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HAPLOID INDUCTION ENHANCER

FIELD OF THE INVENTION

The invention relates to the field of plant biotechnology, more particularly genetic engineering
and gene editing, as well as plant breeding. In particular, the invention provides nucleic acids
which, after transcription or after expression in a plant, are suitable for enhancing the haploid
induction capability of a haplotype inducer plant, such as caused by a mutated patatin-like

phospholipase (PLA1).

BACKGROUND OF THE INVENTION

Commonly, during haploid induction, both parent lines used in the induction cross are both
diploids, so their gametes (egg cells and sperm cells) are haploids. Haploid induction is
frequently a medium to low penetrance trait of the inducer line, so the resulting progeny,
depending on the species or situation, may be either diploid (if no genome loss takes place) or
haploids (if genome loss does indeed take place). If the parent line that is crossed to the
haploid inducer is not diploid, but rather a tetraploid, hexaploid, or other plant of higher ploidy,
the term haploid induction is something of a misnomer, because the haploid progeny
produced will have a gametic chromosome number, and thus would not really be haploids, but
rather diploids (if the parent is tetraploid) or triploids (if the parent is hexaploid) and so on.
Therefore, as used herein, haploids possess half the number of chromosomes of either parent;
thus haploids of diploid organisms (e.g., maize) exhibit monoploidy; haploids of tetraploid
organisms (e.g., ryegrasses) exhibit diploidy; haploids of hexaploid organisms (e.g., wheat)

exhibit triploidy.
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Haploid induction can occur during self-pollination or intercrossing of two lines within the
same species, or it can occur during wide crosses, where it can be viewed as a hybridization
barrier, preventing the formation of interspecific hybrids. In maize, the most commonly
employed method of inducing haploids is through the use of an intraspecific haploid inducer
male line, which is primarily triggered by rearrangements of, mutations in, and/or
recombinations, insertion, or deletions within a region of chromosome 1, specifically the
PHOSPHOLIPASE Al (PLA1) gene, also known as NOT LIKE DAD1 (NLDI) and MATRILINEAL (MATL)
(WO 2016/075255 Al; Kelliher et al. (2017). MATRILINEAL, a sperm-specific phospholipase,
triggers maize haploid induction. Nature, 542(7639), 105.).

Haploid inducer (HI) maize lines contain a quantitative trait locus (QTL) on Chromosome 1
responsible for at least 66% of the variation in haploid induction. The QTL causes haploid
induction at different rates when it is introgressed into various backgrounds. All maize haploid
inducer lines used in the seed industry are derivatives of the founding HI line, known as Stocks,

and all have the haploid inducer chromosome 1 QTL mutation.

In maize, haploid seed or embryos are specifically produced by making crosses between a
haploid inducer male (i.e., haploid inducer pollen) and virtually any ear that one chooses - the
ear could be of any inbred, hybrid, or other germplasm. Haploids are produced when the
haploid inducer pollen DNA is not fully transmitted and/or maintained through the first cell
divisions of the embryos. The resulting phenotype is not fully penetrant, with some ovules
containing haploid embryos, and others containing diploid embryos, aneuploid embryos,
chimeric embryos, or aborted embryos. The haploid kernels have embryos that contain only
the maternal DNA plus normal triploid endosperm. After haploid induction, haploid embryos
or seed are typically segregated from diploid and aneuploid siblings using a phenotypic or
genetic marker screen and grown or cultured into haploid plants. These plants are then
converted either naturally or via chemical manipulation (e.g., using an anti-microtubule agent

such as colchicine) into doubled haploid (DH) plants which then produce inbred seed.

Plant breeding is facilitated by the use of doubled haploid (DH) plants. The production of DH
plants enables plant breeders to obtain inbred lines without multi- generational inbreeding,
thus decreasing the time required to produce homozygous plants. DH plants provide an
invaluable tool to plant breeders, particularly for generating inbred lines, QTL mapping,
cytoplasmic conversions, trait introgression, and F2 screening for high throughput trait
improvement. A great deal of time is spared as homozygous lines are essentially generated in
one generation, negating the need for multigenerational single-seed decent (conventional

inbreeding). In particular, because DH plants are entirely homozygous, they are very amenable
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to quantitative genetics studies. The production of haploid seed is critical for the doubled
haploid breeding process. Haploid seed are produced on maternal germplasm when fertilized

with pollen from a gynogenetic inducer, such as Stock 6 and Stock 6-derivative lines.

Recently, it has been tried to transfer the HI system from maize to sorghum (WO 2018/158301
A1) and other crops. However, the achieved induction rates were rather low and reached in
maximum approximately 2%. From the commercial perspective this is usually not sufficient for

setting-up a new HI system.

Additionally, in principle it is possible to develop new haploid inducer line which are not
directly derived from Stock 6, however for that it is crucial to fully understand the HI system
and all its genetic components. A second QTL on chromosome 9 (HIRS8), increasing the
induction rate to approx. 10% was recently published (Liu et al. (2015) Fine mapping of ghir8
affecting in vivo haploid induction in maize. Theor Appl Genet. 2015 Dec;128(12):2507-15).
HIR8 locus had been narrowed down to a 789 kb region flanked by markers 4292232 and
umcl867. Within the 789 kb intervals, there were 35 genes according to the B73 reference
sequence annotated. However, the region is non-conserved and marker development in this
region was not possible and candidate genes had not been selected based on expression and

regulatory sequences or any other analyses.

In order to improve in vivo haploid induction based on the mutated PLA1 gene in maize and to
transfer the system to other crops, it is important to know the relevant genes and their

functional mutations or haplotypes.

It is an object of the present invention to provide means and methods which may be used to
produce an in vivo haploid inductor, or to increase the induction capability of an inductor

genotype and/or to produce a haploid plant.

SUMMARY OF THE INVENTION

The present invention is based on the identification of genes for the haploid inducer locus
ghir8. Four genes could be identified that, individually or in any combination, are responsible
for and/or involved in haploid induction capability, in particular in enhancing the haploid
induction capability of an inducer plant caused by a mutated patatin-like phospholipase (PLA1).
Accordingly, (increased) haploid induction capability may be achieved via manipulation of the
identified genes, in particular in an inducer plant comprising a mutated patatin-like

phospholipase (PLA1).
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Identification of the HIR8 genes helps to improve the maize inducer and to develop an
effective inducer in Sorghum or other species, in particular where the phospholipase system is
functional for maternal induction. In particular Sorghum is of interest. As already shown in WO
2018/158301 A1l different mutations in PLA1 gene of Sorghum are able to confer the capability
of a haploid inducer to a sorghum plant. Due to the knowledge of the genetic nature of the
HIR8 locus, the haploid inducer rates in Sorghum based on mutated PLA1 can be further
increased. Another application of the knowledge of the joint effect of HIR1 and HIR8 is the use
haploid induction simultaneously with gene editing. The disclosure of WO 2018/102816 relates

to this concept and is herein incorporated by reference in its entirety.

The present invention is of particular relevance, given the lack of markers in the non-
conserved regions. The original markers used for haplotyping and annotation were based on
B73. The most interesting regulatory regions were missed working only with B73. Further, the
previous failure to develop a TILLING population of RWS, necessitated identification of

functional mutants instead of knockout mutants in a non-inducing line.

The invention in an aspect relates to means and methods for enhancing the induction
capability of a haploid inducer plant, in particular caused by a mutated patatin-like
phospholipase (PLA1). More particularly, nucleic acids are provided, which, after transcription
or after expression in a plant, are suitable for enhancing the induction capability of an inducer
plant caused by a mutated patatin-like phospholipase (PLA1) through manipulation of the
identified gene(s). The invention also relates to methods for producing a plant which is a
carrier of an enhancer for the induction capability of an inducer plant, in particular caused by a
mutated patatin-like phospholipase (PLA1) by mutagenizing an endogenous DNA sequence
that is identical to a nucleic acid described herein or by transforming a plant with the nucleic
acid(s) described herein, as well as methods and molecular markers for identifying such
carriers. The invention further relates to methods for producing plants that are suitable for use
as haploid inductor, as well as the haploid inducer plants and parts thereof. The invention
further relates to methods for producing haploid plants or double haploid plants, in particular
by crossing a plant with a haploid inducer plant according to the invention. The invention also
relates to haploid plants and double haploid plants. The invention also relates to methods of
editing plant genomic DNA using a haploid inducer plant according to the invention and

transforming it so that it contains DNA coding for cellular machinery capable of editing genes.

The present invention is in particular captured by any one or any combination of one or more

of the below numbered statements 1 to 64, with any other statement and/or embodiments.
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1. A nucleic acid molecule, comprising a nucleotide sequence, which:

(i) is a sequence selected from the group consisting of SEQ ID NOs: 1, 4, 5, 8, 10, 12, 15,
18, 21, 30, and 35, or a functional fragment thereof, preferably SEQ ID NOs: 1, 4, 10, 15, 30,
and 35;

(ii) has a coding sequence selected from the group consisting of SEQ ID NOs: 2, 6, 13, 16,
19, 22 and 36, preferably SEQ ID NOs: 2, 16, and 36; or

(iii) is complementary to the sequence from (i) or (ii); or
(iv) is at least 80% identical to the sequence from (i) or {ii); or
(v) encodes a protein comprising an amino acid sequence selected from the group

consisting of SEQ ID NOs: 3, 7, 9, 11, 14, 17, 20, 23 and 37, or a functional part of the protein,
preferably SEQ ID NOs: 3, 11, 17, and 37, or a functional part of the protein; or

(vi) encodes a protein comprising an amino acid sequence which is at least 80% identical
to a sequence selected from the group consisting of SEQ ID NOs: 3, 7, 9, 11, 14, 17, 20, 23 and
37, or a functional part of the protein, preferably SEQ ID NOs: 3, 11, 17, and 37, or a functional
part of the protein; or

(vii) hybridizes with a sequence from (iii) under stringent conditions.

2. A nucleic acid molecule, comprising a nucleotide sequence, which:

(i) is a sequence selected from the group consisting of SEQ ID NOs: 24, 27, and 32, or a
functional fragment thereof, preferably SEQ ID NO: 24, or a functional fragment thereof; or

(ii) has a coding sequence selected from the group consisting of SEQ ID NOs: 25, 28 and 33;
preferably SEQ ID NO: 25; or

(iii) is complementary to the sequence from (i) or (ii); or
(iv) is at least 80% identical to the sequence from (i) or {ii); or
(v) encodes a protein comprising an amino acid sequence selected from the group

consisting of SEQ ID NOs: 26, 29 and 34, or a functional part of the protein, preferably SEQ ID
NO: 26, 29 and 34 or a functional part of the protein; or

(vi) encodes a protein comprising an amino acid sequence which is at least 80% identical
to a sequence selected from the group consisting of SEQ ID NOs: 26, 29 and 34, or a functional
part of the protein, preferably SEQ ID NO: 26, or a functional part of the protein; or

hybridizes with a sequence from (iii) under stringent conditions.

3. A nucleic acid molecule encoding an RNA that has a double-stranded portion, wherein at
least one strand of the double-stranded portion has a nucleotide sequence which is
homologous or identical to at least 14 successive nucleotides of a coding sequence of a nucleic

acid that:
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(i) has a sequence selected from the group consisting of SEQ ID Nos: 25, 28, and 33, or a
fragment thereof, in a sense or anti-sense orientation; or

(ii) is complementary to the sequence from (i); or

(i) is at least 80% identical to the sequence from (i); or

(vi) hybridizes with the sequence from (ii) under stringent conditions.

4. The nucleic acid according to statement 3, which is an RNAi molecule.

5. The nucleic acid molecule according to any of statements 1 or 3-4, wherein said nucleic acid,
after transcription or expression in a plant, or the nucleic acid molecule according to statement
2, wherein said nucleotide, after silencing in a plant, is suitable for enhancing the haploid
induction capability of a haploid inducer plant.

6. The nucleic acid molecule according to statement 5, wherein said haploid inducer plant
comprises the HIR1 QTL.

7. The nucleic acid molecule according to statement 5 or 6, wherein said haploid inducer plant
is selected from or derived from Stock 6, RWK, RWS, UH400, AX5707RS, NP2222-mai/.

8. The nucleic acid molecule according to any of statements 5 to 7, wherein said haploid
inducer plant comprises a mutated patatin-like phospholipase (PLA1).

9. The nucleic acid molecule according to statement 8, wherein said PLA1 has a sequence
identical to the PLA1 sequence of Stock 6, RWK, RWS, UH400, AX5707RS, or NP2222-mai/.

10. The nucleic acid molecule according to statement 8, wherein said PLA1 sequence

(i) having the nucleotide sequence of SEQ ID NO: 41 or 47 or a sequence which is at least 80%
identical to SEQ. ID NO: 41 or 47,

(i) having the coding sequence of SEQ ID NO: 42 or 48 or a sequence which is at least 80%
identical to SEQ ID NO: 42 or 48, or

(iii) encoding the amino acid sequence of SEQ ID NO: 43, 49 or 50 or a sequence which is at

least 80% identical to SEQ,ID NO: 43, 49 or 50,

comprises one or more mutation, preferably producing a change in the transcription or
expression rate of the PLA1 sequence in a plant, in comparison to a non-mutagenized wild-type
plant, or a change in the activity or stability of the encoded amino acid sequence in a plant, in
comparison to a non-mutagenized wild-type plant, preferably wherein the mutation causes the
property of a haploid inductor plant or increases the induction capability of a haploid inductor
plant,
preferably wherein the mutation is

(A) a deletion or mutation in SEQ ID NO: 41, 42, 47 or 48, preferably which leads to an

early stop codon causing a shortening of the encoded amino acid sequence, wherein
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preferably the amino acid sequence at the C-terminal end is shortened by 5 or more
amino acids, and/or
(B) a deletion or mutation in SEQ ID NO: 47 or 48 preferably resulting in an amino acid
sequence having SEQ ID NO: 46, or a deletion in SEQ ID NO: 41 or 42 preferably resulting
in an amino acid sequence having SEQ ID NO: 40;
(C) an alteration in the coding sequence of SEQ ID NO: 42 or 48 which causes an amino
acid exchange between amino acid positions 57 and 289 of SEQ ID NO: 43, 49, or 50;
(D) causes an amino acid exchange in the amino acid sequence of SEQ ID NO: 43, 49 or
50 at position 58, wherein arginine is replaced by glutamine (R58Q);
(E) causes an amino acid exchange in the amino acid sequence of SEQ ID NO: 43, 49 or
50 at position 74, wherein aspartate is replaced by asparagine (D74N);
(F) causes an amino acid exchange in the amino acid sequence of SEQ ID NO: 43, 49 or
50 at position 78, wherein glycine is replaced by arginine (G78R);
(G) causes an amino acid exchange in the amino acid sequence of SEQ ID NO: 43, 49 or
50 at position 160, wherein valine is replaced by isoleucine (V160l);
(H) causes an amino acid exchange in the amino acid sequence of SEQ ID NO: 43, 49 or
50 at position 288, wherein serine is replaced by leucine (S288L); and/or
(1) is a knock-out mutation.
11. The nucleic acid according to statement 8, wherein said PLA1 has a sequence as set forth in
any of SEQ ID NO: 38-40 or SEQ ID NO: 44-46.
12. A vector comprising the nucleic acid according to any of statements 1 to 11.
13. The vector according to statement 12, which is an expression vector.
14. The vector according to statement 13, which is a conditional expression vector.
15. The vector according to statement 13 or 14, which is a tissue-specific expression vector.
16. The vector according to any of statements 13 to 15, which is a pollen-specific expression
vector.
17. The vector according to any of statements 13 to 16, which is an inducible expression vector.
18. A plant cell comprising the nucleic acid or vector according to any of statements 1 to 17.
19. A plant or a part thereof comprising the plant cell according to statement 18.
20. The plant cell, plant, or plant part according to statement 18 or 19, which is transgenic or
gene-edited.
21. A method for producing a (transgenic) plant, preferably a (transgenic) plant which is carrier
of an enhancer for the haploid induction capability of an inducer plant, preferably a haploid

inducer plant as defined in any of statements 5 to 11 comprising:



10

15

20

25

30

WO 2020/239680 PCT/EP2020/064420

8

al) transforming at least one plant cell with a nucleic acid molecule according to statement 1
or 3 or a vector according to any of statements 11 to 17 for overexpression of myosin heavy
chain,

a2) transforming at least one plant cell with a nucleic acid molecule according to statement 2
or a vector according to any of statements 11 to 17 for repression of aquaporin, or

a3) transforming at least one plant cell with a nucleic acid molecule according to statement 1
or 3 or a vector according to any of statements 11 to 17 for expression of PPR corresponding to
RWS PPR, or

ad) transforming at least one plant cell with a nucleic acid molecule according to statement 1
or 3 or a vector according to any of statements 11 to 17 for expression of the gene set forth in
SEQ ID NO: 35; and

b) optionally regenerating a plant from the at least one transgenic plant cell of a) or a
transgenic progeny thereof.

22. A method for producing a (mutated) plant, preferably a (mutated) plant which is carrier of
an enhancer for the haploid induction capability of an inducer plant, preferably a haploid
inducer plant as defined in any of statements 5to 11

comprising the following steps:

a) mutagenizing plant cells and subsequent regenerating of plants from the mutagenized plant
cells or mutagenizing plants, and

b) identifying a regenerated or mutagenized plant which:

has at least one mutation in an endogenous DNA sequence that is identical to a nucleic acid
according to statement 1 or 2, or

has at least one mutation in a regulatory sequence of said endogenous DNA sequence,
wherein said mutation produces an increase in the transcription or expression rate of the
endogenous DNA sequence that is identical to a nucleic acid according to statement 1 in the
identified plant or a decrease in the transcription or expression rate of the endogenous DNA
sequence that is identical to a nucleic acid according to statement 2 in the identified plant, in
comparison to a non-mutagenized wild-type plant, or wherein said mutation produces an
increased activity or stability of a protein or polypeptide encoded by the endogenous DNA
sequence that is identical to a nucleic acid according to statement 1 in the identified plant or
an decreased activity or stability of a protein or polypeptide encoded by the endogenous DNA
sequence that is identical to a nucleic acid according to statement 2 in the identified plant, in

comparison to a non-mutagenized wild-type plant,
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preferably wherein said at least one mutation causes the property of an enhancer of
the haploid induction capability of a haploid inducer plant, preferably a haploid inducer plant
as defined in any of statements 5 to 11.
23. A method for producing a plant, preferably a plant which comprises or which is carrier of
an enhancer for the haploid induction capability of an inducer plant, preferably a haploid
inducer plant as defined in any of statements 5 to 11 comprising overexpressing the myosin
heavy chain gene or protein, or increasing the myosin heavy chain mRNA or protein stability or
functionality.
24. A method for producing a plant, preferably a plant which comprises or which is carrier of
an enhancer for the haploid induction capability of an inducer plant, preferably a haploid
inducer plant as defined in any of statements 5 to 11 comprising repressing the aquaporin
gene or protein, or decreasing the aquaporin mRNA or protein stability or functionality.
25. A method for producing a plant, preferably a plant which comprises or which is carrier of
an enhancer for the haploid induction capability of an inducer plant, preferably a haploid
inducer plant as defined in any of statements 5 to 11 comprising mutating the PPR gene,
preferably resulting in a PPR protein having the sequence as set forth in SEQ ID NO: 17.
26. The method according to any of statements 21 to 25, wherein the plant cell of step a) is a
cell comprising a mutated patatin-like phospholipase (PLA1), preferably as defined in any one
of the statements 9-11 .
27. The method according to any of statements 21 to 26, wherein the method further
comprises a step of crossing the plant with a plant comprising a mutated patatin-like
phospholipase (PLA1) and selecting a plant from the progeny which comprises A) the mutated
patatin-like phospholipase (PLA1) and B) the nucleic acid or vector introduced in step a) of the
method of statement 21, the at least one mutation created in the method of statement 22, or
the manipulation of any of statements 23 to 25.
28. A plant produced by the method according to any of statements 21 to 26, or a part thereof.
29. A plant, preferably a Zea mays or Sorghum bicolor plant, comprising
i) the nucleotide sequence according to SEQ ID NO: 10, or
ii) a nucleotide sequence encoding the amino acid according to SEQ ID NO: 11, or
iii) a nucleotide sequence encoding a myosin heavy chain having at position 325 referenced to
SEQ ID NO: 11 or 14 an amino acid different to alanine, preferably valine.
30. A plant, preferably a Zea mays or Sorghum bicolor plant, comprising
i) the nucleotide sequence according to SEQ. ID NO: 38 or 39, or
ii) a nucleotide sequence encoding the amino acid according to SEQ ID NO: 40.

31. The plant according to statement 30 or 31, which is transgenic or gene edited.
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32. The plant according to statement 30 or 31, which is obtained by introgression.
33. The plant according to statement 30 or 31, which is mutagenized.
34. Method for identification/selection of a an enhancer for the haploid induction capability of
an inducer plant, preferably a haploid inducer plant as defined in any of statements 5 to 11,
comprising steps of
a) optionally isolating (DNA from) at least one cell of a plant, preferably a maize plant or

sorghum plant,

b) determining (on (DNA isolated from) the at least one plant cell)

(i) the presence of the nucleic acid molecule according to SEQ ID NOs: 1, 10, 15, or 35

(ii) the presence of the nucleic acid molecule of SEQ ID NO: 4 or 30, or

(iii) the increased stability or activity or overexpression of the nucleic acid molecule

according to statement 1 or the myosin heavy chain protein, or

(iv) the decreased stability or activity or suppression of the nucleic acid molecule
according to statement 2 or the aquaporin protein,

c) identify/select the plant from which the at least one cell had been isolated.

35. The method according to statement 34, wherein step b)(iii) or step b)(iv) comprises
comparing the expression level and/or activity of said one or more gene with a predetermined
threshold.

36. A method for the production of a haploid plant or doubled haploid plant, comprising the
following steps:

a) crossing a plant according to any one of statements 19, 20, or 28 to 31 with a plant of the
same genus,

b) selecting a fertilized haploid seed or embryo, and

c) generating a haploid plant from the seed or embryo selected in step b),

d) optionally, doubling the set of chromosomes via a chromosome doubling agent or via
spontaneous doubling, optionally wherein the doubling agent is colchicine, pronamide,
dithipyr, or trifluralin.

37. A haploid or doubled haploid plant produced by the method according to statement 36.

38. An isolated polynucleic acid specifically hybridising with a nucleotide sequence molecule of
SEQ ID NO: 1, 2, 4, 10, 15, 16, 17, 24, 25, 30, 35, 36, 38, or 39; or the complement or the
reverse complement thereof.

39. The isolated polynucleic acid according to statement 38 which is a primer or probe.

40. A method of editing or modifying plant genomic DNA or RNA, comprising:

a) obtaining or providing a first plant, wherein the first plant is a haploid inducer plant as

obtained by a method according to any of statements 21 to 27 or 36, or a plant according to



10

15

20

25

30

WO 2020/239680 PCT/EP2020/064420

11
any of statements 19, 28 to 33, or 37, and wherein said first plant is capable of expressing a
DNA or RNA modification enzyme and optionally at least one guide nucleic acid;
b) obtaining a second plant, wherein the second plant comprises the plant genomic DNA or
RNA which is to be edited or modified;
c) pollinating the second plant with pollen from the first plant; and
d) selecting at least one haploid progeny produced by the pollination of step (c) wherein the
haploid progeny comprises the genome of the second plant but not the first plant, and the
genome of the haploid progeny has been edited or modified by the DNA or RNA editing or
modification enzyme and optional at least one guide nucleic acid delivered by the first plant.
41. The method of statement 40, wherein the DNA or RNA editing or modification enzyme is a
site-directed nuclease selected from the group consisting of meganucleases (MNs), zinc-finger
nucleases (ZFNs), transcription-activator like effector nucleases (TALENs), Cas nucleases, such
as Cas9 nuclease, Cfpl nuclease, Casl3 nuclease, dCas9-Fokl, dCpfl-Fokl, chimeric Cas9-
cytidine deaminase, chimeric Cas9-adenine deaminase, chimeric FENI-Fokl, and Mega-TALs, a
nickase Cas9 (nCas9), chimeric dCas9 non-Fokl nuclease and dCpfl non-Fokl nuclease;
optionally wherein said DNA or RNA modification enzyme is as defined in any of statements 50
to 62.
42. The method of statement 41, wherein the at least one guide nucleic acid is a guide RNA.
43. The method of any of statements 40 to 42, wherein the edited or modified haploid
progeny is treated with a chromosome doubling agent, thereby creating an edited doubled
haploid progeny.
44. The method of statement 43, wherein the chromosome doubling agent is colchicine,
pronamide, dithipyr, trifluralin, or another known anti-microtubule agent.
45. A gene-edited or modified plant produced by the method of any one of statements 40 to
44,
46. A molecular marker which is able to hybridize to nucleic acid molecule as defined in
statement 34 b) (i) or (ii), or a molecular marker which is able to detect a polymorphism
associated with or closely linked to nucleic acid molecule as defined in statement 34 b) (i) or
(ii). In certain embodiment, such polymorphism is a SNP, deletion or insertion, exemplary
polymorphisms are given in table 2.
47. Use of the molecular according to statement 46 or the isolated polynucleic acid according
to statement 38 or 39 for the identification of the plant of any of statements 19, 20, or 28 to

31, 37, or 45.
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48. Use of a nucleic acid molecule according to any of statements 1 or 3-11 for enhancing the
haploid induction capability of an inducer plant, preferably a haplotype inducer plant as
defined in any of statements5 to 11.
49. A plant or plant part obtainable by the method according to any of statements 21 to 27, 36,
or 40, or a plant according to any of statements 19, 28 to 33, 37, or 45 comprising or
expressing a DNA or RNA modification enzyme, or a nucleic acid encoding a DNA or RNA
modification enzyme, and optionally a guide nucleic acid.
50. The plant or plant part according to statement 49, wherein said DNA or RNA modification
enzyme is a ZFN, TALEN, meganuclease, or a Cas effector protein.
51. The plant or plant part according to statement 49 or 50, wherein said DNA or RNA
modification enzyme is a Cas effector protein.
52. The plant or plant part according to statement 51, wherein said Cas effector protein is a
class 2 effector protein.
53. The plant or plant part according to statement 52, wherein said Cas effector protein is a
type Il, type V (such as type Va or type Vb), or type VI {(such as type Via or type VIb) effector
protein.
54. The plant or plant part according to any of statements 50 to 53, wherein said Cas effector
protein is Cas9, Cas12 (such as Casl12a or Casl2b), or Cas13 (such as Cas13a or Cas13b).
55. The plant or plant part according to any of statements 49 to 54, wherein said guide nucleic
acid is a guide RNA.
56. The plant or plant part according to any of statements 49 to 55, further comprising or
expressing a tracr sequence.
57. The plant or plant part according to any of statements 49 to 56, comprising a CRISPR/Cas
system.
58. The plant or plant part according to any of statements 50 to 57, wherein said Cas effector
protein is mutated.
59. The plant or plant part according to stamen 58, wherein said Cas effector protein is
catalytically inactive or is a nickase.
60. The plant or plant part according to statement 58 or 59, wherein said Cas effector protein
has increased or decreased target recognition specificity, increased or decreased nuclease
activity, increased or decreased stability, and/or altered PAM recognition.
61. The plant or plant part according to any of statements 50 to 60, wherein said Cas effector
protein is fused to a (functional) heterologous domain.
62. The plant or plant part according to statement 61, wherein said heterologous domain

comprises base editing activity, nucleotide deaminase activity, methylase activity, demethylase
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activity, translation activation activity, translation repression activity, transcription activation
activity, transcription repression activity, transcription release factor activity, chromatin
modifying or remodeling activity, histone modification activity, nuclease activity, single-strand
RNA cleavage activity, double-strand RNA cleavage activity, single-strand DNA cleavage activity,
double-strand DNA cleavage activity, and nucleic acid binding activity.

63. The method according to any of statements 21 to 27, further comprising the step of
introducing in the plant or plant cell DNA or RNA modification enzyme as defined in any of
statements 49 to 57.

64. The method according to any of statements 21 to 27, wherein said plant or plant cell
comprises or expresses a DNA or RNA modification enzyme as defined in any of statements 49

to 57.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1: Protein/sequence map of a fragment of the myosin (Zea mays) protein indicating the
mutation V325A caused by a mutation in the coding sequence of the myosin gene. Protein
sequences of wildtype (SEQ ID NO: 9) and mutated (SEQ ID NO: 11) myosin fragments are

shown.
DETAILED DESCRIPTION OF THE INVENTION

Before the present system and method of the invention are described, it is to be understood
that this invention is not limited to particular systems and methods or combinations described,
since such systems and methods and combinations may, of course, vary. It is also to be
understood that the terminology used herein is not intended to be limiting, since the scope of

the present invention will be limited only by the appended claims.

wun i n

As used herein, the singular forms “a”, “an”, and “the” include both singular and plural

referents unless the context clearly dictates otherwise.

nou

The terms “comprising”, “comprises” and “comprised of” as used herein are synonymous with
“including”, “includes” or “containing”, “contains”, and are inclusive or open-ended and do not
exclude additional, non-recited members, elements or method steps. It will be appreciated
that the terms “comprising”, “comprises” and “comprised of” as used herein comprise the
terms “consisting of”, “consists” and “consists of”, as well as the terms “consisting essentially

of”, “consists essentially” and “consists essentially of”.

The recitation of numerical ranges by endpoints includes all numbers and fractions subsumed

within the respective ranges, as well as the recited endpoints.
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The term “about” or “approximately” as used herein when referring to a measurable value
such as a parameter, an amount, a temporal duration, and the like, is meant to encompass
variations of +/-20% or less, preferably +/-10% or less, more preferably +/-5% or less, and still
more preferably +/-1% or less of and from the specified value, insofar such variations are
appropriate to perform in the disclosed invention. It is to be understood that the value to
which the modifier “about” or “approximately” refers is itself also specifically, and preferably,

disclosed.

Whereas the terms “one or more” or “at least one”, such as one or more or at least one
member(s) of a group of members, is clear per se, by means of further exemplification, the
term encompasses inter alia a reference to any one of said members, or to any two or more of
said members, such as, e.g., any 23, 24, 25, >6 or 27 etc. of said members, and up to all said

members.

All references cited in the present specification are hereby incorporated by reference in their
entirety. In particular, the teachings of all references herein specifically referred to are

incorporated by reference.

Unless otherwise defined, all terms used in disclosing the invention, including technical and
scientific terms, have the meaning as commonly understood by one of ordinary skill in the art
to which this invention belongs. By means of further guidance, term definitions are included to

better appreciate the teaching of the present invention.

Standard reference works setting forth the general principles of recombinant DNA technology
include Molecular Cloning: A Laboratory Manual, 2nd ed., vol. 1-3, ed. Sambrook et al., Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989; Current Protocols in Molecular
Biology, ed. Ausubel et al., Greene Publishing and Wiley-Interscience, New York, 1992 (with
periodic updates) (“Ausubel et al. 1992”); the series Methods in Enzymology (Academic Press,
Inc.); Innis et al., PCR Protocols: A Guide to Methods and Applications, Academic Press: San
Diego, 1990; PCR 2: A Practical Approach (M.). MacPherson, B.D. Hames and G.R. Taylor eds.
(1995); Harlow and Lane, eds. (1988) Antibodies, a Laboratory Manual; and Animal Cell Culture
(R.l. Freshney, ed. (1987). General principles of microbiology are set forth, for example, in

Davis, B. D. et al., Microbiology, 3rd edition, Harper & Row, publishers, Philadelphia, Pa. (1980).

In the following passages, different aspects of the invention are defined in more detail. Each
aspect so defined may be combined with any other aspect or aspects unless clearly indicated
to the contrary. In particular, any feature indicated as being preferred or advantageous may be

combined with any other feature or features indicated as being preferred or advantageous.
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Reference throughout this specification to “one embodiment” or “an embodiment” means
that a particular feature, structure or characteristic described in connection with the
embodiment is included in at least one embodiment of the present invention. Thus,
appearances of the phrases “in one embodiment” or “in an embodiment” in various places
throughout this specification are not necessarily all referring to the same embodiment, but
may. Furthermore, the particular features, structures or characteristics may be combined in
any suitable manner, as would be apparent to a person skilled in the art from this disclosure, in
one or more embodiments. Furthermore, while some embodiments described herein include
some but not other features included in other embodiments, combinations of features of
different embodiments are meant to be within the scope of the invention, and form different
embodiments, as would be understood by those in the art. For example, in the appended

claims, any of the claimed embodiments can be used in any combination.

In the following detailed description of the invention, reference is made to the accompanying
drawings that form a part hereof, and in which are shown by way of illustration only of specific
embodiments in which the invention may be practiced. It is to be understood that other
embodiments may be utilised and structural or logical changes may be made without
departing from the scope of the present invention. The following detailed description,
therefore, is not to be taken in a limiting sense, and the scope of the present invention is

defined by the appended claims.

Preferred statements (features) and embodiments of this invention are set herein below. Each
statements and embodiments of the invention so defined may be combined with any other
statement and/or embodiments unless clearly indicated to the contrary. In particular, any
feature indicated as being preferred or advantageous may be combined with any other feature

or features or statements indicated as being preferred or advantageous.

The terms “haploid inducer” and “haploid inductor” are used as synonyms herein and refer to
a plant that is capable of producing fertilized seeds or embryos which have a single (haploid)
chromosome set from a crossing with a plant of the same genus, preferably a plant of the
same species, which is not a haploid inducer. Haploid induction is frequently a medium to low
penetrance trait of the inducer line, so the resulting progeny, depending on the species or
situation, may be either diploid (if no genome loss takes place) or haploids (if genome loss
does indeed take place). If the parent line that is crossed to the haploid inducer is not diploid,
but rather a tetraploid, hexaploid, or other plant of higher ploidy, the term haploid induction is
something of a misnomer, because the haploid progeny produced will have a gametic

chromosome number, and thus would not really be haploids, but rather diploids (if the parent
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is tetraploid) or triploids (if the parent is hexaploid) and so on. Therefore, as used herein,
haploids possess half the number of chromosomes of either parent; thus haploids of diploid
organisms (e.g., maize) exhibit monoploidy; haploids of tetraploid organisms (e.g., ryegrasses)

exhibit diploidy; haploids of hexaploid organisms (e.g., wheat) exhibit triploidy.

According to the invention, any haploid inducer can be used. In certain embodiments, a
haploid inducer as referred to herein can be a plant selected and/or derived from the lines
Stock 6, RWK, RWS, UH400, AX5707RS, NP2222-mai/, or any other haploid inducer line, in
particular a line comprising the HIR1 QTL. In certain embodiments, a haploid inducer as
referred to herein can be a mutant plant selected from the plants as disclosed in US
2017/327832 Al (or a plant of a different species having the corresponding mutation(s)),
incorporated herein by reference in its entirety, in particular the tilling mutants having a D74N
(exchange of aspartate at Position 74 for asparagin) or G78R (exchange of glycine at Position
78 for arginine) in the PLA1 gene of maize. It will be understood that corresponding amino
acids can be mutated in other plants. In certain embodiments, a haploid inducer as referred to
herein can be a mutant plant selected from the plants as described in WO 2018/158301 (or a
plant of a different species having the corresponding mutation(s)), incorporated herein by
reference in its entirety. In certain embodiments, a haploid inducer as referred to herein can
be a plant with mutated PLA1 according to SEQ ID NOs: 38-40 or 44-46, or as defined herein
elsewhere. In certain embodiments, a haploid inducer as referred to herein can be a mutant
plant selected from the plants as described in Kalinowska et al. (2018) “State-of-the-art and
novel developments of in vivo haploid technologies”; Theor. Appl. Genetics; 132(3):593-605;

incorporated herein by reference in its entirely.

As used herein, PLA1 refers to patatin-like phospholipase, also known as NOT LIKE DAD1 (NLDI)
and MATRILINEAL (MATL), as for instance defined in Kelliher et al. (2017). MATRILINEAL, a
sperm-specific phospholipase, triggers maize haploid induction. Nature, 542(7639), 105. The
skilled person will understand that PLA1 may originate from maize but equally the PLAl

orthologues may be used herein, such as Sorghum PLA1.

In certain embodiments, wild type PLA1 or PLA1 originating from a line which is not a haploid
inducer (or a haploid inducer which is not caused by PLA1 mutations) is PLA1 from PH207 or
B73, i.e. PLA1 having a genomic, coding, or protein sequence (substantially) identical to the
PLA1 sequence from PH207 or B73, or an orthologue thereof. In certain embodiments, wild
type PLA1 or PLA1 originating from a line which is not a haploid inducer {(or a haploid inducer
which is not caused by PLA1 mutations) is PLA1 having a genomic, coding, or protein sequence

which is at least 80% identical (preferably over the entire length) to the PLA1 sequence from
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PH207 or B73 (or an orthologue thereof), preferably at least 85%, such as at least 86%, 87%,
88%, 89%, more preferably at least 90%, such as at least 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99%. In certain embodiments, wild type PLAL or PLA1 originating from a line which is
not a haploid inducer {or a haploid inducer which is not caused by PLA1 mutations) is PLA1
having a genomic sequence which is at least 80% identical (preferably over the entire length)
to the PLA1 sequence as set forth in SEQ ID NO: 41 or 47 (or an orthologue thereof), preferably
at least 85%, such as at least 86%, 87%, 88%, 89%, more preferably at least 90%, such as at
least 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%. In certain embodiments, wild type
PLA1 or PLA1 originating from a line which is not a haploid inducer (or a haploid inducer which
is not caused by PLA1 mutations) is PLA1 having a coding sequence which is at least 80%
identical (preferably over the entire length) to the PLA1 sequence as set forth in SEQ ID NO: 42
or 48 (or an orthologue thereof), preferably at least 85%, such as at least 86%, 87%, 88%, 89%,
more preferably at least 90%, such as at least 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or
99%. In certain embodiments, wild type PLA1 or PLA1 originating from a line which is not a
haploid inducer (or a haploid inducer which is not caused by PLA1 mutations) is PLA1 having a
protein sequence which is at least 80% identical (preferably over the entire length) to the PLA1
sequence as set forth in SEQ ID NO: 43, 49, or 50 (or an orthologue thereof), preferably at least
85%, such as at least 86%, 87%, 88%, 89%, more preferably at least 90%, such as at least 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%. It will be understood that such “wild type” PLA1
variants (such as orthologues) are not haploid inducing variants. In particular, “wild type” PLA1
preferably excludes any of the PLA1 mutations described below. Preferably, such variants have
comparable expression levels, stability, and/or activity as PLA1 from PH207 or B73, i.e.
expression, stability, and/or activity does not differ by more than 100%, preferably does not

differ by more than 50%.

In certain embodiments, mutated PLA1 as referred to herein causes the property of a haploid
inducer plant or increases the induction capability of a haploid inducer plant. In certain
embodiments PLA1 having the wild type sequence as set forth in SEQ ID NOs: 41-43 or SEQ ID
NOs: 47-50 is mutated.

In certain embodiments, mutated PLA1 as referred to herein has an altered (mRNA or protein)
expression level compared to (unmutated) wild type PLA1 (such as PH207 of B73 PLA1). In
certain embodiments, mutated PLA1 as referred to herein has an altered activity compared to
(unmutated) wild type PLA1 (such as PH207 of B73 PLA1). In certain embodiments, mutated
PLA1 as referred to herein has an altered stability compared to (unmutated) wild type PLA1 (such

as PH207 of B73 PLA1). In certain embodiments, mutated PLA1 as referred to herein has a
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reduced (mRNA or protein) expression level compared to (unmutated) wild type PLA1 (such as
PH207 of B73 PLA1). In certain embodiments, mutated PLA1 as referred to herein has a reduced
activity compared to (unmutated) wild type PLA1 (such as PH207 of B73 PLA1). In certain
embodiments, mutated PLA1 as referred to herein has a reduced stability compared to
(unmutated) wild type PLA1 (such as PH207 of B73 PLA1). Altered or decreased expression,
activity, and stability are to be interpreted as defined herein elsewhere. In certain embodiments
PLA1 having the wild type sequence as set forth in SEQ ID NOs: 41-43 or SEQ ID NOs: 47-50 is

mutated to have an altered (decreased) expression, activity, and/or stability.

In certain embodiments, mutated PLA1 as referred to herein has an altered or reduced
expression level, activity, and/or stability as described above, and causes the property of a
haploid inducer plant or increases the induction capability of a haploid inducer plant. In certain
embodiments PLA1 having the wild type sequence as set forth in SEQ ID NOs: 41-43 or SEQ ID
NOs: 47-50 is mutated to have an altered (decreased) expression, activity, and/or stability, and
causes the property of a haploid inducer plant or increases the induction capability of a haploid

inducer plant.

In certain embodiments, mutated PLA1 (genomic sequence, coding sequence, or protein
sequence) as referred to herein is a truncated PLA1L. In certain embodiments, mutated PLA1
(genomic sequence, coding sequence, or protein sequence) as referred to herein comprises
one or more deletion such as an internal deletion of one or more nucleotides or amino acids,
or a 3’ and/or 5’ or N-terminal and/or C-terminal deletion of one or more nucleotides or amino
acids. In certain embodiments, mutated PLA1 (genomic sequence or coding sequence) as
referred to herein comprises a premature stop codon. In certain embodiments, mutated PLA1
(genomic sequence or coding sequence) as referred to herein comprises a frame shift. In
certain embodiments, mutated PLA1 (genomic sequence or coding sequence) as referred to
herein comprises a frame shift resulting in a premature stop codon. In certain embodiments,
mutated PLA1 (genomic sequence or coding sequence) as referred to herein comprises a
(point) mutation resulting in a premature stop codon. In certain embodiments, mutated PLA1
(genomic sequence or coding sequence) as referred to herein comprises a deletion resulting in
a premature stop codon. In certain embodiments PLA1 having the wild type sequence as set
forth in SEQ ID NOs: 41-43 or SEQ ID NOs: 47-50 is truncated, has a deletion, frame shift, point

mutation, premature stop codon, as defined above.

In certain embodiments, mutated PLA1 (genomic sequence, coding sequence, or protein
sequence) as referred to herein comprises a mutation (such as deletion, truncation, or frame

shift) wherein the amino acid sequence at the C-terminal end is shortened by 5 or more amino
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acids, preferably 10 or more amino acids, such as 20 or more, 25 or more, 30 or more, 35 or
more, 40 or more, 50 or more, 60 or more, 70 or more, 80 or more, 90 or more, or 100 or
more amino acids. In certain embodiments, mutated PLA1 (genomic sequence, coding
sequence, or protein sequence) as referred to herein comprises a mutation (such as deletion,
truncation, or frame shift) wherein the amino acid sequence at the C-terminal end is
shortened by 5 to 100 amino acids, preferably 10 to 100 amino acids, such as 15 to 100 amino
acids, 10 to 90 amino acids, 15 to 90 amino acids, 10 to 80 amino acids, 15 to 80 amino acids,
10 to 70 amino acids, 15 to 70 amino acids, 10 to 60 amino acids, 15 to 60 amino acids. In
certain embodiments PLA1 having the wild type sequence as set forth in SEQ ID NOs: 41-43 or
SEQ ID NOs: 47-50 is C-terminally shortened as defined above.

In certain embodiments, mutated PLA1 (genomic sequence, coding sequence, or protein
sequence) as referred to herein comprises a destabilizing mutation, i.e. a mutation affecting
protein stability. In certain embodiments PLA1 having the wild type sequence as set forth in SEQ

ID NOs: 41-43 or SEQ ID NOs: 47-50 comprises a destabilizing mutation.

In certain embodiments, mutated PLA1 (genomic sequence, coding sequence, or protein
sequence) as referred to herein comprises a point mutation. In certain embodiments, mutated
PLA1 (genomic sequence, coding sequence, or protein sequence) as referred to herein
comprises a mutation in which one or more amino acids are exchanged. In certain
embodiments, mutated PLA1 (genomic sequence, coding sequence, or protein sequence) as
referred to herein comprises a mutation which causes an amino acid exchange between amino
acid positions 57 and 289, referenced to SEQ ID NO: 43, 49, or 50, i.e. between positions 57
and 289 of PLA1 having a protein sequence as set forth in SEQ ID NO: 43, 49, or 50 or the
corresponding positions in a PLA1 variant or orthologue as described herein elsewhere. In
certain embodiments, mutated PLA1 (genomic sequence, coding sequence, or protein
sequence) as referred to herein comprises a mutation which causes an amino acid exchange at
position 58, referenced to SEQ ID NO: 43, 49, or 50, preferably wherein the amino acid is
replaced by glutamine (58Q), preferably wherein arginine is replaced by glutamine (R58Q). In
certain embodiments, mutated PLA1 (genomic sequence, coding sequence, or protein
sequence) as referred to herein comprises a mutation which causes an amino acid exchange at
position 74, referenced to SEQ ID NO: 43, 49, or 50, preferably wherein the amino acid is
replaced by asparagine (74N), preferably wherein aspartate is replaced by asparagine (D74N).
In certain embodiments, mutated PLA1 (genomic sequence, coding sequence, or protein
sequence) as referred to herein comprises a mutation which causes an amino acid exchange at

position 78, referenced to SEQ ID NO: 43, 49, or 50, preferably wherein the amino acid is



10

15

20

25

30

WO 2020/239680 PCT/EP2020/064420

20
replaced by arginine (78R), preferably wherein glycine is replaced by arginine (G78R). In certain
embodiments, mutated PLA1 (genomic sequence, coding sequence, or protein sequence) as
referred to herein comprises a mutation which causes an amino acid exchange at position 160,
referenced to SEQ ID NO: 43, 49, or 50, preferably wherein the amino acid is replaced by
isoleucine (160l1), preferably wherein valine is replaced by isoleucine (V160l). In certain
embodiments, mutated PLA1 (genomic sequence, coding sequence, or protein sequence) as
referred to herein comprises a mutation which causes an amino acid exchange at position 288,
referenced to SEQ ID NO: 43, 49, or 50, preferably wherein the amino acid is replaced by
leucine (288L), preferably wherein serine is replaced by leucine (S5288L). In certain
embodiments PLA1 having the wild type sequence as set forth in SEQ ID NOs: 41-43 or SEQ ID

NOs: 47-50 comprises a point mutation/amino acid exchange as described above.

In certain embodiments, mutated PLA1 as referred to herein has a protein sequence as set
forth in SEQ ID NO: 40 or 46, or a sequence at least 80%, preferably at least 85%, such as at
least 90% or 95% identical (preferably over the entire length) to SEQ ID NO: 40 or 46 (with the
proviso that such variant is a haploid inducer), or an orthologue comprising the corresponding

mutation.

In certain embodiments, mutated PLA1 (genomic sequence) as referred to herein comprises a
mutation in one or more of its regulatory sequences (in particular the promoter). In certain
embodiments, mutated PLA1 (genomic sequence) as referred to herein, comprises a mutation
in one or more of its regulatory sequences (in particular the promoter) which affect
transcription. In certain embodiments, mutated PLA1 (genomic sequence) as referred to
herein, comprises a mutation in one or more of its regulatory sequences (in particular the
promoter) which reduce or (substantially) eliminate transcription. In certain embodiments PLA1
having the wild type sequence as set forth in SEQ ID NOs: 41-43 or SEQ ID NOs: 47-50 comprises

a mutation in one or more of its regulatory sequences as defined above.
In certain embodiments, mutated PLA1 as referred to herein is knocked out or knocked down.

As used herein, the “haploid induction rate” or “induction rate” of a haploid inducer refers to
the number or percentage of fertilized seeds or embryos that have a haploid chromosome set
and which have arisen from a crossing of the haploid inducer with a plant of the same genus

(preferably, a plant of the same species) which is not a haploid inducer.

“Enhancing or increasing the haploid induction capability of a haploid inducer” or “mediating
the property of an enhancer of the haploid induction capability of an a haploid inducer” means

that via the use of a nucleic acid as described herein, in particular an inducing-promoting
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nucleic acid as described herein or a nucleic acid encoding a double-stranded RNA as described
herein, the haploid induction rate of a haploid inducer, in particular a haploid inducer
comprising a mutated patatin-like phospholipase (PLA1), can be increased with at least 0.1%,
0.2%, 0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8% or 0.9%, preferably with at least 1%, 1.5%, 2%, 2.5%,
3%, 3.5%, 4%, 4.5% or 5%, more preferably with at least 6%, 7%, 8%, 9%, 10%, 15%, 20%, 30%
or 50%. The number of fertilized seeds or embryos which have a haploid chromosome set and
which have arisen from a crossing of the haploid inducer with a plant of the same genus
(preferably, a plant of the same species) which is not a haploid inducer may thus be higher by
at least 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8% or 0.9%, preferably at least 1%, 1.5%,
2%, 2.5%, 3%, 3.5%, 4%, 4.5% or 5%, more preferably, at least 6%, 7%, 8%, 9%, 10%, 15%, 20%,
30% or 50%, than the number of haploid fertilized seeds or embryos which is achieved without

the use of the nucleic acid as described herein.

The term "plant" includes whole plants, including descendants or progeny thereof. The term
“plant part” includes any part or derivative of the plant, including particular plant tissues or
structures, plant cells, plant protoplast, plant cell or tissue culture from which plants can be
regenerated, plant calli, plant clumps and plant cells that are intact in plants or parts of plants.
Non-limiting examples of plant parts include fertilized or unfertilized seeds, embryos, pollen,
ovules, leaves, roots, root tips, anthers, flowers, fruits, stems, shoots, and the like. Plant parts

may include processed plant parts or derivatives, including flower, oils, extracts etc.

In certain embodiments, the plant part or derivative comprises, consists of, or consists
essentially of one or more, preferably all of stalks, leaves, and cobs. In certain embodiments,
the plant part or derivative is leaves. In certain embodiments, the plant part or derivative is
stalks. In certain embodiments, the plant part or derivative is cobs. In certain embodiments,
the plant part or derivative comprises, consists of, or consists essentially of one or more,
preferably all of stalks and leaves. In certain embodiments, the plant part or derivative
comprises, consists of, or consists essentially of one or more, preferably all of stalks, and cobs.
In certain embodiments, the plant part or derivative comprises, consists of, or consists
essentially of one or more, preferably all of leaves and cobs. In certain embodiments, the plant
part or derivative is not (functional) propagation material, such as germplasm, a seed, or plant
embryo or other material from which a plant can be regenerated. In certain embodiments, the
plant part or derivative does not comprise (functional) male and female reproductive organs.
In certain embodiments, the plant part or derivative is or comprises propagation material, but
propagation material which does not or cannot be used (anymore) to produce or generate

new plants, such as propagation material which have been chemically, mechanically or
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otherwise rendered non-functional, for instance by heat treatment, acid treatment,
compaction, crushing, chopping, etc. in certain preferred embodiments, the plant part is corn

cobs or stover.

In the context of the present invention, unless indicated otherwise, a “plant” may be of any
species from the dicotyledon, monocotyledon, and gymnosperm plants. Non-limiting examples
include Hordeum vulgare, Sorghum bicolor, Secale cereale, Triticale, Saccharum officinarium,
Zea mays, Setaria italic, Oryza sativa, Oryza minuta, Oryza australiensis, Oryza alta, Triticum
aestivum, Triticum durum, Hordeum bulbosum, Brachypodiurn distachyon, Hordeum marinum,
Aegilops tauschii, Beta vulgaris, Helianthus annuus, Daucus glochidiatus, Daucus pusillus,
Daucus muricatus, Daucus carota, Eucalyptus grandis, Erythranthe guttata, Genlisea aurea,
Gossypium sp., Musa sp., Avena sp., Nicotiana sylvestris, Nicotiana tabacum, Nicotiana
tomentosiformis, Solanum lycopersicum, Solanum tuberosum, Coffea canephora, Vitis vinifera,
Cucumis sativus, Morus notabilis, Arabidopsis thaliana, Arabidopsis lyrata, Arabidopsis arenosa,
Crucihimalaya himalaica, Crucihimalaya wallichii, Cardamine flexuosa, Lepidiurn virginicum,
Capsella bursa-pastoris, Olmarabidopsis pumila, Arabis hirsuta, Brassica napus, Brassica
oleracea, Brassica rapa, Brassica juncacea, Brassica nigra, Raphanus sativus, Eruca vesicaria
sativa, Citrus sinensis, Jatropha curcas, Glycine max, and Populus trichocarpa. Preferably, a
plant as used herein is of the genus Zea, preferably the species Zea mays, or of the genus

Sorghum, preferably the species Sorghum bicolor.

As used herein, “maize” refers to a plant of the species Zea mays, preferably Zea mays ssp

mays.

“B73” is a maize breeding line that is used as a model genotype in maize genetics and was used
to create the first maize reference sequence. In certain embodiments, the B73 reference
genome as defined herein is the B73 AGPv2 genome and refers to the assembly B73
RefGen_v2 (also known as AGPv2, B73 RefGen_v2) as provided on the Maize Genetics and
Genomics Database

(https://www.maizegdb.org/genome/genome_assembly/B73%20RefGen_v2).

“RWS” is a haploid inducer line based on Stock 6, and has the haploid inducer chromosome 1

QTL mutation (HI1).
“W22"” is a non-haploid inducer line but carrier of the enhancer allele on HIR8 locus.

As used herein, “sorghum” refers to a plant of the genus Sorghum, and includes without

limitation Sorghum bicolor, Sorghum sudanense, Sorghum bicolor x Sorghum sudanense,
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Sorghum x almum (Sorghum bicolor x Sorghum halepense), Sorghum arundinaceum, Sorghum

x drummondii, Sorghum halepense and/or Sorghum propinquum.

A “functional fragment” of a nucleotide sequence as used herein means a segment of a
nucleotide sequence which has the functionality identical or comparable to the complete
nucleotide sequence from which the functional fragment originates. As such, the functional
fragment may possess a nucleotide sequence which is identical or homologous to the
complete nucleotide sequence over a length of at least 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 92%, 94% 96%, 97%, 98% or 99%. Furthermore, a “functional fragment” of a
nucleotide sequence may also mean a segment of a nucleotide sequence which alters the
functionality of the total nucleotide sequence, e.g., in the course of post-transcriptional gene
silencing. As such, the functional fragment of a nucleotide sequence may include at least 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24 or 25, preferably at least 30, 35, 40, 45, 50, 60, 70, 80, 90,
100, 120 or 140, more preferably at least 160, 180, 200, 250, 300, 350, 400, 450, 500, 600, 700,

800, 900 or 1000 successive nucleotides of the complete nucleotide sequence.

A “functional part” of a protein means a segment of a protein, or a section of the amino acid
sequence, that encodes for the protein, wherein the segment may exert functionality identical
or comparable to the entire protein in a plant cell. A functional part of a protein has, over a
length of at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 92%, 94%, 96%, 97%, 98%,
or 99%, an identical or—under conservative and semi-conservative amino acid exchanges—

similar amino acid sequence to that of the protein from which the functional part originates.

As used herein, the term "sequence identity" refers to the degree of identity between any
given nucleic acid sequence and a target nucleic acid sequence. Percent sequence identity is
calculated by determining the number of matched positions in aligned nucleic acid sequences,
dividing the number of matched positions by the total number of aligned nucleotides, and
multiplying by 100. A matched position refers to a position in which identical nucleotides occur
at the same position in aligned nucleic acid sequences. Percent sequence identity can also be
determined for any amino acid sequence. To determine percent sequence identity, a target
nucleic acid or amino acid sequence is compared to the identified nucleic acid or amino acid
sequence using the BLAST 2 Sequences (Bl2seq) program from the stand-alone version of
BLASTZ containing BLASTN and BLASTP. This stand-alone version of BLASTZ can be obtained
from Fish & Richardson's web site (World Wide Web at fr.com/blast) or the U.S. government's
National Center for Biotechnology Information web site (World Wide Web at ncbi.nlm.nih.gov).
Instructions explaining how to use the Bl2seq program can be found in the readme file

accompanying BLASTZ. Bl2seq performs a comparison between two sequences using either the
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BLASTN or BLASTP algorithm.

BLASTN is used to compare nucleic acid sequences, while BLASTP is used to compare amino
acid sequences. To compare two nucleic acid sequences, the options are set as follows: -i is set
to a file containing the first nucleic acid sequence to be compared (e.g. , C:\seq | .txt); -j is set
to a file containing the second nucleic acid sequence to be compared (e.g. , C:\seq2.txt); -p is
set to blastn; -0 is set to any desired file name (e.g. , C :\output.txt); -g is setto-1; -ris set to
2; and all other options are left at their default setting. The following command will generate
an output file containing a comparison between two sequences: C:\B12seq -i c:\seql .txt -j
c:\seq2.txt -p blastn -o c:\output.txt -q - 1 -r 2. If the target sequence shares homology with
any portion of the identified sequence, then the designated output file will present those
regions of homology as aligned sequences. If the target sequence does not share homology
with any portion of the identified sequence, then the designated output file will not present
aligned sequences. Once aligned, a length is determined by counting the number of
consecutive nucleotides from the target sequence presented in alignment with the sequence
from the identified sequence starting with any matched position and ending with any other
matched position. A matched position is any position where an identical nucleotide is
presented in both the target and identified sequences. Gaps presented in the target sequence
are not counted since gaps are not nucleotides. Likewise, gaps presented in the identified
sequence are not counted since target sequence nucleotides are counted, not nucleotides
from the identified sequence. The percent identity over a particular length is determined by
counting the number of matched positions over that length and dividing that number by the
length followed by multiplying the resulting value by 100. For example, if (i) a 500-base nucleic
acid target sequence is compared to a subject nucleic acid sequence, (ii) the Bl2seq program
presents 200 bases from the target sequence aligned with a region of the subject sequence
where the first and last bases of that 200-base region are matches, and (iii) the number of
matches over those 200 aligned bases is 180, then the 500-base nucleic acid target sequence
contains a length of 200 and a sequence identity over that length of 90% (i.e., 180 / 200 x 100
= 90). It will be appreciated that different regions within a single nucleic acid target sequence
that aligns with an identified sequence can each have their own percent identity. It is noted
that the percent identity value is rounded to the nearest tenth. For example, 78.11, 78.12,
78.13, and 78.14 are rounded down to 78.1, while 78.15, 78.16, 78.17, 78.18, and 78.19 are

rounded up to 78.2. It also is noted that the length value will always be an integer.

An "isolated nucleic acid sequence" or "isolated DNA" refers to a nucleic acid sequence which

is no longer in the natural environment from which it was isolated, e.g. the nucleic acid
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sequence in a bacterial host cell or in the plant nuclear or plastid genome. When referring to a
"sequence" herein, it is understood that the molecule having such a sequence is referred to,
e.g. the nucleic acid molecule. A "host cell" or a "recombinant host cell" or "transformed cell"
are terms referring to a new individual cell (or organism) arising as a result of at least one
nucleic acid molecule, having been introduced into said cell. The host cell is preferably a plant
cell or a bacterial cell. The host cell may contain the nucleic acid as an extra-chromosomally
(episomal) replicating molecule, or comprises the nucleic acid integrated in the nuclear or

plastid genome of the host cell, or as introduced chromosome, e.g. minichromosome.

In certain embodiments, the nucleic acid molecule as described herein comprises less than
50000 nucleotides. In certain embodiments, the nucleic acid molecule as described herein
comprises less than 40000 nucleotides. In certain embodiments, the nucleic acid molecule as
described herein comprises less than 30000 nucleotides. In certain embodiments, the nucleic
acid molecule as described herein comprises less than 25000 nucleotides. In certain
embodiments, the nucleic acid molecule as described herein comprises less than 20000
nucleotides. In certain embodiments, the nucleic acid molecule as described herein comprises
less than 15000 nucleotides. In certain embodiments, the nucleic acid molecule as described
herein comprises less than 10000 nucleotides. In certain embodiments, the nucleic acid
molecule as described herein comprises less than 5000 nucleotides. In certain embodiments,
the nucleotide molecule as described herein comprises at least 100 nucleotides. In certain
embodiments, the nucleic acid molecule as described herein comprises at least 100
nucleotides and less than 50000 nucleotides. In certain embodiments, the nucleic acid
molecule as described herein comprises at least 100 nucleotides and less than 40000
nucleotides. In certain embodiments, the nucleic acid molecule as described herein comprises
at least 100 nucleotides and less than 30000 nucleotides. In certain embodiments, the nucleic
acid molecule as described herein comprises at least 100 nucleotides and less than 25000
nucleotides. In certain embodiments, the nucleic acid molecule as described herein comprises
at least 100 nucleotides and less than 20000 nucleotides. In certain embodiments, the nucleic
acid molecule as described herein comprises at least 100 nucleotides and less than 15000
nucleotides. In certain embodiments, the nucleic acid molecule as described herein comprises
at least 100 nucleotides and less than 10000 nucleotides. In certain embodiments, the nucleic
acid molecule as described herein comprises at least 100 nucleotides and less than 5000

nucleotides.

When reference is made to a nucleic acid sequence (e.g. DNA or genomic DNA) having

"substantial sequence identity to" a reference sequence or having a sequence identity of at
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least 80%>, e.g. at least 85%, 90%, 95%, 98%> or 99%> nucleic acid sequence identity to a
reference sequence, in one embodiment said nucleotide sequence is considered substantially
identical to the given nucleotide sequence and can be identified using stringent hybridisation
conditions. In another embodiment, the nucleic acid sequence comprises one or more
mutations compared to the given nucleotide sequence but still can be identified using

stringent hybridisation conditions.

The terms “hybridizing” and “hybridization” refer to a process in which a single-stranded
nucleic acid molecule is added to a nucleic acid strand that is complementary to the greatest
possible extent, i.e., enters into base pairing. Standard methods for hybridization are described
in Sambrook et al. 2001, for example. Preferably at least 60%, more preferably at least 65%,
70%, 75%, 80%,or 85%, even more preferably at least 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98% or 99% of the bases of the nucleic acid molecule enter into a base pairing with the
nucleic acid strand that is complementary to the greatest possible extent. The possibility of
such an addition depends upon the stringency of the hybridization conditions. The term
“stringency” relates to the hybridization conditions. High stringency is present when a base
pairing is made more difficult; low stringency is present if a base pairing is made easier. For
example, the stringency of the hybridization conditions depends upon the salt concentration,
or ion strength, and the temperature. In general, the stringency may be increased by
increasing the temperature and/or decreasing the salt content. With “stringent hybridization
conditions” is meant herein those conditions under which a hybridization predominantly
occurs only between homologous nucleic acid molecules. The term “hybridization conditions”
thereby relates not only to the conditions prevailing in the actual addition of the nucleic acids,
but also to the conditions prevailing in the following washing steps. Stringent hybridization
conditions are, for example, conditions under which, predominantly, only those nucleic acid
molecules are hybridized that have at least 70%, preferably at least 75%, at least 80%, at least
85%, at least 90% or at least 95% sequence identity. Stringent hybridization conditions are, for
example, hybridization in 4xSSC at 65° C., and subsequent repeated washing in 0.1xSSC at 65°
C. for approximately 1 hour in total. The term “stringent hybridization conditions” that is used
here may also mean hybridization at 68° C. in 0.25 M sodium phosphate, pH 7.2, 7% SDS, 1
mM EDTA and 1% BSA for 16 hours, and subsequent washing twice with 2xSSC and 0.1% SDS

at 68° C. A hybridization preferably occurs under stringent conditions.

As used herein, “increase in the expression rate” or “increased expression rate” or “activation
of the expression” or “overexpression” or a comparable phrase in certain embodiments means

an increase in the expression rate of a nucleotide sequence by more than 10%, 15%, 20%, 25%
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or 30%, preferably by more than 40%, 50%, 60%, 70%, 80%, 90% or 100%, more preferably by
more than 150%, 200%, 250%, 300%, 500%, or 1000%, in comparison to the specified
reference, such as a plant not comprising the genetic or otherwise modifications according to
the invention as described herein elsewhere (e.g. overexpression of the myosin heavy chain),
or a reference plant, such as BL73. The increase in the expression rate preferably leads to a
change of the phenotype of a plant in which the expression rate is increased. In the context of
the present invention, an altered phenotype may be the enhanced induction capability of a

haploid inductor caused by a mutated palatin-like phospholipase (PLA1).

“Increase in the transcription rate” or “increased transcription rate” or a comparable phrase in
certain embodiments means an increase in the transcription rate of a nucleotide sequence by
more than 10%, 15%, 20%, 25% or 30%, preferably by more than 40%, 50%, 60%, 70%, 80%, 90%
or 100%, more preferably by more than 150%, 200%, 250%, 300%, 500%, or 1000%, in
comparison to the specified reference, such as a plant not comprising the genetic or otherwise
modifications according to the invention as described herein elsewhere (e.g. overexpression of
the myosin heavy chain), or a reference plant, such as BL73. The increase in the transcription
rate preferably leads to a change of the phenotype of a plant in which the transcription rate is
increased. In the context of the present invention, an altered phenotype may be the enhanced
induction capability of a haploid inductor caused by a mutated palatin-like phospholipase

(PLA1).

As used herein, “reducing the expression rate” or “reduction in the expression rate” or

»n o u

“suppression of the expression,” “reduced expression rate,” or “repression” or a comparable
phrase in certain embodiments means a reduction in the expression rate of a nucleotide
sequence by more than 10%, 15%, 20%, 25% or 30%, preferably by more than 40%, 45%, 50%,
55%, 60% or 65%, more preferably by more than 70%, 75%, 80%, 85%, 90%, 92%, 94%, 96% or
98% in comparison to the specified reference, such as a plant not comprising the genetic or
otherwise modifications according to the invention as described herein elsewhere (e.g.
repression of the aquaporin protein or gene), or a reference plant, such as BL73. However, it
may also mean that the expression rate of a nucleotide sequence is reduced by 100%. The
reduction in the expression rate preferably leads to a change of the phenotype of a plant in
which the expression rate is reduced. In the context of the present invention, an altered

phenotype may be the enhanced induction capability of a haploid inductor caused by a

mutated palatin-like phospholipase (PLA1).

“Reduction in the transcription rate” or “reduced transcription rate” or a comparable phrase in

certain embodiments means a reduction in the transcription rate of a nucleotide sequence by
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more than 10%, 15%, 20%, 25% or 30%, preferably by more than 40%, 45%, 50%, 55%, 60% or
65%, more preferably by more than 70%, 75%, 80%, 85%, 90%, 92%, 94%, 96% or 98% in
comparison to the specified reference, such as a plant not comprising the genetic or otherwise
modifications according to the invention as described herein elsewhere (e.g. repression of the
aquaporin protein or gene), or a reference plant, such as BL73. However, it may also mean that
the transcription rate of a nucleotide sequence is reduced by 100%. The reduction in the
transcription rate preferably leads to a change of the phenotype of a plant in which the
transcription rate is reduced. In the context of the present invention, an altered phenotype
may be the enhanced induction capability of a haploid inductor caused by a mutated palatin-

like phospholipase (PLA1).

As used herein, “increased (protein) activity” refers to increased activity of about at least 10%,
preferably at least 30%, more preferably at least 50%, such as at least 20%, 40%, 60%, 80% or
more, such as at least 85%, at least 90%, at least 95%, or more. As used herein, reduced
(protein) activity refers to decreased activity of about at least 10%, preferably at least 30%,
more preferably at least 50%, such as at least 20%, 40%, 60%, 80% or more, such as at least
85%, at least 90%, at least 95%, or more. Activity is (substantially) absent or eliminated if
activity is reduced at least 80%, preferably at least 90%, more preferably at least 95%. In
certain embodiments, activity is (substantially) absent, if no activity, in particular the wild type
or native protein activity, can be detected. (Protein) activity levels can be determined by any
means known in the art, depending on the type of protein, such as by standard detection
methods, including for instance enzymatic assays (for enzymes), transcription assays (for
transcription factors), assays to analyse a phenotypic output, etc. Activity may be compared to

a reference as defined above.

As used herein, “increased stability” may refer to increased protein stability or increased RNA,
such as mRNA stability. Stability of proteins or RNA can be determined by means known in the
art, such as determination of protein/RNA half-life. Increased protein or RNA stability in certain
embodiments means an increase of stability of about at least 10%, preferably at least 30%,
more preferably at least 50%, such as at least 20%, 40%, 60%, 80% or more, such as at least
85%, at least 90%, at least 95%, or more, such as 100%, 200%, 300%, 400%, 500% or more.
Increased protein or RNA stability in certain embodiments means an increase in half-life of
about at least 10%, preferably at least 30%, more preferably at least 50%, such as at least 20%,
40%, 60%, 80% or more, such as at least 85%, at least 90%, at least 95%, or more, such as a
twp-fold, three-fold, four-fold, 5-fold or more increase in half-life. Stability may be compared

to a reference as defined above.



10

15

20

25

30

WO 2020/239680 PCT/EP2020/064420

29
“RNA interference” or “RNAi” is a biological process in which RNA molecules inhibit gene
expression or translation, by neutralizing targeted mRNA molecules. Two types of small
ribonucleic acid (RNA) molecules — microRNA (miRNA) and small interfering RNA (siRNA) — are
central to RNA interference. RNAs are the direct products of genes, and these small RNAs can
bind to other specific messenger RNA (mRNA) molecules and either increase or decrease their
activity, for example by preventing an mRNA from being translated into a protein. The RNAi
pathway is found in many eukaryotes, including animals, and is initiated by the enzyme Dicer,
which cleaves long double-stranded RNA (dsRNA) molecules into short double-stranded
fragments of about 21 nucleotide siRNAs (small interfering RNAs). Each siRNA is unwound into
two single-stranded RNAs (ssRNAs), the passenger strand and the guide strand. The passenger
strand is degraded and the guide strand is incorporated into the RNA-induced silencing
complex (RISC). Mature miRNAs are structurally similar to siRNAs produced from exogenous
dsRNA, but before reaching maturity, miRNAs must first undergo extensive post-
transcriptional modification. A miRNA is expressed from a much longer RNA-coding gene as a
primary transcript known as a pri-miRNA which is processed, in the cell nucleus, to a 70-
nucleotide stem-loop structure called a pre-miRNA by the microprocessor complex. This
complex consists of an RNase lll enzyme called Drosha and a dsRNA-binding protein DGCRS.
The dsRNA portion of this pre-miRNA is bound and cleaved by Dicer to produce the mature
miRNA molecule that can be integrated into the RISC complex; thus, miRNA and siRNA share
the same downstream cellular machinery. A short hairpin RNA or small hairpin RNA
(shRNA/Hairpin Vector) is an artificial RNA molecule with a tight hairpin turn that can be used
to silence target gene expression via RNA interference. The most well-studied outcome is post-
transcriptional gene silencing, which occurs when the guide strand pairs with a complementary
sequence in a messenger RNA molecule and induces cleavage by Argonaute 2 (Ago2), the
catalytic component of the RISC. In will be understood that the RNAi molecules can be applied
as such to/in the plant, or can be encoded by appropriate vectors, from which the RNAI
molecule is expressed. Delivery and expression systems of RNAi molecules, such as siRNAs,

shRNAs or miRNAs are well known in the art.

The term “regulatory sequence” as used herein relates to a nucleotide sequence which affects
the specificity and/or the expression strength, e.g., in that the regulatory sequence mediates a
defined tissue specificity. Such a regulatory sequence may be located upstream of the
transcription initiation point of a minimal promoter, but also downstream of it, e.g., as in a

transcribed, but untranslated, leader sequence or within an intron.

As used herein, a “vector” has its ordinary meaning in the art, and may for instance be a
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plasmid, a cosmid, a phage or an expression vector, a transformation vector, shuttle vector, or
cloning vector; it may be double- or single-stranded, linear or circular; or it may transform a
prokaryotic or eukaryotic host, either via integration into its genome or extrachromosomally.
The nucleic acid according to the invention is preferably operatively linked in a vector with one
or more regulatory sequences which allow the transcription, and, optionally, the expression, in
a prokaryotic or eukaryotic host cell. A regulatory sequence—preferably, DNA—may be
homologous or heterologous to the nucleic acid according to the invention. For example, the
nucleic acid is under the control of a suitable promoter or terminator. Suitable promoters may
be promoters which are constitutively induced (example: 35S promoter from the “Cauliflower
mosaic virus” (Odell et al., 1985); those promoters which are tissue-specific are especially
suitable (example: Pollen-specific promoters, Chen et al. (2010), Zhao et al. (2006), or Twell et
al. (1991)), or are development-specific (example: blossom-specific promoters). Suitable
promoters may also be synthetic or chimeric promoters which do not occur in nature, are
composed of multiple elements, and contain a minimal promoter, as well as—upstream of the
minimum promoter—at least one cis-regulatory element which serves as a binding location for
special transcription factors. Chimeric promoters may be designed according to the desired
specifics and are induced or repressed via different factors. Examples of such promoters are
found in Gurr & Rushton (2005) or Venter (2007). For example, a suitable terminator is the
nos-terminator (Depicker et al.,, 1982). The vector may be introduced via conjugation,
mobilization, biolistic transformation, agrobacteria-mediated transformation, transfection,

transduction, vacuum infiltration, or electroporation.

As used herein, the term “operatively linked” or “operably linked” means connected in a
common nucleic acid molecule in such a manner that the connected elements are positioned
and oriented relative to one another such that a transcription of the nucleic acid molecule may
occur. A DNA which is operatively linked with a promoter is under the transcriptional control

of this promoter.

As used herein the term "transformation" refers to the transfer of isolated and cloned genes

into the DNA, usually the chromosomal DNA or genome, of another organism.

"Transgene" refers to a genetic locus comprising a DNA sequence, such as a recombinant gene,
which has been introduced into the genome of a plant cell or plant by transformation, such as
Agrobacterium mediated transformation. A plant cell or plant comprising a transgene stably

integrated into its genome is referred to as “transgenic plant cell” or "transgenic plant"”.

The term "locus” (loci plural) means a specific place or places or a site on a chromosome where
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for example a QTL, a gene or genetic marker is found. As used herein, the term "quantitative
trait locus" or "QTL" has its ordinary meaning known in the art. By means of further guidance,
and without limitation, a QTL may refer to a region of DNA that is associated with the
differential expression of a quantitative phenotypic trait in at least one genetic background,
e.g., in at least one breeding population. The region of the QTL encompasses or is closely
linked to the gene or genes that affect the trait in question. An "allele of a QTL" can comprise
multiple genes or other genetic factors within a contiguous genomic region or linkage group,
such as a haplotype. An allele of a QTL can denote a haplotype within a specified window
wherein said window is a contiguous genomic region that can be defined, and tracked, with a
set of one or more polymorphic markers. A haplotype can be defined by the unique fingerprint
of alleles at each marker within the specified window. A QTL may encode for one or more
alleles that affect the expressivity of a continuously distributed (quantitative) phenotype. In
certain embodiments, the QTL, marker, allele, or gene as described herein may be
homozygous. In certain embodiments, the QTL, marker, allele, or gene as described herein

may be heterozygous.

As used herein, the term "homozygote" refers to an individual cell or plant having the same
alleles at one or more or all loci. When the term is used with reference to a specific locus or
gene, it means at least that locus or gene has the same alleles. As used herein, the term
"homozygous" means a genetic condition existing when identical alleles reside at
corresponding loci on homologous chromosomes. As used herein, the term "heterozygote"
refers to an individual cell or plant having different alleles at one or more or all loci. When the
term is used with reference to a specific locus or gene, it means at least that locus or gene has
different alleles. As used herein, the term "heterozygous" means a genetic condition existing
when different alleles reside at corresponding loci on homologous chromosomes. In certain
embodiments, the QTL, marker(s), or gene(s) as described herein is/are homozygous. In certain
embodiments, the QTL, marker(s), or gene(s) as described herein are heterozygous. In certain
embodiments, the QTL, marker(s), or gene(s) allele(s) as described herein is/are homozygous.
In certain embodiments, the QTL, marker(s), or gene(s) allele(s) as described herein are

heterozygous.

As used herein, the term "allele" or "alleles" refers to one or more alternative forms, i.e.

different nucleotide sequences, of a locus.

As used herein, the term "mutant alleles" or "mutation" of alleles include alleles having one or
more mutations, such as insertions, deletions, stop codons, base changes (e.g. , transitions or

transversions), or alterations in splice junctions, which may or may not give rise to altered
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gene products. Modifications in alleles may arise in coding or non-coding regions (e.g.

promoter regions, exons, introns or splice junctions).

A "marker" is a (means of finding a position on a) genetic or physical map, or else linkages
among markers and trait loci (loci affecting traits). The position that the marker detects may be
known via detection of polymorphic alleles and their genetic mapping, or else by hybridization,
sequence match or amplification of a sequence that has been physically mapped. A marker can
be a DNA marker (detects DNA polymorphisms), a protein (detects variation at an encoded
polypeptide), or a simply inherited phenotype (such as the 'waxy' phenotype). A DNA marker
can be developed from genomic nucleotide sequence or from expressed nucleotide sequences
(e.g., from a spliced RNA or a cDNA). Depending on the DNA marker technology, the marker
may consist of complementary primers flanking the locus and/or complementary probes that
hybridize to polymorphic alleles at the locus. The term marker locus is the locus (gene,
sequence or nucleotide) that the marker detects. "Marker" or "molecular marker" or "marker
locus" may also be used to denote a nucleic acid or amino acid sequence that is sufficiently
unique to characterize a specific locus on the genome. Any detectable polymorphic trait can be
used as a marker so long as it is inherited differentially and exhibits linkage disequilibrium with

a phenotypic trait of interest.

Markers that detect genetic polymorphisms between members of a population are well-
established in the art. Markers can be defined by the type of polymorphism that they detect
and also the marker technology used to detect the polymorphism. Marker types include but
are not limited to, e.g., detection of restriction fragment length polymorphisms (RFLP),
detection of isozyme markers, randomly amplified polymorphic DNA (RAPD), amplified
fragment length polymorphisms (AFLPs), detection of simple sequence repeats (SSRs),
detection of amplified variable sequences of the plant genome, detection of self-sustained
sequence replication, or detection of single nucleotide polymorphisms (SNPs). SNPs can be
detected e.g. via DNA sequencing, PCR-based sequence specific amplification methods,
detection of polynucleotide polymorphisms by allele specific hybridization (ASH), dynamic
allele-specific  hybridization (DASH), molecular beacons, microarray hybridization,
oligonucleotide ligase assays, Flap endonucleases, 5' endonucleases, primer extension, single
strand conformation polymorphism (SSCP) or temperature gradient gel electrophoresis (TGGE).
DNA sequencing, such as the pyrosequencing technology has the advantage of being able to
detect a series of linked SNP alleles that constitute a haplotype. Haplotypes tend to be more

informative (detect a higher level of polymorphism) than SNPs.

A "marker allele", alternatively an "allele of a marker locus", can refer to one of a plurality of
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polymorphic nucleotide sequences found at a marker locus in a population. With regard to a
SNP marker, allele refers to the specific nucleotide base present at that SNP locus in that

individual plant.

"Fine-mapping" refers to methods by which the position of a QTL can be determined more
accurately (narrowed down) and by which the size of the introgression fragment comprising
the QTL is reduced. For example Near Isogenic Lines for the QTL (QTL-NILs) can be made,
which contain different, overlapping fragments of the introgression fragment within an
otherwise uniform genetic background of the recurrent parent. Such lines can then be used to
map on which fragment the QTL is located and to identify a line having a shorter introgression

fragment comprising the QTL.

"Marker assisted selection"” (of MAS) is a process by which individual plants are selected based
on marker genotypes. "Marker assisted counter-selection" is a process by which marker
genotypes are used to identify plants that will not be selected, allowing them to be removed
from a breeding program or planting. Marker assisted selection uses the presence of molecular
markers, which are genetically linked to a particular locus or to a particular chromosome
region (e.g. introgression fragment, transgene, polymorphism, mutation, etc), to select plants
for the presence of the specific locus or region (introgression fragment, transgene,
polymorphism, mutation, etc). For example, a molecular marker genetically (closely) linked to
a digestibility QTL as defined herein, can be used to detect and/or select plants comprising the
QTL on chromosome 7. The closer the genetic linkage of the molecular marker to the locus (e.g.
about 7cM, 6 ctM, 5 cM, 4 cM, 3 cM, 2 cM, 1 cM, 0.5 cM or less), the less likely it is that the
marker is dissociated from the locus through meiotic recombination. Likewise, the closer two
markers are linked to each other (e.g. within 7 or 5 cM, 4 cM, 3 cM, 2 cM, 1 cM or less) the less
likely it is that the two markers will be separated from one another (and the more likely they
will co-segregate as a unit). A marker "within 7 cM or within 5 cM, 3 cM, 2 cM, or 1 cM" of
another marker refers to a marker which genetically maps to within the 7 cM or 5 cM, 3 cM, 2
cM, or 1 cM region flanking the marker (i.e. either side of the marker). Similarly, a marker
within 5 Mb, 3 Mb, 2.5 Mb, 2 Mb, 1 Mb, 0.5 Mb, 0.4 Mb, 0.3 Mb, 0.2 Mb, 0.1 Mb, 50 kb, 20 kb,
10 kb, 5 kb, 2 kb, 1 kb or less of another marker refers to a marker which is physically located
within the 5 Mb, 3 Mb, 2.5 Mb, 2 Mb, 1 Mb, 0.5 Mb, 0.4 Mb, 0.3 Mb, 0.2 Mb, 0.1 Mb, 50 kb, 20
kb, 10 kb, 5 kb, 2 kb, 1 kb or less, of the genomic DNA region flanking the marker (i.e. either
side of the marker). "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 marker loci and/or a phenotypic
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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.
A "marker haplotype" refers to a combination of alleles at a marker locus.

A "marker locus" is a specific chromosome location in the genome of a species where a specific
marker can be found. A marker locus can be used to track the presence of a second linked
locus, e.g., one that affects the expression of a phenotypic trait. For example, a marker locus

can be used to monitor segregation of alleles at a genetically or physically linked locus.

A "marker probe" is a nucleic acid sequence or molecule that can be used to identify the
presence of a marker locus, e.g., a nucleic acid probe that is complementary to a marker locus
sequence, through nucleic acid hybridization. Marker probes comprising 30 or more
contiguous nucleotides of the marker locus ("all or a portion" of the marker locus sequence)
may be used for nucleic acid hybridization. Alternatively, in some aspects, a marker probe
refers to a probe of any type that is able to distinguish (i.e., genotype) the particular allele that

is present at a marker locus.

The term "molecular marker" may be used to refer to a genetic marker or an encoded product
thereof (e.g., a protein) used as a point of reference when identifying a linked locus. A marker
can be derived from genomic nucleotide sequences or from expressed nucleotide sequences
(e.g., from a spliced RNA, a cDNA, etc.), or from an encoded polypeptide. The term also refers
to nucleic acid sequences complementary to or flanking the marker sequences, such as nucleic
acids used as probes or primer pairs capable of amplifying the marker sequence. A "molecular
marker probe" is a nucleic acid sequence or molecule that can be used to identify the presence
of a marker locus, e.g., a nucleic acid probe that is complementary to a marker locus sequence.
Alternatively, in some aspects, a marker probe refers to a probe of any type that is able to
distinguish (i.e., genotype) the particular allele that is present at a marker locus. Nucleic acids
are "complementary" when they specifically hybridize in solution, e.g., according to Watson-
Crick base pairing rules. Some of the markers described herein are also referred to as
hybridization markers when located on an indel region, such as the non- collinear region
described herein. This is because the insertion region is, by definition, a polymorphism vis a vis
a plant without the insertion. Thus, the marker need only indicate whether the indel region is
present or absent. Any suitable marker detection technology may be used to identify such a

hybridization marker, e.g. SNP technology is used in the examples provided herein.
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"Genetic markers" are nucleic acids that are polymorphicin a population and where the alleles
of which can be detected and distinguished by one or more analytic methods, e.g., RFLP, AFLP,
isozyme, SNP, SSR, and the like. The terms “molecular marker” and “genetic marker” are used
interchangeably herein. The term also refers to nucleic acid sequences complementary to the
genomic sequences, such as nucleic acids used as probes. Markers corresponding to genetic
polymorphisms between members of a population can be detected by methods well-
established in the art. These include, e.g., PCR-based sequence specific amplification methods,
detection of restriction fragment length polymorphisms (RFLP), detection of isozyme markers,
detection of polynucleotide polymorphisms by allele specific hybridization (ASH), detection of
amplified variable sequences of the plant genome, detection of self-sustained sequence
replication, detection of simple sequence repeats (SSRs), detection of single nucleotide
polymorphisms (SNPs), or detection of amplified fragment length polymorphisms (AFLPs). Well
established methods are also know for the detection of expressed sequence tags (ESTs) and

SSR markers derived from EST sequences and randomly amplified polymorphic DNA (RAPD).

A "polymorphism" is a variation in the DNA between two or more individuals within a
population. A polymorphism preferably has a frequency of at least 1 % in a population. A
useful polymorphism can include a single nucleotide polymorphism (SNP), a simple sequence
repeat (SSR), or an insertion/deletion polymorphism, also referred to herein as an "indel". The
term "indel" refers to an insertion or deletion, wherein one line may be referred to as having
an inserted nucleotide or piece of DNA relative to a second line, or the second line may be

referred to as having a deleted nucleotide or piece of DNA relative to the first line.

"Physical distance" between loci (e.g. between molecular markers and/or between phenotypic
markers) on the same chromosome is the actually physical distance expressed in bases or base

pairs (bp), kilo bases or kilo base pairs (kb) or megabases or mega base pairs (Mb).

"Genetic distance" between loci (e.g. between molecular markers and/or between phenotypic
markers) on the same chromosome is measured by frequency of crossing-over, or
recombination frequency (RF) and is indicated in centimorgans (cM). One cM corresponds to a
recombination frequency of 1%. If no recombinants can be found, the RF is zero and the loci
are either extremely close together physically or they are identical. The further apart two loci

are, the higher the RF.

A "physical map" of the genome is a map showing the linear order of identifiable landmarks
(including genes, markers, etc.) on chromosome DNA. However, in contrast to genetic maps,

the distances between landmarks are absolute (for example, measured in base pairs or
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isolated and overlapping contiguous genetic fragments) and not based on genetic

recombination (that can vary in different populations).

An allele "negatively" correlates with a trait when it is linked to it and when presence of the
allele is an indicator that a desired trait or trait form will not occur in a plant comprising the
allele. An allele "positively" correlates with a trait when it is linked to it and when presence of
the allele is an indicator that the desired trait or trait form will occur in a plant comprising the

allele.

A centimorgan ("cM") is a unit of measure of recombination frequency. One cM is equaltoa 1%
chance that a marker at one genetic locus will be separated from a marker at a second locus

due to crossing over in a single generation.

As used herein, the term "chromosomal interval" designates a contiguous linear span of
genomic DNA that resides in planta on a single chromosome. The genetic elements or genes
located on a single chromosomal interval are physically linked. The size of a chromosomal
interval is not particularly limited. In some aspects, the genetic elements located within a
single chromosomal interval are genetically linked, typically with a genetic recombination
distance of, for example, less than or equal to 20 cM, or alternatively, less than or equal to 10
cM. That is, two genetic elements within a single chromosomal interval undergo

recombination at a frequency of less than or equal to 20% or 10%.

The term "closely linked", in the present application, means that recombination between two
linked loci occurs with a frequency of equal to or less than about 10% (i.e., are separated on a
genetic map by not more than 10 cM). Put another way, the closely linked loci co-segregate at
least 90% of the time. Marker loci are especially useful with respect to the subject matter of
the current disclosure when they demonstrate a significant probability of co-segregation
(linkage) with a desired trait (e.g., resistance to gray leaf spot). Closely linked loci such as a
marker locus and a second locus can display an inter-locus recombination frequency of 10% or
less, preferably about 9% or less, still more preferably about 8% or less, yet more preferably
about 7% or less, still more preferably about 6% or less, yet more preferably about 5% or less,
still more preferably about 4% or less, yet more preferably about 3% or less, and still more
preferably about 2% or less. In highly preferred embodiments, the relevant loci display a
recombination a frequency of about 1 % or less, e.g., about 0.75% or less, more preferably
about 0.5% or less, or yet more preferably about 0.25% or less. Two loci that are localized to
the same chromosome, and at such a distance that recombination between the two loci occurs

at a frequency of less than 10% (e.g., about 9 %, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1 %, 0.75%, 0.5%,
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0.25%, or less) are also said to be "proximal to" each other. In some cases, two different
markers can have the same genetic map coordinates. In that case, the two markers are in such
close proximity to each other that recombination occurs between them with such low

frequency that it is undetectable.

"Linkage" refers to the tendency for alleles to segregate together more often than expected by
chance if their transmission was independent. Typically, linkage refers to alleles on the same
chromosome. Genetic recombination occurs with an assumed random frequency over the
entire genome. Genetic maps are constructed by measuring the frequency of recombination
between pairs of traits or markers. The closer the traits or markers are to each other on the
chromosome, the lower the frequency of recombination, and the greater the degree of linkage.
Traits or markers are considered herein to be linked if they generally co- segregate. A 1/100
probability of recombination per generation is defined as a genetic map distance of 1.0
centiMorgan (1.0 cM). The term "linkage disequilibrium" refers to a non-random segregation
of genetic loci or traits (or both). In either case, linkage disequilibrium implies that the relevant
loci are within sufficient physical proximity along a length of a chromosome so that they
segregate together with greater than random (i.e., non-random) frequency. Markers that show
linkage disequilibrium are considered linked. Linked loci co-segregate more than 50% of the
time, e.g., from about 51 % to about 100% of the time. In other words, two markers that co-
segregate have a recombination frequency of less than 50% (and by definition, are separated
by less than 50 cM on the same linkage group.) As used herein, linkage can be between two
markers, or alternatively between a marker and a locus affecting a phenotype. A marker locus
can be "associated with" (linked to) a trait. The degree of linkage of a marker locus and a locus
affecting a phenotypic trait is measured, e.g., as a statistical probability of co-segregation of

that molecular marker with the phenotype (e.g., an F statistic or LOD score).

The genetic elements or genes located on a single chromosome segment are physically linked.
In some embodiments, the two loci are located in close proximity such that recombination
between homologous chromosome pairs does not occur between the two loci during meiosis
with high frequency, e.g., such that linked loci co-segregate at least about 90% of the time, e.g.,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5%, 99.75%, or more of the time. The
genetic elements located within a chromosomal segment are also "genetically linked", typically
within a genetic recombination distance of less than or equal to 50cM, e.g., about 49, 48, 47,
46, 45, 44, 43, 42, 41, 40, 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21,
20,19, 18, 17, 16, 15, 14, 13,12, 11,10, 9,8, 7,6, 5,4, 3, 2, 1, 0.75, 0.5, 0.25 cM or less. That is,

two genetic elements within a single chromosomal segment undergo recombination during
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meiosis with each other at a frequency of less than or equal to about 50%, e.g., about 49%,
48%, 47%, 46%, 45%, 44%, 43%, 42%, 41%, 40%, 39%, 38%, 37%, 36%, 35%, 34%, 33%, 32%,
31%, 30%, 29%, 28%, 27%, 26%, 25%, 24%, 23%, 22%, 21%, 20%, 19%, 18%, 17%, 16%, 15%,
14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.75%, 0.5%, 0.25% or less.
"Closely linked" markers display a cross over frequency with a given marker of about 10% or
less, e.g., 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.75%, 0.5%, 0.25% or less (the given marker
locus is within about 10 cM of a closely linked marker locus, e.g., 9,8,7,6,5, 4,3, 2,1, 0.75,
0.5, 0.25 cM or less of a closely linked marker locus). Put another way, closely linked marker
loci co- segregate at least about 90% the time, e.g., 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, 99.5%, 99.75%, or more of the time.As used herein, the terms "introgression",
"introgressed" and "introgressing" refer to both a natural and artificial process whereby
chromosomal fragments or genes of one species, variety or cultivar are moved into the
genome of another species, variety or cultivar, by crossing those species. The process may
optionally be completed by backcrossing to the recurrent parent. For example, introgression of
a desired allele at a specified locus can be transmitted to at least one progeny via a sexual
cross between two parents of the same species, where at least one of the parents has the
desired allele in its genome. Alternatively, for example, transmission of an allele can occur by
recombination between two donor genomes, e.g., in a fused protoplast, where at least one of
the donor protoplasts has the desired allele in its genome. The desired allele can be, e.g.,
detected by a marker that is associated with a phenotype, at a QTL, a transgene, or the like. In
any case, offspring comprising the desired allele can be repeatedly backcrossed to a line having
a desired genetic background and selected for the desired allele, to result in the allele
becoming fixed in a selected genetic background. The process of "introgressing" is often
referred to as "backcrossing" when the process is repeated two or more times. "Introgression
fragment" or "introgression segment" or “introgression region" refers to a chromosome
fragment (or chromosome part or region) which has been introduced into another plant of the
same or related species either artificially or naturally such as by crossing or traditional
breeding techniques, such as backcrossing, i.e. the introgressed fragment is the result of
breeding methods referred to by the verb "to introgress" (such as backcrossing). It is
understood that the term "introgression fragment" never includes a whole chromosome, but
only a part of a chromosome. The introgression fragment can be large, e.g. even three quarter
or half of a chromosome, but is preferably smaller, such as about 15 Mb or less, such as about
10 Mb or less, about 9 Mb or less, about 8 Mb or less, about 7 Mb or less, about 6 Mb or less,
about 5 Mb or less, about 4 Mb or less, about 3 Mb or less, about 2.5 Mb or 2 Mb or less,
about 1 Mb (equals 1,000,000 base pairs) or less, or about 0.5 Mb (equals 500,000 base pairs)
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or less, such as about 200,000 bp (equals 200 kilo base pairs) or less, about 100,000 bp (100 kb)
or less, about 50,000 bp (50 kb) or less, about 25,000 bp (25 kb) or less. In certain
embodiments, the introgression fragment comprises, consists of, or consists essentially of the

QTL according to the invention as described herein.

A genetic element, an introgression fragment, or a gene or allele conferring a trait (such as
improved digestibility) is said to be "obtainable from" or can be "obtained from" or "derivable
from" or can be "derived from" or "as present in" or "as found in" a plant or plant part as
described herein elsewhere if it can be transferred from the plant in which it is present into
another plant in which it is not present (such as a line or variety) using traditional breeding
techniques without resulting in a phenotypic change of the recipient plant apart from the
addition of the trait conferred by the genetic element, locus, introgression fragment, gene or
allele. The terms are used interchangeably and the genetic element, locus, introgression
fragment, gene or allele can thus be transferred into any other genetic background lacking the
trait. Not only pants comprising the genetic element, locus, introgression fragment, gene or
allele can be used, but also progeny/descendants from such plants which have been selected
to retain the genetic element, locus, introgression fragment, gene or allele, can be used and
are encompassed herein. Whether a plant (or genomic DNA, cell or tissue of a plant) comprises
the same genetic element, locus, introgression fragment, gene or allele as obtainable from
such plant can be determined by the skilled person using one or more techniques known in the
art, such as phenotypic assays, whole genome sequencing, molecular marker analysis, trait
mapping, chromosome painting, allelism tests and the like, or combinations of techniques. It

will be understood that transgenic plants may also be encompassed.

As used herein the terms "genetic engineering", "transformation" and "genetic modification"
are all used herein as synonyms for the transfer of isolated and cloned genes into the DNA,

usually the chromosomal DNA or genome, of another organism.

The present invention in an aspect relates to means and methods suitable for enhancing the
haploid induction capability of an inducer plant. The haploid inducer plant in certain
embodiments may be a plant selected and/or derived from the lines Stock 6, RWK, RWS,
UH400, AX5707RS, NP2222-mai/, or any other haploid inducer line. In certain embodiments, a
haploid inducer as referred to herein can be a mutant plant selected from the plants as
disclosed in US 2017/327832 Al (or a plant of a different species having the corresponding
mutation(s)), incorporated herein by reference in its entirety, in particular the tilling mutants
having a D74N (exchange of aspartate at Position 74 for asparagin) or G78R (exchange of

glycine at Position 78 for arginine) in the PLA1 gene. In certain embodiments, a haploid inducer
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as referred to herein can be a mutant plant selected from the plants as described in WO
2018/158301 (or a plant of a different species having the corresponding mutation(s)),
incorporated herein by reference in its entirety. In certain embodiments, a haploid inducer as
referred to herein can be a plant with mutated PLA1 according to SEQ. ID NOs: 38-40. In certain
embodiments, a haploid inducer as referred to herein can be a mutant plant selected from the
plants as described in Kalinowska et al. (2018) “State-of-the-art and novel developments of in
vivo haploid technologies”; Theor. Appl. Genetics; 132(3):593-605; incorporated herein by
reference in its entirely; preferably wherein haploid induction is caused by a mutated patatin-

like phospholipase (PLA1).

In an aspect, the invention provides a nucleic acid which, after transcription or expression in a
plant or after silencing in a plant, is suitable for enhancing the haploid induction capability of
an inducer plant, such as caused by a mutated patatin-like phospholipase (PLA1). On the other
hand, an endogenous DNA sequence in the genome of a plant, or in the genome of a plant
haploid inductor, which is identical to one of the nucleic acids according to the invention, may
also be modified such that the property of a haploid inductor is mediated, or the induction
capability of the haploid inductor is increased, after transcription or expression of the
endogenous DNA sequence. The nucleic acid of the present invention is preferably an isolated
nucleic acid which is extracted from its natural or original environment (genetic context). A
nucleic acid may be double-stranded or single-stranded, and linear or circular. It may thereby
be genomic DNA, synthetic DNA, cDNA, or an RNA type (for example, IncRNA, siRNA, or

miRNA), wherein the nucleobase uracil occurs in RNA instead of the nucleobase thymine.

The nucleic acid according to the invention may be used as a transgene. On the other hand, an
endogenous DNA sequence in the genome of a plant, or in the genome of a haploid inductor,
preferably a haploid inductor comprising a mutation in a patatin-like phospholipase (PLA1),
which is identical to one of the nucleic acids according to the invention, may also be modified
such that the induction capability of an inducer plant, preferably caused by a mutated patatin-
like phospholipase (PLA1) can be enhanced, after transcription or expression of the
endogenous DNA sequence or after silencing of the endogenous DNA sequence, and optionally

after crossing with a plant comprising a mutated patatin-like phospholipase (PLA1).

The nucleic acid of the present invention is preferably an isolated nucleic acid which is
extracted or isolated from its natural or original environment (genetic context). A nucleic acid
may be double-stranded or single-stranded, and linear or circular. It may thereby be genomic
DNA, synthetic DNA, cDNA, or an RNA type (for example, IncRNA, siRNA, or miRNA), wherein

the nucleobase uracil occurs in RNA instead of the nucleobase thymine.
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In particular embodiments, the nucleic acid which, after transcription or expression in a plant,
is preferably suitable for enhancing the induction capability of an inducer plant, such as caused
by a mutated patatin-like phospholipase (PLA1), may be a nucleic acid comprising a nucleotide
sequence which:
(i) is a sequence selected from the group consisting of SEQ ID NOs: 1, 4, 5, 8, 10, 12,
15, 18, 21, 30 and 35, or a functional fragment thereof, preferably SEQ ID NOs: 1, 4,
10, 15, 30 and 35, or a functional fragment thereof; or
(ii) has a coding sequence selected from the group consisting of SEQ ID NOs: 2, 6, 13,
16, 19, 22 and 36, preferably SEQ ID NOs: 2, 16, and 36; or
(iii) is complementary to the sequence from (i) or (ii); or
(iv) is at least 80%, 82%, 84%, 86%, 88%, preferably at least 90%, 91%, 92%, 93%, 94%,
95%, 96%, or more preferably at least 97%, 97.5%, 98%, 98.5%, 99%, or 99.5%
identical to the sequence from (i) or (ii); or
(v) encodes a protein comprising an amino acid sequence selected from the group
consisting of SEQ ID NOs: 3,7, 9, 11, 14, 17, 20, 23 and 37, or a functional part of
the protein, preferably SEQ ID NOs: 3, 11, 17, and 37, or a functional part of the
protein; or
(vi) encodes a protein comprising an amino acid sequence which is at least 80%, 82%,
84%, 86%, 88%, preferably at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, or more
preferably at least 97%, 97.5%, 98%, 98.5%, 99%, or 99.5% identical to an amino
acid sequence selected from the group consisting of SEQ ID NOs: 3,7, 9, 11, 14, 17,
20, 23 and 37, or a functional part of the protein, preferably SEQ ID NOs: 3, 11, 17,
and 37, or a functional part of the protein; or

(vii) hybridizes with a sequence from (iii) under stringent conditions.

This nucleic acid, or an RNA encoded by the nucleic acid or a protein or polypeptide encoded
by the nucleic acid, has a positive effect on the haploid induction capability of an inducer plant,
preferably caused by a mutated patatin-like phospholipase (PLA1), and therefore, in the
following, a nucleic acid which is defined here is designated as an induction-promoting nucleic
acid. Non-limiting examples of uses of the nucleic acid in order to enhance the induction
capability of an inducer plant, preferably caused by a mutated patatin-like phospholipase
(PLA1), may include transgenically or endogenously increasing the expression rate of the
nucleic acid or the activity or stability of the encoded protein or of the encoded part of the
protein. Additional methods and uses of the induction-promoting nucleic acid, as well as

substances which comprise the induction-promoting nucleic acid, are disclosed further below.
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In particular embodiments, the nucleic acid which, after silencing in a plant, is preferably
suitable for enhancing the induction capability of an inducer plant, preferably caused by a
mutated patatin-like phospholipase (PLA1) may be a nucleic acid comprising a nucleotide
sequence which:

(i) is a sequence selected from the group consisting of SEQ ID NOs: 24, 27 and 32, or a
functional fragment thereof, preferably SEQ ID NO: 24, or a functional fragment
thereof ; or

(ii) has a coding sequence selected from the group consisting of SEQ ID NO: 25, 28 and
33, preferably SEQ ID NO: 25; or

(iii) is complementary to the sequence from (i) or (ii); or

(iv) is at least 80%, 82%, 84%, 86%, 88%, preferably at least 90%, 91%, 92%, 93%, 94%,
95%, 96%, or more preferably at least 97%, 97.5%, 98%, 98.5%, 99%, or 99.5%
identical to the sequence from (i) or (ii); or

(v) encodes a protein comprising an amino acid sequence selected from the group
consisting of SEQ ID NOs: 26, 29 and 34, or a functional part of the protein,
preferably SEQ ID NO: 26, or a functional part of the protein; or

(vi) encodes a protein comprising an amino acid sequence which is at least 80%, 82%,
84%, 86%, 88%, preferably at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, or more
preferably at least 97%, 97.5%, 98%, 98.5%, 99%, or 99.5% identical to an amino
acid sequence selected from the group consisting of SEQ ID NOs: 26, 29 and 34, or
a functional part of the protein, preferably SEQ ID NO: 26, or a functional part of
the protein; or

(vii) hybridizes with a sequence from (iii) under stringent conditions.

This nucleic acid, or an RNA encoded by the nucleic acid or a protein or polypeptide encoded
by the nucleic acid, has a negative effect on the haploid induction capability of an inducer plant,
preferably caused by a mutated patatin-like phospholipase (PLA1), and therefore, in the
following, a nucleic acid which is defined here is designated as an induction-inhibiting nucleic
acid. Non-limiting examples of uses of the nucleic acid in order to enhance the induction
capability of an inducer plant, preferably caused by a mutated patatin-like phospholipase
(PLA1), may include transgenically or endogenously reducing the expression rate of the nucleic
acid or the activity or stability of the encoded protein or of the encoded part of the protein.
Additional methods and uses of the induction-inhibiting nucleic acid, as well as substances

which comprise the induction-inhibiting nucleic acid, are disclosed further below.

In other embodiments, the nucleic acid which, after transcription or expression in a plant, is
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preferably suitable for enhancing the induction capability of an inducer plant, preferebly
caused by a mutated patatin-like phospholipase (PLA1) may be a nucleic acid that encodes for
an RNA that has a double-stranded portion, wherein at least one strand of the double-
stranded portion has a nucleotide sequence which is homologous or identical to at least 14, 15,
16,17, 18, 19, 20, 21, 22, 23, 24, or 25, preferably at least 30, 35, 40, 45, 50, 60, 70, 80, 90, 100,
120, or 140, more preferably at least 160, 180, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800,
900, or 1000 successive nucleotides of a coding sequence of a nucleic acid that:
(i) has a sequence selected from the group consisting of SEQ ID Nos: 25, 28 and 33, or a
fragment thereof, in a sense or anti-sense orientation; or
(ii) is complementary to the sequence from (i); or
(iii) is at least 80%, 82%, 84%, 86%, or 88%, preferably at least 90%, 91%, 92%, 93%, 94%, 95%,
or 96%, more preferably at least 97%, 97.5%, 98%, 98.5%, 99%, or 99.5% identical to the
sequence from (i); or

(iv) hybridizes with the sequence from (ii) under stringent conditions.

In post-transcriptional gene silencing, as, for example, in the RNAi approach or miRNA
approach (Fire et al., 1998), such a nucleic acid may be used to suppress the expression of the

induction-inhibiting nucleic acid described above.

Table 1: Sequence index and sequence association of the nucleotide and amino acid sequences.

SEQ ID | description Sequence type | Source
NO:
1 GRMZM2G435294 genomic DNA RWS and W22
Myosin (Zea mays)
2 GRMZM2G435294 cDNA RWS and W22
Myosin (Zea mays)
3 GRMZM2G435294 polypeptide RWS and W22
Myosin (Zea mays)
4 upstream region of myosin gene (Zea mays) genomic DNA | RWS and W22
5 GRMZM2G435294 genomic DNA B73
Myosin (Zea mays)
6 GRMZM2G435294 cDNA B73
Myosin (Zea mays)
7 GRMZM2G435294 polypeptide B73
Myosin (Zea mays)
8 Myosin fragment (Zea mays) genomic PH207
DNA24
9 Myosin fragment (Zea mays) polypeptide PH207
10 Myosin A325V fragment (Zea mays) genomic DNA | TILLING
11 Myosin A325V fragment (Zea mays) polypeptide TILLING
12 Myosin (Sorghum bicolor) genomic DNA
13 Myosin (Sorghum bicolor) cDNA
14 Myosin (Sorghum bicolor) polypeptide




WO 2020/239680 PCT/EP2020/064420
44
SEQ ID | description Sequence type | Source
NO:
15 GRMZM2G094586 genomic DNA RWS and W22
PPR (Zea mays)
16 GRMZM2G094586 cDNA RWS and W22
PPR (Zea mays)
17 GRMZM2G094586 polypeptide RWS and W22
PPR (Zea mays)
18 GRMZM2G094586 genomic DNA B73
PPR (Zea mays)
19 GRMZM2G094586 cDNA B73
PPR (Zea mays)
20 GRMZM2G094586 polypeptide B73
PPR (Zea mays)
21 PPR (Sorghum bicolor) genomic DNA
22 PPR (Sorghum bicolor) cDNA
23 PPR (Sorghum bicolor) polypeptide
24 GRMZM2G081239 genomic DNA RWS and W22
Aquaporin (Zea mays)
25 GRMZM2G081239 cDNA RWS and W22
Aquaporin (Zea mays)
26 GRMZM2G081239 polypeptide RWS and W22
Aquaporin (Zea mays)
27 GRMZM2G081239 genomic DNA B73
Aquaporin (Zea mays)
28 GRMZM2G081239 cDNA B73
Aquaporin (Zea mays)
29 GRMZM2G081239 polypeptide B73
Aquaporin (Zea mays)
30 upstream region of aquaporin gene (Zea mays) | genomic DNA | RWS and W22
31 upstream region of aquaporin gene (Zea mays) | genomic DNA | B73
32 aquaporin (Sorghum bicolor) genomic DNA
33 aquaporin (Sorghum bicolor) cDNA
34 aquaporin (Sorghum bicolor) polypeptide
35 gene in upstream region of aquaporin gene genomic DNA | RWS
(Zea mays)
36 gene in upstream region of aquaporin gene cDNA RWS
(Zea mays)
37 gene in upstream region of aquaporin gene polypeptide RWS
(Zea mays)
38 mutated PLA1 (Zea mays) genomic DNA | PH207 (mutated
HIR1)
39 mutated PLA1 (Zea mays) cDNA PH207 (mutated
HIR1)
40 mutated PLA1 (Zea mays) polypeptide PH207 (mutated
HIR1)
11 native PLA1 (Zea mays) genomic DNA | PH207
42 native PLA1 (Zea mays) cDNA PH207
43 native PLA1 (Zea mays) polypeptide PH207
44 PLA1 (Zea mays) genomic DNA | RWS (mutated
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SEQ ID | description Sequence type | Source

NO:
HIR1)

45 PLA1 (Zea mays) cDNA RWS (mutated
HIR1)

46 PLA1 (Zea mays) polypeptide RWS (mutated
HIR1)

47 PLA1 (Zea mays) genomic DNA | B73

48 PLA1 (Zea mays) cDNA B73

49 PLA1 (Zea mays) polypeptide 1 | B73

50 PLA1 (Zea mays) polypeptide 2 | B73

51 aquaporin marker allele 1 DNA RWS with HIR8
locus

52 aquaporin marker allele 1 DNA genotype
without
enhancer at HIR8
locus

53 aquaporin marker allele 2 DNA RWS with HIR8
locus

54 aquaporin marker allele 2 DNA genotype
without
enhancer at HIR8
locus

55 aquaporin marker allele 3 DNA RWS with HIR8
locus

56 aquaporin marker allele 3 DNA genotype
without
enhancer at HIR8
locus

57 aquaporin marker allele 4 DNA RWS with HIR8
locus

58 aquaporin marker allele 4 DNA genotype
without
enhancer at HIR8
locus

59 aquaporin marker allele 5 DNA RWS with HIR8
locus

60 aquaporin marker allele 5 DNA genotype
without
enhancer at HIR8
locus

61 aquaporin marker allele 6 DNA RWS with HIR8
locus

62 aquaporin marker allele 6 DNA genotype
without
enhancer at HIR8
locus

63 aquaporin marker allele 7 DNA RWS with HIR8
locus

64 aquaporin marker allele 7 DNA genotype
without
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SEQ ID | description Sequence type | Source
NO:

enhancer at HIR8
locus

65 aquaporin marker allele 7 polymorphism DNA RWS with HIR8
locus

66 aquaporin marker allele 7 polymorphism DNA genotype
without
enhancer at HIR8
locus

67 myosin marker allele 1 DNA RWS with HIR8
locus

68 myosin marker allele 1 DNA genotype
without
enhancer at HIR8
locus

69 myosin marker allele 2 DNA RWS with HIR8
locus

70 myosin marker allele 2 DNA genotype
without
enhancer at HIR8
locus

71 myosin marker allele 2 polymorphism DNA RWS with HIR8
locus

72 myosin marker allele 3 DNA RWS with HIR8
locus

73 myosin marker allele 3 DNA genotype
without
enhancer at HIR8
locus

74 myosin marker allele 3 polymorphism DNA RWS with HIR8
locus

In certain embodiments, the haploid induced plant comprises the HIR1 QTL (ghirl), as for
instance described in Nair et al. (2017) “Dissection of a major QTL ghirl conferring maternal
haploid induction ability in maize”; Theor Appl Genet; 130(6):1113-1122, incorporated herein
by reference in its entirety. In certain preferred embodiments, the haploid induced plant
comprises the HIR1 QTL sub-region ghir1l. The skilled person will understand that a

comparable or corresponding QTL in plants other than maize can also be used.

In certain embodiments, the haploid induced plant is selected from, or is derived from the
following lines: Stock 6, RWK, RWS, UH400, AX5707RS, NP2222-mai/. It will be understood that
“derived from” in this context means that the haploid induction phenotype is exhibited in the

plant.

In certain embodiments, the haploid inducer plant comprises a mutated PLA1 gene, as defined
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herein elsewhere. The mutated PLA1 gene may result in a gain-of-function, such as a dominant
negative phenotype, (partial) loss-of-function, and may result in a knock-out or a truncated

PLAL.

In certain embodiments, the PLA1 gene has a sequence, such as a genomic sequence, mRNA
sequence, or preferably protein sequence identical to the corresponding sequence of the PLA1

gene in lines Stock 6, RWK, RWS, UH400, AX5707RS, NP2222-mai/.

In certain embodiments, the PLA1 gene has one or more of the following mutations: D74N,

G78R, R58Q, V162I, S288L, or Q369stop.

In certain embodiments, the PLA1 gene has a genomic sequence as set forth in SEQ ID NO: 38.
In certain embodiments, the PLA1 gene has a cDNA sequence as set forth in SEQ ID NO: 39. In

certain embodiments, the PLA1 gene has a protein sequence as set forth in SEQ ID NO: 40.

In certain embodiments, the PLA1 gene has a genomic sequence as set forth in SEQ ID NO: 44.
In certain embodiments, the PLA1 gene has a cDNA sequence as set forth in SEQ ID NO: 45. In

certain embodiments, the PLA1 gene has a protein sequence as set forth in SEQ ID NO: 46.

In a further aspect, the present invention relates to a vector which comprises a nucleic acid as
described herein, preferably an induction-promoting nucleic acid or a nucleic acid encoding a

double-stranded RNA as described herein.

The vector may be a plasmid, a cosmid, a phage or an expression vector, a transformation
vector, shuttle vector, or cloning vector; it may be double- or single-stranded, linear or circular.
The vector may transform a prokaryotic or eukaryotic host, either via integration into its

genome or extrachromosomally.

In certain embodiments, the vector is an expression vector. The nucleic acid is preferably
operatively linked in a vector with one or more regulatory sequences which allow the
transcription, and optionally the expression, in a prokaryotic or eukaryotic host cell. A
regulatory sequence may be homologous or heterologous to the nucleic acid. For example, the
nucleic acid is under the control of a suitable promoter or terminator. Suitable promoters may
be promoters which are constitutively induced, for example, the 35S promoter from the
“Cauliflower mosaic virus” (Odell et al., 1985. Identification of DNA sequences required for
activity of the cauliflower mosaic virus 35S promoter.) Tissue-specific promoters, e.g. pollen-
specific promoters as described in Chen et al. (2010. Molecular Biology Reports 37(2):737-744),
Zhao et al. (2006. Planta 224(2): 405-412), or Twell et al. (1991. Genes & Development 5(3):

496-507), are particularly suitable, as are development-specific promoters, e.g. blossom-
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specific promoters. Suitable promoters may also be synthetic or chimeric promoters which do
not occur in nature, and which are composed of multiple elements. Such synthetic or chimeric
promoter may contain a minimal promoter, as well as at least one cis-regulatory element
which serves as a binding location for special transcription factors. Chimeric promoters may be
designed according to the desired specifics and can be induced or repressed via different
factors. Examples of such promoters are found in Gurr & Rushton (2005. Trends in
Biotechnology 23(6): 275-282) or Venter (2007. Trends in Plant Science: 12(3): 118-124). For
example, a suitable terminator is the nos-terminator (Depicker et al., 1982. Journal of

Molecular and Applied Genetics 1(6): 561-573).

In certain embodiments, the vector is a conditional expression vector. In certain embodiments,
the vector is a constitutive expression vector. In certain embodiments, the vector is a tissue-
specific expression vector, such as a pollen-specific expression vector. In certain embodiments,

the vector is an inducible expression vector. All such vectors are well-known in the art.

Methods for preparation of the described vectors are commonplace to the person skilled in

the art (Sambrook et al., 2001).

Also envisaged herein is a host cell, such as a plant cell, which comprises a nucleic acid as
described herein, preferably an induction-promoting nucleic acid or a nucleic acid encoding a
double-stranded RNA as described herein, or a vector as described herein. The host cell may
contain the nucleic acid as an extra-chromosomally (episomal) replicating molecule, or
comprises the nucleic acid integrated in the nuclear or plastid genome of the host cell, or as

introduced chromosome, e.g. minichromosome.

The host cell may be a prokaryotic (for example, bacterial) or eukaryotic cell (for example, a
plant cell or a yeast cell). For example, the host cell may be an agrobacterium, such as
Agrobacterium tumefaciens or Agrobacterium rhizogenes. Preferably, the host cell is a plant

cell.

A nucleic acid described herein or a vector described herein may be introduced in a host cell
via well-known methods, which may depend on the selected host cell, including, for example,
conjugation, mobilization, biolistic transformation, agrobacteria-mediated transformation,
transfection, transduction, vacuum infiltration, or electroporation. In particular, methods for
introducing a nucleic acid or a vector in an agrobacterium cell are well-known to the skilled
person and may include conjugation or electroporation methods. Also methods for introducing
a nucleic acid or a vector into a plant cell are known (Sambrook et al., 2001) and may include

diverse transformation methods such as biolistic transformation and agrobacterium-mediated
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transformation.

In particular embodiments, the present invention relates to a transgenic plant cell which
comprises a nucleic acid as described herein, in particular an induction-promoting nucleic acid
or a nucleic acid encoding a double-stranded RNA as described herein, as a transgene or a
vector as described herein. In further embodiments, the present invention relates to a

transgenic plant or a part thereof which comprises the transgenic plant cell.

For example, such a transgenic plant cell or transgenic plant is a plant cell or plant which is,
preferably stably, transformed with a nucleic acid as described herein, in particular an
induction-promoting nucleic acid or a nucleic acid encoding a double-stranded RNA as

described herein, or a vector as described herein.

Preferably, the nucleic acid in the transgenic plant cell is operatively linked with one or more
regulatory sequences which allow the transcription, and optionally the expression, in the plant
cell. A regulatory sequence may be homologous or heterologous to the nucleic acid. The total
structure made up of the nucleic acid according to the invention and the regulatory sequence(s)

may then represent the transgene.

A part of a transgenic plant may be, for example, a fertilized or unfertilized seed, an embryo, a
pollen, a tissue, an organ, or a plant cell, wherein the fertilized or unfertilized seed, the
embryo, or the pollen are generated in the transgenic plant, and the nucleic acid as described
herein, in particular an induction-promoting nucleic acid or a nucleic acid encoding a double-
stranded RNA as described herein, is integrated into its genome as a transgene or the vector.
The term transgenic plant as used herein also includes a descendant of the transgenic plant
described herein in whose genome the nucleic acid as described herein, in particular an
induction-promoting nucleic acid or a nucleic acid encoding a double-stranded RNA as

described herein, is integrated as a transgene or the vector.

Also envisaged herein are plant cells that endogenously comprise a nucleic acid as described
herein, in particular an induction-promoting nucleic acid or a nucleic acid encoding a double-
stranded RNA as described herein, as well as a plant or a part thereof comprising such plants

cells.

Further disclosed herein is a protein or a polypeptide encoded by a nucleic acid as described
herein. The protein or polypeptide may be suitable for enhancing the induction capability of a
an inducer plant, preferably caused by caused by a mutated patatin-like phospholipase (PLA1).
The protein or polypeptide encoded by an induction-promoting nucleic acid described herein is

preferred. The protein or polypeptide may comprise an amino acid sequence selected from
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SEQ ID NOs: 3, 7, 9, 11, 14, 17, 20, 23, or 37, preferably SEQ ID NOs: 3, 11, 17, or 37, or from
SEQ ID NOs: 26, 29 or 34.

In a further aspect, the present invention relates to methods for the production of a plant
comprising or which is carrier of an enhancer for the haploid induction capability of an inducer

plant, such as caused by a mutated patatin-like phospholipase (PLA1).

In particular, a method is provided herein for the production of a (transgenic) plant, such as a
plant which comprises or which is a carrier of an enhancer for the haploid induction capability
of an inducer plant, preferably caused by a mutated patatin-like phospholipase (PLA1), said
method comprising the following steps:

a) provision of a nucleic acid as described herein, such as an induction-promoting nucleic acid
or a nucleic acid encoding a double-stranded RNA as described herein; or provision of a vector
as described herein comprising said nucleic acid,

b) transformation, in particular stable transformation, of at least one plant cell with the nucleic
acid or the vector provided in step a),

c) regeneration of a transgenic plant from the at least one transgenic plant cell obtained in
step b) or a transgenic progeny thereof, and

d) optionally growing the transgenic plant under conditions that are suitable for
(over)expression of the transformed nucleic acid.

The introduced or transformed nucleic acid may be (over)expressed in a non-tissue-specific
way, or in tissue-specific way, preferably in pollen. Preferably, the (over)expression of the
introduced or transformed nucleic acid appears at least in pollen of the transgenic plant orin a
tissue of pollen of the transgenic plant.

In certain embodiments, the method may further comprise the step e) of identification of a
modified expression pattern in the transgenic plant obtained in step c¢) or in a plant part
thereof, preferably in pollen of the transgenic plant or in a tissue of pollen of the transgenic

plant.

The expression pattern is preferably altered to the effect that:

() the transcription or expression rate of the introduced induction-promoting nucleic acid is
increased in the transgenic plant in comparison to a wild-type plant which, for example, was
regenerated from an isogenic, untransformed plant cell, and/or

(II) due to post-transcriptional gene silencing, the expression rate of an endogenous DNA
sequence having a nucleotide sequence that is identical to the induction-inhibiting nucleic acid
as described herein is reduced, e.g. via a double-stranded RNA which is encoded by the

introduced nucleic acid encoding a double-stranded RNA, in the transgenic plant in comparison
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to a wild-type plant which, for example, was regenerated from an isogenic, untransformed

plant cell.
A verification of the transcription rate may take place via gRT-PCR, for example.

In embodiments of the method, two or more of the induction-promoting nucleic acids and
nucleic acids encoding a double-stranded RNA may be provided and the at least one plant cell
may be transformed with said two or more nucleic acids. These two or more nucleic acids may

be comprised in one or more vectors.

In embodiments, one or more additional nucleic acids which are known to be suitable for the
generation of a haploid inductor (for example, manipulated cenh3 gene (Ravi & Chan, 2010.
Nature 464(7288): 615-618) or for enhancing the induction capability of a haploid inductor
may be provided and transformed into the at least one plant cell, in addition to the induction-
promoting nucleic acid and/or the nucleic acid encoding a double-stranded RNA as described

herein.

Also envisaged herein is a transgenic plant which can be or is produced with this method,
including a descendant of the transgenic plant which comprises the introduced nucleic acid as
a transgene, or a part of this plant. A part of the plant may be a fertilized or unfertilized seed,
an embryo, a pollen, a tissue, an organ, or a plant cell, wherein the fertilized or unfertilized
seed, the embryo, or the pollen are generated at the transgenic plant, and the introduced

nucleic acid is integrated into its genome as a transgene or the vector.

Also provided herein is a method for the production of a (mutated) plant, such as a (mutated)
plant which is carrier of an enhancer for the haploid induction capability of an inducer plant,
preferably caused by a mutated patatin-like phospholipase (PLA1), said method comprising the

following steps:

a) mutagenization of plant cells and subsequent regeneration of plants from the mutagenized

plant cells or mutagenization of plants, and
b) identification of a plant obtained in step a) which:

has at least one mutation in an endogenous DNA sequence which is identical to an

induction-promoting or an induction-inhibiting nucleic acid as described herein, or

has at least one mutation in a regulatory sequence (for example, a promoter, enhancer,

terminator, or intron) of said endogenous DNA sequence,

wherein said mutation produces a change in the transcription or expression rate of the

endogenous DNA sequence in the identified plant, in comparison to a non-mutagenized wild-
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type plant, or a change in the activity or stability of a protein or polypeptide encoded by the
endogenous DNA sequence in the identified plant, in comparison to a non-mutagenized wild-

type plant,

preferably wherein the at least one mutation causes the property of an enhancer of the
haploid induction capability of an inducer plant, preferably caused by a mutated patatin-like

phospholipase (PLA1) in the identified plant.

Preferably, the change in the transcription rate or expression rate, or the change in the activity
or stability, appears at least in a pollen of the identified plant or in a tissue of a pollen of the

identified plant.

In preferred embodiments, step b) encompasses the identification of a plant obtained in step a)

which (i):

has at least one mutation in an endogenous DNA sequence that is identical to an

induction-inducing nucleic acid as described herein, or

has at least one mutation in in a regulatory sequence (for example, a promoter,

enhancer, terminator, or intron) of said endogenous DNA sequence,

wherein said mutation effects an increase in the transcription or expression rate of
said endogenous DNA sequence or an increase in the activity or stability of a protein or

polypeptide encoded by said endogenous DNA sequence; and/or
which (ii):

has at least one mutation in an endogenous DNA sequence that is identical to an

induction-inhibiting nucleic acid as described herein, or

has at least one mutation in a regulatory sequence (for example, a promoter, enhancer,

terminator, or intron) of said endogenous DNA sequence,

wherein said mutation effects a reduction in the transcription or expression rate of
said endogenous DNA sequence or a reduction in the activity or stability of a protein or

polypeptide encoded by said endogenous DNA sequence,

wherein the at least one mutation from i) and/or ii) causes the property of an enhancer of the
haploid induction capability of an inducer plant, preferably caused by a mutated patatin-like

phospholipase (PLA1) in the identified plant.

As used herein, a “mutation” refers to a modification at the DNA level, and includes changes in

the genetics and/or epigenetics. An alteration in the genetics may include an insertion, a
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deletion, an introduction of a stop codon, a base change (e.g. , transition or transversion), or
an alteration in splice junctions. These alterations may arise in coding or non-coding regions
(e.g. promoter regions, exons, introns or splice junctions) of the endogenous DNA sequence.
For example, an alteration in the genetics may be the exchange of at least one nucleobase in
the endogenous DNA sequence or in a regulatory sequence of the endogenous DNA sequence.
If such a nucleobase exchange takes place in a promoter, for example, this may lead to an
altered activity of the promoter, since, for example, cis-regulator elements are modified such
that the affinity of a transcription factor to the mutated cis-regulatory elements is altered in
comparison to the wild-type promoter, so that the activity of the promoter with the mutated
cis-regulatory elements is increased or reduced, depending upon whether the transcription
factor is a repressor or inductor, or whether the affinity of the transcription factor to the
mutated cis-regulatory elements is intensified or weakened. If such a nucleobase exchange
occurs, e.g., in an encoding region of the endogenous DNA sequence, this may lead to an
amino acid exchange in the encoded protein, which may produce an alteration in the activity
or stability of the protein, in comparison to the wild-type protein. An alteration in the

epigenetics may take place via an altered methylation pattern of the DNA.

Mutagenesis may be performed in accordance with any of the techniques known in the art. As
used herein, “mutagenization” or “mutagenesis” includes both conventional mutagenesis and
location-specific mutagenesis or “genome editing” or “gene editing”. In conventional
mutagenesis, modification at the DNA level is not produced in a targeted manner. The plant
cell or the plant is exposed to mutagenic conditions, such as TILLING, via UV light exposure or
the use of chemical substances (Till et al., 2004). An additional method of random mutagenesis
is mutagenesis with the aid of a transposon. Location-specific mutagenesis enables the
introduction of modification at the DNA level in a target-oriented manner at predefined
locations in the DNA. For example, TALENS, meganucleases, homing endonucleases, zinc finger

nucleases, or a CRISPR/Cas System as further described herein may be used for this.

In embodiments, the identification of a plant in step b) takes place with the aid of molecular
markers or probes. Such markers may be based upon an SNP and may be specific to the
mutation and include, for example, KASP and TagMan markers. DNA probes are primers or
primer pairs which may be used in a PCR reaction. For example, TILLING mutants may be
verified or identified by sequencing the target gene in a TILLING population, or via additional
methods that verify the mispairings in the DNA, e.g., melting point analyses or use of
mispairing-specific nucleases. Mutants generated by means of transposons may also be

verified by use of transposon-specific primers and target gene-specific primers in PCR, across
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the entire population and subsequent sequencing of PCR products. For example, a change in
the expression rate in pollen may be determined with RT-PCR; the change in the stability may
be determined by examining ubiquitin binding locations and prediction of changes to the

tertiary structure, for example. Furthermore, recombinant expression of the wild-type proteins,

5 and the corresponding mutant proteins and subsequent biochemical activity tests, are also

suitable.
In certain embodiments the invention relates to a molecular marker which is able to hybridize
to nucleic acid molecule as described above, or a molecular marker which is able to detect a
polymorphism genetically associated with or closely linked to nucleic acid molecule as defined

10  above. In particular embodiment, such polymorphism is a SNP, deletion or insertion,
exemplary polymorphisms are given in table 2.
Table 2: Polymorphic traits/polymorphisms for detection of gene enhancing haploid induction
capability.

Marker HIR8 locus carrying enhancer for haploid induction HIR8 locus not
carrying
enhancer for
haploid
induction

Aquaporin01 [&

Aquaporin02 [T T

Aquaporin03 |G G

Aquaporin04 |G G

Aquaporin05 |C C

Aquaporin06 [deletion GGCCCGGCC

Aquaporin07 |[SEQID NO: 65 SEQ ID NO: 66

GTGCATGTTGTATATTGCTAATGTAATTAAAATCCAAGGAGTTCATAG | CCTAACCCAATA
TTAAAATTAGCTCTTGAGCATGATATCAATAACTATGGTATTAGAACT | TGATAACTCATG
ATTAACAACATAAGCATTAGATGATGCAATATGTCTATTATTATTATG [ CGCCGTTCCTGA
ACTAGCGACACCAACATGAGAATAAATAGCACTTGCAAAATTAATTAT | GCGGCATAATTT
TAGAGTCATAAGATGTACTTGCAAGATATACCTTGAGAAAAAATTGTA | TTTACTTTAGTT
GTAGTCTTGTGGTTCAACATCTTGGTACTCCATGATCTATAAACTTAC | CTTCTGATTTGG
CATCTTGTTGAATTTCTCGATGACAAGAGCAACGCTTTGCAARAACCG | TCATGATTTATA
CAAGCAAAAGCACAATGGGTCAAAACTAGACGCAATCGGCCTTTTCGG | TTCGGAATTTAA
CCAAATGTAATAGTCATAGAAAGCATAAAGATAGATCAACCAAAAATA | ACTAAAAATTGT
ACTATAGGGTAGATAGATTTAGCTACAAAGTAGAGCCAAAGCAATCGT | CTAATTATTCAA
GTACTCCCTCCGTTTCGTTTTAGTTATTGCTGGATAGTGCARATTTGA | CAATCCAAARAC
ACTATCCAGCGACAACTAAAAAGAAACGGAGGGAGTACTAGTGTAGTC | CTTATTGTAGAC
ACCAATAAATGTGTTGACGCCARATTGGATCACACACCAATCAGGGCT | AATTTCCTAGTT
AGATCACTTGGGCTACCATAGATCAAAAGAACACAACAAGGTCGGTTA | TTTATATGGCTG
TCAGACTTATATAGTGAAGCACAAAGAAGTTTATGAGCAAGCCACCAA | CTTTTGCCGACA
AGAATAATATAGCGCTTACATGGCAAAGAACAACTAGTTTTTAGGCAA | CGCTGAAGCCAG
AGTAGAAAAGAAAATTGTGAAAGCTCTCACCGTTGACGCACCCAATGA | AAAAGTTCAATG
GGGCAACTACGTCATCGAATTATCCTAGGTTAATCAGCAAGCATAGGA | GTATGCACTTTA
TGGCATCCTTCATCATTAGATCAAGTGATGAACAACACAAGGTTGARR | AGAGGTGGCAAG
GAGGGCAAAAAAGTAGTAGATGTAAAACAGACTTATTGGATGTTGGAT | TCAAGGCCACGC
GTATCAATCGACTGTGATCCGCTCCTTTACATAGCTGACATCGGTCTT | TCTGGCTTACTG
ATCCTAGTAGGAAATAAGCCTACATCATAATCTCCAAGTTTATCATGT | CTATGAATGTGT
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CCAAAATATATCTAAACACATTTAGAAACTAATCGATCCGGAATAGAT
ATAAAACTAGTCTAGCTGGGTCCCAAACCGACTTTCCCGGTTTTCACG
GGAGCTGGTCAGCCACTTAAGAAGTAAAACCAGCCTAATCGGTTATAT
TGCGAGTCCAACATAGAAATTCTTTCGAAAACATATTTATTTCTAAGC
TCCACATAAGGCAATCCATATATGTATTTTGATCATCTCGATGAGAAA
AACGCAACATTAAAGCTCATTCTTTCATTCAAAGAAGTTATAAAATCC
AACTAGAGCGGTTATAAGGGTCTGTTTGGAATGACTCTACTCCACCTT
GGAGCAGCTATGCTCCAAAACTCTAGGGTGCAGCAACTCCACTGTGGA
GTTTTAGTGGTGTTTGATAGAAAATGGTTCATAGCTCCATGAACAAGG
TTTTACAAGCGAAAGTACATCCTTACCCACGGTTGCCGGTGGAGGGAC
GAGGAGGCACAACAGTGAGCGAAAAAAGGATGAGGCATGATGGCCCGA
GGGAGGAGGAGACACGTCAGAGGAACCGTGCGGCCATAGACCGAGAAG
GTGCAGAATGGATAAGAGAAAGGTTCTAGAACAGAGAAAGAACAAACC
TTTTTGTGTAATGAGTGGCAGTGATGGGTAAATACTTGTTGTCGGCAT
TTCGAGACCGGGGGGTCCCTAAGCCGACGAGTGAATGTCGCCGCGETGC
TCCAGCCCAGATGGGTCGACGCGAGGCCGAGCGCGAAGGGGG—
AAGTGAGGTGGCCGGAGACAGGCGTGAGAGAGGTGGAAATCCCGCGGL
CTTCGTGTTCGTCCCGCGCCCAGGTCGGGTGCGCTTGCAGTAGGGGGT
TACAAGCGTCCACGCGGGAGAGGGAGCGAGCGGCCTCACGCGAGCGCC
TGTCTCCTCCTCGTCCCCACGCGGCCAACCTTCTCTAAGAGGGCCCTG
GTCCTTCCTTTTATAGGCGTAAGGAGAGGATCCAGGTGTACAATGGGG
GGTATAGCAGAGTGCTACGTGTCTAGCGGAGGAGAGCTAGCGCCCTAA
GTACATGCCGTCGTGGCAGCCGGAGAGATTTTGGCACCCAGCTGGTGT
GATGTCGTGGCCGTCGGAGGAGTGTTGGAGCCTGGCGGAGGGACAACT
GTCGGAGCTGTTGAGTCCTTGCTGACGTCCTCTTGCTTCCGTAAGGGG
GCTGAGAGCCGCCGTCGTCACAGAGTATGCGGGGCGCCATCATTGCCT
TTCTGGCGGAGCGAGCCAGATGGGACGCCGGTCTTGTTCCCCATGGCC
CGAGTCAGCTTGGGGTAGGGTGATGATGGCGTCTCCTGTTGACGTGGC
TGGTCTGCGCCCTAGGTTGGGTGATGTGGAAGCTCCTCCGAAGCCGAG
GTCGAGTCTGTCTTCCGTGGCCGAGGTCGAGTCCGAGCCCCTGGTTCG
GGCTAGGCGGAGACCGTCGGCTGAGGCCAGGGCGGAGTTCGAGGCCTG
GGGTCGGGCGGAGCGGAGTTTGTCGTCTTCCGGGGCTGAGCCCAAGTC
CGAGCCCTGGGTCGGGCGAAGCGGAGTTCGCCGTCTTCCGGGGCTTAG
CCCGAGTCCGAGCCCTGGGTCGGGCGGAGCGGAGTTCGCCGTCTTCCT
GGGCTTAGCCCGAGTCCGAGCCCTGGGTCGGGCGGAGCGGAGTTCGCC
GTCTTCCGGGGCTTAGCCCGAGTCCGAGCCCTGGGTCGGGCGGAGCGG
AGTTCGCCGTCTTCCGGGGCTTAGCCCGAGTCCGAGCCCTGGGTCGGG
CGGAGCGGAGTTCGCCGTCTTCCGGGGCTTAGCCCGAGTCCGAGCCCT
GGGTCGGGCGGAGCAGAGTTCGCCGTCTTTCGGGGCTTAGCCCGAGTC
CGAGCCCTGGGTCGGGCGAAGCGGAGCTTCCTATGGTGCCTGCGGCCG
GGCCTGACTGCCTGTCAGCCTCACTCTGTCAAGTGGCACCGCAGTCGG
AGCGGCGCAGGCGGCGCTATCTTTCTGTCAGGCCGGTCAGTGGAGCGG
CGGAGTGACGGCGGTCACTTCGGCTCTGTCGGCTGGGGEGGCGCGCETC
AGGATAAAGGTGTCAGGCCACCTTTGCATTAAATGCTCCTGCAATTTG
GTCGGTCGGTGCGGCGATTTGGTCAGGGTTGCTTCTTGGCGAAGACAG
GGCCTCGGGCGAGCCGGAAATATGTTCGCCGCTGGAGGGGG-
CCTCGGGCGAGACGGAGATCCTCCGGGGTCGGCTGCCCTTGTCCGAGG
CTAGGCTCGGGCGAGGCGTGATCGAATCCCTCGAATGGACTGATTCCT
GACTTAATCGCACCCATCAGGCCTTTGCAGCTTTATGCTGATGGGGGT
TACTAGCTGAGAATTAGGAGCCTTGAGGGTACCCCTAATTATGGTCCC
CGACAGTAGCCCCCGAGCCTCGAAGGGAGTGTTAGCACTCGCTTGGAG
GCTTTCGCCGCACTTTTTTGCAAGGGGACCAGCCTTTCTCGGTTGCGT
TTTGTTCCGGTGGGTGCGCGCGAGCGCACCCGCCGGGTGTAGCCCCCG
AGGCCTCGGAGGAGTGGTTTCACTCCTCCGAGGTCTTAATGCCTCGCG
TAATGCTTCGGCTGGTCTGGTCATCCCTCATGCGAGCTGGCCGTAGCC
CGGTTGTACGGTCGGGTCCCAAGTTCTCGGGCTGGTATGTTGACGCTG
TCAACGGTTCGGCCGGAGCCGGGTTTGCGAGAGCAGCCCCCGAGCCTC
TGCACAGGGCGAGAGGGCGATCAGGGACAGACTTGACTTTTTTACATA
CGCCCCTGCGTCGCCTTTCCGCAAGGAGGAGGGGGGAAAGCGCCATGT
TGCCCTCGATGGGCGCCGAACATGGTGTCTCCGGTGAGCTGCAAGCGG
GTAATCCGAGTGGACGTCCGTGCCCCGTTCGTTAGGGGTCGGCTAGGG

TCCATGTTAGTA
AGGCAAACCTGA
GGGCGCACTGAC
TTCTGAACAGGA
GAAAGAGTACGA
TCATGCCAATAC
TATCTTTACGGG
AGCAGTTCTTAG
CGCCCTTGTTGA
CCGTCTGGTTGA
TGCGAATATTCA
GCACACAGACGG
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CAAAACTATCAA
CTTCAAGAAGAA
GAAGAACAAGGC
TGAACTGACATG
TTCCGCATGTGG
CGAGACGGGTCA
TTTTGCTAAGAA
TTGTCCTGATCG
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GCCCAGAGGCGCGCCCAAAAGTACCTGCGGGTGATCTGCCGGACCCGG
TCCCCTGGCGACGGGGTCCGAGGGCTCGATGCCTCCCTCTGATGGGAT
TCCGTTACAAGATCGTTCCCGCTGGTCTCGGAAATGTCCTAGGGTACC
TCGGGAGCGTAGCCCGAGCCTTGGTTATGTATCGAACGTACCCATGGT
CATCCCTCGCTCTGTGTCTGAGGCGGCTGTGAACCCTTCGGGGGCCAG
CCTTCGAACCCCTGATCAGTAGTGGGCGTGGAGCCCGAGTAGCCTGAG
GCGGCCGTGGAACCCTTCCGAGGGGCCGGCCTTCGAACCTCTGACCAG
TAGTGGGTGTAGAGCCCACGCGATCTGAGGCGGCTGTCGAACCCTTCC
GAGGGGCCAGCCTTCGAACCTCTGAT CAGTAGGGAGGCTCGGAGCCTG
GTTCCTTCACGAGGAAGGATCCTTTTCGGGGTATCCCCTTTCCCGGTC
CCTGTTGCAAGAGAGAGAAAGAGGAAAAAAGGAAAAGGATACGAAATC
GAACGACGCGGCGTACCTTTTTTGACGCGGCCATTATGGCGAAGGCGA
AGCGTCGCCCGCTTCTCCTGCCAGAGGCGCCGCCTGTCCCGCCGCGGA
GTTAATGCGACGGGGCGAGTGGTTCGCGAGGCGGCTGTTGCGCGTGCG
CGAGCCGTTCGAGGAACGGAACACGGGCGCGTTGTCTTCACGCCGTGA
GAGAGGGTTCTCTCGTCGCCCCTAGATGGGACGTAGGCTTGGCTGACG
ACGTGACCGCTGCTCCTGCCCGCCTGCCACCGCCATTACTGCCGGCCC
ATTTTTGGCCGTATTGACCGTCGCGCCAGGCTGGCGCTGCTGGGTCGT
GCGCTGGGTCGCCTCGAGTCGCGGTATTGGTTCCGCAGTCGAGGAGGC
GCGGTGGTGGCGCAAGTGGCGGETGCGGCTGCATGCACGAAGCATTCGG
TGCGCCGGTTGCATGACGCGTGGGCCTGGGCCTCCATGCCGGGCGTGT
TGGGAGTCGGAGAAGTGCGCCCACTTGGCGCGGTTGCATGCCGCCTGC
ATGGCTGCCCGCCCTTTCGCCCGCTGGTCTGGGCAAAAGTGGAGAGTC
GCTTGTAACCGCTGGGTGGTTGTACGCACCGCGCACCGCGGTTTGGCT
TCTTCCGCTCTGAGCCGGCTTGCATGACGTGTGGGACCCAGCCCCCGL
GCCGTAGGGGAAGACCTTGGAGCGTGTTGGAGAAGACT CAGCCCGTGA
CGGCTGGGGACGCAAGTAGGGAGAGTCGCCTTTAAAAGGAGGGTGACC
CCCTTGGAAGGCGACCATGTCTTCGCGCTCCCTTATGCATCGTGTCCT
TCTACCTTCCAAGCCCCCGGATGGGGGATTCCCGCCGTCTTTCCGCTT
CGTCGTTGGAGGAACGCAACTCCGCGGGAGTTGGTACCTTTCAACCAT
CGTTTGGCTTCAAGGATTTTCATCATACAGCCCGGTTGCACCCCCCCC
CCCGCCGGTGGTCACCCAAAACGGTGACCTCCAGCCCCTGGATGGGGA
GAGGCGAACCGGGCTGTGATCTTGGTCCCGCCCTCAGCCTCGAGGATG
TTCGTCATCCTTGCTGGGGCEGEEGGECGAGGCGAGCCGGGGCTCTACC
TCCCGCGCGGGCCGGCTGGCCACCTCTTCTTCCAGCTTCTGGTGGTGG
CAACCATCCTTCAGCTCTGTAGAGGAGACGTCCTCCAGCCATGCCGGG
GAAGGCGAACTGTTGCTGCCCAACTAGGATGCAACATTCCGCCCTCTT
CCTCGCTTTCGTGGCGAGGACGGGAGCGAGGACCTGCCGGTGCACTTT
GGAGCGGCCCGCTCTTTGGCTTTAATAGCTGGTTCGCGTCCCTTGAGC
GGGAACGCGAACGAGAGCCCTCCGGCGGCCGETGTCCGTCCTGGGACCA
TGGCTGCTGCTGCAGAGGTCGCTGGCGGGTCCCCCGGTGCTTGTCGCC
CCGCAGGCTCCCCGGTGCGGAGGTTGTTCATACCTGTGGGGACGGAAC
CAGAGTTCCGTCTGTGATGGCACTTCGAATGCCAGTGTTTTTGTTCAT
TGTGGCTGTCGGGGCCTGAACATGTATGTAATTTCGGCACGGAGCCGT
GTTTTTTCCTCATTTTCGAGCACTAAGACTCGCCTGTTGGTTGTCTGA
ACCGCTTCACCAAGCGTGAGTCGCCCCGTGTAAAGGTGACGAGTGAGG
TATCCGTATCCCGGAGGCGTAGGAGTCCCTCGGCTCGGTCAGCCTTGT
TGTCCGAGGCTTCTCTTGCTCAGTTAAAGGAACTCCTCGGCCGCTCTT
CGATGAGCCGAGGCCAGGGGTAGCGGTGTCAGCGCGAACAGAGGCAGA
GTTGGCTCGAGAGGAAGACCTGGTCGGCCGGAGCCTGGCCGGGTCGETC
CGTTAGCGGGACTGACGCTGGAATTGACCAGCCGAGGCCTCGGGTCGG
GCTGACGTCCTCGGAGGACAACTGGCCGAGGCCCCGGGGTGACCGGTC
GAGCCGCCTGCTCGGGCCGGATTCCCGGAGAAGACCCTGGCGGCGACG
GCCCAGGCTTGGTGATGACGCCGTCCTTCAGAGCGGAGGTCTTCGGAC
CGCGTCGCCGTCCGAGGCTGGGTCGGACTTCGCCGAAGGTGTTGTCGA
CGCCGAGGGTGCTGCTGCTCCCTTCAAGCGTCAAGATCCGAGCCTGCA
GGATCGGATCGTCTTGTAGCGTGTGTTTCCTACGGCCGCCGAGGCCAA
AACACACCCTCGCCGTGTTGTGAAGCTGCGTCTCTTTTCCTCTTGCTT
CGAGTACCCGGACTTTTTTGTCGGTAACAGAATTGTTTGTGCGAGCGA
GAGCTGCTTCTCACGGAAGGTGATGAGTGAGGTATCCGTATCCCGGAG
GCGTAGGAGTCCCTCGGCTCGGTCAGCCTTGCCGCTTACGCGCACTCT
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TACCCGTCCATGGGGTTCTGTCACCGACACAGTCAAGAAGGCTCGAAG
AATCGCTCCGGCAGAAGAGCTTCCGAACGTGAAGACTTGTTCGGTCCG
CGGAATCACTTATCCGAACGTGAGTTACTTATCGCAGAAGGTGATGAG
TGAGGTATCCGTATCCCGGAGGCGTAGGAGTCCCTCGGCTCGGTCAGC
CTTGGCTGCTTACGTGTACTCCGCCGTTTTCAGGATCCACTTTCGAAG
TAGTCAAAAAGCACGAAAGACGTTCTGGCAGAAGGGATCTTTTTTCGA
GGAAAAAATTCGACGCAGAGGGGGTTCCCCC—

TTTTAGCCCCCGAGGGAGGGTCAGGCTTTGCCGAGGCGAGGCCGACCC
TTCCTTGATGACTAAACTTTGCGTGGGAGTGAGGTATATGAACAACTT
GAAAACATCTTAAGGGTAGAAGCGACGTAGCTGTTGGATGTTCCAAGC
GTTGCTGTAGACCTCGCCTTGACTGTTGGCCAGCTTGTACGTTCCGGG
CTTCAGAACTTTGGCGATGACGAATGGCCCCTCCCAGGGGGGCGTGAG
CTTGTGCCGCCCTCGGGCGTCTTGTCGCAGCCGAAGCACCAGGTCGCC
CACCTGGAGGTCTCGGGACCGGACCCCTCGGGCGETGGTAGCGTCGCAG
GGACTGCTGGTACCGCGCCGAGTGTAGTAAGGCCTTGTCCCGAGCCTC
TTCCAGCTGGTCCAGCGAGTCTTCTCGACTAGCTTGGTTGCTTTGGCT
GGCATAGGCCCTTGTCCTCGGGGAGCCGTATTCCAGGTCTGTGGGCAA
GATGGCCTCGGCCCCATAGACTAGAAAGTACGGCGTGAAGCCCGTGGC
TCGGCTCGGCGTTGTCCTCAGGCTCCAAACCACCAAGGGGAGTTCCTT
CATCCATCGCTTGCCGAACTTGTTGAGGTTGTTGTAGATCCGAGGCTT
GAGCCCTTGTAGAATCATGCCGTTGGCACGCTCTACTTGCCCATTTGA
CATGGGGTGAGCTACGGCGGCCCAGTCCACCCGGATGTGGTGATCCTC
ACAGAAGTCCAGGAACTTTCTGTCGGTGAACTGGGTGCCGTTGTCGGT
GATGATGGAGTTCGGGACCCTGAATCGATGGATGATGTTGGTGAAGAA
CGCCACCGCCTGCTCGGACCTGATGCTGTTTAGGGGTCGGACCTCGAT
CCACTTGGAGAATTTGTCGATGGCGACCAACAGGTGCGAGTAGCCCCC
GGGTGCCTTCTGCAAGGGGCCGACGAGGTCCAGACCCCATACAGCAAA
AGGCTAGGTGATGGGTATCGTCTGCAGAGCCTGAGCGGGCAGGTGGGT
CTGCCTTGCGTAGAACTGACACCCTTCGCAGGCGCGGACAATTCTAGT
GGCGTCGGCCACCGCCGTGGGCCAGTAGAAGCCTTGTCGGAAAGCATT
CCCGACAAGGGGTCGAGGCGCTGCGTGATGGCCGCAAGCCCCCGAGTG
TATCTCTCGCAGAAGTTCCTGACCTTCGGCGATGGAGATGCATCGCTG
GAGGATGCCGGAGGGGCTGCGGTGGTAGAGCTCCTTCTCATCTCCCAG
CAGGACGAACGACTTGGCGCGCCGCGCCACCCGCCAAGCTTCGGCTCG
GTCGGAGGGTAGCTCTCCTTGGTGGAGATATTGCAGGTACGGGGTCTG
CCAGTTTTGATCAGGCGTGACCCCGCTTTGCTCCCCCTCGACGCGCAG
CGTCTCGCCCTCGGGGGCCGAGGGTACCTCGAGCCGAACCGAGGGTAC
CTCGGGCCGAGCCGAGGGTGCCTCGGGCTGTGCCGAGGGTACCTCGGG
CTGGGCCGAGGGTGCCTCAGGCTCGGGCGTGTCGCCGATCTTGACGAG
GGTTGATGCAAGTCTCGGGAGAAGACGTCCGGGGGAATCGTTGTTCGC
CCCGAGGCTATTTTAGCCAGCTCATCCGCAGTCTCGTTGTAGCGTCCG
GCGATGTGGTTGAGCTCGAGCCCGTAGAACTTGTCTTCCAGGCGCCGA
ACCTCATCGCAGTAGGCCTCCATCTTCGGGTCGCGGCAGTGGGAGTTC
TTCATGACTTGGTCGATGACGAGCTGCGAGTCACCACGAGCGTCGAGG
CGTCAGACCCCTAGCTCGATGGCGATTTGCAACCCGTTGACCAGAGCC
TCATACTCGGCCACATTGTTGGACGCCGGGAAATGGAGGCGTAGCACA
TAGCGTAGGTGCTTCCCGAGGGGCGAGATGAAGAGTAGGCCTACGCCG
GCTCCTATCTTCATCAGCGACCCGTCGAAGAACATGGTCCAGAGCTCC
GGCTGGATCGGAGCTGTTGGGAGCTGAGTGTCGACCCATTCAGCTACG
AAGTCCGCCAAGACCTGGGACTTGATGGCCTTCCGAGGACCGAACGAG
ATTGCTTCGCCCATGATTTCCACCGCCTTTGCGATTCTACCCGAGGCC
TCTCGGCACTGGATGATCTCCCCCAGGGGGAAGGACGACACCATAGTT
ACCGGATGAGACTCGAAGTAGTGTCGCAGCTTCCGCCGTGTCAGGATC
ACCGCATACAACAGCTTCTAGACTTGTGGATAGCGGATCTTGGTTTCG
GACAGTACCTCGCTGACGAAGTAGACTGGCCTCTGAACGAGCAATGCA
TGCCCCTCTTCTTGCCTCTCGACCACAATCGCGGCGCTAACCACCTGA
GTGGTCGCGGCGACGTAGACCAAGAGGGCTTCTCCGGCAGCTGGGGGLC
ACCAAGATAGGCGCCTTCGCGAGGAGCGCCTTCAGGTTCCCGAGGGCT
TCCTCGGCCTCAGGGGTCCAAGTGAAGCACTCAGCCTTCCTTAAGAGG
CGGTACAGAGGTAGACCTCTTTCGCCGAGGCGTGAGATGAAGCGGCTC
AGAGCCGCGAGACATCCCATGACCCTCTGCACGCCTTTCAAGTCCTTG
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ATGGGCCCCATGCTGGTGATGGCTGCGATCTTCTCCGGGTTGGCTTCG
ATGCCCCGCTCGGAGACGATGAACCCCAAGAGCATGCCTCGGGGCACC
CCGAAGACACACTTCTCGGGATTGAGCTTGACGCCTTTCGCCTTGAGA
CATCGGAATGTCACTTCAAGGTCGGAAAGGAGGTCGGAGGCTTTCCTC
GTCTTGACTACGATGTCATCGACGTAGGCCTCGACCGTGCGGCCAATG
TGTTCGCCGAACACATGGTTCATGCACCGCTGGTACGTCGCACCCGCA
TTCCTCAAACCGAACGGCATGGTGACATAGCAGTACATGCCGAAGGGT
GTGATGAAAGAAGTCACGAGCTGGTCGGACTCTTTCATCCTGATTTGG
TGATACCCTGAGTAGGCATCGAGGAAAGACAGGGTTTCGCACCCAGCA
GTGGAATCCACGATTTGATCGATGCGAGGCAGAGGGTAGGGAACCTTC
GGACATGCTTTGTTCAGACCAGTGTAGTCTACACACATCCGCCATTTC
CCCcC—

TTTCTTTCTCACAAGCACAGGGTTGGCAAGCCATTCGGGATGGAATAC
CTCTTTGATGAACTCTGCCGCCATTAGCTTGTGGATCTCCTCGCCTAT
GGCTCTGCGCTTCTCCTCGTCGAACCAGCACAGAGGCTGCTTGACGGG
TCGGGCTCCGGCTCGGATGTCCAGCGAGTGCTCGGCGACATCCCTCGG
TATGCCGGGCATGTCCGAGGGACTCCACGCGAAGACGTCGGCGTTCGC
GCGGAGAAAGTCGACGAGCACTGCTTCCTATTTGGGATCGAGCCCGGA
GCCGATCCGGATCTGCTTGGAGGCGTCGCCGCTGAGGTCGAGGGGGAC
GACCTTAACCGTCTCCGCTTGCTCAAAGTTGCCGGCATGACGCTTCAC
GTCTGGCACCTCCTTAGAGAGGCTCTCTAGGTCGGCGATGAGGGCCTC
GGACTCGGCGAGGGCCTCGGCGTACTCCACGCACTCCACGTCGCATTC
GAACGCGTGTTTGTACGTGGGGCCGACGGTGATGACCCCGTTGGGGCC
CGACATCTTGAGCTTCAGGTAGGTGTAGTTGGGGACGGCCATGAACTT
CGCGTAGCCTGGTCTTCCCAGTACCGCGTGGTAGGTTCCTCGGAACCC
GACCACCTCGAACGTCAGGGTCTCCCTTCGGAAGTTGGAGGGTGTTCC
GAAGCAGACGGGAAGGTCGAGTTGTCCGAGGGGCTGGACGCGCTTCCC
GGGAATGATCCCATGGAAGGGCGCAGCGCCTGCCCGGACAGAGGACAG
ATCGACACGCAGGAGCCCGAGGGTCTCGGCGTAGATGATGTTGAGGCT
GCTGCCTCCGTCCATGAGGACCTTGGTGAGCCTGATGTCGCCGATGAC
GGGGTCGACGACGAGCGGGTATTTCCCCGGGCTCGGCACATGGTCGGG
GTGGTCGGCTTGGTCGAAAGTGATGGGCTTGTCGGACCAGTCTAGGTA
GACTGGCGCCGCCACCTTCACCGAACAGACCTCCCGGCGCTCTTGCTT
GTGGTGCCGAGCCGAGGCATCCGCCGCTTGCCCACCGTAGATCATGAA
GCAGTCGCGGACCTCGGGGAACTCTCCTGCTTGGTGATCTTCCTTCTT
GTCGTCGTCGCGGGCCTTGCCACCCTCCGCGGGTGGCCCGACCCTGTG
GAAGTGGCGCCGAAGCATGACGCACTCCTCAAGGGTGTGCTTGACGGG
CCCCTGGTGATAGGGGCACGGCTCCTTGAGCATCTTGTCGAAGAGGTT
GGCGCCTTCGGGGGGTTTCCGAGGGTTCTTGTACTCGGCGGCGGCGAC
AAGGTCCGCGTCGGCGGCGTCGCGTTTCGCTTGCGACTTCTTCTTGCC
CTTCTTCTTGGCGCCGAGCTGAGTTGACGCCTCGGGGGCATCTTCCGA
TGGGCGACCCTGGGGCTGCTTGTCCTTCTGGAAGATAGCCTCGACCGC
CTCCTGGCCGGAGGCGAACTTGGTGGCGATGTCCATCAACTCGCTCGC
CCTGGTGGGGGTCTTGCGACCCAGCTTGCTCACCAGGTCGCGGCAGGT
GGTGCCAGCGAGGAACGCGCCGATGACATCCGAGTCGGTGATGTTGGG
CAGCTCAGTGCGCTGCTTCGAGAATCGCCGGATGTAGTCCCGGAGAGA
CTCTCCCGGCTGCTGTCGGCAGCTTCGGAGGTCCCAGAAATTCCCGGG
GCGCACGTACGTGCCATGGAAATTGCCGGCGAAAGCTTGGACTAGGTC
ATCCCAGTTGGAGATCTGCCTCGGAGGCAGGTGCTCCAACCAGGCGCG
GGCGGTGTCGGAGAGAAACAGGGGGAGGTTACGGATGATGAGGTTGTC
ATCGTCCGTTCCACCTAGTTGGCAGGCCAGACGGTAGTCCGCGAGCCA
CAGTTCCGGTCTCGTCTCCCCCGAGTACTTTGTGATAGTAGTCGGGGG
TCAGAACCGGGTCGGGAACGGCGCCCGTCGTATGGCCCGGCTGAAGGC
CTGCGGACCGAGTGGTTCGGGCGAAGGACTCCGATCCTCCCCGCTGTC
GTAGCGTCCCCCACGCCTGGGGTGGTAGCCTCGGTGCACCCTCTCGTC
GAGGTGGGCTCGACGGTCGCGGTGATGGTGCTCGTTGCCGAGGCGACC
CGGGGCCGCAGGCGCTGTGTTGCGCGTGCGCCCGGTGTAGACCGAGGL
TTCCCGCATGAATCGGGAAGTCGCGGCATGAGGTTCTGAGGGGTAACC
CTGCCTTCGGGAGGCGGAGCTCTCGGCCCGTCGGACCGCGGCGCCTTC
CAGGAGATTCTTGAGCTCTCCCTGGATTCGCCGCCCCTCGGTGGTTGA
TGGCTCCGGCATCGCGCGGAGGAGCATTGCTGCTGCAGCCAGGTTCTG
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GCCAACCCCACTGGATGCGGGTGGCGGCCTGACCCTGACATCATCGAC
GATGCGGTGCTGGAAGCCCTGGGGTAGATGACGTATTTTTCCAGCCGG
AGGTTGAGCTGCCCATGCCTGCCCGACGTCCCGGCGGATCGGCTCAAG
CGCTCCTGCTCCCTCGTCGAGCCTGGCCTGCACCCCGCGGATTTGCTC
GAGCTGTGGGTCATGGCCCCCCGCCTGAACGGAGACCACAGCTAGCTC
CCGTGGGATGTCAACGCGAGGCACCGGCCTAGGGAGATCACCGTCCCC
CGGCATGCCGAGATGGTTGCCTTCGGAGGGACCCCCTAGATCGACGTG
GAAACATTCGTGGCTTGGGCCGCAGCCCTCGTCGCCGAGGCTACGGCT
ACCGTCGGAACAGTCGGAAAGGCAGTAGTCGCATGCGGTCATGAAGTC
CCGCATGGCACTGGGGTTGCCAAGTCCGGAGAAATCCCAACAGAAGTT
GGGCTCGTCATCTTCCTCGGACCCAGAGGGCCCGTAGGTCGAGACGTC
CGTCAGCCGGTCCCAAGGCGACTGCATACGAAACCCCAGAGGGTTTGG
ACTCGCCTCTACGAGAGCGCCCGCCAAAGCGAAACCGCTAGGCGGGTT
GAGGCTGAATCCAAATGACGTGGGATGGGAATCGGTCGGTACCTCTTG
GTTGACGGGCGGTGATGAAGTCACGTCGGGGACTGACTGCACCGTCGT
CTCAGGTACAAGGGTGACACCCAGCAAGCCTTCCGCGAGCGTGCTGGC
GTCGTCCGTTTGCTCAGGATTGGCGTGTTGCGGGGAGACGGCGCTCGT
CTTCGTCTCAAGCGCGAGGTCGATGCCCGGTGCGCCCCCTGTTGGGGET
GCTGGCGCTATCGGCTCGCTCGACAGCCGACGAGGCGCTGCCTCCTGC
TTGGCCTTGGTTGCCCCGCCTTCCCCTCCATCGGCGGGGAAGAGGGCG
GGATGAGCTTGAAGGTTGTTCTTCCACCACGCGGGGAAGACGTCGTCG
ATTCCGCCGCCGGCGEGGCGEGECTGTCGGCCGCCATTGCCGCTGTCGCC
CGGCGGTGGAATGAGTATCATGTTGTAGCTGCCGTCGAGGGACATGAA
CTCAAGACTCCCGAAACGGAGCACCGTCCCGGGTTGGAGAGGTTGCTG
GAGACTGCCATCTGGAGCTTGACGGGAAGCTGTTCGTCAACACGCAGC
AGGCCCCTACCTGGCGCGCCAACTGTCGGCGTTTCGAGACCGGGGGGT
CCCTAAGCCGACGAGTGAATGTCGCCGCGTGCCCCAGCCCAGATGGGT
CGACGCGAGGCCGAGCGCGAAGGGGG—
AAGTGAGGTGGCCGGAGACAGGCGTGAGAGAGGTGGAAATCCTGCGGC
CTTCGTGTTCGTCCCGCGCCCAGGTCGGGTGCGCTTGCAGTAGGGGGT
TACAAGCGTCCACGCGGGAGAGGGAGCGAGCGGCCTCACGCGAGCGCC
TGTCTCCTCCTCGTCCTCGCGCGGCCAACCTTCTCTAAGAGGGCCCTG
GTCCTTCCTTTTATAGGCGTAAGGAGAGGATCCAGGTGTACAATGGGG
GG—-
TATAGCAGAGTGCTACGTGTCTAGCGGAGGAGAGCTAGCGCCCTAAGT
ACATGTCGTCGTGGCAGCCGGAGAGATTTTGGCACCCAGCTGGTGTGA
TGTCGTGGACGT CAGAGGAGTGTTGGAGCCTGGCGGAGGAACAGCTGT
CGGAGCTGTTGAGTCCTTGCTGACGTCCTCTTGCTTCCGTAAGGGGGC
TGAGAGCCGCCGTCGTCACAGAGTATGCAGGGCGCCATCATTGCCTTT
CTGGCGGAGCGAGCCAGATGGGACGCCGGTCTTGTTCCCCGTGGCCCG
AGTCAGCTCGGGGTAGGGTGATGATGGCGTCTCCTGTTGACGTGGCTG
GTCTGCGCCCTAGGTTGGGTGATGTGGAAGCTCCTCCGAAGCCGAGGT
CGAGTCTGTCTTCCGTGGCCGAGGTCGAGTCCGAGCCCCTGGTTCGGG
CGAGGCGAAGACCGTCGGCTGAGGCCAGGGCGGAGTCCGAGCCCT GGG
GTCGGGCGGAGCGGAGTTCGTCGTCTTCCGGGGCTGAGCCTAAGTCCG
AGCCCTGGGTCGGGCGGAGCAGAGTCCGCCGTCTTCCGGGGCTTAGCC
CGAGTCCGAGCCCTGGGTCGGGCGGAGCGGAGTTCGTCGTCTTCCTGG
GCTTAGCCCGAGTCCGAGCCCTGGGTCGGGCGGAGCGGAGTTCGCCGT
CTTCCAGGGCTTAGCCCGAGTCCGAGCCCTGGGTCGGGCGAAGCGGAG
TTCGCCGTCTTCCGGGGCTTAGCCCGAGTCCGAGCCCTGGGTCGGGLG
GAGCGGAGTTCGCCGTCTTCCGGGGCTTAGCCCGAGTCCGAGCCCTGG
GTCGGGCGGAGCGGAGTTCGCCGTCTTCCGGGGCTTAGCCCGAGTCCG
AGCCCTGGGTCGGGCGGAGCGGAGTTCGCTGTCTTCCGGGGCTTAGCC
CGAGTCCGAGCCCTGGGTCGGGCGGAGCGGAGTTCGCCGTCTTCCGGG
GCTTAGCCCGAGTCCGAGCCCTGGGTCGGGCGAAGCGGAGCTTCCTAT
GGTGCCTGCGGCCGGGCCTGACTGCCTGTCAGCCTCACTCTGTCAAGT
GGCACCGCAGTCGGAGCGGCGCAGGCGGCGCTTTCTTTCTGTCAGGCC
GGTCAGTGGAGCGGCGGAGTGACGGCGGTCACTTCGACTCTGTCGGCT
GGGGGGGCGGGTCAGGATAAAGGTGTCAGGCCACCTTTGCATTAAATG
CTCCTGCAATTTGGTCGGTCGGTGCGGCGATTTGGTCAGGGTTGCTTC
TTGGCGAAGACAGAGCCTCGGGCGAGCCGGAAATATGTTCGCCGCTGG
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CCCAGCGGTCCA
GGTTAGCTGGAG
ACCGGCGCTCGA
CGCCAATCAACC
AATCACGCAGCA
TGTGTTCTTGCA
AATCCCACAATC
ATCAGCCAATAC
TCCCTGTTGAAA
TTCACTGCCCGA
AAGTTTCATGCT
TCATTGTGTCTG
ATTACAATGAAA
GTGAAACCATGT
GCTGCCCAGCCG
GAGATGCCCGAT
CAGCAGCAGCTA
GAGCAGCAACAA
CGTAAG
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AGGGGG-
CCTCGGGCGAGACGAAGATCCTCCGGGGTCGGCTGCCCTTGTCCGAGG
CTAGGCTCGGGCGAGGCGTGATCGAGTCCCTCGAATGGACTGATCTCT
GACTTAATCGCACCCATCAGGCCTTTGCAGCTTTATGCTGATGGGGGT
TACCAGCTGAGAATTAGGAGCCTTGAGGGTACCCCTAATTATAGTCCC
CGACACTTGTAAACTCCACATATAGGTTTGTTTTAACTATTTTTAGAT
TAGGGAAAGGTACTCCAGTTTTTGTATTATAGCTCCAAAAACTCTATG
GAGTTGTTTTTCTCCGAATTTAAGGTGTTTAGATAGAAACATTTTACT
CCAACTTGAAGTTCTGCTCCAAAGCTATTTCAAACAAGCCCTAAGAAC
CAACCATGTCAGTTTTAGTTGGGTCAACCCCTCCTCCCATGGGCTCTA
AAAAGATTATTTATTTGTTTGAGCTTAAATAAGATGGTTCTGACATAT
TTTCTAACCATTTTAATAACAAAAAAGTACTATAATGTTTATTTATAG
TTTGTTCACTTTTAATTCAATAGCATTGCACCCTAATAGCAAGTATAA
TAAGAGGTTGTAAACATGCTAAAGCTAAGGTGGAGGAGAGAGAAAGAG
CTGGTTGTAAATTTACATTTGGCTTAGACATAAGAACGAAGAAGATTT
GCGAGAGAGATAAATAGGATCCTACATTATTAGTGAAGAGCTAACTAC
TATATGGATAGGCTAACAGGTATGCTATAAGAGCGTCTCCAACAAAGT
GCCCTATAAAAATGCCCTAAAATTTAAAATAAGCTCCAATATCAAGTG
ATTAACCAAAATTTGTTAATCGTTTGGAAAGAAAAGTTTTGTGAAACG
TATGTTCGTTTAGATTTAGATATGGACATCTTAATAAAGTGCAGTATA
TTTGTGGCACTTTAGGAGGTGACATATATTATTTGACATTTTTTTGTA
AATTAGGACACTGGGAGTAGGATTTTTTGTAGTTTGAGCCCTATAATT
TAATTTGGGGCACTGAGATAAGTCATTGTTGGAGATGCTCTAAAGGCC
CTCACATGTAGCGATCGGCTATATTAATAAGGGCTTTGTTTAGTTTCT
TTAGTCCACGGAATAAAGTTAAGTCCCTACGCTGTTTGGTTACAGGAA
CTAAAAATATTTAAAACGCATTAAACGACTAAGAAGACCAAAATGTTC
CTTACTATTCTCATGTCATTAGTGCAATTGAAATAAATGAGAGGTTAA
AAGATGAATATAATATGGTTTAGTCTCTTTTAGTTATCCCTTTAGGAA
ATATGAACTAAAGCAGTTTAGTCCCCTATTTTACAACTTAGGCACTAA
AATAAAGAGGCTAATTTTTAGTCCATGGAATCAAACAAGCTCTAAAAT
TGTTTTTAGTAGAGATCAATCCATGGTCGATGGTGCCTCCATTAGGCC
GGCTCCAATGTTGGCCGGAATATGTCCCCTCGTCCGCACTTTGGCGTG
TCAGCGTGTGCAACGTCTCCTTCCCGGTCCAACCGACCCCCC
TATCCTTCGTCTCTTCACTACGACTTCGTAGTGAGTGTTGAGTTTCAG
TGACATGGGCCGTGCATGGTATGGCAGCCAGCGATGGAGACTGTGCCG
GGTCTTCGAGCCACTGCGCCTCTGGTCGTACTCGTACATGCCGTATGC
CTCAAAGGACACTGTACCTCCTGGCTCCTGCATGCAGTTTTTTCCTGT
CAGTTTTATTGGGGGCCTAAATTTCTCGCCAGAAATCTAGCTTGATTC
AAATTTGAATTATGAGAGATTGAAGCTCGAGGATCCAAAATCTTCGAG
GATGTTCTTCCATAATCAATGGAATACAAAATTATGTCAAAAACAACT
TTTTTTCAGGATTACCGTAGAAGAATTGCGTCTGGCAAAAGGAGAACC
CCGAGCAGTCGATGAAACGCTAGCTTTGTTAAAATTGATCTTCTCGAA
AGAACGAGGATTGACAATAGGGACGAAGTTGGCTCCCGAAAGAAAGGG
CCTCAGGACCACATCGGCGAATGAAGGAGCTCGAACTTTGCGATTAGT
GGCTAGATTCCATGAAGAGGATTCTTCAGCTCGGCAATCCGATTCGGA
CCACCAGAATTCCATAGATAGAAATAAGCCTTGAAGGATTCGCATTCA
TAGGATCTTGAATTATAAATAGAAAGGCCAACTTCTTTTGGGAAGACC
GAGAATCTGAATACTCTGTCCGAAAGAGAGATAGCCCGATATCGATGT
GCGTATCCACCAAAGATAGATTGCAACAGAAAGCCCGTATTTTGCTCT
GAAGGACGAAACTTGCATCGACCAATTGAAATAACTTTCAGGAATTCT
GAAGGAGAATGGCCTTGAAAGCGGTTGATAGGTTGTTGGAATCTGCGC
CAAATGCCATCTTGAAAGAACAGACCTTGAGAGAAATCCAGAGAAGAA
ATCCGATCATCAACGGGAGAAGAGGGGATGGGGAGAGGGAGCACCTCT
CGCCAAGGCGTAGGCGCGTCCCTCATTCTCACACCCTTTTATGTCATT
TGTTTGATTGTTTCGGTAGCCTATAAAAGTTAGCTAATTTCTGTCAGT
CGTGTATGTCAGCGCCTCAATCTAAACTCCACACGTCTGTCCAAATTA
TGTAGCGTCTGTCAGCTAGATTTTGGTACGGAGGGGGTGCAGATTTTA
AGTGAGTCTCCCTTGATTTTATTATATATCGGCCCTGCTGTCCAGCGC
CCCAGCCGGAGATGCAGCA

Myosin01 insertion: CATG
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Myosin02 insertion SEQ ID NO: 71 -
GTGGTGTTTGGTTTATAGGGACTAATATTTAGTCCATTTATTTTATTC
CTTTTTAGTGTATAAATTGCTAAATATAGAAACTAAAATAAAGTTTTA
GTTTCTATATTTGGCAATTTTGGAACTAAAATGGAATAAAATCTAGGG
ACTAAACATTAGTCCTTAGAAACCAAACACCCTCTATG

Myosin03 insertion SEQ ID NO: 74 -
GTAAGTGCAATCAACCCCAAGTGAGGGTTTTGGTGATTTAATGACAAA
ACAAATAAGGGTACTAACAGTTTTTGTTCTCAGTGTTTGATTARAAGG
AAACATGAACTTAAGGAAGCACCAAGGACTTCATGCAATGGACGTATA
AAATTTATGTAAAATCTTGTGTTGCATGATGTAATTCTTCCTTATTCT
TTTCTGCACAGGTACAGGTGTTTGCTATAGCTCAAGTCCTCTAATTCA
AAAGCTATTTTTGAAAACCAAAAATCACTTTAACTTTATTTGGCTGAC
CATGGTTTGGGTTGAGAAACCTAGAGTGTTCTTGCTGAARAACAGCTG
AACTTCTTCAACTGCAGCTGAGCTTTCCAGCTGAACTTAACTTCAACT
GTGATGAGCTTCTTCAGCTGCAGCTGAGCTTTTCAGCTGAGCTGGACT
TCAGCTGAGTTGAACTTTCAACTCCAGCTGAACTTCAACTTCAGCTAT
GGACCTCTCTGACCATACCCAGCTGAACTTGCCCCAGGGCAGCTGAGC
TGGGGTTTTCTCTCCAARACTCTCTGGTCTAGACCAGCTGAACTGGTC
CTGGGGGGCAGCTCAACTGGTCTCTGACCCTCTGACTTCTGTTCTGCA
GTCTGCCAGTCAGACTGGCAGTCAGGTCGCCAGGGGTGTCAGGGGGCE
GTTCAACCGTCCTAGGGGGGGCGGTTCAACCGGTCCTGGCCTGTCTGA
CCCGCTTGCAGGTCAGTCTGCCAGTCAGTCTGGCAGTCAGACTGCTGA
CCTGTCAGGGGGCGGTTCAACCGCCCTTGGGGGCGGTTCARCCGGTTT
TCAGCGTCGTTTTTGGTCAAACGACTAGTTTTTGAGCCGTGACTATAA
ATAGACCCTCTCTCTCTCTCTCTCTTCTTTAATACGGCTGAACACTCA
CTCATTTATTGCTCACCTAACTTGAGACAAAGCACTCATCTCTCCATC
TCTCTCACACTTAAATCTTCCTCAAGATTCAACCTTGTTGGAGGAGCT
CTTGGGTGTGAGGTTTGTGCTTGTGCTCACGATTTGGTTTTCCTCTCC
CATCTCTCTTACAAAGACTTGAGCTTGTGCAAACCCCTCTTGTGCGTT
CTTGGTGTTCTTGAAACCCTAGGTTTCAAGATCTTTGATGTTGCTTGG
GAGTCTCCAAATTTGTGGACGACCCTAAGAAGTTTGTATCACCCGCTC
TTTGAGCTAAGATAAGAAGAGATTGCCTTGACCTTTGTGGTCGGCTTT
TGGAGGATTAGGGTTGARAAAGACCCGGCCCTTTGTGGGCTCCTCAAC
GGGGAGTAGGACACCTTTGTGGTGTGGCCGAACCTCGGATTARATCTT
GTATCTTGTGTTCTTGCTTGTTTTGACTTGAGATATTTTTACTTGCAA
GGTTAACATAAAGATTTTTCCGTAGAGCTTATCTAGAAGTAARAATAGC
CTTTACATATTCATCTTTTCATCCTCACTTAGCTATATCTTACTTCTC
TCAAGAACTTGCGAAATACTTTTTCAAGTAGATTTTAGTCCAAAGTTT
ATAAAACAGTTGGATTGGTTCAGAGTGGTTCAACTTGCGCACGTAGCT
GTTGAACCGGCCTGCACCAGTCGAACTGTGTATCTAACAATCTTTCGA
AGTTTGTTGTGAAAATTTTCAGATTAGCCTATTCACCCCCCTCTAGGC
TACTTTCAATTGGTATCAGAGCTACGTACCTCGTTTTACGCTTAACCG
CGTGAGGAAACGATCATGTCTACTCAACGGGACCATGTGGATCCTCTC
CTCGAGGAAATCCCCATCACATCTTCCGGTGAGGAAGTGGACCCCAAG
GTCTTCGACCTCGCCATGAAGATTGCCGAGAGAATGTTCCTCARAATG
AAAGAGGAAGATGCTAAGAAAAAGGCTGAAGAAGAAGAATCAAGAAGA
AAGGCCGAAGAAGATAAAGGTAAGGGAACATTTGATTATAATGACGAT
CTAGTGGATCTTTTGGTGTCTAAGGTATTAAGCAAGGTAAGTCTCAAC
ACCAAAGGATCATCTACCAAAAGCAAAGGTAATGAATTTAGCAAAGTT
CAATTTGATTACTCTAGAAATTATATTCCCAACTTCTCTTCCGCCCCA
CTTGGAAAGTTACCAACTCTTAGTGAGTTGAACTATGATGAGTGGGCC
GACAAGATGAAGTCGCATTTAATCGGTGTGCATCCTAGTCTTTGGGAG
ATTGTTAATGTAGGTATGTATAAGCCCGCCCARAGGAGAAGAGATGACT
CCGGAAATGATGCAAGAGGTTCATCGAAATGCTCAAGCAGTGAGCATA
ATTAAAGGAAGTCTTTGTCCGGAAGAATACCGGARAAGTTCAAGGAAGA
GAAGATGCCCGTGACATTTGGAATATTCTTAAAATGTCACATGAAGGA
GATCCCAAAGCTAAAAGACATAGAGTTGAAGCTTTGGAAAGTGAGCTT
GCAAGATATGATTGGACAAAGGGTGAGTCGCTTCAATCACTCTTTGAT
CGGTTGATGGTGTTGGTCAACAAAATAAGAGTTCTTGGGAGTGAAGAT
TGGAGTGACTCCAAGGTCACAAGATTGTTCATGAGAGCTTATAAAGAA
AAGGATAAGAGTCTTGCAAGGATGATTAGGGATCTGTTGGAACTTGCG
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CTCAGCAGCAAGTAGACCAACAAGGGGGAACAGTGGTGACAACAGGGT
TACGTGCTCGGGGGCAATAGCTCTGTTAATCTAGCCTCTCACGGGCAC
TGTGCGGGGGTATTTATAGGTATCTGAGTGCCCAACGCCTTGTGTTAA
GGACGCATGTGCCCTCAGACACCTAGTTTATCCCCAGAATATTCCCAT
AAAGCAGGGTTACAAGCTGTAATTACAAGTATGCTTTTACAAGTTAGG
CCCGTAATACAGAGGCGGCCACGCGGGGCCCGTTACAATGGGCCAGAT
CACACGTGGGCCTTAGGACTGAACGAGGCCGCGCCGTGGGAAGACGTC
GCCGCGGGCCTTCGTCAAAGTGCCGAATGGAGCGAAGGGTGTCCCTGC
CCGTTTTGTCTCTGTCAGACCAGCGACTGCGGCGAAGGGCTCGAGCGA
AGGGTGGCGTCTTTGCCTTCGCCCCAACATTTGCCCTCCGAGGGACCA
GTTCGACAAAGTCACCTGGTGCCGAAGACGTCGCTAGATGGCGGAGAC
GCTGCCCTCGCTCGAAGTGGTTCCGCGGGGTTTTTTGATGTGACCGTT
GATGGACGGCGTACTGTTGGATTGCGGGTTTCCCGAAGCGTCGCGCCC
TGTCGGATTGCGGGTTTCCCGAAGAGCCGCGCCCTGCCTATAAAAGGG
GGCGGGGGTCGGCGCTGTTTGAACTTTGCCTTCCGCGCTCCGTAAAAA
CCCTAGCCGCCCGCCGTCTTGCTGCTCCTCTTCCTCCGCTGCTCCTTT
TGCTCGCCGGAGTTCTAGCTCGAGTGAAGCAGACTGCCCGCCGCTGTC
GACGGTACGTAGCAATGCCATCCTCTTCTTCTTCCGCCGACGCCACGC
CGCCGGCCGCCGCCTCGTCTGAGGAGACGTTGAGTAGCGTGATGGT GG
AGGAGTTGCGCGCCGGCGACTCTGTTGGTTTTGGTGTGTCACGGATGA
CGTCAGCCCGCGTTGAAGATATGCAGCGGTTGGGCTACTTTGGCGGCG
GAGTCGCTCGTGCTCCGGGGACGGAGGAAGTCCCCGAGCCGGAGGGCG
AGTTGGTTGTTTTCGAGGCGTTCTTCGTCGCCGGTCTCCGCTTGCCTG
CGCACCGGTTCGTTGGCGAAGTCCTGCGTAGATTCAATGTGCAAATAC
ATCAGCTGACACCGAACGCCATGGTGGCGCTGGCGAAGTATGTCTGGG
CGACGACTTCGTACGGCGGACAGCCGTCAGTTGAAGTTTTTGCGAAGA
ATTATTGCTTGCATTGGCAGAAAAGGATGGTTGAGGACGGAGTTGCCC
AGTTCGGGTCATGCACATTCACGCCGAAGACCGGCAAGACCACAATGC
CAGTAGTGGAGTTGGTTTCGTGCGCCCGCAACAAGTGGGGCAATTGGA
ATGAATTTTGGTTTTACGTTGCTGAGGCTACTGTCGAAGGCCACGAAG
GACTCCCCGTTTCTGAGATGTGCTCTCACTATTACTCTGCGTATCCGC
CTTTTGAAGTGGCAGAAGAGGATGCAGACGAAGGGGCCCTTCGGTGCG
CCGCCGGTCAGAGCAGTGGTCGTGATTTAGTTGAAGAGTTCGTGGCGT
ACGGGGTCTGGCCCTTGGCGCACGGCTGGGCGCTGGGCGAAGTATGCC
CTCGCCAGATGCCTTTTCACGGAGGAAGGGTGGTGCGAAGTCCTGCCT
TCGCACTGAATTTGCGAAACCGTGACCCGGCCGCCTTTGTGCGTGATG
CGGAGGACTTGGCGGTGCGGCTCGTGGGGCGTTACGTGCCGAGGACGG
AAGGCCAGCGCAGCTTTGATATCCGCGGGTCAAATGAACGTTTGAACA
GGGTCTTCGAATTAAATCAATTGCCGTACGACGGCTACCCTGGACAAG
ACGAGGCGGACCGCCGTGGGAAGAAGCCGGCGGETGGAGACTGGAGGCG
ACCCTGCGCTGGCGGCCGCCCCCTCCTCAAAAAAGAGAAAATTAGGTA
CTGCGATGGGAGGACTTGGGGTGTCTGATAGTTTTGCTAGAGAGTTAA
TGAGGACGTGTGCGGCCCCGGEGGEGAAAGGATGTCTTCGCCCGAGCTCC
GGGAGTCTTCGGCTCGGATGCTGAGGGTTACCGAGGGTTGTTGGCCTA
GAAATGTTCCTATCCCCTGCGCGGCTGAGGAGGACTGTTTTACATCTC
GTATGGTTCATCGGTGGAGAGTTTTTCCTTACGGGCGAAATATCGGTC
ATGTTGTGTGGGCAGTGATGGACAAGGATCGCCAAGGGGCGGCGCAAA
AACGCCAGGCGACTGTGAGGGTTCACAAAGCTCGGTCGAAAATGCAGC
GGGGAACGGCGAAGGCTGCGGCCTCCGGCGGAGGCAAACCGCCGCTGC
CGGCGAAGGTGGGCGCCTCTGCACCTAGCAAGGCGCCGGAGGCGACGG
TGGGCGCCGGAGGCTCCAAGCTGACGAAGGTGGTGCCGCCGGCCAGCG
GAGTGGCGGAGGCTGCGAAGGCGGCCCGAACGTTGCCGCCGCCGGGCA
AACGCGTTGCCGACTTCGGCACCGAGATTAATGTGGAGGATTATCTTG
GGGGTAAGTCTATATATATATGTATATATATATATATTTTAATTTGTT
GATGCGTTGCAGGGTCGGACGAGGGCCCGCTTGCTCTAGTTGCGCCTG
GCGCGGCGATCGCGACAGCTGCGCTAGCGCCGAAGGCAAGGGGTGAGA
CCCTTGGCGTCGGAGGCGAGGTGTCGGCCCTCGCGCTGGTCAGGGACG
AGGCGGGCGTGGCGACCCGCCGGCTGAAGGGAGTGACGGAGGCGCTGA
GTCAGGCGACGGAGGCGCTGAGTCAGGTCCGCTGAGCTATGCCCTCTC
CGCCCCCCTTCCCCTCTTTTTTTT -

AAGCAACAGCCTTACGTGTGCTCTGCAGGTGGCTGACTTCACCAGCCG
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CACTGCGTCGGGGGCCCTTACGGCGACTTTGTCTGCCGAAGTCGAGAG
ACTTCGGACGCAACATGCTGACGCCGTCCGTGAGAAGTCGGCCTCCGA
CAGCAAGTGCCGCAAACTGGCGGACAAGGTGGCCGCCCTGGAGAAGGA
GAAGGCTGACCTCCGGCGCCAGCTGGCGGGEGGAGAGGAGGGAGGCCAA
CGAAGCCATCGCCAAAGAGCAGGCTGCGCAGGCGGAGGCTAGGCTGGC
GCGGGCGGAAGGCAATATCGCCAAGGAGCTCGCCGGAGAGCTGTAGGG
GCGGCTTACTGCCCTGGAGAGCCGCGCGGAGGGGGCTGAGGCCGCGAT
GCGAGCGGAGGCCGAACGGACGCGCACGCAGCTCATGACTGCATATCG
CGAGCTGGGTGCGCGGACCGGTGACTTCGAGGTGCCGGAGCGAGAGGC
CGGGCTTCGCTGTCTGGAATGGGTGCAGGAGGAACTGCAGGAGCTCCC
CACTGTCTTGGAGGGGTTAATGTCGTTCACCTCCCTGGTCACCTGCGA
GGCGGCGATGAACGCGCTCTCTCGCGAAGGGTGCCGGCACTTTGAGGC
CCTCGACCAGGCAGATGAGGATTTTGGGCGAGATATCTTTGAGGTCGA
AGACCCCGTGGTGAAGGAATCCGCCGGGGCCCTCTATGACCGGATGTG
GGGTTCGTACGGTCGTGAGGTGGTCAGGGAGCGGGCCGAGGCTGCGAG
GGCTCAGGTAACGTTGTCGTTTGTTTGGCGTTTGCTGGATGTGGTCTG
TGCGTATGTTTGCTGAATTTTTGTGTGCTTTGTCTTAGGCGGAGCGCG
GCGAGCGGGTGGACGACTTCGGGGCACTGAACAGCGCGCTGCCTGACC
CGGAGACGACCCCCGCGGAGGCCGCGACTGGAGTCGCCCTGGGACCGA
CCCTGGAGACTGCGGAAGACGCACCAGGCGCCCCGGCATCTGCTGCTG
CCGGCGAAGACCTGCCCCCAAAGGTGGCCGAAGGCGCGCCTGATGCCC
CCGCAGCTGCTGTGCCGAGCGCTGAAGATCCCGCGGCGGETGGTGGCGE
AGGCAGCGGCGGAGGCCTCGGCGCAGGTGGCGTAGTGGGTGTTTAGGG
TAGGGGAATTTTTGGATGTTGTACTGAATTTTGGTTGCTGCGTAGGTT
CAAGGTCTTGGGCCTGCGCACGCAACCGCTACTACTGAGTTTTTGGCG
GCTTCGACCGCGGAAGGTGGAAATGAATATGGTGGGTCTGTATCTGAG
TTTTTTGATTTTACTGACTCTGGGAGCTCGGTTGAGTGGACTGAGGAG
TCGTCGGAGGAGGACTTGGATTATTTTGCGGCCTTGGACGTGGCTGCG
GCGGAGGCTTCGCCACATGCCGTGGACGCGCCAGACGTGTCGGGTCCT
AGCACCGGGCGCCGACGACGAAGGGCGGTTGCAAAGCGTAGGGTTGGC
GCGGAGGAAGGGGCTCGGCTTCGCGTGAGTAGGGTTGGTCGGCAGGAA
CTGTTGTCTTTGCCGGCCGCCGCTAGCACAGGGGAAGGGGAACTGCGA
AGTCTTTTTGCGGGTGAGGAGCTTAAGATAATGTTATTTAATTATAGG
GAGATGGGAATTATTCCTAAGGTGGAGCCGATGTAGAGTGTGGTGCCC
TCGCTTGTATATGTGTAAAGGGTTGTAAAATGAAGTTGTGTGCCCTCG
CGTGCCTGTGCCTGCGAGGGCGCTGTGTACTTTGTGTGGCATGTTTGG
CTATGCTGTCGCTTCTGCTTTTGTTGTACTAGTTTGACTGCGCCCTTA
GGCGGCTTCTGCGCGGAGTCTTCGCGATAGACATCGGAATTTTTCGCA
CTTGTTGTGCTAAGTCCGGCTGCACCCTTAGGCGACTTCTGCGCGGGT
AGTCTTCGCGATAGACATCGGAATTTTTCGCACTTGTTGTGCTAAGTC
CGGCTGCACCCTTAGGTGACTTCTGCGCGGATAGTCTTCGCGATACAC
ATCGGAGTTTTTCGCACTTGTTGTGCTAAGTCCGGCTGCACCCTTAGG
CGACTTCTGCGCGGATAGTCTTCGCGATAGACATCGGAATTTTTCGCA
CTTGTTGTGCTAAGTCCGGCTGCACCCTTAGGCGACTTCTGCGCGGAT
TAGTCGCACGCGAGGGTGGCTAGCGCTTAGCCTCGCGATGACTTCGAA
TTGGTCGAATGCCGAAGACCGTTGTCGCGGTCTTTTTTCGACACATGT
TTTTGCGGGGGATTTTTCTCATATATATTACATGGCTCCGCCTCGTTA
AAAACCTCACCCCCCGGGAGGAAAAGAGTGCGGGCCGGTACAAGATTG
TTTGCGGTGAATTACAAGGGCGAACTCAGCCCTAAATGGATTAAACAA
AAAATTTGCGAAGGTTGTCGATGTTCCAGGAGTGCTCCAGGTCCTCGC
CATTTGGCGTTGTGAGCCTGTAAGCGCTGGGGGAAGCTTTTGTTTTGA
CTATGAAGGGGCCCTCCCACTTGGGCTCCAACTTGCCCTTGGACTCCG
TCCGAGCTGTTCGGATGAGTACGAGGTCCCCTGCGCTGAACTCCCTTG
GGATGACTGCGCGGTCGCGCCATGCTTTGGTCTGGGCTTGGTATTTGT
TTAGGGCCTGCAGGGCGAAGACCCGGTCTCCGTCAATGAGATCTTTTG
AGGTTGGCTCATCCACGTCAGGGACGGCTGACGGAGCTGTACGCGGAG
ACCCATGCTTTATTTCTTGCGGGGTCATTGCCTCCGATCCGTATAGAA
GGCGGAAAGGAGTGAACCCGGTCGCCCTGCACTCAGTTGTGTTTAGCG
CCCAGACTGCCTCCGGTAACAAGTCGGTCCATCTGCCTTTTTTTTTCA
TCGAGGAGCATCTTCTTGACAGCTGTGAAGATTTTCCCATTGGCACGC
TCCACGACCCCGTTGGACTGCGGATGATAGACTGAAGCGAAGGCAAGC
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TTGGTGCCGATGGAGAAACAAAAAT CCTTGAAATCTTGGCTGTCAAAC
TGCTTGCCGTTGTCAACTGTTAGCTCGGACGGTACTCCGAAGCGGCAA
ACAATGTTTTGCCAGAAGAATTTTTGGGCAGTCTTTGATGTGATTGTG
GAAACAGCCCTCGCTTCAATCCATTTGGTGAAGTATTCGACGGCTACG
AAGGCGAACTTAAGGTTCCCCTGAGCAGTGGGCAGGGGCCCAACAATG
TCCAGGCCCCAGCGCTGGAGAGGCCATGTATGGGCGATCAGCTTTGTG
TATTGCGAGGGGTTGCCTGACCGAGGAGAGAACTTCTGGCAGGCTTCG
CAGGACCTTGTGACTCGATTTGCGGCGCAGATCATTGCAGGCCAGTAA
AACCCTTGTCGGATCACCTTGGCAGTCAGGGCCCTTGGCCCTGCGTGC
GAGCCGCACGTGCCACTGTGGACTTCGCGTAGGATCTGCATGCCTTCG
GTTTCGGTGACGCATTTGAGCATTGGCTGACTGACCCCTTTCTTGTAT
AATTGGCCCTCAATCAGTGCGAAGTCCCGGCTTCGATGTCTGAGGCGC
TTTGCCTCACTGACGTCGGTTGGATGATAGTACCCCTGTAGGAACAGG
GTTATTGGTGCCCGCCAGTCTTCGGTCATGATTAGGTTGACTATACGG
TGGCCCTCGCTATCATTGGTTATTTGGAGCCCTTCGGGGCTCCGGACG
GCCGGCGTGCCGATGGTGTGAAAGAACACGT CGGAGGGCAGGGGGTCG
CCCCTGGCGGCGGCCTTGGCTAATGCATCGGCCTCCTCGTTCTTGGCC
CTGTCCACATGCTGCAGGGTGAACCCCTTGAACTGTCTTTCGAGACTT
CGGATAGTCGCGAGGTATTGCATGAGCGCGGGATCTTTTGCTGCATAG
TCTTTCTCGACCTGGCCGGCAACTATCTTGGAGTCTGTTTTGATGATA
CATGTGGTGACTCCGAGGGCCCTTAGCTTGCGGAGGCCGAGGATAACC
GCTTCATACTCTGCTATGTTGTTTGTACATTTGTCGGATTTCAGAGCG
AAGCTGAGGCGTGCTGCATATCTGTGTTTGACTCCGGCTGGTGAGGTG
ACGACTGCAGCGACGCCTGCCCCCGCATGACACCATGCACCGTCGCAA
TGGATAGTCCAGACCTTCTCTGTGGACGGGTCCGGCTGTGTTACTGGC
CCAGTCCAGTCGACGACGAAGTCTGCCAGGACTTGCGACTTGATAGCT
GTCCTGGGCTCGAAGCTGATGTGGTAGCCGGAGAGTTCGGCTGCCCAC
TTGGCAATCCTCACTGATGCCTCCGGGTTTCTGAATAGTTCGCCGAGC
CCCCTATCTGAGGTGACTCGGACCTTGAATGCTTCAAAGTAATGGCGC
AGCTTGCGCGAGGACATAATAACTGCGTAGGCGATCTTCTCCAGCTCT
GTCATGTTGCATTTGGACGGTGTCAGGACTTCGGAGACATAGTAAACA
GGGCACTGTCTGACTGCGCCCTTGACTGTCTGCTCCTGCACTAGTGCC
GCGCTGACCGCGTGCGGCGAAGCCGCGACATAGAGCAATAGGGGGAGC
GAGGAGTCAGGGCTTGTGAGGATGGCCAGCTCCGACAGGTACTGTTTT
AGTGAGGCGAAGGCCGCTGCTTGCTCCGGTCCCCAGGCGAAGTCCTTC
GCACCGCGGAGTGTTTTGAGGAAGGGGAGACTTCGCTCGGCGGACCTG
GAGATGAATCTGTTGAGAGCGGCCAATCTGCCTGTCAGGCGCTGGACG
TCCCTGGCGGACTACGGAGGCGACATGTCGACGATGGCCTAGATCTTG
GTTGGGTTGGCCTCGATGCCGCGGCGGGACACCAGGTAGCCCAATATC
TTGCCCTGGCGAACACCGAAGACGCACTTTTCCGGGTTTAGGCGGAGT
CGTGCATCTCGCATGTTCGCGAATGTCTCGGCCAGGTCGGCGAGATGG
TCCTCCTTATTCTTGCTGGCGACGACGATGTCGTCCACATATGTAAAT
ATATTTCTGCCGACCTGCCCTTCGAGTACTGTTTTGGTGAGTCTGGAG
AAGGTGGACCCGGCATTCTTGAGACCCTCCGGCATTCTGACAAAGCAA
TAAGTGCCGAAGGGTGTTATAAAGCTGGTGCTAGCCTTGTCTTCCTCC
TTCATGTATATCTGGTGATAGCCGGAGAAGCAGTCGAGGAGGGACATG
ACCTCGCATCCGGCCGCGCTATCGACTATTTTGTCGATCCGTGGCAAC
GGGAAATTGTCCTTTGGGCAGGCCTTATTGAGACTGGTGAAGTCTATG
CACATTCGCCATTTCCCGCTTTTTTTCTGCACCATCACAACATTGGAG
AGCCACGTGGGGTAAGCCACTGGCTCGATGAATTTAGCCTCCAGGAGG
TGGTGCACCTCCGCCTTGGCGGCCTCTATCTTTTCGTGTGACATTTTG
CGAAGCTTCTGCTTTTTGGGTCGCACCGAAGGGTCAATGCCCAAGCTG
TGTTCGATTATGGATCGGCTGACTCCGACCAGATCGAGGGCGGACCAG
GCGAAGACATCTTTATTCTTGGCCAGGCAGCAGAGAAGTTTCTCTTCT
TCAGGTGAGGTGAGGTCTTCGCTGATAGTGACTGTCTGCTTGGGCGTG
GCCTGATCGAGGGGGACAGTCTTGGTCCCGTCTTGGCACTGCAACTGT
GCCTTGTCGTGCTGCTTGTCGGTTGGGCTGGCTGGCGCAGGGACCTCG
CGCTGGGTCGTGAGACAGTGTACGTTCCTCTGACCAGGCACGAAGTCC
CGCTCTATGTTGCGCGCCGTCTGCTGGTTGCCGTAGATTGTGATGGCG
CCTAGCGGACCTGGTATCTTCATACATAGGTACAACCCGTGGATGGCG
GCTTCGAACTTATTGATGGAGCCCCGGCCCATGATGGCGTTGTATGGA
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TATACCATGTCGACAATGTCGAAGGTTACTTGCTCACTTCGGGCATTG
GGTGCTACACCGAAGGAGAGGGGCAACTCTATCTTGCCAACTTGAAAG
GTGCCCTTGCCGCCGAAACCATACAAGGGGTTGTCCGAAGGCTTCAGC
AAGCTGTGGCTTATACCCATGCGGTCGAAGGCGTGCAGGAAGATGATG
TCCGCCTGACTGCCGTTGTCGACTAGGACTTTGTGTAAGTCCCAGCCT
GCCACGCTGCAATTGATGACCATAGCGTCAATGTGGGGGGCGCTGCGL
AGATCGACGTCTCGTGCATCGAAGGTTAGCGGTATGTGGGACCACTTC
GTCTGCACGACTGGGCCAGTGACCGTGACATGGTTGATGCTGCGGTAG
TGGTCCCGCTTCTGCCGCTTGGTGTCGAAGTCAGTGCTGGACCCCCCT
GTTATCATGTGAATGACTCCGCGATATGGCTGATCGGCGAAATCTTCC
TGCTTTGGGGCATGGGGGATGTTTTGGTGTTGCTGGTGTGGTGGT GGG
GGCGGAGGAGGTACGATTTGTACTTCCTGATGGTGTTGGTAAGCGTGG
TGCGGTGGATGCGGAGCGGGAGCGTGGATATATGGTGGAGGGGGTGGC
TGGTAATTATGCGCGACAATTCTGGGATTGTCGGCTGGCTGCGCCCGC
GCCATTCTGTCTCTGGTGGCCTTCGTCTCGGGGCAATCTTTGGTTTGG
TGGGCGCAGTCTTCGCCGTGGAAAAGGCAGTAGAACCGGCGCGGCGGL
TGCGCTCGCCCTCGGCCCCTGCCACGAGCTCCATTTCCGCGGCCCTGA
GGGGGATATTCCTGGCGACGAGGGGGTTCAGCAGCAGGCTGCTGGTTG
GCGATGTTGTGCACTTGCTGTTGACTGCGGCCATCTCGACCGGAGTCT
GGTTGCGGAGTCCTCGTCCACGTGCGGCTGGACTGCGGGGCATCTTTG
GGCTTCCGCTGTGACTCAACCTTGCGCTGGTGGAGTTCTTCGGATTTG
GCATATTTTTCAAAGAGCTGATATAGCTCCTGGAGGTTCTTGGGTGGA
TCTCTGATACAGTGGCTGTAGAGGACGCCAGCCCGAAGGACACTGATG
GCGTAATGGATAGCGATCTGATCATCGACGGAGGGCAGTTGTGATTTG
AGTGTTAAAAATTTGCGGTAATACTCCCGCAGAGTCTCCTTTTTCAGC
TGTTTGCAAAGCGAGAGCTCGGCCAAAGCGTCGGTGTCTGGACGGTAC
CCTTGGAAGTTGAGAAGGAACTTGTCCCTGAGACTTCTCCACGAATCA
ATGGACAGCGGAGGCAATCTGGTGAACCAGGTGAGTGCTGGGCCCTCT
AGAGCGATGATGAAAGACTTCGCCATTGTGGCGTCGTCCCCTCCGGLG
GATGCAACGGCGACTTGATAACTCATTATGTACTGTGCCGGGTCGGTG
CTGCCGTTGTACTTGGGATATGCCCCTGCTCGGAAGTTAGCTGGCCAA
GGTGTCACTTGCAGGTGTGGTGCCAGGGGACTTCGCTCGTCGAGGTAG
TTGACCCCTTGGAATGGCGCGCTGTGCTGGAAGGCGTAGTCATGCTGG
GGGAAACGTGGGTTCTCCATCTGCGCCCGGTGTTGCGGGGGTGGGCCA
TGCTGCAGGCCGAGGTGGCCTTCGCGCGTGTCTTCCGGTTGTGCGCGC
TGCTGGAGGGGTGGCTCTTGCTGTGGACCGAGGTGGCCTTCGCGCTGC
ATCAGCGCGATCTCGCGCTCGAGGTCTTGGGCCTTCTGCTCCTCGTCG
CGTATCATTTGCCGCACCTTGGCTAGTGCGGACACACGCTGGCGCTTG
GCCTCCAGTATCTCTTTCTGCCTCTGGAGATTGCGGTTCTTGAGGCGC
AGGGCACGCAGCTGTAGCTGTTCTTCTGTTGAGACGCCGAGGACCTCG
CCGTCCTCGGTGAGATCCGCGCCCTCCAGTGGGGCGAAGCCTGGGGEGL
GGCTGCGATTGTCCTTCGAGTCCGCAGGTGCGGAGGGTGTCGTCTTCG
CAGGTGCGGGGAATATTGTCGTCGGTGGGCTCTTGGTGGGTGGATTGG
GTGAGGGCGAGGGCCTTGCCCTTCCTTGCGGCAAGTAGTGCTGCCTTC
GCAGCCTCGTCTGCCTTCGGGTTAGCTCTCTTGGGTGCCATCGCGGGT
GGTTTGGTCGTAGCACGAACGGTGGGCGCCAAATGTTGGAACTTGCGC
TCAGCAGCAAGTAGACCAACAAGGGGGAACAGTGGTGACAACAGGGTT
ACGTGCTCGGGGGCAATAGCTCTGTTAATCTAGCCTCTCACGGGCACT
GTGCGGGGGTATTTATAGGTATCTGAGTGCCCAACGCCTTGTGTTAAG
GACGCATGTGCCCTCAGACACCTAGTTTATTCCCAGAATATTCCCATA
AAGCAGGGTTACAAGCTGTAATTACAAGTATGCTTTTACAAGTTAGGC
CCGTAATACAGAGGCGGCCACGCGGGGCCTGTTACAATGAGCCAGATC
ACACGTGGGCCTTAGGACTGAACGAGGCCGCGTCGCAGGAAGACGTCG
CCGCGGGCCTTCGTCAAAGTGCCGAATGGAGCGAAGGGTGTCCCTGCC
CGTTTTGTCTCTGTCAGACCAGCGACTGCGGCGAAGGGCTCGAGCGAA
GGGTGGCGTCTTTGCCTTCGCCCCAACAGGATCGTGATGACTATGAGG
ATATGACGCCTCATCAATTATTTGCAAAGATTTAACAACACGAGTCCG
AAGAAGCCCCTATCAAGTCAAGGGACTCTCATGCCTTGATCACTAATG
AACAAGACAACCCCAAGAAGAACAAAGACCACAAAGCAAAGAAAGTGG
TCGAGACCTCAAGTGATGAAGATAGCTCAAGTGATGAAGACACTGCTA
TGTTCATCAAAACATTCAAGAAATTTGTAAGGAAAAATGACAAGTTCC
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AAAGGAAAGGAAAGAAGAGGGCATGCTATGAATGTGGCCAAACCGGTC
ATTTTATAGCGGATTGTCCTAACAAGAAGGAACAAGAAGCTAAGAAGG
AATACAAGAAGGACAAGTTCAAAAAGGGGGGCAAGACCAAGGGATACT
TCAAGAAGAAGAAATATGGTCAAGCCCATATTGGTGAAGAATGGAACT
CCGATGAAGAGAGTTCTAGCTCCGAGGAAGAGGAAGTGGTGGCAAACG
TGGCCATCCAATCTACATCAAGCTCGCAACTCTTCACCAACCTACAAG
ACGAATCCTACACTCCAACTTGCCTCATGGCAAAAGGAGATAAGGTAA
CCTTATTTAGTAATGATTTTCCAAATGATGATGATGATGAACAAATTG
CCATGAAAAATAAAATGATTAAGGAATTTGGCTTGAATGGGTACAATG
TTATCACCAAATTAATGGAGAAGCTAGATAAAAGAAAAGCAACTCTTG
ATGCTCAAGAAGACTTGCTTATCCTTGAAAAGGAAAGAAACCTAGAGC
TTCAAGAATTGCTTCACAATAAAGATGAAATGCTAGATGTCTTGACTA
AGGAAGTATCCTTAGTCAAGATAACTATAGAGAATAAAGATAAAGAAG
TAATTAATATGAAAACCTCTATAGCTAATCTTGCAAATGAAAAGAATG
CACTTGAAACAAGCATGTTAAGCTTGAATGTTCAAAATCAAGAACTTC
AAGTGCAACTTGAAAATTGCAAGAACATCAATGCCTCATCTTTAGTGA
TTGAATCTAAGTCTAGCTCCTTAAATGATAATTTTTGCAAACATTGTG
CCAAATATCATGCTTCTTGTTGTCTAACTAACCATGCAAGGAAGAATA
GCCCACAGGTGAAGGTCAAAGGAATTTTGAAAAGATGCTCTAGCAATG
ATGGGTTAAAGAAAGTTGAACCCAAGTTCAAGTCCCTAAGGCCCAACA
ATGGAAGAAGGGGGTTTGGGTTCAACTCATCCAAGGAAAACCCTAGCA
CAGTGCATAAGGGGTGGAGATCCCCCAAGTTCATAGAGGGAACCACCC
TATATGATGCCTTGGGGAGGATTCACTCCTCAAATGACAAGTCACCTC
AGGTAAAGGTTAACTTGAGTTCCACAAAGAGTAAGATGAAGGAAGTGG
GATCCTCAAGTGGACAAAAATCTAATGCTCCCATTTCCCACTCATATC
TTTGTGATTATATGTTGACTTGGGATTTAGGGAAATTGGTTGTGAAAT
ATGTGGGTGCCTACACTAAACGAAAAGT CATGAAAAGGAGTGTGT GGG
TACCCAAGGCTATAACTAACACTGTAGGACCCAATTCAATTTGGGTAC
CTAAAAGCATAGCCTAAACTTGTTTTGCAGGTCTACTCCTCTGGTGGG
TCAAGTTGGGTGCTTGACAGTGGATGTACAAATCACATGACCGGGGAG
AAAGACATGTTTCATACATTGCAACTAACTCAAGAAGCACAAGAAATT
GTGTTTGGAGATAGTGGCAAGAGTAAGGTGATTGGTATTGGTAAAATT
CCTATCTCTGACCAACAATCACTTTCAAATGTTTTATTGGTAGATTCT
TTAAGCTATAATTTGTTGTCCGTTTCACAACTTTGTGGAATGGGTTAT
AATTGTCTATTTTCGGATGTGGATGTGAAGATCCTTAGAAGGGAGGAC
TCCTCAGTTGCCTTTACCGGTCGCTTGAAGGGCAAGCTTTATCTTGTT
GATTTCACAACAAGTAAAGTGACGCCTGAGACTTGTTTAGTGGCAAAG
TCCGACAAGGGTTGGCTATGGCATCGCCGGTTAGCCCATGTCGGTATG
AGGAATTTGGCCAAACTTCAAAAGGATAATCACATCATTGGACTAACA
AATGTTGTATTTGAGAAAGATAGGGTTTGTGGCGCATGCCAAGCAGGA
AAGCAACATGGAGTCCCACATCAATCAAAGAATGTGGTCACAACAAAG
AGGCCATTGGAGCTTCTTCACATGGACCTCTTCGGACCTGTGGCCTAC
ATTAGCATTGGTGGTAGTAAGTATGGTTTAGTCATTGTTGATGATTTT
TCTCGATTCACCTGGGTTTTCTTTTTGAGTGATAAAGGTGAAACTCAA
GAAATATTGAAGAAATTCATGAGGAGAGCTCAAAATGAATTTGAGCTC
AAAATCAAGAAAGTGAGAAGTGATAATGGGACGAAATGCAAGAACACA
GGTGTCGAAGAATTCTTAGGTGAAGAAGGAATCAAACATGAGTTCTCG
GTTCCTTACACTCCACAACAAAGTGGTGTTGTGGAAAGAAAGAACCGA
ACTCTAATTGAAGCTGCAAGAACCATGTTGGATGAGTACAAGACACCT
GACAATTTTTGGGCAGAGGCGGTCAACACCGCCTGTCATGCAATCAAC
CGTCTCTATCTTCATAAGATCTACAAAAAGACTGCTTATGAGCTTCTC
ACCGGTAACGAACCTAAAGTTGATTATTTTAGAGTATTTGGTTGTAAG
TGTTTTATTCTTAACAAGAAAGTCAAGAGCTTCAAGTTTGCTCCTAGA
GTGGACGAGGGCTTCTTGCTTGGTTATGCATCAAATGCGCATGGATAT
CGTGTTTTCAACAATACCACCGGTCTTGTTGAAATAGCGATAGACGTG
ACATTTGATGAGTCTAATGGCTCGCAAGGGCATGTTTCTAATATCACT
ACAGGAAATGAAGAACTACCTTGTGAAGCCATAAAGAAACTTGCAATA
GGTGAGGTGAGACCTCAAGAAAAGGATGATGAGGAAGGAACCTTATGG
ATGACCAATGAGGTTGTTGATGTGGGTGCAAGGGTGGTGAGTGACAAA
GTCTCCACCCAAGCAAACCCATCAACCTCAAGTCATCCAAGCCATGAA
GAAAATCATCAAAGAATGCCAACAGTGGTAGAAGATGAACACGAAAGC
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ATTGATGGTGAAGTGCCTCTTGATCAAGTGAATGATGAGGAGGAGCAA
ATACAAAGACAACCATCAGTGCCTCATCCTAGAGTCCATCATACAATT
CAAAGGGATCATCCGGTGGACAACATCCTGGGTAGCATCAGGAGAGGG
GTAACGACTCGATCTCGTTTAGCTAATTTTTGTGAATTTTACTCGTTT
GTTTTCTCTCTTGAGCCACTTAAGGTTGAAGAAGCATTGGGTGATCCG
GATTGGATAATTGTCATGCAAGAGGAGTTGAACAACTTCACCCGGAAT
GAAGTCTGGTCCTTAGTCCAAAGACCCAAACAAAATGTGATTGGGACT
AAATGGGTCTTTAGGAACAAACAAGATGAACATGGCGTGGTTACAAGA
AACAAAGCACGGTTGGTTGCCCAAGGCTACACTCAAGTGGAAGGACTT
GATTTTGGCGAAACATATGCGCCAGTAGCAAGGTTAGAATCAATTAGA
ATATTAATTGCATATGCTACTAACCATGATTTCAAGCTATATCAAATG
GATGTCAAGAGCGCATTTCTAAATGGACCACTACAAGAGAGAGTATAT
GTGGAGCAACCACCGGGTTTTGAAGATCCAAAGAAGCCAAATCATGTT
TATCTACTTCACAAGGCACTCTACGGGCTTAAACAAGCCCCTAGAGCT
TGGTATGACTGTCTTAAAGATTTTTTAATTAAGAATGGGTTTACAATA
GGAAAAGCTGACTCTACCTTATTACTAGAAAAGTTGACAATGAATTAT
TTGTGTGCCAAGTATATGTTGATGACATTATATTTGGTAGTACTAATG
AAAAATTTTGTGAAGAGTTTAGCAAAGTAATGACGAACAGGTTTGAGA
TGTCTATGATGGGCGAGCTTAAATACTTCCTGGGATTTCAAGTCAAAC
AGCTCAAGGAAGGTACTTTTCTATGCCAAACCAAATATACACAAGATA
TGCTCAAGAAGTTTGGCATGGAAAAAGCAAAACACGCCAAGACTCCAA
TGTCATCAAATGGACATCTCGACCTAAATGAGGAAGGTAAACCTGTAG
ATCAAAAATTATATAGATCAATGATAGGATCACTGCTTTACTTATGTG
CATCTAGACCTGATATAATGTTGAGTGTTTGCATGTGTGCACGTTTTC
AAGCTAATCCTAAAGATTGCCATCTTGTAGCAGTTAAGAGAATTCTAA
GATACTTAGTTCACACCCAAAACCTAGGATTATGGTATCCCAAAGGCT
CCCTTTTCGATTTACTTGGCTATTCTGACTCAGATTATGCCGGTTGCA
AAGTAGATCGAAAAAGCACTACTGGGACTTGCCAATTCCTTGGGCGAT
CCTTAGTATCATGGAGTTCCAAGAAACAAAGTTGTGTTACACTTTCCA
CTGCAGAAGCTGAGTACATAGCAGCTGGGGCATGTTGTGCACAGTTGT
TATGGATGAAGCAAACCCTTAGAGACTTTGGTTGTGAGTTTAACAAAA
TTCCACTTTTGTGTGACAATGAGAGTGCCATAAAACTTGCAAACAACT
CTGTGCAACACTCTAGAACTAAACATATTGACATCAGACACCATTTCT
TGAGAGACCACGAAGCCAAAGGAGATATCGAATTGTTTCATGTGAGCA
CCGAAAATCAACTAGCCGATATCTTCACAAAACCCCTCGATGAGACTA
GGTTTTGCTTTCTTAGGAGTGAATTAAATATCTTGGATTCTCGTAACT
TAACTTGAAAACGGTCACAAAAATTGTTTGATTCACTATTTTTAATTG
ATAGTTTTAAAGCTTTGTGATGATCTTTCAAAAACTTGGTGAAAATGT
TAAAATTCGAATGAATTTTAGTGCTAAGATTTTTTTT -
GGGCTCAACTGGCTTGACCAGCTGAACTTTCTAGTTCAGCTGGAGGAG
GCCAGCTGAACTTCGGAGCTGAACTTCAGCTCAGCTGTTTTTAACCAG
TTTTTACCAGGACCATCCTGGTTAAAACCGGTTGAACCGGCATAGTGG
ACCGGTTGAACCGGTCTCTGACCGGTCTGTCCGCGCAGGTCTGTCCGT
GCAGGCCTGTCCGCGCAGGTCTGTCAGCTGCACCTTTTTCAGTCGCGC
AGCATCCTTTTTGACCGGCCGCTTCCTCTCTGCTGGCGGCCTGGCGTG
CAATTTTTTT-
AATCCGGTCGCATCCCGCAGGGCGCGCAGCACCTTTTTTTTCTTTTGT
CCAGTCCAATCCACTCTGCAGGGCGCATAACATTTTTTTCTTTTCTTA
TTGACTGGTCACTTCCTCTGCTGGGCGCGCAGATTATTTTTTTTGCTT
GCTGCCGCTAAGCAGCGTCAGTGCGCGCCATTTTTTATTTGTTCTGTC
TGGTCACTTCTCCTCTGCTGGGCGCGCGCAGAATTTTTTTTGGACGCT
TCTGCTCAGCCCGCGTGCCATGCTGCAGACTTTTTCTCTCTGTTCGGT
CGCTTCTCCTCAGCCTTGTCAGCCCGCGCGCCAGTAACTTTTTTTGGG
GCTGTCTGGTCTCAGCATTGCATGCAAATGTCAGGGCGCCATGCAGTA
TTTTTTGGTCTCCGCTGTGCTCTAGCGTCAGTGCGCGCACAGAAATTT
TTTGTGGTGTCCGGTCAGCATCTGCTGTGCATGCAGAAATTTTTTTTC
TCTGATCGGTCACTTCTGCACAGCCGTCTGGGCGCCATGCTGCAGATT
TTTTCTCTCTCCTCTTCACAGCCATGCATGCTTGTCAGGGGCGCTAGC
GGATTTTTTTTTTCCGGTCAACAGCAGCTGCGCGCACAGTTTTTTTTG
TCACAACCCCACTCTACTGCCGTGTGCGCAGCCTTTTGTTCTTGTGAC
AGGTCGCTGTGTCACCCGCGCAGCAAGGAAACTATTTTTTTTGTCACT
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TCCGTGCAGCAGTGTGAGGGATACAGGGCGCACAGAACTTTTCTTTTG
CGCAGTTCTTTTTCTTTTGCCGTCCGGTCTCATCTACGCAGACACTTG
GTTTTGTTTTTTTGCACAGAATCTCTGCAGTACACTTTTTCAGAATCC
TGCGTCAGAAATTTGATTTTTTGGCATCTTCCCTCTGCTGTTTCTGGC
TCTCTGACCACACTGGTCAGAACCAGCTGAACTGGCCCATCGGEGGCGG
TTGAACCGGTCCTGAGGACCAGCTCAACTGCCTATATATATTTGACAC
TCCCCTTCTCTTCTCCCACTTCATTCACTCTCGCCTTAGTCGCTTCAC
AACCTTTAGAGCCTCTCTTTCACACACCTCAACCGGTTCACAGTTTCA
CCACCTTTTCAATCATGGTGCGTCGTCGCAACCCTTCAGTGATTGAGT
TTAGCAGCGACTCGGACGAGATTCAGGAGGAATCTCCCGTCCCCTCTC
CTCCGCCTCGTCGCTCCCTCTCTAAGAGAGGACATGGCTCTGGTCGGA
TGGATGGTGAGGGCTCTTCCATGCCCTCGCAGCCGACTCGCGGGAGAL
GCCAAAAGGTTGGCGCCTCTCGTCCTCGTCGTAGCACACCTTCCTCTG
GGTATGCTCCCTGCCAGGAGGAGGATGGGGCTTTCGACGACTTCGTCG
ACCTTCCGGCGCCTGATGCTCTCTACGTCACCGGACTGCACATGCATC
CGGCGAACGTCAGCCGCGGTCCGCATGAATCTCCCGTCGACTTCACTC
TGAAGGGAATAGACACCCTTCAGCGCCTAAGGTTCACCAACCCTACTC
TCACTCCTCGTCATCCTGGTGTCCAGGACCCTCGGTTCTAGAATCTTT
TCCAGGCTGACTTCTACAATTCTGTCATTCTTTCCAAGAAACACCCAG
TCGTCAGACATAGGTTTATTGACTGGGAGGGTTGTGAGAATATGGGAG
ATGCTGACATGTCGTCAGCTCTCGAAAACTTAGAGAGAAAGGGGTTAC
GAAACATTATGACCATGGAATACCCCTGGAACGATGAGGTGGTAGCTC
AGTTCTATGCCACCCTCTGGATAAAGAAAGTAGATGAGGAAGCCGATG
GGTATGATTACCCAGTCATGTATTTCTTCATCCAGGGTAACTGGCACA
AAGTCAGTTATCGTCGTTTTGCCCATATACTGGGCTTCTCTGATGCAG
ATATTCTGGGCAGCAACATGCGAGTGCATAACATTCGGCTGCCCATGC
GGAAAGAGACGGAATTTATTCATGTCTCTACTGAGCGGGAGTTCTGGA
TAACCGCTAACATGCATAGGTACTACAAGTACCTTAATTCTTTGTCCC
GGATGACCGTTCTCCCGAAGGGCGGAAATCAAATGAACGTCCTTGGGG
AGAGTCGAGTCTTCCTCCTCCTCCTTGCTCCAAACAGTCTCGCCCGCA
TCAATGTGTTTGACATGATCTGGGAAGAGATCGTCCGTGCTTCCTGGT
CTCCTCTCAGAGGGTGTCTTCATGCACCCTTTATCATGAAGATGATCG
AAGTGGTCACCCAGACCCACTTCGAAAAACCCGTCAAACACTCCTGCT
ACGTACCCTACTGGGTTGATTCCTCCAACCCAGCTGCTCGTACGAAGC
GGGCTCCCTCACGGTCTGGAGGCCCTGCCTCCTCCACTGAGCCACCTC
GCCAGCCTCGCCATCATCCATCCTCCTCTCCCCCCGCTGCTGCCTCGL
GTCCCTCTCCTGGCCGCGGATCTCCCATGCCACGTGGTCGTGGTCGTG
GTCGAGGTCGTGGCCGCGGGATGGGTGCTCGCTTGGTCCATGGGTTTG
TGGCATTTTTCTCCATGTGCCGTAACATTTCTGCTGATGTCCATGAGG
TGGCACGGCGTCAGCGGGAGACTGACGACAATCTTCGTCGTCAAGCTT
CCTCCATGGGCATGCCTGTAGGAAACGGGTGACGCCTAAGAGGGGGGG
GGGTGAATTAGGACTTCTAAAACTTTCGCTAAACTAGGCCACAATTAA
ATCCCTAGAGCAAAACCTATGCAAATAGTCAAACTAGAATGTGCAAAC
TAGGTTTTGTCTAAGTGTTGCTATCTCTACCGCAAAGGCTAAGTTTCA
ATCTACACTAGATATGTATGAATACAAGATTGAAACTTAAATGCTTAA
TATAAATGCGGAAACTTAAAGAGCAAAGTAGAGAAGCAAACTCTCGTG
GATGACGCCGGTATTTTTACCGAGGTATCCGGAACCGTGCAAGGTCCC
GACTAATCCTCGTTGGTGCCCCTACGCGAAGGGAAGCCCACGCGAGGG
CCAAGCACCTCGGTCGAGTAACTCCGTATTGAGCCGCGGGCCTTCTCC
ACACGCAAGTGGTGCTCCGCTTCCGGCTCCTCTCGGACGCTCCCCGLC
GTCTCCACTATCGAGCTTCCGGCCGAAACGCCGCGGGCCTCGTTCCCT
CCGGTACACGGTGGCGGCCGTGACACAAACGCGGTTGTCACGGTCTCG
CAAGACTCTCGCCCCACTCGGTACAATTACAATGGCTCACGCAAGAGC
CGAGGGGTTGTGAGGTTTATCTAAACTCACTCAACAATCTAGGGTTCC
CCTAGAGCAAGCGCTAAAGCGGTCTAACTAACCTAAGCACTTCGCAAA
GCACCTACGCTAATCACCGAATGATTCTATTAAGCACTTGGGTGTTTG
AGCACTTGGAAATGTCTACAATATGCCTTGGTATGTTGCTTGGACTCC
CACACCTCCAAATAGCCGGTTGGGTGAAGTATATATAGGCCCCAACTC
AAATATAGTCGTTGGAAAGCAGTTCTGCAGCTTTCTGCGGCGCACCGG
ACAGGTGCACCGGACTGTCCGGTGGTGCACCGGACATCCCACGTGTAC
TAGCCGTTAAAAGTAGCCGTTTGAGCTTCCGAAGATGGCGCACCGGAC
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ATGGCGCACCGGACGGTCCGGTGTGCACCGGACAGCCCATGTCCGCTT
GTCATATTTTGGCCATAACTTTTAGCTCCAAACTCCGATTTCGATGAT
CTTGTACTTTTTGGAAAGCTTATGAAATTCTCTACATCCCAGAGTTGA
AGCCATATCAGTTTGAGCAAATTTGGCACACCGGACAGGCCAGTGTGC
ACCGGACATCCCATATGCTATGCAGTTTTTCAGCAATTCCGACTTCGT
ATTGTGGGCATAACTTTTAGCTCCGAACTCCGATTTTGACGATCTTGG
ACTTTTTGGAAAGCTTATAAAATTGTCTACATCTCAGAGTTAAAGCCA
TGTCAGTTTGAATAGATTTGATGTTGTGAAACACTTCCAATTCAGTCA
GCCCTTCCTCTCAACTTTATCAACTTCACTTTTGTTTTGTAGCTTTGT
ATCTCACTTCTACTTCTTGATGTGTTGGACTCTTAGCATATATAAAGT
GTCTTAAATATTACTTTGTAATGTCTTCTATGAGTCTTATAATGTCTT
CTTTGAGGTGTTGCATCCTCAGAGCCTCAGTCCAATCCACTTCGCATC
CTGTGAACTACAACACACAAATACTTGGGAAATACATTAGTCCACAGG
TTATGTTGATCATCAAACACCAAAACCTATTGAGCTAAATGGCCCGGG
GTCATTTTCCTTACAATCTCCCCCTTTTTGGTGATTGATGACAACACA
ACCAAAGCAAGCAAATAATACAATTATTTGAATGATAATATGCAATCT
TCTTGCTAAGATGCATGTTTGTCCCCGTAATGTGAGATTATGGACTTA
AGCCTCCCCCTAACTCCATAATTCACTTACTTCCTATTTTAGACCAAA
ATGCAAAAACCACTTGAAAGATCAAATTTTTAATTTGGTGGTGTTTGG
TGTTTGATAACATTTTCATTGCTTTGGTCCCTACAACTTCTCCCCCTT
TGGCATCAACCACCGAAAAGGAAGACATTAAAAGCATATAGGAAGCAA
ATAAGACTTGCCCTCAAAA-
GGATTTGTAAAATAATACCAATTGAAACACCAAATTGATACTCCCCCT
AAATGAGTGTTCTCCTTTAGAAAGAATTTCTCCCCC-
TGTAGAGACGAAGAAATACTCCCCC-
TGACAGAGATCTTCTACTTAGGAAAAAGCATGTGAGAAATGGAGGTGC
AAGTCATGATTTGAATAGACTAACTTCCCTTATGCATAGGTAACAAAA
TATGAGTTAACAATATATGCATTTATAGCAACATGGGAAGTATAAGAT
ATGAAATATAGTCTAATCAAATAATGGAGAAGACATGTAAATGTTACT
AAGTGTAGTCTCAAAGATACCAATTGAAAGTCAACTGCGGACCAATTG
AATACCAATGGCAGGCTTGCAGACATAAGAATTCTTGTAGATTTGCAG
TGGAAGCTTGTTGTCTTTCTCCGGGGACTTCATTTTCCTTACAATGAG
ACTACTACATGAAATAGACTTGAAAACAGATATTAGTCTCAAAGACTT
AGATTATAGAGTAATCTCCCCCTGAAAGTGTGCATACAAGTTTTGAAT
ACTTGTAGGAGACATGCACTTTTATTTGATATTAAGAGGGGCAGATTA
TCCATAATCCGAGCTTTGGCACATATAAGTTAAATGATACCAATTGTA
GGATATAAGCTTTTGATGCATTAGTGTCATTTACTTAGGGATGTTAAA
TAAGCTATGTGTCGTGCTTAATTAAACATTTTAAACCATGCAGGTTTG
CTCAAGAATATGAATTGAGAACGAGTTACCCTACCATATGATTTACCT
AGTATGCATGCATTGTTAATCTAAAGTAAGTACCAAATGAAATACTAG
GCATGAAAGGTAAAACTAGATACAAGAAAATAGATACGCATATTTAAA
AATAAGGAATACAATAAATCTAGTTACCTTAGTCATGGGTGGGGAAAT
TTGGTTCCAAAATATTCACTAACCCACTTGGCAATAAACTTGATCCAA
TGTGAAGTATCCCATGATATACATCCTAACTTTGCCAAGTCTCCAAAT
TTCTCGTTCCTCCTTTGGTCTACTCACTTCCCTTTCGGGATCCAAACC
TTCTTGGTGCTTTTCATGGTTGTAATTATTTCCTTTGGCACCCAGATG
CGTTTGGCCCCCTTTCCTTTGTTGGCTTGCTTGTTGGCCTTGATTGCT
ATCACCTTTCCATTCTTTTTCTTTTTGATCAAATATGGTGTAGCAGCC
TTTTTGTCCACCTTTTTGATGTAGGTGTTGGAGATTTTGCTTGATGGC
TTTTGCTTGAGCTTTTGCCTTTGATTGTCCCCGGTCATCGCCTTGCAT
TGGAAAGACTTGTGGCCTTCCTTGTGGCATAGTCTACAAATCACAGTT
TCTCCCTCCATAGGCTTGTTCACTCCCGCAGTGGTGTTATCCTGTGGA
GGTCGGATTTGTTTGGCTTTGCCTTTCTTGTCATACAAAGCCTTGCCA
AGGCGAGCCACTTCTTGCCTTAATTGTTCATTTTCCTTTGTAACCTCA
TCCGAACATGTTTCTGCAACAATATTCTCAACACGAACTTGGTTGCAT
GGGTTAGAATCATCAATTAAATCAAAGCAAGAAGTAGAAGCATCCTTT
TTAATAATTTCAGGAATTTCAACTAAAGATGCTTCTGGGGTGCTACCA
ATGTTTTCTAGCTTAGTAGTTATCTCATTGTTGTGTATGCTAAGAATT
TCCATTTTCTCTAGCAAATTTTCAATAGTATTTTGGGAGCTAGCTAAC
TTAGCCTTGAGTTTTTCATTCTTTTTAATAAGGCCATCATTGGTAGCA
GTGGATGGAGCACTAGATTCTAATAGCTCAATTTTGGTTGATAGCTCA
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CTATTTAAGTTTGCAAAAGTTTCAAATTTTTCAAGCAAACCTTTGTAA
TCATTTTGGGAGCTAATCAACTTATTTTTCAAGGTTTTAAGTTGAGCT
TTTTGTTTAGTGCAAACATCTTGAAAAAATTCAACGGCATTCACAAGC
TCATCTATAGAGGGCTTTCCCGCACCTTCATCATCACTACCACTTTCA
TCACTAGAGTATGGAATGCTTTTGTTACCTCTTGCCATAAGGCATTTG
TGTGATGACCGTGATGAGCGTGATGAGGACCGGTGGCTGCGTGTCCTT
GGAGGTTCATCTTCACTTGAAGAGTCATCCCAAGTTCTAACACTTGTT
AGCGCCTTGCCTTTGCTCCTCTCCTTTTTGGGTTCGGCCATAGTTGGA
CAGTTGTCCCTGAAGTGGCCCTTCTCCC-
ACATGCGAAGCATCCTCTCTTCCTTTGCTTTTTCCTGTCAATGTTAAA
GAGAAGATCTTCGACCTGCAGGGGCACACCCATTAGATTAATCTTGCG
GATCATCCCCATTACCTTTCCGACGCGTCGGATTGTTTCTTCGTCCTC
GGAGGATGATGTGCATGGTTGATTATCTTCATCATCATCAATTTCTTC
TTCTTCCTCTTCTTCACTTGAGGAACTTGGAGTGGGAGCCTTCTTTTT
GCCCTTCCTTTCATCACATGCAAAAGCATATGGCCTTGAGGAAGTTGG
CTCCTCTCCTCGACACATTTTTCGCGACATCTCAAAAGCCGCGATTTT
TCCAATTACAATGGTTGGGGTCATGTTACCCAAGTCCTCCATGTTGTG
AAGGATAGTGATGATGCTCCCATATCTTCGTTGTGGTAGTAGGGAGAT
AATCTTCCTCACAATGTCCGCATCACCTAGCTTATTAATGCCAATGGA
ATTGAGCTCATTGATAATTAGATTCAAACGAGAATACATGTCTCTAAC
AAGCTCATCATCTTTCATAGCAAAAGAATTATACTCATTTAAGACTAG
GCAATGTTTTTGCTCACGGACATTGGATGTGCCGTCATGGAGCTCATG
CAATTTTAGCCAAATCTCATTAGCAGTTTTCAAGGTAAATACTTGATT
AAAAATATCCATGCTAAGAGATTCATACAAGCAATTTTTGGCTCTAGC
ATTTAAGTGAATTTCTTTTTCCTCACTCGTGGTTGGTTTCTCGGGATT
CTTGAGGGGTTTCATCCCATCACGAGTGACTCTCCAAACACCTAGATC
AACGGCCTCTAGGTAGCAAGCCATTCTAGCACTATAATATGGGAAGTT
AGTGCCGTAGAAGTGTGGTGGCCTATGGGTATCCATCCCTTCCTCTAA
AAAGCGTCGGCTCTTTTAGCAGTGAAGCTAAAACGTTTCAAATGAGCC
AAACCAGGCTCTGATACCACTTGTAGGAAACGGGTGACGCCTAAGAGG
GGGGGGGGGTGAATTAGGACTTCTAAAACTTTCGCTAAACTAGGCCAC
AATTAAATCCCTAGAGCAAAACCTATGCAAATAGTCAAACTAGAATGT
GCAAACTAGGTTTTGTCTAAGTGTTGCAATCTCTACCGCAAAGGCTAA
GTTTCAATCTACACTAGATATGTATGAATACAAGATTGAAACTTAAAT
ACTTAATATAAATGCGGAAACTTAAAGAGCAAAGTAGAGAAGCAAACT
CTCGTGGATGACGCCGGTATTTTTACCGAGGTATCCGGAACCGTGCAA
GGTCCCGACTAATCCTCGTTGGTGCCCTACGCGAAGGGAAGCCCACGC
GAGGGCCAAGCACCTCGGTCGAGTAACTCCGTATTGAGCCGCGGGCCT
TCTCCACACGCAAGTGGTGCTCCGCTTCCGGCTCCTCTCGGACGCTCC
CCGCCGTCTCCACTATCGAGCTTCCGGCCGAAACGCCGCGGGCCTCGT
TCCCTCCGGTACACGGTGGCGGCCGTGACACAAACGCGGTTGTCACGG
TCTCGCAAGACTCTCGCCCCACTCGGTACAATTACAATGGCTCACGCA
AGAGCCGAGGGGTTGTGAGGTTTATCTAAACTCACTCAACAATCTAGG
GTTCCC-
TAGAGCAAGCGCTAAAGCGGTCTAACTAACCTAAGCACTTCGCAAAGC
ACCTACGCTAATCACCGAATGATTCTATTAAGCACTTGGGTGTTTGAG
CACTTGGAAATGTCTACAATATGCCTTGGTATGTTGCTTGGACTCCCA
CACCTCCAAATAGCCGGTTGGGTGAAGTATATATAGGCCCCAACTCAA
ATATAGTCGTTGGAAAGCAGTTCTGCAGCTTTCTGCGGCGCACCGGAL
AGGTGCACCGGACTGTCCGGTGGTGCACCGGACATCCCACGTGTACTA
GCCGTTAAAAGTAGCCGTTTGAGCTTCCGAAGATGGCGCACCGGACAT
GGCGCACCGGACGGTCCGGTGTGCACCGGACAGCCCATGTCCGCTTGT
CATATTTTGGCCATAACTTTTAGCTCCAAACTCCGATTTCGATGATCT
TGTACTTTTTGGAAAGCTTATGAAATTCTCTACATCC-
AGAGTTGAAGCCATATCAGTTTGAGCAAATTTGGCACACCGGACAGGC
CAGTGTGCACCGGACATCCCATATGCTATGCAGTTTTTCAGCAATTCC
GACTTCGTATTGTGGGCATAACTTTTAGCTCCGAACTCCGATTTTGAC
GATCTTGGACTTTTTGGAAAGCTTATAAAATTGTCTACATCTCAGAGT
TAAAGCCATGTCAGTTTGAATAGATTTGATGCTGTGAAACACTTCCAA
TTCAGTCAGCCCTTCCTCTCAACTTTATCAACTTCACTTTTGTTTTGT
AGCTTTGTATCTCACTTCTACTTCTTGATGTGTTGGACTCTTAGCATA
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TATAAAGTGTCTTAAATATTACTTTGTAATGTCTTCTATGAGTCTTAT
AATGTCTTCTTTGAGGTGTTGCATCCTCAGAGCCTCAGTCCAATCCAC
TTCGCATCCTGTGAACTACAACACACAAATACTTGGGAAATACATTAG
TCTACAGGTTATGTTGATCATCAAACACCAAAACCTATTGAGCTAAAT
GGCCCGGGGTCATTTTCCTTACAATGCCTTTTGTCCCTCGCTCGCCTG
ATGTGCCTCTCCATCCTCCTCCCC-
AGAGATTAATGAGTGGCACCAGCAGGCTTACGGG-
TGCCTTTTATGTCTGCAGACGATGACGAAGAAGAAGCCTATGTTGATG
ATCGCGAGGAGTTTGCCCCGCCTCCCTACCATGGGGATCCGGGTCAAT
CATCCTCCCATCCTCCGCCTCCTTACCCAGGTCCGGGACCCATTCCTG
GTGACCCTAGGCCATCCGGCTCTGGTTACCACCACCACCCTCCACCTC
CTCCTGATCATCGTACCTCTTCGGCATCTGTTTTTTCTGCGGCTGATG
AGCCACCTCGGGACTCCACTTTTGAGGAGGACGCGATGAGGACTTTTT
TCCCTGACTACACTTCATATCCTCCATCATATCCTCCGTCATATCCTC
CTCCTGGAGGATATTGATTCTTGTATCCTTGTCTCTCTCTCCGTTTTT
GGTACTTGTTGCCAAAAAGGGGGAGAAAATCCAACTTCTGGTTTGTGG
TTCTTTCGGTTTTCTTTTGGATTATTTTTGTTTTTGGCCACTGTTGTG
GCTTGTACCTTTTTTTTACCATTGTATGAAATAAAACTGTTGGATTGC
TATTCAAAGTAATATGATGGTCTTCTGGCCATCATCTTTTGTCCTATC
AGTTTGTAATGACTACTCTGCTATGAAGTAAAAATAATGTGTTTATAG
TCATGTGCATCACAACTCCTGTTATGACACTCTTGCACCCCTCGGATG
ATTGTATTTAGTATGGTTTTTGTCACTATCTCTAAATGTGTTGCTCAC
ATGACATATTATGTCAAGACGTTGGATTCACAATCATGCACACATTTA
GGGG—
AGCCATCTATATACAATCATTCAAAAGAAATTTTCTATTGCAAATATA
TATCTTTTTGACCTTAATTGTTTTGGCATCAATCACCAAAAAGGGG—
AGATTGTAAGTGCAATCAACCC-
AAGTGAGGGTTTTGGTGATTTAATGACAAAACAAATAAGGGTACTAAC
AGCTTTTGTTCTCAGTGTTTGATTAAAAGGAAACATGAACTTAAGGAA
GCACCAAGGACTTCATGCAATGGACGTATAAAATTTATGTAAAATCTT
GTGTTGCATGATGTAATTCTTCCTTATTCTTTTCCGTACAGGTACAGG
TGTTTGCTATAGCTCAAGTCCTCTAATTCAAAAGCTATTTTTGAAAAC
CAAAAATCACTTTAACTTTATTTGGCTGACCATGGTTTGGGTTGAGAA
ACCTAGAGTGTTCTTGCTGAAAAACAGCTGAACTTCTTCAACTGCAGC
TGAGCTTTCCAGCTGAACTTAACTTCAGCTGTGATGAGCTTCTTCAGC
TGCAGCTGAGCTTTTCAGCTGAGCTGGACTTCAGCTGAGTTGAACTTT
CAACTCCAGCTGAACTTCAACTTCAGCTATGGACCTCTCTGACCATAC
CCAGCTGAACTTGCCCCAGGGCAGCTGAGCTGGGGTTTTCTCTCCAAA
ACTCTCTGGTCTAGACCAGCTGAACTGGTCCTGGGGG-
CAGCTCAACTGGTCTCTGACCCTCTGACTTCTGTTCTGCAGTCTGCCA
GTCAGACTGGCAGTCAGGTCGCCAGGGGTGTCAGGGG—
CGGTTCAACCGCCCTAGGGGG-
CGGTTCAACCGGTCCTGGCCTGTCTGACCCGCCTGCAGGTCAGTCTGC
CAGTCAGTCTGGCAGTCAGACTGGCAGACAGACTGCTGACCTGTCAGG
GG-CGGTTCAACCGCCCTTGGGG—
CGGTTCAATCGGTTTTCAGCGTCGTTTTTTGTCAAACGGCTAGTTTTT
GAGCCGTGACTATAAATAGACCCCTCTCTCTCTCTTCTTTAATACGGC
TGGACACTCACTCATTTATTGCTCACCTAACTTGATACAAAGCACTCA
TCTCTCCATCTCTCTCACACTTAAATCTTCCTCAAGATTCAACCTTGT
TGGAGGAGCTCTTGGGTGTGAGGTTTGTGCTTGTGCTCACGATTTGGT
TTTCCTCTCCCATCTCTCTTACAAAGACTTGAGCTTGTGCAAACCCCT
CTTGTGCGTTCTTGGTGTTCTTGAAACCCTAGGTTTCAAGATCTTTGA
GGTTGCTTGGGAGTCTCCAAATTTGTGGACGACCCTAAGAAGTTTGTA
TCACCCGCTCTTTGAGCTAAGATAAGAAGAGATTGCCTTGACCCTTGT
GGTCGGCTTTTGGAGGATTAGGGTTGAAAAAGACCCGGCCCTTTGTGG
CTCCTCAACGGGGAGTAGGACACCTTTGTGGTGTGGCCGAACCTCGGA
TTAAATCTTGTATCTTGTGTTCTTGCTTGTTTTGACTTGAGATATTTT
TACTTGCAAGGTTGACATAAAGATTTTTCCGTAGAGCTTATCTGGAAG
TAAAATAGCCTTTACATATTCATCTTTTCATCCTCACTTAGCTATATC
TTACTTCTCTCAAGAACTTGCGAAATACTTTTTCGAGTAGATTTTAGT
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CCAAAGTTTATAAAACAGTTGGATTGGTTCAGAGTGGTTCAACTTGCG
CACGTAGCTGTTGAACCGGCCTGCACCAGTCGAACTGTGTATCTAACA
ATCTTTCGAAGTTTGTTGTGAAAATTTTCAGATTAGCCTATTCACCCC
CCCC-TCTAGGCTACTTTCACCTTCT

10

15

20

Also envisaged herein is a plant which can be or is produced with the preceding method,
including descendants of the plant which have the at least one mutation, or a part of this plant.
A part of the plant may be a fertilized or unfertilized seed, an embryo, a pollen, a tissue, an
organ, or a plant cell, wherein the fertilized or unfertilized seed, the embryo, or the pollen are
generated at the plant obtainable by the preceding method, and the at least one mutation is

present in its genome.

A non-limiting example of a plant which can be produced with the preceding method is a plant,

preferably Zea mays or Sorghum bicolor, which:

has at least one mutation in an endogenous DNA sequence that is identical to a
nucleic acid that (i) has a sequence selected from SEQ ID NOs: 1, 5, and 12, or a functional
fragment thereof, preferably SEQ ID NO: 1; or (ii) has a coding sequence selected from SEQ ID
NO: 2, 6 and 13, preferably SEQ ID NO: 2; or {ii) is complementary to the sequence from (i) or
(ii); or (iii) is at least 80% identical to the sequence from (i) or (ii); or (iv) encodes for a protein
having the amino acid sequence selected from SEQ ID NOs: 3, 7 and 14, preferably SEQ ID NO:
3, or a functional part of the protein; or (v) encodes for a protein having an amino acid
sequence that is at least 80% identical to the amino acid sequence selected from SEQ ID Nos: 3,
7 and 14, preferably SEQ ID NO: 3, or a functional part of the protein; or (vi) is identical to a

sequence hybridized under stringent conditions with a sequence from (iii), or

has at least one mutation in a regulatory sequence of said endogenous DNA sequence,
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wherein said mutation produces an increase in the transcription or expression rate of
said endogenous DNA sequence in the identified plant, in comparison to a non-mutagenized
wild-type plant, or an increase in the activity or stability of a protein or polypeptide encoded
by the endogenous DNA sequence in the identified plant, in comparison to a non-mutagenized

wild-type plant,

wherein the at least one mutation causes the property of an enhancer of the haploid induction
capability of an inducer plant, preferably caused by a mutated patatin-like phospholipase

(PLA1) in the identified plant.

The mutation is preferably an alteration in the coding sequence of SEQ ID No: 1, 5 or 12 (for
example, a point mutation), i.e. an alteration in SEQ ID NO: SEQ ID NO: 2, 6 or 13, which causes
an amino acid exchange at the amino acid position 325 of SEQ ID No: 3, 7 or 14. This may here
involve a mutation according to SEQ ID NO: 10. The mutation caused by TILLING in SEQ ID NO:
10 causes an amino acid exchange in the encoded amino acid at position 325, wherein the

alanine is replaced by valine (A325V).

Accordingly, also disclosed herein is a plant, preferably a Zea mays or Sorghum bicolor plant,

comprising:
i) the nucleotide sequence according to SEQ ID NO: 10, or
ii) a nucleotide sequence encoding the amino acid according to SEQ ID NO: 11, or
iii) a nucleotide sequence encoding a myosin having at position 325 referenced to

SEQ ID NO: 11 or 14 an amino acid different to alanine, preferably valine.

In embodiments, the methods for the production of a transgenic or mutated plant, such as a
plant which is carrier of an enhancer for the haploid induction capability of an inducer plant,
preferably caused by a mutated patatin-like phospholipase (PLA1) described herein, may
further comprise the steps of:

- crossing the plant, in particular the transgenic or mutated plant, which is carrier of an
enhancer for the haploid induction capability of a haploid inducer plant, preferably caused by a
mutated patatin-like phospholipase (PLA1) obtained by the method with a haploid inducer
plant preferably comprising a mutated patatin-like phospholipase (PLA1); and

selecting a plant from the progeny which comprises A) the haploid inducer phenotype,
preferably the mutated patatin-like phospholipase (PLA1) and B) the introduced nucleic acid in
the method for producing a transgenic carrier plant or the at least one mutation created in the

method for producing a mutated carrier plant.

The selected plant may be suitable for use as a haploid inductor. Accordingly, the present
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invention also relates to a method for producing a plant suitable for use as a haploid inductor
comprising the following steps:
- producing a plant, in particular a transgenic plant or a mutated plant, which is carrier of an
enhancer for the haploid induction capability of an inducer plant, preferably caused by a
mutated patatin-like phospholipase (PLA1) according to a method described herein;
- crossing said plant with a plant preferably comprising a mutated patatin-like phospholipase
(PLA1); and
- selecting a plant from the progeny which comprises A) the haploid inducer phenotype,
preferably the mutated patatin-like phospholipase (PLA1) and B) the introduced nucleic acid in
the method for producing a transgenic carrier plant described herein or the at least one

mutation created in the method for producing a mutated carrier plant described herein.

In alternative embodiments for the methods for the production of a plant which is carrier of an
enhancer for the haploid induction capability of an inducer plant, preferably caused by a
mutated patatin-like phospholipase (PLA1) described herein, the nucleic acid may be
introduced in a plant cell preferably comprising the mutated patatin-like phospholipase (PLA1)
or a plant cell comprising the haploid inducer phenotype, preferably the mutated patatin-like
phospholipase (PLA1) may be mutagenized. The plants obtained by such methods may also be

suitable for use as haploid inductor.

In a further aspect, the present invention relates to a method for the production of a haploid
plant, said method comprising the following steps:

a) crossing a plant which is suitable for use as a haploid inductor as described herein with a
plant of the same genus, preferably a plant of the same species,

b) selecting a fertilized haploid seed or embryo, and

c) generating a haploid plant from the seed or embryo selected in step b).

In the method for the production of a haploid plant, the plant which is suitable for use as a
haploid inductor is preferably used as a pollen parent, and is crossed with a seed elder of the
same genus, preferably of the same species. The plant which is suitable for use as a haploid
inductor may also be used as a seed parent and be crossed with a pollen elder of the same
genus, preferably of the same species. Both cross partners in step a), thus, seed parent and

pollen parent, may also be the same individual. The crossing step then represents a selfing.

In embodiments, the selection of the haploid fertilized seed or embryo encompasses a step of
the verification of the haploidy, and the separation of the haploid fertilized seed or embryo of

polyploid fertilized seed or embryo. The verification of the haploidy of a fertilized seed or
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embryo may take place phenotypically or genotypically, in that, for example, the inductor is
provided with an embryo-specific dominant marker that is visible in all diploid descendants,
but not in the induced haploid descendants. Furthermore, the ploidy status may be
determined via flow cytometry. Moreover, a complete, homozygotic pattern of molecular
markers provides an indication of haploid plants. For example, the separation may take place

automatically on the basis of data of the verification of the haploidy.

Also envisaged herein is a haploid, fertilized seed, or embryo which is created upon crossing in
step a) of the method for production of a haploid plant described herein, as well as a haploid
plant which can be or is produced with this method, including its descendant, or a part of this

plant.

The invention further relates to a doubled haploid (diploid) plant or a part thereof, wherein
the doubled haploid (diploid) plant or a part thereof was generated by chromosome
duplication of the haploid plant described herein or of the part thereof via e.g. use of a

chromosome doubling agent or via spontaneous doubling.

A related aspect is directed to a method for the production of a double haploid plant,
comprising the following steps:

a) crossing a plant which is suitable for use as a haploid inductor as described herein with a
plant of the same genus, preferably a plant of the same species,

b) selecting a fertilized haploid seed or embryo,

c) generating a haploid plant from the seed or embryo selected in step b), and

d) doubling the set of chromosomes of the haploid plant via chromosome doubling agent or
via spontaneous doubling. For example, the chromosome doubling agent may be colchicine,

pronamide, dithipyr, trifluralin, or another known anti-microtubule agent.

Another aspect relates to the use of the induction-promoting nucleic acid and the nucleic acid
encoding double-stranded RNA described herein, or a vector comprising said induction-
promoting nucleic acid or said induction-inhibiting nucleic acid described herein, in a hapoid
inducer plant, preferably a plant comprising a mutated patatin-like phospholipase (PLA1) to

enhance the haploid induction capability of said plant.

Furthermore, the present invention also relates to the use of a plant which is suitable for use
as a haploid inductor as described herein, to produce a haploid, fertilized seed or embryo, a

haploid plant, or a doubled haploid plant.

Yet another aspect relates to RNA that has a double-stranded portion, wherein at least one

strand of the double-stranded portion has a nucleotide sequence which is homologous or
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identical to at least 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25, preferably at least 30, 35, 40,
45, 50, 60, 70, 80, 90, 100, 120, or 140, more preferably at least 160, 180, 200, 250, 300, 350,
400, 450, 500, 600, 700, 800, 900, or 1000 successive nucleotides of a coding sequence of a
nucleic acid that:
(i) has a sequence selected from the group consisting of SEQ ID Nos: 25, 28 and 33, or a
fragment thereof, in a sense or anti-sense orientation; or
(ii) is complementary to the sequence from (i); or
(iii) is at least 80%, 82%, 84%, 86%, or 88%, preferably at least 90%, 91%, 92%, 93%, 94%, 95%,
or 96%, more preferably at least 97%, 97.5%, 98%, 98.5%, 99%, or 99.5% identical to the
sequence from (i); or

(iv) hybridizes with the sequence from (ii) under stringent conditions.

Such RNA is suitable for external application to plants and is suitable for enhancing the
induction capability of a haploid inductor plant caused by a mutated patatin-like
phospholipase (PLA1). The application preferably occurs at the point in time of the anther
formation, pollen formation, or fertilization. The RNA may be used by being sprayed in the
form of a spray, or via additional ways of external application that are commonplace to the
person skilled in the art, onto the plant tissue, or by spraying or mixing with additional
additives before or after the flowering of the plant. For example, additives may be wetting

agents, carrier substances, or RNA stabilizers, e.g., liposomes

Double-stranded RNA may be produced in vitro by means of methods known to the person
skilled in the art. For example, the synthesis of double-stranded RNA may take place
synthetically, wherein the RNA is formed directly in vitro. Starting from a double-stranded DNA,
double-stranded RNA may also be synthesized via the formation of an mRNA transcript, which

then forms a hairpin structure, for example.

In an aspect, the invention relates to a plant, preferably a plant of the genus Zea or Sorghum,
preferably Zea mais or Sorghum bicolor, comprising

i) the nucleotide sequence according to SEQ ID NO: 10,

ii) a nucleotide sequence encoding the protein according to SEQ ID NO: 11, or

iii) a nucleotide sequence encoding a myosin heavy chain having at position 325 referenced to

SEQ ID NO: 11 or 14 an amino acid different than alanine, preferably valine.

In an aspect, the invention relates to a plant, preferably a plant of the genus Zea or Sorghum,
preferably Zea mais or Sorghum bicolor, comprising

i) the nucleotide sequence according to SEQ ID NOs: 38 or 39, or
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ii) a nucleotide sequence encoding the protein according to SEQ ID NO: 40.
The skilled person will understand that SEQ ID NOs: 38-40 are Zea mais sequences, and that
corresponding sequences, in particular comprising the corresponding mutations, may be used

from different plant species, such as Sorghum.

In an aspect, the invention provides a method of editing a plant's genomic DNA or RNA (such
as mRNA, microRNA, etc) or otherwise targeting or modifying such (for instance transcriptional
or translational activation or repression, epigenomic modification, etc). This is done by taking a
first plant— which is a haploid inducing plant and which also has encoded into its DNA the
machinery necessary for accomplishing the editing, targeting, or modification (for example, a
Cas9 enzyme and a guide RNA)— and using that first plant's pollen to pollinate a second plant.
The second plant is the plant to be edited. From that pollination event, progeny (e.g., embryos
or seeds) are produced; at least one of which will be a haploid seed. This haploid seed will only
contain the chromosomes of the second plant; the first plant's chromosomes have vanished
(having been eliminated, lost or degraded), but before doing so, the first plant's chromosomes
permitted the gene-editing, targeting, or modification machinery to be expressed. Alternately,
and without wishing to be bound by theory, the first plant delivers the already- expressed
editing, targeting or modification machinery upon pollination via the pollen tube. Or, in the
case that the haploid inducer line is the female in the cross, the haploid inducing plant's egg
cell contains the editing machinery that is present and perhaps already being expressed, upon
fertilization with the "wild type" or non-haploid inducing pollen grain. Through any of these
routes, the haploid progeny obtained by the cross will also have had its genome or

transcriptome edited, targeted, or otherwise modified.

Simultaneous editing plus haploid induction can be done in almost any crop via wide cross or
de novo haploid induction for instance via CENH3 mutation (i.e., CENH3 -modified haploid
inducer; see, e.g., WO 2017/004375, incorporated herein by reference in its entirety) or via

lipid spray (see WO 2017/087682, incorporated herein by reference in its entirety).

In one aspect, the editing machinery is any DNA or RNA modification enzyme, but is preferably
a site-directed nuclease. The site-directed nuclease is preferably CRISPR-based, but could also
be a meganuclease, a transcription-activator like effector nuclease (TALEN), or a zinc finger
nuclease. The nuclease used in this invention could be Cas9, Cfpl, dCas9- Fokl, chimeric FENI-
Fokl. In one aspect, the DNA or RNA modification enzyme is a site-directed base editing
enzyme such as Cas9-cytidine deaminase or Cas9-adeninie deaminase, wherein the Cas9 can
have one or both of its nuclease activity inactivated, i.e. chimeric Cas9 nickase (nCas9) or

deactivated Cas9 (dCas9) fused to cytidine deaminase or adenine deaminase. The optional
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guide RNA targets the genome at the specific site intended to be edited. In certain
embodiments, the modification enzyme is mutated, such as catalytically inactive or a nickase.
In certain embodiments, the modification enzyme is fused to a heterologous domain,
preferably a functional heterologous domain. In certain embodiments, the ‘functional)
heterologous domain comprises base editing activity, nucleotide deaminase activity,
methylase activity, demethylase activity, translation activation activity, translation repression
activity, transcription activation activity, transcription repression activity, transcription release
factor activity, chromatin modifying or remodeling activity, histone modification activity,
nuclease activity, single-strand RNA cleavage activity, double-strand RNA cleavage activity,
single-strand DNA cleavage activity, double-strand DNA cleavage activity, and nucleic acid
binding activity. In certain embodiments, the modification enzyme is modified. In certain
embodiments, the modification enzyme is modified, such as to increase or decrease target
recognition specificity, increase or decrease nuclease activity, increase or decrease stability,

and/or alter PAM recognition.

“Gene editing” or “genome editing” refers to genetic engineering in which in which DNA or
RNA is inserted, deleted, modified or replaced in the genome of a living organism. Gene editing
may comprise targeted or non-targeted (random) mutagenesis. Targeted mutagenesis may be
accomplished for instance with designer nucleases, such as for instance with meganucleases,
zinc finger nucleases (ZFNs), transcription activator-like effector-based nucleases (TALEN), and
the clustered regularly interspaced short palindromic repeats (CRISPR/Cas9) system. These
nucleases create site-specific double-strand breaks (DSBs) at desired locations in the genome.
The induced double-strand breaks are repaired through nonhomologous end-joining (NHEJ) or
homologous recombination (HR), resulting in targeted mutations or nucleic acid modifications.
The use of designer nucleases is particularly suitable for generating gene knockouts or
knockdowns. In certain embodiments, designer nucleases are developed which specifically
induce a mutation in the gene, as described herein elsewhere, such as to generate a mutated
gene or a knockout of the gene. In certain embodiments, designer nucleases, in particular
RNA-specific CRISPR/Cas systems are developed which specifically target the mRNA, such as to
cleave the mRNA and generate a knockdown of the gene/mRNA/protein. Delivery and

expression systems of designer nuclease systems are well known in the art.

In certain embodiments, the nuclease or targeted/site-specific/homing nuclease is, comprises,
consists essentially of, or consists of a (modified) CRISPR/Cas system or complex, a {(modified)
Cas protein, a (modified) zinc finger, a {modified) zinc finger nuclease (ZFN), a {modified)

transcription factor-like effector (TALE), a (modified) transcription factor-like effector nuclease
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(TALEN), or a (modified) meganuclease. In certain embodiments, said (modified) nuclease or
targeted/site-specific/homing nuclease is, comprises, consists essentially of, or consists of a
(modified) RNA-guided nuclease. It will be understood that in certain embodiments, the
nucleases may be codon optimized for expression in plants. As used herein, the term
“targeting” of a selected nucleic acid sequence means that a nuclease or nuclease complex is
acting in a nucleotide sequence specific manner. For instance, in the context of the CRISPR/Cas
system, the guide RNA is capable of hybridizing with a selected nucleic acid sequence. As uses
herein, "hybridization" or “hybridizing” refers to a reaction in which one or more
polynucleotides react to form a complex that is stabilized via hydrogen bonding between the
bases of the nucleotide residues. The hydrogen bonding may occur by Watson Crick base
pairing, Hoogstein binding, or in any other sequence specific manner. The complex may
comprise two strands forming a duplex structure, three or more strands forming a multi
stranded complex, a single self-hybridizing strand, or any combination of these. A hybridization
reaction may constitute a step in a more extensive process, such as the initiation of PGR, or the
cleavage of a polynucleotide by an enzyme. A sequence capable of hybridizing with a given

sequence is referred to as the "complement" of the given sequence.

Gene editing may involve transient, inducible, or constitutive expression of the gene editing
components or systems. Gene editing may involve genomic integration or episomal presence
of the gene editing components or systems. Gene editing components or systems may be
provided on vectors, such as plasmids, which may be delivered by appropriate delivery vehicles,

as is known in the art. Preferred vectors are expression vectors.

Gene editing may comprise the provision of recombination templates, to effect homology
directed repair (HDR). For instance a genetic element may be replaced by gene editing in
which a recombination template is provided. The DNA may be cut upstream and downstream
of a sequence which needs to be replaced. As such, the sequence to be replaced is excised
from the DNA. Through HDR, the excised sequence is then replaced by the template. In certain
embodiments, the genes of the invention as described herein may be provided on/as a
template. By designing the system such that double strand breaks are introduced upstream
and downstream of the corresponding region in the genome of a plant not comprising the
gene, this region is excised and can be replaced with the template comprising the gene of the
invention. In this way, introduction of the gene of the invention in a plant need not involve
multiple backcrossing, in particular in a plant of specific genetic background. Similarly, the
gene of the invention may be provided on/as a template. More advantageously however, the

gene of the invention may be generated without the use of a recombination template, but
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solely through the endonuclease action leading to a double strand DNA break which is repaired

by NHEJ, resulting in the generation of indels.

In certain embodiments, the nucleic acid modification or mutation is effected by a (modified)
transcription activator-like effector nuclease (TALEN) system. Transcription activator-like
effectors (TALEs) can be engineered to bind practically any desired DNA sequence. Exemplary
methods of genome editing using the TALEN system can be found for example in Cermak T.
Doyle EL. Christian M. Wang L. Zhang Y. Schmidt C, et al. Efficient design and assembly of
custom TALEN and other TAL effector-based constructs for DNA targeting. Nucleic Acids Res.
2011;39:e82; Zhang F. Cong L. Lodato S. Kosuri S. Church GM. Arlotta P Efficient construction
of sequence-specific TAL effectors for modulating mammalian transcription. Nat Biotechnol.
2011;29:149-153 and US Patent Nos. 8,450,471, 8,440,431 and 8,440,432, all of which are
specifically incorporated by reference. By means of further guidance, and without limitation,
naturally occurring TALEs or “wild type TALEs” are nucleic acid binding proteins secreted by
numerous species of proteobacteria. TALE polypeptides contain a nucleic acid binding domain
composed of tandem repeats of highly conserved monomer polypeptides that are
predominantly 33, 34 or 35 amino acids in length and that differ from each other mainly in
amino acid positions 12 and 13. In advantageous embodiments the nucleic acid is DNA. As
used herein, the term “polypeptide monomers”, or “TALE monomers” will be used to refer to
the highly conserved repetitive polypeptide sequences within the TALE nucleic acid binding
domain and the term “repeat variable di-residues” or “RVD"” will be used to refer to the highly
variable amino acids at positions 12 and 13 of the polypeptide monomers. As provided
throughout the disclosure, the amino acid residues of the RVD are depicted using the IUPAC
single letter code for amino acids. A general representation of a TALE monomer which is
comprised within the DNA binding domain is X1-11-(X12X13)-X14-33 or 34 or 35, where the
subscript indicates the amino acid position and X represents any amino acid. X12X13 indicate
the RVDs. In some polypeptide monomers, the variable amino acid at position 13 is missing or
absent and in such polypeptide monomers, the RVD consists of a single amino acid. In such
cases the RVD may be alternatively represented as X*, where X represents X12 and (*)
indicates that X13 is absent. The DNA binding domain comprises several repeats of TALE
monomers and this may be represented as (X1-11-(X12X13)-X14-33 or 34 or 35)z, where in an
advantageous embodiment, z is at least 5 to 40. In a further advantageous embodiment, z is at
least 10 to 26. The TALE monomers have a nucleotide binding affinity that is determined by the
identity of the amino acids in its RVD. For example, polypeptide monomers with an RVD of NI

preferentially bind to adenine (A), polypeptide monomers with an RVD of NG preferentially
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bind to thymine (T), polypeptide monomers with an RVD of HD preferentially bind to cytosine
(C) and polypeptide monomers with an RVD of NN preferentially bind to both adenine (A) and
guanine (G). In yet another embodiment of the invention, polypeptide monomers with an RVD
of 1G preferentially bind to T. Thus, the number and order of the polypeptide monomer
repeats in the nucleic acid binding domain of a TALE determines its nucleic acid target
specificity. In still further embodiments of the invention, polypeptide monomers with an RVD
of NS recognize all four base pairs and may bind to A, T, G or C. The structure and function of
TALEs is further described in, for example, Moscou et al., Science 326:1501 (2009); Boch et al.,
Science 326:1509-1512 (2009); and Zhang et al., Nature Biotechnology 29:149-153 (2011),

each of which is incorporated by reference in its entirety.

In certain embodiments, the nucleic acid modification or mutation is effected by a (modified)
zinc-finger nuclease (ZFN) system. The ZFN system uses artificial restriction enzymes generated
by fusing a zinc finger DNA-binding domain to a DNA-cleavage domain that can be engineered
to target desired DNA sequences. Exemplary methods of genome editing using ZFNs can be
found for example in U.S. Patent Nos. 6,534,261, 6,607,882, 6,746,838, 6,794,136, 6,824,978,
6,866,997, 6,933,113, 6,979,539, 7,013,219, 7,030,215, 7,220,719, 7,241,573, 7,241,574,
7,585,849, 7,595,376, 6,903,185, and 6,479,626, all of which are specifically incorporated by
reference. By means of further guidance, and without limitation, artificial zinc-finger (ZF)
technology involves arrays of ZF modules to target new DNA-binding sites in the genome. Each
finger module in a ZF array targets three DNA bases. A customized array of individual zinc
finger domains is assembled into a ZF protein (ZFP). ZFPs can comprise a functional domain.
The first synthetic zinc finger nucleases (ZFNs) were developed by fusing a ZF protein to the
catalytic domain of the Type IIS restriction enzyme Fokl. (Kim, Y. G. et al., 1994, Chimeric
restriction endonuclease, Proc. Natl. Acad. Sci. U.S.A. 91, 883-887; Kim, Y. G. et al., 1996,
Hybrid restriction enzymes: zinc finger fusions to Fok | cleavage domain. Proc. Natl. Acad. Sci.
U.S.A. 93, 1156-1160). Increased cleavage specificity can be attained with decreased off target
activity by use of paired ZFN heterodimers, each targeting different nucleotide sequences
separated by a short spacer. (Doyon, Y. et al., 2011, Enhancing zinc-finger-nuclease activity
with improved obligate heterodimeric architectures. Nat. Methods 8, 74-79). ZFPs can also be
designed as transcription activators and repressors and have been used to target many genes

in a wide variety of organisms.

In certain embodiments, the nucleic acid modification is effected by a (modified)
meganuclease, which are endodeoxyribonucleases characterized by a large recognition site

(double-stranded DNA sequences of 12 to 40 base pairs). Exemplary method for using
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meganucleases can be found in US Patent Nos: 8,163,514; 8,133,697; 8,021,867; 8,119,361;
8,119,381; 8,124,369; and 8,129,134, which are specifically incorporated by reference.

In certain embodiments, the nucleic acid modification is effected by a (modified) CRISPR/Cas
complex or system. With respect to general information on CRISPR/Cas Systems, components
thereof, and delivery of such components, including methods, materials, delivery vehicles,
vectors, particles, and making and using thereof, including as to amounts and formulations, as
well as Cas9CRISPR/Cas-expressing eukaryotic cells, Cas-9 CRISPR/Cas expressing eukaryotes,
such as a mouse, reference is made to: US Patents Nos. 8,999,641, 8,993,233, 8,697,359,
8,771,945, 8,795,965, 8,865,406, 8,871,445, 8,889,356, 8,889,418, 8,895,308, 8,906,616,
8,932,814, 8,945,839, 8,993,233 and 8,999,641; US Patent Publications US 2014-0310830 (US
App. Ser. No. 14/105,031), US 2014-0287938 Al (U.S. App. Ser. No. 14/213,991), US 2014-
0273234 Al (U.S. App. Ser. No. 14/293,674), US2014-0273232 Al (U.S. App. Ser. No.
14/290,575), US 2014-0273231 (U.S. App. Ser. No. 14/259,420), US 2014-0256046 Al (U.S. App.
Ser. No. 14/226,274), US 2014-0248702 Al (U.S. App. Ser. No. 14/258,458), US 2014-0242700
Al (U.S. App. Ser. No. 14/222,930), US 2014-0242699 Al (U.S. App. Ser. No. 14/183,512), US
2014-0242664 Al (U.S. App. Ser. No. 14/104,990), US 2014-0234972 Al (U.S. App. Ser. No.
14/183,471), US 2014-0227787 Al (U.S. App. Ser. No. 14/256,912), US 2014-0189896 Al (U.S.
App. Ser. No. 14/105,035), US 2014-0186958 (U.S. App. Ser. No. 14/105,017), US 2014-
0186919 Al (U.S. App. Ser. No. 14/104,977), US 2014-0186843 Al (U.S. App. Ser. No.
14/104,900), US 2014-0179770 Al (U.S. App. Ser. No. 14/104,837) and US 2014-0179006 Al
(U.S. App. Ser. No. 14/183,486), US 2014-0170753 (US App Ser No 14/183,429); US 2015-
0184139 (U.S. App. Ser. No. 14/324,960); 14/054,414 European Patent Applications EP 2 771
468 (EP13818570.7), EP 2 764 103 (EP13824232.6), and EP 2 784 162 (EP14170383.5); and PCT
Patent Publications WO 2014/093661 (PCT/US2013/074743), WO 2014/093694
(PCT/US2013/074790), WO 2014/093595 (PCT/US2013/074611), WO 2014/093718
(PCT/US2013/074825), WO 2014/093709 (PCT/US2013/074812), WO 2014/093622
(PCT/US2013/074667), WO 2014/093635 (PCT/US2013/074691), WO 2014/093655
(PCT/US2013/074736), WO 2014/093712 (PCT/US2013/074819), WO 2014/093701
(PCT/US2013/074800), WO 2014/018423 (PCT/US2013/051418), WO 2014/204723
(PCT/US2014/041790), WO 2014/204724 (PCT/US2014/041800), WO 2014/204725
(PCT/US2014/041803), WO 2014/204726 (PCT/US2014/041804), WO 2014/204727
(PCT/US2014/041806), WO 2014/204728 (PCT/US2014/041808), WO 2014/204729
(PCT/US2014/041809), WO 2015/089351 (PCT/US2014/069897), WO 2015/089354
(PCT/US2014/069902), WO 2015/089364 (PCT/US2014/069925), WO 2015/089427
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(PCT/US2014/070068), WO 2015/089462 (PCT/US2014/070127), WO 2015/089419
(PCT/US2014/070057), WO 2015/089465 (PCT/US2014/070135), WO 2015/089486
(PCT/US2014/070175), PCT/US2015/051691, PCT/US2015/051830. Reference is also made to
US provisional patent applications 61/758,468; 61/802,174; 61/806,375; 61/814,263;
61/819,803 and 61/828,130, filed on January 30, 2013; March 15, 2013; March 28, 2013; April
20, 2013; May 6, 2013 and May 28, 2013 respectively. Reference is also made to US provisional
patent application 61/836,123, filed on June 17, 2013. Reference is additionally made to US
provisional patent applications 61/835,931, 61/835,936, 61/835,973, 61/836,080, 61/836,101,
and 61/836,127, each filed June 17, 2013. Further reference is made to US provisional patent
applications 61/862,468 and 61/862,355 filed on August 5, 2013; 61/871,301 filed on August
28, 2013; 61/960,777 filed on September 25, 2013 and 61/961,980 filed on October 28, 2013.
Reference is yet further made to: PCT/US2014/62558 filed October 28, 2014, and US
Provisional Patent Applications Serial Nos.: 61/915,148, 61/915,150, 61/915,153, 61/915,203,
61/915,251, 61/915,301, 61/915,267, 61/915,260, and 61/915,397, each filed December 12,
2013; 61/757,972 and 61/768,959, filed on January 29, 2013 and February 25, 2013;
62/010,888 and 62/010,879, both filed June 11, 2014; 62/010,329, 62/010,439 and 62/010,441,
each filed June 10, 2014; 61/939,228 and 61/939,242, each filed February 12, 2014;
61/980,012, filed April 15,2014; 62/038,358, filed August 17, 2014; 62/055,484, 62/055,460
and 62/055,487, each filed September 25, 2014; and 62/069,243, filed October 27, 2014.
Reference is made to PCT application designating, inter alia, the United States, application No.
PCT/US14/41806, filed June 10, 2014. Reference is made to US provisional patent application
61/930,214 filed on January 22, 2014. Reference is made to PCT application designating, inter
alia, the United States, application No. PCT/US14/41806, filed June 10, 2014. Mention is also
made of US application 62/180,709, 17-Jun-15, PROTECTED GUIDE RNAS (PGRNAS); US
application 62/091,455, filed, 12-Dec-14, PROTECTED GUIDE RNAS (PGRNAS); US application
62/096,708, 24-Dec-14, PROTECTED GUIDE RNAS (PGRNAS); US applications 62/091,462, 12-
Dec-14, 62/096,324, 23-Dec-14, 62/180,681, 17-Jun-2015, and 62/237,496, 5-Oct-2015, DEAD
GUIDES FOR CRISPR TRANSCRIPTION FACTORS; US application 62/091,456, 12-Dec-14 and
62/180,692, 17-Jun-2015, ESCORTED AND FUNCTIONALIZED GUIDES FOR CRISPR-CAS SYSTEMS;
US application 62/091,461, 12-Dec-14, DELIVERY, USE AND THERAPEUTIC APPLICATIONS OF
THE CRISPR-CAS SYSTEMS AND COMPOSITIONS FOR GENOME EDITING AS TO HEMATOPOETIC
STEM CELLS (HSCs); US application 62/094,903, 19-Dec-14, UNBIASED IDENTIFICATION OF
DOUBLE-STRAND BREAKS AND GENOMIC REARRANGEMENT BY GENOME-WISE INSERT
CAPTURE SEQUENCING; US application 62/096,761, 24-Dec-14, ENGINEERING OF SYSTEMS,
METHODS AND OPTIMIZED ENZYME AND GUIDE SCAFFOLDS FOR SEQUENCE MANIPULATION;
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US application 62/098,059, 30-Dec-14, 62/181,641, 18-Jun-2015, and 62/181,667, 18-Jun-2015,
RNA-TARGETING SYSTEM; US application 62/096,656, 24-Dec-14 and 62/181,151, 17-Jun-2015,
CRISPR HAVING OR ASSOCIATED WITH DESTABILIZATION DOMAINS; US application 62/096,697,
24-Dec-14, CRISPR HAVING OR ASSOCIATED WITH AAV; US application 62/098,158, 30-Dec-14,
ENGINEERED CRISPR COMPLEX INSERTIONAL TARGETING SYSTEMS; US application 62/151,052,
22-Apr-15, CELLULAR TARGETING FOR EXTRACELLULAR EXOSOMAL REPORTING; US application
62/054,490, 24-Sep-14, DELIVERY, USE AND THERAPEUTIC APPLICATIONS OF THE CRISPR-CAS
SYSTEMS AND COMPOSITIONS FOR TARGETING DISORDERS AND DISEASES USING PARTICLE
DELIVERY COMPONENTS; US application 61/939,154, 12-F EB-14, SYSTEMS, METHODS
AND COMPOSITIONS FOR SEQUENCE MANIPULATION WITH OPTIMIZED FUNCTIONAL CRISPR-
CAS SYSTEMS; US application 62/055,484, 25-Sep-14, SYSTEMS, METHODS AND
COMPOSITIONS FOR SEQUENCE MANIPULATION WITH OPTIMIZED FUNCTIONAL CRISPR-CAS
SYSTEMS; US application 62/087,537, 4-Dec-14, SYSTEMS, METHODS AND COMPOSITIONS FOR
SEQUENCE MANIPULATION WITH OPTIMIZED FUNCTIONAL CRISPR-CAS SYSTEMS; US
application 62/054,651, 24-Sep-14, DELIVERY, USE AND THERAPEUTIC APPLICATIONS OF THE
CRISPR-CAS SYSTEMS AND COMPOSITIONS FOR MODELING COMPETITION OF MULTIPLE
CANCER MUTATIONS IN VIVO; US application 62/067,886, 23-Oct-14, DELIVERY, USE AND
THERAPEUTIC APPLICATIONS OF THE CRISPR-CAS SYSTEMS AND COMPOSITIONS FOR
MODELING COMPETITION OF MULTIPLE CANCER MUTATIONS IN VIVO; US applications
62/054,675, 24-Sep-14 and 62/181,002, 17-Jun-2015, DELIVERY, USE AND THERAPEUTIC
APPLICATIONS OF THE CRISPR-CAS SYSTEMS AND COMPOSITIONS IN NEURONAL
CELLS/TISSUES; US application 62/054,528, 24-Sep-14, DELIVERY, USE AND THERAPEUTIC
APPLICATIONS OF THE CRISPR-CAS SYSTEMS AND COMPOQOSITIONS IN IMMUNE DISEASES OR
DISORDERS; US application 62/055,454, 25-Sep-14, DELIVERY, USE AND THERAPEUTIC
APPLICATIONS OF THE CRISPR-CAS SYSTEMS AND COMPOSITIONS FOR TARGETING DISORDERS
AND DISEASES USING CELL PENETRATION PEPTIDES (CPP); US application 62/055,460, 25-Sep-
14, MULTIFUNCTIONAL-CRISPR COMPLEXES AND/OR OPTIMIZED ENZYME LINKED
FUNCTIONAL-CRISPR COMPLEXES; US application 62/087,475, 4-Dec-14 and 62/181,690, 18-
Jun-2015, FUNCTIONAL SCREENING WITH OPTIMIZED FUNCTIONAL CRISPR-CAS SYSTEMS; US
application 62/055,487, 25-Sep-14, FUNCTIONAL SCREENING WITH OPTIMIZED FUNCTIONAL
CRISPR-CAS SYSTEMS; US application 62/087,546, 4-Dec-14 and 62/181,687, 18-Jun-2015,
MULTIFUNCTIONAL CRISPR COMPLEXES AND/OR OPTIMIZED ENZYME LINKED FUNCTIONAL-
CRISPR COMPLEXES; and US application 62/098,285, 30-Dec-14, CRISPR MEDIATED IN VIVO
MODELING AND GENETIC SCREENING OF TUMOR GROWTH AND METASTASIS. Mention is
made of US applications 62/181,659, 18-Jun-2015 and 62/207,318, 19-Aug-2015,
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ENGINEERING AND OPTIMIZATION OF SYSTEMS, METHODS, ENZYME AND GUIDE SCAFFOLDS
OF CAS9 ORTHOLOGS AND VARIANTS FOR SEQUENCE MANIPULATION. Mention is made of US
applications 62/181,663, 18-Jun-2015 and 62/245,264, 22-Oct-2015, NOVEL CRISPR ENZYMES
AND SYSTEMS, US applications 62/181,675, 18-Jun-2015, and Attorney Docket No.
46783.01.2128, filed 22-Oct-2015, NOVEL CRISPR ENZYMES AND SYSTEMS, US application
62/232,067, 24-Sep-2015, US application 62/205,733, 16-Aug-2015, US application 62/201,542,
5-Aug-2015, US application 62/193,507, 16-Jul-2015, and US application 62/181,739, 18-Jun-
2015, each entitled NOVEL CRISPR ENZYMES AND SYSTEMS and of US application 62/245,270,
22-Oct-2015, NOVEL CRISPR ENZYMES AND SYSTEMS. Mention is also made of US application
61/939,256, 12-Feb-2014, and WO 2015/089473 (PCT/US2014/070152), 12-Dec-2014, each
entitled ENGINEERING OF SYSTEMS, METHODS AND OPTIMIZED GUIDE COMPOSITIONS WITH
NEW ARCHITECTURES FOR SEQUENCE MANIPULATION. Mention is also made of
PCT/US2015/045504, 15-Aug-2015, US application 62/180,699, 17-Jun-2015, and US
application 62/038,358, 17-Aug-2014, each entitled GENOME EDITING USING CAS9 NICKASES.
European patent application EP3009511. Reference is further made to Multiplex genome
engineering using CRISPR/Cas systems. Cong, L., Ran, F.A., Cox, D, Lin, S., Barretto, R., Habib,
N., Hsu, P.D., Wu, X,, Jiang, W., Marraffini, L.A., & Zhang, F. Science Feb 15;339(6121):819-23
(2013); RNA-guided editing of bacterial genomes using CRISPR-Cas systems. Jiang W., Bikard D.,
Cox D., Zhang F, Marraffini LA. Nat Biotechnol Mar;31(3):233-9 (2013); One-Step Generation of
Mice Carrying Mutations in Multiple Genes by CRISPR/Cas-Mediated Genome Engineering.
Wang H., Yang H., Shivalila CS., Dawlaty MM., Cheng AW., Zhang F., Jaenisch R. Cell May
9;153(4):910-8 (2013); Optical control of mammalian endogenous transcription and epigenetic
states. Konermann S, Brigham MD, Trevino AE, Hsu PD, Heidenreich M, Cong L, Platt RJ, Scott
DA, Church GM, Zhang F. Nature. 2013 Aug 22;500(7463):472-6. doi: 10.1038/Nature12466.
Epub 2013 Aug 23; Double Nicking by RNA-Guided CRISPR Cas9 for Enhanced Genome Editing
Specificity. Ran, FA., Hsu, PD., Lin, CY., Gootenberg, JS., Konermann, S., Trevino, AE., Scott, DA.,
Inoue, A., Matoba, S., Zhang, Y., & Zhang, F. Cell Aug 28. pii: S0092-8674(13)01015-5. (2013);
DNA targeting specificity of RNA-guided Cas9 nucleases. Hsu, P., Scott, D., Weinstein, J., Ran,
FA., Konermann, S., Agarwala, V., Li, Y., Fine, E., Wu, X., Shalem, O., Cradick, TJ., Marraffini, LA,
Bao, G., & Zhang, F. Nat Biotechnol doi:10.1038/nbt.2647 (2013); Genome engineering using
the CRISPR-Cas9 system. Ran, FA., Hsu, PD., Wright, J., Agarwala, V., Scott, DA., Zhang, F.
Nature Protocols Nov;8(11):2281-308. (2013); Genome-Scale CRISPR-Cas9 Knockout Screening
in Human Cells. Shalem, O., Sanjana, NE., Hartenian, E., Shi, X., Scott, DA., Mikkelson, T., Heckl,
D., Ebert, BL., Root, DE., Doench, JG., Zhang, F. Science Dec 12. (2013). [Epub ahead of print];

Crystal structure of cas9 in complex with guide RNA and target DNA. Nishimasu, H., Ran, FA,,
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Hsu, PD., Konermann, S., Shehata, SI., Dohmae, N., Ishitani, R., Zhang, F., Nureki, O. Cell Feb 27.
(2014). 156(5):935-49; Genome-wide binding of the CRISPR endonuclease Cas9 in mammalian
cells. Wu X., Scott DA., Kriz AJ.,, Chiu AC., Hsu PD., Dadon DB., Cheng AW., Trevino AE.,
Konermann S., Chen S., Jaenisch R., Zhang F., Sharp PA. Nat Biotechnol. (2014) Apr 20. doi:
10.1038/nbt.2889; CRISPR-Cas9 Knockin Mice for Genome Editing and Cancer Modeling, Platt
et al., Cell 159(2): 440-455 (2014) DOI: 10.1016/j.cell.2014.09.014; Development and
Applications of CRISPR-Cas9 for Genome Engineering, Hsu et al, Cell 157, 1262-1278 (June 5,
2014) (Hsu 2014); Genetic screens in human cells using the CRISPR/Cas9 system, Wang et al.,
Science. 2014 January 3; 343(6166): 80—-84. doi:10.1126/science.1246981; Rational design of
highly active sgRNAs for CRISPR-Cas9-mediated gene inactivation, Doench et al., Nature
Biotechnology = 32(12):1262-7 (2014) published online 3  September 2014;
do0i:10.1038/nbt.3026, and In vivo interrogation of gene function in the mammalian brain using
CRISPR-Cas9, Swiech et al, Nature Biotechnology 33, 102—-106 (2015) published online 19
October 2014; doi:10.1038/nbt.3055, Cpfl Is a Single RNA-Guided Endonuclease of a Class 2
CRISPR-Cas System, Zetsche et al.,, Cell 163, 1-13 (2015); Discovery and Functional
Characterization of Diverse Class 2 CRISPR-Cas Systems, Shmakov et al., Mol Cell 60(3): 385-
397 (2015); C2c2 is a single-component programmable RNA-guided RNA-targeting CRISPR
effector, Abudayyeh et al, Science (2016) published online June 2, 2016 doi:
10.1126/science.aaf5573. Each of these publications, patents, patent publications, and
applications, and all documents cited therein or during their prosecution ("appln cited
documents") and all documents cited or referenced in the appln cited documents, together
with any instructions, descriptions, product specifications, and product sheets for any products
mentioned therein or in any document therein and incorporated by reference herein, are
hereby incorporated herein by reference, and may be employed in the practice of the
invention. All documents (e.g., these patents, patent publications and applications and the
appln cited documents) are incorporated herein by reference to the same extent as if each

individual document was specifically and individually indicated to be incorporated by reference.

In certain embodiments, the CRISPR/Cas system or complex is a class 2 CRISPR/Cas system. In
certain embodiments, said CRISPR/Cas system or complex is a type Il, type V, or type VI
CRISPR/Cas system or complex. The CRISPR/Cas system does not require the generation of
customized proteins to target specific sequences but rather a single Cas protein can be
programmed by an RNA guide (gRNA) to recognize a specific nucleic acid target, in other words
the Cas enzyme protein can be recruited to a specific nucleic acid target locus (which may

comprise or consist of RNA and/or DNA) of interest using said short RNA guide.
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In general, the CRISPR/Cas or CRISPR system is as used herein foregoing documents refers
collectively to transcripts and other elements involved in the expression of or directing the
activity of CRISPR-associated (“Cas”) genes, including sequences encoding a Cas gene and one
or more of, a tracr (trans-activating CRISPR) sequence (e.g. tracrRNA or an active partial
tracrRNA), a tracr-mate sequence (encompassing a “direct repeat” and a tracrRNA-processed
partial direct repeat in the context of an endogenous CRISPR system), a guide sequence (also
referred to as a “spacer” in the context of an endogenous CRISPR system), or “RNA(s)” as that
term is herein used (e.g., RNA(s) to guide Cas, such as Cas9, e.g. CRISPR RNA and, where
applicable, transactivating (tracr) RNA or a single guide RNA (sgRNA) (chimeric RNA)) or other
sequences and transcripts from a CRISPR locus. In general, a CRISPR system is characterized by
elements that promote the formation of a CRISPR complex at the site of a target sequence
(also referred to as a protospacer in the context of an endogenous CRISPR system). In the
context of formation of a CRISPR complex, “target sequence” refers to a sequence to which a
guide sequence is designed to have complementarity, where hybridization between a target
sequence and a guide sequence promotes the formation of a CRISPR complex. A target

sequence may comprise any polynucleotide, such as DNA or RNA polynucleotides.

In certain embodiments, the gRNA is a chimeric guide RNA or single guide RNA (sgRNA). In
certain embodiments, the gRNA comprises a guide sequence and a tracr mate sequence (or
direct repeat). In certain embodiments, the gRNA comprises a guide sequence, a tracr mate
sequence (or direct repeat), and a tracr sequence. In certain embodiments, the CRISPR/Cas
system or complex as described herein does not comprise and/or does not rely on the

presence of a tracr sequence (e.g. if the Cas protein is Cpf1).

As used herein, the term “crRNA” or “guide RNA” or “single guide RNA” or “sgRNA” or “one or
more nucleic acid components” of a CRISPR/Cas locus effector protein, as applicable,
comprises any polynucleotide sequence having sufficient complementarity with a target
nucleic acid sequence to hybridize with the target nucleic acid sequence and direct sequence-
specific binding of a nucleic acid-targeting complex to the target nucleic acid sequence. In
some embodiments, the degree of complementarity, when optimally aligned using a suitable
alignment algorithm, is about or more than about 50%, 60%, 75%, 80%, 85%, 90%, 95%, 97.5%,
99%, or more. Optimal alignment may be determined with the use of any suitable algorithm
for aligning sequences, non-limiting example of which include the Smith-Waterman algorithm,
the Needleman-Wunsch algorithm, algorithms based on the Burrows-Wheeler Transform (e.g.,
the Burrows Wheeler Aligner), ClustalW, Clustal X, BLAT, Novoalign (Novocraft Technologies;

available at www.novocraft.com), ELAND (lllumina, San Diego, CA), SOAP (available at
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soap.genomics.org.cn), and Magq (available at mag.sourceforge.net). The ability of a guide
sequence (within a nucleic acid-targeting guide RNA) to direct sequence-specific binding of a
nucleic acid -targeting complex to a target nucleic acid sequence may be assessed by any

suitable assay.

A guide sequence, and hence a nucleic acid-targeting guide RNA may be selected to target any
target nucleic acid sequence. The target sequence may be DNA. The target sequence may be
genomic DNA. The target sequence may be mitochondrial DNA. The target sequence may be
any RNA sequence. In some embodiments, the target sequence may be a sequence within a
RNA molecule selected from the group consisting of messenger RNA (mRNA), pre-mRNA,
ribosomal RNA (rRNA), transfer RNA (tRNA), micro-RNA (miRNA), small interfering RNA (siRNA),
small nuclear RNA (snRNA), small nucleolar RNA (snoRNA), double stranded RNA (dsRNA), non-
coding RNA (ncRNA), long non-coding RNA (IncRNA), and small cytoplasmatic RNA (scRNA). In
some preferred embodiments, the target sequence may be a sequence within a RNA molecule
selected from the group consisting of mRNA, pre-mRNA, and rRNA. In some preferred
embodiments, the target sequence may be a sequence within a RNA molecule selected from
the group consisting of ncRNA, and IncRNA. In some more preferred embodiments, the target

sequence may be a sequence within an mRNA molecule or a pre-mRNA molecule.

In certain embodiments, the gRNA comprises a stem loop, preferably a single stem loop. In
certain embodiments, the direct repeat sequence forms a stem loop, preferably a single stem
loop. In certain embodiments, the spacer length of the guide RNA is from 15 to 35 nt. In
certain embodiments, the spacer length of the guide RNA is at least 15 nucleotides. In certain
embodiments, the spacer length is from 15 to 17 nt, e.g., 15, 16, or 17 nt, from 17 to 20 nt, e.g.,
17, 18, 19, or 20 nt, from 20 to 24 nt, e.g., 20, 21, 22, 23, or 24 nt, from 23 to 25 nt, e.g., 23, 24,
or 25 nt, from 24 to 27 nt, e.g., 24, 25, 26, or 27 nt, from 27-30 nt, e.g., 27, 28, 29, or 30 nt,
from 30-35 nt, e.g., 30, 31, 32, 33, 34, or 35 nt, or 35 nt or longer. In particular embodiments,
the CRISPR/Cas system requires a tracrRNA. The “tracrRNA” sequence or analogous terms
includes any polynucleotide sequence that has sufficient complementarity with a crRNA
sequence to hybridize. In some embodiments, the degree of complementarity between the
tracrRNA sequence and crRNA sequence along the length of the shorter of the two when
optimally aligned is about or more than about 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%,
97.5%, 99%, or higher. In some embodiments, the tracr sequence is about or more than about
5 6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 40, 50, or more nucleotides in
length. In some embodiments, the tracr sequence and gRNA sequence are contained within a

single transcript, such that hybridization between the two produces a transcript having a
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secondary structure, such as a hairpin. In an embodiment of the invention, the transcript or
transcribed polynucleotide sequence has at least two or more hairpins. In preferred
embodiments, the transcript has two, three, four or five hairpins. In a further embodiment of
the invention, the transcript has at most five hairpins. In a hairpin structure the portion of the
sequence 5’ of the final “N” and upstream of the loop may correspond to the tracr mate
sequence, and the portion of the sequence 3’ of the loop then corresponds to the tracr
sequence. In a hairpin structure the portion of the sequence 5’ of the final “N” and upstream
of the loop may alternatively correspond to the tracr sequence, and the portion of the
sequence 3’ of the loop corresponds to the tracr mate sequence. In alternative embodiments,

the CRISPR/Cas system does not require a tracrRNA, as is known by the skilled person.

In certain embodiments, the guide RNA (capable of guiding Cas to a target locus) may comprise
(1) a guide sequence capable of hybridizing to a target locus and (2) a tracr mate or direct
repeat sequence (in 5’ to 3’ orientation, or alternatively in 3’ to 5’ orientation, depending on
the type of Cas protein, as is known by the skilled person). In particular embodiments, the
CRISPR/Cas protein is characterized in that it makes use of a guide RNA comprising a guide
sequence capable of hybridizing to a target locus and a direct repeat sequence, and does not
require a tracrRNA. In particular embodiments, where the CRISPR/Cas protein is characterized
in that it makes use of a tracrRNA, the guide sequence, tracr mate, and tracr sequence may
reside in a single RNA, i.e. an sgRNA (arranged in a 5’ to 3’ orientation or alternatively arranged
in a 3’ to 5’ orientation), or the tracr RNA may be a different RNA than the RNA containing the
guide and tracr mate sequence. In these embodiments, the tracr hybridizes to the tracr mate

sequence and directs the CRISPR/Cas complex to the target sequence.

Typically, in the context of an endogenous nucleic acid-targeting system, formation of a nucleic
acid-targeting complex (comprising a guide RNA hybridized to a target sequence and
complexed with one or more nucleic acid-targeting effector proteins) results in modification
(such as cleavage) of one or both DNA or RNA strands in or near (e.g., within1, 2, 3,4,5,6,7, 8,
9, 10, 20, 50, or more base pairs from) the target sequence. As used herein the term
“sequence(s) associated with a target locus of interest” refers to sequences near the vicinity of
the target sequence (e.g. within 1, 2, 3, 4,5, 6, 7, 8, 9, 10, 20, 50, or more base pairs from the
target sequence, wherein the target sequence is comprised within a target locus of interest).
The skilled person will be aware of specific cut sites for selected CRISPR/Cas systems, relative
to the target sequence, which as is known in the art may be within the target sequence or

alternatively 3’ or 5’ of the target sequence.

In some embodiments, the unmodified nucleic acid-targeting effector protein may have
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nucleic acid cleavage activity. In some embodiments, the nuclease as described herein may
direct cleavage of one or both nucleic acid (DNA, RNA, or hybrids, which may be single or
double stranded) strands at the location of or near a target sequence, such as within the target
sequence and/or within the complement of the target sequence or at sequences associated
with the target sequence. In some embodiments, the nucleic acid-targeting effector protein
may direct cleavage of one or both DNA or RNA strands within about 1, 2, 3,4, 5,6, 7, 8, 9, 10,
15, 20, 25, 50, 100, 200, 500, or more base pairs from the first or last nucleotide of a target
sequence. In some embodiments, the cleavage may be blunt (e.g. for Cas9, such as SaCas9 or
SpCas9). In some embodiments, the cleavage may be staggered (e.g. for Cpfl), i.e. generating
sticky ends. In some embodiments, the cleavage is a staggered cut with a 5’ overhang. In some
embodiments, the cleavage is a staggered cut with a 5 overhang of 1 to 5 nucleotides,
preferably of 4 or 5 nucleotides. In some embodiments, the cleavage site is upstream of the
PAM. In some embodiments, the cleavage site is downstream of the PAM. In some
embodiments, the nucleic acid-targeting effector protein that may be mutated with respect to
a corresponding wild-type enzyme such that the mutated nucleic acid-targeting effector
protein lacks the ability to cleave one or both DNA or RNA strands of a target polynucleotide
containing a target sequence. As a further example, two or more catalytic domains of a Cas
protein (e.g. RuvC I, RuvC I, and RuvC lll or the HNH domain of a Cas9 protein) may be
mutated to produce a mutated Cas protein substantially lacking all DNA cleavage activity. In
some embodiments, a nucleic acid-targeting effector protein may be considered to
substantially lack all DNA and/or RNA cleavage activity when the cleavage activity of the
mutated enzyme is about no more than 25%, 10%, 5%, 1%, 0.1%, 0.01%, or less of the nucleic
acid cleavage activity of the non-mutated form of the enzyme; an example can be when the
nucleic acid cleavage activity of the mutated form is nil or negligible as compared with the
non-mutated form. As used herein, the term “modified” Cas generally refers to a Cas protein
having one or more modifications or mutations (including point mutations, truncations,
insertions, deletions, chimeras, fusion proteins, etc.) compared to the wild type Cas protein
from which it is derived. By derived is meant that the derived enzyme is largely based, in the
sense of having a high degree of sequence homology with, a wildtype enzyme, but that it has

been mutated (modified) in some way as known in the art or as described herein.

In certain embodiments, the target sequence should be associated with a PAM (protospacer
adjacent motif) or PFS (protospacer flanking sequence or site); that is, a short sequence
recognized by the CRISPR complex. The precise sequence and length requirements for the

PAM differ depending on the CRISPR enzyme used, but PAMs are typically 2-5 base pair
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sequences adjacent the protospacer (that is, the target sequence). Examples of PAM
sequences are given in the examples section below, and the skilled person will be able to
identify further PAM sequences for use with a given CRISPR enzyme. Further, engineering of
the PAM Interacting (PI) domain may allow programing of PAM specificity, improve target site
recognition fidelity, and increase the versatility of the Cas, e.g. Cas9, genome engineering
platform. Cas proteins, such as Cas9 proteins may be engineered to alter their PAM specificity,
for example as described in Kleinstiver BP et al. Engineered CRISPR-Cas9 nucleases with altered
PAM specificities. Nature. 2015 Jul 23;523(7561):481-5. doi: 10.1038/nature14592. In some
embodiments, the method comprises allowing a CRISPR complex to bind to the target
polynucleotide to effect cleavage of said target polynucleotide thereby modifying the target
polynucleotide, wherein the CRISPR complex comprises a CRISPR enzyme complexed with a
guide sequence hybridized to a target sequence within said target polynucleotide, wherein
said guide sequence is linked to a tracr mate sequence which in turn hybridizes to a tracr
sequence. The skilled person will understand that other Cas proteins may be modified

analogously.

The Cas protein as referred to herein, such as without limitation Cas9, Cpfl (Cas12a), C2c1
(Cas12b), C2c2 (Cas13a), C2c3, Cas13b protein, may originate from any suitable source, and
hence may include different orthologues, originating from a variety of (prokaryotic) organisms,
as is well documented in the art. In certain embodiments, the Cas protein is (modified) Cas9,
preferably (modified) Staphylococcus aureus Cas9 (SaCas9) or (modified) Streptococcus
pyogenes Cas9 (SpCas9). In certain embodiments, the Cas protein is (modified) Cpfl,
preferably Acidaminococcus sp., such as Acidaminococcus sp. BV3L6 Cpfl (AsCpfl) or
Lachnospiraceae bacterium Cpfl, such as Lachnospiraceae bacterium MA2020 or
Lachnospiraceae bacterium MD2006 (LbCpfl). In certain embodiments, the Cas protein is
(modified) C2c2, preferably Leptotrichia wadei C2¢c2 (LwC2c2) or Listeria newyorkensis FSL M6-
0635 C2c2 (LbFSLC2c2). In certain embodiments, the {(modified) Cas protein is C2cl. In certain
embodiments, the (modified) Cas protein is C2¢3. In certain embodiments, the (modified) Cas

protein is Cas13b.

In certain embodiments, the nucleic acid modification is effected by random mutagenesis.
Cells or organisms may be exposed to mutagens such as UV radiation or mutagenic chemicals
(such as for instance such as ethyl methanesulfonate (EMS)), and mutants with desired
characteristics are then selected. Mutants can for instance be identified by TILLING (Targeting
Induced Local Lesions in Genomes). The method combines mutagenesis, such as mutagenesis

using a chemical mutagen such as ethyl methanesulfonate (EMS) with a sensitive DNA
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screening-technique that identifies single base mutations/point mutations in a target gene.
The TILLING method relies on the formation of DNA heteroduplexes that are formed when
multiple alleles are amplified by PCR and are then heated and slowly cooled. A “bubble” forms
at the mismatch of the two DNA strands, which is then cleaved by a single stranded nucleases.
The products are then separated by size, such as by HPLC. See also McCallum et al. “Targeted
screening for induced mutations”; Nat Biotechnol. 2000 Apr;18(4):455-7 and McCallum et al.
“Targeting induced local lesions IN genomes (TILLING) for plant functional genomics”; Plant

Physiol. 2000 Jun;123(2):439-42.

RNA interference (RNAI) is a biological process in which RNA molecules inhibit gene expression
or translation, by neutralizing targeted mRNA molecules. Two types of small ribonucleic acid
(RNA) molecules — microRNA (miRNA) and small interfering RNA (siRNA) — are central to RNA
interference. RNAs are the direct products of genes, and these small RNAs can bind to other
specific messenger RNA (mRNA) molecules and either increase or decrease their activity, for
example by preventing an mRNA from being translated into a protein. The RNAi pathway is
found in many eukaryotes, including animals, and is initiated by the enzyme Dicer, which
cleaves long double-stranded RNA (dsRNA) molecules into short double-stranded fragments of
about 21 nucleotide siRNAs (small interfering RNAs). Each siRNA is unwound into two single-
stranded RNAs (ssRNAs), the passenger strand and the guide strand. The passenger strand is
degraded and the guide strand is incorporated into the RNA-induced silencing complex (RISC).
Mature miRNAs are structurally similar to siRNAs produced from exogenous dsRNA, but before
reaching maturity, miRNAs must first undergo extensive post-transcriptional modification. A
miRNA is expressed from a much longer RNA-coding gene as a primary transcript known as a
pri-miRNA which is processed, in the cell nucleus, to a 70-nucleotide stem-loop structure called
a pre-miRNA by the microprocessor complex. This complex consists of an RNase Ill enzyme
called Drosha and a dsRNA-binding protein DGCR8. The dsRNA portion of this pre-miRNA is
bound and cleaved by Dicer to produce the mature miRNA molecule that can be integrated
into the RISC complex; thus, miRNA and siRNA share the same downstream cellular machinery.
A short hairpin RNA or small hairpin RNA (shRNA/Hairpin Vector) is an artificial RNA molecule
with a tight hairpin turn that can be used to silence target gene expression via RNA
interference. The most well-studied outcome is post-transcriptional gene silencing, which
occurs when the guide strand pairs with a complementary sequence in a messenger RNA
molecule and induces cleavage by Argonaute 2 (Ago2), the catalytic component of the RISC. As
used herein, an RNAi molecule may be an siRNA, shRNA, or a miRNA. In will be understood

that the RNAi molecules can be applied as such to/in the plant, or can be encoded by
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appropriate vectors, from which the RNAi molecule is expressed. Delivery and expression

systems of RNAi molecules, such as siRNAs, shRNAs or miRNAs are well known in the art.

In an aspect, the invention relates to a polynucleic acid, preferably an isolated polynucleic acid,
capable of specifically hybridizing with any of the nucleic acid molecules of the invention as
described herein, or the complement or reverse complement thereof. In certain embodiments,
such polynucleic acid is capable of specifically hybridizing with a nucleotide sequence molecule
of SEQID NO: 1, 2, 4, 10, 15, 16, 24, 25, 30, 35, 36, 38, or 39; or the complement or the reverse
complement thereof. It will be understood that such polynucleic acid hybridizes specifically
with the recited sequences if it does not hybridize with related sequences (e.g. mutated genes
versus wild type genes). Such polynucleic acids can therefore be used to discriminate between
the haploid inducer enhancers according to the invention and other non-haploid inducer
enhancer plants. In certain embodiments, the polynucleic acid comprises less than 500
nucleotides, such as less than 400 nucleotides, such as less than 300 nucleotides, such as less
than 200 nucleotides, such as less than 100, nucleotides, such as preferably less than 80
nucleotides, more preferably less than 60 nucleotides, most preferably less than 40
nucleotides. In certain embodiments, such polynucleic acids comprise at least 5 nucleotides,
preferably at least 10 nucleotides, more preferably at least 15 nucleotides. In certain
embodiments, polynucleic acids can therefore be used to discriminate between the haploid
inducer enhancers according to the invention and other non-haploid inducer enhancer plants.
In certain embodiments, the polynucleic acid comprises less than 500 nucleotides, such as less
than 400 nucleotides, such as less than 300 nucleotides, such as less than 200 nucleotides,
such as less than 100, nucleotides, such as preferably less than 80 nucleotides, more
preferably less than 60 nucleotides, most preferably less than 40 nucleotides; and at least 5
nucleotides, preferably at least 10 nucleotides, more preferably at least 15 nucleotides. In
certain embodiments, such polynucleic acids comprise from 10 to 60 nucleotides, preferably
from 15 to 40 nucleotides. In certain embodiments, such polynucleic acids are primers or

probes, as described herein elsewhere.
The invention further relates to a kit comprising one or more of the above polynucleic acid.

The aspects and embodiments of the invention are further supported by the following non-

limiting examples.
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EXAMPLES
Example 1: QTL analysis and identification of candidate genes

The functionality of the QTL HIR8 on chromosome 9 was shown by comparing the induction
rate of recombinants carrying only the functional mutation (HIR1 carrying the PLA1 gene), only

the QTL on chromosome 9 (HIR8) or both:

HIR1 HIR8 # lines . haploid
induction rate
no no 31 0.4%
no yes 36 0.2%
yes no 22 4.1%
yes yes 11 10.6%

In order to identify the underlying genes and to molecularly describe this new locus, a detailed

molecular analysis was performed.

All genes in this locus were analyzed for differential expression in pollen in RWS, a haploid
inducer line based on Stock 6 (Coe, 1959), compared to three control genotypes (B73, A188
and 1G (IG type haploid induction, which is a result of a mutation in the INDETERMINATE
GAMETOPHYTE1 gene on chromosome 3)) using RNASeq data.

In addition, for all pollen expressed genes, BAC clones were isolated from RWS, and the gene

and amino acid sequences were compared to known reference sequences.

This data analysis resulted in the following list of candidate gene:

Gene E-xpr(:zs- Diff- . . Potential function
Gene |sionin . Annotation Seq analysis . . .
ID Expression in haploid induction
Pollen
GRMZ 2x over- . same amino acid Myosin involved in
. Myosin heavy . cell movement and
1 M2G4 yes expression chain sequence in RWS transport Drocesses
35294 in RWS as in Ref ransport p
in the pollen tube
PPR proteins
important for
mitochondrial
exchanee of 2 function, known as
GRMZ aminG agcids at restorers for
2 M2G0 yes no PPR repeat . o cytoplasmatic male
5’end, specific to e
94586 sterility. The gene
RWS .
could be important
for maintaining the
energy supply in the
pollen tube
3 GRMZ os missing in Aquaporin o data vet regulation of water
M2G0 y RWS and quap y content in the
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81239 IG pollen tube
SUR2,
Memb
GRMZ only . ém rane . . lipid synthesis in the
lipid amino acid .
4 M2G1 yes expressed metabolism: | exchanee POOR fast growing pollen
24276 in RWS -abolsm, 8 tube
sphingolipid
biosynthesis
TB2/DP1 and
GRMZ HVA22 amino acid o .
related exchange, protein involved in
5 M5G8 yes no . . .
6101 proteins Frameshift at membrane traffic
(ABA, stress 3'end
related)

By fine-mapping of the region in an F2 population with the fixed RWS-allele of HIR1 and
segregation of HIR8, the region could be reduced to a genomic fragment containing gene 1
(myosin; RWS and W22: genomic DNA=SEQ ID NO: 1; cDNA=SEQ ID NO: 2; protein: SEQ ID NO:
3; B73 control: genomic DNA=SEQ ID NO: 5; cDNA=SEQ ID NO: 6; protein: SEQ ID NO: 7), gene
2 (PPR; RWS and W22: genomic DNA=SEQ ID NO: 15; cDNA=SEQ ID NO: 16; protein: SEQ ID NO:
17; B73 control: genomic DNA=SEQ ID NO: 18; cDNA=SEQ ID NO: 19; protein: SEQ ID NO: 20)
and gene 3 (aquaporin; RWS and W22: genomic DNA=SEQ ID NO: 24; cDNA=SEQ ID NO: 25;
protein: SEQ ID NO: 26; B73 control: genomic DNA=SEQ ID NO: 27; cDNA=SEQ ID NO: 28;
protein: SEQ ID NO: 29).

The haplotype of the region of interest, based on 600k markers, is identical between RWS,
KW5526 and the public line W22. In order to control if the locus in RWS contains any
additional mutation in comparison to the wildtype line KW5526, KW5526 was sequenced (40x
coverage, lllumina) and the genic sequences were compared. No differences could be
identified. The functionality of the HIR8 allele in KW5526 was shown in an F2 line containing

HIR1 of RWS and HIR8 of KW5526. The induction rate increased from 1.6% (control lines) to 4%.

The complete genomic sequence of W22 was determined by NRGene and published in 2017.
This sequence was compared to the BAC sequences in the promoter regions of myosin and
aquaporin, both being differentially expressed in RWS compared to control lines. Again, no
difference between RWS and W22 was observed. Anyhow both promotors showed extreme

differences to the control line B73.

Directly upstream of the myosin gene (upstream region: SEQ ID NO: 4), a fragment of 31.7 kb
length is inserted in W22. Annotation showed two additional genes, one zinc ion binding gene

with two exons and UTR, i.e. all characteristics of a functional gene. The second gene seems to
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be a transposable element. The RNASeq data of RWS pollen, which were mapped to W22, did
not show any expression of these genes. Myosin itself is expressed 2-3 fold higher than in

control lines. The introgression in the promotor may be responsible for this effect.

The line PH207 is not carrier of the HIR8 QTL and has been used for generation of a TILLING
population. The TILLING population of PH207 was screened for myosin mutants. These were
crossed to a mutant of HIR1, which has an induction rate of 1-2% on its own. Double
homozygous plants were tested for induction using a glossy tester and subsequent
flowcytometry. The myosin mutant PH207m021m showed an induction rate of 6.9% after
combination with the HIR1 mutant PH207m007ad (sequences of mutated PLA1: genomic
DNA=SEQ ID NO: 38; cDNA=SEQ ID NO: 39; protein=SEQ ID NO: 40). PH207m021m carries an
alanine instead of a valine at position 325 (mutated fragment of the genomic DNA=SEQ ID NO:
10, mutated fragment of the protein=SEQ ID NO: 11; for comparison wildtype fragment of the
genomic DNA=SEQ ID NO: 8, wildtype fragment of the protein=SEQ ID NO: 9. Without wishing
to be bound by theory, this mutation in the myosin gene may disrupt a helix structure around
amino acid position 325 (Fig. 1) leading to either an increase of the stability of the protein or

its functionality, thus mimicking an effect of overexpression.

In the region upstream of aquaporin, a fragment of 3.7 kb (in B73) is exchanged by a fragment
of 18.3 kb (W22 and RWS) (upstream region in RWS and W22=SEQ ID NO: 30; upstream region
in B73=SEQ ID NO: 31). The inserted fragment contains one expressed gene of unknown
function (genomic DNA=SEQ ID NO: 35; cDNA=SEQ ID NO: 36; protein: SEQ ID NO: 37). It

appears to be the reason for suppression of expression of aquaporin in RWS pollen.

Overall, four genes could be identified which are important for the in vivo haploid induction or
the in vivo haploid induction capability in maize:

- myosin, overexpressed by a modified promoter

- PPR, by exchange of amino acid sequence

- aquaporin, by suppression of expression (caused by modified promoter)

gene of unknown function upstream aquaporin
Any of these genes individually, or any combination of the genes, may be responsible for the

effect of haploid induction.



10

15

20

25

30

35

WO 2020/239680 PCT/EP2020/064420
97

CLAIMS

1. A nucleic acid molecule, comprising a nucleotide sequence, which:
(i) is a sequence selected from the group consisting of SEQ ID NOs: 1, 4, 5, 8, 10, 12,
15, 18, 21, 30, and 35, or a functional fragment thereof;
(ii) has a coding sequence selected from the group consisting of SEQ ID NOs: 2, 6, 13,
16, 19, 22 and 36; or

(iii) is complementary to the sequence from (i) or (ii); or
(iv) is at least 80% identical to the sequence from (i) or (ii); or
(v) encodes a protein comprising an amino acid sequence selected from the group

consisting of SEQ ID NOs: 3, 7,9, 11, 14, 17, 20, 23 and 37, or a functional part of
the protein; or

(vi) encodes a protein comprising an amino acid sequence which is at least 80%
identical to a sequence selected from the group consisting of SEQ ID NOs: 3, 7, 9,
11, 14, 17, 20, 23 and 37, or a functional part of the protein; or

(vii) hybridizes with a sequence from (iii) under stringent conditions.,

2. A nucleic acid molecule, comprising a nucleotide sequence, which:
(i) is a sequence selected from the group consisting of SEQ ID NOs: 24, 27, and 32, or
a functional fragment thereof; or

(ii) has a coding sequence selected from the group consisting of SEQ ID NOs: 25, 28

and 33; or
(iii) is complementary to the sequence from (i) or (ii); or
(iv) is at least 80% identical to the sequence from (i) or {ii); or
(v) encodes a protein comprising an amino acid sequence selected from the group

consisting of SEQ ID NOs: 26, 29 and 34, or a functional part of the protein; or

(vi) encodes a protein comprising an amino acid sequence which is at least 80%
identical to a sequence selected from the group consisting of SEQ ID NOs: 26, 29
and 34, or a functional part of the protein; or

(vii) hybridizes with a sequence from (iii) under stringent conditions.

3. A nucleic acid molecule encoding an RNA that has a double-stranded portion, wherein at
least one strand of the double-stranded portion has a nucleotide sequence which is
homologous or identical to at least 14 successive nucleotides of a coding sequence of a nucleic

acid that:
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(i) has a sequence selected from the group consisting of SEQ ID Nos: 25, 28, and 33, or a
fragment thereof, in a sense or anti-sense orientation; or
(ii) is complementary to the sequence from (i); or
(i) is at least 80% identical to the sequence from (i); or

(vi) hybridizes with the sequence from (ii) under stringent conditions.

4. The nucleic acid molecule according to claim 1 or 3, wherein said nucleic acid, after
transcription or expression in a plant, or the nucleic acid molecule according to claim 2,
wherein said nucleotide, after silencing in a plant, is suitable for enhancing the haploid

induction capability of a haploid inducer plant.

5. The nucleic acid molecule according to claim 4, wherein said haploid inducer plant
comprises the HIR1 QTL, preferably wherein said haploid inducer plant is selected from or

derived from Stock 6, RWK, RWS, UH400, AX5707RS, NP2222-mai/.

6. The nucleic acid molecule according to claim 4 or 5, wherein said haploid inducer plant
comprises a mutated patatin-like phospholipase (PLA1), preferably wherein said PLA1 has a
sequence identical to the PLA1 sequence of Stock 6, RWK, RWS, UH400, AX5707RS, or NP2222-
mai/, more preferably wherein said PLA1
(i) having the nucleotide sequence of SEQ ID NO: 41 or 47 or a sequence which is at least 80%
identical to SEQ. ID NO: 41 or 47,
(i) having the coding sequence of SEQ ID NO: 42 or 48 or a sequence which is at least 80%
identical to SEQ ID NO: 42 or 48, or
(iii) encoding the amino acid sequence of SEQ ID NO: 43, 49 or 50 or a sequence which is at
least 80% identical to SEQ,ID NO: 43, 49 or 50,
comprises one or more mutation, preferably producing a change in the transcription or
expression rate of the PLA1 sequence in a plant, in comparison to a non-mutagenized wild-type
plant, or a change in the activity or stability of the encoded amino acid sequence in a plant, in
comparison to a non-mutagenized wild-type plant, preferably wherein the mutation causes the
property of a haploid inductor plant or increases the induction capability of a haploid inductor
plant,
preferably wherein the mutation is

(A) a deletion or mutation in SEQ ID NO: 41, 42, 47 or 48, preferably which leads to an

early stop codon causing a shortening of the encoded amino acid sequence, wherein



10

15

20

25

30

35

WO 2020/239680 PCT/EP2020/064420
99

preferably the amino acid sequence at the C-terminal end is shortened by 5 or more
amino acids, and/or

(B) a deletion or mutation in SEQ ID NO: 47 or 48 preferably resulting in an amino acid
sequence having SEQ ID NO: 46, or a deletion in SEQ ID NO: 41 or 42 preferably resulting
in an amino acid sequence having SEQ ID NO: 40;

(C) an alteration in the coding sequence of SEQ ID NO: 42 or 48 which causes an amino
acid exchange between amino acid positions 57 and 289 of SEQ ID NO: 43, 49, or 50;

(D) causes an amino acid exchange in the amino acid sequence of SEQ ID NO: 43, 49 or
50 at position 58, wherein arginine is replaced by glutamine (R58Q);

(E) causes an amino acid exchange in the amino acid sequence of SEQ ID NO: 43, 49 or
50 at position 74, wherein aspartate is replaced by asparagine (D74N);

(F) causes an amino acid exchange in the amino acid sequence of SEQ ID NO: 43, 49 or
50 at position 78, wherein glycine is replaced by arginine (G78R);

(G) causes an amino acid exchange in the amino acid sequence of SEQ ID NO: 43, 49 or
50 at position 160, wherein valine is replaced by isoleucine (V160l);

(H) causes an amino acid exchange in the amino acid sequence of SEQ ID NO: 43, 49 or
50 at position 288, wherein serine is replaced by leucine (S288L); and/or

(1) is a knock-out mutation.

7. The nucleic acid according to claim 6, wherein said PLA1 has a sequence as set forth in any

of SEQ ID NO: 38-40 or 44-46.

8. A vector comprising the nucleic acid according to any of claims 1 to 7.

9. A plant cell comprising the nucleic acid or vector according to any of claims 1 to 8.

10. A plant or a part thereof comprising the plant cell according to claim 9.

11. A method for producing a transgenic plant which is carrier of an enhancer for the haploid
induction capability of an inducer plant, preferably a haploid inducer plant as defined in any of
claims 4 to 7 comprising:

al) transforming at least one plant cell with a nucleic acid molecule according to claim 1 or 3
or a vector according to claim 8 for overexpression of myosin heavy chain,

a2) transforming at least one plant cell with a nucleic acid molecule according to claim 2 or a

vector according to any of claims 8 for repression of aquaporin, or
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a3) transforming at least one plant cell with a nucleic acid molecule according to claim 1 or 3
or a vector according to claim 8 for expression of PPR corresponding to RWS PPR, or
ad) transforming at least one plant cell with a nucleic acid molecule according to claim 1 or 3
or a vector according to any of claims 8 for expression of the gene set forth in SEQ ID NO: 35;
and
b) regenerating a plant from the at least one transgenic plant cell of a) or a transgenic progeny

thereof.

12. A method for producing a mutated plant which is carrier of an enhancer for the haploid
induction capability of an inducer plant, preferably a haploid inducer plant as defined in any of
claims 4to 7
comprising the following steps:
a) mutagenizing plant cells and subsequent regenerating of plants from the mutagenized plant
cells or mutagenizing plants, and
b) identifying a regenerated or mutagenized plant which:
has at least one mutation in an endogenous DNA sequence that is identical to a nucleic acid
according to claim 1 or 2, or
has at least one mutation in a regulatory sequence of said endogenous DNA sequence,
wherein said mutation produces an increase in the transcription or expression rate of the
endogenous DNA sequence that is identical to a nucleic acid according to claim 1 in the
identified plant or a decrease in the transcription or expression rate of the endogenous DNA
sequence that is identical to a nucleic acid according to claim 2 in the identified plant, in
comparison to a non-mutagenized wild-type plant, or wherein said mutation produces an
increased activity or stability of a protein or polypeptide encoded by the endogenous DNA
sequence that is identical to a nucleic acid according to claim 1 in the identified plant or an
decreased activity or stability of a protein or polypeptide encoded by the endogenous DNA
sequence that is identical to a nucleic acid according to claim 2 in the identified plant, in
comparison to a non-mutagenized wild-type plant,

wherein said at least one mutation causes the property of an enhancer of the haploid
induction capability of a haploid inducer plant, preferably a haploid inducer plant as defined in

any of claims 4 to 7.

13. A method for producing a plant which is carrier of an enhancer for the haploid induction
capability of an inducer plant, preferably a haploid inducer plant as defined in any of claims 4

to 7 comprising
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- overexpressing the myosin heavy chain gene or protein, or increasing the myosin
heavy chain mRNA or protein stability or functionality; or
- repressing the aquaporin gene or protein, or decreasing the aquaporin mRNA or
protein stability or functionality; or
- mutating the PPR gene, preferably resulting in a PPR protein having the sequence as

set forth in SEQ ID NO: 17.

14. The method according to any of claims 11 to 13, wherein the plant cell of step a) is a cell

comprising a mutated patatin-like phospholipase (PLA1).

15. The method according to any of claims 11 to 14, wherein the method further comprises a
step of crossing the plant with a plant comprising a mutated patatin-like phospholipase (PLA1)
and selecting a plant from the progeny which comprises A) the mutated patatin-like
phospholipase (PLA1) and B) the nucleic acid or vector introduced in step a) of the method of
claim 11, the at least one mutation created in the method of claim 12, or the manipulation of

claim 13.

16. A plant produced by the method according to any of claims 11 to 14, or a part thereof.

17. A plant, preferably a Zea mays or Sorghum bicolor plant, comprising

i) the nucleotide sequence according to SEQ ID NO: 10, or

ii) a nucleotide sequence encoding the amino acid according to SEQ ID NO: 11, or

iii) a nucleotide sequence encoding a myosin heavy chain having at position 325 referenced to

SEQ ID NO: 11 or 14 an amino acid different to alanine, preferably valine.

18. A plant, preferably a Zea mays or Sorghum bicolor plant, comprising
i) the nucleotide sequence according to SEQ.ID NO: 38 or 39, or

ii) a nucleotide sequence encoding the amino acid according to SEQ ID NO: 40.

19. Method for identification/selection of an enhancer for the haploid induction capability of
an inducer plant, preferably a haploid inducer plant as defined in any of claims 4 to 7,
comprising steps of

a) isolating DNA from at least one cell of a plant, preferably a maize plant or sorghum
plant,

b) determining
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(i) the presence of the nucleic acid molecule according to SEQ ID NOs: 1, 10, 15, or 35
(ii) the presence of the nucleic acid molecule of SEQ ID NO: 4 or 30, or
(iii) the increased stability or activity or overexpression of the nucleic acid molecule

according to claim 1 or the myosin heavy chain protein, or

(iv) the decreased stability or activity or suppression of the nucleic acid molecule
according to claim 2 or the aquaporin protein,

c) identify/select the plant from which the at least one cell had been isolated;

preferably wherein step b)(iii) or step b){iv) comprises comparing the expression level and/or

activity of said one or more gene with a predetermined threshold.

20. A method for the production of a haploid plant or doubled haploid plant, comprising the
following steps:

a) crossing a plant according to claim 10, or 16 to 18 with a plant of the same genus,

b) selecting a fertilized haploid seed or embryo, and

c) generating a haploid plant from the seed or embryo selected in step b),

d) optionally, doubling the set of chromosomes via a chromosome doubling agent or via

spontaneous doubling.

21. An isolated polynucleic acid specifically hybridising with a nucleotide sequence molecule of
SEQ ID NO: 1, 2, 4, 10, 15, 16, 17, 24, 25, 30, 35, 36, 38, or 39; or the complement or the

reverse complement thereof.

22. A method of editing or modifying plant genomic DNA or RNA, comprising:

a) obtaining or providing a first plant, wherein the first plant is a haploid inducer plant as
obtained by a method according to any of claims 11 to 15 or 20, or a plant according to any of
claims 10, 16 to 18, and wherein said first plant is capable of expressing a DNA or RNA
modification enzyme and optionally at least one guide nucleic acid;

b) obtaining a second plant, wherein the second plant comprises the plant genomic DNA or
RNA which is to be edited or modified;

c) pollinating the second plant with pollen from the first plant; and

d) selecting at least one haploid progeny produced by the pollination of step (c) wherein the
haploid progeny comprises the genome of the second plant but not the first plant, and the
genome of the haploid progeny has been edited or modified by the DNA or RNA editing or

modification enzyme and optional at least one guide nucleic acid delivered by the first plant.
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23. The method of claim 22, wherein the edited or modified haploid progeny is treated with a

chromosome doubling agent, thereby creating an edited doubled haploid progeny.

24. A molecular marker which is able to hybridize to nucleic acid molecule as defined in claim

19 b) (i) or (ii).

25. Use of the molecular marker according to claim 24 or the isolated polynucleic acid

according to claim 21 for the identification of the plant of any of claims 10 or 16 to 18.

26. Use of a nucleic acid molecule according to any of claims 1 or 3-7 for enhancing the haploid
induction capability of an inducer plant, preferably a haplotype inducer plant as defined in any

of claims 4 to 7.
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