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EP 3 560 330 B1
Description
FIELD OF THE INVENTION

[0001] The invention relates to quantitative trait loci (QTL) and associated markers involved in and/or associated with
improved digestibility of plants and plant parts, such as maize. The invention further relates to uses of such QTL or
markers for identification and/or selection purposes, as well as transgenic or non-transgenic plants.

BACKGROUND OF THE INVENTION

[0002] Maize (Zea mays L.) is the most important annual forage crop in the world. More than 3 million hectares of
maize are ensiled each year, mainly in Northern Europe. Due to high energy content and feed conversion efficiency,
the forage maize is an important food crop for dairy and beef cattle, and is affecting significantly the milk and meat
production. There is a wide genetic variation in forage characteristics for both the entire maize plant and stover (Geiger
et al. 1992; Barriere et al. 2003).

[0003] Therefore, improving digestibility is a major goal for forage maize breeding programs. The energy supplied by
forage to a ruminant or herbivore animal diet is related to forage ingestibility and digestibility. The digestibility of any
forage constituent (dry matter, organic matter, or cell wall) is measured as percentage of silage absorbed in the animal
digestive tract (Barriere et al. 2003). The overall digestibility of forage maize is affected by the highly digestible grain
and stover fraction. Stover composition and digestibility limits forage maize quality. Major stover fractions are hemicel-
luloses, cellulose, and lignins. Modern forage maize cultivars combine high dry matter yield with high stover digestibility.
[0004] It is too costly to perform digestibility measurements with animals, especially when conducting large scale
evaluation of germplasm in plant breeding programs. Biological and chemical methods have been developed to assay
the digestibility of maize and other forage crops (Van Soest et al. 1963). Neutral detergent fiber (NDF), the residual after
removing cell soluble content, is an important plant cell wall and cellulose indicator. In vitro NDF digestibility (IVNDFD)
of forages is an estimate of cell wall digestibility assuming that the non-NDF part of plant material was completely
digestible (Méchin et al. 2000). Additionally, the use of NIRS has been reported to measure digestibility traits accurately
in many forage crops including maize (Libberstedt et al. 1997a, b; Zimmer et al. 1990).

[0005] Lubberstedtetal. (19974, b) first published QTL related to forage maize agronomic and quality traits, and QTL
for whole plant digestibility. Exploiting available genetic variation for stover digestibility by marker-assisted selection
(MAS) seems to be a promising way to improve forage digestibility. Besides genetic variance, environmental variation
might be the reason for those inconsistent traits. QTL analyses of forage traits in four different maize populations revealed
only few QTL showing epistatic interactions or interactions with the environment (Lubberstedt et al. 1998). Seven QTL
for DNDF were detected by using 242 RILs derived from the cross F838 x F286 which were evaluated in per se value
experiments in sixenvironments, and found two major QTL (Barriére etal. 2010). Additional QTL analyses were conducted
by using RIL progeny derived from a cross between an old dent and modern lodent lines, and new QTL in bins 2.06 and
5.04 for ADL/NDF and DNDF were first reported (Barriere et al. 2012).

[0006] Itis therefore an objective of the present invention to address one or more of the shortcomings of the prior art.
There is a persistent need for improving digestibility of fodder crops, as well as the identification of plants, including
particular plant parts or derivatives having increased digestibility. In particular, it is an aim of the present invention to
provide new major QTL for digestibility and the causative gene(s) and the provision of markers which allow the economical
use of these QTL in maize development and breeding.

SUMMARY OF THE INVENTION

[0007] The presentinvention is based on the identification of a major QTL for plant digestibility as well as the identi-
fication of a F35H gene linked to and responsible for the QTL for plant digestibility and description of a unique marker
haplotype for improved digestibility.

[0008] Molecular markers have been identified which are associated with plant digestibility, and marker alleles asso-
ciated with improved digestibility are described. One of the described marker alleles is a mutated F35H gene.

[0009] The invention in particular relates to methods for detecting the identified QTL allele associated with improved
digestibility, as well as detection of any of the described marker alleles. The invention further relates to the described
marker alleles and polynucleic acids useful for detection of the marker alleles, such as primers and probes, and kits
comprising such. The invention further relates to methods for improving digestibility of maize plant or plant part from
maize, in particular by artificially introducing in plants and/or selecting plants comprising, the marker alleles described
herein, such as in particular inducing F35H mutations, preferably mutations altering F35H expression or F35H enzymatic
activity, e.g. reducing or eliminating F35H expression or F35H activity or otherwise reducing F35H expression or F35H
activity, or increasing F35H activity. The invention further relates to maize plants having improved digestibility, as well



10

15

20

25

30

35

40

45

50

55

EP 3 560 330 B1

as plant parts, in particular stover, having improved digestibility, wherein the maize plant or plant part from maize is not
exclusively obtained by means of an essentially biological process.

[0010] The present invention is in particular captured by any one or any combination of one or more of the below
numbered items [01] to [25], with any other item and/or embodiments.

[0011] A method for identifying a maize plant or plant part from maize having improved digestibility or for selecting a
plant or plant part having improved digestibility comprising

(i) optionally, isolating genetic material, preferably genetic material, from at least one cell of the plant or plant part;

(i) a) screening for the presence of a QTL allele, such as a QTL allele associated with improved digestibility, said
QTL allele comprising a nucleotide sequence of a gene encoding a cytochrome P450 flavonoid 3',5’-hydroxylase
(F35H), having a mutation leading to reduced or absent expression of the mRNA of the gene and/or the F35H protein
(such as a knock-down or knock-out mutation), or a mutation leading to a non-functional F35H protein (e.g., truncated
F35H protein) or an F35H protein having reduced enzymatic activity upon translation, or

(i) b) screening for reduced or absent expression of the mRNA of a gene encoding a cytochrome P450 flavonoid
3’,5’-hydroxylase (F35H) and/or the F35H protein or for a non-functional F35H protein (e.g., truncated F35H protein)
or an F35H protein having reduced enzymatic activity, or

(i) c) screening for the presence of a mutation leading to reduced or absent expression of the mRNA of a gene
encoding a cytochrome P450 flavonoid 3’,5’-hydroxylase (F35H) and/or the F35H protein (such as a knock-down
or knock-out mutation), or a mutation leading to a non-functional F35H protein (e.g., truncated F35H protein) or an
F35H protein having reduced enzymatic activity upon translation;

(iii) optionally selecting the plant or plant part in which the QTL or the mutation is present or in which the F35H
mRNA and/or protein expression is reduced or eliminated or the enzymatic F35H activity is reduced;

wherein improved digestibility relates to increased digestibility of the maize plant or plant part from maize having
the characteristic of a), b) or c) compared to a maize plant or plant part from maize not having such characteristic; and

wherein the unmutated F35H is selected from the group consisting of:

(i) a nucleotide sequence comprising the sequence of SEQ ID NO: 1;

(i) a nucleotide sequence having the cDNA of SEQ ID NO: 2;

(iii) a nucleotide sequence encoding for an amino acid sequence having the amino acid sequence of SEQ ID
NO: 3;

(iv) a nucleotide sequence having at least 80% identity to the sequence of SEQ ID NO: 1, or 2;

(v) a nucleotide sequence encoding for a polypeptide having at least 80% identity to the sequence of SEQ ID
NO: 3;

(vi) a nucleotide sequence hybridizing with the reverse complement of a nucleotide sequence as defined in (i),
(ii) or (iii) under stringent hybridization conditions.

[0012] The method according to item [01], wherein the method comprising screening for the presence of the molecular
marker allele of ma61134xxx and/or one or more molecular marker alleles located in a chromosomal interval on chro-
mosome 9 flanked by marker alleles ma61070s01 and ma30168s02, preferably by marker alleles ma50827s01 and
ma16983s02, more preferably by marker alleles ma17117s01 and ma61125s01, preferably wherein the one or more
molecular marker alleles are detectable by a polynucleic acid, such as an allele specific polynucleic acid (molecular
marker), suitable for hybridization as forward primer and reverse primer to a locus in the chromosomal interval which
co-segregates with the improved digestibility.

[0013] A maize plant or plant part from maize having improved digestibility comprising a QTL allele associated with
improved digestibility, said QTL allele comprising a nucleotide sequence of a gene encoding a cytochrome P450 flavonoid
3’,5’-hydroxylase (F35H), having a mutation leading to reduced or absent expression of the mRNA of the gene and/or
the F35H protein, or a mutation leading to a non-functional F35H protein (e.g., truncated F35H protein) or an F35H
protein having reduced enzymatic activity upon translation; or a maize plant or plant part from maize comprising a
nucleotide sequence of a gene encoding a cytochrome P450 flavonoid 3’,5’-hydroxylase (F35H), having a mutation
leading to reduced or absent expression of the mRNA of the gene and/or the F35H protein, or a mutation leading to a
non-functional F35H protein (e.g., truncated F35H protein) or an F35H protein having reduced enzymatic activity upon
translation; or a maize plant or plant part from maize comprising a nucleotide sequence of a gene encoding a cytochrome
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P450 flavonoid 3’,5’-hydroxylase (F35H) having reduced or absent expression of the mRNA of the gene and/or the F35H
protein or having reduced enzymatic activity; or a maize plant or plant part from maize comprising an RNAi molecule,
such as dsRNA, siRNA, shRNA, ormiRNA, directed against, targeting, or hybridizing with a nucleotide sequence encoding
an F35H protein, or comprising a polynucleotide sequence encoding (and expressing or being capable of expressing)
an RNAi molecule directed against, targeting, or hybridizing with a nucleotide sequence encoding an F35H protein; or
a maize plant or plant part from maize comprising an RNA-specific CRISPR/Cas system, such as a CRISPR/Cas13a
system, directed against or targeting a nucleotide sequence encoding a cytochrome P450 flavonoid 3’,5’-hydroxylase
(F35H) or one or more polynucleotide sequence(s) encoding (and expressing or being capable of expressing) said RNA-
specific CRISPR/Cas system;

wherein improved digestibility relates to increased digestibility of the maize plant or plant part from maize having
the characteristicofa), b), ¢),d) or e) compared to a maize plant or plant part from maize not having such characteristic,
and wherein the unmutated F35H is selected from the group consisting of:

(i) a nucleotide sequence comprising the sequence of SEQ ID NO: 1;

(i) a nucleotide sequence having the cDNA of SEQ ID NO: 2;

(iii) a nucleotide sequence encoding for an amino acid sequence having the amino acid sequence of SEQ ID
NO: 3;

(iv) a nucleotide sequence having at least 80% identity to the sequence of SEQ ID NO: 1, or 2;

(v) a nucleotide sequence encoding for a polypeptide having at least 80% identity to the sequence of SEQ ID
NO: 3; and

(vi) a nucleotide sequence hybridizing with the reverse complement of a nucleotide sequence as defined in (i),
(ii) or (iii) under stringent hybridization conditions;

wherein the maize plant or plant part from maize is not exclusively obtained by means of an essentially biological
process.

[0014] The maize plant or plant part from maize according to item [03] comprising the marker allele of ma61134xxx
[0015] The maize plant or plant part from maize according to item [03] or [04], wherein said plant comprising said QTL
allele, said marker allele, said nucleotide sequence of the gene encoding the cytochrome P450 flavonoid 3’,5’-hydroxylase
(F35H) having the mutation, said RNAi molecule or said polynucleotide sequence encoding (and expressing or being
capable of expressing) the RNAi molecule, said RNA-specific CRISPR/Cas system and/or said one or more polynucle-
otide sequence(s) encoding (and expressing or being capable of expressing) the RNA-specific CRISPR/Cas system as
transgene or as (gene-) edited endogene.

[0016] A method for improving digestibility of a maize plant or plant part from maize, comprising introducing through
stable or transient integration by means of transformation, insertion using gene editing technology or modification using
random or targeted mutagenesis into the genome of the plant or plant part

(a) a nucleotide sequence of a gene encoding a cytochrome P450 flavonoid 3’,5’-hydroxylase (F35H), having a
mutation leading to reduced or absent expression of the mRNA of the gene and/or the F35H protein (such as a
knock-down or knock-out mutation), or a mutation leading to a non-functional F35H protein (e.g., truncated F35H
protein) or an F35H protein having reduced enzymatic activity upon translation.

[0017] A method for improving digestibility of a plant or plant part, comprising reducing expression of the mRNA of a
gene encoding a cytochrome P450 flavonoid 3’,5’-hydroxylase (F35H) and/or the F35H protein, reducing the enzymatic
activity of a cytochrome P450 flavonoid 3’,5’-hydroxylase (F35H);

wherein improved digestibility relates to increased digestibility of maize plant or plant part from maize having the
characteristic of a) or b) compared to a maize plant or plant part from maize not having such characteristic, and

wherein the unmutated F35H is selected from the group consisting of:

(i) a nucleotide sequence comprising the sequence of SEQ ID NO: 1, 4, or 7;

(i) a nucleotide sequence having the cDNA of SEQ ID NO: 2, 5, or 8;

(iii) a nucleotide sequence encoding for an amino acid sequence having the amino acid sequence of SEQ ID
NO: 3,6, 0r 9;

(iv) a nucleotide sequence having at least 80% identity to the sequence of SEQ ID NO: 1, 2, 4,5, 7, or §;

(v) a nucleotide sequence encoding for a polypeptide having at least 80% identity to the sequence of SEQ ID
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NO: 3, 6, or 9; and
(vi) a nucleotide sequence hybridizing with the reverse complement of a nucleotide sequence as defined in (i),
(ii) or (iii) under stringent hybridization conditions.

[0018] The method according to item [07], comprising

(a) introducing into a nucleotide sequence of an endogenous gene encoding the cytochrome P450 flavonoid 3°,5'-
hydroxylase (F35H) (in the genome of the plant or the plant part) a mutation leading to reduced or absent expression
of the mRNA of the gene and/or the F35H protein (such as a knock-down or knock-out mutation), or a mutation
leading to a non-functional F35H protein (e.g., truncated F35H protein) or an F35H protein having reduced enzymatic
activity upon translation, or

(b) introducing into the plant or the plant part an RNAi molecule, such as dsRNA, siRNA, shRNA, or miRNA, directed
against, targeting, or hybridizing with a nucleotide sequence encoding the F35H protein, or a polynucleotide sequence
encoding (and expressing or being capable of expressing) an RNAi molecule directed against, targeting, or hybrid-
izing with a nucleotide sequence encoding the F35H protein, or

(c) introducing into the plant or the plant part an RNA-specific CRISPR/Cas system, such as a CRISPR/Cas13a
system, directed against or targeting a nucleotide sequence encoding the F35H protein, or one or more polynucleotide
sequence(s) encoding (and expressing or being capable of expressing) said RNA-specific CRISPR/Cas system, or

(d) introducing into the plant or the plant part a chemical compound or an antibody reducing (or being capable to
reduce) the enzymatic activity of the F35H protein or inhibiting (or being capable to inhibit) the enzymatic activity of
the F35H protein upon interaction with said F35H.

[0019] A method for producing a maize plant or plant part from maize having improved digestibility, comprising

(a) introducing through stable or transient integration by means of transformation, insertion using gene editing
technology or modification using random or targeted mutagenesis into the genome of a plant or plant part a nucleotide
sequence of a gene encoding a cytochrome P450 flavonoid 3',5’-hydroxylase (F35H), having a mutation leading to
reduced or absent expression of the mRNA of the gene and/or the F35H protein (such as a knock-down or knock-
out mutation), or a mutation leading to a non-functional F35H protein (e.g., truncated F35H protein) or an F35H
protein having reduced enzymatic activity upon translation, or

(b) introducing through modification using random or targeted mutagenesis into a nucleotide sequence of an en-
dogenous gene encoding the cytochrome P450 flavonoid 3’,5’-hydroxylase (F35H) (in the genome of the plant or
a plant part) a mutation leading to reduced or absent expression of the mRNA of the gene and/or the F35H protein
(such as a knock-down or knock-out mutation), or a mutation leading to a non-functional F35H protein or an F35H
protein having reduced enzymatic activity upon translation, or

(c) introducing through stable or transient integration by means of transformation or insertion using gene editing
technology into the plant or the plant part an RNAi molecule, such as dsRNA, siRNA, shRNA, or miRNA, directed
against, targeting, or hybridizing with a nucleotide sequence encoding the F35H protein, ora polynucleotide sequence
encoding (and expressing or being capable of expressing) an RNAi molecule directed against, targeting, or hybrid-
izing with a nucleotide sequence encoding the F35H protein, or

(d) introducing through stable or transient integration by means of transformation or insertion using gene editing
technology into the plant or the plant part an RNA-specific CRISPR/Cas system, such as a CRISPR/Cas13a system,
directed against or targeting a nucleotide sequence encoding the F35H protein, or one or more polynucleotide
sequence(s) encoding (and expressing or being capable of expressing) said RNA-specific CRISPR/Cas system, or

(e) introducing into the plant or the plant part a chemical compound or an antibody reducing (or being capable to
reduce) the enzymatic activity of the F35H protein upon interaction with said F35H; and

(f) optionally, regenerating a plant from the plant part of any of (a) to (e);

wherein improved digestibility relates to increased digestibility of maize plant or plant part from maize having the
characteristic of a), b), ¢), d) or e) compared to a maize plant or plant part from maize not having such characteristic,
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and
wherein the unmutated F35H is selected from the group consisting of:

(i) a nucleotide sequence comprising the sequence of SEQ ID NO: 1, 4, or 7;

(i) a nucleotide sequence having the cDNA of SEQ ID NO: 2, 5, or 8;

(iii) a nucleotide sequence encoding for an amino acid sequence having the amino acid sequence of SEQ ID
NO: 3,6, 0r 9;

(iv) a nucleotide sequence having at least 80% identity to the sequence of SEQ ID NO: 1, 2, 4,5, 7, or §;

(v) a nucleotide sequence encoding for a polypeptide having at least 80% identity to the sequence of SEQ ID
NO: 3, 6, or 9; and

(vi) a nucleotide sequence hybridizing with the reverse complement of a nucleotide sequence as defined in (i),
(ii) or (i) under stringent hybridization conditions.

[0020] A plant or plant part produced by the method according to item [9].

[0021] A progeny of the plant according to any one of item [03] to [05] or [10].

[0022] The method, plant, or plant part according to any of the preceding items, wherein said plant is a maize plant,
the QTL is located on chromosome 9 and comprises and/or is flanked by marker alleles ma61070s01 and ma30168s02,
preferably by marker alleles ma50827s01 and ma16983s02, more preferably by marker alleles ma17117s01 and
ma61125s01.

[0023] The method, plant, or plant part according to any of the preceding items, wherein ma61134xxx is an insertion
of one or more nucleotides between position 134254381 and 134254382 of chromosome 9 referenced to line PH207,
preferably an insertion as set forth in SEQ ID NO: 12; and/or ma61070s01 is a single nucleotide polymorphism (SNP)
at position 121588825 of chromosome 9 referenced to line PH207, wherein said nucleotide is A or T, preferably a single
nucleotide polymorphism (SNP) as set forth in SEQ ID NO: 13; and/or ma30168s02 is a single nucleotide polymorphism
(SNP) at position 139452428 of chromosome 9 referenced to line PH207, wherein said nucleotide is A or G, preferably
a single nucleotide polymorphism (SNP) as set forth in SEQ ID NO: 14; and/or ma50827s01 is a single nucleotide
polymorphism (SNP) at position 127454426 of chromosome 9 referenced to line PH207, wherein said nucleotide is A
or G, preferably a single nucleotide polymorphism (SNP) as set forth in SEQ ID NO: 15; and/or ma16983s02 is a single
nucleotide polymorphism (SNP) at position 137363784 of chromosome 9 referenced to line PH207, wherein said nu-
cleotide is A or G, preferably a single nucleotide polymorphism (SNP) as set forthin SEQ ID NO: 16; and/or ma17117s01
is a single nucleotide polymorphism (SNP) at position 132038900 of chromosome 9 referenced to line PH207, wherein
said nucleotide is A or G, preferably a single nucleotide polymorphism (SNP) as set forth in SEQ ID NO: 17; and/or
ma61125s01 is a single nucleotide polymorphism (SNP) at position 135947973 of chromosome 9 referenced to line
PH207, wherein said nucleotide is A or G, preferably a single nucleotide polymorphism (SNP) as set forth in SEQ ID
NO: 18.

[0024] The method, plant, or plant part according to any of the preceding items, wherein the mutation is a frameshift
mutation or a non-sense-mutation, results in an altered expression of the nucleotide sequence or an altered enzymatic
activity of the encoded protein, preferably in a reduced or absent expression of the nucleotide sequence or a reduced
enzymatic activity of the encoded protein or an increased enzymatic activity of the encoded protein, results in an altered
protein sequence encoded by the nucleotide sequence, oris an insertion, deletion or substitution of atleast one nucleotide
in a coding region, in a splicing signal or in a regulatory element of said nucleotide sequence.

[0025] The method, plant, or plant part according to any of the preceding items, wherein the mutation is an insertion,
preferably in an exon, preferably an insertion in the first exon, of one or more nucleotides, preferably a frame shift
insertion, more preferably the insertion is 187 nucleotides or about 187 nucleotides and/or the insertion is between
position 97 and 98 of the F35H gene represented by the nucleotide sequence of SEQ ID NO: 1. In a particular preferred
embodiment the mutated F35H comprises the nucleotide sequence of SEQ ID NO: 11.

[0026] The method, plantor plant partaccording to any of the preceding items, wherein said plant part is not propagation
material.

[0027] The method, plant, or plant part according to any of the preceding items, wherein said plant part is stover.
[0028] The method, plant, or plant part according to any of the preceding items, wherein the plant is or the plant part
is from maize.

[0029] A polynucleic acid, such as an allele specific polynucleic acid (molecular marker), specifically hybridising with
any ofthe sequences of SEQIDNO: 10,12, 13,14, 15,16, 17 or 18, or the complement or the reverse complement thereof.
[0030] Use of the polynucleic acid according to item [19] or polynucleic acid, such as an allele specific polynucleic
acid (molecular marker), for identification of a plant or plant part having improved digestibility or for selection of a plant
or plant part having improved digestibility according to any one of item [03] to [05], preferably in the method according
to item [01] or [02], wherein preferably the polynucleic acid is suitable for hybridization as forward primer and reverse
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primerto alocus in a chromosomal interval which co-segregates with the improved digestibility, wherein the chromosomal
interval is on chromosome 9 and flanked by marker alleles ma61070s01 and ma30168s02, preferably by marker alleles
ma50827s01 and ma16983s02, more preferably by marker alleles ma17117s01 and ma61125s01.

[0031] A method for producing an ensilaged plant material or animal feed having improved digestibility, comprising

(a) growing the plant according to any one of item [03] to [05] or [11] or a plant identified or identifiable by the method
of claims 1 or 2,

(b) harvesting the plant or a part thereof,
(c) optionally, chopping and/or crushing the plant or a part thereof, and

(d) ensiling the plant or a part thereof of (b) or (c), optionally by adding a stimulant like a bacterial inoculant, a sugar,
and an enzyme.

BRIEF DESCRIPTION OF THE FIGURES
[0032]

Figure 1: DNDF (Digestible Neutral Detergent Fiber) effects of QTL on chomosome 9 of maize (Zea mays). Iden-
tification of a strong QTL for digestibility on chromosome 9. Percentage of DNDF of maize stover is indicated.
Figure 2: Positions of marker loci for silage QTL. Markers have been found by SeqCapture on the basis of AGPv02
and WGS (whole genome sequencing) of QTL line and comparison to PH207 reference.

Figure 3: Fine-mapped genetic region of silage QTL by molecular markers in different recombinant genotypes.
Figure 4: Nucleotide sequence alignment of an F35H reference gene and a mutated F35H gene according to an
embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0033] 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.

[0034] As used herein, the singular forms "a", "an", and "the" include both singular and plural referents unless the
context clearly dictates otherwise.

[0035] 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 mem-
bers, 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".

[0036] The recitation of numerical ranges by endpoints includes all numbers and fractions subsumed within the re-
spective ranges, as well as the recited endpoints.

[0037] 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.

[0038] 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 >3, >4, >5, >6 or >7 etc. of said members,
and up to all said members.

[0039] 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 Lab-
oratory 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
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et al., PCR Protocols: A Guide to Methods and Applications, Academic Press: San Diego, 1990; PCR 2: A Practical
Approach (M.J. 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).
[0040] 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.

[0041] 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 presentinvention. 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.
[0042] 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.

[0043] Preferreditems (features)and embodiments of this invention are set herein below. Each items and embodiments
of the invention so defined may be combined with any other item 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 items indicated as being preferred or advantageous.

[0044] As used herein, "maize" refers to a plant of the species Zea mays, preferably Zea mays ssp mays.

[0045] 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, Sorghum x almum (Sorghum bicolor x Sorghum
halepense), Sorghum arundinaceum, Sorghum x drummondii, Sorghum halepense and/or Sorghum propinquum.
[0046] As used herein, "sugar cane" refers to a plant of the species Saccharum officinarum.

[0047] Theterm "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, such as seeds, kernels, cobs, flowers, cotyledons, leaves, stems, buds, roots, root tips, stover, 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 as referred to herein is stover.

[0048] Stover as used herein has its ordinary meaning known in the art. By means of further guidance, and without
limitation, stover may comprise, consist of, or consist essentially of the leaves and stalks of field crops, such as maize
or sorghum that are commonly left in a field after harvesting the grain, or as sugar cane. Stover may also include cobs
(e.g. the central core of an ear of maize, without the kernels). Stover may also exclude cobs. Stover may also include
husks or hulls (e.g. the leafy outer covering of an ear of maize). Stover may also exclude husks or hulls. Stover is similar
to straw, the residue left after any cereal grain or grass has been harvested at maturity for its seed. It can be directly
grazed by cattle or dried for use as fodder. (Maize) stover can be used as feed, whether grazed as forage, chopped as
silage to be used later for fodder, or collected for direct (non-ensilaged) fodder use. Maize forage is usually ensiled in
cooler regions, but it can be harvested year-round in the tropics and fed as green forage to the animals. In the silage
use case, it is usual for the entire plant (grain and stover together) to be chopped into pieces which are then crushed
between rollers while harvesting. In addition to the stalks, leaves, husks, and cobs remaining in the field, kernels of grain
may also be left over from harvest. These left over kernels, along with the corn stover, serve as an additional feed source
for grazing cattle.

[0049] 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
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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 otherwise rendered non-functional, for instance
by heat treatment, acid treatment, compaction, crushing, chopping, ensilaging etc.

[0050] As used herein, "digestibility" refers to and is measured as percentage of product (such as a maize, sorghum
or sugar cane plant or plant part or derivative, including for instance dry matter, organic matter, or cell wall of the product)
absorbed in the animal digestive tract (Barriére et al. 2003). Biological and chemical methods have been developed to
assay the digestibility of maize and other forage crops (Van Soest et al. 1963). Neutral detergent fiber (NDF), the residual
after removing cell soluble content, is an important plant cell wall and cellulose indicator. In vitro NDF digestibility
(IVNDFD) of forages is an estimate of cell wall digestibility assuming that the non-NDF part of plant material was
completely digestible (Méchin et al. 2000). Additionally, the use of NIRS has been reported to measure digestibility traits
accurately in many forage crops including maize (Libberstedtetal. 1997a, b; Zimmer et al. 1990). In certain embodiments,
the animal is a mammal. In certain embodiments, the animal is a ruminant. In certain embodiments, the animal is a
herbivore. In certain embodiments, the animal is a herbivorous mammal.

[0051] Improved digestibility as referred to herein, relates to increased digestibility of a plant or plant part or derivative
having a characteristic according to the invention, such as a mutation, marker, SNP, or QTL as described herein else-
where, compared to a plant or plant part or derivative not having such characteristic. In certain embodiments, animproved
or increased digestibility refers to an increase in mean DNDF by at least 1%, such as at least 2%, at least 3%, at least
4%, atleast5%, atleast 6%, at least 7%, at least 8%, atleast 9%, or atleast 10%, preferably at least 2%, more preferably
at least 3%, such as at least 4%.

[0052] The term "locus" (loci plural) means a specific place or places or a site on a chromosome where 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
monomorphic and/or 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 as described herein may be homozygous. In
certain embodiments, the QTL as described herein may be heterozygous.

[0053] As used herein, the term "allele" or "alleles" refers to one or more alternative forms, i.e. different nucleotide
sequences, of a locus.

[0054] 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/splicing signal sites, which may or may not give rise to altered gene products. Modifications in alleles may
arise in coding or non-coding regions (e.g. promoter regions, exons, introns or splice junctions).

[0055] 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, ata 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. "Introgression fragment" or "introgression segment" or "introgression region" refers to a chromosome frag-
ment (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 50 Mb or less, such as about 30 Mb or less, about 20 Mb or less, about 25 Mb or less, 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
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500,000 base pairs) 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.

[0056] A genetic element, a locus, an introgression fragment, an QTL, 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, QTL, gene or allele. The terms are used interchangeably
and the genetic element, locus, introgression fragment, QTL, 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, QTL, 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, QTL, 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, QTL,
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 or
gene-edited plants may also be encompassed.

[0057] As used herein the terms "transformation" and "transgenic modification" are all used herein as synonyms for
the transfer of isolated and cloned nucleic acid molecule into the DNA, usually the chromosomal DNA or genome, of
another organism/species or of the same organism/species but at a location which differs from the location at which the
nucleic acid molecule naturally is located in the chromosomal DNA or genome.

[0058] "Introducing" in the meaning of the present invention includes stable or transient integration by means of
transformation including Agrobacterium-mediated transformation, transfection, microinjection, biolistic bombardment,
insertion using gene editing technology like CRISPR systems (e.g. CRISPR/Cas, in particular CRISPR/Cas9 or
CRISPR/Cpf1), CRISPR/CasX, or CRISPR/CasY), TALENSs, zinc finger nucleases or meganucleases, homologous
recombination optionally by means of one of the below mentioned gene editing technology including preferably a repair
template, modification of endogenous gene using random or targeted mutagenesis like TILLING or above mentioned
gene editing technology, etc.

[0059] "Transgenic" or "genetically modified organisms" (GMOs) as used herein are organisms whose genetic material
has been altered using techniques generally known as "recombinant DNA technology". Recombinant DNA technology
encompasses the ability to combine DNA molecules from different sources into one molecule ex vivo (e.g. in a test tube).
This terminology generally does not cover organisms whose genetic composition has been altered by conventional
cross-breeding or by "mutagenesis"” breeding, as these methods predate the discovery of recombinant DNA techniques.
"Non-transgenic" as used herein refers to plants and food products derived from plants that are not "transgenic" or
"genetically modified organisms" as defined above.

[0060] "Transgene" or "exogene" refers to a nucleic acid molecule or a genetic locus comprising a DNA sequence,
such as a recombinant gene, which has been introduced into the genome of a plant by transformation, such as Agro-
bacterium mediated transformation. A plant comprising a transgene stably integrated into its genome is referred to as
"transgenic plant". "Endogene" refers to a nucleic acid molecule or a genetic locus that naturally occurs in the genome
of a plant. "Gene editing" or "genome editing" refers to genetic engineering in which DNA or RNA is inserted, deleted,
modified or replaced in the genome of an 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/Cas) 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) or homology directed repair (HDR), resulting
in targeted mutations or nucleic acid modifications. The use of designer nucleases, optionally together with a repair
template/recombination template, is particularly suitable for generating gene knockouts or knockdowns. In certain em-
bodiments, designer nucleases are developed which specifically induce a mutation in the F35H gene, as described
herein elsewhere, such as to generate a mutated F35H or a knockout of the F35H gene. In certain embodiments, designer
nucleases, in particular RNA-specific CRISPR/Cas systems are developed which specifically target the F35H mRNA,
such as to cleave the F35H mRNA and generate a knockdown of the F35H gene/mRNA/protein. Delivery and expression
systems of designer nuclease systems are well known in the art.

[0061] In certain embodiments, the nuclease or targeted/site-specific/homing nuclease is, comprises, consists essen-
tially 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 (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
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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 "hy-
bridizing" 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.

[0062] 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 ap-
propriate delivery vehicles, as is known in the art. Preferred vectors are expression vectors.

[0063] 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/or 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 QTL allele 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/or downstream of the corresponding region in the
genome of a plant not comprising the QTL allele, this region is excised and can be replaced with the template comprising
the QTL allele of the invention. In this way, introduction of the QTL allele of the invention in a plant need not involve
multiple backcrossing, in particular in a plant of specific genetic background. Similarly, the mutated F35H of the invention
may be provided on/as a template. More advantageously however, the mutated F35H of the invention may be generated
without the use of a recombination template, but solely through the endonuclease action leading to a double strand DNA
break which is repaired by NHEJ, resulting in the generation of indels.

[0064] 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. 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, zis atleast 10 to 26. The TALE monomers have a nucleotide binding affinity thatis 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 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
IG 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
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(2009); and Zhang et al., Nature Biotechnology 29:149-153 (2011).

[0065] 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 forexample 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. 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. etal., 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.

[0066] 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 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.

[0067] 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 com-
ponents, 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 A1 (U.S. App.
Ser. No. 14/213,991), US 2014-0273234 A1 (U.S. App. Ser. No. 14/293,674), US2014-0273232 A1 (U.S. App. Ser. No.
14/290,575), US 2014-0273231 (U.S. App. Ser. No. 14/259,420), US 2014-0256046 A1 (U.S. App. Ser. No. 14/226,274),
US 2014-0248702 A1 (U.S. App. Ser. No. 14/258,458), US 2014-0242700 A1 (U.S. App. Ser. No. 14/222,930), US
2014-0242699 A1 (U.S. App. Ser. No. 14/183,512), US 2014-0242664 A1 (U.S. App. Ser. No. 14/104,990), US
2014-0234972 A1 (U.S. App. Ser. No. 14/183,471), US 2014-0227787 A1 (U.S. App. Ser. No. 14/256,912), US
2014-0189896 A1 (U.S. App. Ser. No. 14/105,035), US 2014-0186958 (U.S. App. Ser. No. 14/105,017), US
2014-0186919 A1 (U.S. App. Ser. No. 14/104,977), US 2014-0186843 A1 (U.S. App. Ser. No. 14/104,900), US
2014-0179770 A1 (U.S. App. Ser. No. 14/104,837) and US 2014-0179006 A1 (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 (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. Refer-
ence 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
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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, PRO-
TECTED 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 applica-
tion 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 REAR-
RANGEMENT BY GENOME-WISE INSERT CAPTURE SEQUENCING; US application 62/096,761, 24-Dec-14, ENGI-
NEERING OF SYSTEMS, METHODS AND OPTIMIZED ENZYME AND GUIDE SCAFFOLDS FOR SEQUENCE MA-
NIPULATION; 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 APPLICA-
TIONS OF THE CRISPR-CAS SYSTEMS AND COMPOSITIONS FOR TARGETING DISORDERS AND DISEASES
USING PARTICLE DELIVERY COMPONENTS; US application 61/939,154, 12-FEB-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, METH-
ODS AND COMPOSITIONS FOR SEQUENCE MANIPULATION WITH OPTIMIZED FUNCTIONAL CRISPR-CAS SYS-
TEMS; 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 MUTA-
TIONS 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 MU-
TATIONS IN VIVO; US applications 62/054,675, 24-Sep-14 and 62/181,002, 17-Jun-2015, DELIVERY, USE AND THER-
APEUTIC APPLICATIONS OF THE CRISPR-CAS SYSTEMS AND COMPOSITIONS INNEURONAL CELLS/TISSUES;
US application 62/054,528, 24-Sep-14, DELIVERY, USE AND THERAPEUTIC APPLICATIONS OF THE CRISPR-CAS
SYSTEMS AND COMPOSITIONS 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 FUNC-
TIONAL-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, ENGINEERING AND OPTIMIZATION OF SYS-
TEMS, 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 entited GENOME EDITING USING CAS9
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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,
0., 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., Hsu, PD., Konermann, S., Shehata, Sl., 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 inac-
tivation, Doench et al., Nature Biotechnology 32(12):1262-7 (2014) published online 3 September 2014;
doi: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, Cpf1 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.

[0068] 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.

[0069] 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.

[0070] In certain embodiments, the gRNA is a chimeric guide RNA or single guide RNA (sgRNA). In certain embodi-
ments, 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).

[0071] 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
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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 em-
bodiments, 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, nonlimiting 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 soap.genomics.org.cn), and Maq (available at maq.source-
forge.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.

[0072] 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.

[0073] Incertain embodiments, the gRNA comprises a stemloop, preferably a single stemloop. 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 atleast 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 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.

[0074] 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,
oralternatively 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.

[0075] 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., within
1,2,3,4,5,6,7,8,9, 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
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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.

[0076] In some embodiments, the unmodified nucleic acid-targeting effector protein may have 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 Cpf1), 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 Il, and RuvC IIl 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.
[0077] In a particular embodiment, a mutated nucleic acid-targeting effector protein based on CRISPR system as
described above which lacks the ability to cleave one or both DNA or RNA strands of a target polynucleotide containing
a target sequence can be fused to other tools like other nucleases, nickases, recombinases, transposases, base editors
or molecular complexes including these tools. A "base editor" as used herein refers to a protein or a fragment thereof
having the same catalytical activity as the protein it is derived from, which protein or fragment thereof, alone or when
provided as molecular complex, referred to as base editing complex herein, has the capacity to mediate a targeted base
modification, i.e., the conversion of a base of interest resulting in a point mutation of interest. Preferably, the at least
one base editor in the context of the present invention is temporarily or permanently linked to at least one site-specific
effector, or optionally to a component of at least one site-specific effector complex (e.g., DNA recognition domain of
CRISPR system, zinc finger or TAL efectors). The linkage can be covalent and/or non-covalent.

[0078] Multiple publications have shown targeted base conversion, primarily cytidine (C) to thymine (T), using a
CRISPR/Cas9 nickase or non-functional nuclease linked to a cytidine deaminase domain, Apolipoprotein B mRNA-
editing catalytic polypeptide (APOBEC1), e.g., APOBEC derived from rat. The deamination of cytosine (C) is catalysed
by cytidine deaminases and results in uracil (U), which has the base-pairing properties of thymine (T). Most known
cytidine deaminases operate on RNA, and the few examples that are known to accept DNA require single-stranded (ss)
DNA. Studies on the dCas9-target DNA complex reveal that at least nine nucleotides (nt) of the displaced DNA strand
are unpaired upon formation of the Cas9-guide RNA-DNA 'R-loop’ complex (Jore et al., Nat. Struct. Mol. Biol., 18,
529-536 (2011)). Indeed, in the structure of the Cas9 R-loop complex, the first 11 nt of the protospacer on the displaced
DNA strand are disordered, suggesting that their movement is not highly restricted. It has also been speculated that
Cas9 nickase-induced mutations at cytosines in the non-template strand might arise from their accessibility by cellular
cytosine deaminase enzymes. It was reasoned that a subset of this stretch of ssDNA in the R-loop might serve as an
efficient substrate for a dCas9-tethered cytidine deaminase to effect direct, programmable conversion of C to U in DNA
(Komor et al., supra). Recently, Goudelli et al ((2017). Programmable base editing of A» T to G+ C in genomic DNA
without DNA cleavage. Nature, 551(7681), 464.) described adenine base editors (ABEs) that mediate the conversion
of A+T to G+C in genomic DNA.

[0079] Anybase editing complex according to the presentinvention can thus comprise at least one cytidine deaminase,
or a catalytically active fragment thereof. The at least one base editing complex can comprise the cytidine deaminase,
or a domain thereof in the form of a catalytically active fragment, as base editor.

[0080] In another embodiment, the at least one first targeted base modification is a conversion of any nucleotide C,
A, T, or G, to any other nucleotide. Any one of a C, A, T or G nucleotide can be exchanged in a site-directed way as
mediated by a base editor, or a catalytically active fragment thereof, to another nucleotide. The at least one base editing
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complex can thus comprise any base editor, or a base editor domain or catalytically active fragment thereof, which can
convert a nucleotide of interest into any other nucleotide of interest in a targeted way.

[0081] In certain embodiments, the target sequence for CRISPR/Cas 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 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 (Pl) 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/nature 14592. 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.

[0082] The Cas protein as referred to herein, such as without limitation Cas9, Cpf1 (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) Cpf1, preferably Acidaminococcus sp.,
such as Acidaminococcus sp. BV3L6 Cpf1 (AsCpf1) or Lachnospiraceae bacterium Cpf1, such as Lachnospiraceae
bacterium MA2020 or Lachnospiraceae bacterium MD2006 (LbCpf1). In certain embodiments, the Cas protein is (mod-
ified) C2c2, preferably Leptotrichia wadei C2c2 (LwC2c2) or Listeria newyorkensis FSL M6-0635 C2c2 (LbFSLC2c2).
In certain embodiments, the (modified) Cas protein is C2c1. In certain embodiments, the (modified) Cas protein is C2c3.
In certain embodiments, the (modified) Cas protein is Cas13b.

[0083] 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 meth-
anesulfonate (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 screening-technique thatidentifies
single base mutations/point mutations in a target gene. The TILLING method relies on the formation of DNA heterodu-
plexes 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.

[0084] 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 DGCRS8. 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
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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.
[0085] 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 and/or one or more marker(s) as described herein is/are homozygous. In certain embodiments,
the QTL and/or one or more marker(s) as described herein are heterozygous. In certain embodiments, the QTL allele
and/or one or more marker(s) allele(s) as described herein is/are homozygous. In certain embodiments, the QTL allele
and/or one or more marker(s) allele(s) as described herein are heterozygous.

[0086] 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.

[0087] 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 poly-
morphisms (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), mo-
lecular 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.

[0088] A "marker allele", alternatively an "allele of a marker locus”, can refer to one of a plurality of 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.

[0089] "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.

[0090] "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 linked to a digestibility QTL as defined herein, can be used to detect and/or select plants comprising
the QTL on chromosome 9. The closer the genetic linkage of the molecular marker to the locus (e.g. about 7 cM, 6 cM,
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 cM 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). "LOD-score" (logarithm (base 10) of odds) refers to a statistical test often used for linkage
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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 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.
[0091] A "marker haplotype" refers to a combination of alleles at a marker locus.

[0092] 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.

[0093] 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.

[0094] 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.

[0095] "Genetic markers" are nucleic acids that are polymorphic in 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 pol-
ymorphisms (RFLP), detection of isozyme markers, detection of polynucleotide polymorphisms by allele specific hybrid-
ization (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).

[0096] 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.

[0097] "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).

[0098] "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.

[0099] 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 isolated and overlapping contiguous genetic fragments) and not based
on genetic recombination (that can vary in different populations).
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[0100] 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 itis 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.

[0101] A centimorgan ("cM") is a unit of measure of recombination frequency. One cM is equal to a 1 % chance that
amarker at one genetic locus will be separated from a marker at a second locus due to crossing overin a single generation.
[0102] 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%.
[0103] 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% orless. 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%, 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.

[0104] "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).

[0105] 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 also can 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 Biotech-
nology Information web site (World Wide Web at ncbi.nilm.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 BLASTN or BLASTP algorithm.

[0106] BLASTN s usedto 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

20



10

15

20

25

30

35

40

45

50

55

EP 3 560 330 B1

compared (e.g. , C:\seq2.txt); -p is set to blastn; -o is set to any desired file name (e.g. , C :\output.txt); -q is setto - 1 ;
-r is 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:\seq| .ixt -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
of90% (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.

[0107] 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 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.

[0108] 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 least 60%, e.g. at least 70%, 75%, 80%, 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. "Stringent hybridisation conditions"
can be used to identify nucleotide sequences, which are substantially identical to a given nucleotide sequence. Stringent
conditions are sequence dependent and will be different in different circumstances. Generally, stringent conditions are
selected to be about 5°C lower than the thermal melting point (Tm) for the specific sequences at a defined ionic strength
and pH. The Tm is the temperature (under defined ionic strength and pH) at which 50% of the target sequence hybridises
to a perfectly matched probe. Typically, stringent conditions will be chosen in which the salt concentration is about 0.02
molar at pH 7 and the temperature is at least 60°C. Lowering the salt concentration and/or increasing the temperature
increases stringency. Stringent conditions for RNA-DNA hybridisations (Northern blots using a probe of e.g. 100 nt) are
for example those which include at least one wash in 0.2X SSC at 63°C for 20min, or equivalent conditions. Stringent
conditions for DNA-DNA hybridisation (Southern blots using a probe of e.g. 100 nt) are for example those which include
at least one wash (usually 2) in 0.2X SSC at a temperature of at least 50°C, usually about 55°C, for 20 min, or equivalent
conditions. See also Sambrook et al. (1989) and Sambrook and Russell (2001). Examples of high stringent hybridization
conditions are conditions under which primarily only those nucleic acid molecules that have at least 90% or at least 95%
sequence identity undergo hybridization. Such high stringent hybridization conditions are, for example: 4 x SSC at 65°C
and subsequent multiple washes in 0.1 x SSC at 65°C for approximately 1 hour. The term "high stringent hybridization
conditions" as used herein 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 subsequently washing twice with 2 x SSC and 0.1 % SDS at 68°C. Preferably,
hybridization takes place under stringent conditions. Less stringent hybridization conditions are, for example: hybridizing
in 4 x SSC at 37 °C and subsequent multiple washing in 1 x SSC at room temperature.

[0109] As used herein, F35H (ExPASy enzyme entry EC 1.14.13.88) refers to the flavonoid 3’,5’-hydroxylase gene or
protein. F35H is also known as F3’'5'H, F3’,5’H, cytochrome P450 flavonoid 3’,5’-hydroxylase, or flavanone,NADPH:ox-
ygen oxidoreductase. F35H catalyzes the following reaction: flavanone + 2NADPH + 2 O(2) <=> 3’,5’-dihydroxyflavanone
+ 2 NADP(+) + 2 H(2)O.

[0110] In an aspect, the invention relates to a method for identifying a maize plant or plant part from maize having
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improved digestibility, preferably improved stover digestibility, or for selecting a plant or plant part having improved
digestibility, preferably improved stover digestibility, comprising screening for the presence of a QTL allele (such as in
isolated genetic material from the plant or plant part) associated with improved digestibility, preferably improved stover
digestibility, said QTL allele comprising a nucleotide sequence of a gene encoding a cytochrome P450 flavonoid 3’,5'-
hydroxylase (F35H), having a mutation leading to reduced or absent expression of the mRNA of the gene and/or the
F35H protein (such as a knock-down or knock-out mutation), or a mutation leading to a non-functional F35H protein
(e.g., truncated F35H protein) or an F35H protein having reduced enzymatic activity upon translation;

wherein improved digestibility relates to increased digestibility of the maize plant or plant part from maize having
the characteristic of a), b) or c) compared to a maize plant or plant part from maize not having such characteristic; and

wherein the unmutated F35H is selected from the group consisting of:

(i) a nucleotide sequence comprising the sequence of SEQ ID NO: 1;

(i) a nucleotide sequence having the cDNA of SEQ ID NO: 2;

(iii) a nucleotide sequence encoding for an amino acid sequence having the amino acid sequence of SEQ ID
NO: 3;

(iv) a nucleotide sequence having at least 80% identity to the sequence of SEQ ID NO: 1, or 2;

(v) a nucleotide sequence encoding for a polypeptide having at least 80% identity to the sequence of SEQ ID
NO: 3;

(vi) a nucleotide sequence hybridizing with the reverse complement of a nucleotide sequence as defined in (i),
(ii) or (iii) under stringent hybridization conditions.

[0111] In an embodiment, the invention relates to a method for identifying a maize plant or plant part from maize having
improved digestibility, preferably improved stover digestibility, or for selecting a plant or plant part having improved
digestibility, preferably improved stover digestibility, comprising isolating genetic material from at least one cell of the
plant or plant part, and screening in said genetic material for the presence of a QTL allele associated with improved
digestibility, preferably improved stover digestibility, said QTL allele comprising a nucleotide sequence of a gene encoding
a cytochrome P450 flavonoid 3’,5’-hydroxylase (F35H), having a mutation leading to reduced or absent expression of
the mRNA of the gene and/or the F35H protein (such as a knock-down or knock-out mutation), or a mutation leading to
a non-functional F35H protein (e.g., truncated F35H protein) or an F35H protein having reduced enzymatic activity upon
translation.

[0112] In an embodiment, the invention relates to a method for identifying a maize plant or plant part from maize having
improved digestibility, preferably improved stover digestibility, or for selecting a plant or plant part having improved
digestibility, preferably improved stover digestibility, comprising screening for the presence of a QTL allele (such as in
isolated genetic material from the plant or plant part) associated with improved digestibility, preferably improved stover
digestibility, said QTL allele comprising a nucleotide sequence of a gene encoding a cytochrome P450 flavonoid 3’,5'-
hydroxylase (F35H) having a mutation leading to reduced or absent expression of the mRNA of the gene and/or the
F35H protein (such as a knock-down or knock-out mutation), or a mutation leading to a non-functional F35H protein
(e.g., truncated F35H protein) or an F35H protein having reduced enzymatic activity upon translation, and selecting a
maize plant or plant part from maize in which the QTL allele is present.

[0113] Inan embodiment, the invention relates to a method for identifying a maize plant or plant part from maize having
improved digestibility, preferably improved stover digestibility, or for selecting a plant or plant part having improved
digestibility, preferably improved stover digestibility, comprising isolating genetic material from at least one cell of the
plantor plantpart, screening in said genetic material for the presence of a QTL allele associated with improved digestibility,
preferably improved stover digestibility, said QTL allele comprising a nucleotide sequence of a gene encoding a cyto-
chrome P450 flavonoid 3’,5’-hydroxylase (F35H), having a mutation leading to reduced or absent expression of the
mRNA of the gene and/or the F35H protein (such as a knock-down or knock-out mutation), or a mutation leading to a
non-functional F35H protein (e.g., truncated F35H protein) or an F35H protein having reduced enzymatic activity upon
translation, and selecting a maize plant or plant part from maize in which the QTL allele is present.

[0114] In an aspect, the invention relates to a method for identifying a maize plant or plant part from maize having
improved digestibility, preferably improved stover digestibility, or for selecting a plant or plant part having improved
digestibility, preferably improved stover digestibility, comprising screening for the presence of a QTL allele (such as in
isolated genetic material from the plant or plant part) comprising a nucleotide sequence of a gene encoding a cytochrome
P450 flavonoid 3’,5’-hydroxylase (F35H), having a mutation leading to reduced or absent expression of the mRNA of
the gene and/or the F35H protein (such as a knock-down or knock-out mutation), or a mutation leading to a non-functional
F35H protein (e.g., truncated F35H protein) or an F35H protein having reduced enzymatic activity upon translation;
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wherein improved digestibility relates to increased digestibility of the maize plant or plant part from maize having
the characteristic of a), b) or c) compared to a maize plant or plant part from maize not having such characteristic; and

wherein the unmutated F35H is selected from the group consisting of:

(i) a nucleotide sequence comprising the sequence of SEQ ID NO: 1;

(i) a nucleotide sequence having the cDNA of SEQ ID NO: 2;

(iii) a nucleotide sequence encoding for an amino acid sequence having the amino acid sequence of SEQ ID
NO: 3;

(iv) a nucleotide sequence having at least 80% identity to the sequence of SEQ ID NO: 1, or 2;

(v) a nucleotide sequence encoding for a polypeptide having at least 80% identity to the sequence of SEQ ID
NO: 3;

(vi) a nucleotide sequence hybridizing with the reverse complement of a nucleotide sequence as defined in (i),
(ii) or (iii) under stringent hybridization conditions.

[0115] In an embodiment, the invention relates to a method for identifying a maize plant or plant part from maize having
improved digestibility, preferably improved stover digestibility, or for selecting a plant or plant part having improved
digestibility, preferably improved stover digestibility, comprising isolating genetic material from at least one cell of the
plant or plant part, and screening in said genetic material for the presence of a QTL allele comprising a nucleotide
sequence of a gene encoding a cytochrome P450 flavonoid 3’,5’-hydroxylase (F35H), having a mutation leading to
reduced or absent expression of the mRNA of the gene and/or the F35H protein (such as a knock-down or knock-out
mutation), or a mutation leading to a non-functional F35H protein (e.g., truncated F35H protein) or an F35H protein
having reduced enzymatic activity upon translation.

[0116] In an embodiment, the invention relates to a method for identifying a maize plant or plant part from maize having
improved digestibility, preferably improved stover digestibility, or for selecting a plant or plant part having improved
digestibility, preferably improved stover digestibility, comprising screening for the presence of a QTL allele (such as in
isolated genetic material from the plant or plant part) comprising a nucleotide sequence of a gene encoding a cytochrome
P450 flavonoid 3’,5’-hydroxylase (F35H) having a mutation leading to reduced or absent expression of the mRNA of the
gene and/or the F35H protein (such as a knock-down or knock-out mutation), or a mutation leading to a non-functional
F35H protein (e.g., truncated F35H protein) or an F35H protein having reduced enzymatic activity upon translation, and
selecting a plant or plant part in which the QTL allele is present.

[0117] In an embodiment, the invention relates to a method for identifying a maize plant or plant part from maize having
improved digestibility, preferably improved stover digestibility, or for selecting a plant or plant part having improved
digestibility, preferably improved stover digestibility, comprising isolating genetic material from at least one cell of the
plant or plant part, screening in said genetic material for the presence of a QTL allele comprising a nucleotide sequence
of a gene encoding a cytochrome P450 flavonoid 3’,5’-hydroxylase (F35H) having a mutation leading to reduced or
absent expression of the mRNA of the gene and/or the F35H protein (such as a knock-down or knock-out mutation), or
a mutation leading to a non-functional F35H protein (e.g., truncated F35H protein) or an F35H protein having reduced
enzymatic activity upon translation, and selecting a maize plant or plant part from maize in which the QTL allele is present.
[0118] In certain embodiments, the QTL allele is located on chromosome 9 and comprises and/or is flanked by (mo-
lecular) marker alleles ma61070s01 and ma30168s02, preferably by marker alleles ma50827s01 and ma16983s02,
more preferably by marker alleles ma17117s01 and ma61125s01.

[0119] In certain embodiments, the QTL allele is located on chromosome 9 and comprises the (molecular) marker
allele of ma61134xxx

[0120] In certain embodiments, the QTL allele is located on a chromosomal interval comprising and/or flanked by
(molecular) marker alleles ma61070s01 and ma30168s02, preferably by marker alleles ma50827s01 and ma16983s02,
more preferably by marker alleles ma17117s01 and ma61125s01.

[0121] In certain embodiments, the QTL allele is located on a chromosomal interval comprising the marker allele of
ma61134xxx and/or one or more molecular marker alleles located in a chromosomal interval on chromosome 9 flanked
by marker alleles ma61070s01 and ma30168s02, preferably by marker alleles ma50827s01 and ma16983s02, more
preferably by marker alleles ma17117s01 and ma61125s01, preferably wherein the one or more molecular marker alleles
are detectable by a polynucleic acid, such as an allele specific polynucleic acid (molecular marker), suitable for hybrid-
ization as forward primer and reverse primer to a locus in the chromosomal interval which co-segregates with the
improved digestibility..

[0122] In an aspect, the invention relates to a method for identifying a maize plant or plant part from maize having
improved digestibility, preferably improved stover digestibility, or for selecting a plant or plant part having improved
digestibility, preferably improved stover digestibility, comprising screening (such as in isolated genetic material from the
plant or plant part) for the presence of a mutation leading to reduced or absent expression of the mRNA of a gene
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encoding a cytochrome P450 flavonoid 3’,5’-hydroxylase (F35H) and/or the F35H protein (such as a knock-down or
knock-out mutation), or a mutation leading to a non-functional F35H protein or an F35H protein having reduced enzymatic
activity upon translation;

wherein improved digestibility relates to increased digestibility of the maize plant or plant part from maize having
the characteristic of a), b) or c) compared to a maize plant or plant part from maize not having such characteristic; and

wherein the unmutated F35H is selected from the group consisting of:

(i) a nucleotide sequence comprising the sequence of SEQ ID NO: 1;

(i) a nucleotide sequence having the cDNA of SEQ ID NO: 2;

(iii) a nucleotide sequence encoding for an amino acid sequence having the amino acid sequence of SEQ ID
NO: 3;

(iv) a nucleotide sequence having at least 80% identity to the sequence of SEQ ID NO: 1, or 2;

(v) a nucleotide sequence encoding for a polypeptide having at least 80% identity to the sequence of SEQ ID
NO: 3;

(vi) a nucleotide sequence hybridizing with the reverse complement of a nucleotide sequence as defined in (i),
(ii) or (iii) under stringent hybridization conditions.

[0123] In an embodiment, the invention relates to a method for identifying a maize plant or plant part from maize having
improved digestibility, preferably improved stover digestibility, or for selecting a maize plant or plant part from maize
having improved digestibility, preferably improved stover digestibility, comprising isolating genetic material from at least
one cell of the plant or plant part, and screening in said genetic material for the presence of a mutation leading to reduced
or absent expression of the mMRNA of a gene encoding a cytochrome P450 flavonoid 3’,5’-hydroxylase (F35H) and/or
the F35H protein (such as a knock-down or knock-out mutation), or a mutation leading to a non-functional F35H protein
or an F35H protein having reduced enzymatic activity upon translation.

[0124] In an embodiment, the invention relates to a method for identifying a maize plant or plant part from maize having
improved digestibility, preferably improved stover digestibility, or for selecting a maize plant or plant part from maize
having improved digestibility, preferably improved stover digestibility, comprising screening (such as in isolated genetic
material from the plant or plant part) for the presence of a mutation leading to reduced or absent expression of the mRNA
of a gene encoding a cytochrome P450 flavonoid 3’,5’-hydroxylase (F35H) and/or the F35H protein (such as a knock-
down or knock-out mutation), or a mutation leading to a non-functional F35H protein or an F35H protein having reduced
enzymatic activity upon translation, and selecting a maize plant or plant part from maize in which the mutation in said
F35H is present.

[0125] In an embodiment, the invention relates to a method for identifying a maize plant or plant part from maize having
improved digestibility, preferably improved stover digestibility, or for selecting a maize plant or plant part from maize
having improved digestibility, preferably improved stover digestibility, comprising isolating genetic material from at least
one cell of the plant or plant part, screening in said genetic material for the presence of a mutation leading to reduced
or absent expression of the mRNA of a gene encoding a cytochrome P450 flavonoid 3’,5’-hydroxylase (F35H) and/or
the F35H protein (such as a knock-down or knock-out mutation), or a mutation, preferably a mutation leading to a non-
functional F35H protein or an F35H protein having reduced enzymatic activity upon translation, and selecting a maize
plant or plant part from maize in which a mutation in said F35H is present.

[0126] In an aspect, the invention relates to a method for identifying a maize plant or plant part from maize having
improved digestibility, preferably improved stover digestibility, or for selecting a maize plant or plant part from maize
having improved digestibility, preferably improved stover digestibility, comprising optionally (such as in isolated material
from the plant or plant part) analysing the (protein and/or mRNA) expression level of a gene encoding a cytochrome
P450 flavonoid 3’,5’-hydroxylase (F35H), and screening for reduced or absent expression of the mRNA of a gene
encoding a cytochrome P450 flavonoid 3’',5’-hydroxylase (F35H) and/or the F35H protein or for a non-functional F35H
protein or an F35H protein having reduced enzymatic activity;

wherein improved digestibility relates to increased digestibility of the maize plant or plant part from maize having
the characteristic of a), b) or c) compared to a maize plant or plant part from maize not having such characteristic; and

wherein the unmutated F35H is selected from the group consisting of:
(i) a nucleotide sequence comprising the sequence of SEQ ID NO: 1;

(i) a nucleotide sequence having the cDNA of SEQ ID NO: 2;
(iii) a nucleotide sequence encoding for an amino acid sequence having the amino acid sequence of SEQ ID
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NO: 3;

(iv) a nucleotide sequence having at least 80% identity to the sequence of SEQ ID NO: 1, or 2;

(v) a nucleotide sequence encoding for a polypeptide having at least 80% identity to the sequence of SEQ ID
NO: 3;

(vi) a nucleotide sequence hybridizing with the reverse complement of a nucleotide sequence as defined in (i),
(ii) or (iii) under stringent hybridization conditions.

[0127] In an embodiment, the invention relates to a method for identifying a maize plant or plant part from maize having
improved digestibility, preferably improved stover digestibility, or for selecting a maize plant or plant part from maize
having improved digestibility, preferably improved stover digestibility, comprising isolating material from at least one cell
of the plant or plant part, and optionally analysing the (protein and/or mRNA) expression level of a gene encoding a
cytochrome P450 flavonoid 3’,5’-hydroxylase (F35H) in said material, and/or screening for reduced or absent expression
of the mRNA of a gene encoding a cytochrome P450 flavonoid 3’,5’-hydroxylase (F35H) and/or the F35H protein or for
a non-functional F35H protein or an F35H protein having reduced enzymatic activity in said material.

[0128] In an embodiment, the invention relates to a method for identifying a maize plant or plant part from maize having
improved digestibility, preferably improved stover digestibility, or for selecting a maize plant or plant part from maize
having improved digestibility, preferably improved stover digestibility, comprising analysing (such as in isolated material
from the plant or plant part) the (protein and/or mMRNA) expression level of a gene encoding a cytochrome P450 flavonoid
3’,5’-hydroxylase (F35H), and selecting a maize plant or plant part from maize in which the F35H mRNA and/or protein
expression or the enzymatic F35H activity is reduced or eliminated or the enzymatic F35H activity is reduced.

[0129] In an embodiment, the invention relates to a method for identifying a maize plant or plant part from maize having
improved digestibility, preferably improved stover digestibility, or for selecting a maize plant or plant part from maize
having improved digestibility, preferably improved stover digestibility, comprising isolating material from at least one cell
of the plant or plant part, analysing the (protein and/or mRNA) expression level of a gene encoding a cytochrome P450
flavonoid 3',5’-hydroxylase (F35H) in said material and/or screening for reduced or absent expression of the mRNA of
a gene encoding a cytochrome P450 flavonoid 3’,5’-hydroxylase (F35H) and/or the F35H protein or for a non-functional
F35H protein or an F35H protein having reduced enzymatic activity in said material, and selecting a plant or plant part
in which the F35H mRNA and/or protein expression or the enzymatic F35H activity is reduced or eliminated or the
enzymatic F35H activity is reduced.

[0130] In certain embodiments, if the (protein and/or mMRNA) expression level of the F35H, in particular the wild type
or native F35H, is altered, then the plant or plant part has improved digestibility. In certain embodiments, if the (protein
and/or mRNA) expression level of the F35H, in particular the wild type or native F35H, is altered compared to a reference
expression level, then the plant or plant part has improved digestibility. In certain embodiments, if the (protein and/or
mRNA) expression level of the F35H, in particular the wild type or native F35H, is altered compared to the reference
expression level in a reference plant or plant part, then the plant or plant part has improved digestibility. In certain
embodiments, the reference plant (or plant part) is the maize inbred line PH207, as described in "Draft Assembly of Elite
Inbred Line PH207 Provides Insights into Genomic and Transcriptome Diversity in Maize", Hirsch et al., Plant Cell. 2016
Nov; 28(11): 2700-2714. Published online 2016 Nov 1. doi: 10.1105/tpc.16.00353, or a maize plant comprising the QTL
allele comprising the wild type or native (unmutated) nucleotide sequence of a gene encoding a cytochrome P450
flavonoid 3’,5’-hydroxylase (F35H) (e.g., derived from PH207), preferably the reference plant (or plant part) is derived
from a near isogenic line.

[0131] Asused herein, altered (protein and/or mRNA) expression levels refers to decreased expression levels 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.

[0132] In a particular embodiments, if the (protein and/or mRNA) expression level of the F35H, in particular the wild
type or native F35H, is reduced or expression is (substantially) absent or eliminated, then the maize plant or plant part
from maize has improved digestibility. In certain embodiments, if the (protein and/or mMRNA) expression level of the
F35H, in particular the wild type or native F35H, is reduced or expression is (substantially) absent or eliminated compared
to a reference expression level, then the maize plant or plant part from maize has improved digestibility. In certain
embodiments, if the (protein and/or mRNA) expression level of the F35H, in particular the wild type or native F35H, is
reduced or expression is (substantially) absent or eliminated compared to the reference expression level in a reference
maize plant or plant part from maize, then the maize plant or plant part from maize has improved digestibility. In certain
embodiments, the reference plant (or plant part) is the maize inbred line PH207, as described in "Draft Assembly of Elite
Inbred Line PH207 Provides Insights into Genomic and Transcriptome Diversity in Maize", Hirsch et al., Plant Cell. 2016
Nov; 28(11): 2700-2714. Published online 2016 Nov 1. doi: 10.1105/tpc.16.00353, or a maize plant comprising the QTL
allele comprising the wild type or native (unmutated) nucleotide sequence of a gene encoding a cytochrome P450
flavonoid 3’,5’-hydroxylase (F35H) (e.g., derived from PH207), preferably the reference plant (or plant part) is derived
from a near isogenic line.
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[0133] As used herein, reduced (protein and/or mMRNA) expression levels refers to decreased expression levels 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. Expression is (substantially) absent or eliminated if
expression levels are reduced atleast80%, preferably atleast 90%, more preferably atleast 95%. In certain embodiments,
expression is (substantially) absent, if no protein and/or mRNA, in particular the wild type or native protein and/or mRNA,
can be detected, such as by standard detection methods, including for instance (quantitative) PCR, northern blot, western
blot, ELISA, etc.

[0134] In an aspect, the invention relates to above method for identifying a maize plant or plant part from maize having
improved digestibility, preferably improved stover digestibility, or for selecting a maize plant or plant part from maize
having improved digestibility, preferably improved stover digestibility, comprising screening (such as in isolated genetic
material from the plant or plant part) for the presence of one or more (molecular) marker allele associated with improved
digestibility, said (molecular) marker allele being the molecular marker allele of ma61134xxx, and/or one or more mo-
lecular marker alleles located in a chromosomal interval on chromosome 9 flanked by marker alleles ma61070s01 and
ma30168s02, preferably by marker alleles ma50827s01 and ma16983s02, more preferably by marker alleles
ma17117s01 and ma61125s01, preferably wherein the one or more molecular marker alleles are detectable by a poly-
nucleic acid, such as an allele specific polynucleic acid (molecular marker), suitable for hybridization as forward primer
and reverse primer to a locus in the chromosomal interval which co-segregates with the improved digestibility.

[0135] Inan embodiment, the invention relates to a method for identifying a maize plant or plant part from maize having
improved digestibility, preferably improved stover digestibility, or for selecting a plant or plant part having improved
digestibility, preferably improved stover digestibility, comprising isolating genetic material from at least one cell of the
plant or plant part, and screening in said genetic material for the presence of one or more (molecular) marker allele
associated with improved digestibility, said (molecular) marker allele being the molecular marker allele of ma61134xxx,
and/or one or more molecular marker alleles located in a chromosomal interval on chromosome 9 flanked by marker
alleles ma61070s01 and ma30168s02, preferably by marker alleles ma50827s01 and ma16983s02, more preferably by
marker alleles ma17117s01 and ma61125s01, preferably wherein the one or more molecular marker alleles are detect-
able by a polynucleic acid, such as an allele specific polynucleic acid (molecular marker), suitable for hybridization as
forward primer and reverse primer to a locus in the chromosomal interval which co-segregates with the improved di-
gestibility.

[0136] Inanembodiment, the invention relates to a method for identifying a maize plant or plant part from maize having
improved digestibility, preferably improved stover digestibility, or for selecting a plant or plant part having improved
digestibility, preferably improved stover digestibility, comprising screening (such as in isolated genetic material from the
plant or plant part) for the presence of one or more (molecular) marker allele associated with improved digestibility, said
(molecular) marker allele being the molecular marker allele of ma61134xxx, and/or one or more molecular marker alleles
located in a chromosomal interval on chromosome 9 flanked by marker alleles ma61070s01 and ma30168s02, preferably
by marker alleles ma50827s01 and ma16983s02, more preferably by marker alleles ma17117s01 and ma61125s01,
preferably wherein the one or more molecular marker alleles are detectable by a polynucleic acid, such as an allele
specific polynucleic acid (molecular marker), suitable for hybridization as forward primer and reverse primer to a locus
in the chromosomal interval which co-segregates with the improved digestibility, and selecting a maize plant or plant
part from maize in which the one or more (molecular) marker allele is present.

[0137] Inanembodiment, the invention relates to a method for identifying a maize plant or plant part from maize having
improved digestibility, preferably improved stover digestibility, or for selecting a maize plant or plant part from maize
having improved digestibility, preferably improved stover digestibility, comprising isolating genetic material from at least
one cell of the plant or plant part, screening in said genetic material for the presence of one or more (molecular) marker
allele associated with improved digestibility, said (molecular) marker allele being the molecular marker allele of
ma61134xxx, and/or one or more molecular marker alleles located in a chromosomal interval on chromosome 9 flanked
by marker alleles ma61070s01 and ma30168s02, preferably by marker alleles ma50827s01 and ma16983s02, more
preferably by marker alleles ma17117s01 and ma61125s01, preferably wherein the one or more molecular marker alleles
are detectable by a polynucleic acid, such as an allele specific polynucleic acid (molecular marker), suitable for hybrid-
ization as forward primer and reverse primer to a locus in the chromosomal interval which co-segregates with the
improved digestibility, and selecting a maize plant or plant part from maize in which the one or more (molecular) marker
allele is present.

[0138] Inan aspect, the invention relates to above method for identifying a maize plant or plant part from maize having
improved digestibility, preferably improved stover digestibility, or for selecting a maize plant or plant part from maize
having improved digestibility, preferably improved stover digestibility, comprising screening (such as in isolated genetic
material from the plant or plant part) for the presence of the molecular marker allele of ma61134xxx, and/or one or more
molecular marker alleles located in a chromosomal interval on chromosome 9 flanked by marker alleles ma61070s01
and ma30168s02, preferably by marker alleles ma50827s01 and ma16983s02, more preferably by marker alleles
ma17117s01 and ma61125s01, preferably wherein the one or more molecular marker alleles are detectable by a poly-
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nucleic acid, such as an allele specific polynucleic acid (molecular marker), suitable for hybridization as forward primer
and reverse primer to a locus in the chromosomal interval which co-segregates with the improved digestibility.

[0139] Inan embodiment, the invention relates to a method for identifying a maize plant or plant part from maize having
improved digestibility, preferably improved stover digestibility, or for selecting a maize plant or plant part from maize
having improved digestibility, preferably improved stover digestibility, comprising isolating genetic material from at least
one cell of the plant or plant part, and screening in said genetic material for the presence of the molecular marker allele
of ma61134xxx, and/or one or more molecular marker alleles located in a chromosomal interval on chromosome 9
flanked by marker alleles ma61070s01 and ma30168s02, preferably by marker alleles ma50827s01 and ma16983s02,
more preferably by marker alleles ma17117s01 and ma61125s01, preferably wherein the one or more molecular marker
alleles are detectable by a polynucleic acid, such as an allele specific polynucleic acid (molecular marker), suitable for
hybridization as forward primer and reverse primer to a locus in the chromosomal interval which co-segregates with the
improved digestibility.

[0140] In an embodiment, the invention relates to a method for identifying a maize plant or plant part from maize having
improved digestibility, preferably improved stover digestibility, or for selecting a maize plant or plant part from maize
having improved digestibility, preferably improved stover digestibility, comprising screening (such as in isolated genetic
material from the plant or plant part) for the presence of the molecular marker allele of ma61134xxx, and/or one or more
molecular marker alleles located in a chromosomal interval on chromosome 9 flanked by marker alleles ma61070s01
and ma30168s02, preferably by marker alleles ma50827s01 and ma16983s02, more preferably by marker alleles
ma17117s01 and ma61125s01, preferably wherein the one or more molecular marker alleles are detectable by a poly-
nucleic acid, such as an allele specific polynucleic acid (molecular marker), suitable for hybridization as forward primer
and reverse primer to a locus in the chromosomal interval which co-segregates with the improved digestibility, and
selecting a maize plant or plant part from maize in which the one or more (molecular) marker allele is present.

[0141] In an embodiment, the invention relates to a method for identifying a maize plant or plant part from maize having
improved digestibility, preferably improved stover digestibility, or for selecting a maize plant or plant part from maize
having improved digestibility, preferably improved stover digestibility, comprising isolating genetic material from at least
one cell of the plant or plant part, screening in said genetic material for the presence of the molecular marker allele of
ma61134xxx, and/or one or more molecular marker alleles located in a chromosomal interval on chromosome 9 flanked
by marker alleles ma61070s01 and ma30168s02, preferably by marker alleles ma50827s01 and ma16983s02, more
preferably by marker alleles ma17117s01 and ma61125s01, preferably wherein the one or more molecular marker alleles
are detectable by a polynucleic acid, such as an allele specific polynucleic acid (molecular marker), suitable for hybrid-
ization as forward primer and reverse primer to a locus in the chromosomal interval which co-segregates with the
improved digestibility, and selecting a plant or plant part in which the one or more (molecular) marker allele is present.
[0142] It will be understood that in the methods as described above, when the QTL allele or (molecular) marker allele
is present, then the plant or plant part is identified as having improved digestibility.

[0143] Methods for screening for the presence of a QTL allele or (molecular) marker allele as described herein are
known in the art. Without limitation, screening may encompass or comprise sequencing, hybridization based methods
(such as (dynamic) allele-specific hybridization, molecular beacons, SNP microarrays), enzyme based methods (such
as PCR, KASP (Kompetitive Allele Specific PCR), RFLP, ALFP, RAPD, Flap endonuclease, primer extension, 5’-nucle-
ase, oligonucleotide ligation assay), post-amplification methods based on physical properties of DNA (such as single
strand conformation polymorphism, temperature gradient gel electrophoresis, denaturing high performance liquid chro-
matography, high-resolution melting of the entire amplicon, use of DNA mismatch-binding proteins, SNPlex, surveyor
nuclease assay), etc.

[0144] In the present application it is described a method, such as a method for generating/producing a plant or plant
part having improved digestibility, preferably improved stover digestibility, and/or improving digestibility of a plant or plant
part, preferably stover digestibility, comprising introducing or introgressing into the genome of a plant or plant part a QTL
allele associated with improved digestibility and comprising a nucleotide sequence of a gene encoding a cytochrome
P450 flavonoid 3’,5’-hydroxylase having a mutation.

[0145] The present application discloses further a method, such as a method for generating/producing a plant or plant
part having improved digestibility, preferably improved stover digestibility, and/or for improving digestibility of a plant or
plant part, preferably stover digestibility, comprising introducing or introgressing into the genome of a plant or plant part
a QTL allele comprising a nucleotide sequence of a gene encoding a cytochrome P450 flavonoid 3’,5’-hydroxylase
having a mutation. Such mutation may lead to altered expression of the mRNA of the gene and/or the F35H protein, or
the mutation leads to an F35H protein having altered enzymatic activity upon translation, more preferably the mutation
leads to reduced or absent expression of the mRNA of said gene and/or the F35H protein, to a knock-out or knock-down
of said gene or a mutation leading to a non-functional F35H protein (e.g., truncated F35H protein) (e.g., truncated F35H
protein) or an F35H protein having reduced enzymatic activity upon translation or an F35H protein having increased
enzymatic activity upon translation.

[0146] Further the described method for generating/producing a plant or plant part and/or for improving digestibility of
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a plant or plant part, preferably stover digestibility, the QTL allele is located on chromosome 9 and comprises and/or is
flanked by marker alleles ma61070s01 and ma30168s02, preferably by marker alleles ma50827s01 and ma16983s02,
more preferably by marker alleles ma17117s01 and ma61125s01, and/or the QTL allele is located on chromosome 9
and comprises the (molecular) marker allele of ma61134xxx, and/or the QTL allele is located on a chromosomal interval
comprising and/or flanked by (molecular) marker alleles ma61070s01 and ma30168s02, preferably by marker alleles
ma50827s01 and ma16983s02, more preferably by marker alleles ma17117s01 and ma61125s01, and/or the QTL allele
is located on a chromosomal interval comprising the marker allele of ma61134xxx and/or one or more molecular marker
alleles located in a chromosomal interval on chromosome 9 flanked by marker alleles ma61070s01 and ma30168s02,
preferably by marker alleles ma50827s01 and ma16983s02, more preferably by marker alleles ma17117s01 and
ma61125s01, preferably wherein the one or more molecular marker alleles are detectable by a polynucleic acid, such
as an allele specific polynucleic acid (molecular marker), suitable for hybridization as forward primer and reverse primer
to a locus in the chromosomal interval which co-segregates with the improved digestibility.

[0147] Additionally a method is disclosed, such as a method for generating/producing a plant or plant part having
improved digestibility, preferably improved stover digestibility, and/or for improving digestibility of a plant or plant part,
preferably stover digestibility, comprising introducing into the genome of a plant or plant part a QTL allele associated
with improved digestibility and comprising the marker allele of ma61134xxx and/or one or more molecular marker alleles
located in a chromosomal interval on chromosome 9 flanked by marker alleles ma61070s01 and ma30168s02, preferably
by marker alleles ma50827s01 and ma16983s02, more preferably by marker alleles ma17117s01 and ma61125s01,
preferably wherein the one or more molecular marker alleles are detectable by a polynucleic acid, such as an allele
specific polynucleic acid (molecular marker), suitable for hybridization as forward primer and reverse primer to a locus
in the chromosomal interval which co-segregates with the improved digestibility.

[0148] Alternatively, the present application describes a method, such as a method for generating/producing a plant
or plant part having improved digestibility, preferably improved stover digestibility, and/or for improving digestibility of a
plant or plant part, preferably stover digestibility, comprising introducing into the genome of a plant or plant part a QTL
allele comprising the marker allele of ma61134xxx and/or one or more molecular marker alleles located in a chromosomal
interval on chromosome 9 flanked by marker alleles ma61070s01 and ma30168s02, preferably by marker alleles
ma50827s01 and ma16983s02, more preferably by marker alleles ma17117s01 and ma61125s01, preferably wherein
the one or more molecular marker alleles are detectable by a polynucleic acid, such as an allele specific polynucleic
acid (molecular marker), suitable for hybridization as forward primer and reverse primer to a locus in the chromosomal
interval which co-segregates with the improved digestibility.

[0149] In an aspect, the invention relates to a method, such as a method for generating/producing a maize plant or
plant part from maize having improved digestibility, preferably improved stover digestibility, and/or for improving digest-
ibility of a plant or plant part, preferably stover digestibility, comprising introducing or introgressing into the genome of
a maize plant or plant part from maize a nucleotide sequence of a gene encoding a cytochrome P450 flavonoid 3’,5’-
hydroxylase (F35H) having a mutation leading to reduced or absent expression of the mRNA of the gene and/or the
F35H protein (such as a knock-down or knock-out mutation), or a mutation leading to a non-functional F35H protein
(e.g., truncated F35H protein) or an F35H protein having reduced enzymatic activity upon translation;

wherein improved digestibility relates to increased digestibility of maize plant or plant part from maize having the
characteristic of a), b), ¢), d) or e) compared to a maize plant or plant part from maize not having such characteristic,
and

wherein the unmutated F35H is selected from the group consisting of:

(i) a nucleotide sequence comprising the sequence of SEQ ID NO: 1, 4, or 7;

(i) a nucleotide sequence having the cDNA of SEQ ID NO: 2, 5, or 8;

(iii) a nucleotide sequence encoding for an amino acid sequence having the amino acid sequence of SEQ ID
NO: 3,6, 0or 9;

(iv) a nucleotide sequence having at least 80% identity to the sequence of SEQ ID NO: 1, 2, 4,5, 7, or §;

(v) a nucleotide sequence encoding for a polypeptide having at least 80% identity to the sequence of SEQ ID
NO: 3, 6, or 9; and

(vi) a nucleotide sequence hybridizing with the reverse complement of a nucleotide sequence as defined in (i),
(ii) or (iii) under stringent hybridization conditions.

[0150] In an aspect, the invention relates to a method, such as a method for generating/producing a maize plant or
plant part from maize having improved digestibility, preferably improved stover digestibility, and/or for improving digest-
ibility of a maize plant or plant part from maize, preferably stover digestibility, comprising introducing into the genome
of a maize plant or plant from maize, in particular into a nucleotide sequence of an endogenous gene encoding a
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cytochrome P450 flavonoid 3’,5'-hydroxylase a mutation leading to reduced or absent expression of the mRNA of the
gene and/or the F35H protein (such as a knock-down or knock-out mutation), or a mutation leading to a non-functional
F35H protein or an F35H protein having reduced enzymatic activity upon translation;

wherein improved digestibility relates to increased digestibility of maize plant or plant part from maize having the
characteristic of a), b), ¢), d) or e) compared to a maize plant or plant part from maize not having such characteristic,
and

wherein the unmutated F35H is selected from the group consisting of:

(i) a nucleotide sequence comprising the sequence of SEQ ID NO: 1, 4, or 7;

(i) a nucleotide sequence having the cDNA of SEQ ID NO: 2, 5, or 8;

(iii) a nucleotide sequence encoding for an amino acid sequence having the amino acid sequence of SEQ ID
NO: 3,6, 0or 9;

(iv) a nucleotide sequence having at least 80% identity to the sequence of SEQ ID NO: 1, 2, 4,5, 7, or §;

(v) a nucleotide sequence encoding for a polypeptide having at least 80% identity to the sequence of SEQ ID
NO: 3, 6, or 9; and

(vi) a nucleotide sequence hybridizing with the reverse complement of a nucleotide sequence as defined in (i),
(ii) or (i) under stringent hybridization conditions.

[0151] In an aspect, the invention relates to a method, such as a method for generating/producing a maize plant or
plant part from maize having improved digestibility, preferably improved stover digestibility, and/or for improving digest-
ibility of a maize plant or plant part from maize, preferably stover digestibility, comprising altering an endogenous gene
encoding a cytochrome P450 flavonoid 3’,5’-hydroxylase gene, preferably knocking out an endogenous gene encoding
a cytochrome P450 flavonoid 3’,5’-hydroxylase gene;

wherein improved digestibility relates to increased digestibility of maize plant or plant part from maize having the
characteristic of a), b), ¢), d) or e) compared to a maize plant or plant part from maize not having such characteristic,
and

wherein the unmutated F35H is selected from the group consisting of:

(i) a nucleotide sequence comprising the sequence of SEQ ID NO: 1, 4, or 7;

(i) a nucleotide sequence having the cDNA of SEQ ID NO: 2, 5, or 8;

(iii) a nucleotide sequence encoding for an amino acid sequence having the amino acid sequence of SEQ ID
NO: 3,6, 0or 9;

(iv) a nucleotide sequence having at least 80% identity to the sequence of SEQ ID NO: 1, 2, 4,5, 7, or §;

(v) a nucleotide sequence encoding for a polypeptide having at least 80% identity to the sequence of SEQ ID
NO: 3, 6, or 9; and

(vi) a nucleotide sequence hybridizing with the reverse complement of a nucleotide sequence as defined in (i),
(ii) or (iii) under stringent hybridization conditions.

[0152] In an aspect, the invention relates to a method, such as a method for generating/producing a maize plant or
plant part from maize having improved digestibility, preferably improved stover digestibility, and/or for improving digest-
ibility of a maize plant or plant part from maize, preferably stover digestibility, comprising reducing mRNA expression of
gene encoding a cytochrome P450 flavonoid 3’,5’-hydroxylase gene (F35H) and/or the encoded F35H protein, preferably
knocking down mRNA expression of gene encoding a cytochrome P450 flavonoid 3’,5-hydroxylase gene (F35H) and/or
the encoded F35H protein;

wherein improved digestibility relates to increased digestibility of maize plant or plant part from maize having the
characteristic of a), b), ¢), d) or e) compared to a maize plant or plant part from maize not having such characteristic,
and
wherein the unmutated F35H is selected from the group consisting of:

(i) a nucleotide sequence comprising the sequence of SEQ ID NO: 1, 4, or 7;

(i) a nucleotide sequence having the cDNA of SEQ ID NO: 2, 5, or 8;
(iii) a nucleotide sequence encoding for an amino acid sequence having the amino acid sequence of SEQ ID
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NO: 3,6, 0or 9;

(iv) a nucleotide sequence having at least 80% identity to the sequence of SEQ ID NO: 1, 2, 4,5, 7, or §;

(v) a nucleotide sequence encoding for a polypeptide having at least 80% identity to the sequence of SEQ ID
NO: 3, 6, or 9; and

(vi) a nucleotide sequence hybridizing with the reverse complement of a nucleotide sequence as defined in (i),
(ii) or (iii) under stringent hybridization conditions.

[0153] In an aspect, the invention relates to a method, such as a method for generating/producing a maize plant or
plant part from maize having improved digestibility, preferably improved stover digestibility, and/or for improving digest-
ibility of a maize plant or plant part from maize, preferably stover digestibility, comprising eliminating or reducing or
inhibiting expression of mMRNA of a gene encoding a cytochrome P450 flavonoid 3’,5’-hydroxylase and/or the F35H
protein, reducing the enzymatic activity of a cytochrome P450 flavonoid 3’,5-hydroxylase (F35H) or inhibiting the F35H
protein, or increasing the enzymatic activity of a cytochrome P450 flavonoid 3’,5’-hydroxylase (F35H) ;

wherein improved digestibility relates to increased digestibility of maize plant or plant part from maize having the
characteristic of a), b), ¢), d) or e) compared to a maize plant or plant part from maize not having such characteristic,
and

wherein the unmutated F35H is selected from the group consisting of:

(i) a nucleotide sequence comprising the sequence of SEQ ID NO: 1, 4, or 7;

(i) a nucleotide sequence having the cDNA of SEQ ID NO: 2, 5, or 8;

(iii) a nucleotide sequence encoding for an amino acid sequence having the amino acid sequence of SEQ ID
NO: 3,6, 0r 9;

(iv) a nucleotide sequence having at least 80% identity to the sequence of SEQ ID NO: 1, 2, 4,5, 7, or §;

(v) a nucleotide sequence encoding for a polypeptide having at least 80% identity to the sequence of SEQ ID
NO: 3, 6, or 9; and

(vi) a nucleotide sequence hybridizing with the reverse complement of a nucleotide sequence as defined in (i),
(ii) or (iii) under stringent hybridization conditions.

[0154] In certain embodiments, the invention relates to a method, such as a method generating/producing a maize
plant or plant part from maize having improved digestibility, preferably improved stover digestibility, and/or for improving
digestibility, preferably stover digestibility, of a plant or plant part, comprising

A. introducing into a nucleotide sequence of an endogenous gene of the plant or plant part encoding a cytochrome
P450 flavonoid 3’,5’-hydroxylase a mutation leading reduced or absent expression of the mRNA of said gene and/or
the F35H protein, to a knock-out or knock-down of said gene or a mutation leading to a non-functional F35H protein
(e.g., truncated F35H protein) or an F35H protein having reduced enzymatic activity upon translation; or

B. introducing into the genome of the plant or plant part a first double-stranded DNA and a second double-stranded
DNA, wherein the nucleotide sequences of the coding strands of the first and second DNA are reverse complements
of each other, so that a transcript of the first DNA and a transcript of the second DNA are capable of hybridizing to
form a double-stranded RNA, wherein the coding strand of the first or the second DNA comprises:

a. at least 19 successive nucleotides of the nucleotide sequence of SEQ ID NO: 2, 5, or 8 or of a nucleotide
sequence having at least 60% identity, preferably at least 70% or at least 80%, more preferably at least 90%,
atleast 92%, at least 94%, atleast 95%, at least 96%, at least 97%, at least 98% or at least 99% to the sequence
of SEQ ID NO: 2, 5, or 8; or

b. a nucleotide sequence which is complementary to at least 19 successive nucleotides of the nucleotide
sequence of SEQ ID NO: 2, 5, or 8 or of a nucleotide sequence having at least 60% identity, preferably at least
70% or at least 80%, more preferably at least 90%, at least 92%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98% or at least 99% to the sequence of SEQ ID NO: 2, 5, or 8; or

C. a double-stranded RNA, wherein one strand corresponds to:

a. at least 19 successive nucleotides of the nucleotide sequence of SEQ ID NO: 2, 5, or 8 or of a nucleotide
sequence having at least 60% identity, preferably at least 70% or at least 80%, more preferably at least 90%,
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atleast 92%, at least 94%, atleast 95%, at least 96%, at least 97%, at least 98% or at least 99% to the sequence
of SEQ ID NO: 2, 5, or 8, wherein T is replaced by U; or

b. a nucleotide sequence which is complementary to at least 19 successive nucleotides of the nucleotide
sequence of SEQ ID NO: 2, 5, or 8 or of a nucleotide sequence having at least 60% identity, preferably at least
70% or at least 80%, more preferably at least 90%, at least 92%, at least 94%, at least 95%, at least 96%, at
least 97%, atleast 98% or at least 99% to the sequence of SEQ ID NO: 2, 5, or 8, wherein T is replaced by U; or

D. introducing into the plant or the plant part an RNA-specific CRISPR/Cas system, such as a CRISPR/Cas13a
system, directed against or targeting a nucleotide sequence encoding the F35H protein, or into the genome of the
plant or plant part one or more polynucleotide sequence(s) encoding (and expressing or being capable of expressing)
said RNA-specific CRISPR/Cas system; or

E. introducing into the plant or the plant part a chemical compound or an antibody altering (or being capable to alter)
the enzymatic activity of the F35H protein upon interaction with said F35H, preferably reducing (or being capable
to reduce) the enzymatic activity of the F35H protein or inhibiting (or being capable to inhibit) the enzymatic activity
of F35H protein orincreasing (or being capable to increase) the enzymatic activity of the F35H protein upon interaction
with said F35H.

[0155] In certain embodiments, the invention relates to a method, such as a method generating/producing a maize
plant or plant part from maize having improved digestibility, preferably improved stover digestibility, and/or for improving
digestibility, preferably stover digestibility, of a maize plant or plant part from maize, comprising regenerating a plant
from the plant part of aforementioned modified plants or plant parts.

[0156] In an aspect, the invention relates to a maize plant or plant part from maize comprising a QTL allele associated
with improved digestibility, preferably improved stover digestibility, said QTL allele comprising a nucleotide sequence
of a gene encoding a cytochrome P450 flavonoid 3’,5’-hydroxylase (F35H) having a mutation leading to reduced or
absent expression of the mMRNA of the gene and/or the F35H protein, or a mutation leading to a non-functional F35H
protein (e.g., truncated F35H protein) or an F35H protein having reduced enzymatic activity upon translation;

wherein improved digestibility relates to increased digestibility of the maize plant or plant part from maize having
the characteristicofa), b), c),d) or e) compared to a maize plant or plant part from maize not having such characteristic,
and

wherein the unmutated F35H is selected from the group consisting of:

(i) a nucleotide sequence comprising the sequence of SEQ ID NO: 1;

(i) a nucleotide sequence having the cDNA of SEQ ID NO: 2;

(iii) a nucleotide sequence encoding for an amino acid sequence having the amino acid sequence of SEQ ID
NO: 3;

(iv) a nucleotide sequence having at least 80% identity to the sequence of SEQ ID NO: 1, or 2;

(v) a nucleotide sequence encoding for a polypeptide having at least 80% identity to the sequence of SEQ ID
NO: 3; and

(vi) a nucleotide sequence hybridizing with the reverse complement of a nucleotide sequence as defined in (i),
(ii) or (iii) under stringent hybridization conditions;

wherein the maize plant or plant part from maize is not exclusively obtained by means of an essentially biological
process.

[0157] In certain embodiments, the mutation leads to reduced or absent expression of the mRNA of said gene and/or
the F35H protein, to a knock-out or knock-down of said gene or a mutation leading to a non-functional F35H protein
(e.g., truncated F35H protein) or an F35H protein having reduced or increased enzymatic activity upon translation.
Knockdown or knockout of F35H may be effected for instance by any of the mutagenesis methods described herein.
[0158] In certain embodiments, the QTL allele is located on chromosome 9 and comprises and/or is flanked by (mo-
lecular) marker alleles ma61070s01 and ma30168s02, preferably by marker alleles ma50827s01 and ma16983s02,
more preferably by marker alleles ma17117s01 and ma61125s01.

[0159] In certain embodiments, the QTL allele is located on chromosome 9 and comprises the marker allele of
ma61134xxx and/or one or more molecular marker alleles located in a chromosomal interval on chromosome 9 flanked
by marker alleles ma61070s01 and ma30168s02, preferably by marker alleles ma50827s01 and ma16983s02, more
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preferably by marker alleles ma17117s01 and ma61125s01, preferably wherein the one or more molecular marker alleles
are detectable by a polynucleic acid, such as an allele specific polynucleic acid (molecular marker), suitable for hybrid-
ization as forward primer and reverse primer to a locus in the chromosomal interval which co-segregates with the
improved digestibility.

[0160] In certain embodiments, the QTL allele is located on a chromosomal interval comprising and/or flanked by
(molecular) marker alleles ma61070s01 and ma30168s02, preferably by marker alleles ma50827s01 and ma16983s02,
more preferably by marker alleles ma17117s01 and ma61125s01.

[0161] In certain embodiments, the QTL allele is located on a chromosomal interval comprising the marker allele of
ma61134xxx and/or one or more molecular marker alleles located in a chromosomal interval on chromosome 9 flanked
by marker alleles ma61070s01 and ma30168s02, preferably by marker alleles ma50827s01 and ma16983s02, more
preferably by marker alleles ma17117s01 and ma61125s01, preferably wherein the one or more molecular marker alleles
are detectable by a polynucleic acid, such as an allele specific polynucleic acid (molecular marker), suitable for hybrid-
ization as forward primer and reverse primer to a locus in the chromosomal interval which co-segregates with the
improved digestibility.

[0162] In an aspect, the invention relates to a maize plant or plant part from maize comprising a nucleotide sequence
of a gene encoding a cytochrome P450 flavonoid 3’,5’-hydroxylase (F35H) having a mutation leading to reduced or
absent expression of the mMRNA of the gene and/or the F35H protein, or a mutation leading to a non-functional F35H
protein (e.g., truncated F35H protein) or an F35H protein having reduced enzymatic activity upon translation;

wherein improved digestibility relates to increased digestibility of the maize plant or plant part from maize having
the characteristicofa), b), c),d) or e) compared to a maize plant or plant part from maize not having such characteristic,
and

wherein the unmutated F35H is selected from the group consisting of:

(i) a nucleotide sequence comprising the sequence of SEQ ID NO: 1;

(i) a nucleotide sequence having the cDNA of SEQ ID NO: 2;

(iii) a nucleotide sequence encoding for an amino acid sequence having the amino acid sequence of SEQ ID
NO: 3;

(iv) a nucleotide sequence having at least 80% identity to the sequence of SEQ ID NO: 1, or 2;

(v) a nucleotide sequence encoding for a polypeptide having at least 80% identity to the sequence of SEQ ID
NO: 3; and

(vi) a nucleotide sequence hybridizing with the reverse complement of a nucleotide sequence as defined in (i),
(ii) or (iii) under stringent hybridization conditions;

wherein the maize plant or plant part from maize is not exclusively obtained by means of an essentially biological
process.

[0163] In a certain embodiment , the invention relates to a maize plant or plant part from maize comprising the marker
allele of ma61134xxx and/or one or more molecular marker alleles located in a chromosomal interval on chromosome
9 flanked by marker alleles ma61070s01 and ma30168s02, preferably by marker alleles ma50827s01 and ma16983s02,
more preferably by marker alleles ma17117s01 and ma61125s01, preferably wherein the one or more molecular marker
alleles are detectable by a polynucleic acid, such as an allele specific polynucleic acid (molecular marker), suitable for
hybridization as forward primer and reverse primer to a locus in the chromosomal interval which co-segregates with the
improved digestibility.

[0164] In an aspect, the invention relates to a maize plant or plant part from maize comprising

A. a gene encoding a cytochrome P450 flavonoid 3’,5’-hydroxylase (F35H) having a mutation leading to reduced
expression of the mRNA of the gene and/or the F35H protein, or a mutation leading to an F35H protein having
reduced enzymatic activity upon translation, more preferably a mutation leading to a knock-out or knock-down of
said gene, or having reduced or eliminated mRNA and/or protein expression of an F35H gene, or a mutation leading
to a non-functional F35H protein (e.g., truncated F35H protein) or an F35H protein having reduced enzymatic activity
upon translation or an F35H protein having increased enzymatic activity upon translation; or

B. a (stably integrated) first double-stranded DNA and a (stably integrated) second double-stranded DNA, wherein
the nucleotide sequences of the coding strands of the first and second DNA are reverse complements of each other,
so that a transcript of the first DNA and a transcript of the second DNA are capable of hybridizing to form a double-
stranded RNA, wherein the coding strand of the first or the second DNA comprises:
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a. at least 19 successive nucleotides of the nucleotide sequence of SEQ ID NO: 2, 5, or 8 or of a nucleotide
sequence having at least 60% identity, preferably at least 70% or at least 80%, more preferably at least 90%,
atleast 92%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% or at least 99% to the sequence
of SEQ ID NO: 2, 5, or 8, or

b. a nucleotide sequence which is complementary to at least 19 successive nucleotides of the nucleotide
sequence of SEQ ID NO: 2, 5, or 8 or of a nucleotide sequence having at least 60% identity, preferably at least
70% or at least 80%, more preferably at least 90%, at least 92%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98% or at least 99% to the sequence of SEQ ID NO: 2, 5, or 8; or

C. a double-stranded RNA, wherein one strand corresponds to:

a. at least 19 successive nucleotides of the nucleotide sequence of SEQ ID NO: 2, 5, or 8 or of a nucleotide
sequence having at least 60% identity, preferably at least 70% or at least 80%, more preferably at least 90%,
atleast 92%, at least 94%, atleast 95%, at least 96%, at least 97%, at least 98% or at least 99% to the sequence
of SEQ ID NO: 2, 5, or 8, wherein T is replaced by U; or

b. a nucleotide sequence which is complementary to at least 19 successive nucleotides of the nucleotide
sequence of SEQ ID NO: 2, 5, or 8 or of a nucleotide sequence having at least 60% identity, preferably at least
70% or at least 80%, more preferably at least 90%, at least 92%, at least 94%, at least 95%, at least 96%, at
least 97%, atleast 98% or at least 99% to the sequence of SEQ ID NO: 2, 5, or 8, wherein T is replaced by U; or

D. an RNA-specific CRISPR/Cas system, such as a CRISPR/Cas13a system, directed against or targeting a nu-
cleotide sequence encoding the F35H protein, or one or more polynucleotide sequence(s) encoding (and expressing
or being capable of expressing) said RNA-specific CRISPR/Cas system; or

E. a chemical compound or an antibody altering (or being capable to alter) the enzymatic activity of the F35H protein
upon interaction with said F35H, preferably reducing (or being capable to reduce) the enzymatic activity of the F35H
protein or inhibiting (or being capable to inhibit) the F35H protein upon interaction with said F35H or increasing (or
being capable to increase) the F35H protein upon interaction with said F35H;

wherein improved digestibility relates to increased digestibility of the maize plant or plant part from maize having
the characteristic of a), b), c¢), d) or e) compared to a maize plant or plant part from maize not having such
characteristic, and

wherein the unmutated F35H is selected from the group consisting of:

(i) a nucleotide sequence comprising the sequence of SEQ ID NO: 1;

(i) a nucleotide sequence having the cDNA of SEQ ID NO: 2;

(iii) a nucleotide sequence encoding for an amino acid sequence having the amino acid sequence of SEQ
ID NO: 3;

(iv) a nucleotide sequence having at least 80% identity to the sequence of SEQ ID NO: 1, or 2;

(v) a nucleotide sequence encoding for a polypeptide having at least 80% identity to the sequence of SEQ
ID NO: 3; and

(vi) a nucleotide sequence hybridizing with the reverse complement of a nucleotide sequence as defined
in (i), (ii) or (iii) under stringent hybridization conditions;

wherein the maize plant or plant part from maize is not exclusively obtained by means of an essentially biological
process.

[0165] In certain embodiments, the plant is not a plant variety.

[0166] Further, it is disclosed in the present application a method for obtaining or generating or producing a plant or
plant part, such as a maize or sorghum plant or sugar cane or plant part, preferably a maize plant or plant part, comprising
(a) providing a first plant having a QTL allele, such as a QTL allele associated with improved digestibility as described
herein elsewhere, optionally wherein said QTL allele is located on a chromosomal interval, preferably on chromosome
9, comprising and flanked by (molecular) marker alleles ma61070s01 and ma30168s02, preferably by marker alleles
ma50827s01 and ma16983s02, more preferably by marker alleles ma17117s01 and ma61125s01, (b) crossing said
first plant with a second plant, such as a second plant not having said QTL allele, (c) selecting progeny plants having

33



10

15

20

25

30

35

40

45

50

55

EP 3 560 330 B1

said QTL allele, and optionally (d) harvesting said plant part from said progeny.

[0167] In certain embodiments, the QTL allele comprises one or more of the marker alleles as described herein
elsewhere.

[0168] In certain embodiments, the QTL allele comprises a mutated F35H gene as described herein elsewhere.
[0169] In addition, it is disclosed a method for obtaining or generating or producing a plant or plant part, such as a
maize or sorghum or sugar cane plant or plant part, preferably a maize plant or plant part, comprising (a) providing a
first plant having a (molecular) marker allele, such as a (molecular) marker allele associated with improved digestibility
as described herein elsewhere, optionally wherein said (molecular) marker allele is located on a chromosomal interval,
preferably on chromosome 9, comprising and flanked by (molecular) marker alleles ma61070s01 and ma30168s02,
preferably by marker alleles ma50827s01 and ma16983s02, more preferably by marker alleles ma17117s01 and
ma61125s01; (b) crossing said first plant with a second plant, such as a second plant not having said (molecular) marker
allele, (c) selecting progeny plants having said (molecular) marker allele, and optionally (d) harvesting said plant part
from said progeny.

[0170] Further, itis described a method for obtaining or generating or producing a plant or plant part, such as a maize
or sorghum or sugar cane plant or plant part, comprising (a) providing a first plant having a mutated F35H gene or a first
plantin which mRNA and/or protein expression of a F35H gene is altered , such as described herein elsewhere, preferably
reduced or (substantially) eliminated or absent, such as described herein elsewhere, optionally wherein said mutated
F35H gene is located on a chromosomal interval, preferably on chromosome 9, comprising and flanked by (molecular)
marker alleles ma61070s01 and ma30168s02, preferably by marker alleles ma50827s01 and ma16983s02, more pref-
erably by marker alleles ma17117s01 and ma61125s01, (b) crossing said first plant with a second plant, such as a
second plant not having said mutated F35H gene, (c) selecting progeny plants having said mutated F35H gene, and
optionally (d) harvesting said plant part from said progeny.

[0171] In above disclosed methods for obtaining or generating or producing a plant or plant part the QTL allele, marker
allele, and/or F35H mutation in the first plant is present in a homozygous state, and/or the QTL allele, marker allele,
and/or F35H mutation in the first plant is present in a heterozygous state, and/or the QTL allele, marker allele, and/or
F35H mutation in the second plant is present in a heterozygous state, and/or the QTL allele, marker allele, and/or F35H
mutation in the second plant is not present, and/or the progeny is selected in which the QTL allele, marker allele, and/or
mutated F35H is present in a homozygous state, and/or the progeny is selected in which the QTL allele, marker allele,
and/or mutated F35H is present in a heterozygous state.

[0172] In certain embodiments, the methods for obtaining plants or plant parts as described herein according to the
invention, such as the methods for obtaining plants or plant parts having improved digestibility, involve or comprise
transgenesis and/or gene editing and/or base editing, such as including CRISPR/Cas, TALEN, ZFN, meganucleases;
(induced) mutagenesis, which may or may not be random mutagenesis, such as TILLING. In certain embodiments, the
methods for obtaining plants or plant parts as described herein according to the invention, such as the methods for
obtaining plants or plant parts having improved digestibility, involve or comprise RNAi applications, which may or may
not be, comprise, or involve transgenic applications. By means of example, non-transgenic applications may for instance
involve applying RNAi components such as double stranded siRNAs to plants or plant surfaces, such as for instance
as a spray. Stable integration into the plant genome is not required.

[0173] In certain embodiments, the methods for obtaining plants or plant parts as described herein according to the
invention, such as the methods for obtaining plants or plant parts having improved digestibility, do notinvolve or comprise
transgenesis, gene editing, base editing and/or mutagenesis.

[0174] The skilled person will understand that the wild type or unmutated F35H gene product is a functional gene
product having enzymatic activity, as defined herein elsewhere. The skilled person will further understand that sequence
variations described above for the wild type F35H do not include frame shift or nonsense mutations.

[0175] As used herein, the mutated F35H or the mutation in the F35H may comprise or may refer to any type of F35H
mutation. In certain embodiments the mutation alters expression of the wild type or native F35H protein and/or mRNA.
In certain embodiments the mutation reduces or eliminates expression of the (wild type or native) F35H protein and/or
mRNA, as described herein elsewhere. Mutations may affect transcription and/or translation. Mutations may occur in
exons or introns. Mutations may occur in regulatory elements, such as promotors, enhancers, terminators, insulators,
etc. Mutations may occur in coding sequences. Mutations may occur in splicing signal sites, such as splice donor or
splice acceptor sites. Mutations may be frame shift mutations. Mutations may be nonsense mutations. Mutations may
be insertion or deletion of one or more nucleotides. Mutations may be non-conservative mutations (in which one or more
wild type amino acids are replaced with one or more non-wild type amino acids). Mutations may affect or alter the function
of the F35H protein, such as enzymatic activity. Mutations may reduce or (substantially) eliminate the function of the
F35H protein, such as enzymatic activity. Reduced function, such as reduced enzymatic activity, may refer to a reduction
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 atleast 85%, atleast 90%, atleast 95%, or more. (Substantially) eliminated function, such as (substantially)
eliminated enzymatic activity, may refer to a reduction of at least 80%, preferably at least 90%, more preferably at least
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95%. Mutations may be dominant negative mutations. In certain embodiments, mutations are evaluated with reference
to maize inbred line PH207, as defined herein elsewhere.

[0176] In certain embodiments, the F35H mutation is an insertion of one or more nucleotides in the coding sequence.
In certain embodiments, the F35H mutation is a nonsense mutation. In certain embodiments, the F35H mutation results
in altered expression of the F35H gene. In certain embodiments, the F35H mutation results in knockout of the F35H
gene or knockdown of the F35H mRNA and/or protein. In certain embodiments, the mutation results in a frame shift of
the coding sequence of F35H. In certain embodiments, the mutation results in an altered protein sequence encoded by
the F35H gene.

[0177] In certain embodiments, the F35H mutation is an insertion, preferably in an exon, preferably an insertion in the
first exon, of one or more nucleotides, preferably a frame shift insertion. In certain embodiments, the insertion is 187
nucleotides or about 187 nucleotides. In certain embodiments, the insertion is between position 97 and 98 of the F35H
gene represented by the nucleotide sequence of SEQ ID NO: 1. The skilled person is capable of determining the
corresponding position in F35H homologues or orthologues. In certain embodiments, the insertion comprises or consists
of the nucleotide sequence of SEQ ID NO: 10. In certain embodiments, the mutated F35H comprises the nucleotide
sequence of SEQ ID NO: 11.

[0178] F35H mRNA and/or protein expression may be reduced or eliminated by mutating the F35H gene itself (including
coding, non-coding, and regulatory element). Methods for introducing mutations are described herein elsewhere. Alter-
natively, F35H mRNA and/or protein expression may be reduced or eliminated by (specifically) interfering with transcrip-
tion and/or translation, such as to decrease or eliminate mRNA and/or protein transcription or translation. Alternatively,
F35H mRNA and/or protein expression may be reduced or eliminated by (specifically) interfering with mRNA and/or
protein stability, such as to reduce mRNA and/or protein stability. By means of example, mRNA (stability) may be reduced
by means of RNAI, as described herein elsewhere. Also miRNA can be used to affect mMRNA (stability). In certain
embodiments, a reduced F35H expression which is achieved by reducing mRNA or protein stability is also encompassed
by the term "mutated" F35H. In certain embodiments, a reduced F35H expression which is achieved by reducing mRNA
or protein stability is not encompassed by the term "mutated"” F35H.

[0179] In certain embodiments, the (molecular) marker alleles which are associated with improved digestibility as
described herein are defined as follows:

ma61134xxx is an insertion of one or more nucleotides between position 134254381 and 134254382 of chromosome
9 referenced to line PH207, preferably an insertion as set forth in SEQ ID NO: 12; and/or

ma61070s01 is a single nucleotide polymorphism (SNP) at position 121588825 of chromosome 9 referenced to line
PH207, wherein said nucleotide is A or T, preferably a single nucleotide polymorphism (SNP) as set forth in SEQ
ID NO: 13; and/or

ma30168s02 is a single nucleotide polymorphism (SNP) at position 139452428 of chromosome 9 referenced to line
PH207, wherein said nucleotide is A or G, preferably a single nucleotide polymorphism (SNP) as set forth in SEQ
ID NO: 14; and/or

ma50827s01 is a single nucleotide polymorphism (SNP) at position 127454426 of chromosome 9 referenced to line
PH207, wherein said nucleotide is A or G, preferably a single nucleotide polymorphism (SNP) as set forth in SEQ
ID NO: 15; and/or

ma16983s02 is a single nucleotide polymorphism (SNP) at position 137363784 of chromosome 9 referenced to line
PH207, wherein said nucleotide is A or G, preferably a single nucleotide polymorphism (SNP) as set forth in SEQ
ID NO: 16; and/or

ma17117s01 is a single nucleotide polymorphism (SNP) at position 132038900 of chromosome 9 referenced to line
PH207, wherein said nucleotide is A or G, preferably a single nucleotide polymorphism (SNP) as set forth in SEQ
ID NO: 17; and/or

ma61125s01 is a single nucleotide polymorphism (SNP) at position 135947973 of chromosome 9 referenced to line
PH207, wherein said nucleotide is A or G, preferably a single nucleotide polymorphism (SNP) as set forth in SEQ
ID NO: 18;

preferably wherein PH207 refers to Zea maysinbred line as described in "Draft Assembly of Elite Inbred Line PH207

Provides Insights into Genomic and Transcriptome Diversity in Maize", Hirsch et al., Plant Cell. 2016 Nov; 28(11):
2700-2714. Published online 2016 Nov 1. doi: 10.1105/tpc.16.00353.
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[0180] In certain embodiments, the insertion associated with marker allele ma61134xxx is a frame shift insertion. In
certain embodiments, the insertion associated with marker allele ma61134xxx is an insertion of the nucleotide sequence
of SEQ ID NO: 10. In certain embodiments, marker allele ma61134xxx comprises or consists of the (contiguous) nucle-
otide sequence of SEQ ID NO: 12.

[0181] In certain embodiments, marker allele ma61070s01 comprises or consists of the (contiguous) nucleotide se-
quence of SEQ ID NO: 13.

[0182] In certain embodiments, marker allele ma30168s02 comprises or consists of the (contiguous) nucleotide se-
quence of SEQ ID NO: 14.

[0183] In certain embodiments, marker allele ma50827s01 comprises or consists of the (contiguous) nucleotide se-
quence of SEQ ID NO: 15.

[0184] In certain embodiments, marker allele ma16983s02 comprises or consists of the (contiguous) nucleotide se-
quence of SEQ ID NO: 16.

[0185] In certain embodiments, marker allele ma17117s01 comprises or consists of the (contiguous) nucleotide se-
quence of SEQ ID NO: 17.

[0186] In certain embodiments, marker allele 61125s01 comprises or consists of the (contiguous) nucleotide sequence
of SEQ ID NO: 18.

[0187] In an aspect, the invention relates to the use of one or more of the (molecular) markers described herein for
identifying a maize plant or plant part from maize having improved digestibility. In an aspect, the invention relates to the
use of one or more of the (molecular) markers described herein which are able to detect at least one diagnostic marker
allele for identifying a maize plant or plant part from maize having improved digestibility. In an aspect, the invention
relates to the detection of one or more of the (molecular) marker alleles described herein for identifying a maize plant
or plant part from maize having improved digestibility.

[0188] The marker alleles of the invention as described herein may be diagnostic marker alleles which are useable
for identifying or selecting maize plants or plant parts from maize having improved digestibility, preferably improved
stover digestibility.

[0189] Further, the present application discloses a (isolated) polynucleic acid comprising a (molecular) marker allele
as described above, or the complement or the reverse complement of a (molecular) marker allele as described above.
Such polynucleic acid comprising at least 10 contiguous nucleotides, preferably at least 15 contiguous nucleotides or
at least 20 contiguous nucleotides of a (molecular) marker allele as described above, or the complement or the reverse
complement of a (molecular) marker allele as described above, and/or such polynucleic acid comprising at least 10
contiguous nucleotides, preferably at least 15 contiguous nucleotides or at least 20 contiguous nucleotides of any of
SEQ ID NOs: 10, 12, 13, 14, 15, 16, 17, or 18, or the complement or the reverse complement of any of SEQ ID NOs:
10, 12, 13, 14, 15, 16, 17, or 18, and/or the polynucleic acid is capable of discriminating between a (molecular) marker
allele as described above and a non-molecular marker allele, such as to specifically hybridise with a (molecular) marker
allele as described above, and/or the polynucleic acid is capable of hybridising with a unique nucleotide fragment or
section of any of SEQ ID NOs: 10, 12, 13, 14, 15, 16, 17, or 18, or the complement or the reverse complement of any
of SEQ ID NOs: 10, 12, 13, 14, 15, 16, 17, or 18. It will be understood that a unique section or fragment preferably refers
to a section or fragment comprising the SNP or the respective marker alleles as described above (such as marker alleles
ma61070s01, ma30168s02, ma50827s01, ma16983s02, ma17117s01 or ma61125s01), or a section or fragment com-
prising the 5’ or 3’ junction of the insert of a marker allele as described above or a section or fraction comprised within
the insert of a marker allele as described above (such as marker allele ma61134xxx). Additionally, it is described that
the polynucleic acid or the complement or reverse complement thereof does not (substantially) hybridise with or bind to
(genomic) DNA originating from maize inbred line PH207, and/or the sequence of the polynucleic acid or the complement
or reverse complement thereof does not occur or is not present in maize inbred line PH207.

[0190] The presentapplication discloses a polynucleic acid capable of specifically hybridizing with a (molecular) marker
allele as described above, or the complement thereof, or the reverse complement thereof.

[0191] Such polynucleic acid specifically hybridises with any of the sequences of SEQ ID NOs: 10, 12, 13, 14, 15, 16,
17, or 18, or the complement or the reverse complement thereof, and/or the polynucleic acid is a primer, and/or the
polynucleic acid is a probe, and/or the polynucleic acid is an allele specific polynucleic acid, such as an allele specific
primer or probe, and/or the polynucleic acid comprises at least 15 nucleotides, such as 16, 17, 18, 19, 20, 21, 22, 23,
24, or 25 nucleotides, such as atleast 30, 35, 40, 45, or 50 nucleotides, such as at least 100, 200, 300, or 500 nucleotides.
[0192] Itwillbe understood that "specifically hybridizing" means that the polynucleic acid hybridises with the (molecular)
marker allele (such as under stringent hybridisation conditions, as defined herein elsewhere), but does not (substantially)
hybridise with a polynucleic acid not comprising the marker allele or is (substantially) incapable of being used as a PCR
primer. By means of example, in a suitable readout, the hybridization signal with the marker allele or PCR amplification
of the marker allele is at least 5 times, preferably at least 10 times stronger or more than the hybridisation signal with a
non-marker allele, or any other sequence.

[0193] Further, the present application discloses a kit comprising such polynucleic acids, such as primers (comprising
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forward and/or reverse primers) and/or probes. The kit may further comprise instructions for use.

[0194] In will be understood that in embodiments relating to a set of forward and reverse primers, only one of both
primers (forward or reverse) may need to be capable of discriminating between a (molecular) marker allele as described
above and a non-marker allele, and hence may be unique. The other primer may or may not be capable of discriminating
between a (molecular) marker allele of the invention and a non-marker allele, and hence may be unique.

[0195] In a further aspect, the invention relates to a method for producing an ensilaged plant material or animal feed
having improved digestibility, comprising (a) growing the plant according to the present invention, (b) harvesting the
plant or plant parts, (c) optionally, chopping and/or crushing the plant, and (c) ensiling the plant, optionally by adding a
stimulant like a bacterial inoculant, a sugar, and an enzyme. Furthermore, the invention relates to an ensilaged plant
material or animal feed produced by said method.

[0196] In the present application, it is disclosed also a method for producing biogas or bioethanol, comprising the
following steps: (a) providing the plant or plant parts according to the present invention or the ensilaged plant material
according to the present invention, and (b) producing biogas or bioethanol from the plant or the ensilaged plant material.
[0197] The aspects and embodiments of the invention are further supported by the following non-limiting examples.

EXAMPLES
EXAMPLE 1

[0198] A QTL experiment on stover digestibility was carried out in two DH (double haploid) populations. In both pop-
ulations, a QTL with strong effect was identified on the same chromosomal position on chromosome 9 (Fig. 1). The QTL
region seems to not contain any of known characterized genes of the lignin metabolism.

[0199] Marker analysis using high density SNP genotyping with a SNP array showed no polymorphisms between the
line harbouring the positive allele of the QTL and other commercially available lines. Taking advantage of this effect, a
sequence capture experiment was carried out using a QTL carrying line and a control line. As at that time, the only
genomicreference sequence was AGPv02, probes for sequence capture were developed on this reference. Data analysis
turned out to be very difficult due to high repetitiveness of the region and partly low similarity between the region in B73
(AGPv02) and the QTL allele. Out of this experiment one marker, ma60405s01, was developed showing a polymorphism
between the two lines in the QTL region.

[0200] In order to identify further preferably polymorphic markers, a WGS (Whole Genome Sequencing) of one QTL
carrying line was performed. Scaffolds covering the target were selected and compared to the reference genome of
PH207 ("Draft Assembly of Elite Inbred Line PH207 Provides Insights into Genomic and Transcriptome Diversity in
Maize", Hirsch et al., Plant Cell. 2016 Nov; 28(11): 2700-2714. Published online 2016 Nov 1. doi: 10.1105/tpc.16.00353).
Three more polymorphic markers could be identified (ma61126d01, ma61134xxx and ma61125s01, see Fig. 2). Their
QTL specific alleles are unique and cannot be detected in any KWS line used for silage maize breeding.

[0201] Fine-mapping of the QTL has narrow down the region first to 16.7 MB and in the last step to approx. 719kb on
the PH207 reference (see Fig. 3 and Table 1). Fig3 shows two families of recombinants derived of the QTL line (B)
crosses with a line not carrying the QTL (A). The indicated DNDF is the mean of all family members with or without QTL
respectively. The marker, which is best associated with the phenotype in the latest recombinants, is ma61134xxx. It
represents an insertion of 187 bp in a gene coding for a cytochrome P450 flavonoid 3’,5’-hydroxylase (called F35H, see
Fig. 4). This insertion causes an elongation of the N-terminus of the protein and an early stop codon leading likely to a
knockout of the gene. The corresponding gene of AGPv02 is expressed in leaves and stem. It stands at the beginning
of the flavonoid metabolism taking resources from the lignin metabolic pathway.

Table 1: List of markers for silage QTL or the gene as such.

marker Chrom geneticmap [positionincM] | PH207-public [position in bp]
ma61070s01 9 121588825
ma50827s01 9 127454426
ma17117s01 9 132038900
ma60405s01 9 55,054 133444836
ma61134xxx 9 55,98 134254381
ma61125s01 9 56,224 135947973
ma16983s02 9 137363784
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(continued)

marker Chrom geneticmap [positionincM] | PH207-public [position in bp]

ma30168s02 9 139452428

[0202] Within the region of 133,4-135,9MB of chromosome 9 in PH207 all other hypothetical genes derived of internal
maker annotation of PH207 were checked for polymorphism between the QTL line and PH207. Out of more than 100
genes, only the described one showed a polymorphism. 79 genes were identical. The rest was mostly repetitive or only
partly represented in the assembly of the QTL-line.

[0203] The capillary marker ma61134xxx could be converted to a pair of dominant KASP markers and to a codominant
KASP marker, all three are available for routine use.

[0204] Mostimportant diagnostic marker ma61134xxx is directed to the insertion in the causative gene. The insertion
is present in the genotype carrying the silage QTL and absent in reference line PH207. In PH207 the following sequence
is not present in the gene (SEQ ID NO: 10):

CTTCTGCCCAGAAGCGGGCCCAGACATTTGAGATTGGGTATTCAAAAATTCAAAAGATTARAAGA
ATTTAGTGTTCTAACGCTATTTTATGCAATACATTATTGACAAATTAGTGTTCTAACACTATAG
ATCACCAAAAACATGGGTATTCAATGAATACCCATGAAACCCCCCTGGGCCCGCCCATG

[0205] The person skilled in the art is able to design markers for known marker systems which allows the detection
of the presence or absence of the insertion.

[0206] Furthermore, one skilled in the art is also able to find markers for known marker systems which are suitable
for further analysing of the silage QTL region as well as markers with diagnostic value basing for instances on single
nucleotide polymorphisms (SNPs) or InDels (see exemplary Table 2)

Table 2: Marker alleles in QTL line
Marker Allele of QTL line
ma61070s01 | T (comprised in SEQ ID NO: 13)
ma50827s01 | A (comprised in SEQ ID NO: 15)
ma17117s01 | A (comprised in SEQ ID NO: 17)

mab1134xxx | cttctgcccagaagcgggceccagacatttgagattgggtattcaaa
aattcaaaagattaaagaatttagtgttctaacgctattttatgceca
atacattattgacaaattagtgttctaacactatagatcaccaaaa
acatgggtattcaatgaatacccatgaaaccccccectgggeccgecce
atg (SEQ ID NO: 10, comprised in SEQ ID NO: 12)
ma61125s01 | G (comprised in SEQ ID NO: 18)

ma16983s02 | G (comprised in SEQ ID NO: 16)
ma30168s02 | G (comprised in SEQ ID NO: 14)

[0207] In conclusion, the presentinvention describes the identification of a marker haplotype spanning 3,8MB of PH207
(see Fig. 2) and describing the genotype of the QTL line in the target region: The set of markers identified during the
mapping (see Table 1 and 2) can be used to integrate the positive QTL in any relevant genetic background. Most
important is the marker diagnostic for the insertion which is the functional mutation. However, the use of markers outside
of the gene in flanking region closely linked to the gene can also be used in order to identify the genotype of QTL line.
The unique haplotype of markers (see Fig. 2) can be used for marker assisted applications, i.e. for trait introgression
through backcrossing or forward breeding and for monitoring of the presence of the unique silage haplotype. In addition,
the developed markers can be used to increase the genetic variation in this chromosomal region and keeping the
advantageous silage allele. Further described is the identification of a gene for the target: The knowledge of the gene
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and the found insertion (functional mutation) can be used for increasing genetic variability in this locus either by tilling
or by genome editing or genetic modification to further improve the effect.
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SEQUENCE LISTING
[0208]

<110> KWS SAAT SE

<120> Plants with improved digestibility and marker haplotypes

<130> KWS0277EP
<160> 18

<170> Patentln version 3.5
<210> 1

<211> 4215

<212> DNA

<213> Zea mays

<400> 1
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atgcagctcg
ctcectecacg
cgcecgegggce
gtgggcccag
tacctgaaga
ttcctcaagg
atcacgtacg
cggaagctcg
cggcgcggcyg
ccegtegteg
gtgagcaagc
catgaaatcc
ttttcttaca
ttaggctagt
ctcttgaaaa
ttaatgcgat
tgagagatga
tggaacattg
tctatagttg
ggaaggtgtt
gatgatttaa
ttgcaaatgc

acttaaaaag

cggegttgtg
tggctctceeg
agctcceccgece
cccegeacgce
tgggcacgge
cgctggacge
ggcggcagaa
ccagcgtgceca
aggccggceca
tgccggagcet
gggtgttcga
taccagctgt
aatttatgct
ttgaaactcc
aatgaaaatt
cgttttectcet
gtttacctge
gtgcacatgg
tttgatatat
atttgtaaat
tatgtgcacc
tagacggaac

atcagctagg
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caccgacccce
ctecgetgetg
ggggccaccg
cggcctggece
cggegtggtyg
gcggtacgece
catggtgttc
cctgctegge
cgtgctgege
gctcgtgtge
cgcgcagggg
gagcatgcat
tactgtttct
atttaggatt
ctttagaaaa
gactctcatt
ttgtcecttta
tgcacatatg
tttattaagg
tgaataatca
atgtgcacca
accagctagce

aagctgctgt

gtggtgctgt
caccctecett
ggcctgcecga
gcgetggege
gtggcgtcgt
aaccggccgg
gcggactacg
gcgecgegege
ggcgtggegg
gccctegeca
gacgactcga
aaaagttcat
ttaagtttcg
tctattttce
ataggttctc
catctttcte
ttattgcaaa
aaatcatcac
acaccctcca
actagagacg
gtcttctatg
actagcagac

catctgtacg

40

gcagcgcectt
ctgccgectce
tcecteggege
gcaagtacgg
ccecegegege
ccgtggegag
ggcccaagtg
tcgecggactg
aggcggccgce
acatcgtcgg
acaggtgagyg
ttggaaagaa
ataaagtttg
aaagaaaaat
aaactagccc
tggttatcta
gacaacatat
cactcatttt
acgtggtggt
ttagatctaa
tgcaccagat
tgtttatgtg

tatatatggt

cctetgecte
tteccteecggg
gctgeccacte
tcccatcatg
ggcgcggacg
cgccgeggac
gaagctgatg
ggcgtgegtg
ggccggcagg
gcagatcaca
atgggaggtc
aagaacatat
taaaaaaaat
aaacgaattt
tcaataaaac
attgggtcct
ctgatgcaca
aaatctaacg
gtgtagtggt
aatgagtggt
atgtcctcta
gaaagaaaaa

gaagactgaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380
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caatctgcat
cgataaataa
tttttcatct
atcgtgtege
gcgegtetgg
ggcctcatca
ggccgececgg
gacgagagcg
ctgettttte
ggttttccett
cagcgatggg
tggcgtgaca
ctcagtggceg
actctccaat
cacattacta
gtaatggtta
ttttcaagcet
ttctacacga
gctaaaaaag
tatgaaaatt
acaaacaata
ttttgttatt
gtgttttttt
agaaaataaa
actagctcta
agcaaccaca
gggaatgcat
agttaacaaa
gaagaattgg
ataccaaaga

ccaaagatgc

gacaagcaaa
ttaatgagag
aatataatat
tgctgaccgg
acctgcaggg
ccaagctgcet
acttcgtcga
gcgagaccat
ctcgeccecceca
tagtaactaa
tcatcggtaa
tgggagctaa
tgttaggtgg
tgatgatgtg
gagtgaaata
aaccttccga
ttgttaaaaa
caccctcega
tggagacgta
atgcagttta
cgaatgcacc
tctaagatgg
attagttaag
ctaatcctct
acagtgagtc
tccgattctg
tgctaccaga
cgtgatagat
tagtcaaatc
tgctgaaaag

tgaaaataac
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acttagctta
tcttgggatt
ataacgctga
cacgggcatg
cgtgcaggeg
ggccgagcac
ccggctecge
caccgaggtc
accatgcatc
ctaatccgtc
ctgaatctaa
gctaagccag
agatagtgga
tagggcctge
tggttccaat
gtagcacatc
aattatctcg
ctagtgacag
gatatgatag
aaaaaaactt
tccaaatatc
gagcccaaaa
ggctctcatt
ttagaaaaat
agttaatcag
acgttttagce
acacgaatga
gtaacctctg
gagcaaagtc
aactgaggca

tgatcgtcac

aaagcgaaaa
tttcatgcat
tatcatattg
ttcaacatca
aagctgcggce
gccgcgacgg
gccacgatgg
aacatcaagg
atcatatgca
gcagctgcga
ggtgcaatag
tggccaccta
tcgagttgtt
agtgttttga
gttaattgat
caggttgggt
ttgtgcceceg
ttgattgact
aggttcccectt
taaagataaa
ttatcgagtc
tcacatacaa
tttttcaagg
ggaaatctat
gagaagatat
ttaatgttcg
cagctatgca
gatcatggta
ccgaaagcac
cgataaactg

catccgtgaa

41

gagcgatgga
ggaaaaaaac
cgtgcagata
gcgacttegt
gcgtccacceg
ccgcggaccg
acgccggcege
gcctcecatcett
cttatatttt
tacacgtagc
agtgcacggce
acgaaggcac
ggaaagacaa
atccaccttg
agcgcgaaag
tcgatcctcet
tcecgetcetea
cgttagtgat
tcctaagcaa
caggaattct
gacttttatg
attattcagt
gatttttatt
tggagaaatg
tagactcctg
ctatgtagac
agtctctaga
tgatgtcatt
actgggcettt
tteggtgttg

tctaacttte

aacggccgct
aaagctggca
caaggacatg
gccggegetg
ccagttcgac
cgcgcgcecag
cgccgecgac
cgtaagctcc
acacttgctc
actagtacta
cgcgggatca
tgaccgaaag
tatcaaaacc
tttggtcgaa
ggtctctagce
cgagggcgaa
ggaatcgata
gagaagccat
acgtgaatgc
cttttttgga
gaattattgt
gaatgcctcg
tttttccaaa
aggttcctaa
tatagtgtgce
gtcgggcata
acgttggagt
tcctagacta
cgacacagtg
gtgtaaacga

gacacactgt

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240
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taccaaatcc
tttttgtcac
gtgaagcagt
ttgtaccatc
ataccgctaa
ttcggcaaac
gacacgtcgt
atggegegeg
tcggacctge
ccgtccacge
taccgegtcee
gaggcctggg
gagaaggtcg
atctgecgegg
cacgcgttceg
ggcctecgege
gaagcctatg
<210> 2

<211> 1584
<212> DNA

ttcgtcaaaa
taattaacca
gttgcegtaa
gaacgccgceg
ttaagttaga
tgaagtaaag
cgatcatcgt
cgcaggagga
ccggectcecee
cgctcagect
cggccaacac
agaggcccct
accccectggg
ggaagctgge
actggcgect
tgcccaagge

cctga

<213> Atrtificial Sequence

<220>

<223> cDNA of SEQ ID NO: 1

<400> 2

EP 3 560 330 B1

ttacaggaat
cactgttectt
accacaacca
cgctaagaca
taatgtcgat
acaacgtttt
ggagtgggceg
gctggaccge
ctacctgcag
ccecgecactte
ccgectgetce
cgacttccge
gaactgcttc
gggcatggtg
gcctgacgge

agtgccgcetce

aattaaggcg
tgcttgaccg
tcatgaactc
atgcaccacc
tactagttgt
gttcecgecagg
atggcggaga
gcggtgggee
gcggtgtgeca
tcettggacg
gtcaacgtct
cccgagegcet
gagctcatcce
ttcgtgcagt
gaggagaagc

cgcgeegteg

42

cttagacgat
tgacaaaaaa
acttgeccettg
cttcaagtct
cttacttcga
acatgttcac
tgctcaagaa
ggggccggcg
aggaggccat
cctgcgacga
gggccatcgg
tcectgecegg
cgttcggege
acttcctggg
tggacatgag

ccacgccacyg

gataaaccat
aaactttttt
tcatatgtac
tagctcactg
actatttett
ggcgggtacg
cccgaccgte
cctggaggag
gcggctgcecac
cgtcgacgge
ccgggacccg
gggcggcgceg
cggccggagg
cacgctgcectg
cgagacgttc

gctcgtgecg

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4215
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atgcagctcg
ctcectecacg
cgcecgegggce
gtgggcccag
tacctgaaga
ttcctcaagg
atcacgtacg
cggaagctcg
cggcgcggcyg

ccegtegteg

gtgagcaagc
gtgtcgctge
cgtectggacce
ctcatcacca
cgcccggact
gagagcggcg
gcgggtacgg
ccgaccgtca
ctggaggagt
cggctgcacce
gtcgacggcet
cgggacccgg
ggcggcgcgg
ggccggagga
acgctgetge
gagacgttcg
ctegtgeecgg
<210> 3

<211> 527
<212> PRT

<213> Zea mays

<400> 3

cggcgttgtg
tggctctceeg
agctcceccgece
cccegeacgce
tgggcacgge
cgctggacge
ggcggcagaa
ccagcgtgceca
aggccggceca

tgccggagcet

gggtgttcga
tgaccggcac
tgcagggcgt
agctgectgge
tcgtecgacceg
agaccatcac
acacgtcgtce
tggcgegege
cggacctgcece
cgtccacgece
accgcgtccce
aggcctggga
agaaggtcga
tctgegeggg
acgcgttcga
gcctegeget

aagcctatgce

EP 3 560 330 B1

caccgacccce
ctecgetgetg
ggggccaccg
cggcctggece
cggegtggtyg
gcggtacgece
catggtgttc
cctgctegge
cgtgctgege

gctcgtgtge

cgcgcagggg
gggcatgttc
gcaggcgaag
cgagcacgcc
gctcegegece
cgaggtcaac
gatcatcgtg
gcaggaggag
cggcctececee
gctcagcecte
ggccaacacce
gaggccccte
cceectgggg
gaagctggeg
ctggcgectg
gcccaaggca

ctga

gtggtgctgt
caccctecett
ggcctgcecga
gcgctggege
gtggcgtcgt
aaccggccgg
gcggactacg
gcgecgegege
ggcgtggegg

gccctegeca

gacgactcga
aacatcagcg
ctgeggegeg
gcgacggccg
acgatggacg
atcaagggcc
gagtgggcga
ctggaccgeg
tacctgcagg
ccgcacttcet
cgeetgeteg
gacttccgee
aactgcttcg
ggcatggtgt
cctgacggeg

gtgcecgetee

43

gcagcgcectt
ctgccgectce
tcecteggege
gcaagtacgg
ccecegegege
ccgtggegag
ggcccaagtg
tcgecggactg
aggcggccgce

acatcgtcgg

acagatacaa
acttcgtgcecce
tccaccgeca
cggaccgcgce
ccggegecge
tcatcttcga
tggcggagat
cggtgggeeg
cggtgtgcaa
ccttggacge
tcaacgtctg
ccgagcegett
agctcatccce
tcgtgcagta
aggagaagct

gcgecgtege

cctetgecte
tteccteecggg
gctgeccacte
tcccatcatg
ggcgcggacg
cgccgeggac
gaagctgatg
ggcgtgegtg
ggccggcagg

gcagatcaca

ggacatgatc
ggcgetggeg
gttcgacgge
gcgccagggce
cgccgacgac
catgttcacg
gctcaagaac
gggccggcegce
ggaggccatg
ctgcgacgac
ggccatcgge
cctgeceecggg
gttcggcgee
cttecctggge
ggacatgagc

cacgccacgg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1584
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Met

Phe

Pro

Pro

Pro
65

Gln

Leu

Ser

Pro

50

His

Leu

Cys

Ala

35

Gly

Ala

Ala

Leu

20

Ala

Leu

Gly

Ala

Leu

Ser

Pro

Leu

Leu

Leu

Ser

Ile

Ala
70

EP 3 560 330 B1

Cys

His

Ser

Leu

55

Ala

Thr

Val

Gly

40

Gly

Leu

44

Asp Pro
10

Ala Leu

25

Arg Arg

Ala Leu

Ala Arg

Val

Arg

Gly

Pro

Lys
75

Val

Ser

Gln

Leu

60

Tyr

Leu

Leu

Leu

45

Val

Gly

Cys

Leu

30

Pro

Gly

Pro

Ser

15

His

Pro

Pro

Ile

Ala

Pro

Gly

Ala

Met
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Tyr

Ala

Pro

vVal

Ser

145

Arg

Ala

Ala

Gln

Thr

225

Arg

Gln

Ala

Arg

Thr

305

Ala

Leu

Ala

Ala

Phe

130

val

Arg

Ala

Asn

Gly

210

Gly

Leu

Phe

Ala

Ala

290

Ile

Gly

Lys

Arg

Val

115

Ala

His

Gly

Gly

Ile

195

Asp

Thr

Asp

Asp

Asp

275

Thr

Thr

Thr

Met

Thr

100

Ala

Asp

Leu

Glu

Arg

180

Val

Asp

Gly

Leu

Gly

260

Arg

Met

Glu

Asp

Gly

85

Phe

Ser

Tyr

Leu

Ala

165

Pro

Gly

Ser

Met

Gln

245

Leu

Ala

Asp

Val

Thr
325

Thr

Leu

Ala

Gly

Gly

150

Gly

Val

Gln

Asn

Phe

230

Gly

Ile

Arg

Ala

Asn

310

Ser

EP 3 560 330 B1

Ala

Lys

Ala

Pro

135

Ala

His

Val

Ile

Arg

215

Asn

Val

Thr

Gln

Gly

295

Ile

Ser

Gly Vval Vval

Ala

Asp

120

Lys

Arg

Val

Val

Thr

200

Tyr

Ile

Gln

Lys

Gly

280

Ala

Lys

Ile

45

Leu

105

Ile

Trp

Ala

Leu

Pro

185

vVal

Lys

Ser

Ala

Leu

265

Arg

Ala

Gly

Ile

90

Asp

Thr

Lys

Leu

Arg

170

Glu

Ser

Asp

Asp

Lys

250

Leu

Pro

Ala

Leu

vVal
330

vVal

Ala

Tyr

Leu

Ala

155

Gly

Leu

Lys

Met

Phe

235

Leu

Ala

Asp

Asp

Ile

315

Glu

Ala

Arg

Gly

Met

140

Asp

Val

Leu

Arg

Ile

220

Val

Arg

Glu

Phe

Asp

300

Phe

Trp

Ser

Tyr

Arg

125

Arg

Trp

Ala

Val

Val

205

Val

Pro

Arg

His

Val

285

Glu

Asp

Ala

Ser

Ala

110

Gln

Lys

Ala

Glu

Cys

190

Phe

Ser

Ala

Val

Ala

270

Asp

Ser

Met

Met

Pro

95

Asn

Asn

Leu

Cys

Ala

175

Ala

Asp

Leu

Leu

His

255

Ala

Arg

Gly

Phe

Ala
335

Arg

Arg

Met

Ala

vVal

160

Ala

Leu

Ala

Leu

Ala

240

Arg

Thr

Leu

Glu

Thr

320

Glu
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Met Leu Lys Asn
340

Arg Ala Val Gly
355

Leu Pro Tyr Leu
370

Ser Thr Pro Leu
385

Val Asp Gly Tyr

Trp Ala Tle Gly
420

Arg Pro Glu Arg
435

Leu Gly Asn Cys
450

Cys Ala Gly Lys
465

Thr Leu Leu His

Leu Asp Met Ser
500

Leu Arg Ala Val
515
<210> 4
<211> 5903

<212> DNA
<213> Sorghum bicolor

<400> 4

ccecctacgat gtatatgtag
ggtcccgaga tttcgagtac
gaggcatcct tagcecttggge

tgaagctcge cgecgttgtge

Pro

Arg

Gln

Ser

Arg

405

Arg

Phe

Phe

Leu

Ala

485

Glu

Ala

Thr

Gly

Ala

Leu

390

Val

Asp

Leu

Glu

Ala

470

Phe

Thr

Thr

EP 3 560 330 B1

Val

Arg

Val

375

Pro

Pro

Pro

Pro

Leu

455

Gly

Asp

Phe

Pro

ctcgtctgaa

acagcgcctce

aggtcctecct

accgacccceg

Met

Arg

360

Cys

His

Ala

Glu

Gly

440

Ile

Met

Trp

Gly

Arg
520

Ala

345

Leu

Lys

Phe

Asn

Ala

425

Gly

Pro

Val

Arg

Leu

505

Leu

Arg

Glu

Glu

Ser

Thr

410

Trp

Gly

Phe

Phe

Leu

490

Ala

Val

Ala

Glu

Ala

Leu

395

Arg

Glu

Ala

Gly

Val

475

Pro

Leu

Pro

Gln

Ser

Met

380

Asp

Leu

Arg

Glu

Ala

460

Gln

Asp

Pro

Glu

Glu Glu Leu
350

Asp Leu Pro
365

Arg Leu His

Ala Cys Asp

Leu Val Asn
415

Pro Leu Asp
430

Lys Val Asp
445

Gly Arg Arg

Tyr Phe Leu

Gly Glu Glu
495

Lys Ala Val
510

Ala Tyr Ala
525

aacggttaaa taaaaaaaaa agataacaac

atcaccaata taaaaaccgt cgtgctcgeg

ccctagectag ctagcacagt aacgccacca

tcgtgetcte ctgegectte ctetgectece

46

Asp

Gly

Pro

Asp

400

Val

Phe

Pro

Ile

Gly

480

Lys

Pro

60

120

180

240
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tcctecacct
gccgegeegg
cgctgecact
gtcccatcat
cggcgaagac
gcgccgecga
ggaagctgat
gggcgtgegt
cggceccggeg
ggcagatcac
gatcgatcaa
taaaatccaa
tcgggtgect
ttgaactagt
atgcggaaag
tacgtatgag
atgtccttgt
aaacggcccc
atggaaaaaa
atatatgcgt
ctgacgggca
ctgcagggcg
aagctgctgg
ttcgtcgaca
atcaccgagg
ctcaccccecca
actaaccaac
tcatggccat
gaattttgaa
attatgatac
atcttacgtt

tgactctcca

cgctcteecgg
cgccggegge
cgteggecct
gtacctgaag
gttecctcaag
catcacgtac
gcggaagctc
gcggcgegac
gcecegtegte
cgtcagcaag
agctgcatga
gttcatttceg
taagttggga
tatccttaat
ccggggataa
aagactgaag
tagtgcagag
tccatcgaca
cacaaactga
gctgegtget
cgggcatgtt
tgcaggccaa
ccgagcacgce
ggctececgege
tcaacatcaa
acctctcttc
tactaatctg
gggtaactga
gagtcaaact
caactaaata
acaaatctta

agattcttgg

EP 3 560 330 B1

tcectgetge
cacctececege
gcccegeatg
atgggcacga
gcgctggacg
cggcgccaga
gccagcgtge
gaggccggece
gtgccggage
cgggtgttcg
aatcctatca
aaaggaaagc
tgaggtttac
taatgcaatg
aaaaattaaa
aatcggcatg
agtcgctcac
aataataagg
tcaagtattt
gcgtgetgeg
caacatcagc
gctgceggegg
cgcgacggcg
cacgatggac
gggcctcate
atgcatttat
tcgtagctge
atcatatact
tttcaaagtt
tcattagatt
gtatttcact

aatgacttac

acccttcettce
cggggccace
ccggectgge
cgggcgtcegt
cgaagtacgce
acatggtgtt
acctgctcgg
acctgctcecg
tgctegtgtg
acgcgcaggg
acaagacaat
acatgttttt
aatatctttg
cttgacggaa
aagttcagcet
acgagcactt
caaaacctga
agaatcttgt
ttcgtctaaa
tgcaggtaca
gacttegtge
atccaccacc
gcggaccgcg
gccggcegecg
ttecgtaaget
attttaattg
aaaaatatgt
ccctceccatce
tgaccaaatt
cttccttaat
ctataatttt

aatttgagat

47

tgcegectet
gggcctgeceg
cgegetggeg
ggtggcgteg
caaccggccg
cgcggactac
ggcgcgegeg
cggcgtggeg
cgcgcectegece
ggatgactca
gaccatatat
cttccaaaat
aatgggacta
tgaacatcag
aggaagctgce
agtactggca
aagcgaaaag
catttttcat
catataataa
aggacatgat
cggecgetgge
agttcgacgg
cgcgccaggg
acgacgagag
ctecgetetet
cttgecttece
aatactactg
caaattgtaa
tatatgataa
tatattttca

ggtcaaacgt

ggagggagta

tcectetggee
atccteggeg
cgcaagtacg
tceceegtgeg
gcggtggega
gggcccaagt
ctcgecgact
gaggcggccg
aacatcgtcg
aacaggtgag
atataaggca
ttcatgatta
gtgagatcag
cagaccgtta
tgtcatcggg
tttagcecgga
agagcgatcg
gcatgcattc
ttctgatacc
cgtgtegetg
gcgtetggac
cctecatcacc
ccgccaggac
cggcgagacce
ttatattttce
ttggttgcta
caacaatcga
gtcattccaa
aataataatt
tagtatactc
gaaaatgctt

tatctteget

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160
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gaaaatgaag
ccaccggacc
tagtggagtt
gggcctgcag
caaacattac
tgcatatata
tagataacaa
caacctaaat
acaaaaaagg
atagcataca
tttaaggaaa
attttaattc
gcaccaaaaa
gggacttatt
tttagatagt
attccctaag
aagaggtatt
agtcaacttt
agtctaaatt
ttaagattta
cgttttaget
aaaggctgac
taagtctcta
gttattatgt
ttgaaagcta
tgaatgtcgt
agttaccaag
tctctcatct
gtggcaccat

ggggtgttta

acttctattt

tgcacggcat
taacggagca
gttggaaaga
ggccggtttt
tagagcaaaa
tgcctgtecat
tagggatcac
tcaccccegt
catttggttc
gatccaacaa
tctagaaata
ctacgaatag
aaattctatc
taccccaagg
agttccaaga
ggaatgagaa
ctcttttcetg
tatagaatta
attcagtgaa
atcaggaaaa
taatgttcac
gttttaacaa
gaatgttgga
catttcctag
taaatggcett
gtcagcacta
actataaact
gatgaaactc
atttaatgtg
gtgttggact

gggataaacc

EP 3 560 330 B1

tttggtgtga
ctgacactga
caatatcaaa
gagtcctcca
tatggttcaa
gccatggttt
tagatttaat
ctcecttgtte
ctatactttg
attccaccca
ttggaaccac
aactaaaata
gatgcataaa
gaaccaaagc
aaaactagaa
tgtatgaaaa
gaacaaacaa
tatattgttt
agcctcgaga
cgatattgga
tttgtagacg
actgcacata
gtagttaaca
aagaattgta
aaggcaacat
acattattaa
aggtaaccga
cttcatttaa
catgacactc
ctttagatcg

acatagaatt

cataggagct
ccgaaagctce
atcacaatct
tgatggtgat
acattaattg
tatgagaaga
tatctgeega
tcacggtgga
ttggaacata
taaaatatct
tactagctag
tgtaaggaaa
tagtaaaaca
acctaaaaat
aagtggtggc
ttatacaatt
aatatgaaag
ttattatttt
ttctttaagg
ctecctgtect
tcggatatat
tatgttacca
acgtgataga
atcaaatcta
ctggttgtga
ggtcagtctc
gccacaagag
tgactctgce
tcataaaaca
tctactaggt

tcatggatct

48

aagctaagct
agcgtgttag
cgaactcatg
agctcaaggce
ctaaccgttg
tgcttactat
gagaacatac
aatatatagt
tttttaattt
atcaatacgc
aatctgtatg
acatttccct
cgaaaaatgt
tatacatttc
atagatatgc
tcaaataagc
tgcctccaaa
taagatggcg
attaaaaata
ccaaccaaac
agggatgcga
gaactcgaat
cgatgtaaca
ttaattaatc
gttgtgtgat
aatgcatagt
tttcatgggg
aactcagcaa
tgcattgaga
cgtagatcgg

agagaggaat

aagctagtag
gtgaagctgce
agatgatgtg
ttgtttggtt
aagagtagaa
atatttttat
agatttaatc
gggtaaactg
gttaggctat
ataaaagtag
ttttcctagg
atcatatttt
tgggacaata
ctgaaggaaa
tagggaattc
tctaaagata
gatcttattg
tgcaaaatca
agtgaagcgg
ttgattatga
accgaaagga
agcagctttg
cctggaccat
aagcaaagaa
taattattgg
ttcatgacac
atgaaactcc
ttttgcttat
ctggcctaag

tggggaattt

ggaggacgag

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020
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aggatgtgtt
agtggcggtg
gatggggact
ctcttttata
atcagggcgt
aacatttagt
tatcaaaaat
tcttgagact
ccacattttt
aaactcagaa
atgactcaag
cataacatcg
gagctcctta
aaacacacta
cttatattat
atacttcaaa
cgtgcgacgce
tcgtccatca
cgcgcgcagg
ctgcccagece
acgccgctca
ggctaccgeg
ccggeggegt
gccgagaagg
aggatctgceg
ctgcacgegt
ttcggecteg
ccggaagect
catacgtaca
gaaattatat
agaagacgga

tttggtttte

atatactgaa
gcggacttte
cgcggeattg
cactgecgcga
ggtcaagggt
tccccataaa
ttcaggttag
tttttggact
gttaaaattt
ttttttggga
caatgaaacc
cattgactct
acatatataa
aaacagtgca
atacagtgtt
accatgtata
atcgctgett
tcgtggagtg
aggagctgga
tccectacct
gccteecgea
tceceggecaa
ggaagaagcc
tcgacccgat
ccgggaaget
tcgactggag
cgctgcctaa
acgcctgage
taacttgtta
acggaccttg
tctgtagagt

catgactaaa

EP 3 560 330 B1

ccataccttt
cgtcgetgge
tagcggtgaa
caggggcctg
ccggccaagt
atacaaaatg
atccatccaa
tttttggect
ttgcatagta
tggaagggga
actactgttt
ctctttgtgg
catacactgt
ccacaccctt
aaacttaaac
tatatctcgt
tgcatgcacg
ggcgatggeg
ccgegtggtg
gcaggccgtce
cttctectte
caccecggetg
cctggagtte
ggggaactgc
ggccggcatg
cttgecctgac
ggctgtgeeg
tagctgtcag
tgaatcctac
catggtttca
tgttctttaa

att

ggggttggeg
agtgcctceccce
ccttgtaact
gcagccaagt
ctttggactt
tcaactactt
aatgcagaat
cttgaggcca
tttattttta
actaaacacc
cagtataagg
gctgtgtgge
gcctgetgat
caataatgtc
ccaacccaac
tgaaaaaaat
caggacatgt
gagatgctca
ggccgeggee
tgcaaggagg
gacgcctgeg
ctcatcaaca
cggcccgagce
ttcgagctca
gtgttegtge
ggcgaggaga
ctccgegecg
tggttecgegt
acttgcattg
gttttttgac

caatgcgcta

49

gagaagcgcg
tctegategg
tgtgctctag
tattgggcta
gggccagtgg
tggaatgatg
ttattgctet
aaatacaaaa
ttatgtaaaa
ccgtgaatct
ttggaaaaca
tttgtgggtc
gctgaggttg
aggtcaaact
gatatataat
tataggagta
tcacggcggg
agaacccgtce
gcecgectgga
ccatgecggcet
acgacgacgt
tctgggccat
ggttcectgece
tceegttegg
agtacttcct
agctggacat
tcgtcacgece
gtgttgttgt
gttgcctagt
acaaccgatg

acctatatat

tggtcgagge
tctagggtta
ccteccaccect
gacgccccecg
agatcaatct
aaatgcaaaa
cattatagcc
tagagaataa
taatacacca
agtcggcaca
ctgttctcaa
agcttgattg
tactgtcatc
atataaccag
tcacttgcac
ataatgtttg
cacggacacg
cgtgatggceg
ggagtcggac
gcacccegteg
cgcecgecgge
cggccgggac
gggcggcggce
cgccggcagg
gggcacgctg
gagcgagacg
acggctcgtg
tgcettectg
accagtattt
atggttgatc

caagggactg

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5903
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<210>5
<211> 1599
<212> DNA

<213> Atrtificial Sequence

<220>

<223> cDNA of SEQ ID NO: 4

<400> 5

atgaagctcg
ctecctecace
cgccgegecg
gcgctgccac
ggtcccatca
gcggcgaaga
agcgccgecg
tggaagctga
tgggcgtgeg
gcggcccggce
gggcagatca
aaggacatga
ccggegetgyg
cagttcgacg
gcgcgccagg
gacgacgaga
ttcacggecgg
aagaacccgt
cgeccegectgg
gccatgecgge
gacgacgacg
atctgggcca
cggttcectge
atcccgttceg
cagtacttcc

aagctggaca

ccgegttgtg
tcgctcteceg
gcgccggcgg
tcgteggece
tgtacctgaa
cgttcctcaa
acatcacgta
tgcggaagct
tgcggegega
ggcccgtcegt
ccgtcagcaa
tcgtgteget
cgegtcectgga
gcctcatcac
gccgecagga
gcggcgagac
gcacggacac
ccgtgatgge
aggagtcgga
tgcacccgte
tcgecegeegg
tcggecggga
cgggcggcgg
gcgccggcag
tgggcacgct

tgagcgagac

EP 3 560 330 B1

caccgacccce
gtccctgetg
ccacctceceg
tgcceccegeat
gatgggcacg
ggcgctggac
ccggegecag
cgccagegtg
cgaggccggce
cgtgceggag
gcgggtgtte
gctgacggge
cctgcagggce
caagctgctg
cttegtegac
catcaccgag
gtcgteccate
gcgcgegeag
cctgccecage
gacgccgcete
cggctaccge
cccggeggcg
cgccgagaag
gaggatctgc
gctgcacgceg

gttcggecte

gtcgtgcetcet
cacccttett
ccggggecac
gccggectgg
acgggegteg
gcgaagtacg
aacatggtgt
cacctgetceg
cacctgetcce
ctgctegtgt
gacgcgcagg
acgggcatgt
gtgcaggcca
gccgagcacyg
aggctccgeg
gtcaacatca
atcgtggagt
gaggagctgg
ctcecectace
agcctcececge
gtcceggeca
tggaagaagc
gtcgacccga
gccgggaagce
ttcgactgga

gcgctgecta

50

cctgcgecett
ctgccgectce
cgggcctgece
ccgegetgge
tggtggcgtc
ccaaccggcec
tcgecggacta
gggcgcgcegce
gcggegtgge
gcgcgcetege
gggatgactc
tcaacatcag
agctgeggeg
ccgcgacggce
ccacgatgga
agggcctcat
gggcgatgge
accgcgtggt
tgcaggccgt
acttctecctt
acacccggcet
ccctggagtt
tggggaactg
tggccggceat
gcttgectga

aggctgtgcecce

cctetgecte
ttecctetgge
gatcctcgge
gcgcaagtac
gtccecegtge
ggcggtggeg
cgggcccaag
gctcgeccgac
ggaggcggcec
caacatcgtc
aaacaggtac
cgacttcgtg
gatccaccac
ggcggaccgce
cgccggegec
cttcgacatg
ggagatgctc
gggccgeggce
ctgcaaggag
cgacgcectge
gctcatcaac
ccggeccgag
cttcgagcetce
ggtgttcgtg
cggcgaggag

gctcegegece

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560
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gtcgtcacge cacggctegt geccggaagcec tacgectag

<210> 6

<211> 532

<212> PRT

<213> Sorghum bicolor

<400> 6

EP 3 560 330 B1

51

1599
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Met

Phe

Ser

Leu

Val

65

Gly

Ser

Tyr

Arg

Arg

145

Trp

Ala

Val

Val

Lys

Leu

Ser

Pro

50

Gly

Pro

Ser

Ala

Gln

130

Lys

Ala

Glu

Cys

Phe

Leu

Cys

Ala

35

Pro

Pro

Ile

Pro

Asn

115

Asn

Leu

Cys

Ala

Ala

195

Asp

Ala

Leu

20

Ala

Gly

Ala

Met

Cys

100

Arg

Met

Ala

Val

Ala

180

Leu

Ala

Ala

Leu

Ser

Pro

Pro

Tyr

85

Ala

Pro

Val

Ser

Arg

165

Ala

Ala

Gln

Leu

Leu

Ser

Pro

His

70

Leu

Ala

Ala

Phe

Val

150

Arg

Ala

Asn

Gly

EP 3 560 330 B1

Cys

His

Ser

Gly

Ala

Lys

Lys

Val

Ala

135

His

Asp

Arg

Ile

Asp

Thr

Leu

Gly

40

Leu

Gly

Met

Thr

Ala

120

Asp

Leu

Glu

Arg

Val

200

Asp

52

Asp

Ala

25

Arg

Pro

Leu

Gly

Phe

105

Ser

Tyr

Leu

Ala

Pro

185

Gly

Ser

Pro

10

Leu

Arg

Ile

Ala

Thr

90

Leu

Ala

Gly

Gly

Gly

170

Val

Gln

Asn

Val

Arg

Ala

Leu

Ala

75

Thr

Lys

Ala

Pro

Ala

155

His

Val

Ile

Arg

Val

Ser

Gly

Gly

Leu

Gly

Ala

Asp

Lys

140

Arg

Leu

Val

Thr

Tyr

Leu

Leu

Ala

45

Ala

Ala

Val

Leu

Ile

125

Trp

Ala

Leu

Pro

Val

205

Lys

Ser

Leu

30

Gly

Leu

Arg

Val

Asp

110

Thr

Lys

Leu

Arg

Glu

190

Ser

Asp

Cys

15

His

Gly

Pro

Lys

Val

95

Ala

Tyr

Leu

Ala

Gly

175

Leu

Lys

Met

Ala

Pro

His

Leu

Tyr

80

Ala

Lys

Arg

Met

Asp

160

Val

Leu

Arg

Ile
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Val

225

Pro

Arg

His

Val

Gly

305

Phe

Ala

Leu

Pro

His

385

Asp

Leu

Lys

Glu

210

Ser

Ala

Ile

Ala

Asp

290

Glu

Thr

Glu

Asp

Ser

370

Pro

Asp

Leu

Pro

Lys
450

Leu

Leu

His

Ala

275

Arg

Thr

Ala

Met

Arg

355

Leu

Ser

Asp

Ile

Leu

435

Val

Leu

Ala

His

260

Thr

Leu

Ile

Gly

Leu

340

Val

Pro

Thr

Vval

Asn

420

Glu

Asp

Thr

Arg

245

Gln

Ala

Arg

Thr

Thr

325

Lys

Val

Tyr

Pro

Ala

405

Ile

Phe

Pro

Gly

230

Leu

Phe

Ala

Ala

Glu

310

Asp

Asn

Gly

Leu

Leu

390

Ala

Trp

Arg

Met

EP 3 560 330 B1

215

Thr

Asp

Asp

Asp

Thr

295

Val

Thr

Pro

Arg

Gln

375

Ser

Gly

Ala

Pro

Gly
455

Gly

Leu

Gly

Arg

280

Met

Asn

Ser

Ser

Gly

360

Ala

Leu

Gly

Ile

Glu

440

Asn

53

Met

Gln

Leu

265

Ala

Asp

Ile

Ser

vVal

345

Arg

Val

Pro

Tyr

Gly

425

Arg

Cys

Phe

Gly

250

Ile

Arg

Ala

Lys

Ile

330

Met

Arg

Cys

His

Arg

410

Arg

Phe

Phe

Asn

235

Val

Thr

Gln

Gly

Gly

315

Ile

Ala

Leu

Lys

Phe

395

Vval

Asp

Leu

Glu

220

Ile

Gln

Lys

Gly

Ala

300

Leu

Val

Arg

Glu

Glu

380

Ser

Pro

Pro

Pro

Leu
460

Ser

Ala

Leu

Arg

285

Asp

Ile

Glu

Ala

Glu

365

Ala

Phe

Ala

Ala

Gly

445

Ile

Asp

Lys

Leu

270

Gln

Asp

Phe

Trp

Gln

350

Ser

Met

Asp

Asn

Ala

430

Gly

Pro

Phe

Leu

255

Ala

Asp

Glu

Asp

Ala

335

Glu

Asp

Arg

Ala

Thr

415

Trp

Gly

Phe

Val

240

Arg

Glu

Phe

Ser

Met

320

Met

Glu

Leu

Leu

Cys

400

Arg

Lys

Ala

Gly
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<210>7

Ala

465

Gln

Asp

Pro

Glu

<211> 3752
<212> DNA
<213> Sorghum bicolor

<400> 7

Gly

Tyr

Gly

Lys

Ala
530

Arg

Phe

Glu

Ala

515

Tyr

Arg

Leu

Glu

500

Val

Ala

Ile

Gly

485

Lys

Pro

EP 3 560 330 B1

Cys Ala Gly Lys Leu
470

Thr Leu Leu His Ala
490

Leu Asp Met Ser Glu
505

Leu Arg Ala Val Val
520

54

Ala

475

Phe

Thr

Thr

Gly Met Val

Asp Trp Ser

Phe Gly Leu
510

Pro Arg Leu
525

Phe

Leu

495

Ala

Val

Val

480

Pro

Leu

Pro
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atatagcttg
acgcctcatc
ccteceectgge
cctegtgetce
gcacccttcet
gccaccggga
cctggeegeg
cgtegtggtyg
gtacgccaac
ggtgttcgece
gctcggggeg
gctcecgegge
ggtgtgegee
acagggggac
cgctcaccaa
ctgctgactg
gacctgcagg
accaagctgce

gacttcgteg

tctgagttce
aggaatataa
acagcacagt
tcectgegect
tctgeectegt
ctaccgatcc
ctggcgecgea
gcgtegtcece
cggccggcgg
aactacgggc
cgecgegeteg
gtggcggagg
ctcgccaata
gagtccaaca
aatacgaatg
gcgecgggact
gcgtgeagge
tggccgageca

acaggctccg

EP 3 560 330 B1

gagtacgcag
agccgtegte
agcacgccac
tcectetgect
cctececggeeg
tcggegeget
agtacggtcc
cgggcgcggce
tggcgagege
ccaagtggaa
cggactggge
cggccgceggce
tcgtecgggea
ggtcagaact
tgaaatatgt
gttcaacatc
caagctgcgg
cgccgegacg

cgeccgecatt

ccgcaggagce
caggagacac
catgcagctc
cctectecac
ccgeggegge
gccactcgte
catcatgtac
gaggacgttc
cgccgacatce
gctgatgegg
gcacgtgegg
ccggeggecce
gatcaccgtg
gaaccgaaag
gtgtgcaggt
agcgacttcg
cgtgtgcacc
gccgeggace

gacgccggcg

55

gcagcgtgct
ccttagettg
gccgegttgt
gtcgegetee
caccaccagc
ggcccagecce
ctgaagatgg
ctcaaggcgce
acgtacgggt
aagctcgcca
cgcgacgagg
gtecgtegtge
agtaagcggyg
gcecttttecag
acaaggacat
tgccggeget
accagttcga
gcgcgegega

ctgacgacga

gcagggtgca
ggaaggtcct
gcatcgacce
gctcecetget
tcececgeecggg
cgcacgccgg
gcacgacggg
tggacgcgaa
gccagaacat
gcgtgcacct
ccggccacct
cggaggtgcet
tgttcgacge
tgaatagaat
gatcgtgtca
ggcgegtetg
cggcctecatce
cggccgecag

gagcggcgag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140
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accatcaccg
ctacatacat
aatgcattcc
aagtaactga
aaaaatttta
aataaaaatt
gtttataatt
aaaattttgt
taaagtttat
actatttatg
taattaatct
agcaccccct
gttgttggaa
ttatggtcta
gtgatatcgg
ttcaaatgtt
ggttgtcctce
tgacttttct
tagtaaagat
tataattaaa
atgcaccgag
aaatatatga
aggatctatg
tgacgtcaat
gaccttatcg
actaataaga
ttaattggta
tcctatacaa
cgtcgatcat
gagcgcagga

tgcccagect

aggtcaacat
atatactctt
gtcgcggtaa
gaatcttgtg
gccgttaaat
aattacatag
ggacaatatt
caactgaaca
cgctcgacac
aaactaaaaa
atgattagac
tacgtcgteg
agtgacgatc
attcataccg
tagctgatgg
gataacattt
aaaattcatg
agataaattg
tacatatatt
agagagtatc
accattctaa
actgaatatc
accattgatc
gacctggagt
tggccatgaa
ataagatgag
actttaccca
tgtttgcatg
cgtggagtgg
ggagctggac

cccctacctg

EP 3 560 330 B1

caagggcctc
teccttectte
gaatgtaaga
ctcaaaataa
taaatcttgce
tttgcctgta
tgtcaaataa
aggccttaga
atcgaatgtt
cacagctaga
attaattgtt
cgttggtgeg
gaagcgaaag
tgagggcctg
ctttgtttgg
ggtaccgtga
tttttttaat
atttttctat
taaaaaagct
tgtttatagt
aacctcaaac
gacgattgaa
catcaagttg
taatatctct
aatagacata
attgaataac
caaaacactg
caacgcatcc
gcgatgtctg
cgcacggteg

caggccgtcet

atcttcgtaa
cattgectttce
tatgcagcag
ggcattgttt
ggcatatata
atttatgaga
aaataaaaat
tgcatttagg
tagtacacat
gagtaatttg
aaataagatg
gccgagcagg
cacacattag
caggttctga
taccaaagtg
agtgaataga
accccatcta
gtatctagat
aaacatttta
gatatttctc
atgttgcaaa
tcattgggta
gacgcttgac
acggagtatt
tagacaatgt
atccaaacag
aagtaattcg
aggacatgtt
aaatgctcaa
gcegeggecg

gcaaggaggc

56

gctegettte
gttgttttat
ctagtaccga
agttccgaaa
tggagtatta
cgaaccttta
gctacagtat
ccatgtttgg
gcatagagta
cgagatgaat
aaaatgttac
agagttaggt
ctcgagcectga
gtctttcatg
cagactagag
atacctaccg
ttttaaatta
atagtgtcta
taattagaat
aagtacagtc
gatctaatgt
caacaaatat
ttctcecgeag
actcgtcctt
agggtttatc
tgtcggatct
tgtccattta
cacggcgggce
gaacccgccce
ccgectggaa

catgcggcetg

ctcacctcag
caagtaaagt
tcatgaaaga
aaaatttacc
aagatataaa
aacctagtta
ctgaaattcc
tttcaaatgt
ctaaatatag
cttttaaacc
aacccaacca
ggactagtgg
tatgtttggt
attagtcaag
caaaatatgg
gttgtgccat
caagacattt
tctaaatgta
agggggagta
cacatacaga
tctggaacca
tgtagatttc
ctaccaatgg
gcacaaggat
tagaataatc
actcatttgg
attttttccg
acggacacat
gtcatggcac
gagtcggacc

cacccgtcga

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000
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cgeccgcetcag
gcgtcececgge
cgtgggagge
aggtcgaccc
gcgccgggaa
cgttcaactg
cgctgectaa
atgcttgagt
gtttgtgcett
ggtattcatc
ggaaaatcca
ttcecggtceca

cttcaagcag

<210> 8
<211> 1584
<212> DNA

ccteceegeac
caacacccgg
gccectcegag
gatggggaac
gctggecgge
gcgcectegee
ggccgtaccg
tagttgtcac
gccaacctge
atatacacaa
ccttggattce
ttaaaatgaa

taaggcctca

<213> Atrtificial Sequence

<220>

<223> cDNA of SEQ ID NO: 7

<400> 8

EP 3 560 330 B1

ttcteetteg
ctgctcatca
ttccggcecag
tacttcgage
atggtgttcg
gacggcgagg
ctcegegececa
ttgtcagtct
atacatattc
acgcacatct
aatagtttga
cttttacagg

tttggttgeca

acgcctgcga
acgtctgggce
agcggttect
tcatcccctt
tgcagtactt
agctggacat
ttgtcacgce
cagtccgcege
tgtttatatg
ctctatgett
caactactga
cagttttgta

tc

57

cgacgtcgge
catcggcecgg
gccgggggec
cggcgecggce
cctgggcacg
gcgcgagacyg
gcggctectg
tgtggaagga
tttttttata
aattgcaagg
tcttactgaa

agaccgttca

ggcggctacce
gacccggcega
gcggcggaga
cggaggatct
ctgctgcacg
ttcgggctca
ccggaagcect
tgatcggaag
gaaactacat
catttgatat
caaatgatta

tgtgcttcaa

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3752
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atgcagctcg
ctcectecacg
cgcggeggec
ccactcgtceg
atcatgtacc
aggacgttcc
gccgacatca
ctgatgcgga
cacgtgecggce
cggcggcccg
atcaccgtga
atgatcgtgt
ctggcgegtce

gacggcctca

gacggccgec
gagagcggcg
gcgggcacgg
ccgecccgtceca
ctggaagagt
cggctgcacce
gtcggeggeg
ggccgggacce
ggggccgcgg
gccggccgga
ggcacgctge
gagacgttcg

ctecetgeecgg

<210> 9
<211> 527
<212> PRT

ccgegttgtg
tcgegetecg
accaccagct
gcccageccece
tgaagatggg
tcaaggcgct
cgtacgggtyg
agctcgeccag
gcgacgaggce
tcgtegtgece
gtaagcgggt
cactgctgac
tggacctgca

tcaccaagct

aggacttcgt
agaccatcac
acacatcgtc
tggcacgagce
cggacctgcece
cgtcgacgece
gctaccgegt
cggcgacgtg
cggagaaggt
ggatctgecge
tgcacgcgtt
ggctcacgct

aagcctatgce

<213> Sorghum bicolor

<400> 9

EP 3 560 330 B1

catcgacccce
ctcectgetg
cccgecgggg
gcacgccggce
cacgacgggc
ggacgcgaag
ccagaacatg
cgtgcacctg
cggccacctg
ggaggtgctg
gttcgacgca
tggcgeggga
gggcgtgeag

gctggccgag

cgacaggctc
cgaggtcaac
gatcatcgtg
gcaggaggag
cagcctccecce
gctcagcecte
cccggecaac
ggaggcgccc
cgacccgatg
cgggaagctg
caactggcgce
gcctaaggece

ttga

ctecgtgetcet
cacccttett
ccaccgggac
ctggcecgege
gtcgtggtgg
tacgccaacc
gtgttcgeca
cteggggege
ctecegeggeg
gtgtgecgece
cagggggacg
ctgttcaaca
gccaagctge

cacgccgega

cgcgecgeca
atcaagggcc
gagtgggcga
ctggaccgceca
tacctgcagg
ccgcacttcet
acccggetge
ctcgagttcce
gggaactact
gccggeatgg
ctcgeegacg

gtaccgctce

58

cctgcgecett
ctgecctegte
taccgatcct
tggcgcgcaa
cgtegteccece
ggccggeggt
actacgggcce
gcgcgcetege
tggcggagge
tcgccaatat
agtccaacag
tcagcgactt
ggcgtgtgeca

cggccgcgga

ttgacgcecgg
tcatcttcga
tgtctgaaat
cggteggeeg
ccgtctgcaa
ccttcgacge
tcatcaacgt
ggccagagceg
tcgagctcat
tgttcgtgeca
gcgaggagct

gcgccattgt

cctetgecte
cteceggecge
cggcgegetg
gtacggtccce
gggcgcggcg
ggcgagcgec
caagtggaag
ggactgggceg
ggccgcggec
cgtcgggcag
gtacaaggac
cgtgceggeg
ccaccagttc

ccgegegege

cgctgacgac
catgttcacg
gctcaagaac
cggccgecge
ggaggccatg
ctgcgacgac
ctgggccatc
gttcctgeceg
ccecettegge
gtacttcctg
ggacatgcgce

cacgccgegyg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1584
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Met

Phe

Ser

Pro

Pro

65

Ile

Pro

Gln

Leu

Ser

Gly

50

Ala

Met

Gly

Leu

Cys

Ala

35

Pro

Pro

Tyr

Ala

Ala

Leu

20

Ser

Pro

His

Leu

Ala
100

Ala

Leu

Ser

Gly

Ala

Lys

85

Arg

Leu

Leu

Ser

Leu

Gly

70

Met

Thr
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Cys

His

Gly

Pro

55

Leu

Gly

Phe

Ile Asp Pro

Val

Arg

40

Ile

Ala

Thr

Leu

59

Ala

25

Arg

Leu

Ala

Thr

Lys
105

10

Leu

Gly

Gly

Leu

Gly

90

Ala

Leu

Arg

Gly

Ala

Ala

75

Val

Leu

Val

Ser

His

Leu

60

Arg

Val

Asp

Leu

Leu

His

45

Pro

Lys

Val

Ala

Ser

Leu

30

Gln

Leu

Tyr

Ala

Lys
110

Cys

15

His

Leu

Val

Gly

Ser

95

Tyr

Ala

Pro

Pro

Gly

Pro

80

Ser

Ala
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Asn

Asn

Leu

145

His

Ala

Ala

Asp

Leu

225

Leu

His

Ala

Arg

Thr

305

Ala

Met

Arg

Arg

Met

130

Ala

Val

Ala

Leu

Ala

210

Leu

Ala

His

Thr

Leu

290

Ile

Gly

Leu

Thr

Pro

115

Val

Ser

Arg

Ala

Ala

195

Gln

Thr

Arg

Gln

Ala

275

Arg

Thr

Thr

Lys

Val
355

Ala

Phe

Val

Arg

Ala

180

Asn

Gly

Gly

Leu

Phe

260

Ala

Ala

Glu

Asp

Asn

340

Gly

Val

Ala

His

Asp

165

Arg

Ile

Asp

Ala

Asp

245

Asp

Asp

Ala

Val

Thr

325

Pro

Arg

Ala

Asn

Leu

150

Glu

Arg

Val

Glu

Gly

230

Leu

Gly

Arg

Ile

Asn

310

Ser

Pro

Gly
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Ser

Tyr

135

Leu

Ala

Pro

Gly

Ser

215

Leu

Gln

Leu

Ala

Asp

295

Ile

Ser

Val

Arg

Ala

120

Gly

Gly

Gly

vVal

Gln

200

Asn

Phe

Gly

Ile

Arg

280

Ala

Lys

Ile

Met

Arg
360

60

Ala

Pro

Ala

His

val

185

Ile

Arg

Asn

val

Thr

265

Asp

Gly

Gly

Ile

Ala

345

Leu

Asp

Lys

Arg

Leu

170

vVal

Thr

Tyr

Ile

Gln

250

Lys

Gly

Ala

Leu

Val

330

Arg

Glu

Ile

Trp

Ala

155

Leu

Pro

Val

Lys

Ser

235

Ala

Leu

Arg

Asp

Ile

315

Glu

Ala

Glu

Thr

Lys

140

Leu

Arg

Glu

Ser

Asp

220

Asp

Lys

Leu

Gln

Asp

300

Phe

Trp

Gln

Ser

Tyr

125

Leu

Ala

Gly

Val

Lys

205

Met

Phe

Leu

Ala

Asp

285

Glu

Asp

Ala

Glu

Asp
365

Gly

Met

Asp

Val

Leu

190

Arg

Ile

Val

Arg

Glu

270

Phe

Ser

Met

Met

Glu

350

Leu

Cys

Arg

Trp

Ala

175

Val

Val

Val

Pro

Arg

255

His

Val

Gly

Phe

Ser

335

Leu

Pro

Gln

Lys

Ala

160

Glu

Cys

Phe

Ser

Ala

240

vVal

Ala

Asp

Glu

Thr

320

Glu

Asp

Ser
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Leu Pro Tyr Leu Gln Ala Val Cys Lys Glu Ala Met Arg Leu His
370 375 380

Ser Thr Pro Leu Ser Leu Pro His Phe Ser Phe Asp Ala Cys Asp
385 390 395

Val Gly Gly Gly Tyr Arg Val Pro Ala Asn Thr Arg Leu Leu Ile
405 410 415

Val Trp Ala Ile Gly Arg Asp Pro Ala Thr Trp Glu Ala Pro Leu
420 425 430

Phe Arg Pro Glu Arg Phe Leu Pro Gly Ala Ala Ala Glu Lys Val
435 440 445

Pro Met Gly Asn Tyr Phe Glu Leu Ile Pro Phe Gly Ala Gly Arg
450 455 460

Ile Cys Ala Gly Lys Leu Ala Gly Met Val Phe Val Gln Tyr Phe
465 470 475

Gly Thr Leu Leu His Ala Phe Asn Trp Arg Leu Ala Asp Gly Glu
485 490 495

Leu Asp Met Arg Glu Thr Phe Gly Leu Thr Leu Pro Lys Ala Val
500 505 510

Leu Arg Ala Tle Val Thr Pro Arg Leu Leu Pro Glu Ala Tyr Ala
515 520 525

<210> 10
<211> 187
<212> DNA
<213> Zea mays

<400> 10

cttctgeccca gaagecgggcce cagacatttg agattgggta ttcaaaaatt caaaagatta
aagaatttag tgttctaacg ctattttatg caatacatta ttgacaaatt agtgttctaa
cactatagat caccaaaaac atgggtattc aatgaatacc catgaaaccc ccctgggecce

gcccatg

<210> 11

<211> 4402
<212> DNA
<213> Zea mays

<400> 11

61

Pro

Asp

400

Asn

Glu

Asp

Arg

Leu

480

Glu

Pro

60

120

180

187
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atgcagctcg cggcgttgtg caccgaccce gtggtgetgt gcagegecectt cectcectgecte

62

60



10

15

20

25

30

35

40

45

50

55

ctcctecacg
acatttgaga
ttttatgcaa
ggtattcaat
ctcecgggege
gccactegtg
catcatgtac
gcggacgttce
cgcggacatce
gctgatgcgg
gtgcgtgcgg
cggcaggccc
gatcacagtg
ggaggtccat
aacatatttt
aaaaaattta
cgaatttctc
ataaaactta
gggtccttga
atgcacatgg
tctaacgtcet
tagtggtgga
gagtggtgat
tcctetattg
agaaaaaact
gactgaacaa
ggccgctcega
gctggcattt
ggacatgatc
ggcgctggeg

gttcgacggce

tggctcteceg
ttgggtattc
tacattattg
gaatacccat
cgcgggcagce
ggcccagccce
ctgaagatgg
ctcaaggcgce
acgtacgggce
aagctcgcca
cgcggcgagg
gtcgtegtge
agcaagcggg
gaaatcctac
tcttacaaat
ggctagtttg
ttgaaaaaat
atgcgatcgt
gagatgagtt
aacattggtg
atagttgttt
aggtgttatt
gatttaatat
caaatgctag
taaaaagatc
tctgcatgac
taaataatta
ttcatctaat
gtgtcgcetge
cgtctggacce

ctcatcacca
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ctcgectgetg
aaaaattcaa
acaaattagt
gaaacccccce
tcecegeeggg
cgcacgccgg
gcacggcegg
tggacgegeg
ggcagaacat
gcgtgcacct
ccggecacgt
cggagctgcet
tgttcgacge
cagctgtgag
ttatgcttac
aaactccatt
gaaaattctt
tttectctgac
tacctgcettg
cacatggtgce
gatatatttt
tgtaaattga
gtgcaccatg
acggaacacc
agctaggaag
aagcaaaact
atgagagtct
ataatatata
tgaccggcac
tgcagggegt

agctgcetggce

caccctecctt
aagattaaag
gttctaacac
tgggccegece
gccaccgggc
cctggecgeg
cgtggtggtg
gtacgccaac
ggtgttcgcg
gcteggegeg
gctgcgegge
cgtgtgegece
gcagggggac
catgcataaa
tgtttcttta
taggatttct
tagaaaaata
tctcattcat
tcctttatta
acatatgaaa
attaaggaca
ataatcaact
tgcaccagtc
agctagcact
ctgctgtcat
tagcttaaaa
tgggattttt
acgctgatat
gggcatgttc
gcaggcgaag

cgagcacgcc

63

ctgcccagaa
aatttagtgt
tatagatcac
catgcttcetg
ctgcegatce
ctggcgegeca
gcgtegtcece
cggcecggecg
gactacgggc
cgcgegetceg
gtggcggagg
ctcgccaaca
gactcgaaca
agttcatttg
agtttcgata
attttccaaa
ggttctcaaa
ctttctcetgg
ttgcaaagac
tcatcaccac
ccctcecaacg
agagacgtta
ttctatgtge
agcagactgt
ctgtacgtat
gcgaaaagag
catgcatgga
catattgcgt
aacatcagcg
ctgcggegeg

gcgacggcecg

gcgggcccag

tctaacgcta
caaaaacatg
ccgectette
tcggegeget
agtacggtcc
cgcgcgegge
tggcgagcgce
ccaagtggaa
cggactggge
cggccgegge
tcgtcgggea
ggtgaggatg
gaaagaaaag
aagtttgtaa
gaaaaataaa
ctagccctca
ttatctaatt
aacatatctg
tcattttaaa
tggtggtgtg
gatctaaaat
accagatatg
ttatgtggaa
atatggtgaa
cgatggaaac
aaaaaacaaa
gcagatacaa
acttcgtgcecc
tccaccgcececa

cggaccgege

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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gcgccaggge
cgccgacgac
aagctccctg
cttgcteggt
agtactacag
gggatcatgg
ccgaaagctc
caaaaccact
ggtcgaacac
ctctagcegta
gggcgaattt
atcgatattc
aagccatgcect
tgaatgctat
ttttggaaca
ttattgtttt
tgccteggtg
ttccaaaaga
ttcctaaact
agtgtgcagc
gggcataggg
ttggagtagt
tagactagaa
cacagtgata
taaacgacca
acactgttac
aaaccatttt
cttttttgtg
tatgtacttg
ctcactgata

atttcttttce

gggtacggac

cgcccggact
gagagcggceg
cttttteccectce
tttecectttag
cgatgggtca
cgtgacatgg
agtggegtgt
ctccaattga
attactagag
atggttaaac
tcaagcectttg
tacacgacac
aaaaaagtgg
gaaaattatg
aacaatacga
tgttatttct
tttttttatt
aaataaacta
agctctaaca
aaccacatcc
aatgcattgce
taacaaacgt
gaattggtag
ccaaagatgc
aagatgctga
caaatccttc
ttgtcactaa
aagcagtgtt
taccatcgaa
ccgctaatta

ggcaaactga

acgtcgtcga
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tcgtcgacceg
agaccatcac
gcccccaacce
taactaacta
tcggtaactg
gagctaagct
taggtggaga
tgatgtgtag
tgaaatatgg
cttccgagta
ttaaaaaaat
cctcecgacta
agacgtagat
cagtttaaaa
atgcacctcce
aagatgggag
agttaagggc
atcctcttta
gtgagtcagt
gattctgacg
taccagaaca
gatagatgta
tcaaatcgag
tgaaaagaac
aaataactga
gtcaaaatta
ttaaccacac
gccgtaaacce
cgccgegege
agttagataa
agtaaagaca

tcatcgtgga

gctecegegece
cgaggtcaac
atgcatcatc
atccgtcgea
aatctaaggt
aagccagtgg
tagtggatcg
ggcctgeagt
ttccaatgtt
gcacatccag
tatctegttg
gtgacagttg
atgatagagg
aaaactttaa
aaatatctta
cccaaaatca
tctcattttt
gaaaaatgga
taatcaggag
ttttagctta
cgaatgacag
acctctggat
caaagtccceg
tgaggcacga
tcgtcaccat
caggaataat
tgttctttge
acaaccatca
taagacaatg
tgtcgattac

acgttttgtt

gtgggcgatg

64

acgatggacg
atcaagggcc
atatgcactt
gctgecgatac
gcaatagagt
ccacctaacg
agttgttgga
gttttgaatc
aattgatagc
gttgggttcg
tgcceegtece
attgactcegt
ttcecetttee
agataaacag
tcgagtcgac
catacaaatt
ttcaagggat
aatctattgg
aagatattag
atgttcgcta
ctatgcaagt
catggtatga
aaagcacact
taaactgttc
ccgtgaatct
taaggcgcett
ttgaccgtga
tgaactcact
caccacccectt
tagttgtctt

ccgcaggaca

gcggagatgce

ccggegeege
tcatcttegt
atattttaca
acgtagcact
gcacggccge
aaggcactga
aagacaatat
caccttgttt
gcgaaagggt
atcctctcga
gctctcagga
tagtgatgag
taagcaaacg
gaattctcett
ttttatggaa
attcagtgaa
ttttattttt
agaaatgagg
actcctgtat
tgtagacgtc
ctctagaacg
tgtcatttcec
gggctttcga
ggtgttggtg
aactttecgac
agacgatgat
caaaaaaaaa
tgcecttgtcea
caagtcttag
acttcgaact
tgttcacggce

tcaagaaccc

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840



10

15

20

25

30

35

40

45

50

55

gaccgtcatg
ggaggagtcg
gctgcacccg
cgacggctac
ggacccggag
cggcgcggag
ccggaggatc
gctgctgcecac
gacgttcgge
cgtgcecggaa
<210> 12

<211> 387
<212> DNA

<213> Zea mays

<220>

gcgecgegege
gacctgccecg
tccacgeege
cgegtececgg
gcctgggaga
aaggtcgacc
tgcgegggga
gcgttcgact
ctecgegetge

gcctatgect

<221> misc_feature
<222> (101)..(287)
<223> insertion of 187 nucleotides as present in QTL line

<400> 12

accatgcagc
ctectectcee
cagacatttg
ctattttatg
atgggtattc
tteccteecggg

gctgeccacte

<210> 13
<211> 201
<212> DNA

<213> Zea mays

<220>

tcgeggegtt
acgtggctct
agattgggta
caatacatta
aatgaatacc
cgcecgegggce

gtgggcccag

<221> misc_feature
<222> (101)..(101)
<223> single nucleotide polymorphism

<400> 13
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aggaggagct
gcctceececta
tcagcctcee
ccaacacccg
ggcccctecga
ccctggggaa
agctggeggyg
ggcgcectgee
ccaaggcagt

ga

gtgcaccgac
ccgetegetg
ttcaaaaatt
ttgacaaatt
catgaaaccc
agctcceccgece

ccccgca

ggaccgcgeg
cctgcaggeg
gcacttctce
cctgctegte
cttecegeccece
ctgcttcgag
catggtgttc
tgacggcgag

gccgceteege

ccegtggtge
ctgcaccctce
caaaagatta
agtgttctaa

ccectgggece

ggggccaccg

65

gtgggccggg
gtgtgcaagg
ttggacgcct
aacgtctggg
gagcgcttce
ctcatccegt
gtgcagtact
gagaagctgg

gccgtegeca

tgtgcagecge
cttctgecca
aagaatttag
cactatagat
gcccatgett

ggcctgcecga

gccggegcect
aggccatgcg
gcgacgacgt
ccatcggccg
tgccecggggg
tcggcgecgg
tcectgggecac
acatgagcga

cgccacggcet

cttecctetge
gaagcgggcec
tgttctaacg
caccaaaaac
ctgccgectce

tcecteggege

3900

3960

4020

4080

4140

4200

4260

4320

4380

4402

60

120

180

240

300

360

387
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tgatgaaagc cgtgcaggag taaatagraa amtggagttg tggcgtgara ctctagaatc 60
caaacgtttt agactcttta gaactaaaac cgaatatata wgttgtgact ttggcactac 120
tacatatgac gaaggagata ttagtttgga aggtcaagta gtgccctgra aggatacctt 180
ttggtattta gtatcaatge t 201
<210> 14

<211> 121

<212> DNA

<213> Zea mays

<220>

<221> misc_feature
<222> (58)..(58)
<223>nisa,c,g,ort

<220>

<221> misc_feature

<222> (61)..(61)

<223> single nucleotide polymorphism

<400> 14

caaggaacct aggatggggg cggattcatt aacaaggagg ggggccctaa tcccctgneg 60
rtctgcacgg gcaataatct agtcagaccc cgaggtcagt agaggcggag gacgcgtcac 120

g 121

<210> 15

<211> 121
<212> DNA
<213> Zea mays

<220>

<221> misc_feature

<222> (61)..(61)

<223> single nucleotide polymorphism

<400> 15

cagcacatat tgtgttgaaa tgaatgagca cactgcatcc atatcaccac tggtacacaa 60
rggcatagtt taagtcatgt tatgatgtag cgcaccgagc aaggtatttt gacacacata 120

a 121

<210> 16

<211> 101
<212> DNA
<213> Zea mays

<220>

<221> misc_feature
<222> (51)..(51)

66



10

15

20

25

30

35

40

45

55

EP 3 560 330 B1
<223> single nucleotide polymorphism

<400> 16

aatgtgggaa gagctggagc agcaaatcta gacgtcattc aagaagtcga rtatgtaaag 60

gaagatgcta gaattatata cctccttgaa tgcctccaaa a 101

<210> 17

<211> 101
<212> DNA
<213> Zea mays

<220>

<221> misc_feature

<222> (51)..(51)

<223> single nucleotide polymorphism

<400> 17

ctctttetge agectecgtgat cgagttgtgt gtgctccatt cccaaattat rtatgatcga 60

ttagtagcegt taggggttaa ccagtagccg ctgtgtactt g 101

<210> 18

<211> 201
<212> DNA
<213> Zea mays

<220>

<221> misc_feature

<222> (101)..(101)

<223> single nucleotide polymorphism

<400> 18

ttatggggga ggcagattgt cgtggggcge gggggagggc gagcttgggg gegccgcaga 60

gcgagggaca ttgccgagat tgccatggag tgagggcacg rcgagattgc cgcgagggag 120

agggcgcttg ccgaggcaga ttgccgeggg ggaggggcgce ttgccgaggce ggagacgtgg 180

tgaagcegtg gtggacgeccee a 201
Claims

1.

A method for identifying a maize plant or plant part from maize having improved digestibility comprising

a) screening for the presence of a QTL allele, such as a QTL allele associated with improved digestibility, said
QTL allele comprising a nucleotide sequence of a gene encoding a cytochrome P450 flavonoid 3’,5’-hydroxylase
(F35H), having a mutation leading to reduced or absent expression of the mRNA of the gene and/or the F35H
protein (such as a knock-down or knock-out mutation), or a mutation leading to a non-functional F35H protein
(e.g., truncated F35H protein) or an F35H protein having reduced enzymatic activity upon translation, or
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b) screening for reduced or absent expression of the mRNA of a gene encoding a cytochrome P450 flavonoid
3’,5’-hydroxylase (F35H) and/or the F35H protein or for a non-functional F35H protein (e.g., truncated F35H
protein) or an F35H protein having reduced enzymatic activity, or

c) screening for the presence of a mutation leading to reduced or absent expression of the mRNA of a gene
encoding a cytochrome P450 flavonoid 3’,5’-hydroxylase (F35H) and/or the F35H protein, or a mutation leading
to a non-functional F35H protein or an F35H protein having reduced enzymatic activity upon translation;
wherein improved digestibility relates to increased digestibility of the maize plant or plant part from maize having
the characteristic of a), b) or ¢) compared to a maize plant or plant part from maize not having such characteristic;
and

wherein the unmutated F35H is selected from the group consisting of:

(i) a nucleotide sequence comprising the sequence of SEQ ID NO: 1;

(i) a nucleotide sequence having the cDNA of SEQ ID NO: 2;

(iii) a nucleotide sequence encoding for an amino acid sequence having the amino acid sequence of SEQ
ID NO: 3;

(iv) a nucleotide sequence having at least 80% identity to the sequence of SEQ ID NO: 1, or 2;

(v) a nucleotide sequence encoding for a polypeptide having at least 80% identity to the sequence of SEQ
ID NO: 3;

(vi) a nucleotide sequence hybridizing with the reverse complement of a nucleotide sequence as defined
in (i), (ii) or (iii) under stringent hybridization conditions.

2. The method according to claim 1, wherein the method comprising screening for the presence of the molecular
marker allele of ma61134xxx and/or one or more molecular marker alleles located in a chromosomal interval on
chromosome 9 flanked by marker alleles ma61070s01 and ma30168s02, preferably by marker alleles ma50827s01
and ma16983s02, more preferably by marker alleles ma17117s01 and ma61125s01;

wherein ma61134xxx is an insertion of one or more nucleotides between position 134254381 and 134254382
of chromosome 9 referenced to line PH207, preferably an insertion as set forth in SEQ ID NO: 12; and
ma61070s01 is a single nucleotide polymorphism (SNP) at position 121588825 of chromosome 9 referenced
to line PH207, wherein said nucleotide is A or T, preferably a single nucleotide polymorphism (SNP) as set forth
in SEQ ID NO: 13; and

ma30168s02 is a single nucleotide polymorphism (SNP) at position 139452428 of chromosome 9 referenced
to line PH207, wherein said nucleotide is A or G, preferably a single nucleotide polymorphism (SNP) as set
forth in SEQ ID NO: 14; and

ma50827s01 is a single nucleotide polymorphism (SNP) at position 127454426 of chromosome 9 referenced
to line PH207, wherein said nucleotide is A or G, preferably a single nucleotide polymorphism (SNP) as set
forth in SEQ ID NO: 15; and

ma16983s02 is a single nucleotide polymorphism (SNP) at position 137363784 of chromosome 9 referenced
to line PH207, wherein said nucleotide is A or G, preferably a single nucleotide polymorphism (SNP) as set
forth in SEQ ID NO: 16; and

ma17117s01 is a single nucleotide polymorphism (SNP) at position 132038900 of chromosome 9 referenced
to line PH207, wherein said nucleotide is A or G, preferably a single nucleotide polymorphism (SNP) as set
forth in SEQ ID NO: 17; and

ma61125s01 is a single nucleotide polymorphism (SNP) at position 135947973 of chromosome 9 referenced
to line PH207, wherein said nucleotide is A or G, preferably a single nucleotide polymorphism (SNP) as set
forth in SEQ ID NO: 18.

3. A maize plant or plant part from maize having improved digestibility comprising

a) a QTL allele associated with improved digestibility, said QTL allele comprising a nucleotide sequence of a
gene encoding a cytochrome P450 flavonoid 3',5’-hydroxylase (F35H), having a mutation leading to reduced
or absent expression of the mRNA of the gene and/or the F35H protein, or a mutation leading to a non-functional
F35H protein or an F35H protein having reduced enzymatic activity upon translation; or

b) a nucleotide sequence of a gene encoding a cytochrome P450 flavonoid 3’,5’-hydroxylase (F35H), having a
mutation leading to reduced or absent expression of the mRNA of the gene and/or the F35H protein, or a
mutation leading to a non-functional F35H protein or an F35H protein having reduced enzymatic activity upon
translation; or

c) a nucleotide sequence of a gene encoding a cytochrome P450 flavonoid 3’,5’-hydroxylase (F35H) having
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reduced or absent expression of the mRNA of the gene and/or the F35H protein or having reduced enzymatic
activity; or

d) an RNAi molecule directed against, targeting, or hybridizing with a nucleotide sequence encoding an F35H
protein, or comprising a polynucleotide sequence encoding an RNAi molecule directed against, targeting, or
hybridizing with a nucleotide sequence encoding an F35H protein; or

e) an RNA-specific CRISPR/Cas system directed against or targeting a nucleotide sequence encoding a cyto-
chrome P450 flavonoid 3’,5’-hydroxylase (F35H) or one or more polynucleotide sequence(s) encoding said
RNA-specific CRISPR/Cas system;

wherein improved digestibility relates to increased digestibility of the maize plant or plant part from maize having
the characteristic of a), b), c¢), d) or e) compared to a maize plant or plant part from maize not having such
characteristic, and

wherein the unmutated F35H is selected from the group consisting of:

(i) a nucleotide sequence comprising the sequence of SEQ ID NO: 1;

(i) a nucleotide sequence having the cDNA of SEQ ID NO: 2;

(iii) a nucleotide sequence encoding for an amino acid sequence having the amino acid sequence of SEQ
ID NO: 3;

(iv) a nucleotide sequence having at least 80% identity to the sequence of SEQ ID NO: 1, or 2;

(v) a nucleotide sequence encoding for a polypeptide having at least 80% identity to the sequence of SEQ
ID NO: 3; and

(vi) a nucleotide sequence hybridizing with the reverse complement of a nucleotide sequence as defined
in (i), (ii) or (iii) under stringent hybridization conditions;

wherein the maize plant or plant part from maize is not exclusively obtained by means of an essentially biological
process.

The maize plant or plant part from maize according to claim 3, wherein said maize plant comprises the marker allele
of ma61134xxx;

wherein ma61134xxx is an insertion of one or more nucleotides between position 134254381 and 134254382 of
chromosome 9 referenced to line PH207, preferably an insertion as set forth in SEQ ID NO: 12.

The maize plant or plant part from maize according to claim 3 or 4, wherein said maize plant comprises said QTL
allele, said marker alleles, said nucleotide sequence of the gene encoding the cytochrome P450 flavonoid 3’,5-
hydroxylase (F35H) having the mutation, said RNAi molecule or said polynucleotide sequence encoding the RNAI
molecule, said RNA-specific CRISPR/Cas system and/or said one or more polynucleotide sequence(s) encoding
the RNA-specific CRISPR/Cas system as transgene or as (gene-) edited endogene.

A method for improving digestibility of a maize plant or plant part from maize, comprising introducing through stable
or transient integration by means of transformation, insertion using gene editing technology or modification using
random or targeted mutagenesis into the genome of the plant or plant part

(a) a nucleotide sequence of a gene encoding a cytochrome P450 flavonoid 3’,5’-hydroxylase (F35H), having
a mutation leading to reduced or absent expression of the mRNA of the gene and/or the F35H protein, or a
mutation leading to a non-functional F35H protein or an F35H protein having reduced enzymatic activity upon
translation, or

said method comprising

(b) reducing expression of the mRNA of a gene encoding a cytochrome P450 flavonoid 3’,5’-hydroxylase (F35H)
and/or the F35H protein, or reducing the enzymatic activity of a cytochrome P450 flavonoid 3’,5’-hydroxylase
(F35H);

wherein improved digestibility relates to increased digestibility of maize plant or plant part from maize having
the characteristic of a) orb) compared to a maize plant or plant part from maize not having such characteristic, and
wherein the unmutated F35H is selected from the group consisting of:

(i) a nucleotide sequence comprising the sequence of SEQ ID NO: 1, 4, or 7;

(i) a nucleotide sequence having the cDNA of SEQ ID NO: 2, 5, or 8;

(iii) a nucleotide sequence encoding for an amino acid sequence having the amino acid sequence of SEQ
ID NO: 3, 6, or 9;

(iv) a nucleotide sequence having at least 80% identity to the sequence of SEQ ID NO: 1, 2,4, 5, 7, or §;
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(v) a nucleotide sequence encoding for a polypeptide having at least 80% identity to the sequence of SEQ
ID NO: 3, 6, or 9; and

(vi) a nucleotide sequence hybridizing with the reverse complement of a nucleotide sequence as defined
in (i), (ii) or (iii) under stringent hybridization conditions.

The method according to claim 6 (b), comprising

(a) introducing into a nucleotide sequence of an endogenous gene encoding the cytochrome P450 flavonoid
3’,5’-hydroxylase (F35H) a mutation leading to reduced or absent expression of the mRNA of the gene and/or
the F35H protein, or a mutation leading to a non-functional F35H protein or an F35H protein having reduced
enzymatic activity upon translation, or

(b) introducing into the plant or the plant part an RNAi molecule directed against, targeting, or hybridizing with
a nucleotide sequence encoding the F35H protein, or a polynucleotide sequence encoding an RNAi molecule
directed against, targeting, or hybridizing with a nucleotide sequence encoding the F35H protein, or

(c) introducing into the plant or the plant part an RNA-specific CRISPR/Cas system directed against or targeting
a nucleotide sequence encoding the F35H protein, or one or more polynucleotide sequence(s) encoding said
RNA-specific CRISPR/Cas system, or

(d) introducing into the plant or the plant part a chemical compound or an antibody reducing or inhibiting the
enzymatic activity of the F35H protein upon interaction with said F35H.

8. A method for producing a maize plant or plant part from maize having improved digestibility, comprising

(a) introducing through stable or transient integration by means of transformation, insertion using gene editing
technology or modification using random or targeted mutagenesis into the genome of a plant or plant part a
nucleotide sequence of a gene encoding a cytochrome P450 flavonoid 3’,5’-hydroxylase (F35H), having a
mutation leading to reduced or absent expression of the mRNA of the gene and/or the F35H protein, or a
mutation leading to a non-functional F35H protein or an F35H protein having reduced enzymatic activity upon
translation, or

(b) introducing through modification using random or targeted mutagenesis into a nucleotide sequence of an
endogenous gene encoding the cytochrome P450 flavonoid 3’,5’-hydroxylase (F35H) a mutation leading to
reduced or absent expression of the mRNA of the gene and/or the F35H protein, or a mutation leading to a
non-functional F35H protein or an F35H protein having reduced enzymatic activity upon translation, or

(c) introducing through stable or transient integration by means of transformation or insertion using gene editing
technology into the plant or the plant part an RNAi molecule directed against, targeting, or hybridizing with a
nucleotide sequence encoding the F35H protein, or a polynucleotide sequence encoding an RNAi molecule
directed against, targeting, or hybridizing with a nucleotide sequence encoding the F35H protein, or

(d) introducing through stable or transient integration by means of transformation or insertion using gene editing
technology into the plant or the plant part an RNA-specific CRISPR/Cas system directed against or targeting a
nucleotide sequence encoding the F35H protein, or one or more polynucleotide sequence(s) encoding said
RNA-specific CRISPR/Cas system, or

(e) introducing into the plant or the plant part a chemical compound or an antibody reducing the enzymatic
activity of the F35H protein or inhibiting the F35H protein; and

(f) optionally, regenerating a plant from the plant part of any of (a) to (e);

wherein improved digestibility relates to increased digestibility of maize plant or plant part from maize having
the characteristic of a), b), c), d) or e) compared to a maize plant or plant part from maize not having such
characteristic, and

wherein the unmutated F35H is selected from the group consisting of:

(i) a nucleotide sequence comprising the sequence of SEQ ID NO: 1, 4, or 7;

(i) a nucleotide sequence having the cDNA of SEQ ID NO: 2, 5, or 8;

(iii) a nucleotide sequence encoding for an amino acid sequence having the amino acid sequence of SEQ
ID NO: 3, 6, or 9;

(iv) a nucleotide sequence having at least 80% identity to the sequence of SEQ ID NO: 1, 2,4, 5,7, or §;
(v) a nucleotide sequence encoding for a polypeptide having at least 80% identity to the sequence of SEQ
ID NO: 3, 6, or 9; and

(vi) a nucleotide sequence hybridizing with the reverse complement of a nucleotide sequence as defined
in (i), (ii) or (iii) under stringent hybridization conditions.
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9. A maize plant or plant part from maize produced or producible by the method according to claim 8.

10. The method, plant, or plant part according to any of the preceding claims, wherein said plantis a maize plant, wherein
the QTL is located on chromosome 9 and comprises and/or is flanked by marker alleles ma61070s01 and
ma30168s02, preferably by marker alleles ma50827s01 and ma16983s02, more preferably by marker alleles
ma17117s01 and ma61125s01;

wherein ma61070s01 is a single nucleotide polymorphism (SNP) at position 121588825 of chromosome 9
referenced to line PH207, wherein said nucleotide is A or T, preferably a single nucleotide polymorphism (SNP)
as set forth in SEQ ID NO: 13; and

ma30168s02 is a single nucleotide polymorphism (SNP) at position 139452428 of chromosome 9 referenced
to line PH207, wherein said nucleotide is A or G, preferably a single nucleotide polymorphism (SNP) as set
forth in SEQ ID NO: 14; and

ma50827s01 is a single nucleotide polymorphism (SNP) at position 127454426 of chromosome 9 referenced
to line PH207, wherein said nucleotide is A or G, preferably a single nucleotide polymorphism (SNP) as set
forth in SEQ ID NO: 15; and

ma16983s02 is a single nucleotide polymorphism (SNP) at position 137363784 of chromosome 9 referenced
to line PH207, wherein said nucleotide is A or G, preferably a single nucleotide polymorphism (SNP) as set
forth in SEQ ID NO: 16; and

ma17117s01 is a single nucleotide polymorphism (SNP) at position 132038900 of chromosome 9 referenced
to line PH207, wherein said nucleotide is A or G, preferably a single nucleotide polymorphism (SNP) as set
forth in SEQ ID NO: 17; and

ma61125s01 is a single nucleotide polymorphism (SNP) at position 135947973 of chromosome 9 referenced
to line PH207, wherein said nucleotide is A or G, preferably a single nucleotide polymorphism (SNP) as set
forth in SEQ ID NO: 18.

11. The method, plant, or plant part according to any of the preceding claims, wherein the mutation is a frameshift
mutation or a non-sense-mutation, results in a reduced or absent expression of the nucleotide sequence or a reduced
enzymatic activity of the encoded protein, results in an altered protein sequence encoded by the nucleotide sequence,
or is an insertion, deletion or substitution of at least one nucleotide in a coding region, in a splicing signal or in a
regulatory element.

12. Use of the polynucleic acid specifically hybridising with any of the sequences of SEQ ID NO: 10, 12, 13, 14, 15, 16,
17, or 18, or the complement or the reverse complement thereof, or an allele specific polynucleic acid, for identification
of aplantor plant part having improved digestibility or for selection of a plant or plant part having improved digestibility
according to any one of claims 3 to 5, preferably in the method according to claim 1 or 2.

13. A method for producing an ensilaged plant material or animal feed having improved digestibility, comprising

(a) growing the plant according to any one of claims 3 to 5 and 9, or a plant identified or identifiable by the
method of claims 1 or 2, or a progeny thereof having the improved digestibility as defined in claim 1,

(b) harvesting the plant or a part thereof, and

(c) ensiling the plant or a part thereof of (b).

14. The method according to claim 13, wherein the part in step (b) and (c) is stover.

15. An ensilaged plant material or animal feed produced by the method of claim 13 or 14.

Patentanspriiche

1. Verfahren zum ldentifizieren einer Maispflanze oder eines Pflanzenteils von Mais mit verbesserter Verdaulichkeit,

umfassend

a) Screenen auf Vorhandensein eines QTL-Allels, beispielsweise eines QTL-Allels, das mit verbesserter Ver-
daulichkeit verbunden ist, wobei das QTL-Allel eine Nukleotidsequenz eines Gens codierend eine Cytochrom-
P450-Flavonoid-3',5’-Hydroxylase (F35H) umfasst, welche eine Mutation, die zu einer reduzierten oder fehlen-
den Expression der mMRNA des Gens und/oder des F35H-Proteins fiihrt (zum Beispiel eine Knock-Down- oder
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eine Knock-Out-Mutation), oder eine Mutation, die zu einem nicht-funktionsfahigen F35H-Protein (z. B. einem
trunkierten F35H-Protein) oder einem F35H-Protein mit reduzierter enzymatischer Aktivitat nach der Translation
fuhrt, aufweist, oder

b) Screenen auf reduzierte oder fehlende Expression der mRNA eines Gens codierend eine Cytochrom-P450-
Flavonoid-3’,5’-Hydroxylase (F35H) und/oder das F35H-Protein oder auf ein nicht-funktionsfahiges F35H-Pro-
tein (z. B. ein trunkiertes F35H-Protein) oder ein F35H-Protein mit reduzierter enzymatischer Aktivitat oder

c) Screenen auf Vorhandensein einer Mutation, die zu einer reduzierten oder fehlenden Expression der mRNA
eines Gens codierend eine Cytochrom-P450-Flavonoid-3’,5’-Hydroxylase (F35H) und/oder das F35H-Proteins
fuhrt, oder einer Mutation, die zu einem nicht-funktionsfahigen F35H-Protein oder einem F35H-Protein mit
reduzierter enzymatischer Aktivitdt nach der Translation flhrt;

wobei sich verbesserte Verdaulichkeit auf eine erhéhte Verdaulichkeit der Maispflanze oder des Pflanzenteils
von Mais mit der Eigenschaft a), b) oder c) im Vergleich zu einer Maispflanze oder einem Pflanzenteil von Mais
ohne diese Eigenschaft bezieht; und

wobei die nicht-mutierte F35H aus der Gruppe ausgewabhlt ist, die besteht aus:

(i) einer Nukleotidsequenz, welche die Sequenz von SEQ ID NR.: 1 umfasst;

(i) einer Nukleotidsequenz, welche die cDNA von SEQ ID NR.: 2 aufweist;

(iii) einer Nukleotidsequenz, die eine Aminosauresequenz codiert, welche die Aminosaduresequenz von
SEQ ID NR.: 3 aufweist;

(iv) einer Nukleotidsequenz, die eine Identitat mit der Sequenz von SEQ ID NR.: 1 oder 2 von mindestens
80 % aufweist;

(v) einer Nukleotidsequenz, die ein Polypeptid codiert, das eine Identitat mit der Sequenz von SEQ ID NR.:
3 von mindestens 80 % aufweist;

(vi) einer Nukleotidsequenz, welche unter stringenten Hybridisierungsbedingungen an das reverse Kom-
plement einer Nukleotidsequenz nach der Definition in (i), (ii) oder (iii) hybridisiert.

2. Verfahren nach Anspruch 1, wobei das Verfahren das Screenen auf Vorhandensein des molekularen Markerallels
ma61134xxx und/oder eines oder mehrerer molekularer Markerallele umfasst, das bzw. die sich in einem chromo-
somalen Intervall auf Chromosom 9 flankiert von Markerallelen ma61070s01 und ma30168s02, vorzugsweise von
Markerallelen ma50827s01 und ma16983s02, insbesondere von Markerallelen ma17117s01 und ma61125s01,
befinden;

wobei es sich bei ma61134xxx um eine Insertion von einem oder mehreren Nukleotiden zwischen Position
134254381 und 134254382 von Chromosom 9 bezogen auf die Linie PH207 handelt, vorzugsweise um eine
Insertion, wie in SEQ ID NR.: 12 dargelegt; und

es sich bei ma61070s01 um einen Einzelnukleotidpolymorphismus (Single Nucleotide Polymorphism, SNP) an
Position 121588825 von Chromosom 9 bezogen auf die Linie PH207 handelt, wobei es sich bei dem Nukleotid
um A oder T handelt, vorzugsweise um einen Einzelnukleotidpolymorphismus (SNP) wie in SEQ ID NR.: 13
dargelegt; und

es sich bei ma30168s02 um einen Einzelnukleotidpolymorphismus (SNP) an Position 139452428 von Chro-
mosom 9 bezogen auf die Linie PH207 handelt, wobei es sich bei dem Nukleotid um A oder G handelt, vor-
zugsweise um einen Einzelnukleotidpolymorphismus (SNP) wie in SEQ ID NR.: 14 dargelegt; und

es sich bei ma50827s01 um einen Einzelnukleotidpolymorphismus (SNP) an Position 127454426 von Chro-
mosom 9 bezogen auf die Linie PH207 handelt, wobei es sich bei dem Nukleotid um A oder G handelt, vor-
zugsweise um einen Einzelnukleotidpolymorphismus (SNP) wie in SEQ ID NR.: 15 dargelegt; und

es sich bei ma16983s02 um einen Einzelnukleotidpolymorphismus (SNP) an Position 137363784 von Chro-
mosom 9 bezogen auf die Linie PH207 handelt, wobei es sich bei dem Nukleotid um A oder G handelt, vor-
zugsweise um einen Einzelnukleotidpolymorphismus (SNP) wie in SEQ ID NR.: 16 dargelegt; und

es sich bei ma17117s01 um einen Einzelnukleotidpolymorphismus (SNP) an Position 132038900 von Chro-
mosom 9 bezogen auf die Linie PH207 handelt, wobei es sich bei dem Nukleotid um A oder G handelt, vor-
zugsweise um einen Einzelnukleotidpolymorphismus (SNP) wie in SEQ ID NR.: 17 dargelegt; und

es sich bei ma61125s01 um einen Einzelnukleotidpolymorphismus (SNP) an Position 135947973 von Chro-
mosom 9 bezogen auf die Linie PH207 handelt, wobei es sich bei dem Nukleotid um A oder G handelt, vor-
zugsweise um einen Einzelnukleotidpolymorphismus (SNP) wie in SEQ ID NR.: 18 dargelegt.

3. Maispflanze oder Pflanzenteil von Mais mit verbesserter Verdaulichkeit, umfassend

a) ein QTL-Allel, das mit verbesserter Verdaulichkeit verbunden ist, wobei das QTL-Allel eine Nukleotidsequenz
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eines Gens codierend eine Cytochrom-P450-Flavonoid-3’,5’-Hydroxylase (F35H), umfasst, welche eine Muta-
tion, die zu einer reduzierten oder fehlenden Expression der mRNA des Gens und/oder des F35H-Proteins
fuhrt, oder eine Mutation, die zu einem nicht-funktionsfahigen F35H-Protein oder einem F35H-Protein mit re-
duzierter enzymatischer Aktivitdt nach der Translation fiihrt, aufweist; oder

b) eine Nukleotidsequenz eines Gens codierend eine Cytochrom-P450-Flavonoid-3’,5’-Hydroxylase (F35H),
welche eine Mutation, die zu einer reduzierten oder fehlenden Expression der mRNA des Gens und/oder des
F35H-Proteins fluhrt, oder eine Mutation, die zu einem nicht-funktionsfahigen F35H-Protein oder einem F35H-
Protein mit reduzierter enzymatischer Aktivitdt nach der Translation fiihrt, aufweist; oder

c) eine Nukleotidsequenz eines Gens codierend eine Cytochrom-P450-Flavonoid-3’,5’-Hydroxylase (F35H) mit
einer reduzierten oder fehlenden Expression der mRNA des Gens und/oder des F35H-Proteins oder mit redu-
zierter enzymatischer Aktivitat; oder

d) ein RNAi-Molekiil, das gegen eine Nukleotidsequenz gerichtet ist, auf eine Nukleotidsequenz abzielt oder
an eine Nukleotidsequenz hybridisiert, die ein F35H-Protein codiert, oder eine Polynukleotidsequenz umfasst,
die ein RNAi-Molekil codiert, das gegen eine Nukleotidsequenz gerichtet ist, auf eine Nukleotidsequenz abzielt
oder an eine Nukleotidsequenz hybridisiert, die ein F35H-Protein codiert; oder

e) ein RNA-spezifisches CRISPR/Cas-System, das gegen eine Nukleotidsequenz gerichtet ist oder auf eine
Nukleotidsequenz abzielt, die eine Cytochrom-P450-Flavonoid-3’,5’-Hydroxylase (F35H) codiert, oder eine oder
mehrere Polynukleotidsequenz(en), die das RNA-spezifische CRISPR/Cas-System codiert bzw. codieren;
wobei sich verbesserte Verdaulichkeit auf eine erhohte Verdaulichkeit der Maispflanze oder des Pflanzenteils
von Mais mit der Eigenschaft a), b), c), d) oder e€) im Vergleich zu einer Maispflanze oder einem Pflanzenteil
von Mais ohne diese Eigenschaft bezieht, und

wobei die nicht-mutierte F35H aus der Gruppe ausgewahlt ist, die besteht aus:

(i) einer Nukleotidsequenz, welche die Sequenz von SEQ ID NR.: 1 umfasst;

(i) einer Nukleotidsequenz, welche die cDNA von SEQ ID NR.: 2 aufweist;

(iii) einer Nukleotidsequenz, die eine Aminosauresequenz codiert, welche die Aminosauresequenz von
SEQ ID NR.: 3 aufweist;

(iv) einer Nukleotidsequenz, die eine Identitat mit der Sequenz von SEQ ID NR.: 1 oder 2 von mindestens
80 % aufweist;

(v) einer Nukleotidsequenz, die ein Polypeptid codiert, das eine Identitat mit der Sequenz von SEQ ID NR.:
3 von mindestens 80 % aufweist; und

(vi) einer Nukleotidsequenz, welche unter stringenten Hybridisierungsbedingungen an das reverse Kom-
plement einer Nukleotidsequenz nach der Definition in (i), (ii) oder (iii) hybridisiert;

wobei die Maispflanze oder der Pflanzenteil von Mais nicht ausschlieRlich mithilfe eines essenziellen biologi-
schen Prozesses erhalten wird.

Maispflanze oder Pflanzenteil von Mais nach Anspruch 3, wobei die Maispflanze das Markerallel ma61134xxx
umfasst;

wobei es sich bei ma61134xxx um eine Insertion von einem oder mehreren Nukleotiden zwischen Position
134254381 und 134254382 von Chromosom 9 bezogen auf die Linie PH207, vorzugsweise um eine Insertion, wie
in SEQ ID NR.: 12 dargelegt, handelt.

Pflanze oder Pflanzenteil von Mais nach Anspruch 3 oder 4, wobei die Maispflanze das QTL-Allel, die Marker-Allele,
die Nukleotidsequenz des Gens codierend die Cytochrom-P450-Flavonoid-3’,5’-Hydroxylase (F35H) mit der Muta-
tion, das RNAi-Molekil oder die das RNAi-Molekiil codierende Polynukleotidsequenz, das RNA-spezifische CRIS-
PR/Cas-System und/oder die eine oder mehreren Polynukleotidsequenz(en) codierend das RNA-spezifische CRIS-
PR/Cas-System als Transgen oder als (gen-)editiertes Endogen umfasst.

Verfahren zur Verbesserung der Verdaulichkeit einer Maispflanze oder eines Pflanzenteils von Mais, umfassend
das Einbringen durch stabile oder transiente Integration mithilfe von Transformation, Insertion unter Verwendung
von Geneditierungstechnologie oder Modifikation unter Verwendung von zufalliger oder zielgerichteter Mutagenese
in das Genom der Pflanze oder des Pflanzenteils

(a) einer Nukleotidsequenz eines Gens codierend eine Cytochrom-P450-Flavonoid-3’,5’-Hydroxylase (F35H),
welche eine Mutation, die zu einer reduzierten oder fehlenden Expression der mMRNA des Gens und/oder des
F35H-Proteins fuhrt, oder eine Mutation, die zu einem nicht-funktionsfahigen F35H-Protein oder einem F35H-
Protein mit reduzierter enzymatischer Aktivitdt nach der Translation fihrt, aufweist, oder

73



10

15

20

25

30

35

40

45

50

55

EP 3 560 330 B1

wobei das Verfahren umfasst

(b) Reduzieren der Expression der mRNA eines Gens codierend eine Cytochrom-P450-Flavonoid-3’,5’-Hydro-
xylase (F35H) und/oder das F35H-Protein oder Reduzieren der enzymatischen Aktivitat einer Cytochrom-P450-
Flavonoid-3’,5’-Hydroxylase(F35H);

wobei sich verbesserte Verdaulichkeit auf eine erhohte Verdaulichkeit der Maispflanze oder eines Pflanzenteils
von Mais mit der Eigenschaft a) oder b) im Vergleich zu einer Maispflanze oder einem Pflanzenteil von Mais
ohne diese Eigenschaft bezieht, und

wobei das nicht-mutierte F35H aus der Gruppe ausgewahlt ist, die besteht aus:

(i) einer Nukleotidsequenz, welche die Sequenz von SEQ ID NR.: 1, 4 oder 7 umfasst;

(ii) einer Nukleotidsequenz, welche die cDNA von SEQ ID NR.: 2, 5 oder 8 aufweist;

(iii) einer Nukleotidsequenz, die eine Aminosauresequenz codiert, welche die Aminosauresequenz von
SEQ ID NR.: 3, 6 oder 9 aufweist;

(iv) einer Nukleotidsequenz, die eine Identitat mit der Sequenz von SEQ ID NR.: 1, 2, 4, 5, 7 oder 8 von
mindestens 80 % aufweist;

(v) einer Nukleotidsequenz, die ein Polypeptid codiert, das eine Identitat mit der Sequenz von SEQ ID NR.:
3, 6 oder 9 von mindestens 80 % aufweist;

(vi) einer Nukleotidsequenz, welche unter stringenten Hybridisierungsbedingungen an das reverse Kom-
plement einer Nukleotidsequenz nach der Definition in (i), (ii) oder (iii) hybridisiert.

Verfahren nach Anspruch 6 (b), umfassend

(a) Einbringen einer Mutation, die zu einer reduzierten oder fehlenden Expression der mMRNA des Gens und/oder
des F35H-Proteins flihrt, oder einer Mutation, die zu einem nicht-funktionsfahigen F35H-Protein oder einem
F35H-Protein mit reduzierter enzymatischer Aktivitat nach der Translation fiihrt, in eine Nukleotidsequenz eines
endogenen Gens codierend die Cytochrom-P450-Flavonoid-3’,5’-Hydroxylase (F35H), oder

(b) Einbringen eines RNAi-Molekiils, das gegen eine Nukleotidsequenz gerichtet ist, auf eine Nukleotidsequenz
abzielt oder an eine Nukleotidsequenz hybridisiert, die das F35H-Protein codiert, oder einer Polynukleotidse-
quenz, die ein RNAi-Molekdl codiert, das gegen eine Nukleotidsequenz gerichtet ist, auf eine Nukleotidsequenz
abzielt oder an eine Nukleotidsequenz hybridisiert, die das F35H-Protein codiert, in die Pflanze oder den Pflan-
zenteil, oder

(c) Einbringen eines RNA-spezifisches CRISPR/Cas-Systems, das gegen eine Nukleotidsequenz gerichtet ist
oder auf eine Nukleotidsequenz abzielt, die das F35H-Protein codiert, oder einer oder mehrerer Polynukleotid-
sequenz(en), die das RNA-spezifische CRISPR/Cas-System codiert bzw. codieren, in die Pflanze oder den
Pflanzenteil, oder

(d) Einbringen einer chemischen Verbindung oder eines Antikdrpers, die bzw. der die enzymatische Aktivitat
des F35H-Proteins bei Wechselwirkung mit der F35H reduziert oder hemmt, in die Pflanze oder den Pflanzenteil.

8. Verfahren zum Herstellen einer Maispflanze oder eines Pflanzenteils von Mais mit verbesserter Verdaulichkeit,
umfassend

(a) Einbringen einer Nukleotidsequenz eines Gens codierend eine Cytochrom-P450-Flavonoid-3’,5’-Hydroxy-
lase (F35H), welche eine Mutation, die zu einer reduzierten oder fehlenden Expression der mRNA des Gens
und/oder des F35H-Proteins fiihrt, oder eine Mutation, die zu einem nicht-funktionsfahigen F35H-Protein oder
einem F35H-Protein mit reduzierter enzymatischer Aktivitat nach der Translation fihrt, aufweist, in das Genom
einer Pflanze oder eines Pflanzenteils durch stabile oder transiente Integration mithilfe von Transformation,
Insertion unter Verwendung von Geneditierungstechnologie oder Modifikation unter Verwendung von zufalliger
oder zielgerichteter Mutagenese, oder

(b) Einbringen einer Mutation, die zu einer reduzierten oder fehlenden Expression der mMRNA des Gens und/oder
des F35H-Proteins flihrt, oder einer Mutation, die zu einem nicht-funktionsfahigen F35H-Protein oder einem
F35H-Protein mit reduzierter enzymatischer Aktivitat nach der Translation fiihrt, in eine Nukleotidsequenz eines
endogenen Gens codierend die Cytochrom-P450-Flavonoid-3’,5’-Hydroxylase (F35H) durch Modifikation unter
Verwendung von zufélliger oder zielgerichteter Mutagenese, oder

(c) Einbringen eines RNAI-Molekiils, das gegen eine Nukleotidsequenz gerichtet ist, auf eine Nukleotidsequenz
abzielt oder an eine Nukleotidsequenz hybridisiert, die das F35H-Protein codiert, oder einer Polynukleotidse-
quenz, die ein RNAi-Molekdl codiert, das gegen eine Nukleotidsequenz gerichtet ist, auf eine Nukleotidsequenz
abzielt oder an eine Nukleotidsequenz hybridisiert, die das F35H-Protein codiert, in die Pflanze oder den Pflan-
zenteil durch stabile oder transiente Integration mithilfe von Transformation, Insertion unter Verwendung von
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Geneditierungstechnologie, oder

(d) Einbringen eines RNA-spezifisches CRISPR/Cas-Systems, das gegen eine Nukleotidsequenz gerichtet ist
oder auf eine Nukleotidsequenz abzielt, die das F35H-Protein codiert, oder einer oder mehrerer Polynukleotid-
sequenz(en), die das RNA-spezifische CRISPR/Cas-System codiert bzw. codieren, in die Pflanze oder den
Pflanzenteil durch stabile oder transiente Integration mithilfe von Transformation, Insertion unter Verwendung
von Geneditierungstechnologie, oder

(e) Einbringen einer chemischen Verbindung oder eines Antikdrpers, die bzw. der die enzymatische Aktivitat
des F35H-Proteins reduziert oder das F35H-Protein hemmt, in die Pflanze oder den Pflanzenteil; und

(f) wahlweise Regenerieren einer Pflanze aus dem Pflanzenteil von einem von (a) bis (e);

wobei sich verbesserte Verdaulichkeit auf eine erhohte Verdaulichkeit der Maispflanze oder des Pflanzenteils
von Mais mit der Eigenschaft a), b), ¢), d) oder e€) im Vergleich zu einer Maispflanze oder einem Pflanzenteil
von Mais ohne diese Eigenschaft bezieht, und

wobei die nicht-mutierte F35H aus der Gruppe ausgewahlt ist, die besteht aus:

(i) einer Nukleotidsequenz, welche die Sequenz von SEQ ID NR.: 1, 4 oder 7 umfasst;

(i) einer Nukleotidsequenz, welche die cDNA von SEQ ID NR.: 2, 5 oder 8 aufweist;

(iii) einer Nukleotidsequenz, die eine Aminosauresequenz codiert, welche die Aminosauresequenz von
SEQ ID NR.: 3, 6 oder 9 aufweist;

(iv) einer Nukleotidsequenz, die eine Identitat mit der Sequenz von SEQ ID NR.: 1, 2, 4, 5, 7 oder 8 von
mindestens 80 % aufweist;

(v) einer Nukleotidsequenz, die ein Polypeptid codiert, das eine Identitat mit der Sequenz von SEQ ID NR.:
3, 6 oder 9 von mindestens 80 % aufweist;

(vi) einer Nukleotidsequenz, welche unter stringenten Hybridisierungsbedingungen an das reverse Kom-
plement einer Nukleotidsequenz nach der Definition in (i), (ii) oder (iii) hybridisiert.

Maispflanze oder Pflanzenteil von Mais, hergestellt oder herstellbar nach dem Verfahren nach Anspruch 8.

Verfahren, Pflanze oder Pflanzenteil nach einem der vorhergehenden Anspriiche, wobei es sich bei der Pflanze um
eine Maispflanze handelt, wobei sich der QTL auf Chromosom 9 befindet und Markerallele ma61070s01 und
ma30168s02, vorzugsweise Markerallele ma50827s01 und ma16983s02, insbesondere Markerallele ma17117s01
und ma61125s01, umfasst und/oder davon flankiert wird;

wobei es sich bei ma61070s01 um einen Einzelnukleotidpolymorphismus (SNP) an Position 121588825 von
Chromosom 9 bezogen auf die Linie PH207 handelt, wobei es sich bei dem Nukleotid um A oder T handelt,
vorzugsweise um einen Einzelnukleotidpolymorphismus (SNP) wie in SEQ ID NR.: 13 dargelegt; und

es sich bei ma30168s02 um einen Einzelnukleotidpolymorphismus (SNP) an Position 139452428 von Chro-
mosom 9 bezogen auf die Linie PH207 handelt, wobei es sich bei dem Nukleotid um A oder G handelt, vor-
zugsweise um einen Einzelnukleotidpolymorphismus (SNP) wie in SEQ ID NR.: 14 dargelegt; und

es sich bei ma50827s01 um einen Einzelnukleotidpolymorphismus (SNP) an Position 127454426 von Chro-
mosom 9 bezogen auf die Linie PH207 handelt, wobei es sich bei dem Nukleotid um A oder G handelt, vor-
zugsweise um einen Einzelnukleotidpolymorphismus (SNP) wie in SEQ ID NR.: 15 dargelegt; und

es sich bei ma16983s02 um einen Einzelnukleotidpolymorphismus (SNP) an Position 137363784 von Chro-
mosom 9 bezogen auf die Linie PH207 handelt, wobei es sich bei dem Nukleotid um A oder G handelt, vor-
zugsweise um einen Einzelnukleotidpolymorphismus (SNP) wie in SEQ ID NR.: 16 dargelegt; und

es sich bei ma17117s01 um einen Einzelnukleotidpolymorphismus (SNP) an Position 132038900 von Chro-
mosom 9 bezogen auf die Linie PH207 handelt, wobei es sich bei dem Nukleotid um A oder G handelt, vor-
zugsweise um einen Einzelnukleotidpolymorphismus (SNP) wie in SEQ ID NR.: 17 dargelegt; und

es sich bei ma61125s01 um einen Einzelnukleotidpolymorphismus (SNP) an Position 135947973 von Chro-
mosom 9 bezogen auf die Linie PH207 handelt, wobei es sich bei dem Nukleotid um A oder G handelt, vor-
zugsweise um einen Einzelnukleotidpolymorphismus (SNP) wie in SEQ ID NR.: 18 dargelegt.

11. Verfahren, Pflanze oder Pflanzenteil nach einem der vorhergehenden Anspriiche, wobei die Mutation eine Frame-

shift-Mutation oder eine Nonsense-Mutation ist, zu einer reduzierten oder fehlenden Expression der Nukleotidse-
quenz oder einer reduzierten enzymatischen Aktivitdt des codierten Proteins fiihrt, zu einer veranderten von der
Nukleotidsequenz codierten Proteinsequenz fliihrt oder es sich dabei um eine Insertion, Deletion oder Substitution
von mindestens einem Nukleotid in einer codierenden Region, in einem Spleiflsignal oder in einem regulatorischen
Element handelt.
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12. Verwendung der Polynukleotidsaure, die spezifisch an eine der Sequenzen SEQ ID NR.: 10, 12, 13, 14, 15, 16, 17

13.

oder 18 hybridisiert, oder des Komplements oder des reversen Komplements davon oder einer allelspezifischen
Polynukleinsaure zur Identifizierung einer Pflanze oder eines Pflanzenteils mit verbesserter Verdaulichkeit oder zur
Auswabhl einer Pflanze oder eines Pflanzenteils mit verbesserter Verdaulichkeit nach einem der Anspriiche 3 bis 5,
vorzugsweise in dem Verfahren nach Anspruch 1 oder 2.

Verfahren zum Herstellen eines silierten Pflanzenmaterials oder Tierfuttermittels mit verbesserter Verdaulichkeit,
umfassend

(a) Zuchten der Pflanze nach einem der Anspriiche 3 bis 5 und 9 oder einer Pflanze, die mit dem Verfahren
nach Anspruch 1 oder 2 identifiziert wird oder identifizierbar ist, oder eines Nachkommens davon mit der ver-
besserten Verdaulichkeit nach der Definition in Anspruch 1,

(b) Ernten der Pflanze oder eines Teils davon und

(c) Silieren der Pflanze oder eines Teils davon von (b).

14. Verfahren nach Anspruch 13, wobei der Teil in Schritt (b) und (c) um Pflanzeniiberreste nach der Ernte handelt.

15. Siliertes Pflanzenmaterial oder Tierfuttermittel, das mit dem Verfahren nach Anspruch 13 oder 14 hergestellt wird.

Revendications

1.

Procédé d’'identification de mais ou d’'une partie de plant de mais ayant une digestibilité améliorée, comprenant

a) la détection de la présence d’un allele QTL, tel qu’un allele QTL associé a une digestibilité améliorée, ledit
allele QTL comprenant une séquence nucléotide d’'un géne codant une cytochrome P450 flavonoide 3’,5'-
hydroxylase (F35H), ayant une mutation conduisant a une expression réduite ou absente du mRNA du géne
et/ou de la protéine F35H (telle qu’'une mutation knock-down ou knock-out), ou une mutation conduisant a une
protéine F35H non fonctionnelle (par exemple une protéine F35H tronquée) ou une protéine F35H ayant une
activité enzymatique réduite a la translation, ou

b) la détection de I'expression réduite ou absente du mRNA d’'un géne codant une cytochrome P450 flavonoide
3’,5’-hydroxylase (F35H) et/ou une protéine F35H non fonctionnelle (par exemple une protéine F35H tronquée)
ou une protéine F35H ayant une activité enzymatique réduite, ou

c) la détection de la présence d’une mutation conduisant a une expression réduite ou absente du mRNA d’un
géne codant une cytochrome P450 flavonoide 3’,5’-hydroxylase (F35H) et/ou la protéine F35H, ou d’'une mu-
tation conduisant a une protéine F35H non fonctionnelle ou a une protéine F35H ayant une activité enzymatique
réduite a la translation ;

la digestibilité améliorée concernant la digestibilité accrue du plant de mais ou d’une partie de plant de mais
ayant la caractéristique de a), b) ou ¢) comparativement a un plant de mais ou a une partie de plant de mais
n’‘ayant pas cette caractéristique ; et

la F35H non mutée étant sélectionnée dans le groupe composé :

(i) d’'une séquence nucléotide comprenant la séquence de SEQ ID NO: 1 ;

(i) d’'une séquence nucléotide ayant le cDNA de SEQ ID NO: 2 ;

(iii) d’'une séquence nucléotide codant pour une séquence d’acide aminé ayant la séquence d’acide aminé
de SEQID NO: 3;

(iv) d’une séquence nucléotide ayant au moins 80 % d’identité avec la séquence de SEQ ID NO: 1, 0u 2 ;
(v) d’'une séquence nucléotide codant pour un polypeptide ayant au moins 80 % d’identité avec la séquence
de SEQID NO: 3;

(vi) d’'une séquence nucléotide hybridant avec le complément inverse d’'une séquence de type tel que défini
dans (i), (ii) ou (iii) dans des conditions d’hybridation strictes.

Procédé selonlarevendication 1, ce procédé comprenantla détection de la présence de I'allele marqueur moléculaire
de ma61134xxx et/ou de plusieurs alléles marqueurs moléculaires se trouvant dans un intervalle chromosomique
sur le chromosome 9 flanqué par des alléles marqueurs ma61070s01 et ma30168s02, de préférence par les alleles
marqueurs ma50827s01 et ma16983s02, plus préférentiellement par les alleles marqueurs ma17117s01 et
ma61125s01 ;
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ma61134xxx étant une insertion d’'un ou plusieurs nucléotides entre la position 134254381 et 134254382 du
chromosome 9 référencé pour la ligne PH207, de préférence une insertion telle qu’établie dans SEQ ID NO:
12 ; et

ma61070s01 étant un polymorphisme nucléotidique simple (SNP) a la position 121588825 du chromosome 9
référencé pour la ligne PH207, ledit nucléotide étant A ou T, de préférence un polymorphisme nucléotidique
simple (SNP) tel qu’établi dans SEQ ID NO: 13 ; et

ma30168s02 étant un polymorphisme nucléotidique simple (SNP) a la position 139452428 du chromosome 9
référencé pour la ligne PH207, ledit nucléotide étant A ou G, de préférence un polymorphisme nucléotidique
simple (SNP) tel qu’établi dans SEQ ID NO: 14 ; et

ma50827s01 étant un polymorphisme nucléotidique simple (SNP) a la position 127454426 du chromosome 9
référencé pour la ligne PH207, ledit nucléotide étant A ou G, de préférence un polymorphisme nucléotidique
simple (SNP) tel qu’établi dans SEQ ID NO: 15 ; et

ma16983s02 étant un polymorphisme nucléotidique simple (SNP) a la position 137363784 du chromosome 9
référencé pour la ligne PH207, ledit nucléotide étant A ou G, de préférence un polymorphisme nucléotidique
simple (SNP) tel qu’établi dans SEQ ID NO: 16 ; et

ma17117s01 étant un polymorphisme nucléotidique simple (SNP) a la position 132038900 du chromosome 9
référencé pour la ligne PH207, ledit nucléotide étant A ou G, de préférence un polymorphisme nucléotidique
simple (SNP) tel qu’établi dans SEQ ID NO: 17 ; et

ma61125s01 étant un polymorphisme nucléotidique simple (SNP) a la position 135947973 du chromosome 9
référencé pour la ligne PH207, ledit nucléotide étant A ou G, de préférence un polymorphisme nucléotidique
simple (SNP) tel qu’établi dans SEQ ID NO: 18.

3. Plant de mais ou partie de plant de mais ayant une digestibilité améliorée, comprenant

a) un allele QTL associé a une digestibilité améliorée, ledit allele QTL comprenant une séquence nucléotide
d’'un géne codant flavonoide 3’,5’-hydroxylase (F35H), ayant une mutation conduisant a une expression réduite
ou absente du mRNA du géne et/ou de la protéine F35H (telle qu’une mutation knock-down ou knock-out), ou
une mutation conduisant a une protéine F35H non fonctionnelle (par exemple une protéine F35H tronquée) ou
une protéine F35H ayant une activité enzymatique réduite a la translation, ou

b) une séquence nucléotide d’'un géne codant une cytochrome P450 flavonoide 3’,5’-hydroxylase (F35H), ayant
une mutation conduisant a une expression réduite ou absente du mRNA du gene et/ou de la protéine F35H,
ou une mutation conduisant a une protéine F35H non fonctionnelle ou a une protéine F35H ayant une activité
enzymatique réduite a la translation ; ou

c) une séquence nucléotide d’un géne codant une cytochrome P450 flavonoide 3’,5’-hydroxylase (F35H) ayant
une mutation conduisant a une expression réduite ou absente du mRNA du géne et/ou de la protéine F35H ou
ayant une activité enzymatique réduite ; ou

d) une molécule d’'RNA. dirigée contre, ciblant ou hybridant avec une séquence nucléotide codant une protéine
F35H, ou comprenant une séquence polynucléotide codant une molécule dirigée contre, ciblant ou hybridant
avec une séquence polynucléotide codant une protéine F35H ; ou

e) un systeme CRISPR/Cas spécifique au RNA dirigé contre ou ciblant une séquence nucléotide codant une
cytochrome P450 flavonoide 3’,5’-hydroxylase (F35H) ou une ou plusieurs séquences polynucléotide codant
ledit systeme CRISPR/Cas spécifique au RNA ;

la digestibilité améliorée concernant la digestibilité accrue du plant de mais ou d’une partie de plant de mais
ayant la caractéristique de a), b), ¢), d) ou e) comparativement a un plant de mais ou a une partie de plant de
mais n’ayant pas cette caractéristique ; et

la F35H non mutée étant sélectionnée dans le groupe composé :

(i) d’'une séquence nucléotide comprenant la séquence de SEQ ID NO: 1 ;

(i) d’'une séquence nucléotide ayant le cDNA de SEQ ID NO: 2 ;

(iii) d’'une séquence nucléotide codant pour une séquence d’acide aminé ayant la séquence d’acide aminé
de SEQID NO: 3;

(iv) d’une séquence nucléotide ayant au moins 80 % d’identité avec la séquence de SEQ ID NO: 1, 0u 2 ;
(v) d’'une séquence nucléotide codant pour un polypeptide ayant au moins 80 % d’identité avec la séquence
de SEQID NO: 3;

(vi) d’'une séquence nucléotide hybridant avec le complément inverse d’'une séquence de type tel que défini
dans (i), (ii) ou (iii) dans des conditions d’hybridation strictes ;

le plant de mais ou la partie de plant de mais n’étant pas exclusivement obtenu au moyen d’un processus
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essentiellement biologique.

Plant de mais ou partie de plant de mais selon la revendication 3, dans lequel ledit plant de mais comprend I'alléle
marqueur de ma61134xxx ;

ma61134xxx étant une insertion d’'un ou plusieurs nucléotides entre la position 134254381 et134254382 du chro-
mosome 9 référencé pour la ligne PH207, de préférence une insertion telle qu’établie dans SEQ ID NO: 12.

Plant de mais ou partie de plant de mais selon la revendication 3 ou 4, ledit plant de mais comprenant ledit alléle
marqueur QTL, lesdits alleles marqueurs, ladite séquence nucléotide du géne codant la cytochrome P450 flavonoide
3’,5’-hydroxylase (F35H) ayant la mutation, ladite molécule de RNAI ou ladite séquence polynucléotide codant la
molécule de RNAI, ledit systéme CRISPR/Cas spécifique au RNA et/ou lesdites une ou plusieurs séquences nu-
cléotide codant le systéme CRISPR/Cas spécifique au RNA en tant que transgéne ou qu’endogéne édité (par géne).

Procédé d’amélioration de la digestibilité d’'un plant de mais ou d’une partie de plant de mais, comprenant I'intro-
duction, par intégration stable ou transitoire au moyen d’une transformation, d’'une insertion utilisant la technologie
d’édition de géne ou d’'une modification utilisant la mutagenése aléatoire ou ciblée dans le génome du plant ou
d’'une partie de plant,

(a) une séquence nucléotide d’'un géne codant une cytochrome P450 flavonoide 3’,5'-hydroxylase (F35H),
ayant une mutation conduisant une expression réduite ou absente du mRNA du géne et/ou de la protéine F35H,
ou une mutation conduisant a une protéine F35H non fonctionnelle ou une protéine F35H ayant une activité
enzymatique réduite a la translation, ou

ledit procédé comprenant

(b) la réduction de I'expression du mRNA d’'un géne codant une cytochrome P450 flavonoide 3’,5’-hydroxylase
(F35H) et/ou la protéine F35H, ou la réduction de I'activité enzymatique d’'une cytochrome P450 flavonoide
3’,5’-hydroxylase (F35H) ;

la digestibilité améliorée concernant la digestibilité accrue du plant de mais ou d’'une partie de plant de mais
ayant la caractéristique de a) ou b) comparativement a un plant de mais ou a une partie de plant de mais n’ayant
pas cette caractéristique ; et

la F35H non mutée étant sélectionnée dans le groupe composé :

(i) d’'une séquence nucléotide comprenant la séquence de SEQ ID NO: 1,4 0u 7 ;

(i) d’'une séquence nucléotide ayant le cDNA de SEQ ID NO: 2,5 0u 8 ;

(iii) d’'une séquence nucléotide codant pour une séquence d’acide aminé ayant la séquence d’acide aminé
de SEQIDNO: 3,6 0u9;

(iv) d’'une séquence nucléotide ayant au moins 80 % d’identité avec la séquence de SEQ ID NO: 1, 2, 4,
5, 70u8;

(v) d’'une séquence nucléotide codant pour un polypeptide ayant au moins 80 % d’identité avec la séquence
de SEQIDNO: 3,6 0u9;

(vi) d’'une séquence nucléotide hybridant avec le complément inverse d’'une séquence de type tel que défini
dans (i), (ii) ou (iii) dans des conditions d’hybridation strictes.

Procédé selon la revendication 6 (b), comprenant

(a) lintroduction dans une séquence nucléaire d’'un gene endogéne codant la cytochrome P450 flavonoide
3’,5’-hydroxylase (F35H), d’'une mutation conduisant a une expression réduite ou absente du mRNA du géne
et/ou de la protéine F35H, ou d’'une mutation conduisant a une protéine F35H non fonctionnelle ou une protéine
F35H ayant une activité enzymatique réduite a la translation, ou

(b) I'introduction dans le plant ou la partie de plant d'une molécule de RNAi dirigée contre, ciblant ou hybridant
avec une séquence nucléotide codant une protéine F35H, ou une séquence polynucléotide codant une molécule
dirigée contre, ciblant ou hybridant avec une séquence polynucléotide codant une protéine F35H ; ou

(c) l'introduction dans le plant ou la partie de plant d’un systéme CRISPR/Cas spécifique au RNA dirigé contre
ou ciblant une séquence nucléotide codant la protéine F35H, ou une ou plusieurs séquences polynucléotide
codant ledit systeme CRISPR/Cas spécifique au RNA, ou

(d) lintroduction dans le plant ou la partie de plant d’'un composé chimique ou d’'un anticorps réduisant ou
inhibant I'activité enzymatique de la protéine F35H en cas d’interaction avec ladite F35H.

8. Procédé de production d'un plant de mais ou d’'une partie de plant de mais ayant une digestibilité améliorée,
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comprenant

(a) l'introduction, par intégration stable ou transitoire au moyen d’'une transformation, d’'une insertion utilisant
une technologie d’édition de géne ou d’une modification utilisant une mutagenese aléatoire ou ciblée, dans le
génome d’'un plant ou d’une partie de plant, d’'une séquence nucléotide d’un géne codant une cytochrome P450
flavonoide 3’,5’-hydroxylase (F35H), ayant une mutation conduisant a une expression réduite ou absente du
mRNA du géne et/ou de la protéine F35H, ou une mutation conduisant a une protéine F35H non fonctionnelle
ou une protéine F35H ayant une activité enzymatique réduite a la translation, ou

(b) lintroduction, par modification utilisant une mutagenése aléatoire ou ciblée, dans une séquence nucléotide
d’'ungéne endogéne codantla cytochrome P450 flavonoide 3’,5’-hydroxylase (F35H), d’'une mutation conduisant
a une expression réduite ou absente du mRNA du géne et/ou de la protéine F35H, ou d’une mutation conduisant
a une protéine F35H non fonctionnelle ou une protéine F35H ayant une activité enzymatique réduite a la
translation, ou

(c) I'introduction, par intégration stable ou transitoire au moyen d’une transformation ou d’une insertion utilisant
une technologie d’édition de géne dans le plant ou dans la partie de plant, d'une molécule de RNAI dirigée
contre, ciblant ou hybridant avec une séquence nucléotide codant la protéine F35H, ou comprenant une sé-
quence polynucléotide codant une molécule de RNAI dirigée contre, ciblant ou hybridant avec une séquence
polynucléotide codant la protéine F35H ; ou

(d) lintroduction, par intégration stable ou transitoire au moyen d’une transformation ou d’une insertion utilisant
une technologie d’édition de géne, dans le plant ou dans la partie de plant d’'un systéme CRISPR/Cas spécifique
au RNA dirigé contre ou ciblant une séquence nucléotide codantla protéine F35H , d’'une ou plusieurs séquences
polynucléotide codant ledit systtme CRISPR/Cas spécifique au RNA, ou

(e) lintroduction, dans le plant ou la partie de plant, d’'un composé chimique ou d’'un anticorps réduisant ou
inhibant I'activité enzymatique de la protéine F35H ou inhibant la protéine F35H, et

(f) en option, la régénération d’un plant a partir de la partie de plant de 'un quelconque des points (a) a (e) ;
la digestibilité améliorée concernant la digestibilité accrue du plant de mais ou d’une partie de plant de mais
ayant la caractéristique de a), b), ¢), d) ou e) comparativement a un plant de mais ou a une partie de plant de
mais n’ayant pas cette caractéristique ; et

la F35H non mutée étant sélectionnée dans le groupe composé :

(i) d’'une séquence nucléotide comprenant la séquence de SEQ ID NO: 1,4 0u 7 ;

(i) d’'une séquence nucléotide ayant le cDNA de SEQ ID NO: 2,5 0u 8 ;

(iii) d’'une séquence nucléotide codant pour une séquence d’acide aminé ayant la séquence d’acide aminé
de SEQIDNO: 3,6 0u9;

(iv) d’'une séquence nucléotide ayant au moins 80 % d’identité avec la séquence de SEQ ID NO: 1, 2, 4,
5, 70u8;

(v) d’'une séquence nucléotide codant pour un polypeptide ayant au moins 80 % d’identité avec la séquence
de SEQIDNO: 3,6 0u9;

(vi) d’'une séquence nucléotide hybridant avec le complément inverse d’'une séquence de type tel que défini
dans (i), (ii) ou (iii) dans des conditions d’hybridation strictes.

Plant de mais ou partie de plant de mais produit ou pouvant étre produit par le procédé selon la revendication 8.

Procédé, plant ou partie de plant selon I'une quelconque des revendications précédentes, dans lequel ledit plant
est un plant de mais, le QTL se trouvant sur le chromosome 9 et comprenant /ou étant flanqué par des alléles
marqueurs ma61070s01 et ma30168s02, de préférence par des alléles marqueurs ma50827s01 et ma16983s02,
plus préférentiellement par des alléles marqueurs ma17117s01 et ma61125s01 ;

ma61070s01 étant un polymorphisme nucléotidique simple (SNP) a la position 121588825 du chromosome 9
référencé pour la ligne PH207, ledit nucléotide étant A ou T, de préférence un polymorphisme nucléotidique
simple (SNP) tel qu’établi dans SEQ ID NO: 13 ; et

ma30168s02 étant un polymorphisme nucléotidique simple (SNP) a la position 139452428 du chromosome 9
référencé pour la ligne PH207, ledit nucléotide étant A ou G, de préférence un polymorphisme nucléotidique
simple (SNP) tel qu’établi dans SEQ ID NO: 14 ; et

ma50827s01 étant un polymorphisme nucléotidique simple (SNP) a la position 127454426 du chromosome 9
référencé pour la ligne PH207, ledit nucléotide étant A ou G, de préférence un polymorphisme nucléotidique
simple (SNP) tel qu’établi dans SEQ ID NO: 15 ; et

ma16983s02 étant un polymorphisme nucléotidique simple (SNP) a la position 137363784 du chromosome 9
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référencé pour la ligne PH207, ledit nucléotide étant A ou G, de préférence un polymorphisme nucléotidique
simple (SNP) tel qu’établi dans SEQ ID NO: 16 ; et

ma17117s01 étant un polymorphisme nucléotidique simple (SNP) a la position 132038900 du chromosome 9
référencé pour la ligne PH207, ledit nucléotide étant A ou G, de préférence un polymorphisme nucléotidique
simple (SNP) tel qu’établi dans SEQ ID NO: 17 ; et

ma61125s01 étant un polymorphisme nucléotidique simple (SNP) a la position 135947973 du chromosome 9
référencé pour la ligne PH207, ledit nucléotide étant A ou G, de préférence un polymorphisme nucléotidique
simple (SNP) tel qu’établi dans SEQ ID NO: 18.

Procédé, plant ou partie de plant selon I'une quelconque des revendications précédentes, dans lequel la mutation
est une mutation par décalage de cadre ou une mutation non-sens, résulte en une expression réduite ou absente
de la séquence nucléotide ou en une activité enzymatique réduite de la protéine codée, résulte en une séquence
de protéine altérée codée par la séquence nucléotide, ou est une insertion, suppression ou substitution d’au moins
un nucléotide dans une zone de codage, dans un signal d’épissage ou dans un élément régulateur.

Utilisation de I'acide polynucléique hybridant avec I'une quelconque des séquences SEQ ID NO: 10, 12, 13, 14, 15,
16, 17, ou 18, ou du complément ou de son complément inverse, ou d’'un acide polynucléique a alléle spécifique,
pour identification d’'un plant ou d’'une partie de plant ayant une digestibilité améliorée ou pour la sélection d’'un plant
ou d’'une partie de plant ayant une digestibilit¢ améliorée selon I'une quelconque des revendications 3 a 5, de
préférence dans le procédé selon la revendication 1 ou 2.

Procédé de production d’'une matiére végétale ensilée d’'un aliment pour animaux ayant une digestibilité améliorée,
comprenant

(a) la croissance d’'une plante selon I'une quelconque des revendications 3 a 5 et 9 ou d’un plant identifié ou
identifiable par le procédé selon les revendications 1 ou 2, ou de sa progéniture ayant la digestibilité améliorée
telle que définie dans la revendication 1,

(b) la récolte du plant ou d’'une partie de celui-ci, et

(c) 'ensilage du plant ou d’'une partie de celui-ci provenant de (b).

Procédé selon la revendication 13, dans lequel la partie de I'étape (b) et (c) est de la canne de mais.

Matiére végétale ensilée ou aliment pour animaux produit par le procédé selon la revendication 13 ou 14.

80



EP 3 560 330 B1

Figure 1

DNDF
QTL effect on chromosome 9

77
76
75
74
73
72
71
70
69

Mean positive Mean negative

81



EP 3 560 330 B1

Figure 2
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Figure 3

R S S I ey

31221218/ 51313|2|3

MEERIEEIEI AR

hanil =g - B R i B B R

AR AR AR AR AR AR AR AR:

EleE|IN|E|E|E|E|lE]|E|E
ArbNr Family [ Individual o

DNDF Mean
per group

WVP17-51917/002| 1 1 A|lA[A|JA|A|A|A|A|A]|A
WVP17-51917/006| 1 2 A|lA|A|JA|A|A|JA[A]|A|A
WVP17-51918/005| 1 3 A|lA[A|JA|A|A|A|A|A]|A
WVP17-51918/008| 1 4 6259 A|lA[A|JA|A|A|JA|A|A]|A
\WVP17-51918/011 1 5 ’ AlA|A|JA|A|A|JA[A]|A|A
WVP17-51918/012] 1 6 A|lA[A|JA|A|A|A|A|A]|A
WVP17-51918/016| 1 7 A|lA[AJA|A|A|JA|A|A]A
WVP17-51919/005| 1 8 A|A|A|JA|A|JA]JA[A]A|A
WVP17-51916/009| 1 9 A|A[A|A[A B7E-T0- T
WVP17-51917/003| 1 10 A|A[A|A A B:70N-T0: T
WVP17-51918/001 1 11 A|A[A|A A B:-70-T- T
WVP17-51918/009| 1 12 67.05 A|A[A|A[A B:-700-0: T
WVP17-51918/010| 1 13 ’ A|JA[A[A[A B:TEN-T: .-
WVP17-51919/011 1 14 A|A[A|A[A B:-70N-T0- T
WVP17-51920/007| 1 15 A|A[A|A[A B:70N-T0- T
WVP17-51920/017| 1 16 AlAAIA A KB 2:
WVP17-51940/003| 2 1 A|lA[A|JA|A|/A|JA|A|A]A
WVP17-51941/009| 2 2 A|lA[AJA|A|A|JA|A|A]A
WVP17-51941/010] 2 3 A|lA[A|JA|A[A|A|A|A]|A
WVP17-51941/015| 2 4 A|lA[AJA|A|A|JA|A|A]|A
WVP17-51943/014| 2 5 A|lA[AJA|A|A|JA|A|A]A
WVP17-51945/013| 2 6 A|lA[A|JA|A|A|A|A|A]|A
WVP17-51946/003| 2 7 57 12 A|lA[AJA|A|A|JA|A|A]|A
WVP17-51947/008| 2 8 ’ A|lA|lAJA|A|JA]JA[A]A|A
WVP17-51948/001] 2 9 A|lA[A|A|A|[A|A|A|A]|A
WVP17-51948/005| 2 10 A|lA[A|JA|A[A|JA|A|A]|A
WVP17-51948/007| 2 11 A|lA|A|JA|A|A|JA[A]|A|A
WVP17-51949/002| 2 12 A|lA[AJA|A|A|JA|A|A]A
WVP17-51949/011] 2 13 A|lA[A|JA|A|A|A|A|A]|A
WVP17-51949/016| 2 14 A|lA[A|JA|A|[A|JA]|A|A]|A
WVP17-51940/001] 2 15 B B B B B B B B EHMYNE)
WVP17-51941/008| 2 16 B B B B B B B B EYFE.)
WVP17-51941/013| 2 17 B B B B B B B B EHMYNE)
WVP17-51941/014| 2 18 B B B B B B B B EHMYNE)
WVP17-51942/006| 2 19 B B B B B B B B EYFE.)
WVP17-51942/009| 2 20 B B B B B B B B EHMYNE)
WVP17-51944/002| 2 21 B B B B B B B B EHMYNE)
WVP17-51944/003| 2 22 B B B B B B B B EHYNE
WVP17-51944/009| 2 23 60,67 B B B B B B B B EHMYNE)
WVP17-51945/005| 2 24 B B B B B B B B EHYF.)
WVP17-51945/006| 2 25 B B B B B B B B EHMYNE
WVP17-51946/001] 2 26 B B B B B B B B EHYNE)
WVP17-51946/012| 2 27 B B B B B B B B EHMYF.)
WVP17-51948/011] 2 28 B B B B B B B B EHMYNE)
WVP17-51949/003| 2 29 B B B B B B B B EMYE)
WVP17-51949/012| 2 30 B B B B B B B B ERMYNFN
WVP17-51949/017] 2 31 B B B B B B B B EMYNE)
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ATGCAGCTCGCGGCGTTGTGCACCGACCCCGTGGTGCTGTGCAGCGCCTT

Prrbrrrrt et e e e e e e b e
ATGCAGCTCGCGGCGTTGTGCACCGACCCCGTGGETGCTGTGCAGCGCCTT

CCTCTGCCTCCTCCTCCACGTGGCTCTCCGCTCGCTGCTGCACCCTC———

PELERERET R E e e e e e e e e el
CCTCTGCCTCCTCCTCCACGTGGCTCTCCGCTCGCTGCTGCACCCTC

CTGCCCAG!? C C GACATTTGAGATTGGGTATTCAAAAATTCARA|

AAGATTAAAGAATTTAGTGTTCTAACGCTATTTTATGCAATACATTATTG

ACAAATTAGTGTTCTAACACTATAGATCACCAAAAACATGGGTATTCAAT

ffffffffffffffffffffffffffffffffff CTTCTGCCGCCTCTTC
PERETRERTEI R
\TACCCATGAAACCCCCCTGGGCCCGCCCATG SN eleleleuiouie

614

801

CTCCGGGCGCCGCGGGCAGCTCCCGCCGGGGCCACCGGGCCTGCCGATCC

PEErrbrrr e e e e e b e
CTCCGGEGCGCCGCGGGCAGCTCCCGCCGEGGCCACCGGGCCTGCCGATCC

TCGGCGCGCTGCCACTCGTGGGCCCAGCCCCGCACGCCGGCCTGGCCGEEG

PEEEREEE bbb
TCGGCGECGCTGCCACTCGTGGGCCCAGCCCCGCACGCCGGCCTGGCCGLG

CTGGCGCGCAAGTACGGTCCCATCATGTACCTGRAAGATGGGCACGGCCGG

R RN R R R R R RN R R RN
CTGGCGCGCAAGTACGGTCCCATCATGTACCTGAAGATGGGCACGGCCGG

CGTGGTGGTGGCGTCGTCCCCGCGCGCGGCGCGGACGTTCCTCAAGGCGT

PEEETEEEI et e et i e e b
CGTGGTGGTGGCGTCGTCCCCGCGCGCGECGCGGACGTTCCTCAAGGCGL

TGGACGCGCGGTACGCCAACCGGCCGGCCGTGGCGAGCGCCGCGGACATC

Prrrtbrrrrereri ettt e e e e e
TGGACGCGCGGTACGCCAACCGGCCGGCCGTGGCGAGCGCCGLGGACATC

ACGTACGGGCGGCAGAACATGGTGTTCGCGGACTACGGGCCCARGTGGAA

PEETREREE R e e r e v b e b e e e il
ACGTACGGGCGGCAGAACATGGTGTTCGCGGACTACGGGCCCARGTGGAR

GCTGATGCGGAAGCTCGCCAGCGTGCACCTGCTCGGCGCGCGCGCGCTCG

PREETREIr et e et e e e e b
GCTGATGCGGAAGCTCGCCAGCGTGCACCTGCTCGGCGCGCGCGCGLTCG

CGGACTGGGCGTGCETGCEELCECEECGAGGCCGGCCACGTGCTGCGCGET

Prrrrrrrrerreri e e e e et e e
CGGACTGGGCGTGCGTGCGGLGCEGCGAGGCCGGCCACGTGCTGCGCGGL

GTGGCGGAGGCGGCCGCEGCCEGECAGGCCCETCETCGTGCCGGAGCTGLT

PEERErrrrrrrr et e e e e e bt
GTGGCGGAGGCGGCCGLGGCCEGCAGGCCCGTCGTCGTGCCGGAGCTGCT

CGTGTGCGCCCTCGCCARCATCGTCGGGCAGATCACAGTGAGCAAGCGGG

PEEETEEE e et e e e e e
CGTGTGCGCCCTCGCCAACATCGTCGGGCAGATCACAGTGAGCAAGCGGG

TGTTCGACGCGCAGGGGGACGACTCGAACAGGTGAGGATGGGAGGTCCAT

PEErrrrrrrrr e rerrr el
TGTTCGACGCGCAGGGGGACGACTCGARACAGGTGAGGATGGGAGGTCCAT
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Fig. 4 (continued):
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GAAATCCTACCAGCTGTGAGCATGCATAAAAGTTCATTTGGAAAGAAAAG

SRR RN R R R R RN R R R R AR R RN R R
GAAATCCTACCAGCTGTGAGCATGCATARAAGTTCATTTGGARAGAARAG

AACATATTTTTCTTACAAATTTATGCTTACTGTTTCTTTAAGTTTCGATA

RN R R RN R R R AR RN RN R
AACATATTTTTCTTACAAATTTATGCTTACTGTTTCTTTAAGTTTCGATA

AAGTTTGTAARAAAARAATTTAGGCTAGTTTGAAACTCCATTTAGGATTTCT

PEETEEEEI R rr ettt b e e e e e i
AAGTTTGTAAAAAAAATTTAGGCTAGTTTGAAACTCCATTTAGGATTTCT

ATTTTCCAAAGAAAAATARACGAATTTCTCTTGAAAAAATGAAAATTCTT

R R R R RN R AR R RN R
ATTTTCCARAGAAAAATAAACGAATTTCTCTTGAAAAAATGARAATTCTT

TAGAARAATAGGTTCTCAAACTAGCCCTCAATAAAACTTAATGCGATCGT

R R R R R R R R RN R R R R AR R R R R R R
TAGARAAATAGGTTCTCAAACTAGCCCTCAATARAACTTAATGCGATCGT

TTTCTCTGACTCTCATTCATCTTTCTCTGGTTATCTAATTGGGTCCTTGA

PEERREEEEREE IR e e bbb e e e
TTTCTCTGACTCTCATTCATCTTTICTCTGGTTATCTAATTGGGTCCTTGA

GAGATGAGTTTACCTGCTTGTCCTTTATTATTGCARAGACAACATATCTG
RN R R R R R R R AR R RN R
GAGATGAGTTTACCTGCTTGTCCTTTATTATTGCAAAGACAACATATCTG

ATGCACATGGAACATTGGTGCACATGGTGCACATATGAAATCATCACCAC

PEEREEEEERRE R e e e et e et b e e
ATGCACATGGAACATTGGTGCACATGGTGCACATATGAAATCATCACCAC

TCATTTTAAATCTAACGTICTATAGTTGTTTGATATATTTTATTAAGGACA

PEEREEEEIERE R e e e e e e e e
TCATTTTAAATCTAACGTCTATAGTTGTTTGATATATTTTATTAAGGACA

CCCTCCAACGTGGTGGTGTGTAGTGGTGGAAGGTGTTATTTGTARATTGA

R R R R NN R AR R R R R R R RN RN AN
CCCTCCAACGTGGTGGTGTGTAGTGGTGGAAGGTGTTATTTGTARATTGA

ATAATCAACTAGAGACGTTAGATCTAAAATGAGTGGTGATGATTTAATAT

PEEREERREEEE R bbb bbb b
ATAATCAACTAGAGACGTTAGATCTAAAATGAGTGGTGATGATTTAATAT

GTGCACCATGTGCACCAGTCTTCTATGTGCACCAGATATGTCCTCTATTG

RN R R R R RN AR AR R R R AR NN RN RN
GTGCACCATGTGCACCAGTCTTCTATGTGCACCAGATATGTCCTCTATTG

CAAATGCTAGACGGAACACCAGCTAGCACTAGCAGACTGTTTATGTGGAA

PEERREREE R R e e e e b b e bbb b
CAAATGCTAGACGGAACACCAGCTAGCACTAGCAGACTGTTTATGTGGAA

AGAAARAAACTTAAAAAGATCAGCTAGGAAGCTGCTGTCATCTGTACGTAT

R R R RN R RN AR R R RN R RN AR
AGARARARCTTARAAAGATCAGCTAGGAAGCTGCTGTCATCTGTACGTAT

ATATGGTGAAGACTGAACAATCTGCATGACAAGCARAACTTAGCTTAAAA

RN R R R R R R R R R AR RN RN R
ATATGGTGAAGACTGAACAATCTGCATGACAAGCAARACTTAGCTTAARA

GCGAAAAGAGCGATGGAAACGGCCGCTCGATAAATAATTAATGAGAGTCT
RN R R R R R AR RN RN R
GCGAAAAGAGCGATGGAAACGGCCGCTCGATAAATAATTAATGAGAGTCT

TGGGATTTTTCATGCATGGAAAAARACAAAGCTGGCATTTTTCATCTAAT

PEEETEREEE R et bbb e bbbt
TGGGATTTTTCATGCATGGAARARRARACAAAGCTGGCATTTTTCATCTAAT
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Fig. 4 (continued):
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ATAATATATAACGCTGATATCATATTGCGTGCAGATACAAGGACATGATC

R RN R R RN R R R R R RN RN
ATAATATATAACGCTGATATCATATTGCGTGCAGATACAAGGACATGATC

GTGTCGCTGCTGACCGGCACGGGCATGTTCAACATCAGCGACTTCGTGCC

PEEETRR e e e e e e
GTGTCGCTGCTGACCGGCACGGGCATGTTCAACATCAGCGACTTCGTGCC

GGCGCTGGCGCGTCTGGACCTGCAGGGCGTGCAGGCGAAGCTGCGGCGCG

RN R R R R R RN R RN
GGCGCTGGCGCETCTGGACCTGCAGGGCGTGCAGGCGAAGCTGCGGCGLG

TCCACCGCCAGTTCGACGGCCTCATCACCAAGCTGCTGGCCGAGCACGCC

PEEETERETE R R e et e e e
TCCACCGCCAGTTCGACGGCCTCATCACCAAGCTGCTGGCCGAGCACGCC

GCGACGGCCGCGGACCGCGCGCGCCAGGGCCGCCCGGACTTCGTCGACCG

R R R R R R AR R R R R R
GCGACGGCCGCGGACCGCGCGCGCCAGGGCCGCCCGGACTTCGTCGACCG

GCTCCGCGCCACGATGGACGCCGGCGCCGCCGCCGACGACGAGAGCGGLG

RN R R R R R R RN
GCTCCGCGCCACGATGGACGCCGGCGCCGCCGCCGACGACGAGAGCGGLG

AGACCATCACCGAGGTCAACATCAAGGGCCTCATCTTCGTAAGCTCCCTG
PEEEEERRER R TRt e e e e e e b e
AGACCATCACCGAGGTCAACATCAAGGGCCTCATCTTCGTAAGCTCCCTG

CTTTTTCCTCGCCCCCAACCATGCATCATCATATGCACTTATATTTTACA

PEEREEREE R R TR et et e e et bbb
CTTTTTCCTCGCCCCCAACCATGCATCATCATATGCACTTATATTTTACA

CTTGCTCGGTTTTCCTTTAGTAACTAACTAATCCGTCGCAGCTGCGATAC

R R R R R R R R R AR RN R
CTTGCTCGGTTTTCCTTTAGTAACTAACTAATCCGTCGCAGCTGCGATAC

ACGTAGCACTAGTACTACAGCGATGGGTCATCGGTAACTGAATCTAAGGT

R RN R R R R R R R R R R AR R R RN RN
ACGTAGCACTAGTACTACAGCGATGGGTCATCGGTAACTGAATCTAAGGT

GCAATAGAGTGCACGGCCGCGGGATCATGGCGTGACATGGGAGCTAAGCT

R R RN R R
GCAATAGAGTGCACGGCCGCGGGATCATGGCGTGACATGGGAGCTARGCT

AAGCCAGTGGCCACCTAACGAAGGCACTGACCGAARGCTCAGTGGCGTGT

PERERETEE R e et bbb e e b e e e
AAGCCAGTGGCCACCTAACGAAGGCACTGACCGARAGCTCAGTGGCGTGT

TAGGTGGAGATAGTGGATCGAGTTGTTGGAAAGACAATATCARAACCACT

PEEREEREEREE R et rr e e b b er e b e b
TAGGTGGAGATAGTGGATCGAGTTGT TGGAARGACAATATCAAAACCACT

CTCCAATTGATGATGTGTAGGGCCTGCAGTGTTTTGAATCCACCTTGTTT

RN R R R RN AR AR AR R R R RN RN
CTCCAATTGATGATGTGTAGGGCCTGCAGTGTTTTGAATCCACCTTGTTT

GGTCGAACACATTACTAGAGTGAAATATGGTTCCAATGTTAATTGATAGC

PEERRERRE R e bbb e e e e b e e e e
GGTCGAACACATTACTAGAGTGAAATATGGTTCCAATGTTAATTGATAGC

GCGAAAGGGTCTCTAGCGTAATGGTTAAACCTTCCGAGTAGCACATCCAG
PERETERE TR e e e e e e et
GCGAAAGGGTCTCTAGCGTAATGGTTAAACCTTCCGAGTAGCACATCCAG

GTTGGGTTCGATCCTCTCGAGGGCGAATTTTCAAGCTTTGTTAAAAARAT

PEEEEEEr et e et e e e bbbt
GTTGGGTTCGATCCTCTCGAGGGCGAATTTTCAAGCTTTGTTAARAAAAT
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TATCTCGTTGTGCCCCGTCCGCTCTCAGGAATCGATATTCTACACGACAC

R R R RN AR RN R R R RN RN RN
TATCTCGTTGTGCCCCGTCCGCTCTCAGGAATCGATAT TCTACACGACAC

CCTCCGACTAGTGACAGTTGATTGACTCGTTAGTGATGAGAAGCCATGCT

PEEEERR et et e e e e e
CCTCCGACTAGTGACAGTTGATTGACTCGTTAGTGATGAGAAGCCATGCT

AAARAAGTGGAGACGTAGATATGATAGAGGTTCCCTTTCCTAAGCARACG

PERERREEI b r e r b e e
AAARAAGTGGAGACGTAGATATGATAGAGGTTCCCTTTCCTAAGCAAACG

TGAATGCTATGAAAATTATGCAGTTTAAAAAAAACTTTAAAGATAAACAG

PEIPEEREE R R TR bbb e r b e e b e er e e
TGAATGCTATGAAAATTATGCAGT TTAAAAAARAACT TTAAAGATAAACAG

GAATTCTCTTTTTTGGAACARACAATACGAATGCACCTCCAARATATCTTA

R R R R R R R R R R R R R RN R R R R
GAATTCTCTTTTTTGGAACARACAATACGAATGCACCTCCAAATATCTTA

TCGAGTCGACTTTTATGGAATTATTGTTTTTGTTATTTCTAAGATGGGAG

PEEEEEREERRE TR e e e e bbb e
TCGAGTCGACTTTTATGGAATTATTIGTTTTIGTTAT ITCTAAGATGGGAG

CCCAAAATCACATACAAATTATTCAGTGAATGCCTCGGTGTTTTTTTATT
RN R R R R N R R R R R R RN R
CCCAAAATCACATACAAATTATTCAGTGAATGCCTCGGTGTTTTTTTATT

AGTTAAGGGCTCTCATTTTTTTCAAGGGATTTTTATTTTTTTCCAARAGA

PEEEREREE R R bR et re b e e e e
AGTTAAGGGCTCTCATTTTTTTCAAGGGATTTTTATTTTTTTCCAAAAGA

AAATAAACTAATCCTCTTTAGAAAAATGGAAATCTATTGGAGAAATGAGG

RN R R R R R R AR R RN R
AAATAAACTAATCCTCTTTAGAARAAATGGAAATCTATTGGAGARAATGAGG

TTCCTAARACTAGCTCTAACAGTGAGTCAGTTAATCAGGAGAAGATATTAG

R RN R R R R R NN R R R AR AR R R R R R
TTCCTAAACTAGCTCTAACAGTGAGTCAGTTAATCAGGAGAAGATATTAG

ACTCCTGTATAGTGTGCAGCAACCACATCCGATTCTGACGTTTTAGCTTA

R R R R R RN R R AR RN RN R
ACTCCTGTATAGTGTGCAGCAACCACATCCGATTCTGACGTTTTAGCTTA

ATGTTCGCTATGTAGACGTCGGGCATAGGGAATGCATTGCTACCAGAACA

R R N RN RN R R R RN R RN AR AN
ATGTTCGCTATGTAGACGTCGGGCATAGGGAATGCATTGCTACCAGAACA

CGAATGACAGCTATGCAAGTCTCTAGAACGTTGGAGTAGTTAACARACGT

PEERREREEREE R bbb r bbbt bbb
CGAATGACAGCTATGCAAGTCTCTAGAACGTTGGAGTAGTTAACARACGT

GATAGATGTAACCTCTGGATCATGGTATGATGTCATTTCCTAGACTAGAA

R R R R R R R R R R R AR R RN R R
GATAGATGTAACCTCTGGATCATGGTATGATGTCATTTCCTAGACTAGAR

GAATTGGTAGTCAAATCGAGCARAGTCCCGAAAGCACACTGGGCTTTCGA

PEERREREE R R e e et et e e
GAATTGGTAGTCAAATCGAGCAAAGTCCCGAAAGCACACTGGGCTTTCGA

CACAGTGATACCAAAGATGCTGAAAAGAACTGAGGCACGATARACTGTTC
PEERREEEE R R e et er et e i e e e e
CACAGTGATACCAAAGATGCTGAAAAGAACTGAGGCACGATAAACTGTTC

GGTGTTGGTGTAAACGACCAARAGATGCTGAAAATAACTGATCGTCACCAT

Prrrrrrerirrrrrrtreer et rr bbbt
GGTGTTGGTGTAAACGACCAAAGATGCTGAARRATAACTGATCGTCACCAT
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Fig. 4 (continued):
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CCGTGAATCTAACTTTCGACACACTGTTACCAAATCCTTCGTCARAATTA

R R RN RN R R R RN RN R R R
CCGTGAATCTAARCTTTCGACACACTGTTACCARATCCTTCGT CARAATTA

CAGGAATAATTAAGGCGCTTAGACGATGATAAACCATTTTTTGTCACTAA

RN R R R N R R R RN R
CAGGAATAATTAAGGCGCTTAGACGATGATAARACCATTTTTTGTCACTAA

TTAACCACACTGTTCTTTGCTTGACCGTGACAARARAAARAACTTTTTTGTG

R R RN R R R R R R R R R R R AR R RN R R
TTAACCACACTGTTCTTTGCTTGACCGTGACAARARARARCTTTITTGTG

ARGCAGTGTTGCCGTAAACCACAACCATCATGAACTCACTTGCCTTGTCA

PEOPEEREEERE R R b e e re b e e b bbb
AAGCAGTGTTGCCGTAARACCACAACCATCATGAACTCACTTGCCTTGTCA

TATGTACTTGTACCATCGAACGCCGCGCGCTAAGACAATGCACCACCCTT

RN R R R R R R R R R R R RN
TATGTACTTGTACCATCGAACGCCGCGCGCTAAGACAATGCACCACCCTT

CAAGTCTTAGCTCACTGATACCGCTAATTAAGTTAGATAATGTCGATTAC

PEEREEREE R R e e e bbb b e
CAAGTCTTAGCTCACTGATACCGCTAATTAAGTTAGATAATGTCGATTAC

TAGTTGTCTTACTTCGAACTATTTCTTTTCGGCAAACTGAAGTAARGACA
PEEDEEEEE R TRt e bt e e e e e b r e e e e
TAGTTGTCTTACTTCGAACTATTTCTTTTCGGCARACTGAAGTARAGACA

ACGTTTTGTTCCGCAGGACATGTTCACGGCGGGTACGGACACGTCGTCGA

Prrrrrrrrr e e e bbb
ACGTTTTGTTCCGCAGGACATGTTCACGGCGGGTACGGACACGTCGTCGA

TCATCGTGGAGTGGGCGATGGCGGAGATGCTCAAGAACCCGACCGTCATG

PEERREER R bbb e bbb g
TCATCGTGGAGTGGGCGATGGCGGAGATGCTCAAGAACCCGACCGTCATG

GCGCGCGCGCAGGAGGAGCTGGACCGCGCGGTGGGCCGGGGCCGGLGCCT

R RN RN RN R RN RN R R AR R RN RN AN
GCGCGCGCGCAGGAGGAGCTGGACCGCGCGGTGGGCCGGGGCCGGCGCCT

GGAGGAGTCGGACCTGCCCGGCCTCCCCTACCTGCAGGCGGTGTGCAAGG

PEErrrrrrrr e et e e
GGAGGAGTCGGACCTGCCCGGCCTCCCCTACCTGCAGGCGGTGTGCAAGG

AGGCCATGCGGCTGCACCCGTCCACGCCGCTCAGCCTCCCGCACTTCTCC

RN R R N R R AR RN RN
AGGCCATGCGGCTGCACCCGTCCACGCCGCTCAGCCTCCCGCACTTCTCC

TTGGACGCCTGCGACGACGTCGACGGCTACCGCGTCCCGGCCAACACCEG

RN R R R R RN R RN
TTGGACGCCTGCGACGACGTCGACGGCTACCGCGTCCCGGCCARCACCCG

CCTGCTCGTCAACGTCTGGGCCATCGGCCGGGACCCGGAGGCCTGGGAGA

RN R R R R R R R R R A RN RN RN
CCTGCTCGTCARCGTCTGGGCCATCGGCCGGGACCCGGAGGCCTGGGAGA

GGCCCCTCGACTTCCGCCCCGAGCGCTTCCTGCCCGGGGGECGGCGELGGAG

PEErrerrer et e e bt
GGCCCCTCGACTTCCGCCCCGAGCGCTTCCTGCCCGGGGGCGGCGLGGAG

AAGGTCGACCCCCTGGGGAACTGCTTCGAGCTCATCCCGTTCGGCGCCGG
PEERTEREET IR e b r e e e e e e
AAGGTCGACCCCCTGGGGAACTGCTTCGAGCTCATCCCGTTCGGCGCCGG

CCGGAGGATCTGCGCGGGGAAGCTGGCGGGCATGGTGTTCGTGCAGTACT

PEEEEEEEREr e et e e e et e ettt e el
CCGGAGGATCTGCGCGGGGARGCTGGCGGGCATGGTGTTCGTGCAGTACT
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Fig. 4 (continued):
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TCCTGGGCACGCTGCTGCACGCGTTCGACTGGCGCCTGCCTGACGGCGAG

Prerrrrrrererrerre v et b i e e e e e
TCCTGGGCACGCTGCTGCACGCGTTCGACTGGCGCCTGCCTGACGGCGAG

GAGAAGCTGGACATGAGCGAGACGTTCGGCCTCGCGCTGCCCAAGGCAGT

Prerererrrrerrrerer b e e e e e e
GAGRAGCTGGACATGAGCGAGACGTTCGGCCTCGCGCTGCCCAAGGCAGT

GCCGCTCCGCGCCGTCGCCACGCCACGGCTCGTGCCGGAAGCCTATGCCT

R R R R R R R
GCCGCTCCGCGCCGTCGCCACGCCACGGCTCGTGCCGGAAGCCTATGCCT
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