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ENGINEERED NUCLEASES TO GENERATE MUTATIONS IN PLANTS

Priority

This application claims the benefit of priority from U.S. Provisional Patent
Application Ser. No. 62/341,489, filed on May 25, 2016, which 1s herein incorporated by
reference.

Background of the Invention

In recent years, diets high in saturated fats have been associated with increased levels
of cholesterol and increased risk of coronary heart disease. As such, current dietary
guidelines indicate that saturated fat intake should be no more than 10 percent of total
calories. Based on a 2,000-calorie-a-day diet, this is about 20 grams of saturated fat a day.
(nls contain saturated fats. For example canola oil typically contains about 7% to 8%
saturated fatty acids. A decrease in saturated fatty acid content would improve the nutritional
profile of oils.

Summary of the [nvention

Genes involved in plant oil synthesis, including those that regulate saturated fatty acid
and oleic acid content, have been mutated by a process which involves exposing seeds to
chemicals or radiation in order to generate mutants with desirable traits. Unlike plants
modified with engineered nucleases, in which a mutation (substitution, deletion and/or
addition of one or more nucleotides) can be engineered to occur at a very specific location in
the plant genome, plants developed via mutagenic processes often result in random, multiple
and unspecific genetic changes. These random, multiple genetic changes all come together to
provide the phenotype of the mutated plant. With engineered nucleases, a very specific
mutation, or set of mutations, can be generated and their effect on phenotype (e.g., oil profile)
can be determined.

Provided herein is the production of mutant FatAl, FatA2, Kas2, Kas3 and/or FatB,
allele(s) generated by the use of engineered nucleases, plants comprising said one or more
mutant alleles of FatAl, FatA2, Kas2, Kas3 and/or FatB, such as Brassica plants, and uses of
such plants produce lower saturated fatty acid content. As described herein, Brassica plants
containing such mutations can produce oils with reduced saturated fatty acid content.
Brassica plants described herein are particularly useful for producing canola oils for certain

food applications, as the plants are not genetically modified.
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Provided herein are Brassica plants (e.g., Brassica napus, Brassica juncea, or
Brassica rapa plants) and progeny thereof (e.g., seeds) that include substitution, deletion
and/or insertion mutations in one or more alleles of FatAl, FatA2, Kas2, Kas3 and/or FatB
via engineered nucleases, wherein each mutated allele results in the production of a FatAl,
FatA2, Kas2, Kas3 and/or FatB polypeptide having reduced or no activity relative to a
corresponding wild-type FatAl, FatAZ, Kas2, Kas3 and/or FatB polypeptide (alternatively
the substitution, deletion and/or insertion may result in no FatAl, FatA2, Kas2, Kas3 and/or
FatB protein/activity being produced}. A mutated allele can include a nucleic acid encoding a
truncated FatAl, FatA2, Kas2, Kas3 and/or FatB polypeptide. A mutated allele can include a
sequence having at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% sequence
identity to the nucleotide sequence of the wild-type aliele (e.g., SEQ ID NOG: 1 for FatAl).

One embodiment provides a method to produce a plant with reduced saturated fatty
acids comprising: a) contacting a plant with an engineered nuclease specific for FatAl,
FatA2, Kas2, Kas3 and/or FatB gene(s); b) growing the plant from step a) and collecting the
seeds from said plant; and ¢) selecting plants grown from the seeds of step b) with a
substitution, deletion and/or insertion mutation in one or more of said genes; wherein said
substitution, deletion and/or insertion mutation results in a reduced production of saturated
fatty acids by said plant as compared to a control plant of identical genetic background that
has not been mutated by said gene editing.

Another embodiment provides a method to produce a plant with reduced saturated
fatty acids comprising: a) contacting a plant cell or tissue with an engineered nuclease
specific for FatAl, FatA2, Kas2, Kas3 and/or FatB gene(s); b) generating a plant from the
plant cell or tissue in step a); ¢} selecting plants of step b) with a substitution, deletion and/or
insertion mutation 1n one or more of said genes; wherein said substitution, deletion and/or
insertion mutation results in a reduced production of saturated fatty acids by said plant as
compared to a control plant of identical genetic background that has not been mutated by said
gene editing.

In one embodiment, the plant is a Cruciferae plant. In another embodiment, the plant
is a Brassica plant. In another embodiment, the plant is Brassica napus, Brassica juncea, or
Brassica rapa.

In one embodiment, the engineered nuclease is a meganuclease. In one embodiment,
there is a substitution, deletion and/or insertion mutation in at least one allele of FatAl. In
another embodiment, there is a substitution, deletion and/or insertion mutation in at least one

allele of FatA2. In another embodiment, there is a substitution, deletion and/or insertion
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mutation in at least one allele of Kas2. In one embodiment, there is a substitution, deletion
and/or insertion mutation in at least one allele of Kas3. In another embodiment, there is a
substitution, deletion and/or insertion mutation in at least one allele of FatB.

One embodiment provides a Brassica plant comprising a deletion in at least one allele
of FatAl, FatAZ, Kas2, Kas3 and/or FatB. In one embodiment, the deletion is from about 1
to about 350 base pairs in length. In another embodiment, the deletion results in a decrease in
saturated fatty acid.

In one embodiment, the recognition/target sequence comprises any contiguous
nucleotide (e.g., 10 or more) sequence of the FatAl gene (SEQ ID NG: 1).

In another embodiment, provided herein 1s a method of producing an oil. The
method includes crushing seeds produced from at least one plant described herein and
extracting the oil from the crushed seeds.

One embodiment provides a method to mutate the genome of a Brassica plant cell at
a target sited comprising: a) inducing a double stranded DNA break at a target site, said
double stranded break being induced by the introduction to said cell of a double stranded
DNA break inducing (DSBI) enzyme which recognizes a recognition sequence in the vicinity
of or at said target site in FatAl, FatA2, Kas2, Kas3 and/or FatB gene(s); and b) selecting a
plant cell wherein said double stranded DNA break has been repaired resulting in a mutation
in the genome at said target site, wherein said mutation is a substitution of at least one
nucleotide, a deletion of at least one nucleotide, an 1nsertion of at least one nucleotide or any
combination thereof. In one embodiment, the plant cell is regenerated into a plant. One
embodiment provides a plant cell comprising a mutation at a target site of the genome
obtained by the methods provided herein. Another embodiment provides a plant, plant part,
seed or propagating material thereof comprising a mutation at a target site of the genome
comprising the plant cell.

One embodiment provides a method to produce a Brassica plant with reduced
saturated fatty acids comprising: a) inducing a double stranded DNA break at a target site,
said double stranded break being induced by the introduction to a plant cell of a double
stranded DNA break inducing (DSBI) enzyme which recognizes a recognition sequence in
the vicinity of or at said target site in FatAl, FatAZ, Kas2, Kas3 and/or FatB gene(s); and b)
selecting a plant cell wherein said double stranded DNA break has been repaired resulting in
a mutation in the genome at said target site, wherein said mutation is a substitution of at least
one nucleotide, a deletion of at least one nucleotide, an insertion of at least one nucleotide or

any combination thereof, and c) regenerating said plant cell(s) of b) into a plant; wherein said
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mutation results in reduced production of saturated fatty acids by said plant as compared to a
control plant of identical genetic background that has not been mutated by said DSBI and
repair,

In one embodiment, the DSBI enzyme is a single chain meganuclease or a pair of
meganucleases which recognizes or recognize in concert a site and induces or induce said
double strand break.

In one embodiment, the plant(s) produced by the methods described herein is
crossed with another plant.

One embodiment provides a plant, plant part, seed or propagating material thereof
comprising a modification at a target site of the genome obtained by the methods provided
here.

In one embodiment, the plant is Brassica napus, Brassica juncea, or Brassica rapa.

In one embodiment, one or both FatAl alleles on N3, N7, 13 and/or N17 are
mutated. In another embodiment, one or both FatAl alleles on N13 and/or N17 are mutated.
In one embodiment, one or both FatAl alleles on N13 are mutated. In another embodiment,
one or both FatA1l alleles on N3, N7 and/or N13 are mutated. In one embodiment, one or
both FatAl alleles on N7 are mutated. In one embodiment, the mutation is a deletion of one
or more nucleotides, optionally comprising the substitution of at least one nucleotide.

In one embodiment, the plants produced by the methods described herein yield a
reduction of stearic acid (18:0) of about 9% to about 35% as compared to a non-mutated plant
of identical genetic background. In ancther embodiment, the plants yield an overall reduction
in total saturated fatty acids of about S to about 15%.

Brief Description of the Drawings

Figure 1 provides full-length wild-type sequence for FatAl from the public Brassica
napus sequence {Chalhoub, et al., 2014): BnaA03g47660D. (SEQ ID NO:1) An NCBI
accession number for a FatAl mRNA sequence 1s XM _013833775.1.

Figures 2ZA-E provide A) a partial wild-type sequence for FatAl (N13; SEQID NO:2},
B) depicts partial sequence for a FatAl N13 mutant in a IMC201 background (17 bp deletion
in N13; SEQ IDNQ:3); C) depicts the meganuclease recognition site, partial wild type FatAl
nucleotide sequence (SEQ ID NO:4), partial wild-type protein sequence (SEQ IDNQ:5) and
partial mutant sequence depicting deletion (SEQ 1D NG:6); D) depicts partial sequence for a
FatAl NI3 mutant in a Cargill background represented by American Type Culture Collection
(ATCC) Accession No. PTA-12314, PTA-12315 and PTA-12316 (6 bp deletion in N13; SEQ

IDNO:7); and E) depicts the meganuclease recognition site, partial wild type FatA nuclectide
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sequence (SEQ ID NO:4), partial protein sequence (SEQ IDNO:5) and mutant sequence
depicting deletion (SEQ ID NO:8).

Figures 3A-C provide A} a partial wild-type sequence for FatA1 (N7, SEQ ID NO:9);
B) depicts partial sequence for a FatAl N7 mutant in a IMC201 background (6 bp deletion in
N7, SEQ IDNQO:10); and C) depicts the meganuclease recognition site, partial wild type
FatAl nucleotide sequence (SEQ ID NO:11), partial wild-type protein sequence (SEQ
IDNQG:5) and partial mutant sequence depicting deletion (SEQ ID NO:12).

Figures 4A-C provide A} a partial wild-type sequence for FatAl (N3; SEQ ID
NO:13); B) depicts partial sequence for a FatAl N3 mutant in a IMC201 background (24 bp
deletion in N3; SEQ IDNQO:14); and C) depicts the meganuclease recognition site, partial
wild type FatAl nucleotide sequence (SEQ ID NO:15), partial wild-type protein sequence
(SEQ IDNG:16) and partial mutant sequence depicting deletion (SEQ ID NO:17).

Figures 5A-C provide A) a partial wild-type sequence for FatAl (N17; SEQ ID
NO:18); B) depicts partial sequence for a FatAl N17 mutant in a Cargill background
represented by American Type Culture Collection (ATCC) Accession No. PTA-12314, PTA-
12315 and PTA-12316 (24 bp deletion and 1 bp change (bold and underlined A) in N17; SEQ
IDNO:19); and C) depicts the meganuclease recognition site, partial wild type FatAl
nucleotide sequence (SEQ ID N(O:20), partial wild-type protein sequence (SEQ IDNO:16)
and partial mutant sequence depicting deletion and 1 bp change (highlighted in blue) (SEQ
1D NG:21).

Detailed Description of the Invention

Methods are provided to mutate, in a targeted manner, the genome of a plant using a
double stranded DNA break inducing enzyme. Also provided are plants, in particular
Brassica plants, which yield seeds producing oils having a reduced saturated fatty acid
content, and method tfor making such plants.

The invention provides methods to introduce a targeted mutation, including insertion,
deletion, or substitution of one or more nucleotides, at a precisely localized nucleotide
sequence in the genome of a plant using engineered double stranded DNA break inducing
enzymes. The invention further provides a plant cell, plant part, plant or seed comprising
such a mutated sequence, wherein said mutation results in a reduction of saturated fatty acid
production by the plant, and methods for making such plant.

The invention is based on the observation that functional meganucleases can be
engineered to specifically recognize and cleave a nucleotide sequence, such as FatAl (SEQ

ID NO: 1), in a plant cell, from which a plant can be produced. Provided herein are plants
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made by the methods provided herein, such as Brassica plants including 5. napus, B.juncea,
and B. rapa species of Brassica, that yield seeds producing oils having a reduced saturated
fatty acid content.

Definitions:

In describing and claiming the invention, the following terminology will be used in
accordance with the definitions set forth below. Unless defined otherwise, all technical and
scientific terms used herein have the same meaning as commonly understood by one of
ordinary skill in the art to which this invention belongs. Any methods and materials similar
or equivalent to those described herein can be used in the practice or testing of the present
invention. Specific and preferred values listed below for radicals, substituents, and ranges are
for illustration only; they do not exclude other defined values or other values within defined
ranges for the radicals and substituents.

As used herein, the articles “a” and “an” refer to one or to more than one, i.e., to at
least one, of the grammatical object of the article. By way of example, “an element” means
one element or more than one element.

The term “about,” as used herein, means approximately, in the region of, roughly, or
around. When the term “about” is used in conjunction with a numerical range, it modifies
that range by extending the boundaries above and below the numerical values set forth. In
general, the term “about” is used herein to modity a numerical value above and below the
stated value by a variance of 20%.

As used herein, a "double stranded DNA break endonuclease” is an enzyme capable
of inducing a double stranded DNA break at a particular nucleotide sequence, called the
"recognition site." Homing endonucleases constitute a family of endonucleases and are
sometimes also referred to as meganucleases. They may be encoded by introns, independent
genes or intervening sequences, and present structural and functional properties that
distinguish them from the more classical restriction enzymes, usually from bacterial
restriction-modification Type H systems.

A person skilled in the art would be able to either choose a double stranded DNA
break inducing (“DSBI”) enzyme recognizing the selected target nuclectide sequence to
engineer such a DSBI endonuclease.

As used herein "located in the vicinity" refers to the site of double DNA stranded
break induction, i.e. the recognition site of the DSBI enzyme, being located at a distance of

10 bp, 20 bp, 30 bp, 50 bp, 60 bp, 70 bp, 80 bp, 90 bp, 100 bp, 200, 250 bp, 500 bp, 1 kbp, 2



10

15

20

25

30

WO 2017/205665 PCT/US2017/034541

kbp, 3 kbp, 4 kbp, 5 kbp to 10 kbp from the target, i.e. the site in the genomic DNA which is
to be mutated (the target site).

The term "heterologous" refers to the relationship between two or more nucleic acid
or protein sequences that are derived from different sources. For example, a promoter is
heterologous with respect to an operably linked nucleic acid sequence, such as a coding
sequence, if such a combination is not normally found in nature. In addition, a particular
sequence may be "heterologous” with respect to a cell or organism into which it is inserted
(i.e. does not naturally occur in that particular cell or organism).

The expression "operably linked" means that said elements of the chimeric gene are
linked to one another in such a way that their function is coordinated and allows expression
of the coding sequence, i.¢. they are functionally linked. By way of example, a promoter i3
functionally linked to another nucleotide sequence when it is capable of ensuring
transcription and ultimately expression of said other nucleotide sequence.

A nullizygous organism carries two mutant or missing alleles for the same gene. The
mutant/missing alleles are both complete loss-of-function or 'null’ alleles, so homozygous
null and nullizygous are synonymous.

A gene knockout (abbreviation: KO) is a genetic technique in which both of an
organism's alleles are made inoperative ("knocked out” of the organism). The term knockout,
inactivated, and disrupted are used interchangeably herein to mean that the targeted site is
changed so that the gene expression product is eliminated or greatly reduced or the product
expressed has reduced activity as compared to a control (e.g., wild type protein). Also known
as knockout organisms or simply knockouts. The term also refers to the process of creating
such an organism, as in "knocking out" a gene.

When an amount, concentration, or other value or parameter is given as either a range,
preferred range, or a list of upper preferable values and lower preferable values, this is to be
understood as specifically disclosing all ranges formed from any pair of any upper range limit
or preferred value and any lower range limit or preferred value, regardless of whether ranges
are separately disclosed. Where a range of numerical values 1s recited herein, unless
otherwise stated, the range is intended to include the endpoints thereof, and all integers and
fractions within the range. It is not intended that the scope of the invention be limited to the
specific values recited when defining a range.

As used herein, "plant part" includes any plant organ or plant tissue, including but not
fimited to fruits, seeds, embryos, meristematic regions, callus tissue, leaves, roots, shoots,

flowers, gametophytes, sporophytes, pollen, and microspores.
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For the purpose of this invention, the "sequence identity" of two related nucleotide or
amino acid sequences, expressed as a percentage, refers to the number of positions in the two
optimally aligned sequences which have identical residues (x100) divided by the number of
positions compared. A gap, 1.€. a position in an alignment where a residue is present in one
sequence but not in the other, is regarded as a position with non-identical residues. The
optimal alignment of the two sequences is performed by the Needleman and Wunsch
algorithm {Needleman and Wunsch 1970). The computer-assisted sequence alignment above,
can be conveniently performed using standard software program such as GAP which is part
of the Wisconsin Package Version 10.1 (Genetics Computer Group, Madison, Wis., USA)
using the default scoring matrix with a gap creation penalty of 50 and a gap extension penalty
of 3.

Nucleic acids can be DNA or RNA, single- or double-stranded. Nucleic acids can be
synthesized chemically or produced by biological expression in vifro or in vive. Nucleic acids
can be chemically synthesized using appropriately protected ribonucleoside phosphoramidites
and a conventional DNA/RNA synthesizer. DNA includes ¢cDNA and genomic DNA.

Standard recombinant DNA and molecular cloning techniques used herein are well
known in the art and are described more fully in Sambrook, I, Fritsch, E. F. and Maniatis, T
Molecular Cloning: A Laboratory Manual; Cold Spring Harbor Laboratory: Cold Spring
Harbor, N.Y. (1989); by Sithavy, T. J, Bennan, M. L. and Enquist, L. W, Experiments with
Gene Fusions, Cold Spring Harbor Laboratory: Cold Spring Harbor, N.Y. (1984); and by
Ausubel, F. M. et al., Current Protocols in Molecular Biology, published by Greene
Publishing Assoc. and Wiley-Interscience, Hoboken, N.J. (1987).

LR

The terms "comprises," "comprising,” and the like can have the meaning ascribed to

them in U.S. Patent Law and can mean "includes,” "including” and the like. As used herein,
"including" or "includes" or the like means including, without limitation.
Brassica Plants

Brassica plants described herein have reduced levels of total saturated fatty acids in
the seed ol as a result of reduced activity of FatAl, FatA2, Kas2, Kas3 and/or FatB. Itis
understood that throughout the disclosure, reference to "plant” or "plants" includes progeny,
i.e, descendants of a particular plant or plant line, as well as cells or tissues from the plant.
Progeny of an instant plant include seeds formed on Fi F2, F3, F4 and subsequent generation
plants, or seeds formed on BCi, BC,, BCs, and subsequent generation plants. Seeds produced

by a plant can be grown and then selfed (or outcrossed and selfed, or doubled through
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dihaploid) to obtain seeds homozygous for a mutant allele. The term "allele” or "alleles"
refers to one or more alternative forms of a gene at a particular locus.

Reduced activity, including absence of detectable activity, of FatAl, FatA2, Kas2,
Kas3 and/or FatB, can be achieved by mutating one or more endogenous FatAl, FatAZ,
Kas2, Kas3 and/or FaiB allele(s) (each of these genes has one or more isoforms, for example,
FatAl has 4 isoforms, namely one on each of chromosome N3, N13, N7 and N17). An
endogenous isoform/allele of FatAl, FatA2, Kas2, Kas3 and/or FatB allele can be mutated
(deletion, addition and/or substitution mutation) by the use of engineered nucleases.

Genetic mutations can be introduced within, for example, regenerable plant tissue
using one or more engineered nucleases. The treated population, or a subsequent generation
of that population, can be screened for reduced protein activity that results from the mutation,
e.g., by determining the fatty acid profile of the population and comparing ittoa
corresponding non-mutagenized population. Mutations can be in any portion of a gene,
including coding sequence, intron sequence and regulatory elements, that render the resulting
gene product non-functional or with reduced activity.

The plants on which the genetic mutations can be carried out are any plants, including
those in the Brassica family, including any wild-type and mutant plant backgrounds. Such
Brassica plants include, but are not limited to, IMC201 (U.S. Pat. No. 9,334,483), IMCO02
(represented by American Type Culture Collection (ATCC) Accession No. PTA-6221),
Westar (U.S. Pat No. 6,342,658), 1904 (represented by American Type Culture Collection
(ATCC) Accession No. PTA-11273, as well as progeny of the seed designated 1904 and
represented by ATCC Accession No. PTA-11273), 2558 (represented by American Type
Culture Collection (ATCC) Accession No. PTA-11274, as well as progeny of the seed
designated 2558 and represented by ATCC Accession No. PTA-11274), US Pub Appln No.
2013/0081156, 95CB504 (U.S. Pat. No. 9,334,483), Cargill background (represented by
American Type Culture Collection (ATCC) Accession No. PTA-12314, PTA-12315 and
PTA-12316), 03LC LL and hybrid backgrounds deposited as Accession No. PTA-12314,
PTA-12315 and PTA-12316, and Topas (represented by American Type Culture Collection
{ATCC) Accession No. PTA-120738).

Engineered Nucleases

The use of engineered nucleases (GEEN) is a type of genetic engineering in which

DNA is inserted, deleted or substituted in the genome of an organism using engineered

nucleases, or "molecular scissors.” These nucleases create site-specific double-strand breaks
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{DSBs) at desired locations in the genome. The induced double-strand breaks are repaired
resulting in targeted mutations, such as deletions.

There are currently four families of engineered nucleases being used: meganucleases,
zine finger nucleases (ZFNs), Transcription Activator-Like Effector-based Nucleases
{TALEN), and the CRISPR-Cas system (Esvelt, KM. and Wang, HH. (2013). "Genome-scale
engineering for systems and synthetic biology." Mol Syst Biol 9 (1): 641; Tan, WS. et al.
(2012). "Precision editing of large animal genomes.” Adv Genet 80: 37-97; Puchta, H. and
Fauser, F. (2013). "Gene targeting in plants: 25 years later." Int. J. Dev. Biol 57: 629637,
Boglioli, E. and Richard, M. "Rewriting the book of life: a new era in precision genome
editing" (PDF). Boston Consulting Group; Method of the Year 2011. Nat Meth 9 (1), 1-1;
www . sciencemag.org/topic/2015-breakthrough-year).

Meganucleases, found commonly in microbial species, have the unique property of
having long recognition sequences (>14bp) thus making them naturally specific {(de Souza,
N., Primer: genome editing with engineered nucleases. Nat Meth 9 (1), 27-27 (2011); Smith,
I etal., A combinatorial approach to create artificial homing endonucleases cleaving chosen
sequences. Nucleic Acids Research 34 (22), €149 (2006)). This can be exploited to make
site-specific DSB in genome editing. Meganuclease variants that recognize unique sequences
have been created (Id). Also of use is the fusion of various meganucleases to create hybrid
enzymes that recognize a new sequence (Chevalier, B.S. et al., Design, Activity, and
Structure of a Highly Specific Artificial Endonuclease” Molecular Cell 10 (4), 895-905
(2002)). Yet others have altered the DNA interacting amino acids of the meganuclease to
design sequence specific meganucelases in a method named rationally designed
meganuclease (US Patent 8,021,867, WQ2007/047859;, W(02011/064736).

A well characterized megaendonuclease is I-Scel. 1-Scel is a site-specific
endonuclease, responsible for intron mobility in mitochondria in Saccharomyces cerevisea.
The enzyme is encoded by the optional intron Sc LSU.1 of the 21 S rfRNA gene and initiates
a double stranded DNA break at the intron insertion site generating a 4 bp staggered cut with
3'0H overhangs. The recognition site of I-Scel endonuclease extends over an 18 bp non-
symmetrical sequence {Colleaux et al. 1988 Proc. Natl. Acad. Sci. USA 85: 6022-6026). The
amino acid sequence for I-Scel and a universal code equivalent of the mitochondrial I-Scel
gene have been provided by e.g. WO 96/14408. WO 96/14408 further discloses a number of
variants of [-Scel protein which are still functional. PCT application PCT/EP04/013122
{(incorporated herein by reference) provides synthetic nucleotide sequence variants of I-Scel

which have been optimized for expression in plants.
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Another well characterized designed meganuclease is based on the naturally occurring
meganuclease I-Crel for use as a scaffold. I-Crel is an endonuclease found in the
chloroplasts of Chlamydomonas rheinhardisi (Thompson et al. 1992, Gene 119, 247-251).
This endonuclease is a homodimer that recognizes a pseudo-palindromic 22 bp DNA site in
the 235rRINA gene and creates a double stranded DNA break that can be used for the
introduction of an intron. I-Crel is a member of a group of endonucleases carrying a single
LAGLIDADG (SEQ ID NO: 22) motif. LAGLIDADG (SEQ ID NO: 22) enzymes contain
one or two copies of the consensus motif. Single-motif enzymes, such as I-Crel function as
homodimers, whereas double-motif enzymes are monomers with two separate domains.
Accordingly, when designing meganucleases derived from an I-Crel scaffold to recognize a
22 bp nucleotide sequence of interest, two monomeric units are designed, each recognzing a
part of the 22 bp recognition site, which are needed in concert to induce a double stranded
break at the 22 bp recognition site (W02007/047859). Concerted action may be achieved by
linking the two monomeric units into one single chain meganuclease, or may also be
achieved by promoting the formation of heterodimers, as described e.g. in W02007/047859.

Alist of other DSB inducing enzymes and their respective recognition sites is
provided in Table I of WO 03/004659 (pages 17 to 20) (incorporated herein by reference).
These include I-See I, I-Chu [, I-Dmo I, I-Cre L I-Cam I, PI-FH L Pt-Mitu I, I-Ceu 1, I-See 11,
I-See 111, HO, PI-Civ I, PI-Ctr I, PI-Aae I, PI-BSU L, PI-Dhal, PI-Dra I, PI-May I, PI-Mch L,
PI-Mfu I, PI-Mfl I, PI-Mga I, PI-Mgo I, PI-Min I, PI-Mka I, PI-Mle [, PI-Mma I, PI-Msh 1,
PI-Msm I, PI-Mth I PI-Mtu | PI-Mxe I, PI-Npu [, PI-Pfu [, PI-Rma I, PI-Spb I, PI-Ssp [, PI-
Fae I, PI-Mja I, PI-Pho I, PI-Tag I, PI-Thy |, PI-Tko I or PI-Tsp L.

As opposed to meganucleases, the concept behind ZFNs and TALEN technology is
based on a non-specific DNA cutting enzyme, which can then be linked to specific DNA
sequence recognizing peptides, such as zinc fingers (such methods have been described e.g.
in WO 03/080809, W094/18313 or W095/09233 and in Isalan et al |, 2001, Nature
Biotechnology 19, 656-660; Liu et al. 1997, Proc. Natl. Acad. Sci. USA 94, 5525-5530)) and
transcription activator-like effectors {TALEs; Baker, M, Gene-editing nucleases. Nat Meth 9
(1}, 23-26 (2012); Christian et al., 2010, Genetics 186: 757-761, WOI0/079430 and
WO 10/146121). In these technologies, the endonuclease has a DNA recognition site and
cleaving site separate from each other. Although the nuclease portions of both ZFNs and
TALEN constructs have similar properties (e.g., Fokl}, the difference between these
engineered nucleases is in their DNA recognition peptide. ZFNs rely on Cys2-His2 zinc

fingers and TALEN constructs on TALEs. Both of these DNA recognizing peptide domains
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have the characteristic that they are naturally found in combinations in their protetns. Cys2-
His2 Zinc fingers typically happen in repeats that are 3 bp apart and are found in diverse
combinations in a variety of nucleic acid interacting proteins such as transcription factors.
TALESs on the other hand are found in repeats with a one-to-one recognition ratio between the
amino acids and the recognized nucleotide pairs. Because both zinc fingers and TALEs
happen in repeated patterns, different combinations can be tried to create a wide variety of
sequence specificities (de Souza, N., Primer: genome editing with engineered nucleases. Nat
Meth 9 (1), 27-27 (2011)). Zinc fingers have been more established in these terms and
approaches such as modular assembly (where Zinc fingers correlated with a triplet sequence
are attached 1n a row to cover the required sequence), OPEN (low-stringency selection of
peptide domains vs. triplet nucleotides followed by high-stringency selections of peptide
combination vs. the final target in bacterial systems), and bacterial one-hybrid screening of
zine finger libraries among other methods have been used to make site specific nucleases.

Another way of producing custom-made meganucleases, by selection from a library
of variants, is described in W02004/067736. Custom made meganucleases with altered
sequence specificity and DN A-binding affinity may also be obtained through rational design
as described in W02007/047859. Such custom designed endonucleases are also referred to as
a non-naturally occurring endonucleases.

The designed double stranded break inducing enzyme may comprise, but need not
comprise, a nuclear localization signal (NLS), such as the NLS of SV40 large T-antigen
(Raikhel, Plant Physiol. 100: 1627-1632 (1992) and references therein) (Kalderon et al. Cell
39: 499-509 (1984)). The nuclear localization signal may be located anywhere in the protein,
but 1s conveniently located at the N-terminal end of the protein. The nuclear localization
signal may replace one or more of the amino acids of the double stranded break inducing
enzyme.

Conveniently, the DSBI enzyme can be provided by expression of a plant expressible
recombinant gene(s) encoding such enzyme(s). To this end, a DNA region comprising a
nucleotide sequence encoding, for example, a designed meganuclease or meganuclease
monomeric unit can be operably linked to a plant-expressible promoter and optionally a DNA
region involved in transcription termination and polyadenylation and introduced into a plant,
plant part or plant cell(s). The recombinant gene(s} encoding DSBI enzyme may be
introduced transiently or stably. The DSBI enzyme may also be introduced into the plant,
plant part or plant cell(s) by introducing into the cell an RNA molecule which is translated

into the DSBI enzyme. Alternatively, the DSBI enzyme may be introduced into the plant,
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plant part or plant cell(s) directly as a protein. Methods for the introduction of DNA or RNA
molecules or proteins into a plant, plant part, tissue or plant cell(s) are available to an art
worker and briefly described below.

Described herein, the term "plant operative promoter” and "plant-expressibie
promoter" mean a promoter which is capable of driving transcription in a plant, plant tissue,
plant organ, plant part, or plant cell. This includes any promoter of plant origin, but also any
promoter of non-plant origin which is capable of directing transcription in a plant cell.

Promoters that may be used in this respect are constitutive promoters, such as the
promoter of the caulitlower mosaic virus (CaMV) 358 transcript (Hapster et al., 1988,

Md. Gen. Genet. 212: 182-190), the CaMV 198 promoter (U.S. Pat. No. 5,352,605, WO
84/02913; Benfey et al, 1989, EMBO J. 8:2195-2202), the subterranean clover virus
promoter

No 4 or No 7 (WO 96/06932), the Rubisco small subunit promoter (U.S. Pat. No. 4,962,028),
the ubiquitin promoter (Holtorf et al., 1995, Plant Mal. Biol. 29:637-649), T-DNA gene
promoters such as the octopine synthase (OCS) and nopaline synthase (NOS) promoters from
Agrobacterium, and further promoters of genes whose constitutive expression in plants is
available to the person skilled in the art.

Further promoters that may be used in this respect are tissue-specific or organ-specific
promoters, such as seed-specific promoters, such as the 28 albumin promoter (Joseffson et
al., 1987, J. Biol. Chem. 262:12196-12201), the phaseolin promoter (U.S. Pat. No. 5,504,200,
Bustos et al,, 1989, Plant Cell 1. (9):839-53}, the legumine promoter (Shirsat et al., 1989,
Mal. Gen. Genet. 215(2):326-331), the "unknown seed protein” (USP) promoter (Baumlein et
al., 1991, Mal. Gen. Genet. 225(3):459-67), the napin promoter {(J.S. Pat. No. 5,608,152;
Stalberg et al., 1996, Planta 199: 515-519), the Arabidopsis oleosin promoter (WO
98/45461), the Brassica Beed promoter (WO 91/13980), and further promoters of genes
whose seed-specific expression in plants is available to the person skilled in the art.

Plant Gene Editing

The use of meganucleases, ZFNs, CRISPR and TALEN, provides a novel strategy for
genetic manipulation in plants and can assist in the engineering of desired plant traits by
mutating endogenous genes.

Using engineered nucleases, or any method available to an art worker, various genes
can be mutated (so as to create a deletion mutation/truncation, addition of one more
nucleotides and/or mutating one or more nucleotides (changing its sequence/substitution} and

not a mutation by insertion of foreign/non-endogenous DNA), including FatAl (fatty acyl

13



10

15

20

25

30

WO 2017/205665 PCT/US2017/034541

thioesterase A 1; Morenc-Perez et al. 2012, Reduced expression of FatA thioesterases in
Arabidopsis affects the oil content and fatty acid composition of the seeds. Planta 235: 629-
39; Hawkins & Kridl. 1998, Characterization of acyl-ACP thioesterases of mangosteen
(Garcinia mangostana) seed and high levels of stearate production in transgenic canola. Plant
J13: 743-52), FatAZ (fatty acyl thicesterase A 2; U.S. Patent No. 9,334 ,483); Kas3 (Dehesh
et al. 2001. Overexpression of 3-ketoacyl-acyl-carrier protein synthase Iifs in plants reduces
the rate of lipid synthesis. Plant Phys 125:1103-1114; Abbadi et al. 2000. Knockout of the
regulatory site of 3-ketoacyl-ACP synthase IIf enhances short- and medium-chain acyl-ACP
synthesis. Plant J 24: 1-9); Kas2 (Pidkowich et al. 2007. Modulating seed f-ketoacyl-acyl
carrier protein synthase I level converts the composition of a temperate seed oil to that of a
palm-like tropical oil. PNAS 104:4742-4747; Wu et al. 1994, A mutant of Arabidopsis
deficient in the elongation of palmitic acid. Plant Phys 106: 143-150; Gupta et al. 2012,
Transcriptional activation of Brassica napus B-ketoacyl-ACP synthase I with an engineered
zinc finger protein transcription factor. Plant Biotech J 10:783-791}; and/or FATB (acyl-acyl
carrier protein thioesterases; Bonaventure, G. (2003) Plant Cell. April 15 (4) 1020-33;
PCT/EP2008/005551, PCT/US2010/061226) of a plant, such as a Cruciferae plant, for
example a Brassica plant, including a plant of the Brassica napus, Brassica juncea, or
Brassica rapa species. In one embodiment, the plant is an oilseed crop, such as flax (Linum
sp.}, rapeseed (Brassica sp.), soybean (Glycine sp.), sunflower (Helianthus sp.), cotton
{Gossypium sp.), corn (Zea mays), olive (Olea sp.}, safflower (Carthamus sp.), cocoa
{Theobroma cacoa), peanut (Arachis sp.}, hemp, oil palm, coconuts, groundnuts, sesame
seed, castor bean, lesquerella, tallow tree, shea nuts, poppy seed, and/or jojoba seeds. Thus,
provided herein are genes and plants, such as Brassica plants, that include modified alleles of,
for example FatAl, FatA2, Kas2, Kas2 and/or FatB, that result in the production of the
protein encoded by the gene to have reduced activity or no activity (as compared to wild type
FatAl, FatA2 Kas2, Kas2 and/or FatB) or results in little to no protein product being
produced.

For example, through use of a targeted/designed meganuclease and endogenous repair
mechanisms, an insertion, substitution or deletion mutation can be created in any one of the
genes described herein. A deletion mutation can be from 1 nucleotide to 400 plus nucleotides
in fength, including for example, 1,2, 3,4, 5,6,7, 8,9, 10, 11, 12, 13, 14, 15,16, 17, 18, 19,
20,21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45,46, 47,48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69,
70, 71, 72. 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94,
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95,96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114,
115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132,
133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150,
151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168,
169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186,
187, 188, 189, 190, 191, 192, 193, 194, 5, 197, 198, 199, 200, 201, 202, 203, 204,
205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222,
223,224, 225, 226, 227, 228, 229, 230, 231 233, 234, 235, 236, 237, 238, 239, 240,
241, 242, 243, 244, 245, 246, 247, 248 251, 252, 253, 254, 255, 256, 257, 258,
259, 260, 261, 262, 263, 264, 265, 266, 267, 268, 269, 270, 271, 272, 273, 274, 275, 276,
77,278, 279, 280, 281, 282, 283, 284, 286, 287, 288, 289, 290, 201, 292, 293, 294,
95, 296, 297, 298, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311, 312,
14,315,316, 317, 318, 319, 320 323, 324, 325, 326, 327, 328, 329, 330,
31,332, 333, 334, 335, 336, 337, 338, 339, 340, 341, 342, 342, 344, 345, 346, 347, 348,
349, 350, 351, 352, 353, 354, 355, 356, 357, 358, 359, 360, 361, 362, 363, 364, 365, 366,
367, 368, 369, 370, 371, 372, 373, 374, 375, 376, 377, 378, 379, 380, 381, 382, 383, 384,
385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395, 396, 397, 398, 399, 400 and so on (and
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any range encompassing such numbers or the entire gene). Such deletions can result 1o little
to no expression of the gene (RNA and/or protein) and if protein is expressed from the gene,
it will have no or reduced activity as compared to a wild type gene.

The engineered nuclease is provided to plants or plant tissues via conventional
methods (e.g., DNA coding for engineered nuclease is inserted into a plasmid (generally
operably linked components comprising a promoter sequence, engineered nuclease,
terminator (stop) sequence and optionally an antibiotic resistance gene)) which is then
introduced into the plant cells by any method available to the art, including for example into
bacteria, such as Agrobacterium tumefaciens, but also by direct DNA transfer methods.
Yarious methods for BDNA delivery into cells/tissues (intact plant cells or partially degraded
tissues or plant cells) are known in the art, and include electroporation as illustrated in U.S.
Pat. No. 5,384,253; microprojectile bombardment (biolistics) as illustrated in U.S. Pat. Nos.
5,015,580 5,550,318; 5,538,880; 6,160,208; 6,399,861; and 6,403,865; Agrobacterium-
mediated transformation as illustrated in U.S. Pat Nos. 5,635,055, 5,824,877, 5,591,616;
5,981,840; and 6,384,301, protoplast transformation as illustrated in U.S. Pat. No. 5,508,184,
electroporation, chemically-assisted transformation, liposome-mediated transformation (see,

e.g., A Deshayes, et al. (1985} EMBO J. 4:2731-7)}, carbon fiber, stlicon carbide fiber or
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aluminum borate fiber (generally termed whiskers) (see, e.g., J. Brisibe, Exp. Bot. 51 (343):
187-196 (2000); Dunwell (1999) Methods Mo!. Biol. 111:375-82; and U.S. Pat. No.
5,464,765}, micro-injection (see, e.g., TJ. Reich, of al. (1980) Biotechnology 4: 1001-1004)
and viral-mediated transformation (see, e.g., S. B. Gelvin, (2005) Nat Biotechnol. 23: 684-5,
WO 90/12107, WO 03/052108 and WO 2005/098004), bombardment of plant cells with
heterologous foreign DNA adhered to particles, ballistic particle acceleration, aerosol beam
transformation (U.S. Patent Application No. 20010026941, U.S. Pat. No. 4,945,050,
International Publication No. WO 91/00915; U.S. Patent Application No. 2002015066, WO
01/038514; all incorporated herein by reference), Led transformation, PEG transformation,
and various other non-particle direct-mediated methods to transfer DNA. As used herein
"direct DNA transfer” is any method of DNA introduction into plant cells which does not
involve the use of natural Agrobacterium spp. and which is capable of introducing BNA into
plant cells.

It will also be clear that the terms used to describe the method such as "introduction of
a DNA” as well as "regeneration of a plant from the cell” do not imply that such DNA
necessarily needs to be introduced by transformation techniques. Indeed, it will be
immediately clear to the person skilled in the art that the DNA molecule of interest may also
be introduced by breeding or crossing techniques from one plant to another. Thus,
“introducing” in connection with the present application relate to the placing of genetic
information in a plant cell or plant by any known means. This can be effected by any method
known in the art for transforming RNA or DNA into plant cells, tissues, protoplasts or whole
plants or by introgressing said RNA or DNA into plants as described below.

In the case of introducing DNA into a plant, plant tissue or pant cell(s) in which the
mutation is desired (e.g., canola plant or plant tissue; including, for example, several varieties
of the Brassicaceae plants, including for example, Brassica napus, Brassica rapa, B.
campestris or Brassica juncea and mutated Brassica plants) via Agrobacterium tumefaciens,
the plant, plant tissues, or plant cell(s) is exposed to the bacteria carrying the engineered
nuclease. For example, the plant can be dipped in a solution comprising the bacterium or
disks can be punched out from a plant leaf {or other plant tissue, such as the stems, can be
used) and incubated with a culture of plasmid-containing 4. fumefaciens. The disks/plant
tissue are then placed under conditions to generate callus in the presence of antibiotic. Only
those plant cells/tissue that have DNA from the plasmid (the resistance gene) will have
antibiotic resistance. The conditions therefore select for the plant cells/tissue by killing those
that do not contain plasmid DNA. After resistant callus is selected, they are transferred to
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medium that induces growth of shoots, where they grow roots, and then to soil to grow into
mature plants.

Plants (offspring) are then selected for those which have a mutation in the desired
gene {e.g., such as those listed above). The selection process can look for altered size in the
gene of interest and/or protein activity (protein normally produced by the gene of interest), as
well as antibiotic resistance (an extra piece of DNA that was included in the plasmid inserted
into the bacteria that provides for resistance to a specific antibiotic) or by sequence. Those
plants with reduced to no activity in the desired gene {expression of RNA and/or protein), as
compared to plants that were not exposed to the engineered nuclease (with identical starting
backgrounds), are of particular interest. If the bacteria inserted any foreign DNA into the
plant, these plants can be further bred until such DNA 15 no longer part of the mutated plant.
The plants can also be bred so that they are homozygous for the mutation {e.g., deletion).

Also provided is a method crossing one or more first parent plants that contain a
mutant allele at one or more loct of FatAl, FatA2, FatB, Kas2, and/or Kas3 and one or more
second parent plants that contain a mutant allele at a different locus of FatAl, FatA2, FaiB,
Kas2, and/or Kas3, wherein each mutant allele results in the production of a polypeptide
having reduced activity (or no activity) relative to a corresponding wild-type (or a gene that
was not mutated as described herein) FatAl, FatA2, FatB, Kas2, and/or Kas3 polypeptide (or
no polypeptide 1s produced at all); and selecting progeny plants having mutants alleles at two
or more different loct thereby obtaining a desired plant.

Piant Products

Oils obtained from such plants, such as Brassica plants (canola oil), can have low or
no saturated fatty acids and an altered oleic acid content as compared to a plant that was not
mutated as described herein (identical genetic background to plant prior to exposure to an
engineered nuclease). Oil content in the seeds can be determined by methods known to those
of skill in the art.

In another aspect, a method of producing an oil 1s provided. The method inciudes
crushing seeds produced from at least one Brassica plant described herein; and extracting oil
from the crushed seeds. Such oils can be used in food compositions, spray coatings for food,
and/or for frying applications (such as frying food, so as to produce fried foods such as snack

chips {e.g., corn or potato chips), French fries, or other quick serve foods).

The 1nvention will be further described 1n the following examples, which do not limit

the scope of the invention described in the claims.
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Examples
Example 1

Mutation of FatAl with use of a meganuclease

Using a meganuclease specific for FatAl (the expression of the desired
meganuclease in a canola plant cell causes specific breaks in FatA1l DNA in the plant
genome; repair of which leads to deletions, insertions and/or base pair changes), several
canola plants with deletions in Fatl A were generated (ranging from 1 to 350 base pair
deletions). This resulted in phenotypes with a decrease in C13:0 saturated fat production
from about 7% to about 38%, with a reduction in combined C18:0/C20:0/C22:0/C24:0 from
about 6% to about 33%, as compared to plants with an identical genetic background to the
plant prior to exposure to an engineered nuclease.

Thus targeted mutation of Fatl A resulted in a significant and unexpected decrease
in saturated fat production.

Example 2
FatAl Mutation and Analysis

In the Tables provided below, the fatty acids are referred to by the length of the
carbon chain and number of double bonds within the chain. For example, C14:0 refers to
myristic acid; C16:0 refers to palmitic acid; C18:0 refers to stearic acid; C18:1 refers to oleic
acid; C18:2 refers to linoleic acid; C18:3 refers to ALA; C20:0 refers to archidic acid; C20:1
refers to eicosenoic acid; C22:0 refers to behenic acid; C22:1 refers to erucic acid; €24:0
refers to lignoceric acid; and C24:1 refers to nervonic acid. "Total Sats” refers to the total of
C14:0, C16:0, C18:0, C20:0, C22:0, and €C24:0. Representative fatty acid profiles are
provided for each of the specified samples.

Unless otherwise indicated, all percentages refer to fatty acid % based on total fatty
acids (i.¢e., fatty acid moieties) in the oil.

Brassica plants with lower saturated fatty acid were obtained by subjecting cells of
Brassica plants to engineered meganucleases, followed by analysis of sequence (Figures 1-5)
and saturated fatty acid production (Tables 1 and 2).

The average results of saturated fatty acid production in said mutant plant lines is
presented in Tables 1 (IMC201 background) and Table 2 (Cargill background), showing
mutated plant lines, prepared by the methods described herein having a reduction of saturated
fatty acid 18:0 (stearic acid) of about 9% to about 34%, a reduction in 18/20/22/24 saturated
fatty acids combined of about 5% to about 37%, and a reduction in total saturated fatty acids

15



WO 2017/205665 PCT/US2017/034541

of about 6% to about 14%. “WT” indicates average results for non-mutated (e.g., wild-type

allele(s)) plants of the identical genetic background.

Table 1
% reduction Total Sats | % reduection 2% reduction
Sample Cisn Ci8:8 C20:0 | €220 | C28:0 |18/20/22/24|18/20/22/24|Total Sats| totalsats
Wiutant {IWC201} 183 23% .82 3,53 .23 .54 21% 802 131%
WT (IO} 2,38 104 #4685 .28 .46 B.57
5  Table?Z
% reduction Totad Sats | % reduction % reduction
Samgple £18:0 C18:8 C20:0 | €228 | €240 [18/20/22/24/18/20/22/24|Total Sats| totalsats
Shutant {Cargill} 1.8 2R .37 3.313 08.33 1.73 ZEN 530 %
WT {Cargil} 1.4% 348 2.14 .28 2.3% 5.5
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WHAT IS CLAIMED IS:

(A

A method to mutate the genome of a Brassica plant cell at a target site comprising;

a) inducing a double stranded DNA break at said target site, said double
stranded break being induced by the introduction to said cell of a double stranded
DNA break inducing (DSBI) enzyme which recognizes a recognition sequence in the
vicinity of or at said target site in FatAl, FatA2, Kas2, Kas3 and/or FatB gene(s); and

b) selecting a plant cell wherein said double stranded DNA break has been
repaired resulting in a modification in the genome at said target site, wherein said
modification is a substitution of at least one nucleotide, a deletion of at least one

nucleotide, an insertion of at least one nucleotide or any combination thereof.

The method of claim 1, wherein said plant cell 1s regenerated into a plant.

A plant cell comprising a mutation at a target site of the genome obtained by the

method of claim 1.

A plant, plant part, seed or propagating material thereof comprising a mutation at a

target site of the genome comprising the plant cell of claim 3.

A method to produce a Brassica plant with reduced saturated fatty acids comprising:
a} inducing a double stranded DNA break at a target site, said double stranded
break being induced by the introduction to a plant cell of a double stranded DNA
break inducing (DSBI) enzyme which recognizes a recoguition sequence in the
vicinity of or at said target site in FatAl, FatA2, Kas2, Kas3 and/or FatB gene(s); and
b) selecting a plant cell wherein said double stranded DNA break has been
repaired resulting in a mutation in the genome at said target site, wherein said
mutation is a substitution of at least one nucleotide, a deletion of at least one
nucleotide, an insertion of at least one nucleotide or any combination thereof, and
¢) regenerating said plant cell(s) of b} into a plant;
wherein said mutation results in reduced production of saturated fatty acids by
said plant as compared to a control plant of identical genetic background that has not

been mutated by said DSBI and repair,
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plant.

10.
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16.

The method of claim 1 or 5, wherein the DSBI enzyme is a single chain meganuclease
or a pair of meganucleases which recognizes or recognize in concert a site and
induces or induce said double strand break.

The method of any of claims 2 or 5 to 6, wherein said plant is crossed with another

A plant, plant part, seed or propagating material thereof comprising a mutation at a

target site of the genome obtained by the method of any one of claims 2 or 5 to 7.

The method of any one of claims 1 to 8, wherein the plant is Brassica napus, Brassica

Juncea, or Brassica rapa.

Py
/
7

2

The method of any one of claims 1 to 9, wherein one or both FatAl alleles on N3, N

13 and/or N17 are mutated.

The method of claim 10, wherein one or both FatAl alleles on N13 and/or N17 are

mutated.

The method of claim 11, wherein one or both FatAl alleles on N13 are mutated.

The method of claim 10, wherein one or both FatAl alleles on N3, N7 and/or N13 are

mutated.

The method of claim 13, wherein one or both FatA1 alleles on N7 are mutated.

The method of any one of claims 10 to 14, wherein the mutation is a deletion of one

or more nucleotides.

The method of claim 15, further comprising at least one substitution mutation.

The method of any one of claims 2 or 5 to 16, wherein the plant yields a reduction of
stearic acid (18:0) of about 9% to about 35% as compared to an non~-mutated plant of

identical genetic background.
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The method of any one of claims 2 or 5 to 16, wherein the plant yields an overall

reduction in total saturated fatty acids of about 5% to about 15%.

A mutated Brassica plant comprising a deletion in at least one allele of FatAl, FatAZ,

Kas2, Kas3 and/or FatB.

The mutated plant of claim 19, wherein the deletion is from about 1 to about 350 base

pairs in length.

The mutated plant of claims 19 or 20, wherein the mutation results in a decrease in the

production of saturated fatty acid(s) by the mutated plant.
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ATGTCTCTCCATCTCCACTACCGGCTCTGTCAATTGTAACAGATCCCATCCTCCTTTT TAGATCTACAAATAATTAALT
TTCTCATCATCTCTCITATGTGTGGUITTGATTTIGTTGCAGRTTGAAGARTCGAAGGG TG RAGALGAACCAATGG
AGCGATGTGGTCATGACAGAGGAAGAGGGEATTCAGTTTCTAATGGTGGALGLTCGTCACAGATCTTTTGCAGET
TAGATTETAGATAGTTAAAACTATGTATCAATTTTGATTGGTCAATATTTAA AARAAARRTAACTTTGTTGTTGGTT
TRATGTATGTGAGGAGETGUGATGTAATCAGTTICAGAGLETTGLATTTTCGALTOATGLGATTGLGALAACALLY
ACCATGAGGAAALTGAATCTCATTTGGGTCALTTCGAGAATCCACATTCGAGATCTACAGATATCCAGLTTGETATT
GTTT T CAT T TGLTCTGTATGTTTGATGACAACAAATGGATTGAATTTTTGAAMATTTTGGTTACAGGGETGAT
GTGGTTOAGATAGAGACATGGTGTCAGAGTGAAGGAAGGATCGGGACAAGGLGTGATTGGATTCTTAAGGALAT
TECTAACGLTGAAGTCACTGGUTGTGLTACTAGGT TTCCTTCTCATCATTIT T TGUTTTCTCCATIGGTTTGTGLAA
TAGAATTAAATTTTCTTATGTTAAAGATATAACTTTCAGTTACTTGGATITATGTTAAAGATATAATTTTCATTTOCG
AGCACTTGATGTTCTGTCTTAAAGAARCCCAGGTARAAGGAACTTTETGTCCAGGTCAATGUSATGLTTIGCTGGTCA
ATCATATCETTATATTCATGAMATGLCCACTACTATETT TTATGTATATCTTIGTAGAT TAGCATTTCCTETGGAGGA
ASATAACAGAAGUTTGAAGAMAATILCCACACTUGAALATCTAGITAAGTACTCAATCATTGGACTAAAGGTATAA
ARTAGARALRAATAATATTCTTT GTAGGAATCAACATTCCTAGAGGALTTTATAATCATGTTTCTTTGCAGCCAARGALS
AGCTGATCTCGACATGAACCATCATGTCAATAATTTCACCTATATTGGATGGATTCTTGAGGTTAGTGTCATCATCA
GGTTUTTTTTAAAATAATAACTTCAGTAATCACCATATSACTTITGTTTICTGATATTGTCAGAGCATACTCAAGAGAT
TETAGACACGCATGAACTTTGGATTACAGACGAGAATGTCAGCAAGALGATETGLTGRAT T CACTCACTACTTCA
AAGAATGGUTCTGLAACATCAGGCACACAAAGLCACAACGATAGCCAGTTCTTATCTGGAGATOGGTCAGRAGATL
AACTGTGOGALALCCCTGTGCAGAAAGAAGCCCTCCAGATAGACAATCLCTAAGLCATTACGAGTCRAAGGACCAA
TCATTTICACATAAACCTCTTTGCTTATTTGATTAAACAAGT TACATGACTCATAACAGATTCTGLOTATTACAAAGT
CTCATARATTTCAAATAATGTGAGTAAATAAATAGARAACAGAGARTTGE {(SEQUID N1}

FIG. 1

SUBSTITUTE SHEET (RULE 26)
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GGATAAATGTCTTCTCCATCTCCTGTTCCCATATAAGARAACCTGGTTTOAGTCLTCTGLGGGCGGITGTATLTECT
GATCAAGAAAGTGTOATTCGAGCAGAACAAGG TTTGGACACALTURCGEGTCRGLTCLGGTTGGGTAGCTTGAC
GGAGGATGGTTTATCGTATAAAGAGAAGTTCATAGTCAGATCLCACGAAGTGCAGAGTAACAAAACCGLTACGGT
CCAAACCATTGCCARTCTTTTGCAG G TTAGATTGTAGTTTGTTTAAAACTATGTATGAATCTTGATTGGTCAATATTT
TAAAAATAAGAATTTITATTTTGTTGGTTIGATGTATTTAGGAGG TOGGATGTAATCAG TTTCAGAGCGTTGGATTTY
CGACTGATGGGTTTGCGACAACACCTACCATEAGGAAACTGAATCTCATTTGGGTCACTTCGAGAATGLACATTGS
GATTTACAAATATCCAGCTTGGTATTITITTCTTCTGCTGTOTATE TTTTGATGACACAACARATGAGCAGAGATTTT
GAAATTTTTGGTTACAGGGGTGATATGGTTGAGATAGAGACAT GG TG TCAGAGTGAAGGAAGGATCGGGACAAG
GCATGATTGGATTCTTAAGGATETTGCTAALGG TEAAG TCACTGHCCGTACTALTAGG TTTCCCTCTUATCA (SEQ
B NO2)

FIG. 2A

GOATAAATGTCTTCTCCATCTCCTGTTCCCATATAAGAAAACCTGGTTTOAGTCLTCT QLG GG LGGLTRTATCTGLT
GATCAAGARAGTGTGATTCOAGLAGAALAAGGTTTGGACACALTLGCGEGTLGGLTCLGGTTRGRTAGLTTGAL
GOAGGATGOTTTATCGTATAAAGAGAAGTTCATAGTCAGATCCCACGAAGTGCAGAGTAACAAAACCGLTALCGET
CCAMACCATTGCCAATCTTTTGCAGGTTAGATT GTAGTTTGTTTAAAACTATGTATGAATCTTGATTGGTCAATATTT
TAAAAATAAGAATTTTATTTTGTIGGTTTGATGTATT TAGGAGGTGGLATGTAATCAGTTTCAGAGLGTTGGATTTT
CQACTGATGGGTTTGCGACAACACCTACCATCAGGAAATTGAATCTCATTTGGGTCALTTCOAGAATGLALATTGG
GATTTACAAATATCCAGLTTGGTATTT TTTTCTTCTGUTGTGTATGTI T TGATGACACAACAAATGAGTAGAGATTTY
GAAATTTTTGGTTACAGGGGTGATGTGGT e aee
GTCAGAGTGAAGGAAGGATCGGGACAAGGIATGATTGGATTCTTAAGGATGTTGCTAALGGTGAAGTCACTGEL
CETACTACTAGGTTTCCCTCTCATCA (SEQ 1D NOR3)

FIG. 28

| MEGANUCLEASE TARGET |

GGEGETGATGTGETTIGAGATIAGAGACHTIGCTIGTICAGAGT GAAGGARGIGATIC
GIDIVIVIEJITEITIWICIOISIE{GIR]I

— |

\GGGGTGATGTGGT GTCAGAGTGAAGGAAGGATC

FIG. 2C
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GLATARATGTCTTCTCCATCTLOTGTTCCCATAT AR GAAAACTT GG T TTGAGTLCTCTGLGLELGRITGTATOTGLT
GATCAAGAAAGTETGATTCGAGCAGAACAAGGTTTGGACACACTCGUCGOTCGELTCLGRTTGGGTAGCTTGAL
GGAGGATGGTTTATCGTATAAAGAGAAGTTCATAGTCAGATCCCATGAAGTGCAGAGTAACAAAACCGCTACGET
COARACCATTGLCAATCTTTTGLAGGTTAGATTGTAGTITG T TARAACTATGTATGAATCTTGATTGGTCAATATTY
TAABAATAAGAATTTTATTITGTT GG T TGATGTATTTAGGAGGTGEOATGTAATCAGTTTCAGAGLGTTGGATTIT
COACTGATGGETTTGLGACAACACCTACCATGAGGAAACTCAATCTCATTTGGGTCACTTCGAGAATGLACATTGA
GATTTACAAATATCCAGECTTGGTATTIITIITITGCTGTATATGTTTTGATGACACAACAAATGAGCAGAGATTTIG
AAATTTTGGETATAGLGLTGATGTGGTTGAGA
CATGGTGTCAGAGTGARGGAAGGATLGGGACAAGGLGTGATTGGATTCTTAAGGATCTTGUTAACGGTGAAGTC
ACTGGCCGTACTACTAGGTTTCCUTCYCATCA {SEQ D NOWTY

FIG. 2D

[ VEGANUCLEASE TARGET |
BlCGEGTGAT GG TGACATRGAIGACATIGG T CMCAGAGTIGEAGGARGIGATIC
GIDIVIVIETITETTIWICIOTSTEIGIR

AGGGGTGATGTGGTTGAGA——— CATGGTGTCAGAGTGAAGGAAGGATC

FIG. 2B
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TCAATCTTGATTGETGGAATTTETAAAGACAAGAACTTTGTTGGTTGG TTGATGTGTATATTATAGGAGGETGGGAT
GTAATCATGUGCAGAGCETTORATTCTCGACTOATGRGTTTGLGACAACACCOACAATGAGGAAACTGIATCTCA

TITGAGTCACTECOAGAATGCATATAGAGATCTACAAGTACCCTSCTTGGTATTTGETTTCYGCTTCATITCYTTITA
TCTATGTGTCTCTGTTTTGATCACAALTTAATGAGAGGAATCTTTTGOTTACAGGOGTGATGTGOTTGAGATAGAG
ACATGGTGTCAGAGTGAAGLAAGGATCGHGACTAGLCETRATTGGATTCITAAGGATGTTGUTACGHGTGAAGT

CALTEGLOETO T ACAAGRT TTC T T TCATCATTITITITTAGETTCCTGRAT TGO TITGBACCTITATGTTCCGTAT
TTAATGGTATTGTCGTGATTTGTTGTTTGAC {(SEQUD NO:9)

FIG. 3A

TCAATCTTGATTGRTGGAATTTGTAAGACAAGAACTTTGTTGETTGETTGATGTRTATATTATAGGAGGTGGERAT
GTAATCATGLGCAGAGCETTCHATTICTCGACTGATGGGTTTGUGACAACACCGACAATGAGGAAACTGLATCTCA
TTTGGGTCACTGCRAGAATGLATATAGAGATCT ALAAGTACLTTCTTGGTATTIGETTTTY QUITCETITCTITYTA
TCTATGTGTCTCTGTTTTGATGACAACTTAATGAGAGGAATCTTTTGGTTACAGG GG TGATGTGGTTGAGA -
CATGGTGTCAGAGTGAAGGAAGGATCGGGACTAGGLOTGATTGGATTCTTRAGGATGTTGUTACGGETGARAGTC
ACTGGLUGTEUTACAAGGTTTCCTTITCATCATTT TITTTTAGUTTCCTG CAT TG TITC GACTTTTATGTTCCGTATT
TAATGGTATTATCGTGATTTGTTRTTTGAC (SEQ D NO: 10)

FIG. 3B

i

Gl A A G GGG T GA TG L GG T A AT A GAGACA TG TG TICAGAG TGAAGGARGEATIC
GIDIVIVIEITIETTIWIC 5 RI1T
[ MRGANUCLEASE TARGET |

— i
GTTACAGGGGTGATGTGETTGAGA - CATGGTCTCAGAGTGAAGGAAGGATC

FIG. 3C

SUBSTITUTE SHEET (RULE 26)
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GATTTTCGACTGATGGGTTTGCARCAACALCTACCATGAGGAAACTGAATCTCATTTGGGTCALTTCGAGAATGEA
CATTGAGATTTACAAATATCCAGETTGGTATTITITITITGCTGTGTATGT T TTGATGACACAACAAATGAGCAGAL

ATTTTGAAATITIGGTATAGGGGTGATGTGGTTGAGATAGAGACATGGTGTCAGAGTGAAGGAAGGATIGGGAC

AAGGLOTGATTGCATTCTTAAGGATCTTGCTAACGGTGAAGTCACTGGCCETRCTACTAGGTTTCCOTCTCATCATT
GTTAGCYTTCTCCATTGGTTTGTGLAATGGAATTAAATTTTCTTATGT T AAAGATATAATI TTCAGTTACYTGGATTT

ATGGGACTGTCATGATTTGITGTACCTATGTTIGIGTTACTGTTTCAGCAAGTGGGTGATGATGAACCAAGATACA

AGACGGCTACAGAAAGTTTCTGATGATATCCOGGACGAGCACTTGATTT {SEQ D NO:13)

FIG. 4A

GATTTTCOACTGATGGETTTOCAACAARLALL TACCATGAGLAAACT(‘ AATCTCATTTGGGTCACTTCGAGAATGL
CATTGAGATTI ALAAA FCCAGCTTRETATTTITTTITTGOTGTETATGTTTTGATCACACAACAAATGAGCAGAG
ATTTTGAAATTTTGOTATAGGEGT GAT&T{ZGVGA
AGGAAGGATCGOGACAAGGCGTCATTGEATTCTTAAGGATCTTGCTAALGGTGAAGTCACTGLCLGTGCTACTAG
GTTTCCCTCTCATCATTGTTAGETTTCTCCATTGETTTGTGCAATGGAATTAAATTTICTTATGT TAAAGATATAATTT
TCAGTTACTTGGATTTATCGOACTGTCATGATTTGTTGTACCTATGTTRETGTTACTGTTTCAGCAAGTGRGTGATG
ATGAACTAAGACACAAGACGGCTACAGAAAGTTTCTRATGATATCCGGGACGAGTACTYGATTT {(SEQ 1D NO:14)

FIG. 48

SUBSTITUTE SHEET (RULE 26)
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TATGAATGGAAAAAAGTATCAATCT TG TAATTATGAATCTTGATI GG TCAATTGTGAAAGACAAGAACTTIGTTG
GTTGATTOATGTOTATATAGRAGGTEGGATGTAATCATGCTCAGAGCGTAGGATTCTCGACTGATGGGTTTGIGA
CAACACCTACCATGAGGASATTGLATCTCATTTGOGGTCACTGUCAGAATGLACATTCAGATITACAAGTACCCTGC
TTGGTATTGOTITCTGCTTCATCTGTCTATCTATCTAGATGTGTCTCTGTT TTGATGACAALT AALGAGGAATCTTTC
GETTTACAGGGGTGATETGOTTGAGATAGAGACATGGTGTCAGAGTGAAGGAAGGATCLGGACTAGGLGTGATT
GCATTCTTAAGGATGTTGCTACCGGTGAAGTCACTGGCCGTGUTALAAGGTTTCCTTTTCATCATITT TTAGCITLC
GEGATTGGTTTGGGACCTTAATGTTCCETATITTATGGTGCTGTCCTGATITGITGTITTG {(SEQ D NO:18)

FIG. 5A

TATGAATGGAAAAAAGTATCAATCTTTGTAATTATGAATCTTOGATTGRTCAATTGTGRAAGACAAGAACTTTGTTG

GTTGATTGATGTGTATATAGGAGGTGHGATGTAATCATGUTCAGAGCGTAGGATTCTCOACTGATGGLTTTELGA
CAACACCTACCATGAGGARATTECATCTCATTTGGGTCALTGCCAGARTGCACATTGAGATCTACAAGTALLCTGL

TTGGTATTGETTTCYGCTTCATCTGTCTATCTATCTAGATG TG TCTCTETTTTGATCACAACTAACGAGGEAATCYTTC
GGTTTACAGGRETRATGTGETTGA i

AGGAAGGATCAGCACTAGGCGTGATTRGATTCY TAAGGATETTGCTACCGOTGAAGTCALTGGLIGTGITACAAG
GTTICCTTTTCATCATTT T TTAGETTCCGGGATTGGTTITGRCACCTTAATGTTCLGTATTTTATGGTQUTGTOCTGATY
TTGTTGTTTG (SEQUID NO 19}

FIG. 5B
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