic site and amplifies partially over-
lapping fragments which differ only by one or two base mismatches in the area of overlap, wherein a first probe
molecule is labelled with a first fluorescent dye and represents one allele and wherein a second probe molecule is
labelled with a second fluorescent dye, which is not identical with the first dye, and represents the other allele.

14. A set of probe polynucleotides according to claim 13, wherein said set of probe polynucleotides targets a polymor-
phism based on SNP #3827 within the Pseudo-receiver domain of the PRR7 gene depicted in SEQ ID NO: 5 and
wherein the first probe molecule has a nucleotide sequence as shown in SEQ ID NO: 47, and wherein the second
probe molecule has a nucleotide sequence as shown in SEQ ID NO: 48.

15. Use of a polynucleotide according to any of claims 1 to 4 or of an informative fragment thereof, of the set of
polynucleotide markers of claim 5, of the polynucleotide marker of claim 6, of the pair of primers according to any
of claims 7 to 12, or the set of probe polynucleotides of claims 13 or 14 in an allelic discrimination assay for detecting
a polymorphism in the sugar beet genome.

16. Use according to claim 15, wherein said allelic discrimination assay for detecting a polymorphism in the sugar beet
genome is the allelic discrimination assay of claim 22 or 23.

17. A method of identifying the absence or presence of an allele associated with annuality in a sugar beet plant comprising

a. obtaining a genomic sample from a sugar beet plant to be analyzed,
b. analyzing the nucleotide sequence of a genomic region from said sample complementary to the sequence
of a polynucleotide according to any of claims 1 to 4 or complementary to an informative fragment thereof, and
c. comparing said sequence with an allelic sequence known to be associated with the biennial phenotype and
the annual phenotype, respectively.

18. A method according to claim 17, wherein the genomic region has the sequence as depicted in SEQ ID NO: 51.

19. A method according to claim 17 or 18, wherein the sequence analysis is carried out using a molecular marker based
on a polynucleotide or an informative fragment thereof according to any of claims 1 to 4, on a set of polynucleotide
markers according to claim 5, on a polynucleotide marker according to claim 6, on a pair of primers according to
any of claims 7 to 12, or on a set of probe polynucleotides according to claims 13 or 14.

20. A method according to any of claims 17 to 19, wherein said method comprises the steps of

a) obtaining a genomic sample from a sugar beet plant to be analyzed,
b) amplifying a fragment from said sample DNA using a primer, particularly a primer pair, that is complementary
and binds to a nucleotide sequence present in the promoter region of the BvPRR7 gene, particularly in the
nucleotide sequence of the promoter region of the BvPRR7 gene as disclosed in SEQ ID NO: 51, and
c) comparing the sequence of said fragment with the sequence of an allelic sequence known to be associated
with the biennial phenotype but not with the annual phenotype.

21. A method according to any of claims 17 to 19, wherein said method comprises the steps of

a) obtaining a genomic sample from a sugar beet plant to be analyzed,
b) probing said sample DNA with a probe molecule comprising an allele-specific sequence, particularly an allele-
specific sequence from the promoter region of the BvPRR7 gene, particularly from the promoter region of the
BvPRR7 gene as disclosed in SEQ ID NO: 51, which is known to be present in the biennial allele but not in the
annual allele.
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22. An allelic discrimination assay for detecting a polymorphism in a genomic region of the sugar beet genome co-
segregating with the annuality phenotype, which polymorphism is diagnostic for the B allele at the B locus and allows
to discriminate between the annual and biennial genotype, wherein said allelic discrimination assay comprises a
molecular marker developed based on a polynucleotide, or an informative fragment thereof, according to any of
claims 1 to 4, or on a set of polynucleotide markers according to claim 5, or on a polynucleotide marker according
to claim 6, or on a the pair of primers according to any of claims 7 to 12, or on a set of probe polynucleotides
according to claims 13 or 14.

23. An allelic discrimination assay according to claim 22, wherein said molecular marker comprises a pair of primers
according to any of claims 7 to 12.

24. A method of identifying annual contaminations in commercial seed using a marker-based allelic discrimination assay
according to claim 22 or 23.

25. Use of a polynucleotide according to any of claims 1 to 4, or of an informative fragment thereof, for the development
of a molecular marker for use in identifying the absence or presence of an allele associated with annuality in a sugar
beet genome comprising

a) identifying polymorphic sites in said polynucleotide or informative fragment thereof;
b) associating said polymorphisms with the absence or presence of an allele associated with annuality in sugar
beet by
c) designing forward and reverse primers recognizing a nucleotide sequence flanking this polymorphic site for
amplification of a polynucleotide comprising said polymorphic site that can be used in an allelic discrimination
assay.
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