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Plants comprising wheat G-type cytoplasmic male
sterility restorer genes, molecular markers and uses
thereof

Field of the invention

1] The present invention relates generally to the field of plant breeding and molecular biology and concerns a
method for selecting or producing a cereal plant comprising a functional restorer gene for wheat G-type cytoplasmic male

sterility, and nucleic acids for use therein.

Background

[2] Cytoplasmic male sterility (CMS) is a major trait of interest in cereals such as wheat in the context of commercial
hybrid seed production (Kihara, 1951; Wilson and Ross, 1962; Lucken, 1987; Sage, 1976). The cytoplasms of Triticum
timopheevi (G-type) and Aegilops kotschyi (K-type) are widely studied as inducers of male sterility in common wheat

(Triticum aestivum), due to few deleterious effects (Kaul, 1988; Lucken, 1987; Mukai and Tsunewaki, 1979).

[3] In hybrid seed production system using the G-type cytoplasm, fertility restoration is a critical problem. Most of
the hexaploid wheats do not naturally contain fertility restoration genes (Ahmed et al..Genes Genet. Syst. 2001). In the
complicated restoration system of T. timopheevi, eight Rf genes are reported to restore the fertility against T. timopheevii
cytoplasm, and their chromosome locations have been determined, namely, Rf1 (1A), Ri2 (7D), Rf3 (1B), R4 (6B), RS
(6D), R6 (5D), Rf7 (7B) and Rf8 (Tahir & Tsunewaki, 1969; Yen et al., 1969; Bahl & Maan, 1973; Du et al., 1991; Sihna
et al., 2013). Ma et al. (1991) transferred an Rf gene from Aegilops umbellulata to wheat, the gene being located on
chromosomes 6AS and 6BS (from Zhou et al., 2005).

[4] Ma and Sorrels (Crop Science 1995) reported the linkage of Rf3 to RFLP markers Xbcd249 and Xcdo442 on

chromosome 1BS.

5] Kojima (Genes Genet Syst 1997) localized a fertility restorer gene from Chinese Spring termed Rf3 gene at a
position 1.2 ¢M and 2.6 cM distant from RFLP markers Xcdo388 and Xabc156, respectively, although the authors were
able to separate Rf3 from Xcdo388. It was estimated that that Rf3 could exist within a region of 500 Kbp of the adjacent
RFLP markers.

[6] Ahmed Talaat et al (Genes Genet. Syst., 2001) determined the close linkage of a major Rf QTL against G-type

cytoplasm on chromosome 1B with RFLP marker XksuG9c, close to marker Xabc156 as reported by Kojima et al (supra).
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[7] Zhang et al., (Yi Chuan Xue Bao 2003) describe an Rf gene located on 1BS with a genetic distance of 5.1 cM to

microsatellite marker Xgwm550.

18] Zhou et al (2005) describe Rf3 gene to be located either between SSR markers Xgwm582 and Xbarc207 or
between Xbarc207 and Xgwm131 but very close to Xbarc207. Since the previously identified RFLP markers of Kojima,
Ahmed and Ma & Sorrels were not mapped in their mapping population, a linkage map including these RFLP markers

could not be constructed to better estimate the distance between Rf3 and the identified SSR markers.

9] Accordingly, there remains the need for more accurate markers to identify and track Rf loci in breeding, which
are particularly useful for hybrid seed production, and for improved methods for fertility restoration in wheat Thimopheevi
cytoplasm. The present invention provides a contribution over the art by disclosing the location of a functional Rf gene on

chromosome 1B and by providing markers that are more accurate and/or more tightly linked to the causal gene.

Summary

[10] A method is described for selecting a cereal plant comprising a functional restorer gene allele for wheat G-type
cytoplasmic male sterility or for producing a cereal plant comprising a functional restorer gene allele for wheat G-type
cytoplasmic male sterility, comprising the steps of:
(a) identifying at least one cereal plant comprising at least one marker allele linked to a functional
restorer gene allele for wheat G-type cytoplasmic male sterility located on chromosome 1B; and
(b) selecting the plant comprising said at least one marker allele, wherein said plant comprises said
functional restorer gene for wheat G-type cytoplasmic male sterility located on chromosome 1B
wherein said at least one marker allele localises within an interval on chromosome 1B comprising and flanked by
the markers of SEQ ID NO 2 and SEQ ID NO 8.

[11] Further, a method is described for restoring fertility in a progeny of a G-type cytoplasmic male sterile cereal plant
or for producing a fertile progeny plant from a G-type cytoplasmic male sterile cereal parent plant, comprising the steps
of:

(a) providing a population of progeny plants obtained from crossing a female cereal parent plant with a
male cereal parent plant, wherein the female parent plant is a G-type cytoplasmic male sterile
cereal plant, and wherein the male parent plant comprises a functional restorer gene allele for
wheat G-type cytoplasmic male sterility located on chromosome 1B;

(b) identifying in said population a fertile progeny plant comprising at least one marker allele linked to

said functional restorer gene allele for wheat G-type cytoplasmic male sterility, wherein said
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progeny plant comprises said functional restorer gene allele for wheat G-type cytoplasmic male
sterility located on chromosome 1B; optionally
(c) selecting said fertile progeny plant; and optionally
(d) propagating the fertile progeny plant,
wherein said at least one marker allele localises within an interval on chromosome 1B comprising and flanked by
the markers of SEQ ID NO 2 and SEQ ID NO 8.

[12] The at least one marker allele linked to said functional restorer gene allele can be selected from any one of:

a. aTatSEQIDNO:2;
b. aCatSEQIDNO: 3;
c. aTatSEQIDNO:4;
d. aTatSEQIDNO:5;
an Aat SEQID NO: 6;
anAatSEQIDNO: 7;
g. aGatSEQIDNO:S8;
h. aCatSEQIDNO: 11;

i. anAatSEQIDNO: 12,
j. aTatSEQIDNO: 13;
k. aTatSEQIDNO: 14,

or any combination thereof.

[13] The at least one marker allele can also localise to an interval on chromosome 1B comprising and flanked by the
marker pair of SEQ ID NO: 11 and SEQ ID NO: 14.

[14] The at least one marker allele can also be selected from any one of:
a. aCatSEQIDNO: 11;
b. anAat SEQID NO: 12,
c. aTatSEQIDNO:13;
d. aTatSEQIDNO: 14,

or any combination thereof.

[15] The at least one marker allele can also be a T at SEQ ID NO. 13.

[16] The functional restorer gene allele can also be obtainable from USDA accession number Pl 583676.
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[17] Further, a method is described for producing a cereal plant comprising a functional restorer gene allele for wheat
G-type cytoplasmic male sterility, comprising the steps of
a. crossing a first cereal plant comprising a functional restorer gene for wheat G-type cytoplasmic male
sterility located on chromosome 1B with a second cereal plant
b. identifying a progeny plant comprising a functional restorer gene allele for wheat G-type cytoplasmic

male sterility according to any of the herein described methods

[18] Further, a method is described for producing a cereal plant comprising a functional restorer gene allele for wheat
G-type cytoplasmic male sterility, comprising the steps of
a. crossing a first cereal plant homozygous for a functional restorer gene for wheat G-type cytoplasmic
male sterility located on chromosome 1B with a second cereal plant
b. obtaining a progeny plant, wherein said progeny plant comprises a functional restorer gene allele for

wheat G-type cytoplasmic male sterility located on chromosome 1B

[19] Further, a method is described for producing hybrid seed, comprising the steps of:

a. Providing a male cereal parent plant comprising at least one marker allele linked to a functional restorer
gene for wheat G-type cytoplasmic male sterility located on chromosome 1B as described herein, said
male parent plant comprising said functional restorer gene for wheat G-type cytoplasmic male sterility
located on chromosome 1B as described herein, preferably in homozygous form;

b. Providing a female cereal parent plant that is a G-type cytoplasmic male sterile cereal plant;

¢. Crossing said female cereal parent plant with said male cereal parent plant; and optionally;

d. Harvesting seeds.

[20] The first plant or said male parent plant can have been selected according to the method of any one of claims 1-
7.

[21] Further, a method is described for determining the presence or absence or zygosity status of a functional
restorer gene allele for wheat G-type cytoplasmic male sterility located on chromosome 1B in a biological sample,
comprising the steps of
a. providing genomic DNA from said biological sample, and
b. analysing said DNA for the presence or absence or zygosity status of at least one marker allele linked
to said functional restorer gene for wheat G-type cytoplasmic male sterility located on chromosome 1B
wherein said at least one marker allele localises within an interval on chromosome 1B comprising and
flanked by the markers of SEQ ID NO 2 and SEQ ID NO 8 as described herein.
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[22] Also described is a cereal plant, plant part, plant cell or seed comprising at least one functional restorer gene
allele for wheat G-type cytoplasmic male sterility located on chromosome 1B, said plant comprising at least one marker
allele linked to a functional restorer gene allele for wheat G-type cytoplasmic male sterility located on chromosome 1B,
wherein said at least one marker allele localises within an interval on chromosome 1B comprising and flanked by the
markers of SEQ ID NO 2 and SEQ ID NO 8, preferably wherein said plant comprises one or more of:
aTatSEQIDNO: 2;
aCatSEQIDNO: 3;
aTatSEQIDNO: 4;
a Tat SEQID NO: 5;
an Aat SEQID NO: 6;
anAatSEQIDNO: 7;
aGatSEQIDNO: 8;
a CatSEQIDNO: 11;

i. anAatSEQIDNO: 12,

jo aTatSEQIDNO: 13;

k. aTatSEQIDNO: 14,
said plant not comprising any one or all of

. anAatSEQIDNO: 1;

m. aTatSEQIDNO:9.

o o

-~ o o o

= @

[23] Thus, also described is cereal plant, plant part, plant cell or seed comprising at least one functional restorer
gene allele for wheat G-type cytoplasmic male sterility located on chromosome 1B, said plant comprising at least one of

(such as one, two, three, four, five, six, seven, eight, nine, ten or all of):

a. aTatSEQIDNO:2;
b. aCatSEQIDNO: 3;
c. aTatSEQIDNO:4;
d. aTatSEQIDNO:5;
an Aat SEQID NO: 6;
anAatSEQIDNO: 7;
g. aGatSEQIDNO:S8;
h. aCatSEQIDNO: 11;

i. anAatSEQIDNO: 12,
jo aTatSEQIDNO: 13;
k. aTatSEQIDNO: 14,
said plant not comprising any one or all of
. anAatSEQIDNO: 1;
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m. aTatSEQIDNO:9.

[24] Also described is a cereal plant, plant part, plant cell or seed comprising at least one functional restorer gene
allele for wheat G-type cytoplasmic male sterility located on chromosome 1B, said plant comprising at least one marker
allele linked to a functional restorer gene allele for wheat G-type cytoplasmic male sterility located on chromosome 1B,
wherein said at least one marker allele localises within an interval on chromosome 1B comprising and flanked by the
markers of SEQ ID NO 11 and SEQ ID NO 14, preferably wherein said plant comprises one or more of:

a. aCatSEQIDNO: 11;

b. anAat SEQID NO: 12,

c. aTatSEQIDNO:13;

d. aTatSEQIDNO: 14,

said plant not comprising any one or all of
e. aTatSEQIDNO:2;
f. anAatSEQIDNO:8.

[25] Thus, also described is a cereal plant, plant part, plant cell or seed comprising at least one functional restorer
gene allele for wheat G-type cytoplasmic male sterility located on chromosome 1B, said plant comprising at least one of
(such as one, two, three or all of):

a. aCatSEQIDNO: 11;

b. anAat SEQID NO: 12,

c. aTatSEQIDNO:13;

d. aTatSEQIDNO: 14,

said plant not comprising any one or all of
e. aTatSEQIDNO:2;
f. anAatSEQIDNO:8.

[26] Also described is a cereal plant, plant part, plant cell or seed comprising at least one functional restorer gene
allele for wheat G-type cytoplasmic male sterility located on chromosome 1B, said plant comprising at least one marker
allele linked to a functional restorer gene allele for wheat G-type cytoplasmic male sterility located on chromosome 1B,
wherein said at least one marker allele localises within an interval on chromosome 1B comprising and flanked by the
markers of SEQ ID NO 11 and SEQ ID NO 14, preferably wherein said plant comprises one or more of:

a. aCatSEQIDNO: 11;

b. anAat SEQID NO: 12,

c. aTatSEQIDNO:13;

d. aTatSEQIDNO: 14,

said plant not comprising any one or all of
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e. aTatSEQIDNO:10;
f. aTatSEQIDNO.5.

[27] Thus, also described is a cereal plant, plant part, plant cell or seed comprising at least one functional restorer
gene allele for wheat G-type cytoplasmic male sterility located on chromosome 1B, said plant comprising at least one of
(such as one, two, three or all of):

a. aCatSEQIDNO: 11;

b. anAatSEQIDNO: 12,

c. aTatSEQIDNO:13;

d. aTatSEQID NO: 14,

said plant not comprising any one or all of
e. aTatSEQIDNO:10;
f. aTatSEQIDNO.S5.

[28] Also described is a cereal plant, plant part, plant cell or seed comprising at least one functional restorer gene
allele for wheat G-type cytoplasmic male sterility located on chromosome 1B, said plant comprising a T at SEQ ID NO 13,
said plant not comprising any one or all of: a C at SEQ ID NO: 11; an Aat SEQ ID NO: 12; a T at SEQ ID NO: 14.

[29] Further described is an isolated nucleic acid molecule encoding a functional restorer gene allele for wheat G-
type cytoplasmic male sterility, wherein said functional restorer gene allele localises within an interval on wheat
chromosome 1B comprising and flanked by the markers of SEQ ID NO 2 and SEQ ID NO 8.

[30] The functional restorer gene allele encoded by the nucleic acid can be identifiable using at least one marker
allele linked to said functional restorer gene allele for wheat G-type cytoplasmic male sterility located on chromosome 1B,
wherein said at least one marker allele localises within an interval on chromosome 1B comprising and flanked by the
markers of SEQ ID NO 2 and SEQ ID NO 8.

[31] The functional restorer gene allele can also localize within an interval on chromosome 1B comprising and
flanked by the markers of SEQ ID NO 11 and SEQ ID NO 14.

[32] The functional restorer gene allele can also be identifiable using at least one marker allele linked to said
functional restorer gene allele for wheat G-type cytoplasmic male sterility located on chromosome 1B, wherein said at
least one marker allele localises within an interval on chromosome 1B comprising and flanked by the markers of SEQ ID
NO 11 and SEQ ID NO 14.

[33] The functional restorer gene allele can also be obtainable from USDA accession number Pl 583676.

[34] Also described is an isolated polypeptide encoded by the nucleic acid molecule as described herein.
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[35] Also described is a chimeric gene comprising the following operably linked elements
a. aplant-expressible promoter;
b. a nucleic acid comprising the isolated nucleic acid molecule as described herein or encoding the
isolated polypeptide as described herein; and optionally
c. atranscription termination and polyadenylation region functional in plant cells,
wherein at least one of said operably linked elements is heterologous with respect to at least one other

element.

[36] Further described is a cereal plant cell or cereal plant or seed thereof, such as a wheat plant cell or plant or
seed thereof, comprising the isolated nucleic acid molecule as described herein, the isolated polypeptide as described
herein, or the chimeric gene as described herein, wherein said isolated polypeptide, said isolated nucleic acid, or said

chimeric gene in each case is heterologous with respect to said plant cell or plant or seed.

[37] The plant cell, plant or seed can also be a hybrid plant cell, plant or seed.

[38] Further, a method is described for producing a cereal plant cell or plant or seed thereof, such as a wheat plant
cell or plant or seed thereof, comprising a functional restorer gene for wheat G-type cytoplasmic male sterility, comprising
the steps of providing said plant cell or plant with the isolated nucleic acid molecule as described herein or the chimeric
gene as described herein, wherein said providing comprises transformation, crossing, backcrossing, genome editing or

mutagenesis.

[39] Further described is the use of the isolated nucleic acid as described herein to identify one or more further

functional restorer gene alleles for wheat G-type cytoplasmic male sterility.

[40] Further described is the use of at least one marker comprising an allele linked to a functional restorer gene for
wheat G-type cytoplasmic male sterility located on chromosome 1B as described herein to identify at least one further
marker comprising an allele linked to a functional restorer gene for wheat G-type cytoplasmic male sterility located on

chromosome 1B.

[41] Further described is the use of at least one marker comprising an allele linked to a functional restorer gene allele
for wheat G-type cytoplasmic male sterility located on chromosome 1B as described herein or of the isolated nucleic acid
as described herein for the identification of a plant comprising said functional restorer gene allele for wheat G-type

cytoplasmic male sterility located on chromosome 1B.

[42] Further described is the use of a plant as described herein or obtained by any of the method as described
herein, said plant comprising at least one marker allele linked to said functional restorer gene for wheat G-type

cytoplasmic male sterility located on chromosome 1B as described herein and comprising said functional restorer gene
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for wheat G-type cytoplasmic male sterility located on chromosome 1B, for restoring fertility in a progeny of a G-type

cytoplasmic male sterile cereal plant, such as a wheat plant.

[43] Further described is the use of a plant as described herein or a plant obtained by any one of the methods
described herein, said plant comprising at least one marker allele linked to a functional restorer gene for wheat G-type
cytoplasmic male sterility located on chromosome 1B as described herein and comprising said functional restorer gene
for wheat G-type cytoplasmic male sterility located on chromosome 1B, for producing hybrid seed or a population of

hybrid cereal plants, such as wheat seed or plants.

[44] Further described is a method for identifying a functional restorer gene allele for wheat G-type cytoplasmic male
sterility located on chromosome 1B, comprising the steps of
a. Providing a population of F2 plants resulting from selfing of a population of F1 plants obtained by crossing a
female cereal parent plant with a male cereal parent plant, wherein the female parent plant is a G-type
cytoplasmic male sterile cereal plant, and wherein the male parent plant comprises a functional restorer gene
allele for wheat G-type cytoplasmic male sterility located on chromosome 1B
b. Classifying the fertility of a plurality of said F2 plants
¢. Determining the nucleotide sequence of at least part of the region of chromosome 1B comprising and
flanked by the markers of SEQ ID NO 2 and SEQ ID NO 8 (e.g. comprising and flanked by the markers of
SEQID NO 11 and SEQ ID NO 14) of genomic DNA isolated from each of said plurality of F2 plants
d. Identifying the coding sequence within said region having the highest association to the phenotype of
restored fertility, wherein the identified coding sequence is the functional restorer gene allele for wheat G-

type cytoplasmic male sterility located on chromosome 1B.

Figure legends

[45] Figure 1: Seed set on the main head (ss_mh), as observed in two different locations (g, m). Number of plants (y-

axis) per class of amount of seed (x-axis).

[46] Figure 2: Profile plot for significance of marker-trait associations along chromosome 1B in —-log10(p) Indicative
threshold = 3.9.
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Detailed description

[47] The present invention describes the identification of a functional restorer (Rf) locus and gene for wheat G-type
cytoplasmic male sterility (i.e., T. timopheevi cytoplasm) located on chromosome 1B (short arm 1BS), also referred to as
Rf3, as well as markers associated therewith. Said markers can be used in marker-assisted selection (MAS) of cereal
plants, such as wheat, comprising said functional restorer genes located on chromosomes 1B. The identification of the
genes and markers are therefore extremely useful in methods for hybrid seed production, as they can be used e.g. in a
method for restoring fertility in progeny of a plant possessing G-type cytoplasmic male sterility, thereby producing fertile
progeny plants from a G-type cytoplasmic male sterile parent plant. Likewise, the present disclosure also allows
identifying plants lacking the desired allele, so that non-restorer plants can be identified and, e.g., eliminated from

subsequent crosses.

[48] One advantage of marker-assisted selection over field evaluations for fertility restoration is that MAS can be
done at any time of year regardless of the growing season. Moreover, environmental effects are irrelevant to marker-

assisted selection.

[49] When a population is segregating for multiple loci affecting one or multiple traits, e.g., multiple loci involved in
fertility restoration or multiple loci each involved in fertility restoration of different cytoplasmic male sterility (CMS)
systems or loci affecting distinct traits (for example fertility and disease resistance) the efficiency of MAS compared to
phenotypic screening becomes even greater because all the loci can be processed in the lab together from a single
sample of DNA. Any one or more of the markers and/or marker alleles, e.g., two or more, up to and including all of the

established markers, can be assayed simultaneously.

[50] Another use of MAS in plant breeding is to assist the recovery of the recurrent parent genotype by backcross
breeding. Backcross breeding is the process of crossing a progeny back to one of its parents. Backcrossing is usually
done for the purpose of introgressing one or a few loci from a donor parent into an otherwise desirable genetic
background from the recurrent parent. The more cycles of backcrossing that are done, the greater the genetic
contribution of the recurrent parent to the resulting variety. This is often necessary, because donor parent plants may be
otherwise undesirable, i.e., due to low vyield, low fecundity or the like. In contrast, varieties which are the result of
intensive breeding programs may have excellent yield, fecundity or the like, merely being deficient in one desired trait
such as fertility restoration. As a skilled worker understands, backcrossing can be done to select for or against a trait. For
example, in the present invention, one can select a restorer gene for breeding a restorer line or one select against a

restorer gene for breeding a maintainer (female pool).

[51] The presently described Rf locus on chromosome 1B was mapped to a segment along the chromosome 1B, in
an interval of about 15.8 cM, said interval being flanked by markers of SEQ ID NO 2 and SEQ ID NO 8.



CA 03017997 2018-09-17

WO 2017/158127 PCT/EP2017/056304

11

[52] Thus, in a first aspect, a method is provided for selecting a cereal plant comprising a functional restorer gene
allele for wheat G-type cytoplasmic male sterility or for producing a cereal plant comprising a functional restorer gene

allele for wheat G-type cytoplasmic male sterility, comprising the steps of:

(a) identifying at least one cereal plant comprising at least one marker allele linked to a functional
restorer gene allele for wheat G-type cytoplasmic male sterility located on chromosome 1B; and
(b) selecting the plant comprising said at least one marker allele, wherein said plant comprises said
functional restorer gene for wheat G-type cytoplasmic male sterility located on chromosome 1B
wherein said at least one marker allele localises within an interval on chromosome 1B comprising and flanked by
the markers of SEQ ID NO 2 and SEQ ID NO 8.

[53] In a second aspect, a method is provided for restoring fertility in a progeny of a G-type cytoplasmic male sterile
cereal plant or for producing a fertile progeny plant from a G-type cytoplasmic male sterile cereal parent plant, comprising
the steps of

(a) providing a population of progeny plants obtained from crossing a female cereal parent plant with a
male cereal parent plant, wherein the female parent plant is a G-type cytoplasmic male sterile
cereal plant, and wherein the male parent plant comprises a functional restorer gene allele for
wheat G-type cytoplasmic male sterility located on chromosome 1B;

(b) identifying in said population a fertile progeny plant comprising at least one marker allele linked to
said functional restorer gene allele for wheat G-type cytoplasmic male sterility, wherein said
progeny plant comprises said functional restorer gene allele for wheat G-type cytoplasmic male
sterility located on chromosome 1B; optionally

(c) selecting said fertile progeny plant; and optionally

(d) propagating the fertile progeny plant,

wherein said at least one marker allele localises within an interval on chromosome 1B comprising and flanked by
the markers of SEQ ID NO 2 and SEQ ID NO 8.

[54] Male sterility in connection with the present invention refers to the failure or partial failure of plants to produce
functional pollen or male gametes. This can be due to natural or artificially introduced genetic predispositions or to
human intervention on the plant in the field. Male fertile on the other hand relates to plants capable of producing normal
functional pollen and male gametes. Male sterility/fertility can be reflected in seed set upon selfing, e.g. by bagging heads
to induce self-fertilization. Likewise, fertility restoration can also be described in terms of seed set upon crossing a male
sterile plant with a plant carrying a functional restorer gene, when compared to seed set resulting from crossing (or

selfing) fully fertile plants.
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[55] A male parent or pollen parent, is a parent plant that provides the male gametes (pollen) for fertilization, while a
female parent or seed parent is the plant that provides the female gametes for fertilization, said female plant being the

one bearing the seeds.

[56] Cytoplasmic male sterility or “CMS” refers to cytoplasmic-based and maternally-inherited male sterility. CMS is
total or partial male sterility in plants as the result of specific nuclear and mitochondrial interactions and is matemally
inherited via the cytoplasm. Male sterility is the failure of plants to produce functional anthers, pollen, or male gametes
although CMS plants still produce viable female gametes. Cytoplasmic male sterility is used in agriculture to facilitate the

production of hybrid seed.

[57] “Wheat G-type cytoplasmic male sterility”, as used herein refers to the cytoplasm of Triticum timopheevi that can
confer male sterility when introduced into common wheat (i.e. Triticum aestivum), thereby resulting in a plant carrying
common wheat nuclear genes but cytoplasm from Triticum timopheevii that is male sterile. The cytoplasm of Triticum
timopheevi (G-type) as inducers of male sterility in common wheat have been extensively studied (Wilson and Ross,
Genes Genet. Syst. 1962; Kaul, Male sterility in higher plants. Springer Verlag, Berlin.1988; Lucken, Hybrid wheat. In
Wheat and wheat improvement. Edited by E.G. Heyne. American Society of Agronomy, Madison, Wis, 1987; Mukai and
Tsunewaki, Theor. Appl. Genet. 54,1979; Tsunewaki, Jpn. Soc. Prom. Sci. 1980; Tsunewaki et al., Genes Genet. Syst.
71, 1996). The origin of the CMS phenotype conferred by T.timopheevi cytoplasm is with a novel chimeric gene termed
orf256, which is upstream of coxl sequences and is cotranscribed with an apparently normal cox1 gene. Antisera
prepared against polypeptide sequences predicted from orf256 recognized a 7-kDa protein present in the CMS line but
not in the parental or restored lines (Song and Hedgcoth, Genome 37(2), 1994; Hedgcoth et al., Curr. Genet. 41, 357-
365, 2002).

(58] As used herein “a functional restorer gene allele for wheat G-type cytoplasmic male sterility” or “a functional
restorer locus for wheat G-type cytoplasmic male sterility” or a “restorer QTL for wheat G-type cytoplasmic male sterility”
indicates an allele that has the capacity to restore fertility in the progeny of a cross with a G-type cytoplasmic male
sterility (‘CMS”) line, i.e., a line carrying common wheat nuclear genes but cytoplasm from Triticum timopheevi.
Restoration against G-type cytoplasm has e.g. been described by Robertson and Curtis (Crop Sci. 9, 1967), Yen et al.
(Can. J. Genet. Cytol. 11, 1969), Bahl and Maan (Crop Sci. 13, 1973), Talaat et al. (Egypt. J. Genet. 2, 195-205, 1973)
Zhang et al., (2003, supra) Ma and Sorrels (1995, supra), Kojima (1997, supra), Ahmed Talaat et al(2001, supra), , Zhou

et al (2005, supra). Such restorer genes or alleles are also referred to as Rf genes and Rf alleles.

[59] The term "maintainer" refers to a plant that when crossed with the CMS plant does not restore fertility, and
maintains sterility in the progeny. The maintainer is used to propagate the CMS line, and may also be referred to as a
non-restorer line. Maintainer lines have the same nuclear genes as the sterile one (i.e. do not contain functional Rf

genes), but differ in the composition of cytoplasmic factors that cause male sterility in plants i.e. maintainers have "fertile”
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cytoplasm. Therefore when a male sterile line is crossed with its maintainer progeny with the same male sterile genotype

will be obtained.

[60] The term “cereal” relates to members of the monocotyledonous family Poaceae which are cultivated for the
edible components of their grain. These grains are composed of endosperm, germ and bran. Maize, wheat and rice
together account for more than 80% of the worldwide grain production. Other members of the cereal family comprise rye,

oats, barley, triticale, sorghum, wild rice, spelt, einkorn, emmer, durum wheat and kamut.

[61] In one embodiment, a cereal plant according to the invention is a cereal plant that comprises at least a B
genome or related genome, such as wheat (Triticum aestivum; ABD), spelt (Triticum spelta; ABD ) durum (T. turgidum;
AB), barley (Hordeum vulgare; H) and rye (Secale cereale; R) . In a specific embodiment, the cereal plant according to

the invention is wheat (Triticum aestivum; ABD).

[62] A “molecular marker” or “marker” or “marker nucleic acid” or “genetic marker”, as used herein, refers to a
polymorphic locus, i.e. a polymorphic nucleotide (a so-called single nucleotide polymorphism or SNP) or a polymorphic
DNA sequence at a specific locus. A marker refers to a measurable, genetic characteristic with a fixed position in the
genome, which is normally inherited in a Mendelian fashion, and which can be used for mapping of a trait of interest or to
identify certain individuals with a certain trait of interest. A marker thus refers to a gene or nucleotide sequence that can
be used to identify plants having a particular allele, e.g., the presently described Rf alleles on chromosome 1B. A marker
may be described as a variation at a given genomic locus. It may be a short DNA sequence, such as a sequence
surrounding a single base-pair change (single nucleotide polymorphism, or “SNP”), or a long one, for example, a
microsatellite/simple sequence repeat (“SSR”). A molecular marker may also include ‘Indels’ which refers to the insertion
or the deletion of bases or a combination of both in the DNA of an organism, and which can be used as molecular

markers.

[63] The term “marker genotype” refers to the combination of marker alleles present at a polymorphic locus on each
chromosome of the chromosome pair. The term “marker allele” refers to the version of the marker that is present in a
particular plant at one of the chromosomes. Typically, a marker can exist as or can be said to have or to comprise two
marker alleles. The term “haplotype”, as used herein, refers to a specific combination of marker alleles as present within
a certain plant or group of (related) plants. See also the below definitions of a SNP (marker) genotype and SNP (marker)

allele.

[64] A “marker context” or “marker context sequence”, as used herein, refers to 50-150 bp upstream of a marker,
such as a SNP marker, and/or 50-150 bp downstream of such a marker. The marker context of the herein described
(SNP) markers is given in the sequence listing, flanking the SNP position. The upstream and downstream sequences of a

(SNP) marker can also be referred to as (upstream and/or downstream) flanking sequences.
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[65] Identifying a cereal plant comprising at least one marker allele linked to a functional restorer gene allele for
wheat G-type cytoplasmic male sterility located on chromosome 1B can be accomplished using a molecular marker
assay that detects the presence of at least one such marker allele, e.g. the marker alleles described herein that are
linked to the functional restorer gene allele for wheat G-type cytoplasmic male sterility located on chromosome 1B. This
can involve obtaining or providing a biological sample, i.e. plant material, or providing genomic DNA of a plant, and
analyzing the genomic DNA of the material for the presence of at least one of said marker alleles (or for the marker
genotype for at least one of such markers). In this method also other molecular marker tests described elsewhere herein

can be used.

[66] As will be well known to a person skilled in the art, markers and marker assays include for example Restriction
Fragment Length Polymorphisms (RFLPs), Random Amplified Polymorphic DNA’s (RAPDs), Amplified Fragment Length
Polymorphism’s (AFLPs), DAF, Sequence Characterized Amplified Regions (SCARs), microsatellite or Simple Sequence
Repeat markers (SSRs), Sequence Characterized Amplified Regions (SCARs), single-nucleotide polymorphisms (SNPs),
KBioscience Competitive Allele-Specific PCR (KASPar), as inter alia described in Jonah et al. (Global Journal of Science
Frontier Research 11:5, 2011) and Lateef (Journal of Biosciences and Medicines, 2015, 3, 7-18).

[67] As used herein, the term "single nucleotide polymorphism” (SNP) may refer to a DNA sequence variation
occurring when a single nucleotide in the genome (or other shared sequence) differs between members of a species or
paired chromosomes in an individual. Within a population, SNPs can be assigned a minor allele frequency the lowest
allele frequency at a locus that is observed in a particular population. This is simply the lesser of the two allele
frequencies for single-nucleotide polymorphisms. There are variations between various populations, so a SNP allele that

is common in one geographical group or variety may be much rarer in another.

[68] Single nucleotide polymorphisms may fall within coding sequences of genes, non-coding regions of genes, or in
the intergenic regions between genes. SNPs within a coding sequence will not necessarily change the amino acid
sequence of the protein that is produced, due to degeneracy of the genetic code. A SNP in which both forms lead to the
same polypeptide sequence is termed “synonymous” (sometimes referred to a silent mutation). If a different polypeptide
sequence is produced, they are termed “non-synonymous.” A non-synonymous change may either be mis-sense or
nonsense, where a mis-sense change results in a different amino acid and a nonsense change results in a premature
stop codon. SNPs that are not in protein-coding regions may still have consequences for e.g. gene splicing, transcription
factor binding, or the sequence of non-coding RNA (e.g. affecting transcript stability, translation). SNPs are usually

biallelic and thus easily assayed in plants and animals.

[69] A particularly useful assays for detection of SNP markers is for example KBioscience Competitive Allele-Specific
PCR (KASP, see www.kpbioscience.co.uk), For developing the KASP-assay 70 base pairs upstream and 70 basepairs

downstream of the SNP are selected and two allele-specific forward primers and one allele specific reverse primer is
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designed. See e.g. Allen ef al. 2011, Plant Biotechnology J. 9, 1086-1099, especially p1097-1098 for KASP assay

method.

[70] The terms “linked to” or “linkage”, as used herein, refers to a measurable probability that genes or markers
located on a given chromosome are being passed on together to individuals in the next generation. Thus, the term
“linked” may refer to one or more genes or markers that are passed together with a gene with a probability greater than
0.5 (which is expected from independent assortment where markers/genes are located on different chromosomes).
Because the proximity of two genes or markers on a chromosome is directly related to the probability that the genes or
markers will be passed together to individuals in the next generation, the term “linked” may also refer herein to one or
more genes or markers that are located within about 50 centimorgan (cM) or less of one another on the same
chromosome. Genetic linkage is usually expressed in terms of cM. Centimorgan is a unit of recombinant frequency for
measuring genetic linkage, defined as that distance between genes or markers for which one product of meiosis in 100 is
recombinant, or in other words, the centimorgan is equal to a 1% chance that a marker at one genetic locus on a
chromosome will be separated from a marker at a second locus due to crossing over in a single generation. It is often
used to infer distance along a chromosome. The number of base-pairs to which ¢M correspond varies widely across the
genome (different regions of a chromosome have different propensities towards crossover) and the species (i.e. the total

size of the genome).

[71] The presently described Rf locus on chromosome 1B was mapped to a segment at  chromosome 1B, in an
interval of about 15.8 ¢M, said interval being flanked by markers of SEQ ID NO 2 and SEQ ID NO 8. These and any
marker located in between can be said to comprise an allele that is linked to functional restorer gene for wheat G-type
cytoplasmic male sterility located on chromosome 1B Thus, in this respect, the term linked can be a separation of about
15.8 cM, or less such as about 12.5 cm, about 10 ¢M, 7.5 cM, about 6 ¢cM, about 5 ¢cM, about 4 ¢cM, about 3 cM, about
2.5 ¢cM, about 2 ¢cM, or even less. Particular examples of markers comprising an allele linked to the functional restorer
gene for wheat G-type cytoplasmic male sterility located on chromosome 1B are specified in table 1. The peak marker
was the marker of SEQ ID NO 6.

[72] Further finemapping narrowed the 1B region to an interval of about 1.25 ¢cM (from 6.8 to 8.05 ¢cM), comprising
the markers as represented by SEQ ID NO. 11, SEQ ID NO. 12, SEQ ID NO. 12 and SEQ ID NO. 14. These and any
further markers located in said interval can be said to comprise an allele that is “tightly linked” to the functional restorer
gene for wheat G-type cytoplasmic male sterility located on chromosome 1B. Thus, the term “tightly linked” as used
herein can be a separation of about 1.25 ¢M, or even less, such as about about, 1.0 cM, about 0.95 cM, about 0.9 cM,
about 0.85 ¢M, about 0.8 ¢cM, about 0.75 ¢M, about 0,5 cM, about 0.4 cM, about 0.3 cM, about 0.25 cM, about 0.20 cM,
about 0.15 cM, about 0.10 cM, or even less. Particular examples of markers comprising an allele tightly linked to the
functional restorer gene for wheat G-type cytoplasmic male sterility located on chromosome 1B are given in table 2. The
marker closest to the peak was SEQ ID NO. 13.
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[73] Thus, said at least one marker allele linked to said functional restorer gene allele located on chromosome 1B

can be selected from any one of:

a. aTatSEQIDNO:2;
b. aCatSEQIDNO:3;
c. aTatSEQIDNO:4;
d. aTatSEQIDNO:5;
e. anAatSEQID NO:6;
f. anAatSEQIDNO:7;
g- aGatSEQIDNO:S8;
h. aCatSEQIDNO: 11;

i. anAatSEQIDNO: 12,
jo aTatSEQIDNO: 13;
k. aTatSEQIDNO: 14,

or any combination thereof.

[74] As used herein, “a T at SEQ ID NO: 2” or “a C at SEQ ID NO. 3" and the like, refers to a T or a C etc being
present at a position corresponding to the position of the SNP in said SEQ ID NO, as e.g. indicated in table 1 or 2. This
can for example be determined by alignment of the genomic sequence with said SEQ ID NO. Thus, “a T at SEQ ID NO:

2" means “a T at a position corresponding to position 51 of SEQ ID NO: 2, etc.
[75] In a further embodiment, said at least one marker allele localises to an interval from 6.8 to 8.05 ¢M on
chromosome 1B. Said 1.25 cM interval comprises the markers of SEQ ID NO. 11, SEQ ID NO. 12, SEQ ID NO. 13 and

SEQID NO. 14 at the positions as indicated in table 2.

[76] For example, said at least one marker allele linked to said functional restorer gene allele can be selected from

any one of:
a. aCatSEQIDNO: 11;
b. anAatSEQIDNO: 12,
c. aTatSEQIDNO:13;

d. aTatSEQID NO: 14,

or any combination thereof.

[77] In an even further embodiment, said at least one marker allele linked to said functional restorer gene for wheat
G-type cytoplasmic male sterility located on chromosome 1B localises to an interval of 0.95 cM (from 7.1 to 8.05 cM) on
chromosome 1B flanked by and comprising the marker pair of SEQ ID NO. 11 and SEQ ID NO. 14.
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[78] In a particular embodiment, said at least one marker allele linked to said functional restorer gene allele is a T at
SEQID NO. 13.

[79] The term "interval" refers to a continuous linear span of chromosomal DNA with termini defined by map position
and/or markers. For example, the interval comprising and flanked by the marker pair of SEQ ID NO: 11 and SEQ ID NO:
14. comprises the specifically mentioned flanking markers and the markers located in between, e.g. SEQ ID NO: 12 and
13 as listed in table 2 below. The interval comprising and flanked by the marker pair of SEQ ID NO: 2 and SEQ ID NO: 8
comprises the markers of SEQ ID NO: 3 to 7 as well as the markers of SEQ ID NO: 11-14. Accordingly, a flanking
marker as used herein, is a marker that defines one of the termini of an interval (and is included in that interval). It will be

clear that any of such intervals may comprise further markers not specifically mentioned herein.

[80] The position of the chromosomal segments identified, and the markers thereof, when expressed as
recombination frequencies or map units, are provided herein as a matter of general information. The embodiments
described herein were obtained using particular wheat populations. Accordingly, the positions of particular segments and
markers as map units are expressed with reference to the used populations. It is expected that numbers given for
particular segments and markers as map units may vary from cultivar to cultivar and are not part of the essential
definition of the DNA segments and markers, which DNA segments and markers are otherwise described, for example,

by nucleotide sequence.

[81] A locus (plural loci), as used herein refers to a certain place or position on the genome, €.g. on a chromosome
or chromosome arm, where for example a gene or genetic marker is found. A QTL (quantitative trait locus), as used
herein, and refers to a position on the genome that corresponds to a measurable characteristic, i.e. a trait, such as the

presently described Rf loci.

[82] As used herein, the term “allele(s)” of a gene means any of one or more alternative forms of a gene at a
particular locus. In a diploid cell of an organism, alleles of a given gene are located at a specific location or locus (loci
plural) on a chromosome. One allele is present on each chromosome of the pair of homologous chromosomes or

possibly on homeologous chromosomes.

[83] As used herein, the term “homologous chromosomes” means chromosomes that contain information for the
same biological features and contain the same genes at the same loci but possibly different alleles of those genes.
Homologous chromosomes are chromosomes that pair during meiosis. “Non-homologous chromosomes”, representing
all the biological features of an organism, form a set, and the number of sets in a cell is called ploidy. Diploid organisms
contain two sets of non-homologous chromosomes, wherein each homologous chromosome is inherited from a different
parent. In tetraploid species, two sets of diploid genomes exist, whereby the chromosomes of the two genomes are

referred to as “homeologous chromosomes” (and similarly, the loci or genes of the two genomes are referred to as
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homeologous loci or genes). Likewise, hexaploid species have three sets of diploid genomes, etc. A diploid, tetraploid or
hexaploid plant species may comprise a large number of different alleles at a particular locus. The ploidy levels of
domesticated wheat species range from diploid (Triticum monococcum, 2n = 14, AA), tetraploid (T. turgidum, 2n = 28,
AABB) to hexaploid (T. aestivum,2n = 42, AABBDD).

[84] As used herein, the term “heterozygous” means a genetic condition existing when two different alleles reside at
a specific locus, but are positioned individually on corresponding pairs of homologous chromosomes in the cell.
Conversely, as used herein, the term “homozygous” means a genetic condition existing when two identical alleles reside

at a specific locus, but are positioned individually on corresponding pairs of homologous chromosomes in the cell.

[85] An allele of a particular gene or locus can have a particular penetrance, i.e. it can be dominant, partially
dominant, co-dominant, partially recessive or recessive. A dominant allele is a variant of a particular locus or gene that
when present in heterozygous form in an organism results in the same phenotype as when present in homozygous form.
A recessive allele on the other hand is a variant of an allele that in heterozygous form is overruled by the dominant allele
thus resulting in the phenotype conferred by the dominant allele, while only in homozygous form leads to the recessive
phenotype. Partially dominant, co-dominant or partially recessive refers to the situation where the heterozygote displays
a phenotype that is an intermediate between the phenotype of an organism homozygous for the one allele and an
organism homozygous for the other allele of a particular locus or gene. This intermediate phenotype is a demonstration
of partial or incomplete dominance or penetrance. When partial dominance occurs, a range of phenotypes is usually

observed among the offspring. The same applies to partially recessive alleles.

86l Cytoplasmic male-sterililty is caused by one or more mutations in the mitochondrial genome (termed “sterile
cytoplasm”) and is inherited as a dominant, matemally transmitted trait. For cytoplasmic male sterility to be used in hybrid
seed production, the seed parent must contain a sterile cytoplasm and the pollen parent must contain (nuclear) restorer
genes (Rf genes) to restore the fertility of the hybrid plants grown from the hybrid seed. Accordingly, also such Rf genes
preferably are at least partially dominant, most preferably dominant, in order to have sufficient restoring ability in

offspring.

[87] A chromosomal interval flanked by the above mentioned markers, are for example the markers as listed in Table
1-2 below between the specifically mentioned markers, or other markers that are not explicitly shown, but which are also
flanked by the marker pairs mentioned. The skilled person can easily identify new markers in the genomic region or
subgenomic region being flanked by any of the marker pairs listed above. Such markers need not to be SNP markers,
but can be any type of genotypic or phenotypic marker mapped to that genomic or subgenomic region. Preferably such
markers are genetically and physically linked to the presently described Rf loci as present in (and as derivable from) at
least Accession number Pl 583676 (USDA National Small Grains Collection), but preferably also as present in other
cereals comprising the Rf 1B locus. In other words, the markers are preferably indicative of the presence of the Rf locus

in a non-source specific manner.
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[88] In a further embodiment, at least two, three, four, or more marker alleles linked to said functional restorer gene
for wheat G-type cytoplasmic male sterility located on chromosome 1B can be used, such as, at least two, three, four, or
more marker nucleic acids selected from any one of SEQ IN NO. 2, SEQ ID NO. 3, SEQ ID NO. 4, SEQ ID NO. 5, SEQ
ID NO. 6, SEQID NO. 7, SEQID NO. 8, SEQ ID NO. 11. SEQID NO. 12, SEQ ID NO. 13, SEQ ID NO. 14.

[89] In a further embodiment, at least two, three, four, or more contiguous marker alleles linked to said functional
restorer gene for wheat G-type cytoplasmic male sterility located on chromosome 1B may be used. A contiguous marker,
as used herein is a nucleotide sequence located “upstream” or “downstream” of another marker, depending on whether
the contiguous nucleotide sequence from the chromosome is on the 5 or the 3’ side of the original marker, as

conventionally understood, e.g. in the order as listed in table 1 or 2.

[90] A “contig”, as used herein refers to set of overlapping DNA segments that together represent a consensus
region of DNA. In bottom-up sequencing projects, a contig refers to overlapping sequence data (reads); in top-down
sequencing projects, contig refers to the overlapping clones that form a physical map of the genome that is used to guide
sequencing and assembly. Contigs can thus refer both to overlapping DNA sequence and to overlapping physical

segments (fragments) contained in clones depending on the context.

[91] A “scaffold” as, used herein, refers to overlapping DNA contigs that together represent a consensus region of
DNA.

[92] In a further embodiment, said functional restorer gene allele is a functional restorer gene allele as present in
(and as derivable from) at least Accession number Pl 583676 (USDA National Small Grains Collection, also known as
Dekalb 582M and registered as US PVP 7400045).

[93] It will be clear that when reference herein is made to a certain SNP genotype or SNP allele (or marker genotype
or marker allele) in a specific genomic sequence (selected e.g. from SEQ ID NO: 1 to SEQ ID NO: 14), this encompasses
also the SNP genotype or allele in variants of the genomic sequence, i.e. the SNP genotype or allele in a genomic
sequence that is homologous, e.g. comprising at least 85%, 90%, 95%, 98%, 99% (substantial) sequence identity or
more to the sequence referred to (selected e.g. from SEQ ID NO: 1 to SEQ ID NO: 14). Thus any reference herein to any
one of SEQ ID NO: 1 to 14 in one aspect also encompasses a variant (homologous sequence) of any one of SEQ ID NO:
1 to 14, said variant comprising at least 85%, 90%, 95%, 98%, 99% sequence identity or more to said sequence (using

e.g. the program ‘Needle’), but comprising said SNP (marker) genotype or allele.

[94] The SNP genotype refers to two nucleotides, and genomic sequences comprising one of these two nucleotides,
one on each chromosome of the chromosome pair. So a plant having e.g. a AA genotype for SEQ ID NO: 6 has an

identical nucleotide (A) on both chromosomes at the position corresponding to nucleotide 32 of SEQ ID NO: 6, while a
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plant having an AG genotype for SEQ ID NO: 6 has one chromosome with an A at the position corresponding to
nucleotide 32 of SEQ ID NO: 6 and one chromosome with a G at said nucleotide position. Accordingly, a SNP allele

refers to one of the two nucleotides of the SNP genotype as present on a chromosomes.

[95] Based on the present disclosure, the skilled person can easily identify any further Rf specific marker or marker
alleles as listed above. This can for example be done by sequencing genomic regions in-between any of the markers
mentioned herein or by mapping new markers to a region in between any of the marker intervals or sub-intervals listed
above. Preferably, but not necessarily, such markers are common markers, i.e. they are present on chromosome 1B of

more than one Rf source.

[96] The invention further describes a method for producing a cereal (e.g. wheat) plant comprising a functional
restorer gene allele for wheat G-type cytoplasmic male sterility, comprising the steps of
a. crossing a first cereal plant comprising a functional restorer gene for wheat G-type cytoplasmic male
sterility located on chromosome 1B, with a second plant (wherein said first plant comprises at least one
marker allele linked to a functional restorer gene allele for wheat G-type cytoplasmic male sterility located
on chromosome 1B as described herein, and hence is identifiable using the methods described herein)
b. identifying (and optionally selecting) a progeny plant comprising a functional restorer gene allele for wheat
G-type cytoplasmic male sterility located on chromosome 1B according to any of the methods described
herein, by identifying a progeny plant comprising at least one marker allele linked to a functional restorer
gene allele for wheat G-type cytoplasmic male sterility located on chromosome 1B as described herein
(wherein said progeny plant comprises said functional restorer gene for wheat G-type cytoplasmic male

sterility located on chromosome 1B)

[97] Also provided is a method for producing a cereal plant comprising a functional restorer gene allele for wheat G-
type cytoplasmic male sterility located on chromosome 1B, comprising the steps of

a. crossing a first cereal plant homozygous for a functional restorer gene for wheat G-type cytoplasmic male
sterility located on chromosome 1B with a second cereal plant (wherein said first cereal plant comprises at
least one marker allele linked to a functional restorer gene allele for wheat G-type cytoplasmic male sterility
located on chromosome 1B as described herein, preferably wherein said plant is homozygous for said at
least one marker allele)

b.  obtaining a progeny plant, wherein said progeny plant comprises a functional restorer gene allele for wheat
G-type cytoplasmic male sterility located on chromosome 1B (wherein said progeny plant comprises at
least one marker allele linked to a functional restorer gene allele for wheat G-type cytoplasmic male sterility
located on chromosome 1B as described herein, and hence is identifiable using the methods described

herein)
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[98] Said second plant can be a plant not comprising a functional restorer gene for wheat G-type cytoplasmic male

sterility located on chromosome 1B.

[99] In an even further embodiment, the invention provides a method for producing F1 hybrid seeds or F1 hybrid
plants, comprising the steps of:
a. Providing a male cereal (e.g. wheat) parent plant comprising a functional restorer gene allele for wheat G-type
cytoplasmic male sterility located on chromosome 1B;
b. Crossing said male parent plant with a female cereal (e.g. wheat) parent plant, wherein the female parent plant is
a G-type cytoplasmic male sterile cereal plant;

c. Optionally collecting hybrid seeds from said cross.

[100]  The F1 hybrid seeds and plants preferably comprise at least one marker allele linked to a functional restorer
gene allele for wheat G-type cytoplasmic male sterility located on chromosome 1B as described herein, and the F1 plants
grown from the seeds are therefore fertile. Preferably, the male parent plant is thus homozygous for said a functional
restorer gene allele for wheat G-type cytoplasmic male sterility located on chromosome 1B and hence is also

homozygous for said at least one marker allele.

[101]  Inthe above method, the male parent plant used for crossing can be selected using any of the herein described
methods for selecting a cereal plant comprising a functional restorer gene for wheat G-type cytoplasmic male sterility.
Accordingly, the male parent plant comprises at least one marker allele linked to a functional restorer gene allele for

wheat G-type cytoplasmic male sterility located on chromosome 1B, preferably in homozygous form.

[102]  The invention also provides cereal plants, such as wheat plants, obtained by any of the above methods, said
cereal plant comprising at least one marker allele linked to the functional restorer gene allele for wheat G-type

cytoplasmic male sterility located on chromosome 1B.

[103] Said at least one marker allele linked to the functional restorer gene allele for wheat G-type cytoplasmic male
sterility located on chromosome 1B may localize to the same chromosomal intervals or contigs and can be selected from

the same groups as described above for the other embodiments and aspect.

[104]  Also described is a cereal plant, plant part, plant cell or seed comprising at least one functional restorer gene
allele for wheat G-type cytoplasmic male sterility located on chromosome 1B, said plant comprising at least one marker
allele linked to a functional restorer gene allele for wheat G-type cytoplasmic male sterility located on chromosome 1B,
wherein said at least one marker allele localises within an interval on chromosome 1B comprising and flanked by the
markers of SEQ ID NO 2 and SEQ ID NO 8, preferably wherein said plant comprises at least one of, such as one, two,
three, four, five, six, seven, eight, nine, ten or all of:

a. aTatSEQIDNO:2;
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b. aCatSEQIDNO:3;
c. aTatSEQIDNO:4;
d. aTatSEQIDNO:5;

an A at SEQ ID NO: 6;
f. anAatSEQIDNO:7;
g- aGatSEQIDNO:S8;
h. aCatSEQIDNO: 11;

i. anAatSEQIDNO: 12,
jo aTatSEQIDNO: 13;
k. aTatSEQIDNO: 14,
said plant not comprising any one or all of
. anAatSEQIDNO: 1;
m. aTatSEQIDNO:9.

[105]  Also described is cereal plant, plant part, plant cell or seed comprising at least one functional restorer gene
allele for wheat G-type cytoplasmic male sterility located on chromosome 1B, said plant comprising at least one marker
allele linked to a functional restorer gene allele for wheat G-type cytoplasmic male sterility located on chromosome 1B,
wherein said at least one marker allele localises within an interval on chromosome 1B comprising and flanked by the
markers of SEQ ID NO 11 and SEQ ID NO 14, preferably wherein said plant comprises at least one of, such as one, two,
three or all of:

a. aCatSEQIDNO: 11;

b. anAat SEQID NO: 12,

c. aTatSEQIDNO:13;

d. aTatSEQIDNO: 14,

said plant not comprising any one or all of
e. aTatSEQIDNO:2;
f. anAatSEQIDNO: 8.

[106]  Also described are a cereal plant, plant part, plant cell or seed comprising at least one functional restorer gene
allele for wheat G-type cytoplasmic male sterility located on chromosome 1B, said plant comprising at least one marker
allele linked to a functional restorer gene allele for wheat G-type cytoplasmic male sterility located on chromosome 1B
wherein said at least one marker allele localises within an interval on chromosome 1B comprising and flanked by the
markers of SEQ ID NO 11 and SEQ ID NO 14, preferably wherein said plant comprises at least one of, such as one, two,
three or all of:

a. aCatSEQIDNO: 11;

b. anAat SEQID NO: 12,
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c. aTatSEQIDNO:13;
d. aTatSEQID NO: 14,
said plant not comprising any one or all of
e. aTatSEQIDNO:10;
f. aTatSEQIDNO:5.

[107]  Ina further embodiment, any of the above plants plant part, plant cell or seeds comprises a T at SEQ ID NO. 13.
In a further embodiment, said plant comprising a T at SEQ ID NO 13, does not comprise any one or all of: a C at SEQ ID
NO: 11;an Aat SEQIDNO: 12; a T at SEQ ID NO: 14.

[108]  Also provided are plant parts, plant cells and seed from the cereal plants according to the invention comprising
said at least one marker allele and said functional restorer gene allele. The plants, plant parts, plant cells and seeds of

the invention may also be hybrid plants, plant parts, plant cells or seeds.

[109]  Also provided is a method to determine the presence or absence or zygosity status of a functional restorer gene
allele for wheat G-type cytoplasmic male sterility located on chromosome 1B in a biological sample of a cereal plant,
comprising providing genomic DNA from said biological sample, and analysing said DNA for the presence or absence or
zygosity status of at least one marker allele linked to a functional restorer gene for wheat G-type cytoplasmic male
sterility located on chromosome 1B a described herein. It will be clear that the presence can be determined using a
marker allele linked to the functional restorer gene as described herein, whereas the absence can (additionally) be
determined by detecting the presence of the other, non-restoring allele. The zygosity status, i.e. whether the plant is
homozygous for the restorer allele, homozygous for the non-restorer allele or heterozygous (i.e. the Rf genotype), can be
determined by detecting the presence or absence of a marker allele linked to the functional restorer gene and by
detecting the presence of the other, non-restoring allele, but depending on the parental origin it can also be sufficient to
determine the presence or absence of only one of the alleles to be able to deduce the complete genotype (zygosity

status) of the plant.

[110]  The invention also provides the use of at least one marker comprising an allele linked to the functional restorer
gene for wheat G-type cytoplasmic male sterility located on chromosome 1B for the identification of at least one further
marker comprising an allele linked to said functional restorer gene for wheat G-type cytoplasmic male sterility located on
chromosome 1B. Such markers are also genetically linked or tightly linked to the restorer gene, and are also within the
scope of the invention. Markers can be identified by any of a variety of genetic or physical mapping techniques. Methods
of determining whether markers are genetically linked to a restore gene are known to those of skill in the art and include,
for example, interval mapping (Lander and Botstein, (1989) Genetics 121:185), regression mapping (Haley and Knott,
(1992) Heredity 69:315) or MQM mapping (Jansen, (1994) Genetics 138:871 ), rMQM mapping. In addition, such

physical mapping techniques as chromosome walking, contig mapping and assembly, amplicon resequencing,
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transcriptome sequencing, targeted capture and sequencing, next generation sequencing and the like, can be employed

to identify and isolate additional sequences useful as markers in the context of the present invention.

[111]  The invention further provides the use of at least one marker allele linked to a functional restorer gene for wheat
G-type cytoplasmic male sterility located on chromosome 1B as described herein for the identification of a plant

comprising said functional restorer gene for wheat G-type cytoplasmic male sterility.

[112]  Also provided is the use of a plant obtained by any of the methods as described herein and comprising at least
one marker allele linked to a functional restorer gene for wheat G-type cytoplasmic male sterility located on chromosome
1B as described herein, for restoring fertility in a progeny of a G-type cytoplasmic male sterile cereal plant, such as a

wheat plant, or for producing a population of hybrid cereal plants, such as a wheat plants.

[113]  Further provided is a method for identifying a functional restorer gene allele for wheat G-type cytoplasmic male
sterility located on chromosome 1B, comprising the steps of
a. Providing a population of F2 plants resulting from selfing of a population of F1 plants obtained by crossing a
female cereal parent plant with a male cereal parent plant, wherein the female parent plant is a G-type
cytoplasmic male sterile cereal plant, and wherein the male parent plant comprises a functional restorer gene
allele for wheat G-type cytoplasmic male sterility located on chromosome 1B
b. Classifying the fertility of a plurality of said F2 plants
¢. Determining the nucleotide sequence of at least part of the region of chromosome 1B comprising and
flanked by the markers of SEQ ID NO 2 and SEQ ID NO 8 (e.g. comprising and flanked by the markers of
SEQID NO 11 and SEQ ID NO 14) of genomic DNA isolated from each of said plurality of F2 plants
d. Identifying the coding sequence within said region having the highest association to the phenotype of
restored fertility, wherein the identified coding sequence is the functional restorer gene allele for wheat G-

type cytoplasmic male sterility located on chromosome 1B

[114] In any of the above described methods or uses, the markers and marker alleles can localize to the same
chromosomal intervals and can be selected from the same groups as described above for the other embodiments and

aspect.

[115]  Also provided are any of the markers comprising an allele linked to the functional restorer gene for wheat G-type

cytoplasmic male sterility located on chromosome 1B, as described herein.

[116]  Also provided herein is a chromosome fragment, which comprises a functional restorer gene for wheat G-type
cytoplasmic male sterility located on chromosome 1B, as described throughout the specification. In one aspect the
chromosome fragment is isolated from its natural environment. In another aspect it is in a plant cell, especially in a cereal

cell, especially in a wheat cell. Also an isolated part of the chromosome fragment comprising the functional restorer gene
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for wheat G-type cytoplasmic male sterility located on chromosome 1B is provided herein. Such a chromosome fragment

can for example be a contig ora scaffold.

[117]  Further provided is a recombinant nucleic acid molecule, especially a recombinant DNA molecule, which
comprises a functional restorer gene according to the invention. In one aspect the functional restorer gene is detectable
by one or more of the molecular marker assays described herein. Also a DNA vector is provided comprising the
recombinant DNA. The recombinant DNA molecule or DNA vector may be an isolated nucleic acid molecule. The DNA

comprising the functional restorer gene may be in a microorgansims, such as a bacterium (e.g. Agrobacterium).

[118]  Thus, in one embodiment, the invention provides an isolated nucleic acid molecule encoding a functional
restorer gene allele for wheat G-type cytoplasmic male sterility, wherein said functional restorer gene allele localises
within an interval on chromosome 1B comprising and flanked by the markers of SEQ ID NO 2 and SEQ ID NO 8. Thus,
the isolated nucleic acid molecule encodes or comprises a functional restorer gene allele for wheat G-type cytoplasmic
male sterility that is derivable or derived from an interval on chromosome 1B comprising and flanked by the markers of
SEQID NO 2 and SEQ ID NO 8. Said functional restorer gene allele can be identified and hence is identifiable using any

of the markers and marker alleles linked to said functional restorer gene allele as described herein.

[119] In a further embodiment, said functional restorer gene allele encoded by said isolated nucleic acid molecule
localizes within an interval on chromosome 1B comprising and flanked by the markers of SEQ ID NO 11 and SEQ ID NO
14,

[120]  In a further embodiment, said functional restorer gene allele encoded by said isolated nucleic acid molecule is
obtainable from USDA accession number Pl 583676.

[121]  Also provided is an isolated polypeptide encoded by the nucleic acid molecule as described above.

[122]  The functional restorer gene allele may also be cloned and a chimeric gene may be made, e.g. by operably
linking a plant expressible promoter to the functional restorer gene allele and optionally a 3" end region involved in
transcription termination and polyadenylation functional in plants. Such a chimeric gene may be introduced into a plant
cell, and the plant cell may be regenerated into a whole plant to produce a transgenic plant. In one aspect the transgenic

plantis a cereal plant, such as a wheat plant, according to any method well known in the art.

[123]  Thus, in a particular embodiment a chimeric gene is provided comprising an isolated nucleic acid molecule
encoding the functional restorer gene allele as described above, operably linked to a heterologous plant-expressible

promoter and optionally a 3’ termination and polyadenylation region.
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[124]  The use of such a (isolated or extracted) nucleic acid molecule and/or of such a chimeric gene and/or of such a
chromosome fragment for generating plant cells and plants comprising a functional restorer gene allele is encompassed
herein. In one aspect it may be used to generate transgenic cereal (e.g. wheat) cells, plants and plant parts or seeds
comprising the functional restorer gene allele and the plant having the capacity to restore fertility against wheat G-type

cytoplasmic male sterility as described above.

[125]  Thus, also provided is a method for producing a cereal plant cell or plant or seed thereof, such as a wheat plant
cell or plant or seed thereof, comprising a functional restorer gene for wheat G-type cytoplasmic male sterility, comprising
the steps of providing said plant cell or plant with the recombinant chromosome fragment or the isolated nucleic acid
molecule or the chimeric gene as described herein wherein said providing comprises transformation, crossing,

backcrossing, genome editing or mutagenesis.

[126] Thus, transgenic cereal cells, e.g. transgenic wheat cells, comprising in their genome a recombinant
chromosome fragment as described or an isolated nucleic acid molecule as described or a chimeric gene as described
comprising a functional restorer gene allele as described are also an embodiment of the invention. In one aspect the

DNA molecule comprising Rf allele is stably integrated into the cereal (e.g. wheat) genome.

[127]  Such plants may also be used as male parent plant in a method for producing F1 hybrid seeds or F1 hybrid

plants, as described above.

[128]  Thus, cereal plants, plant parts, plant cells, or seeds thereof, especially wheat, comprising a chromosome
fragment or a nucleic acid molecule according to the invention or a polypeptide according to the invention or a chimeric
gene according to the invention encoding a functional restorer gene according to the invention, are provided, said plant
having the capacity to restore fertility against wheat G-type cytoplasmic male sterility are provided herein. In one
embodiment, the chromosome fragment, nucleic acid molecule, polypeptide or chimeric gene is heterologous to the
plant, such as transgenic cereal plants or transgenic wheat plants. This also includes plant cells or cell cultures
comprising such a chromosome fragment or nucleic acid molecule, polypeptide or chimeric gene, independent whether
introduced by transgenic methods or by breeding methods. The cells are e.g. in vitro and are regenerable into plants
comprising the chromosome fragment or chimeric gene of the invention. Said plants, plant parts, plant cells and seeds

may also be hybrid plants, plant parts, plant cells or seeds.

[129] A plant-expressible promoter as used herein can be any promoter that drives sufficient expression at least in
pollen tissue. This can for example be a constitutive promoter, an inducible promoter, but also a pollen- or microspore-

specific/preferential promoter.

[130] A constitutive promoter is a promoter capable of directing high levels of expression in most cell types (in a

spatio-temporal independent manner). Examples of plant expressible constitutive promoters include promoters of
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bacterial origin, such as the octopine synthase (OCS) and nopaline synthase (NOS) promoters from Agrobacterium, but
also promoters of viral origin, such as that of the cauliflower mosaic virus (CaMV) 35S transcript (Hapster et al., 1988,
Mol. Gen. Genet. 212: 182-190) or 19S RNAs genes (Odell et al., 1985, Nature. 6;313(6005):810-2; U.S. Pat. No.
5,352,605; WO 84/02913; Benfey et al., 1989, EMBO J. 8:2195-2202), the enhanced 2x35S promoter (Kay at al., 1987,
Science 236:1299-1302; Datla et al. (1993), Plant Sci 94:139-149) promoters of the cassava vein mosaic virus (CsVMV;
WO 97/48819, US 7,053,205), 2xCsVMV (W02004/053135) the circovirus (AU 689 311) promoter, the sugarcane
bacilliform badnavirus (ScBV) promoter (Samac et al., 2004, Transgenic Res. 13(4):349-61), the figwort mosaic virus
(FMV) promoter (Sanger et al., 1990, Plant Mol Biol. 14(3):433-43), the subterranean clover virus promoter No 4 or No 7
(WO 96/06932) and the enhanced 35S promoter as described in US 5,164,316, US 5,196,525, US 5,322,938, US
5,359,142 and US 5,424,200. Among the promoters of plant origin, mention will be made of the promoters of the plant
ribulose-biscarboxylase/oxygenase (Rubisco) small subunit promoter (US 4,962,028; W099/25842) from zea mays and
sunflower, the promoter of the Arabidopsis thaliana histone H4 gene (Chabouté et al., 1987), the ubiquitin promoters
(Holtorf et al., 1995, Plant Mol. Biol. 29:637-649, US 5,510,474) of Maize, Rice and sugarcane, the Rice actin 1 promoter
(Act-1, US 5,641,876), the histone promoters as described in EP 0 507 698 A1, the Maize alcohol dehydrogenase 1
promoter (Adh-1) (from http://www.patentlens.net/daisy/promoters/242.html)). Also the small subunit promoter from
Chrysanthemum may be used if that use is combined with the use of the respective terminator (Outchkourov et al.,
Planta, 216: 1003-1012, 2003).

[131]  Pollen/microspore-active promoters include e.g. a maize pollen specific promoter (see, e.g., Guerrero (1990)
Mol. Gen. Genet. 224:161 168), PTA29, PTA26 and PTAI 3 (e.g., see U.S. Pat. No. 5,792,929) and as described in e.g.
Baerson et al. (1994 Plant Mol. Biol. 26: 1947-1959), the NMT19 microspore-specific promoter as e.g. descibed in
W097/30166. Further pollen-specific or pollen-active promoters are described in e.g. Khurana et al., 2012 (Critical
Reviews in Plant Sciences, 31: 359-390), W02005100575, WO 2008037436.

[132] It will be clear that the herein identified nucleic acids and polypeptides encoding functional restorer genes can
be used to identify further functional restorer genes for wheat G-type cytoplasmic male sterility. Thus, the invention also
provides the use of the isolated nucleic acids or polypeptides as disclosed herein, to identify one or more further

functional restorer genes for wheat G-type cytoplasmic male sterility.

[133]  Further, homologous or substantially identical functional restorer genes can be identified using methods known
in the art. Homologous nucleotide sequence may be identified and isolated by hybridization under stringent or high
stringent conditions using as probes a nucleic acid comprising e.g. the nucleotide sequences or parts thereof, as
described herein. Other sequences encoding functional restorer genes may also be obtained by DNA amplification using
oligonucleotides specific for genes encoding functional restorer genes as primers, such as but not limited to
oligonucleotides comprising or consisting of about 20 to about 50 consecutive nucleotides of the nucleotide sequences

as described herein or their complement. Homologous or substantially identical functional restorer genes can be
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identified in silico using Basic Local Alignment Search Tool (BLAST) homology search with the nucleotide or amino acid

sequences as provided herein.

[134]  Functionality of restorer genes or alleles thereof, such as identified as above, can be validated for example by
providing, e.g. by transformation or crossing, such a restorer gene under control of a plant-expressible promoter in a
cereal (wheat) plant that does not have the capacity to restore fertility of offspring of a G-type cytoplasmic male sterile
wheat plant, crossing the thus generated cereal plant with a G-type cytoplasmic male sterile wheat plant and evaluating
seed set in the progeny. Alternatively, a restorer line can be transformed with an RNAi construct or gene-edited with e.g.
CRISPR-Cas technology or any other sequence specific nuclease so to generate a loss of function that renders the plant
non-restoring. Similarly, other means for mutating the restorer gene (e.g. EMS, g-radiation) can be used to evaluate the

effect of a loss of function mutation on restoring ability.

[135] In any of the herein described embodiments and aspects the plant may comprise or may be selected to
comprise or may be provided with a further functional restorer gene for wheat G-type cytoplasmic male sterility (located
on or obtainable from the same or another chromosome), such as Rf1 (1A), Rf2 (7D), Rf4 (6B), RS (6D), Rf6 (5D), Rf7
(7B), Ri8, 6AS or 6BS (Tahir & Tsunewaki, 1969; Yen et al., 1969; Bahl & Maan, 1973; Du et al., 1991; Sihna et al.,
2013; Ma et al., 1991; Zhou et al., 2005).

[136]  Any of the herein described methods, markers and marker alleles, nucleic acids, polypeptides, chimeric genes,

plants etc may also be used to restore fertility against Sv-type cytoplasm, as e.g. described in Ahmed et al 2001 (supra).

[137]  As used herein a “chimeric gene” refers to a nucleic acid construct which is not normally found in a plant
species. A chimeric nucleic acid construct can be DNA or RNA. “Chimeric DNA construct” and “chimeric gene” are used
interchangeably to denote a gene in which the promoter or one or more other regulatory regions, such as the a
transcription termination and polyadenylation region of the gene are not associated in nature with part or all of the
transcribed DNA region, or a gene which is present in a locus in the plant genome in which it does not occur naturally or
present in a plant in which it does not naturally occur. In other words, the gene and the operably-linked regulatory region
or the gene and the genomic locus or the gene and the plant are heterologous with respect to each other, i.e. they do not

naturally occur together.

[138]  Afirst nucleotide sequence is “operably linked" with a second nucleic acid sequence when the first nucleic acid
sequence is in a functional relationship with the second nucleic acid sequence. For example, a promoter is operably
linked to a coding sequence if the promoter affects the transcription or expression of the coding sequence. When
recombinantly produced, operably linked nucleic acid sequences are generally contiguous, and, where necessary to join
two protein-coding regions, in the same reading frame (e.g., in a polycistronic ORF). However, nucleic acids need not be

contiguous to be operably linked.
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[139] “Backcrossing” refers to a breeding method by which a (single) trait, such as fertility restoration (Rf), can be
transferred from one genetic background (a “donor”) into another genetic background (also referred to as “recurrent
parent”), e.g. a plant not comprising such an Rf gene or locus. An offspring of a cross (e.g. an F1 plant obtained by
crossing an Rf containing with an Rf lacking plant; or an F2 plant or F3 plant, etc., obtained from selfing the F1) is
“backerossed” to the parent. After repeated backcrossing (BC1, BC2, etc.) and optionally selfings (BC1S1, BC2S1, etc.),

the trait of the one genetic background is incorporated into the other genetic background.

[140] “Marker assisted selection” or “MAS” is a process of using the presence of molecular markers, which are
genetically linked to a particular locus or to a particular chromosome region (e.g. introgression fragment), to select plants
for the presence of the specific locus or region (introgression fragment). For example, a molecular marker genetically and
physically linked to an Rf locus, can be used to detect and/or select plants comprising the Rf locus. The closer the
genetic linkage of the molecular marker to the locus, the less likely it is that the marker is dissociated from the locus

through meiotic recombination.

[141]  “LOD-score” (logarithm (base 10) of odds) refers to a statistical test often used for linkage analysis in animal and
plant populations. The LOD score compares the likelihood of obtaining the test data if the two loci (molecular markers loci
and/or a phenotypic trait locus) are indeed linked, to the likelihood of observing the same data purely by chance. Positive
LOD scores favor the presence of linkage and a LOD score greater than 3.0 is considered evidence for linkage. A LOD

score of +3 indicates 1000 to 1 odds that the linkage being observed did not occur by chance.
[142] A *biological sample” can be a plant or part of a plant such as a plant tissue or a plant cell.

[143]  “Providing genomic DNA” as used herein refers to providing a sample comprising genomic DNA from the plant.
The sample can refer to a tissue sample which has been obtained from said plant, such as, for example, a leaf sample,
comprising genomic DNA from said plant. The sample can further refer to genomic DNA which is obtained from a tissue
sample, such as genomic DNA which has been obtained from a tissue, such as a leaf sample. Providing genomic DNA
can include, but does not need to include, purification of genomic DNA from the tissue sample. Providing genomic DNA
thus also includes obtaining tissue material from a plant or larger piece of tissue and preparing a crude extract or lysate

therefrom.

[144]  “Isolated DNA” as used herein refers to DNA not occurring in its natural genomic context, irrespective of its
length and sequence. Isolated DNA can, for example, refer to DNA which is physically separated from the genomic
context, such as a fragment of genomic DNA. Isolated DNA can also be an artificially produced DNA, such as a
chemically synthesized DNA, or such as DNA produced via amplification reactions, such as polymerase chain reaction
(PCR) well-known in the art. Isolated DNA can further refer to DNA present in a context of DNA in which it does not occur
naturally. For example, isolated DNA can refer to a piece of DNA present in a plasmid. Further, the isolated DNA can

refer to a piece of DNA present in another chromosomal context than the context in which it occurs naturally, such as for
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example at another position in the genome than the natural position, in the genome of another species than the species

in which it occurs naturally, or in an artificial chromosome.

[145]  Whenever reference to a “plant” or “plants” according to the invention is made, it is understood that also plant
parts (cells, tissues or organs, seed pods, seeds, severed parts such as roots, leaves, flowers, pollen, etc.), progeny of
the plants which retain the distinguishing characteristics of the parents (especially the restoring capacity), such as seed
obtained by selfing or crossing, e.g. hybrid seed (obtained by crossing two inbred parental lines), hybrid plants and plant

parts derived there from are encompassed herein, unless otherwise indicated.
[146]  In some embodiments, the plant cells of the invention may be non-propagating cells.

[147]  The obtained plants according to the invention can be used in a conventional breeding scheme to produce more
plants with the same characteristics or to introduce the characteristic of the presence of the restorer gene according to
the invention in other varieties of the same or related plant species, or in hybrid plants. The obtained plants can further be
used for creating propagating material. Plants according to the invention can further be used to produce gametes, seeds,
flour, embryos, either zygotic or somatic, progeny or hybrids of plants obtained by methods of the invention. Seeds

obtained from the plants according to the invention are also encompassed by the invention.

[148]  “Creating propagating material”, as used herein, relates to any means know in the art to produce further plants,
plant parts or seeds and includes inter alia vegetative reproduction methods (e.g. air or ground layering, division, (bud)
grafting, micropropagation, stolons or runners, storage organs such as bulbs, corms, tubers and rhizomes, striking or
cutting, twin-scaling), sexual reproduction (crossing with another plant) and asexual reproduction (e.g. apomixis, somatic

hybridization).

[149]  Transformation, as used herein, means introducing a nucleotide sequence into a plant in a manner to cause
stable or transient expression of the sequence. 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 transformation; polyethylene glycol (PEG) mediated
transformation; transformation using viruses; micro-injection of plant cells; micro-projectile bombardment of plant cells;

vacuum infiltration; and Agrobacterium-mediated transformation.

[150]  As used herein, the term “homologous” or “substantially identical" may refer to nucleotide sequences that are
more than 85% identical. For example, a substantially identical nucleotide sequence may be 85.5%; 86%; 87%; 88%;
89%; 90%; 91 %; 92%; 93%; 94%; 95%; 96%; 97%; 98%; 99% or 99.5% identical to the reference sequence. A probe

may also be a nucleic acid molecule that is “specifically hybridizable” or “specifically complementary” to an exact copy of
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the marker to be detected (“DNA target®). “Specifically hybridizable” or “specifically complementary” are terms that
indicate a sufficient degree of complementarity such that stable and specific binding occurs between the nucleic acid
molecule and the DNA target. A nucleic acid molecule need not be 100% complementary to its target sequence to be
specifically hybridizable. A nucleic acid molecule is specifically hybridizable when there is a sufficient degree of
complementarity to avoid non-specific binding of the nucleic acid to non-target sequences under conditions where

specific binding is desired, for example, under stringent hybridization conditions, preferably highly stringent conditions.

[151]  “Stringent hybridization conditions” can be used to identify nucleotide sequences, which are homologous or
substantially identical to a given nucleotide sequence. Stringent conditions are sequence dependent and will be different
in different circumstances. Generally, stringent conditions are selected to be about 5°C lower than the thermal melting
point (Tm) for the specific sequences at a defined ionic strength and pH. The Ty is the temperature (under defined ionic
strength and pH) at which 50% of the target sequence hybridizes to a perfectly matched probe. Typically stringent
conditions will be chosen in which the salt concentration is about 0.02 molar at pH 7 and the temperature is at least 60°C.
Lowering the salt concentration and/or increasing the temperature increases stringency. Stringent conditions for RNA-
DNA hybridizations (Northern blots using a probe of e.g. 100nt) are for example those which include at least one wash in
0.2X SSC at 63°C for 20min, or equivalent conditions.

[152]  “High stringency conditions” can be provided, for example, by hybridization at 65°C in an aqueous solution
containing 6x SSC (20x SSC contains 3.0 M NaCl, 0.3 M Na-citrate, pH 7.0), 5x Denhardt's (100X Denhardt’s contains
2% Ficoll, 2% Polyvinyl pyrollidone, 2% Bovine Serum Albumin), 0.5% sodium dodecy! sulphate (SDS), and 20 pg/ml
denaturated carrier DNA (single-stranded fish sperm DNA, with an average length of 120 - 3000 nucleotides) as non-
specific competitor. Following hybridization, high stringency washing may be done in several steps, with a final wash
(about 30 min) at the hybridization temperature in 0.2-0.1x SSC, 0.1% SDS.

[153] “Moderate stringency conditions” refers to conditions equivalent to hybridization in the above described solution

but at about 60-62°C. Moderate stringency washing may be done at the hybridization temperature in 1x SSC, 0.1% SDS.

[154]  “Low stringency” refers to conditions equivalent to hybridization in the above described solution at about 50-
52°C. Low stringency washing may be done at the hybridization temperature in 2x SSC, 0.1% SDS. See also Sambrook
et al. (1989) and Sambrook and Russell (2001).

[155]  For the purpose of this invention, the "sequence identity" of two related nucleotide or amino acid sequences,
expressed as a percentage, refers to the number of positions in the two optimally aligned sequences which have identical
residues (x100) divided by the number of positions compared. A gap, i.e., a position in an alignment where a residue is
present in one sequence but not in the other, is regarded as a position with non-identical residues. The “optimal

alignment” of two sequences is found by aligning the two sequences over the entire length according to the Needleman
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and Wunsch global alignment algorithm (Needleman and Wunsch, 1970, J Mol Biol 48(3):443-53) in The European
Molecular Biology Open Software Suite (EMBOSS, Rice et al., 2000, Trends in Genetics 16(6): 276—277; see e.g.
http://www.ebi.ac.uk/emboss/align/index.html) using default settings (gap opening penalty = 10 (for nuclectides) / 10 (for
proteins) and gap extension penalty = 0.5 (for nucleotides) / 0.5 (for proteins)). For nucleotides the default scoring matrix
used is EDNAFULL and for proteins the default scoring matrix is EBLOSUMG62. It will be clear that whenever nucleotide
sequences of RNA molecules are defined by reference to nucleotide sequence of corresponding DNA molecules, the
thymine (T) in the nucleotide sequence should be replaced by uracil (U). Whether reference is made to RNA or DNA

molecules will be clear from the context of the application.

[156] As used herein “comprising” is to be interpreted as specifying the presence of the stated features, integers,
steps or components as referred to, but does not preclude the presence or addition of one or more features, integers,
steps or components, or groups thereof. Thus, e.g., a nucleic acid or protein comprising a sequence of nucleotides or
amino acids, may comprise more nucleotides or amino acids than the actually cited ones, i.e., be embedded in a larger
nucleic acid or protein. A chimeric gene comprising a nucleic acid which is functionally or structurally defined, may

comprise additional DNA regions etc.

[157]  Unless stated otherwise in the Examples, all recombinant DNA techniques are carried out according to standard
protocols as described in Sambrook et al. (1989) Molecular Cloning: A Laboratory Manual, Second Edition, Cold Spring
Harbor Laboratory Press, NY and in Volumes 1 and 2 of Ausubel et al. (1994) Current Protocols in Molecular Biology,
Current Protocols, USA. Standard materials and methods for plant molecular work are described in Plant Molecular
Biology Labfax (1993) by R.D.D. Croy, jointly published by BIOS Scientific Publications Ltd (UK) and Blackwell Scientific
Publications, UK. Other references for standard molecular biology techniques include Sambrook and Russell (2001)
Molecular Cloning: A Laboratory Manual, Third Edition, Cold Spring Harbor Laboratory Press, NY, Volumes | and Il of
Brown (1998) Molecular Biology LabFax, Second Edition, Academic Press (UK). Standard materials and methods for
polymerase chain reactions can be found in Dieffenbach and Dveksler (1995) PCR Primer: A Laboratory Manual, Cold
Spring Harbor Laboratory Press, and in McPherson at al. (2000) PCR - Basics: From Background to Bench, First Edition,
Springer Verlag, Germany.

[158]  All patents, patent applications, and publications or public disclosures (including publications on internet)

referred to or cited herein are incorporated by reference in their entirety.

[159]  The sequence listing contained in the file named "BCS16-2013_ST25%, which is 4 kilobytes (size as measured in
Microsoft Windows®), contains 14 sequences SEQ ID NO: 1 through SEQ ID NO: 14, is filed herewith by electronic

submission and is incorporated by reference herein.
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[160]  The invention will be further described with reference to the examples described herein; however, it is to be

understood that the invention is not limited to such examples.

Examples

Example 1: Plant materials and genetic mapping

[161] A male sterile line carrying Triticum timopheevii CMS, CMS005, and a male sterile restorer line

responding to Triticum timopheevii CMS (T.timopheevii /2* lowin //2* Quivira, Accession number Pl 583676, USDA
National Small Grains Collection; http://www.ars.usda.gov/Main/docs.htm?docid=21891, also known as Dekalb 582M and
registered as US PVP 7400045, available via the National Plant Germplasm System  https:/npgsweb.ars-
grin.gov/gringlobal/accessiondetail.aspx?id=1478647), were used as parents to generate F1 progeny. The F1 progeny
was selfed to generate an F2 population. The F2 population, consisting of 281 individuals, was used for identification of
the markers linked to the restorer locus. A genetic map with total of 2080 SNP markers was established and covered all

chromosomes of the wheat genome. The chromosome 1B is described by 150 SNP markers.

Example 2: Fertility classification and coarse mapping

[162]  The 276 plants in this F2 population were phenotypically classified according to seed set on the main, bagged
head. Plants without seeds under the bag were classified as sterile. Plants with seed set were classified as fertile. Figure
1 details the number of F2s per amount of seeds set on a single head for 2 different locations. 41 and 45 F2 plants in the

2 locations, were classified as sterile. Fully sterile F2 plants were noticed in the 2 locations.

[163]  Using a genetic map of 2080 SNP, QTL analysis was carried out using Haley-Knott regression to test the effect
of variation in seed set across all markers. Significant marker-trait associations are distinguished by —log-transformed p-
values higher than 3. Such, an interval of significantly associated markers was delineated, including left and right flanking
markers (SEQ ID NO. 2 and SEQ ID NO. 8). The marker with the highest significance and biggest effect on restoration is
the peak marker of SEQ ID NO. 6 (as indicated by X in Table 1 below). An interval of significantly associated markers
was delineated using the following criteria: significance threshold at 2.5, significance drop at 1.5 and significance drop

between peaks at 2. This delimited the interval to 15.8 ¢cM for 1B by the left and right flanking markers (Figure 2).

[164]  Table 1: Markers in the interval with significance of marker-trait association and effect size on restoration (in

number of seeds above average seed set in the entire population) on 1B.
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1 A 51135206 | 7.51 31.68 10.05 1.02 0.13
2 T 511 35.753 8.2 X 314 10.51 1.32 0.14
3 c 511 38.165 | 10.49 X | 31.26 11.8 1.85 0.18
4 T 511 38.37 | 10.51 X | 31.26 11.8 1.83 0.18
5 T 51 | 42.221 | 10.41 x| 30.65 11.78 2.56 0.18
6 A 32 | 46.302 | 10.67 X| 31.51 12.06 1.53 0.18
7 A 511 46911 | 105 X | 31.52 11.97 1.51 0.18
8 G 51 | 51588 | 9.05 x| 30.85 10.85 244 0.15
9 T 51| 51.772 | 9.05 30.85 10.85 244 0.15

[165]  The mapping positions were confirmed when using seed set on a secondary head in both locations and when

using phenotypic data of F3 progeny of this populations the next year in two locations.

Example 3: Fine-mapping of Rf region in 1B

[166]  For further fine-mapping, 40 F2 individuals that were heterozygous in the QTL region were selected based on
phenotype and genotype. A total of 2560 individual F3 plants were grown in the field at 2 locations. For each plant, seed
set on the main head under a bag was measured. Additional SNP assays were developed to increase the marker density
in the QTL interval. A total of 374 additional SNP markers were using in mapping the 1B region. Table 2 provides

exemplary SNP markers that were mapped in the region.

[167]  Marker-trait association using genetic maps of the chromosome 1B, established on F2 and F3 genotyping data,
were determined using R-QTL. A total of 1094 individuals with genotype and phenotype data were processed per
location. The Rf locus could be further delimited to a region of about 1.25 ¢cM 1B (from 6.8 to 8.05 ¢cM along chromosome
1B).

[168]  Table 2: Exemplary markers in the fine-mapped region on 1B. Significant markers (highlighted with x) are
examples of markers that are in the QTL support interval (LOD threshold >3; drop of 2 LODs from highest marker). The
marker closest to the peak is marked with (v). Other markers residing outside the significant interval are indicated by ‘left

flanking region’ (above) and ‘right flanking region (below).
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Example 4: Integration of the fine map with partial genome sequence and candidate gene identification

[169]  Sequence of fine-mapped markers was used for Blasts to contigs and scaffolds of genome sequence of Chinese
Spring. Stringent BLAST and parsing criteria were applied to position the SNPs in the partial genome sequence, such
as >98% sequence identity, alignment length of > 158bp, hit in 1B sequence, and additional criteria for non-aligning

overhang. Scaffolds were ordered to the fine map (and additional genetic maps).

Example 5: Candidate gene validation

[170] A mutagenized population of the restore line is constructed. Based on sequencing, mutant plants with an
inactivating mutation in the Rf candidate gene are identified. The homozygous mutant plants and their wildtype
segregants are screened for fertility restoration capacity. The plants that have a mutated gene no longer has restoring

ability, confirming that the identified candidate gene is a functional Rf gene.

[171]  The coding sequence of the Rf candidate gene is cloned under the control of a constitutive UBIQUITIN
promoter, or under control of its native promoter, in a T-DNA expression vector comprising a selectable marker, such as
the bar gene. The resulting vector is transformed into a wheat line having no restoration capacity such as Chinese spring
according to methods well known in the art for wheat transformation. The copy number of the transgene in the transgenic
plant is determined by real time PCR on the selectable marker gene. The transformed plants comprising the candidate Rf
gene are tested for their capacity to restore fertility in progeny of a cross with a G-type cytoplasmic male sterility (‘CMS”)
line. Plants transformed with a functional restorer gene are capable of restoring fertility against G-type cytoplasmic male

sterility.
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Claims

1. A method for selecting a cereal plant comprising a functional restorer gene allele for wheat G-type cytoplasmic
male sterility or for producing a cereal plant comprising a functional restorer gene allele for wheat G-type
cytoplasmic male sterility, comprising the steps of:

(a) identifying at least one cereal plant comprising at least one marker allele linked to a functional
restorer gene allele for wheat G-type cytoplasmic male sterility located on chromosome 1B; and

(b) selecting the plant comprising said at least one marker allele, wherein said plant comprises said
functional restorer gene for wheat G-type cytoplasmic male sterility located on chromosome 1B

wherein said at least one marker allele localises within an interval on chromosome 1B comprising and flanked by
the markers of SEQ ID NO 2 and SEQ ID NO 8.

2. A method for restoring fertility in a progeny of a G-type cytoplasmic male sterile cereal plant or for producing a
fertile progeny plant from a G-type cytoplasmic male sterile cereal parent plant, comprising the steps of:

(a) providing a population of progeny plants obtained from crossing a female cereal parent plant with a
male cereal parent plant, wherein the female parent plant is a G-type cytoplasmic male sterile
cereal plant, and wherein the male parent plant comprises a functional restorer gene allele for
wheat G-type cytoplasmic male sterility located on chromosome 1B;

(b) identifying in said population a fertile progeny plant comprising at least one marker allele linked to
said functional restorer gene allele for wheat G-type cytoplasmic male sterility, wherein said
progeny plant comprises said functional restorer gene allele for wheat G-type cytoplasmic male
sterility located on chromosome 1B; optionally

(c) selecting said fertile progeny plant; and optionally

(d) propagating the fertile progeny plant,

wherein said at least one marker allele localises within an interval on chromosome 1B comprising and flanked by
the markers of SEQ ID NO 2 and SEQ ID NO 8.
3. The method of claim 1 or 2, wherein said at least one marker allele linked to said functional restorer gene allele

is selected from any one of:

a. aTatSEQIDNO:2;
b. aCatSEQIDNO: 3;
c. aTatSEQIDNO:4;
d. aTatSEQIDNO:5;
e. anAatSEQIDNO:6;

f. anAatSEQIDNO: 7;
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a Gat SEQID NO: 8;
aCat SEQID NO: 11;
an Aat SEQID NO: 12,
aTat SEQIDNO: 13;
aTatSEQIDNO: 14,

or any combination thereof.

The method of any one of claims 1-3, wherein said at least one marker allele localises to an interval on

chromosome 1B comprising and flanked by the marker pair of SEQ ID NO: 11 and SEQ ID NO: 14.

5. The method of any one of claims 1-4, wherein said at least one marker allele is selected from any one of:

a.
b.
C.
d.

aCat SEQIDNO: 11;
an Aat SEQID NO: 12,
aTat SEQIDNO: 13;
aTatSEQIDNO: 14,

or any combination thereof.

The method of any one of claims 1-5, wherein said at least one marker allele is a T at SEQ ID NO. 13.

7. The method of any one of claims 1-6, wherein said functional restorer gene allele is obtainable from USDA

accession number Pl 583676.

8. A method for producing a cereal plant comprising a functional restorer gene allele for wheat G-type cytoplasmic

male sterility, comprising the steps of

a.

crossing a first cereal plant comprising a functional restorer gene for wheat G-type cytoplasmic male
sterility located on chromosome 1B with a second cereal plant
identifying a progeny plant comprising a functional restorer gene allele for wheat G-type cytoplasmic

male sterility according to the method of any one of claims 1-7

9. A method for producing a cereal plant comprising a functional restorer gene allele for wheat G-type cytoplasmic

male sterility, comprising the steps of

a.

crossing a first cereal plant homozygous for a functional restorer gene for wheat G-type cytoplasmic
male sterility located on chromosome 1B with a second cereal plant
obtaining a progeny plant, wherein said progeny plant comprises a functional restorer gene allele for

wheat G-type cytoplasmic male sterility located on chromosome 1B

10. A method for producing hybrid seed, comprising the steps of:

a.

b.

Providing a male cereal parent plant comprising at least one marker allele linked to a functional restorer
gene for wheat G-type cytoplasmic male sterility located on chromosome 1B as described in any one of
claims 1-7, said male parent plant comprising said functional restorer gene for wheat G-type
cytoplasmic male sterility located on chromosome 1B as described in any one of claims 1-7, preferably
in homozygous form;

Providing a female cereal parent plant that is a G-type cytoplasmic male sterile cereal plant;
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c. Crossing said female cereal parent plant with said male cereal parent plant; and optionally;
d. Harvesting seeds.

11. The method of any one of claims 8-10, wherein said first plant or said male parent plant has been selected
according to the method of any one of claims 1-7.

12. A method for determining the presence or absence or zygosity status of a functional restorer gene allele for
wheat G-type cytoplasmic male sterility located on chromosome 1B in a biological sample, comprising the steps
of

a. providing genomic DNA from said biological sample, and

b. analysing said DNA for the presence or absence or zygosity status of at least one marker allele
linked to said functional restorer gene for wheat G-type cytoplasmic male sterility located on
chromosome 1B

wherein said at least one marker allele localises within an interval on chromosome 1B comprising and

flanked by the markers of SEQ ID NO 2 and SEQ ID NO 8 as described in any one of claims 1-7.

13. A cereal plant, plant part, plant cell or seed comprising at least one functional restorer gene allele for wheat G-
type cytoplasmic male sterility located on chromosome 1B, said plant comprising at least one marker allele
linked to a functional restorer gene allele for wheat G-type cytoplasmic male sterility located on chromosome 1B,
wherein said at least one marker allele localises within an interval on chromosome 1B comprising and flanked
by the markers of SEQ ID NO 2 and SEQ ID NO 8, preferably wherein said plant comprises one or more of:

a. aTatSEQIDNO:2;
b. aCatSEQIDNO:3;
c. aTatSEQIDNO:4;

d. aTatSEQIDNO:5;
an A at SEQ ID NO: 6;
f. anAatSEQIDNO:7;
g- aGatSEQIDNO:S8;
h. aCatSEQIDNO: 11;

i. anAatSEQIDNO: 12,
jo aTatSEQIDNO: 13;
k. aTatSEQIDNO: 14,
said plant not comprising any one or all of
. anAatSEQIDNO: 1;
m. aTatSEQIDNO:9.
14. A cereal plant, plant part, plant cell or seed comprising at least one functional restorer gene allele for wheat G-
type cytoplasmic male sterility located on chromosome 1B, said plant comprising at least one marker allele

linked to a functional restorer gene allele for wheat G-type cytoplasmic male sterility located on chromosome 1B,
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wherein said at least one marker allele localises within an interval on chromosome 1B comprising and flanked
by the markers of SEQ ID NO 11 and SEQ ID NO 14, preferably wherein said plant comprises one or more of:

a. aCatSEQIDNO: 11;

b. anAatSEQIDNO: 12,

c. aTatSEQIDNO:13;

d. aTatSEQID NO: 14,
said plant not comprising any one or all of

e. aTatSEQIDNO:2;

f. anAatSEQIDNO: 8.
A cereal plant, plant part, plant cell or seed comprising at least one functional restorer gene allele for wheat G-
type cytoplasmic male sterility located on chromosome 1B, said plant comprising at least one marker allele
linked to a functional restorer gene allele for wheat G-type cytoplasmic male sterility located on chromosome 1B,
wherein said at least one marker allele localises within an interval on chromosome 1B comprising and flanked
by the markers of SEQ ID NO 11 and SEQ ID NO 14, preferably wherein said plant comprises one or more of:

a. aCatSEQIDNO: 11;

b. anAatSEQIDNO: 12,

c. aTatSEQIDNO:13;

d. aTatSEQID NO: 14,
said plant not comprising any one or all of

e. aTatSEQIDNO:10;

f. aTatSEQIDNO.S5.
A cereal plant, plant part, plant cell or seed comprising at least one functional restorer gene allele for wheat G-
type cytoplasmic male sterility located on chromosome 1B, said plant comprising a T at SEQ ID NO 13, said
plant not comprising any one or all of: a C at SEQ ID NO: 11; an Aat SEQ ID NO: 12; a T at SEQ ID NO: 14.
An isolated nucleic acid molecule encoding a functional restorer gene allele for wheat G-type cytoplasmic male
sterility, wherein said functional restorer gene allele localises within an interval on wheat chromosome 1B
comprising and flanked by the markers of SEQ ID NO 2 and SEQ ID NO 8.
The isolated nucleic acid molecule of claim 17, wherein said functional restorer gene allele is identifiable using
at least one marker allele linked to said functional restorer gene allele for wheat G-type cytoplasmic male sterility
located on chromosome 1B, wherein said at least one marker allele localises within an interval on chromosome
1B comprising and flanked by the markers of SEQ ID NO 2 and SEQ ID NO 8.
The isolated nucleic acid molecule of claim 17 or 18, wherein said functional restorer gene allele localizes within
an interval on chromosome 1B comprising and flanked by the markers of SEQ ID NO 11 and SEQ ID NO 14.
The isolated nucleic acid molecule of any one of claims 17-19, wherein said functional restorer gene allele is

identifiable using at least one marker allele linked to said functional restorer gene allele for wheat G-type
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cytoplasmic male sterility located on chromosome 1B, wherein said at least one marker allele localises within an
interval on chromosome 1B comprising and flanked by the markers of SEQ ID NO 11 and SEQ ID NO 14.
The isolated nucleic acid of any one of claims 17-20, wherein said functional restorer gene allele is obtainable
from USDA accession number Pl 583676.
An isolated polypeptide encoded by the nucleic acid molecule of any one of claims 17-21.
A chimeric gene comprising the following operably linked elements

a. aplant-expressible promoter;

b. a nucleic acid comprising the isolated nucleic acid molecule of claims 17-21 or encoding the

isolated polypeptide of claim 22; and optionally
c. atranscription termination and polyadenylation region functional in plant cells,
wherein at least one of said operably linked elements is heterologous with respect to at least one other
element.

A cereal plant cell or cereal plant or seed thereof, such as a wheat plant cell or plant or seed thereof, comprising
the isolated nucleic acid molecule of any one of claims 17-21, isolated polypeptide of claim 22, or the chimeric
gene of claim 23, wherein said isolated polypeptide, said isolated nucleic acid, or said chimeric gene in each
case is heterologous with respect to said plant cell or plant or seed.
The plant cell, plant or seed of claim 24, which is a hybrid plant cell, plant or seed.
A method for producing a cereal plant cell or plant or seed thereof, such as a wheat plant cell or plant or seed
thereof, comprising a functional restorer gene for wheat G-type cytoplasmic male sterility, comprising the steps
of providing said plant cell or plant with the isolated nucleic acid molecule of any one of claims 17-21 or the
chimeric gene of claim 23, wherein said providing comprises transformation, crossing, backcrossing, genome
editing or mutagenesis.
Use of the isolated nucleic acid of any one of claims 17-21 to identify one or more further functional restorer
gene alleles for wheat G-type cytoplasmic male sterility.
Use of at least one marker comprising an allele linked to a functional restorer gene for wheat G-type cytoplasmic
male sterility located on chromosome 1B as described in any one of claims 1-7 to identify at least one further
marker comprising an allele linked to a functional restorer gene for wheat G-type cytoplasmic male sterility
located on chromosome 1B.
Use of at least one marker comprising an allele linked to a functional restorer gene allele for wheat G-type
cytoplasmic male sterility located on chromosome 1B as described in any one of claims 1-7 or of the isolated
nucleic acid of any one of claims 17-21 for the identification of a plant comprising said functional restorer gene
allele for wheat G-type cytoplasmic male sterility located on chromosome 1B.
Use of a plant according to any one of claims 13-16, 24 or 25 or obtained by the method of any one of claims 1-
9, said plant comprising at least one marker allele linked to said functional restorer gene for wheat G-type

cytoplasmic male sterility located on chromosome 1B as described in any one of claims 1-7 and comprising said
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functional restorer gene for wheat G-type cytoplasmic male sterility located on chromosome 1B, for restoring
fertility in a progeny of a G-type cytoplasmic male sterile cereal plant, such as a wheat plant.
31. Use of a plant according to any one of claims 13-16, 24 or 25 or a plant obtained by any one of claims 1-9, said
plant comprising at least one marker allele linked to a functional restorer gene for wheat G-type cytoplasmic
male sterility located on chromosome 1B as described in any one of claims 1-7 and comprising said functional
restorer gene for wheat G-type cytoplasmic male sterility located on chromosome 1B, for producing hybrid seed
or a population of hybrid cereal plants, such as wheat seed or plants.
32. A method for identifying a functional restorer gene allele for wheat G-type cytoplasmic male sterility located on
chromosome 1B, comprising the steps of
a. Providing a population of F2 plants resulting from selfing of a population of F1 plants obtained by crossing a
female cereal parent plant with a male cereal parent plant, wherein the female parent plant is a G-type
cytoplasmic male sterile cereal plant, and wherein the male parent plant comprises a functional restorer gene
allele for wheat G-type cytoplasmic male sterility located on chromosome 1B

b. Classifying the fertility of a plurality of said F2 plants

¢. Determining the nucleotide sequence of at least part of the region of chromosome 1B comprising and
flanked by the markers of SEQ ID NO 2 and SEQ ID NO 8 of genomic DNA isolated from each of said
plurality of F2 plants

d. Identifying the coding sequence within said region having the highest association to the phenotype of
restored fertility, wherein the identified coding sequence is the functional restorer gene allele for wheat G-

type cytoplasmic male sterility located on chromosome 1B.



CA 03017997 2018-09-17

WO 2017/158127

Figures

80 1
50
40
30
20 7
10 -

I}_

30
20

10

-log10{pvalue)]

Significance |

Fig. 2

s5_mh

PCT/EP2017/056304
171

g

20 40 it

125

e ]
o (T3]

100
150
200

Distance [cM]

Phenastype

— Seed.Set.SH



	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - CLAIMS
	Page 39 - CLAIMS
	Page 40 - CLAIMS
	Page 41 - CLAIMS
	Page 42 - CLAIMS
	Page 43 - CLAIMS
	Page 44 - DRAWINGS

