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BRASSICA INTERGENERIC CROSSBRED
PLANT CONTAINING LARGE AMOUNT OF
GLUCORAPHANIN, AND CREATION
METHOD THEREFOR

TECHNICAL FIELD

[0001] The present invention relates to a Brassicaceae
intergeneric crossbred plant comprising a large amount of
glucoraphanin and a creation method therefor.

BACKGROUND ART

[0002] Sulforaphane, which is a kind of isothiocyanate, is
a phytochemical comprised in plants of the family Brassi-
caceae, particularly in Brassica oleracea. Sulforaphane is a
functional component known to have bioactivities such as
anti-cancer effects by activating the production of detoxifi-
cation enzymes in the human body, as well as liver function-
enhancing and antioxidant effects (see, for example, Non
Patent Literature 1).

[0003] In plant cells, sulforaphane normally exists in the
form of glucoraphanin as a precursor. Glucoraphanin is a
type of secondary metabolite glucosinolates, also called
mustard oil glycosides. Glucoraphanin in the cells is
exposed outside the cells by mastication or the like, reacts
with myrosinase, an enzyme endogenous in the plant body,
or is degraded by intestinal bacteria to convert to sul-
foraphane.

[0004] Patent Literature 1 discloses a method for obtaining
a Brassica cultivar comprising a large amount of gluc-
oraphanin, the method comprising crossbreeding a wild-type
Brassica species with a Brassica oleracea breeding line and
selecting a crossbreed having a higher amount of 4-meth-
ylsulfinylbutyl glucosinolate (glucoraphanin) than the origi-
nal breeding line. Patent Literature 2 discloses a Brassica
oleracea plant comprising a large amount of glucosinolate,
the plant comprising a Myb28 allele from Brassica villosa
and lacking an ELONG allele from Brassica villosa geneti-
cally linked to the Myb allele.

[0005] In general, the genus Raphanus of the family
Brassicaceae does not comprise glucoraphanin at an avail-
able level. Patent Literature 3 discloses a method for pro-
ducing a Japanese radish line comprising a large amount of
glucoraphanin by selecting an individual comprising a large
amount of glucoerucin and 4-methylthio-3-butenyl glu-
cosinolate (glucoraphasatin) in an amount % or less the
amount of glucoerucin and carrying out self-reproduction.

[0006] Non Patent Literature 2 reports that glucoraphanin
and glucoraphenin are detected at high contents in Rapha-
nobrasica, which is an intergeneric crossbreed of Japanese
radish of the genus Raphanus of the family Brassicaceae and
kale of the genus Brassica.

[0007] It is known that glucoraphasatin usually accounts
for 90% or more of the glucosinolates comprised in Japanese
radish. Non Patent Literature 3 reports that the glucora-
phasatin synthase (GRS) gene was identified. In addition,
Patent Literature 4 discloses a method for obtaining a
Japanese radish line comprising a small amount of glucora-
phasatin by crossbreeding Japanese radish individuals hav-
ing the loss-of-function type GRS gene to reduce the pecu-
liar odor and yellowing of Japanese radish from degradation
products of glucoraphasatin.
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PRIOR ART

Patent Literature

[0008] Patent Literature 1: JP 2002-511235 A
[0009] Patent Literature 2: JP 2014-76045 A
[0010] Patent Literature 3: JP 2012-110238 A
[0011] Patent Literature 4: JP 2016-86761 A
Non Patent Literature
[0012] Non Patent Literature 1: Zhang, Y. et al., P. Proc.

Natl. Acad. Sci., Vol.91, pp. 3147-3150 (1994)

[0013] Non Patent Literature 2: Research information on
the website of the Nagano Agricultural Experiment Station,
Research result, “Technical information,” [Result title]
Raphanobrasica “Naga-no No. 48” is promising as a new
vegetable comprising many functional ingredients (URL
https://www.agries-nagano.jp/wp/wp-content/uploads/2019/
04/2018-2-g10.pdf)

[0014] Non Patent Literature 3: Kakizaki, T. et. al., Plant
Physiology, Vol. 173, pp. 1583-1593 (2017)

SUMMARY OF INVENTION

Object to be Achieved by the Invention

[0015] An object of the present invention is to obtain a
Brassicaceae plant comprising a large amount of gluc-
oraphanin.

Means for Achieving the Object

[0016] As aresult of conducting diligent studies to achieve
the object described above, the present inventors have found
that a glucoraphanin content is increased in an intergeneric
crossbreed obtained by crossbreeding a Brassica plant and a
Raphanus plant having the loss-of-function type GRS gene.
This has led to the completion of the present invention.
[0017] The present invention encompasses the following.
[0018] (1) An intergeneric crossbred plant from a Bras-
sica plant and a Raphanus plant, for which a ratio of
glucoraphanin content to glucoraphenin content is 1.0
or more.
[0019] (2) The plant according to (1), wherein the
glucoraphanin content is 20 mg/100 g (fresh weight) or
more.

[0020] (3) The plant according to (1) or (2), wherein the
glucoraphenin content is 50 mg/100 g (fresh weight) or
less.

[0021] (4) An intergeneric crossbred plant from a Bras-

sica plant and a Raphanus plant, which comprises a

loss-of-function type glucoraphasatin synthase gene.
[0022] (5) The plant according to (4), wherein the

loss-of-function type glucoraphasatin-synthesizing

gene is the following gene (a) and/or (b):

[0023] (a) a gene encoding a protein consisting of an
amino acid sequence set forth in SEQ ID NO: 1 or an
amino acid sequence having sequence identity 90%
or more to the amino acid sequence, in which a
constituent exon comprises a deletion of all or part of
a  2-oxoglutarate-iron(IT)-dependent  oxygenase
domain in the encoded protein; and/or

[0024] (b) a gene comprising a nucleic acid sequence
having sequence identity 70% to with a nucleic acid
sequence set forth in SEQ ID NO: 2 or 3.
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[0025] (6) The plant according to any one of (1) to (5),
wherein the Brassica plant is Brassica oleracea.

[0026] (7) The plant according to any one of (1) to (6),
wherein the Raphanus plant is Raphanus sativus.

[0027] (8) A plant according to any one of (1) to (7),
which has a polyploidized chromosome.

[0028] (9) A method for creating a Brassicaceae inter-
generic crossbred plant, the method comprising: a step
of crossbreeding a first parent plant and a second parent
plant; and a step of obtaining an intergeneric crossbred
plant from the first parent plant and the second parent
plant, wherein the first parent plant and the second
parent plant are Brassicaceae plants of different genera,
the first parent plant comprises 5 mg/100 g (fresh
weight) or more of glucoraphanin, and the second
parent plant comprises a loss-of-function type glucora-
phasatin synthase gene.

[0029] (10) The method according to (9), wherein the
loss-of-function type glucoraphasatin synthase gene is
the following gene (a) and/or (b):

[0030] (a) a gene encoding a protein consisting of an
amino acid sequence set forth in SEQ ID NO: 1 or an
amino acid sequence having sequence identity 90%
or more to the amino acid sequence, in which a
constituent exon comprises a deletion of all or part of
a  2-oxoglutarate-iron(Il)-dependent  oxygenase
domain in the encoded protein; and/or

[0031] (b) a gene comprising a nucleic acid sequence
having sequence identity 70% or more to the nucleic
acid sequence set forth in SEQ ID NO: 2 or 3.

[0032] (11) The method according to (9) or (10), which
further comprises a step of selecting an intergeneric
crossbred plant comprising the loss-of-function type
glucoraphasatin synthase gene from the intergeneric
crossbred plant.

[0033] (12) The method according to any one of (9) to
(11), wherein the first parent plant is a Brassica plant
and the second parent plant is a Raphanus plant.

[0034] (13) The method according to any one of (9) to
(12), wherein the Brassica plant is Brassica oleracea.

[0035] (14) The method according to any one of (9) to
(13), wherein the Raphanus plant is Raphanus sativus.

[0036] (15) The method according to any one of (9) to
(14), wherein the intergeneric crossbred plant com-
prises a polyploidized chromosome.

[0037] (16) A method for producing a Brassicaceae
plant, the method comprising a step of cultivating the
plant according to any one of (1) to (7).

[0038] (17) A food for which the plant according to any
one of (1) to (7) is used as a raw material.

[0039] (18) A method for allowing a Brassicaceae plant
to have a large amount of glucoraphanin, the method
comprising: a first step of preparing a Brassicaceae
plant comprising than 5 mg/100 g (fresh weight) or
more of glucoraphanin as a first parent plant; a second
step of preparing a Brassicaceae plant of a genus
different from the first parent plant, in which the
function of glucoraphasatin synthase is deficient or
reduced, as a second parent plant; and a third step of
crossbreeding the first parent plant and the second
parent plant.

[0040] (19) The method according to (18), wherein the
second step comprises modifying a glucoraphasatin
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synthase gene to cause the function of glucoraphasatin
synthase to be deficient or reduced.

[0041] The present specification encompasses the contents
described in the specification and/or drawings of Japanese
Patent Application No. 2021-063196, on which the priority
of the present application is based.

Advantageous Effects of Invention

[0042] According to the present invention, a Brassicaceae
plant comprising a large amount of glucoraphanin can be
obtained.

BRIEF DESCRIPTION OF DRAWING

[0043] FIG. 1 is a schematic diagram showing biosyn-
thetic pathways of glucoraphanin and glucoraphenin in
Brassicaceae plants.

[0044] FIG. 2 is a schematic diagram showing the struc-
ture of the wild-type GRS1 gene and the insertion positions
of the retrotransposon in the nucleic acid sequences set forth
in SEQ ID NOs: 2 and 3. FIG. 2(A) illustrates the structure
of the wild-type GRS1 gene. FIG. 2(B) illustrates the
structure of the nucleic acid sequence set forth in SEQ ID
NO: 2. FIG. 2(C) illustrates the structure of the nucleic acid
sequence set forth in SEQ ID NO: 3.

[0045] FIG. 3 is a graph showing the correlation of glu-
coraphanin contents in the leaves and seeds of individual
Brassicaceae plants.

DESCRIPTION OF EMBODIMENTS

[0046] As used herein, unless otherwise specified, chemi-
cal formulas depicted are meant to comprise all geometric
and optical isomers. As used herein, the term “content”
refers to a weight concentration (w/w) unless otherwise
specified. As used herein, the term “derivative” refers to a
compound that has been modified to such an extent that the
skeletal structure of the compound is unaffected.

1. Intergeneric Crossbred Plant from Brassica Plant and
Raphanus Plant

[0047] A first embodiment of the intergeneric crossbred
plant from a Brassica plant and a Raphanus plant of the
present invention (hereinafter also referred to as “the plant
of the present invention”) is characterized in that the ratio of
the glucoraphanin content to the glucoraphenin content is
1.0 or more. A second embodiment of the plant of the present
invention is characterized by comprising the loss-of-func-
tion type glucoraphasatin synthase gene. The plant of the
present invention may have one of or both of the charac-
teristics of the first and second embodiments.

[0048] When the term “plant” is used herein simply, it
encompasses any part of leaves, stems, flowers, buds, roots,
and seeds unless otherwise specified or inconsistent. The
plant of the present invention has the above-described
characteristics, at least in any part of leaves, stems, flowers,
buds, roots, and seeds.

[0049] As used herein, the term “glucoraphanin” refers to
a compound represented by the following Formula (I) or a
derivative or salt thereof.
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[Formula 1]
@
S-glucose
g N—O0—S80;"
I
(6]
[0050] As used herein, the term “glucoraphenin” refers to

a compound represented by the following Formula (II) or a
derivative or salt thereof.

[Formula II[
an
S-glucose
x>
g \ N—O0—S05
|
(6]
[0051] It has been clarified that glucoraphanin and gluc-

oraphenin are biosynthesized by the biosynthetic pathways
shown in FIG. 1 in Brassicaceae plants. Specifically, gluco-
erucin is synthesized by about 20 types of enzymatic reac-
tions using methionine as a starting material. Glucoerucin is
oxidized, thereby synthesizing glucoraphanin. In some Bras-
sicaceae plants, glucoerucin is converted by the glucora-
phasatin synthase (GRS1) gene to glucoraphasatin, and then
glucoraphasatin is oxidized, thereby synthesizing glucora-
phenin. Glucoraphasatin is converted to raphasatin, a pun-
gent component, by the action of myrosinase, a hydrolase,
and then to an odor component or a yellowing substance.
[0052] As used herein, “Brassicaceae plants” are classified
into one family of the order Capparales of the subclass
Dilleniidae of the class Dicotyledoneae of the phylum
Angiospermae and include plants of many genera such as
Cardamine, Arabis, Brassica, Rorippa, Raphanus, and Bar-
barea.

[0053] As used herein, “Brassica plants” are classified
into one genus of the family Brassicaceae and include
rapeseed, mizuna, Japanese pak choy (taisai), bok choy,
Japanese mustard spinach (komatsuna), turnip, Chinese cab-
bage, cabbage, broccoli, leaf peony (habotan), mustard, kale,
kohlrabi, cauliflower, and the like. Brassica plants used as
parent plants of the plant of the present invention are
preferably plants comprising relatively large amounts of
glucoraphanin such as kale, broccoli, cabbage, kohlrabi,
cauliflower, and the like. A preferred Brassica plant is
Brassica oleracea. It is particularly preferable that the
Brassica plant comprises 5 mg/100 g (fresh weight (FW)) or
more or 10 mg/100 g FW or more of glucoraphanin. Such a
plant of Brassica oleracea comprising a large amount of
glucoraphanin may be obtained by, for example, the method
described in Patent Literature 1.

[0054] As used herein, “Raphanus plants” are classified
into one genus of the family Brassicaceae and include
Japanese radish, Japanese wild radish, and the like. A
preferred Raphanus plant used as a parent plant of the plant
of the present invention is Raphanus sativus.

[0055] Raphanus plants, specifically Japanese radish, are
characterized by comprising glucoraphasatin that is not
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synthesized in the related species of the same family Bras-
sicaceae. The gene of glucoraphasatin synthase that converts
glucoerucin to glucoraphasatin has been identified in Japa-
nese radish. It has been revealed that this characteristic gene
synthesizes glucoraphasatin.

[0056] As described in Patent Literature 1 and other
literature, a mutant having a low glucoraphasatin content is
present in Japanese radish in some cases. It is known that the
structure of the glucoraphasatin synthase gene present at the
end of the first linkage group of Japanese radish is altered
from that of the wild type, and thus, the gene function is lost
in this mutant. Since the normal glucoraphasatin synthase
genotype is dominant, it was named the GRS1 (glucora-
phasatin synthase 1) gene. The recessive genotype with the
loss of function was named the grs1 gene. The amino acid
sequence encoded by the GRS1 gene has the 2-oxoglutarate-
iron(Il)-dependent oxygenase domain representing an oxy-
genase that is universally present in plants.

[0057] The Raphanus plant used in the present invention
is preferably a Raphanus plant comprising the loss-of-
function type glucoraphasatin synthase (grsl) gene. grsl
may be comprised in the homozygous or heterozygous form
in Raphanus plants. The Raphanus plant comprising the
loss-of-function type glucoraphasatin synthase (grsl) gene
can be selected using a method of DNA marker assay
described in, for example, Patent Literature 4. Specifically,
the polymerase chain reaction (PCR) method using DNA
extracted from a sample plant as a template, a set of primers
for specifically amplifying the GRS1 gene, and a set of
primers for specifically amplifying the grsl gene can be
used.

[0058] As the Raphanus plant comprising the grs1 gene, a
mutant may be selected by the above-described method from
many progeny lines created by outcrossing and used. Alter-
natively, a wild-type Raphanus plant in which the GRS1
gene has been modified to cause the loss of function or
reduce the function may be used. Any known method can be
used as a method for modifying the GRS1 gene. For
example, mutagenesis with insertion sequence transfer via a
transposon, retrotransposon, plant virus, or the like can be
mentioned. In addition, mutating treatments such as radia-
tion irradiation treatment, heavy ion beam treatment, and
treatment with a solution comprising a mutagen can be
mentioned.

[0059] As used herein, the “intergeneric crossbred plant”
refers to a crossbreed formed by crossbreeding between
organisms classified in different genera, namely crossbred
progeny. It is clearly distinguished from intergeneric cross-
breeds, which are crossbreeds between different organisms
within the same genus.

[0060] The plant of the present invention is a crossbred
progeny created by crossbreeding of a Brassica plant and a
Raphanus plant. In the first embodiment of the plant of the
present invention, the ratio of the glucoraphanin content to
the glucoraphenin content is 1.0 or more. In this embodi-
ment, the amount of glucoraphanin comprised in the plant of
the present invention is preferably 20 mg/100 g FW or more,
particularly preferably 30 mg/100 g FW or more, 50 mg/100
g FW or more, 100 mg/100 g FW or more, or 150 mg/100
g FW or more. In addition, the amount of glucoraphenin
comprised in the plant of the present invention is preferably
50 mg/100 g FW or less, particularly preferably 20 mg/100
g FW or less, 10 mg/100 g FW or less, 5 mg/100 g FW or
less, 3 mg/100 g FW or less, or 2 mg/100 g FW or less.
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[0061] The second embodiment of the plant of the present
invention comprises the loss-of-function type glucora-
phasatin synthase gene. In this embodiment, the plant of the
present invention is created by using, as a parent plant, a
Raphanus plant carrying the loss-of-function type glucora-
phasatin-synthesizing gene (grs1 gene) in the homozygous
or heterozygous form. In a case in which a Raphanus plant
carrying the grs1 gene in the heterozygous form is used, half
of the intergeneric crossbred plants become the loss-of-
function type. Therefore, the plant of the present invention
can be obtained by selecting the loss-of-function type prog-
eny. As the method for selecting loss-of-function type plants,
for example, the method for determining DNA marker assay
described in Patent Literature 4 can be used. Specifically, the
PCR method using DNA extracted from a sample plant as a
template, a set of primers for specifically amplifying the
GRSI1 gene and a set of primers for specifically amplifying
the grs1 gene can be used.

[0062] In this embodiment, the grsl gene is not particu-
larly limited as long as it has a structure in which the
function of GRS1 is lost. However, it is preferable that the
grs1 gene comprises the following nucleic acid sequence (a)
and/or (b):
[0063] (a) a nucleic acid sequence encoding a protein
consisting of an amino acid sequence set forth in SEQ
ID NO: 1 or an amino acid sequence having sequence
identity 90% or more to the amino acid sequence, in
which a constituent exon comprises a deletion of all or
part of a 2-oxoglutarate-iron(II)-dependent oxygenase
domain in the encoded protein; and/or

[0064] (b) a nucleic acid sequence comprising a nucleic
acid sequence having sequence identity 70% or more to
a nucleic acid sequence set forth in SEQ ID NO: 2 or
3.

[0065] It is preferable that the grsl gene comprises: a
nucleic acid sequence encoding a protein consisting of an
amino acid sequence set forth in SEQ ID NO: 1 or an amino
acid sequence having sequence identity 91% or more, 92%
or more, 93% or more, 94% or more, 95% or more, 96% or
more, 97% or more, 98% or more, or 99% or more to the
amino acid sequence, in which a constituent exon comprises
a deletion of all or part of a 2-oxoglutarate-iron(II)-depen-
dent oxygenase domain in the encoded protein; and/or a
nucleic acid sequence having sequence identity 75% or
more, 80% or more, 85% or more, 90% or more, or 95% or
more to a nucleic acid sequence set forth in SEQ ID NO: 2
or 3.

[0066] The nucleic acid sequences set forth in SEQ ID
NOS: 2 and 3 are examples of the nucleic acid sequence of
the grsl gene. Specifically, each of the nucleic acid
sequences set forth in SEQ ID NOS: 2 and 3 has a structure
in which a retrotransposon is inserted into the exon sequence
of the GRS1 gene. FIG. 2 illustrates the structure of the
wild-type GRS1 gene and the insertion positions of the
retrotransposon in the nucleic acid sequences set forth in
SEQ ID NOs: 2 and 3. FIG. 2(A) illustrates the structure of
the wild-type GRS1 gene. The GRS1 gene has three exons
(first, second, and third exons) and two introns (first and
second introns). FIG. 2(B) illustrates the structure of the
nucleic acid sequence set forth in SEQ ID NO: 2. In this
sequence, a retrotransposon of about 9 kbp is inserted into
the first exon of the GRS1 gene. FIG. 2(C) illustrates the
structure of the nucleic acid sequence set forth in SEQ ID
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NO: 3. In this sequence, a retrotransposon of about 1.2 kbp
is inserted into the third exon of the GRS1 gene.

[0067] The plant of the present invention can comprise
glucoraphanin at a high concentration by comprising a
loss-of-function type glucoraphasatin synthase gene. It is
presumed that in a Raphanus plant (especially Japanese
radish) comprising a loss-of-function type glucoraphasatin
synthase gene in the homozygous form, conversion from
glucoerucin to glucoraphasatin is inhibited, resulting in the
accumulation of glucoerucin. Although the leaves of Japa-
nese radish do not have a function to convert glucoerucin to
glucoraphanin efficiently, a Brassica plant (especially Bras-
sica oleracea) has a function to biosynthesize glucoraphanin
from glucoerucin. It can be said that the intergeneric cross-
bred plant of the present invention can compris glucorapha-
nin at a high concentration because it suppresses conversion
from glucoerucin to glucoraphasatin while maintaining glu-
coerucin-to-glucoraphanin conversion capacity from a Bras-
sica plant, thereby promoting conversion from glucoerucin
to glucoraphanin.

[0068] The plant of the present invention may be a diploid
but may also be an alloploid, for example, a triploid or
tetraploid. Such an alloploid of the plant of the present
invention can restore or improve fertility. Such an alloploid
may be created by any known method. It can be created by,
for example, colchicine treatment (see, for example, Cho et
al., Breeding Science, Vol. 3, pp. 31-41 (2001) and Oga-
sawara et al., Horticultural research (Japan), Vol. 11, No. 2,
pp. 189-194 (2012)).

[0069] The plant of the present invention can be used as a
food or feed material. As a food material, the plant of the
present invention can be used as a usual vegetable or in the
form of a liquid (drink), a powder, granules, or the like.
Alternatively, it can be used as a material for extracting or
puritying glucoraphanin. Purified glucoraphanin can be used
in, for example, dietary supplements, pharmaceuticals, and
the like.

2. Method for Creating Brassicaceae Intergeneric Crossbred
Plant

[0070] The method for creating the Brassicaceae interge-
neric crossbred plant of the present invention (hereinafter
also referred to as “the creation method of the present
invention™) is characterized by comprising: a step of cross-
breeding a first parent plant and a second parent plant: and
a step of obtaining an intergeneric crossbred plant from the
first parent plant and the second parent plant, wherein the
first parent plant and the second parent plant are Brassica-
ceae plants of different genera, the first parent plant com-
prises 5 mg/100 g FW or more of glucoraphanin, and the
second parent plant comprises a loss-of-function type glu-
coraphasatin synthase gene.

[0071] In the creation method of the present invention, the
“first parent plant” is a Brassicaceae plant comprising 5
mg/100 g FW or more, preferably 10 mg/100 g FW or more
of glucoraphanin, which is classified into a genus different
from the second parent plant. The first parent plant is not
particularly limited as long as it is a Brassicaceae plant
classified into a genus different from the second parent plant:
however, it is preferably a Brassica plant, particularly pref-
erably a plant comprising a relatively large amount of
glucoraphanin, such as kale, broccoli, cabbage, kohlrabi, or
cauliflower. It is preferably Brassica oleracea. Such a plant
of Brassica oleracea comprising a large amount of gluc-
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oraphanin may be obtained by, for example, the method
described in Patent Literature 1.
[0072] In the creation method of the present invention, the
“second parent plant” is a Brassicaceae plant comprising a
loss-of-function type glucoraphasatin synthase gene, which
is classified into a genus different from the first parent plant.
The second parent plant is not particularly limited as long as
it is a Brassicaceae plant classified into a genus different
from the first parent plant: however, it is preferably a
Raphanus plant. It is preferably Raphanus sativus.
[0073] The loss-of-function type glucoraphasatin synthase
(grs1) gene may be comprised in the homozygous or het-
erozygous form in the second parent plant. As the method
for selecting the second parent plant comprising the grsl
gene, for example, the method described in Patent Literature
4 can be used. Specifically, the PCR method using DNA
extracted from a sample plant as a template, a set of primers
for specifically amplifying the GRS1 gene, and a set of
primers for specifically amplifying the grsl gene can be
used.
[0074] As the second parent plant comprising the grsl
gene, a mutant may be selected by the above-described
method from many progeny lines created by outcrossing and
used. Alternatively, a plant in which the wild-type GRS1
gene has been modified to cause the loss of function or
reduce the function may be used. Any known method can be
used as a method for modifying the GRS1 gene. For
example, mutagenesis with insertion sequence transfer via a
transposon, retrotransposon, plant virus, or the like can be
included. In addition, mutation treatments such as radiation
irradiation treatment, heavy ion beam treatment, and treat-
ment with a solution comprising a mutagen can be included.
[0075] The grs1 gene comprised in the second parent plant
is not particularly limited as long as it has a structure in
which the function of GRS is lost. It is preferable that the
grs1 gene comprises the following nucleic acid sequence (a)
and/or (b):
[0076] (a) a nucleic acid sequence encoding a protein
consisting of an amino acid sequence set forth in SEQ
ID NO: 1 or an amino acid sequence having sequence
identity 90% or more to the amino acid sequence, in
which a constituent exon comprises a deletion of all or
part of a 2-oxoglutarate-iron(II)-dependent oxygenase
domain in the encoded protein: and/or
[0077] (b) a nucleic acid sequence comprising a nucleic
acid sequence having sequence identity 70% or more to
a nucleic acid sequence set forth in SEQ ID NO: 2 or
3.
[0078] It is preferable that the grsl gene comprises: a
nucleic acid sequence encoding a protein consisting of an
amino acid sequence set forth in SEQ ID NO: 1 or an amino
acid sequence having sequence identity 91% or more, 92%
or more, 93% or more, 94% or more, 95% or more, 96% or
more, 97% or more, 98% or more, or 99% or more to the
amino acid sequence, in which a constituent exon comprises
a deletion of all or part of a 2-oxoglutarate-iron(II)-depen-
dent oxygenase domain in the encoded protein: and/or a
nucleic acid sequence having sequence identity 75% or
more, 80% or more, 85% or more, 90% or more, or 95% or
more to a nucleic acid sequence set forth in SEQ ID NO: 2
or 3.
[0079] In a case in which a plant carrying the grsl gene in
the heterozygous form plant is used as the second parent
plant, half of the intergeneric crossbred plants become the
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loss-of-function type. In this case, it is preferable that the
creation method of the present invention comprises a step of
selecting loss-of-function type plants. As the method for
selecting loss-of-function type plants, for example, the
method described in Patent Literature 4 can be used. Spe-
cifically, the PCR method using DNA extracted from a
sample plant as a template, a set of primers for specifically
amplifying the GRS1 gene, and a set of primers for specifi-
cally amplifying the grs1 gene can be used.

[0080] In the creation method of the present invention, the
first parent plant and the second parent plant are classified
into different genera and an intergeneric crossbred plant is
obtained by crossbreeding. The crossbreeding used herein is
not particularly limited. A crossbreeding technique used in
general for the improvement of cultivars or the like can be
used. In addition, plants obtained by crossbreeding may be
further subjected to self-mating for several generations,
backcrossing for several generations, or repeating self-mat-
ing and backcrossing as appropriate.

[0081] The creation method of the present invention may
be a method for creating a diploid or a method for creating
an alloploid such as a triploid or tetraploid.

[0082] Detailed conditions such as parent plants used in
the creation method of the present invention, detailed prop-
erties of the created plants, and the like are the same as the
conditions, properties, and the like described in “1. Interge-
neric Crossbred Plant from Brassica Plant and Raphanus
Plant,” unless otherwise specified in this section, and unless
there is a particular contradiction.

3. Method for Producing Brassicaceae Plant

[0083] The method for producing a Brassicaceae plant of
the present invention (hereinafter also referred to as “the
production method of the present invention™) is character-
ized by comprising a step of cultivating the plant of the
present invention described in “1. Intergeneric Crossbred
Plant from Brassica Plant and Raphanus Plant.” According
to the production method of the present invention, a plant
comprising a large amount of glucoraphanin can be
obtained.

[0084] A plant produced by the production method of the
present invention is an intergeneric crossbred plant from a
Brassica plant and a Raphanus plant. The plant produced by
the production method of the present invention is preferably
a dietary plant or a plant for feed use, more preferably a
dietary vegetable. The plant produced by the production
method of the present invention is preferably a crossbreed of
Brassica oleracea and Raphanus sativus, namely Raphano-
brasica. According to the above preferred embodiment, a
plant from which humans or animals (e.g., mammals such as
dogs, cats, bovines, horses, pigs, sheep, monkeys, and
ferrets, and birds such as chickens) can ingest a large amount
of Raphanobrasica can be obtained.

[0085] The plant cultivated by the production method of
the present invention may be an intergeneric crossbred plant
of the F1 generation obtained by crossbreeding a Brassica
plant and a Raphanus plant or an intergeneric crossbred
plant of the F2 generation obtained by self-mating of the F1
generation. It may further be an intergeneric crossbred plant
obtained by repeating self-mating of the F2 and subsequent
generations. Alternatively, it may be an intergeneric cross-
bred plant obtained by backcrossing the F2 and subsequent
generations.
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4. Food

[0086] The food in the present invention is characterized
in that the plant of the present invention is used as a raw
material as described in “l1. Intergeneric Crossbred Plant
from Brassica Plant and Raphanus Plant.” As used herein,
“food” refers to a substance or composition in a form
suitable for being ingested by a human. The food in the
present invention may be a plant per se as a vegetable or a
dish for which the vegetable is used. The food may be, for
example, in the form of a liquid (drink), powder, granules,
or the like processed from the plant. Alternatively, it may be
a drink or a nutritional supplement (supplement) such as a
powder, granules, tablets, capsules, or the like comprising
glucoraphanin extracted and purified from the plant.

5. Method for Allowing Brassicaceae Plant to Comprise
Large Amount of Glucoraphanin

[0087] The method for allowing a Brassicaceae plant to
comprise a large amount of glucoraphanin of the present
invention (hereinafter also referred to as “the amount
increasing method of the present invention”) is characterized
by comprising: a first step of preparing a Brassicaceae plant
comprising 5 mg/100 g FW or more of glucoraphanin as a
first parent plant: a second step of preparing a Brassicaceae
plant of a genus different from the first parent plant, in which
the function of glucoraphasatin synthase is deficient or
reduced, as a second parent plant; and a third step of
crossbreeding the first parent plant and the second parent
plant.

[0088] In the amount increasing method of the present
invention, the first step is a step of preparing a Brassicaceae
plant comprising than 5 mg/100 g FW or more, preferably 10
mg/100 g FW or more of glucoraphanin as a first parent
plant. The “first parent plant” used herein is not particularly
limited as long as it is a Brassicaceae plant classified into a
genus different from the second parent plant; however, it is
preferably a Brassica plant, particularly preferably a plant
comprising a relatively large amount of glucoraphanin, such
as kale, broccoli, cabbage, kohlrabi, or cauliflower. It is
preferably Brassica oleracea.

[0089] The method for creating a plant comprising 5
mg/100 g FW or more of glucoraphanin is not particularly
limited. For example, it may be the method described in
Patent Literature 1. Alternatively, for example, the following
method can be used. Many Brassica plant progeny lines are
produced by outcrossing. Among the obtained progeny
lines, one or more lines comprising glucoraphanin at a high
concentration are selected, self-mating or outcrossing is
performed, and if necessary, the crossing is repeated, thereby
obtaining a line of Brassica plants comprising a large
amount of glucoraphanin.

[0090] In the amount increasing method of the present
invention, the second step is a step of preparing a Brassi-
caceae plant of a genus different from the first parent plant,
in which the function of glucoraphasatin synthase is defi-
cient or reduced, as a second parent plant. The “second
parent plant” used herein is not particularly limited as long
as it is a Brassicaceae plant classified into a genus different
from the first parent plant. It is preferably a Raphanus plant.
It is preferably Raphanus sativus.

[0091] The second parent plant is a plant in which the
function of glucoraphasatin synthase (GRS1) is deficient or
reduced. More specifically, it is a plant comprising the
loss-of-function type glucoraphasatin synthase (grs1) gene.
The grs1 gene may be comprised in the homozygous or
heterozygous form. As the method for selecting the second
parent plant comprising the grsl gene, for example, the
method described in Patent Literature 4 can be used. Spe-
cifically, the PCR method using DNA extracted from a
sample plant as a template, a set of primers for specifically

Jun. 20, 2024

amplifying the GRS1 gene, and a set of primers for specifi-
cally amplifying the grs1 gene can be used.

[0092] As the second parent plant comprising the grsl
gene, a mutant may be selected by the above-described
method from many progeny lines created by outcrossing and
used. Alternatively, a plant in which the wild-type GRS1
gene has been modified to cause the loss of function or
reduce the function may be used. Any known method can be
used as a method for modifying the GRS1 gene. For
example, mutagenesis with insertion sequence transfer via a
transposon, retrotransposon, plant virus, or the like can be
included. In addition, mutation treatments such as radiation
irradiation treatment, heavy ion beam treatment, and treat-
ment with a solution comprising a mutagen can be included.

[0093] The third step of the amount increasing method of
the present invention is a step of crossbreeding the first
parent plant and the second parent plant. The crossbreeding
is not particularly limited. A crossbreeding technique used in
general for the improvement of cultivars or the like can be
used. In addition, plants obtained by crossbreeding may be
further subjected to self-mating for several generations,
backcrossing for several generations, or repeating self-mat-
ing and backcrossing as appropriate.

[0094] Since the amount increasing method of the present
invention comprises the steps described above, Brassicaceae
plants are allowed to comprise a large amount of gluc-
oraphanin. Brassicaceae plants obtained by the amount
increasing method of the present invention comprise pref-
erably 20 mg/100 g FW or more, 30 mg/100 g FW or more,
50 mg/100 g FW or more, 100 mg/100 g FW or more, or 150
mg/100 g FW or more of glucoraphanin.

[0095] Detailed conditions such as parent plants used in
the amount increasing method of the present invention,
detailed properties of the created plants, and the like are the
same as the conditions, properties, and the like described in
“1. Intergeneric Crossbred Plant from Brassica Plant and
Raphanus Plant” and “2. Method for Creating Brassicaceae
Plant,” unless otherwise specified in this section, and unless
there is a particular contradiction.

Examples

[0096] Hereinafter, the present invention is described
more specifically with reference to Examples. However, the
scope of the present invention is not intended to be limited
by these Examples.

[Example 1] Creation of Intergeneric Crossbred Plant
(Raphanobrasica)

[0097] An intergeneric crossbred plant between a Rapha-
nus plant and a Brassicaceae plant was created by the
following procedure. As a Brassicaceae plant, a kale line
“KK-45" comprising glucoraphanin was used. As a Rapha-
nus plant, a commercially available Japanese radish cultivar
“Nishimachi-Risou” was used. It is known that individuals
carrying the functional type GRS1 gene in the heterozygous
form and individuals carrying the loss-of-function type
GRS1 gene in the heterozygous form coexist within the
cultivar (see Patent Literature 4). A DNA marker test was
carried out for Nishimachi-Risou in advance, and individu-
als carrying the gene in the heterozygous form (hereinafter
also referred to as “AKO”) were selected at the seedling
stage. Four individuals (AKO103, AKO108, AKO110, and
AKO118) were crossbred as seed parents. The cultivars/
lines used herein and the intergeneric crossbreeds created
are listed in Table 1.
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TABLE 1
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Cultivar/ Plant

Line Name  species Remarks

Nishimachi- Japanese

Commercially available Japanese radish cultivar

Risou radish

KK-45 Kale Kale line obtained by selection and self-mating by the present inventors

AKO103 Japanese Individual carrying GRS1gene in the heterozygous form of functional type/
radish loss-of-function type selected from Nishimachi-Risou

AKO108 Japanese Individual carrying GRS1gene in the heterozygous form of functional type/
radish loss-of-function type selected from Nishimachi-Risou

AKO110 Japanese Individual carrying GRS1gene in the heterozygous form of functional type/
radish loss-of-function type selected from Nishimachi-Risou

AKO118 Japanese Individual carrying GRS1gene in the heterozygous form of functional type/
radish loss-of-function type selected from Nishimachi-Risou

AKO103 x  Rafanobrasica Crossbred progeny of AKO103 and KK45

KK-45

AKO108 x  Rafanobrasica  Crossbred progeny of AKO108 and KK45

KK-45

AKO110 x  Rafanobrasica  Crossbred progeny of AKO110 and KK45

KK-45

AKO118 x  Rafanobrasica  Crossbred progeny of AKO118 and KK45

KK-45

[0098] DNA marker assay of Nishimachi-Risou and DNA [Example 2] Determination of Contents of Various

marker assay of each crossbred progeny were carried out by
the following procedure. DNA was extracted from the leaves
of Nishimachi-Risou, and a PCR reaction was performed
using a primer set consisting of three primers listed in Table
2. A “loss-of-function type” gene was determined to be
present when a 392-bp DNA amplification was observed. A
“functional type” gene was determined to be present when
a 222-bp DNA amplification was observed.

TABLE 2

SEQ
D

Primer type Primer sequence NO

Primer for 5'-TCCAGGTTGGGATAGCTTGT-3"' 4
detecting
loss-of -
function
type gene
(reverse)
Primer for 5'-TGAAACCTTACCCCAAAACG-3! 5
detecting

functional

type gene

(reverse)

Common 5' -GCAGGAGAGGATGCTTGAAGG- 6
primer 3!
(forward)

[0099] Nishimachi-Risou individuals in which both 392-
bp and 222-bp DNA amplifications were observed were
determined to be “heterozygous form” and Nishimachi-
Risou individuals in which only 222-bp DNA amplification
was observed were determined to be “wild-type.” DNA
marker assay of each crossbred progeny was performed by
the following procedure. Individuals of the crossbred prog-
eny carrying the functional type GRS1 gene were deter-
mined to be “functional type” crossbred progeny and indi-
viduals of the crossbred progeny carrying the loss-of-
function type GRS1 (grsl) gene were determined to be
“loss-of-function type” crossbred progeny.

Glucosinolates in Leaves

[0100] Samples used for analysis of the glucosinolate
content were prepared as follows. Three true leaves having
a leaf length of 20 cm were collected from each line in the
field. A 10-cm tip of the leaf blade was taken from each leaf
and the vein running down the middle of the leaf was
removed. The leaves were lyophilized for 4 to 5 days (Freeze
Dryer manufactured by LABCONCO) and the resulting
dried samples were crushed (Multi-Beads Shocker manu-
factured by Yasui Kikai Corporation). Then, 0.1 g of dry
powder was precisely weighed, 5 mL of 80% methanol was
added, and the mixture was shaken and stirred at room
temperature for 30 minutes. After centrifugation at 3000 rpm
for 10 minutes, the supernatant was used as the glucosinolate
extract. The glucosinolate extract was adsorbed on a DEAE-
Sepharose column and desulfurized with acid sulfatase (25°
C. for 18 hours). The desulfurized glucosinolate was eluted
with ion exchange water, thereby obtaining a desulfo-glu-
cosinolate solution. The desulfo-glucosinolate solution was
subjected to HPLC under the following conditions, and a
chromatogram was obtained at a UV detection wavelength
of 229 nm.

[0101] Equipment used: LC-20A, Shimadzu Corp.,
Japan
[0102] Column type: COSMOSIL 5C18-II, 150x4.6

mm, Nacalai-Tesque Inc., Japan

[0103] Mobile phase solvent composition: 20% acetoni-
trile
[0104] Sample injection volume: 20 pl.
[0105] Flow rate: 1.5 mL/min
[0106] Column temperature: 30° C.
[0107] The content of each glucosinolate (glucoraphanin,
g g p

glucoraphenin, glucoerucin, or glucoraphasatin) in each
sample was calculated based on the results of subjecting the
corresponding authentic glucosinolate preparation having a
known concentration to HPLC under the same conditions.
Table 3 shows the measurement results of each glucosinolate
for each cross combination.
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TABLE 3
Cross GRS1 Number of Average glucosinolate content (mg/100 g FW)
combination genotype individuals  Glucoraphanin  Glucoraphenin  Glucoerucin ~ Glucoraphasatin
AKO103 x  Functional 18 97.3 186.9 8.3 31.0
KK-45 type
Loss-of- 29 249.1 0.3 61.2 0.1
function type
AKO110 x  Functional 30 113.9 230.7 8.5 30.2
KK-45 type
Loss-of- 33 237.1 1.6 57.1 n.d.
function type
AKO118 x  Functional 45 112.4 172.2 4.0 13.9
KK-45 type
Loss-of- 38 221.9 1.5 31.3 n.d.
function type
AKO108 x  Functional 29 63.0 130.3 5.9 23.1
KK-45 type
Loss-of- 25 138.1 1.1 37.6 n.d.
function type
AKO103 Loss-of- 3 54.7 n.d. 92.0 n.d.
function type
(homozygous
progeny of
self-mating)
KK-45 Non-carrier 8 123.2 n.d. n.d. n.d.

n.d.: Not detected

[0108] Within all cross combinations, the average gluc-
oraphanin content of the population having the loss-of-
function type gene was higher than the population carrying
the functional-type gene. The ratio of loss-of-function type
glucoraphanin content/functional type glucoraphanin con-
tent is in a range of 1.97 to 2.56. The loss-of-function type
individuals comprised no or very little glucoraphenin and
glucoraphasatin. These results revealed that suppressing the
expression of the GRS1 gene in Rafanobrasica causes most
of the glucoraphanin to be metabolized to glucoraphanin,
resulting in an increased glucoraphanin content.

[Example 3] Determination of Contents of Various

Glucosinolates in Roots, Buds, and Stems

dures follows. Ten individuals of each line were dug up with
the roots from the field and washed with water. Roots were
cut into 0.5- to 1-cm thick slices across a position about 5 cm
below the stem-hypocotyl boundary. As for the buds, ter-
minal flower buds were collected from ten bolting individu-
als of each line. Stems about 10 cm below the boundary with
the bud were collected from the ten bolting individuals of
each line. Each sample was lyophilized for 4 to 5 days and
the dried sample was crushed. Thereafter, extraction, des-

ulfurization, and HPLC measurement were carried out by

[0109] Root, bud, and stem samples were prepared for the same procedure as in Example 2. Table 4 shows the
analyzing the glucosinolate content by the following proce- measurement results of each glucosinolate for each sample.
TABLE 4
Measurement  Cross GRS1 Number of Average glucosinolate content (mg/100 g FW)
site combination genotype individuals  Glucoraphanin  Glucoraphenin  Glucoerucin ~ Glucoraphasatin
Root AKO103 x  Functional 10 11.4 32.6 127.8 345.9
KK-45 type
Loss-of- 10 22.1 n.d. 295.6 2.8
function type
But AKOI110 x  Functional 10 180.1 405.6 19.6 42.1
KK-45 type
Loss-of- 10 432.8 1.8 65.6 n.d.
function type
Step AKOI110 x  Functional 10 78.0 164.6 224 58.7
KK-45 type
Loss-of- 10 176.4 0.3 56.7 n.d.
function type

n.d.: Note detected
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[0110] As shown in Table 4, the average glucoraphanin [0113] Column type: COSMOSIL 5C18-1I, 150x4.6
content was higher in the loss-of-function type individuals mm, Nacalai-Tesque Inc., Japan
than in the functional type individuals at all sites. In addi- [0114] Mobile phase solvent composition: 20% acetoni-
tion, the loss-of-function type individuals comprised no or trile
very little glucoraphenin and glucoraphasatin. These results [0115] Sample injection volume: 20 ul.
revealed that suppressing the expression of the GRS1 gene [0116] Flow rate: 1.5 mL/min
in Raphanobrasica causes the glucoraphanin content to [0117] Column temperature: 30° C.
increase regardless of the collection sites. [0118] FIG. 3 shows the correlation between HPLC peak
[Example 4] Correlation between Glucoraphanin Contents areas (contents) of glucoraphanin in samples from the leaves
in Seeds and Leaves of Brassicaceous Vegetables and seeds of each individual.
[0111] Seed and leaf samples of Brassicaceae vegetables [0119] As shown in FIG. 3, there was a correlation
were prepared for analyzing the glucoraphanin content by between the HPLC peak areas of gl}lcoraphamn in samples
the following procedure. KK-45 and commercially available from the leaves and seeds of Brassicaceae vegetables, and
kale cultivars, which were 68 lines in total, were used as cultivars with high glucoraphanin contents in leaves also had
Brassicaceae vegetables. Three true leaves having a leaf ~ high glucoraphanin contents in their seeds. These results
length of 20 cm were collected for one individual of each suggested that among Brassicaceae intergeneric crossbred
line from a greenhouse. A 10-cm tip of the leaf blade was plants, individuals with high leaf glucoraphanin contents
taken from each leaf and the vein running down the middle also have high seed glucosinolate contents.
of the leaf was removed. Seeds were collected from the same . .
individual from which the leaves were collected, and 0.5 g Industrial Applicability
of.s.eeds per individual were used: Each sample was lyo- [0120] The present invention is an invention that can be
philized for 4 to S.days and th? dr.1ed sample was crushed. used in the agricultural industry. the food manufacturing
Thereafter, extraction, desulfurization, and HPLC measure- industry. the pharmaceutical manufacturing industry. and the
ment were carried out by the same procedure as in Example like.
2. The HPLC measurement conditions were as follows. [0121] Al publications. patents. and patent applications

[0112] Equipment used: LC-20A, Shimadzu Corp., cited herein are incorporated herein by reference in their

Japan entirety.
SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 6

<210> SEQ ID NO 1

<211> LENGTH: 372

<212> TYPE: PRT

<213> ORGANISM: Raphanus sativus

<400> SEQUENCE: 1

Met Ser Ser Asn Val Val Ser Gly Val Glu Met Asp Gly Ser Asn Glu

1 5 10 15

Arg Lys Val Phe Asp Asp Lys Lys Met Gly Val Lys Ala Leu Ala Asp

20 25 30
Ala Gly Ile Lys Glu Leu Pro Ala Met Phe Arg Ala Pro Pro Ser Ile
35 40 45
Leu Glu Ser Leu Lys Ala Ala Arg Ala Ser Gln Asp Ala Asn Leu Phe
50 55 60

Pro Thr Ile Asp Leu Lys Gly Val Ser Leu His Tyr Lys Asp Gln Asp

65 70 75 80

Leu Met Thr Arg Arg Asn Val Val Glu Gln Ile Arg Asp Ala Ser Ala

85 90 95
Lys Trp Gly Phe Phe Arg Val Thr Asn His Gly Phe Ser Lys Asp Leu
100 105 110
Gln Glu Arg Met Leu Glu Gly Leu Arg Arg Phe His Ala Gln Asp Pro
115 120 125
Ser Val Lys Arg Gln Tyr Tyr Thr Arg Asp His Thr Arg Asn Phe Leu
130 135 140

Tyr Tyr Thr Asn Val Asp Leu Phe Thr Ser Asp Ser Ala Ser Trp Arg

145 150 155 160

Asp Thr Thr Ile Cys Tyr Thr Ala Pro Asp Arg Pro Arg Pro Glu Asp
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-continued

165 170 175

Leu Pro Ala Val Leu Gly Glu Val Ile Leu Glu Tyr Ser Lys Glu Met
180 185 190

Thr Ser Leu Gly Glu Leu Ile Phe Glu Leu Leu Ser Glu Ala Leu Gly
195 200 205

Leu Asp Thr Asn Tyr Phe Lys Asp Leu Asp Cys Val Lys Ser Gln Met
210 215 220

Met Leu Gly Gln Tyr Tyr Pro Pro Cys Pro Gln Pro Asp Leu Thr Leu
225 230 235 240

Gly Leu Ser Lys His Ser Asp Phe Ser Phe Leu Thr Val Leu Leu Gln
245 250 255

Asp Asn Ile Gly Gly Leu Gln Val Leu His Asp Asp Ala Trp Phe Asp
260 265 270

Val Pro Pro Val Pro Gly Cys Phe Val Val Asn Ile Gly Asp Leu Leu
275 280 285

Gln Phe Ile Thr Asn Asp Met Phe Ile Ser Ala Glu His Arg Val Leu
290 295 300

Ala His Thr Ala Ser Val Pro Arg Val Ser Val Pro Tyr Phe Phe Thr
305 310 315 320

Thr Phe Lys Lys Val Asn Pro Arg Val Tyr Gly Pro Ile Lys Glu Leu
325 330 335

Leu Ser Glu Asp Asn Pro Arg Lys Tyr Arg Asp Cys Ser Met Thr Glu
340 345 350

Ile Ser Glu Ile Phe Ser Ser Asn Glu Ile Thr Ile Pro Arg Leu His
355 360 365

Gln Leu Arg Ile
370

<210> SEQ ID NO 2

<211> LENGTH: 10555

<212> TYPE: DNA

<213> ORGANISM: Raphanus sativus

<400> SEQUENCE: 2

atagcattag aaaagctttt aaagaaacaa tgtccagcaa cgtegttagt ggggtcgaaa 60
tggatggttc gaatgaaaga aaagttttcg acgataagaa aatgggcgta aaagccctgg 120
cggatgcagg aatcaaagag ctcccageca tgttecgtge acctcegagt attttagaaa 180
gectgaaage agcacgagcet tctcaggatg cgaacctett cccgaccatt gatctgaaag 240
gagtgagcct gcactacaag gatcaagatt tgatgacgceg gceggaacgtyg gtggagcaga 300
tcagagatge gtctgegaaa tggggtttet tccgagtgac caatcacggg ttcetcegaagg 360
atttgcagga gaggatgctt gaagggctte gteggtttea cgegcaagat ccatcagtta 420
agagacagta ctacacacgt gatcacactc ggaactttet ttactacacc aacgtcgatce 480
tcttcaccte tgattecegece agttggagag acacaactat ttgttacaca geccceggate 540
gtccccgace tgaggattga aagttcaggg acaataagtt aataaggaac gcacagaact 600
tccaagaaca cttecttgat taatcagaaa ccttttaaac aatcttcecta gatctgttta 660
atccgattta tactcagtca cacatcgact agagacggac cagtttacta atcttgtcac 720
tcgacaataa cacaggacaa gctatcccaa cctggatact ctectattag actgettcete 780

aagaacactc ttettgetta agcacgtcaa aacactaaaa accgtaacct aaatctaccce 840
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-continued
aaggtaattt ggttatatac acctctcaca atatctccecce tgagatatcg tgatatatac 900
aaatccccat cgttattcat ctctccgaga tatcaggttc aaacgattgce ctcegtcegeca 960

cgtcatcatt cagctacttt ctcgcgtcac catgtgttac acaacgctcc atatgtgtaa 1020
ctcactaatc ttgttccttg tcectcacaage actaatcctt ggtgctttceca ttetcccect 1080
ttttatctga atgtgtcacc ctaagcaacc tgcacattca aaatgataac acaccaaacc 1140
atatccgcac aaaagtgata aacaagatga gaggagaaaa acatagatta gtctatcaga 1200
acagtgccac gcacatgaag gttcatacat cattctgect cacatctaat ccgcaaataa 1260
cacactagat gactagacca cgacctatca taacacataa gagactagga caatgtgaac 1320
tcagccacta gaacgaatca ctctcatcag attcttetet tecteccattt tettcatcat 1380
cctcacgegg accatattet ccccctgett aggtgcacat acagataaaa cacttagatce 1440
aaacaacata agtcatagat cacaggaaaa gaagtgatac tcttactcct cagacgaaca 1500
cgaacgttct ttagatctgt aatgagacga tcaatgtcectt ctgcaagatc aggaagacta 1560
gagttagcte ctgttecctcet ccetgecttt ctgtectttga ccactgettt gggatagcecce 1620
atttcttcac aatcattagg atccggtggt atgacacgct gactcataag cacttgctga 1680
atgagagtag gataggtgat tctgcgagac tccttagtca gaaccttctt tgccatggag 1740
agaatctgct ggtagactat cttcccaaaa tcaaaacctc ggtgatgata catcatgtag 1800
acaaacttga gtcgttcctg attcatggag gtgtagttca tggtgggaag ccaatttgca 1860
cacacaagtt tgtagaggac ttgattggac gaggtgagaa attttgatgc catgttctcc 1920
cagcgattca ctcgtcecctec agacagaaag gtacatacct tatcaatgtt ttcatcgegce 1980
cagtttgggt catcctcaga accaggaata cagtacagtg aattgataag ccccggagac 2040
agcgtaacca ctgaccctet gagatacacc gccacaccat catctctcte ctcagcatct 2100
ggcaggttgg cgacaaactc ccgaatcacg gttggttgaa aggcgtcgga gtcaaccacyg 2160
gtgtagatca aaccctaatg gaacacagtt tctctgacct ctgcgagett gttgttggag 2220
agaaccaaaa cgctgttgtg gcacaagttt tttgtctegg agaatgcagt acctaccacg 2280
agcagccatt gtagcaaacc tacctgagag gggacgtcectt gatggacgga gatacgccgg 2340
attagcctca tacatagcct ggaacatggce tcgactctet tegtatctgg getcettttgg 2400
aagaagagtc tcttcgatgg gaacatcagt gtggttctca ccattgctgt catcttcaga 2460
cacagaatct gcggcgactt cggttgggtce ggacggagat ggatgatgac gacggcgaac 2520
acgcttetta ctcectcecteg aggactcace ggaagttgga gcattaacce aaattggttce 2580
atcgttcacce ggcgagctca tagatcgact caagcgagtg ctcecttcgag geggctgeat 2640
gttggatttyg tgcaagagaa ccaaagtgcc tcatccttaa cgacaaccct aagaataagt 2700
cactcagaca ttgggccgtt agtaacaaca caaaagccca taagacttaa caataaccca 2760
agctagaatc aggtccatta gcatcaaatt tttgaccaag tgttagagac attcacttac 2820
agaggcaaga gaatcagaga gagataagga cttcgagcga agcacacgga caacagatac 2880
ttagtaacca taggagactg tacatttgga cacgacacgc agaggtgccc tttgttcaag 2940
agaagaacca ctgacattat tgctgactca taggtattca tcaaaagaat ttcaagagta 3000
aatcaatgac ctcaacccaa gtctgtagct gtttctcage cgagtagctg tcacaggcga 3060

gatttcceca aaaactgtca ctcaaactcg tectecttta taacacttat ctgtatggtce 3120
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tggaaacact gcaagtatct tgtgtgtact tcttcttetc agcacgacca taataatctce 3180
aagattcacc aagagatcac ttaccattct taatgaagaa actgatcaag tccagagagt 3240
aagtgttgta acacccaact ccggctgggt tacttcaaat ggtagattct ttectctgect 3300
agtccggaca gtgatcgaac tcagagtcag agtgtgatag caccctgcte cgacacgagt 3360
atccatcatt ccaggccttt attttgaagt ctcatgtatc cagtttcatg tgttactcat 3420
tgttttggac atgtagcaca cctacttttg attggcactc accttcacca atgtttcctt 3480
gttcaatcca gacagtgatc aatgctcaaa cgtagaatgt tgcagcatcc tagtccaaga 3540
tgagtgtctt tcttcatcga accagataag tgtgatatca ggagccgttg cgagtaacta 3600
tcaaggagaa acttgttgag gcaaggtttt agttgtgtga tgaaatccct acagatagca 3660
gcaactatat acagcaattc tactctctca tttgaacttg ttcagaggtc aatgattccce 3720
aacgccttee taagaccaag aaaggtgttg taatccaatg gttttgtgaa aagatcagcec 3780
agttgtettt ctgttggcac atgctcaagc gttacaatcc tcatctcaac caattctcte 3840
acaaagtgat gcctaatatc cacatgtttg gtgcgtgaat gctgaacagg attcttagac 3900
agatttatag cactcatgtt atcacagtga acaagcatag attccgaaat gataccataa 3960
tcaactagca tctgtcgcat ccagagtagt tgagtgcaac aactccccaa ggctattata 4020
ctectgecteg getgtcgata gagagacaca attttgette ttgctgtgece atgacaccat 4080
gtttgtttee taggaagaag catccttect gacgtgcttg tgtctatcat ctaaacaccce 4140
tgcccaatcg gcatcgcaaa atcctgcaag attcacgtta gtttcaaaag tgtaatgaag 4200
gccaaagtcec aatgtacctt tcacatattt gattattcgt ttgacagegt tcatgtggga 4260
ttecttegga tgagectggt atcgtgcaca tattcecctacg cttaagcaaa gatccggtcet 4320
gcttgcagtyg agatatagca gacttccaat catggctctg tagagcetttt catcaactgg 4380
ttttccatct tecgtectcteg aaagtttagt ggatgtgcetce atcggggtcet tagcaatttt 4440
gctggtttge attccaaatce gtttgataag gttcttggca tatgtacttt gagacaccgt 4500
gataccatca gggagctgtt tgacttgtaa accgagaaag taactcagtt cacctaccat 4560
gctcatctca aactcctteg tcattgtett gacaaactca tceccaccatcg attgatcectgt 4620
acttcccgaa gataatgtca tcaacgtaga cttgaatgat taggatgtcce ttcccattcet 4680
ctcctatgaa cagagtttta tcectacteccte ctegctgaaa geccagcectta atgagaaact 4740
cagtcagtct ctcataccaa gctcgtggag cttgttttag accataaaga gctttcecttaa 4800
gcttgtagac atgatctgga aaatgtggat cttcaaaccc tttaggttgt gaaacgtaaa 4860
cctecttettg aagtatccca tttaagaaag cacttttgac gtccatttga tagagtttga 4920
ttcgaagact gcaggccatg ccaaatagca gtctgatcga ttcaagccta gcaactggag 4980
cgaaggtctc atcgaaatcc acaccttcaa tctgagcata tceccttgcceg acaagtettg 5040
acttgtttct gatcacattt ccttcectcat ctgtcecttgtt tttatgaatc catttcegtte 5100
caatgatgtt cacattttca ggtcttggaa ccaaagccca cacatcaagt cgttcaaact 5160
gttcaagcte ttggtgcatt gaatcggtcc agtactcatc ctcaagagcet tcttgtagat 5220
tcttaggttc aaagagagac acaaagcact caactttatt caactcctcce acgaagaacg 5280
ccagcttcac catttctttg aagtcaatct ttttcttect ggtgactcgt tcatcaaata 5340

ctccaccaat gacgtcagat gaggagtgat tgcgatgaac ttttecctttg tectagatcga 5400
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ctttgatact gttctgctca ttttcatctce cagactcatc tttgagctcg gtttcagttg 5460
atgtactgac gggctgtgtc acacactcaa ttgtttgtgt caccttagct tgataaaaac 5520
ctatgttgtc atcaaacacc acattgacat tatcaccaac aaatttggta cgctgggttg 5580
aatactctgt aagctgagct gtttgtagag taaccgagaa acatttcaac atcactctta 5640
gcctcaaatt ttecctagatg atcctgatcg ttcaatatgt aacagagaca tccgaacaca 5700
tgcatatgac tcaaatttgg tgtttttcct ttgaagatct catagggtgt catcgtagtce 5760
tttggcttta cgtacactcg attgattatg tagcaagccg tagctacagce ttcectgcccag 5820
aaaccggaag ggacactgtt tccacataac attgctctag ccatctcecctg cagtgttcetg 5880
ttetttettt caacaacccce gttttgttgt ggagttctag gagcagcata ttgatgacgg 5940
attccttgac tctgacagaa tttatcaaac tgttcatttt gaaattctcecce teccgtgatca 6000
ctcttgatct gaataatgcc tecttttact tgtttgagtt gcagtgccaa gatacgaaag 6060
ctctcaagtg catctgattt cttcctcaga aaatcaatcc aagtgtatct cgagaaatca 6120
tcaaccataa caagaatgta gcgtttacca gcaatgctct caggtgtgat tggacccata 6180
agatccatgt gtactaattc aagaacacgc ttagagtgaa tctctgaaat ctgtttatgt 6240
tgcaccttga tctgctttec ctgacagcat cctceccacaca ctgtatccgt ttettttteg 6300
agctcaggta ctcctctcac aacctcagca ttcactagtt ttgtcagtce tcgagtgtte 6360
atgtgtccaa gettettgtyg ccagagatca agtttggatt ctcttgcaga taagcacagt 6420
tgcgatggtt tccacatgta gcagttgttg cctgaacgaa ctccatacag aactaaattce 6480
cctttegecat caacagctcect gcattcecttta ctgttgaaaa tgacttccaa tcecatcatca 6540
cacagttggce tcacactgat cagatttgcc ttgagtccat ccactaggta gacatttatg 6600
agacgaggaa gatctggtct ttccagtact ccaacaccac ggattcttce ctgaccacca 6660
tctccaaaag tgacttttec tecttgaaga agctcaagtt tctcaacaaa ttceccagettt 6720
ccagtcatat gtttggagca accactgtca aagtaccacg gggtatcatt tgcattgcta 6780
ctctcagcac tagtgtacgc aacattactc acaaactcegt cctcactatg tattcgtgca 6840
aggttgcact caatttcagt ctctggattg gtgtgtaget catctcgtte gtcatgtgac 6900
acaacttgtt gtacttcttt atagtttggg tacaagtctc gecttggctat ccagacatga 6960
ccgtagagag ttggttccat gaagcacaga tttaacctcc acgctctcte atactgatgt 7020
cttcggaagt aacaatactt aacatgatgt ccacgttttc cacagaactg acatgcattt 7080
cttcgatgtg gaatctgtac tgagttegtg tttttttett tctgagtgga agctctcatg 7140
atgctgactt gaggaagttt tgcagatact ggtttctett cttctacage ttcttttaca 7200
aagacaactt gttttccectt ctecttcagct gtatacttgg taccttgata cccgagacce 7260
ttgttggtgce taggacattg tcctatagta agaagatgat ccagtgttga tgtgcctgag 7320
gtgagcattt taactttctt cagattttct gcaagttgat tctgaagaag tttactcecttt 7380
atccatctcet tectgctagta gattggtcag ttgttcaatc ttgacttcaa acaaatttct 7440
gacatctcte ttgttctace actgctegtt tcaaagacag aacctcttga tcagattect 7500
tcagaattga gagattggag ctcttacccg atggttgttc tagctccaga atgttcactt 7560
gtgctttcaa cattgccttg tctttgagaa gttgcaagtt ttcatggcta agctcagcaa 7620

atttgtcaaa gagagtcttg tactctgttt caagatcctg accaagagtg ttgtcatctt 7680
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cttcatcgece tgattctgat ttcectcatcat cttectgtece aattaaagcce atgaaattta 7740
gatgaagttc ttcttecctca ctgtcattat cagactcaga gtcactgaaa cacacaagcyg 7800
atttgtecctt cttcaaagtg ttaggacact cactcctagt atggccaatt cccttacatt 7860
caatacactt cagctccttt ctcttagtaa ggggacattc attcttgaag tgaccgtatce 7920
cttcacactc atgacactga agatccttct tcttagatgt tcecttgatgca tettgttttg 7980
agtattgaga actgcttcga tcagattcce ctecgctgaaa acgattattt gagcgacctg 8040
ttectttete catgegttte acaaacttgt tgaagtttcg agccaattaa tcectagattce 8100
tcttcaatct tggtaactcect atcactttce ttagagtcag cagagaaggc aaatactctt 8160
ctgagaattt gatgctcgat cagatttttc caaagtcgtg aaccttcagt atcccagata 8220
actgatcaaa cttcatttca tccgtgtcta ctgcaatgtt tagaacagct ttgtatgcat 8280
caaacctagg aggtaggcat ctcagtaatt tcttcactaa gtctttctece tcegtacttcet 8340
taccaagaac tgaagactca ttagcaatct cgctaatctt ggagataaaa ccatcaatag 8400
gatcatcatc tcccattcge agattttcga acctagatgce aagatgatca attcgtgtac 8460
gtcgtacact ggtgtttcct tcaaaatgat ttatcagggt atcccaagcet tccttggcag 8520
actcgcatcce ttgtatgatc ttaaattgat ccagatcaac tgatgaaaag atcacagtca 8580
aagctttaga attgaatttt gatgcagctt tttectgcttc agtccattga tecttaggtt 8640
taggacccag agttttatct tceccatcataa ctgtgggage tgaccatcct tettcaacgg 8700
cagtccatgce atcttcgtta atcgccctga tcacatgtet cattctggece tteccagtgac 8760
caaagtttcc accgtctaac atgattggtt tgtgtaaacg tgatgagttc cttcatactg 8820
tccatgatct ccgcagggat cttcacctgt tagtggtatt agataccaca gaggttccct 8880
gctectgatac caaatgaaag ttcagggaca ataagttaat aaggaacgca cagaacttcce 8940
aagaacactt ccttgattaa tcagaaacct tttaaacaat cttcctagat ctgtttaatc 9000
cgatttatac tcagtcacac acgactagag acggaccagt tactaatctt gtcactcgac 9060
aataacacag gacaagctat cccaacctgg atactctect attagactgce ttctcaagaa 9120
cactcttett gecttaagcac gtcaaaacac taaaaaccgt aacctaaatc tacccaaggt 9180
aatttggtta tatacacctc tcacaatatc tccecctgaga tatcgtgata tatacaaatc 9240
cccatcgtta ttcatctecte cgagatatca ggttcaaacg attgcctcegt cgccacgtca 9300
tcattcagct actttctege gtcaccatgt gttacacaac gctccatatg tgtaactcac 9360
taatcttgtt ccttgtctca caagcactaa tccttggtge tttcaaggat ctgcccgecg 9420
ttttggggta aggtttcact agtgtctggt ttttaacacg gtctgtccgt tgttacgtga 9480
cagtttgatt aattaatcat gcatggatat tatagtttta ttggatttac aaatgattta 9540
gatgtgttag tgaatactaa atagctattg cttagttaca atagctagga atgaaaacta 9600
aaggtgatgc taactaagca tggaaaacat ttgatgtggc atgcagggag gttatattgg 9660
agtactcaaa ggaaatgacg agtttaggtg aattgatctt tgagcttcta tcagaggcectt 9720
tgggattaga cactaattat ttcaaggatt tggattgcgt caagtctcag atgatgttgg 9780
gccaatatta tccaccttge cctcagectg accttacttt aggcttaagce aagcacagtg 9840
atttttettt tctcactgtt cttcttcaag acaatatagg agggcttcaa gttctcecatg 9900

acgatgcctg gtttgatgtt cctecctgtcee ctggatgttt tgtcgttaac attggagatce 9960
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ttctacaggt taagatcata aactgctgtg gcttgtaatt aacggtttta aacataaaat 10020
atatatgaag ctcttttgtt gttgttgtgt gcagttcata accaatgaca tgttcataag 10080
cgcggagcat agggtgctag cgcatactgce ttctgtaccg agggtttcag tgccatattt 10140
cttcaccacg ttcaagaagg tgaatcctcg tgtatatgga cccatcaaag agctectcte 10200
agaagataac cctcgcaagt atagagactg ttccatgacc gagatctcag agatcttcag 10260
ttcaaatgag atcaccattc ctaggttaca ccagctcagg atctgaaaca tcaatcattg 10320
ctataatctc tccaactcta tgttatgttt ggtcttcectta gttectctta aaatatctge 10380
cgcaataact acttcctectt cttctetcga actgtgtttg aaagatatct gaaaatctte 10440
gaataaggtg ttattttgta attgagttct ttagttatta agtaagttat catgttgtat 10500
caaaagttgt gtgtaagagt cgtgacttta gattggagaa ttgtgtctct tattc 10555
<210> SEQ ID NO 3

<211> LENGTH: 2662

<212> TYPE: DNA

<213> ORGANISM: Raphanus sativus var. longipinnatus MRO50E

<400> SEQUENCE: 3

atagcattag aaaagctttt aaagaaacaa tgtccagcaa cgtegttagt ggggtcgaaa 60
tggatggttc gaatgaaaga aaagttttcg acgataagaa aatgggcgta aaagccctgg 120
cggatgcagg aatcaaagag ctcccageca tgttcegtge accteccgagt attttagaaa 180
gectgaaage agcacgagcet tctcaggatg cgaacctcett cecgaccatt gatctgaaag 240
gagtgagcct gcactacaag gatcaagatt tgatgacgceg geggaacgtg gtggagcaga 300
tcagagatgce gtctgcgaaa tggggtttet tecgagtgac caatcacggyg ttctcgaagg 360
atttgcagga gaggatgctt gaagggcette gteggtttea cgegcaagat ccatcagtta 420
agagacagta ctacacacgt gatcacactc ggaactttct ttactacacc aacgtcgatce 480
tcttecaccte tgattecgcece agttggagag acacaactat ttgttacaca gccccggate 540
gtecccgace tgaggatctg cccgecgttt tggggtaagg tttcactagt gtetggtttt 600
taacacggtc tgtccgttgt tacgtgacag tttgattaat taatcatgca tggatattat 660
agttttattg gatttacaaa tgatttagat gtgttagtga atactaaata gctattgcectt 720
agttacaata gctaggaatg aaaactaaag gtgatgctaa ctaagcatgg aaaacatttg 780
atgtggcatg cagggaggtt atattggagt actcaaagga aatgacgagt ttaggtgaat 840
tgatctttga gcttctatca gaggctttgg gattagacac taattatttc aaggatttgg 900
attgcgtcaa gtctcagatg atgttgggece aatattatce accttgccct cagectgace 960

ttactttagg cttaagcaag cacagtgatt tttcttttect cactgttctt cttcaagaca 1020

atataggagg gcttcaagtt ctccatgacg atgecctggtt tgatgttcct ccectgtcecctg 1080

gatgttttgt cgttaacatt ggagatcttc tacaggttaa gatcataaac tgctgtggcet 1140

tgtaattaac ggttttaaac ataaaatata tatgaagctc ttttgttgtt gttgtgtgca 1200

gttcataacc aatgacatgt tcataagcgc ggagcatagg gtgtgatgta gcgcaagcta 1260

cgataacaca atgaatccta tttagtctga gaatacctag gatcaaagtc ttcttgattce 1320

gttgagaact ctcgagttct agccgtaaca aggaaataaa agggtttcaa acctctettt 1380

ataaaatatc aatatcaata aaactgatta caagtctaag cataaaacac ctatttatat 1440



US 2024/0196824 Al Jun. 20, 2024
16

-continued

gaaaaccaaa taatctaaaa actattaaaa tccttaagat aattataact aattaagata 1500
aatatcaaaa caaataataa actagataat taagatattt ggaatatatc taaatatctc 1560
tctgcatcat tectctccggg ttggagaaag attcgtectce gaatcttaac cgtggtette 1620
gattaatttt cctcttttat accatatata aaataattct tcaagccatc gaatatattg 1680
atcctttgta taaaatcctt ttgtttgcca aaaaacaatt acgccacatg gcataatcaa 1740
ttgcctettt geccttttga acttcacage aaatttagat gaagaatcca atacgtcttce 1800
aacaccttgce ggtggagcaa gtgccgacca attaccttet ttagaccttg atatttgact 1860
tttgacagca ccaaaaaagt ctctcacgtg cttgtttgtt gacttgaaca catccttgta 1920
taatatcaaa tcgaccggtt tgataataat cacgtcttca ccgtattgat catatattgc 1980
aggaccaata atctctttgt actctccgta caaatctgtt gtcgaattaa atggatattce 2040
atccgtttga taaaaacacc caaacgacat ggtattgaac gaagcagaat caactttgat 2100
ttagaaaacc aaagtgttgg ctctgatacc aaactgatgt agcgcaagct acgataacac 2160
aatgaatcct atttagtctg agaataccta ggatcaaagt cttcttgatt cgttgagaac 2220
tctcgagtte tagccgtaac aaggaaataa aagggtttca aacctctctt tataaaatat 2280
caatatcaat aaaactgatt acaagtctaa gcataaaaca cctatttata tgaaaaccaa 2340
ataatctaaa aactattaaa atccttaaga taattataac taattaagat aaatatcaaa 2400
acaaataata aactagataa ttaagatatt tggaatatat ctaaatatct ctctgcatca 2460
gggtgctage gcatactgct tctgtaccga gggtttcagt gccatatttce ttcaccacgt 2520
tcaagaaggt gaatcctcegt gtatatggac ccatcaaaga gctcctctca gaagataacc 2580
ctcgcaagta tagagactgt tccatgaccg agatctcaga gatcttcagt tcaaatgaga 2640
tcaccattcce taggttacac ca 2662
<210> SEQ ID NO 4

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: reverse primer

<400> SEQUENCE: 4

tccaggttgg gatagettgt 20
<210> SEQ ID NO 5

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: reverse primer

<400> SEQUENCE: 5

tgaaacctta ccccaaaacg 20
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<210> SEQ ID NO 6

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: forward primer

<400> SEQUENCE: 6

gcaggagagg atgcttgaag g

21

1. An intergeneric crossbred plant from a Brassica plant
and a Raphanus plant, for which a ratio of glucoraphanin
content to glucoraphenin content is 1.0 or more.

2. The plant according to claim 1, wherein the glucorapha-
nin content is 20 mg/100 g (fresh weight) or more.

3. The plant according to claim 1, wherein the glucora-
phenin content is 50 mg/100 g (fresh weight) or less.

4. An intergeneric crossbred plant from a Brassica plant
and a Raphanus plant, which comprises a loss-of-function
type glucoraphasatin synthase gene.

5. The plant according to claim 4, wherein the loss-of-
function type glucoraphasatin-synthesizing gene is the fol-
lowing gene (a) and/or (b):

(a) a gene encoding a protein consisting of an amino acid
sequence set forth in SEQ ID NO: 1 or an amino acid
sequence having sequence identity 90% or more to the
amino acid sequence, in which a constituent exon
comprises a deletion of all or part of a 2-oxoglutarate-
iron(Il)-dependent oxygenase domain in the encoded
protein; and/or

(b) a gene comprising a nucleic acid sequence having
sequence identity 70% or more to a nucleic acid
sequence set forth in SEQ ID NO: 2 or 3.

6. The plant according to claim 1, wherein the Brassica

plant is Brassica oleracea.

7. The plant according to claim 1, wherein the Raphanus
plant is Raphanus sativus.

8. A plant according to claim 1, which has a polyploidized
chromosome.

9. A method for creating a Brassicaceae intergeneric
crossbred plant, the method comprising:

a step of crossbreeding a first parent plant and a second

parent plant; and

a step of obtaining an intergeneric crossbred plant from
the first parent plant and the second parent plant,
wherein

the first parent plant and the second parent plant are
Brassicaceae plants of different genera,

the first parent plant comprises 5 mg/100 g (fresh weight)
or more of glucoraphanin, and the second parent plant
comprises a loss-of-function type glucoraphasatin syn-
thase gene.

10. The method according to claim 9, wherein the loss-
of-function type glucoraphasatin synthase gene is the fol-
lowing gene (a) and/or (b):

(a) a gene encoding a protein consisting of an amino acid

sequence set forth in SEQ ID NO: 1 or an amino acid

sequence having sequence identity 90% or more the
amino acid sequence, in which a constituent exon
comprises a deletion of all or part of a 2-oxoglutarate-
iron(Il)-dependent oxygenase domain in the encoded
protein; and/or

(b) a gene comprising a nucleic acid sequence having
sequence identity 70% or more to a nucleic acid
sequence set forth in SEQ ID NO: 2 or 3.

11. The method according to claim 9, which further
comprises a step of selecting an intergeneric crossbred plant
comprising the loss-of-function type glucoraphasatin syn-
thase gene from the intergeneric crossbred plant.

12. The method according to claim 9, wherein the first
parent plant is a Brassica plant and the second parent plant
is a Raphanus plant.

13. The method according to claim 9, wherein the Bras-
sica plant is Brassica oleracea.

14. The method according to claim 9, wherein the Rapha-
nus plant is Raphanus sativus.

15. The method according to claim 9, wherein the inter-
generic crossbred plant comprises a polyploidized chromo-
some.

16. A method for producing a Brassicaceae plant, the
method comprising a step of cultivating the plant according
to claim 1.

17. A food for which the plant according to claim 1 is used
as a raw material.

18. A method for allowing a Brassicaceae plant to have a
large amount of glucoraphanin, the method comprising:

a first step of preparing a Brassicaceae plant comprising

5 mg/100 g (fresh weight) or more of glucoraphanin as
a first parent plant;

a second step of preparing a Brassicaceae plant of a genus
different from the first parent plant, in which the
function of glucoraphasatin synthase is deficient or
reduced, as a second parent plant; and

a third step of crossbreeding the first parent plant and the
second parent plant.

19. The method according to claim 18, wherein the second
step comprises modifying a glucoraphasatin synthase gene
to cause the function of glucoraphasatin synthase to be
deficient or reduced.

20. The plant according to claim 1, for which a ratio of
glucoraphanin content to glucoerucin is 1.0 or more.

21. The plant according to claim 1, which is a part of a
plant except for a root
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