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CANOLA WITH HIGH OLEIC ACID

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority from U.S. Provisicnal Application Serial No.
62/695,388, filed July 9, 2018. The disclosure of the prior application is considered part

of (and 1s incorporated by reference in) the disclosure of this application.

TECHNICAL FIELD
This document relates to materials and methods for generating novel canola plants
with improved oil characteristics. For example, this document relates to Brassica plants

with novel mutations in fatty acid desaturase 2 (FAD2) gene copies.

BACKGROUND

Otlseed rape (Brassica napus) is an important crop that produces considerable
amounts of edible oil — with about 40% of the seed being oil. Oilseed rape is grown for
animal feed, biodiesel, and edible vegetable oils. The edible and processing qualities of
the seed oil is determined primarily by the fatty acid composition of the triglycerol lipids.
Otilseed rape with low erucic acid {canola) has five predominant fatty acids within the
seed oil: 16:0 (palmitic acid), 18:0 (stearic acid), 18:1 (oleic acid), 18:2 (linoleic acid),
and 18:3 (hinolenic acid). Canola o1l 1s valued, m part, for its saturated fatty acid content,
as it has the lowest palmitic acid and stearic acid content of any vegetable oil, with about
6% of total fatty acids being saturated fatty acids.

The quality of canola oil also is determined by the relative composition of the
mono- and polyunsaturated fatty acids, specifically, the relative composition of oleic acid,
linoleic acid, and linolenic acid. Conventional canola cultivars normally produce oil with
~60% oleic acid, ~20% hinoleic acid, and ~10% linolenic acid. Oil with high oleic acid
can have a longer shelf life and greater heat stability during frying (Warner et al., J 4m
Oil Chem Soc 74:1317-1322, 1997; Matthaus, Eur.J Lipid Sci Technol 108:200-211,
2006). Oil with low linolenic acid also can be beneficial for storage and extending shelf

life (Scarth and Tang, Crop Sci 46:1225-1236).

SUMMARY
Genes involved within the fatty acid synthesis pathway in Brassica melade the

fatty acid desaturase genes. FADY? catalyzes the conversion of oleic acid (18:1) 1o hinoleie
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acid (18:2). In B. napus, four copies of FADZ genes have been identified (Yang ot al.,
Theor Appl Genet 125:715-729, 201 2}, Due to linuted studies on high oletc nutants, the
individual contribution of most FAD? gene copies on oil compaosifion was not previously
known, This document is based, at least in part, on the development of materials and
methods for gonerating novel canola plants with improved oil characteristics. The
resulting canola plants can be valuable to canola growers and the food mdustry. Thus, this
document provides methods and compositions for using genome editing the generate
nodified Brassica plants that can be selected for enhanced oif characteristics, such as
mereased oleic acid content and decreased hnolenie acid content. As desertbed herein,
Brassica plants with enhanced off characteristics can be generated using sequence-speeific
mycleases to inactivate or attenuate fatty acid desaturase 2 (FAD2) gene copies.

In a first aspect, this document features a Brassica plant, plant part, or plant cell
containing an induced mutation in one or more FAD?2 gene copies, wherein the plant,
plant part, or plant cell produces oil that has increased oleic acid content and decreased
linolenic acid content as compared to oil produced from a corresponding wild type
Brassica plant, plant part, or plant cell. Each of the induced mutations can be within a
nucleic acid sequence as set forth in any of SEQ ID NOS:1-3, or within a sequence
having at least 90% identity to any of SEQ ID NOS:1-3. The induced mutation can
include a frameshift, where the frameshift includes a deletion selected from the group
consisting of a deletion of the guanine at position 253 of any of SEQ ID NOS:1-3 or at
the corresponding position within a sequence having at least 90% identity to any of SEQ
ID NOS:1-3; a deletion of the adenine at position 416 of any of SEQ ID NOS:1-3 or at
the corresponding position within a sequence having at least 90% identity to any of SEQ
ID NOS:1-3; a deletion of the adenine at position 99 of any of SEQ ID NOS:1-3 or at the
corresponding position within a sequence having at {east 90% identity to any of SEQ ID
NOS:1-3; and a deletion of the guanine at position 322 of any of SEQ ID NOS:1-3 or at
the corresponding position within a sequence having at least 90% identity to any of SEQ
ID NOS:1-3. In some cases, the induced mutation can be an in-frame or frameshift
mutation, where the in-frame or frameshift mutation includes an insertion or deletion
selected from the group consisting of a 3 bp deletion at positions 98-100 of any of SEQ
ID NOS:1-3 or at the corresponding positions within a sequence having at least 90%
identity to any of ESQ ID NOS:1-3; a 6 bp deletion at positions 97-102 of any of SEQ ID
NOS:1-3 or at the corresponding positions within a sequence having at least 90% identity

to any of SEQ ID NOS:1-3; a 3 bp deletion at positions 99-101 and a 1 bp insertion at
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position 99 of any of SEQ 1D NOS:1-3 or at the corresponding positions within a
sequence having at feast 90% identity to any of SEQ ID NOS:1-3; a 7 bp deletion at
positions 98-104 of any of SEQ ID NOS:1-3 or at the corresponding positions within a
sequence having at least 90% identity to any of SEQ ID NOS:1-3; a 13 bp deletion at
positions 92-104 of any of SEQ ID NOS:1-3 or at the corresponding positions within a
sequence having at least 90% identity to any of SEQ ID NOS:1-3; a 6 bp deletion at
positions 96-101 and a 50 bp insertion at position 96 of any of SEQ ID NOS:1-3 or at the
corresponding positions within a sequence having at least 90% identity to any of SEQ ID
NOS:1-3; and an 18 bp deletion at positions 101-118 and a 166 bp insertion at position
101 of any of SEQ ID NOS:1-3 or at the corresponding positions within a sequence
having at least 90% identity to any of SEQ ID NOS:1-3. Each induced mutation can have
been induced by a rare-cutting endonuclease. In some embodiments, the plant, plant part,
or plant cell may not contain a transgene. In some embodiments, the plant, plant part, or
plant cell contains a transgene encoding a protein, where the protein is selected from the
group consisting of a plant S-enolpyruvylshikimate-3-phosphate synthase (EPSPS)
protein, a modified plant EPSPS protein, a bacterial EPSPS protein, an agrobacterium
CP4 EPSPS protein, an aryloxyalkanoate dioxygenase {AAD}) protein, a phosphinothricin
N-acetyltransferase (PAT) protein, an acetohydroxyacid synthase large subunit protein, a
p-hydroxyphenylpyruvate dioxygenase (hppd) protein, and a dicamba monooxygenase
(DMO) protem. The Brassica plant, plant part, or plant cell can be a seed. In some cases,
a mutated FAD?2 gene copy can include the sequence set forth in any of SEQ ID
NOS:53900-53975, or a sequence at least 90% identical to the sequence set forth in any
of SEQ ID NOS:53900-53975.

In another aspect, this document features a Brassica plant or plant part that is a
progeny of the Brassica plant or plant part described above, where the progeny plant or
plant part has a mutation in at least one FAD2 gene copy.

In another aspect, this document features a method for producing a Brassica plant
having increased oleic acid content and decreased linolenic acid content, where the
method includes providing a population of Brassica cells containing functional FAD?2
gene copies, contacting the population of Brassica cells with one or more rare-cutting
endonucleases targeted to the one or more FAD2 gene copies, regenerating Brassica
plants from the population of Brassica cells contacted with the one or more rare-cutting
endonucleases, and selecting a Brassica plant with a mutation in one or more FAD?2 gene

copies, where oil produced by the selected Brassica plant has increased oleic acid content
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and decreased linolenic acid content as compared to oil produced by a corresponding wild
type Brassica plant. The Brassica cells can be selected from the group consisting of
protoplast cells, embryo cells, callus cells, leaf cells, and petiole explant cells. The
method can include transforming the Brassica cells with one or more vectors encoding the
one or more rare-cutting endonucleases. The one or more rare-cutting endonucleases can
be transcription activator-like effector (TALE) nucleases. Each of the one or more TALE
nucleases can be targeted to a sequence within SEQ ID NOS:1-3, or to a sequence having
at least 90% identity to a sequence within SEQ ID NOS:1-3. Each of the one or more
TALE nucleases can be targeted to a sequence within any of the sequences set forth in
SEQ ID NOS:9-29, or to a sequence having at least 90% identity to any of SEQ ID
NOS:9-29. In some cases, a mutated FAD?2 gene copy can include the sequence set forth
in any of SEQ ID NOS:53900-53975, or a sequence at least 90% identical to the sequence
set forth m any of SEQ ID NOS:53900-53975.

In another embodiment, this document features a method for generating a Brassica
plant that produces oil having increased oleic acid content and decreased linolenic acid
content as compared to oil produced from a corresponding wild type Brassica plant, plant
part, or plant cell, where the method includes providing a first Brassica plant having at
least one induced mutation in an endogenous FAD?2 gene copy; providing a second
Brassica plant having wild type FAD2 gene copies; and crossing the first Brassica plant
with the second Brassica plant, thereby producing a plurality of progeny seed, wherein
the progeny seed produce plants that contain an induced mutation in at least one
endogenous FAD?2 gene copy. Each of the induced mutations can be at a sequence within
any of SEQ ID NOS:1-3. The induced mutation can include a frameshift, where the
frameshift includes a deletion selected from the group consisting of a deletion of the
guanine at position 253 of any of SEQ ID NOS:1-3 or at the corresponding position
within a sequence having at least 90% identity to any of SEQ ID NOS:1-3; a deletion of
the adenine at position 416 of any of SEQ ID NOS:1-3 or at the corresponding position
within a sequence having at least 90% identity to any of SEQ ID NOS:1-3:a deletion of
the adenine at position 99 of any of SEQ ID NOS:1-3 or at the corresponding position
within a sequence having at least 90% identity to any of SEQ 1D NOS:1-3; and a deletion
of the guanine at position 322 of any of SEQ ID NOS:1-3 or at the corresponding position
within a sequence having at least 90% identity to any of SEQ ID NOS:1-3. In some cases,
the induced nwtation can be an in-frame or frameshift mutation, where the in-frame or

frameshift mutation includes an insertion or deletion selected from the group consisting of
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a 3 bp deletion at positions 98-100 of any of SEQ 1D NOS:1-3 or at the corresponding
positions within a sequence having at least 90% identity to any of ESQ ID NOS:1-3;a 6
bp deletion at positions 97-102 of any of SEQ ID NOS:1-3 or at the corresponding
positions within a sequence having at least 90% identity to any of SEQ ID NOS:1-3;a3
bp deletion at positions 99-101 and a 1 bp insertion at position 99 of any of SEQ ID
NOS:1-3 or at the corresponding positions within a sequence having at least 90% identity
to any of SEQ ID NOS:1-3; a 7 bp deletion at positions 98-104 of any of SEQ 1D NOS:1-
3 or at the corresponding positions within a sequence having at least 90% identity to any
of SEQ ID NOS:1-3; a 13 bp deletion at positions 92-104 of any of SEQ ID NOS:1-3 or
at the corresponding positions within a sequence having at least 90% identity to any of
SEQ ID NOS:1-3; a 6 bp deletion at positions 96-101 and a 50 bp insertion at position 96
of any of SEQ ID NOS:1-3 or at the corresponding positions within a sequence having at
least 90% identity to any of SEQ ID NOS:1-3; and an 18 bp deletion at positions 101-118
and a 166 bp insertion at position 101 of any of SEQ ID NOS:1-3 or at the corresponding
positions within a sequence having at least 90% identity to any of SEQ ID NOS:1-3. Each
imduced mutation can have been induced by a rare-cutting endonuclease. In some
embodiments, the first Brassica plant and the second Brassica plant do not contain a
transgene. In some embodiments, the first Brassica plant and/or the second Brassica plant
contains a transgene encoding a protein, where the protein is selected from the group
consisting of a plant EPSPS protein, a modified plant EPSPS protem, a bacterial EPSPS
protein, an agrobacterium CP4 EPSPS protein, an AAD protein, a PAT protein, an
acetohydroxyacid synthase large subunit protein, a hppd protein, and a DMO protein. In
some cases, a mutated FAD?2 gene copy can include the sequence sct forth in any of SEQ
ID NOS:53900-53975, or a sequence at least 90% identical to the sequence set forth in
any of SEQ ID NOS:53900-53975.

In yet another aspect, this document features a method for generating a Brassica
plant that produces seed oil having increased oleic acid content and decreased linolenic
acid content as compared to oil produced from a corresponding wild type Brassica plant,
plant part, or plant cell, where the method includes providing a first Brassica plant having
at least a first induced mutation in a first endogenous FAD?2 gene copy, providing a
second Brassica plant having at least a second induced mutation in a second endogenous
FAD?2 gene copy, and crossing the first Brassica plant with the second Brassica plant,
thereby producing a plurality of progeny seed, wherein the progeny seed produce plants

that contain the first and second mduced mutations in the first and second endogenous
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FAD2 gene copies. Each of the induced mutations can be at a sequence within any of
SEQ ID NOS:1-3. The induced mutation can include a frameshift, where the frameshift
includes a deletion selected from the group consisting of a deletion of the guanine at
position 253 of any of SEQ ID NOS:1-3 or at the corresponding position within a
sequence having at least 90% identity to any of SEQ ID NOS:1-3; a deletion of the
adenine at position 416 of any of SEQ ID NOS:1-3 or at the corresponding position
within a sequence having at least 90% identity to any of SEQ ID NOS:1-3; a deletion of
the adenine at position 99 of any of SEQ ID NOS:1-3 or at the corresponding position
within a sequence having at least 90% identity to any of SEQ 1D NOS:1-3; and a deletion
of the guanine at position 322 of any of SEQ ID NOS:1-3 or at the corresponding position
within a sequence having at least 90% identity to any of SEQ ID NOS:1-3. In some cases,
the induced nwtation can be an in-frame or frameshift mutation, where the in-frame or
frameshift mutation includes an insertion or deletion selected from the group consisting of
a 3 bp deletion at positions 98-100 of any of SEQ ID NOS:1-3 or at the corresponding
positions within a sequence having at least 90% identity to any of ESQ ID NOS:1-3;a 6
bp deletion at positions 97-102 of any of SEQ ID NOS: -3 or at the corresponding
positions within a sequence having at least 90% identity to any of SEQ ID NOS:1-3;a3
bp deletion at positions 99-101 and a 1 bp insertion at position 99 of any of SEQ ID
NOS:1-3 or at the corresponding positions within a sequence having at least 90% identity
to any of SEQ ID NOS:1-3; a 7 bp deletion at positions 98-104 of any of SEQ ID NOS:1-
3 or at the corresponding positions within a sequence having at least 90% identity to any
of SEQ ID NOS:1-3; a 13 bp deletion at positions 92-104 of any of SEQ ID NOS:1-3 or
at the corresponding positions within a sequence having at least 90% identity to any of
SEQ ID NOS:1-3; a 6 bp deletion at positions 96-101 and a 50 bp insertion at position 96
of any of SEQ ID NOS:1-3 or at the corresponding positions within a sequence having at
least 90% identity to any of SEQ ID NOS:1-3; and an 18 bp deletion at positions 101-118
and a 166 bp insertion at position 101 of any of SEQ ID NOS:1-3 or at the corresponding
positions within a sequence having at least 90% identity to any of SEQ ID NOS:1-3. Each
mduced mutation can have been induced by a rare-cutting endonuclease. In some cases,
the first Brassica plant and the second Brassica plant do not contain a transgene. In some
embodiments, the first Brassica plant and/or the second Brassica plant contains a
transgene encoding a protein, wherein the protein is selected from the group consisting of
a plant EPSPS protein, a modified plant EPSPS protein, a bacterial EPSPS protein, an

agrobacterium CP4 EPSPS protein, an AAD protein, a PAT protein, an acetohydroxyacid
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synthase large subunit protein, a hppd protein, and a DMO protein. In some cases, a
mutated FAD?2 gene copy can include the sequence set forth in any of SEQ ID
NOS:53900-53975, or a sequence at least 90% identical to the sequence set forth in any
of SEQ ID NOS:53900-53975.

In another aspect, this document features a method for producing Brassica oil
having increased oleic acid content and reduced linoleic acid content, where the method
includes (a) providing a Brassica plant or plant part baving an induced mutation in one or
more FAD?2 gene copies, and (b) producing oil from the plant or plant part. The induced
mutation can include a frameshift, where the frameshift includes a deletion selected from
the group consisting of a deletion of the guanine at position 253 of any of SEQ ID
NOS:1-3 or at the corresponding position within a sequence having at least 90% identity
to any of SEQ ID NOS:1-3; a deletion of the adenine at position 416 of any of SEQ ID
NOS:1-3 or at the corresponding position within a sequence having at least 90% identity
to any of SEQ ID NOS:1-3; a deletion of the adenine at position 99 of any of SEQ ID
NOS:1-3 or at the corresponding position within a sequence having at least 90% identity
to any of SEQ ID NOS:1-3; and a deletion of the guanine at position 322 of any of SEQ
ID NOS:1-3 or at the corresponding position within a sequence having at least 90%
identity to any of SEQ ID NOS:1-3. In some cases, the induced mutation can be an in-
frame or frameshift mutation, where the in-frame or frameshift mutation includes an
nsertion or deletion selected from the group consisting of a 3 bp deletion at positions 98-
100 of any of SEQ ID NOS:1-3 or at the corresponding positions within a sequence
having at least 90% identity to any of ESQ ID NOS:1-3; a 6 bp deletion at positions 97-
102 of any of SEQ ID NOS: -3 or at the corresponding positions within a sequence
having at least 90% identity to any of SEQ ID NOS:1-3; a 3 bp deletion at positions 99-
101 and a | bp insertion at position 99 of any of SEQ ID NOS:1-3 or at the corresponding
positions within a sequence having at least 90% identity to any of SEQ ID NOS:1-3;a 7
bp deletion at positions 98-104 of any of SEQ ID NOS:1-3 or at the corresponding
positions within a sequence having at least 90% identity to any of SEQ 1D NOS:1-3;a 13
bp deletion at positions 92-104 of any of SEQ ID NOS: -3 or at the corresponding
positions within a sequence having at least 90% identity to any of SEQ ID NOS:1-3;a 6
bp deletion at positions 96-101 and a 50 bp insertion at position 96 of any of SEQ 1D
NOS:1-3 or at the corresponding positions within a sequence having at least 90% identity
to any of SEQ ID NOS:1-3; and an 18 bp deletion at positions 101-118 and a 166 bp

insertion at position 101 of any of SEQ ID NOS:1-3 or at the corresponding positions
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within a sequence having at least 90% identity to any of SEQ ID NOS:1-3. Each induced
mutation can have been induced by a rare-cutting endonuclease. In some embodiments,
the first Brassica plant and the second Brassica plant do not contain a transgene. In some
embodiments, the first Brassica plant and/or the second Brassica plant contains a
transgene encoding a protein, wherein the protein is selected from the group consisting of
a plant EPSPS protein, a modified plant EPSPS protein, a bacterial EPSPS protein, an
agrobacterinm CP4 EPSPS protein, an AAD protein, a PAT protein, an acetohydroxyacid
synthase large subunit protein, a hppd protein, and a DMO protein. In some cases, the
mutated FAD?2 gene copy can include the sequence set forth in any of SEQ ID
NOS:53900-53975, or a sequence at least 90% identical to the sequence set forth in any
of SEQ ID NOS:53900-53975.

Unless otherwise defined, 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 pertains. Although methods and materials similar or equivalent to those
described herein can be used to practice the invention, suilable methods and materials are
described below. All publications, patent applications, patents, and other references
mentioned herein are incorporated by reterence i their entivety. In case of contlict, the
present specification, including defimtions, will control. In addition, the materials,
methods, and examples are illustrative only and not intended to be nuting.

The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the desceription below. Other features, objects, and
advantages of the wvention will be apparent from the description and drawings, and from

the claims.

DESCRIPTION OF DRAWINGS

FIG. 1 is an illustration of the Brad FAD2.a, BnaC. FAD2.a, and BnaC FAD2.b
gene structures. Position of nucleotides encoding conserved amino acid sequences is
shown.

FIG. 2 shows the genotype of TO plant c02 at the individual Brad. FAD2.q,
BnaC FAD2.a, and BnaC FAD2.b TALE nuclease target sites.

FIG. 3 shows the genotype of TO plant e01 at the individual Brad.FAD2.q,
BnaC.FAD2.a, and BnaC. FAD2.h TALE nuclease target sites.

FIG. 4 shows the genotype of TO plant €02 at the individual Brad. FAD?2.q,
BnaC FADZ2.a, and BnaC FAD2.» TALE nuclease target sites.
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FIG. 5 shows the genotype of TO plant {02 at the individual Brad.FAD2.q,
BnaC FAD2.a, and BnaC FAD2.b TALE nuclease target sites.

FIG. 6 shows sequences from the FAD2 alleles of mutant TO plants Bn432-a and
Bn432-b. Dashes indicate deletions, and underlining indicates insertions.

FIG. 7 is a diagram illustrating a scheme for generating F3 seeds to be analyzed
for oil composition, showing the FAD2 genotypes of T0 plants Bn432-a and Bn432-b, T1

plants resulting from selfed TO plants, and F2 plants.

DETAILED DESCRIPTION

Studics on canola lines with high oleie acid have been hmited, providing
incomplete information on the types and combinations of pwiiations which can result in
specific ot compositions. This document provides ¥. napus plants that produce oil with
desirable oleic and hnolenic levels. More spectfically, this document describes novel
mtations, alone and in combination, that resalt w significant tmprovement in 8. napus
oil composition.

This document also provides novel methods for generating . napus plants that
produce oil with desirable oleic and linolenic levels. For example, this document relates
to the finding that novel mutations within genes of canola plants can be created using
sequence-specific nucleases. These sequence-specific nucleases can be used to inactivate
or attenuate genes involved in the fatty acid synthesis pathway.

In some embodiments, the target gene for inactivation or attenuation is a member
of the fatty acid synthesis pathway. For example, the target gene can be FAD2, which
catalyzes the conversion of oleic acid (18:1) to linoleic acid (18:2). In B. napus, four
copies of FAD?2 genes have been identified (Yang et al., supra). As used herein, the four
gene copies are named Brad. FAD2.a, Brad. FAD?2.b-like, BraC FAD2.a, and
BrnaC FADZ2.b.

The FAD?2 gene copy Brnad. FAD2.a is located on chrA0S. A representative
example of the coding sequence for Brnad. FAD2.a is shown in SEQ ID NO:1:

ATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAAAGTCT

GAAACCGACAACATCAAGCGCGTACCCTGCGAGACACCGCCCTTCACT

GTCGGAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCG

ATCCCTCGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCT

GCTTCTACTACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTC

TCCTACTTCGCCTGGCCTCTCTACTGGGCCTGCCAGGGCTGCGTCCTAA
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CCGGCGTCTGGGTCATAGCCCACGAGTGCGGCCACCACGCCTTCAGCG

ACTACCAGTGGCTGGACGACACCGTCGGCCTCATCTTCCACTCCTTCCT

CCTCGTCCCTTACTTCTCCTGGAAGTACAGTCATCGACGCCACCATTCC

AACACTGGCTCCCTCGAGAGAGACGAAGTGTTTGTCCCCAAGAAGAA

GTCAGACATCAAGTGGTACGGCAAGTACCTCAACAACCCTTTGGGACG

CACCGTGATGTTAACGGTTCAGTTCACTCTCGGCTGGCCTTTGTACTTA

GCCTTCAACGTCTCGGGGAGACCTTACGACGGCGGCTTCGCTTGCCAT

TTCCACCCCAACGCTCCCATCTACAACGACCGTGAGCGTCTCCAGATA

TACATCTCCGACGCTGGCATCCTCGCCGTCTGCTACGGTCTCTACCGCT

ACGCTGCTGTCCAAGGAGTTGCCTCGATGGTCTGCTTCTACGGAGTTCC

TCTTCTGATTGTCAACGGGTTCTTAGTTTTGATCACTTACTTGCAGCAC

ACGCATCCTTCCCTGCCTCACTATGACTCGTCTGAGTGGGATTGGTTGA

GGGGAGCTTTGGCCACCGTTGACAGAGACTACGGAATCTTGAACAAG

GTCTTCCACAATATCACGGACACGCACGTGGCGCATCACCTGTTCTCG

ACCATGCCGCATTATCATGCGATGGAAGCTACGAAGGCGATAAAGCC

GATACTGGGAGAGTATTATCAGTTCGATGGGACGCCGGTGGTTAAGGC

GATGTGGAGGGAGGCGAAGGAGTGTATCTATGTGGAACCGGACAGGC

AAGGTGAGAAGAAAGGTGTGTTCTGGTACAACAATAAGTTATGA (SEQ

IDNO:D)

The Brad.FAD2.a gene produces a protein with conserved domains and signaling
motifs. A first conserved domain includes the histidine-rich motif HECGHH (SEQ 1D
NO:35), encoded by nucleotides 313-330 of SEQ ID NO:1. A second conserved domain
includes the histidine-rich motif HRRHH (SEQ D NO:36), encoded by nucleotides 421-
435 of SEQ ID NO:1. A third conserved domain includes the histidine-rich motif
HVAHH (SEQ ID NO:37), encoded by nucleotides 946-960 of SEQ ID NO:1. A
signaling motif responsible for allowing FAD?2 to selectively bind to and embed in the
endoplasmic reticulum (YNNKL; SEQ ID NO:38) is encoded by nucleotides 1138-1152
of SEQ ID NO:1.

The FAD?2 gene copy BnaC.FAD2.a is located on chrCOS. A representative
example of the coding sequence for BnaC FADZ2.a is shown in SEQ ID NO:3:

ATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGAAGTCT

GAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTCACT

GTCGGAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCG

ATCCCTCGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCT

10
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GCTTCTACTACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTC
TCCTACTTCGCCTGGCCTCTCTACTGGGCCTGCCAAGGGTGCGTCCTAA
CCGGCGTCTGGGTCATAGCCCACGAGTGCGGCCACCACGCCTTCAGCG
ACTACCAGTGGCTTGACGACACCGTCGGTCTCATCTTCCACTCCTTCCT
CCTCGTCCCTTACTTCTCCTGGAAGTACAGTCATCGACGCCACCATTCC
AACACTGGCTCCCTCGAGAGAGACGAAGTGTTTGTCCCCAAGAAGAA
GTCAGACATCAAGTGGTACGGCAAGTACCTCAACAACCCTTTGGGACG
CACCGTGATGTTAACGGTTCAGTTCACTCTCGGCTGGCCGTTGTACTTA
GCCTTCAACGTCTCGGGAAGACCTTACGACGGCGGCTTCGCTTGCCAT
TTCCACCCCAACGCTCCCATCTACAACGACCGCGAGCGTCTCCAGATA
TACATCTCCGACGCTGGCATCCTCGCCGTCTGCTACGGTCTCTTCCGTT
ACGCCGCCGCGCAGGGAGTGGCCTCGATGGTCTGCTTCTACGGAGTCC
CGCTTCTGATTGTCAATGGTTTCCTCGTGTTGATCACTTACTTGCAGCA
CACGCATCCTTCCCTGCCTCACTACGATTCGTCCGAGTGGGATTGGTTG
AGGGGAGCTTTGGCTACCGTTGACAGAGACTACGGAATCTTGAACAAG
GTCTTCCACAATATTACCGACACGCACGTGGCGCATCATCTGTTCTCCA
CGATGCCGCATTATCACGCGATGGAAGCTACCAAGGCGATAAAGCCG
ATACTGGGAGAGTATTATCAGTTCGATGGGACGCCGGTGGTTAAGGCG
ATGTGGAGGGAGGCGAAGGAGTGTATCTATGTGGAACCGGACAGGCA
AGGTGAGAAGAAAGGTGTGTTCTGGTACAACAATAAGTTATGA (SEQ
ID NO:3)

The BrnaC.FADZ2.a gene produces a protein with conserved domains and signaling

motifs. A first conserved domain includes the histidine-rich motif HECGHH (SEQ ID
NO:35), encoded by nucleotides 313-330 of SEQ ID NO:3. A second conserved domain
includes the histidine-rich motif HRRHH (SEQ ID NO:36), encoded by nucleotides 421-

435 of SEQ ID NO:3. A third conserved domain imcludes the histidine-rich motif
HVAHH (SEQ ID NO:37), encoded by nucleotides 946-960 of SEQ ID NO:3. A

signaling motif responsible for allowing FAD2 to selectively bind to and embed in the

endoplasmic reticulum (YNNKL; SEQ ID NO:38) is encoded by nucleotides 1138-1152

of SEQ ID NO:3.

The FAD2 gene copy Brnad. FAD2.b-like is located on chrA01 based on synteny of

B. napus and its two progenitor species, B. rapa and B. oleracea. A representative

example of the coding sequence for Brad. FAD2.b-like is shown in SEQ ID NO:4:

11
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ATGGGCGCAGGTGGAAGAATGCAAGTCTCTCCTCCCTCCAGCTCCCCC
GGAACCAACACCCTCAAACGCGTCCCCTGCGAGACACCACCATTCACT
CTCGGAGACCTCAAGAAAGCAATCCCACCTCACTGCTTCAAACGCTCC
ATCCCACGCTCCTTCTCCTCTTCGACATCATCATCTCCTCCTCGGCTCCT
CCCTCTACCACCTCTCCACAGCCTACTTCCCTCTCCCTTACCTCGCCTG
ACCCCTCTACTGGGCCTGCCAAGGCTGCGTCCTAACGGGCCTCTGGGT
CATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACCACCAGTGGCT
GGACGACGCCGCCGGCCTCGTICTTCCACTCCTTCCTCCTCGTCCCGTALC
TTCTCCTGGAAGTACATCCATGACGCCACCATTCCAACACCGGATCCC
TCGATAGGGACGAAGTGTTCGTCCCCAAGAAGAAATCCGACATCAAGT
GGTACGGCAAGTACCTCAACAACCCGCTAGGACGCACGGTGATGCTA
ACCGTCCAGTTCAAGCTCGGCTGGCCGTTGTACTTAGCCTTCAACGTCT
CGGGAAGACCTTACAGCGACGGTTTCGCTTGCCATTTCCACCCGAACG
CTCCCATCTACAACGACCGCGAGCGTCTCCAGATATACATCTCTGACG
CTGGCGTCCTCTCCGTATGTTACGGTCTCTACCGTTACGCTGCTTCGCG
AGGAGTAGCCTCTGTGGTCTGTGTCTACGGAGTTCCGCTTCTAATTGTC
AACTGTTTCCTCGTCTTGATCACTTACTTGCAGCACACGCACCCTTCGC
TGCCTCACTATGATTCTTCCGAGTGGGATTGGTTGAGAGGAGCTTTGG
CTACTGTGGATAGAGACTATGGAATCTTGAACAAGGTGTTCCATAACA
TCACGGACACGCACGTGGCGCATCATCTGTTCTCGACGATGCCGCATT
ATAACGCGATGGAAGCGACCAAGGCGATAAAGCCGATACTTTGGAGA
GTATTACCAGTTTGATGGAACGCCGGCGGTTAAGGCGATGTGGAGGGA
GGCGAAGGAGTGTATCTATGTTGAACCGGATAGGCAAGGTGAGAAGA
AAGGTGTGTTCTGGTACAACAATAAGTTATGA (SEQ ID NO:4)

BraA.FAD2 b-like s predicted to be a pseudogene, as there is a premature stop

codon located at position 409-411 of SEQ ID NO:4.

The FAD?2 gene copy BrnaC.FADZ2.b is located on chrCO1 based on synteny of B.

napus and its two progenitor species, 5. rapa and B. oleracea. A representative example

of the coding sequence for Bna( FAD2.h is shown in SEQ ID NO:2:

ATGGGCGCAGGTGGAAGAATGCAAGTCTCTCCTCCCTCCAGCTCCCCC
GAAACCAAAACCCTCAAACGCGTCCCCTGCGAGACACCACCCTTCACT
CTCGGAGACCTCAAGAAAGCAATCCCACCTCACTGCTTCAAACGCTCC
ATCCCTCGCTCCTTCTCCTACCTCCTCTTCGACATCCTCGTCTCCTCCTC
CCTCTACCACCTCTCCACAGCCTACTTCCCTCTCCTCCCCCACCCTCTCC

12
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CTTACCTCGCCTGGCCCCTCTACTGGGCCTGCCAAGGCTGCGTCCTAAC

GGGCCTCTGGGTCATCGCCCACGAATGCGGCCACCACGCCTTCAGCGA

CCACCAGTGGCTGGACGACGCCGTGGGCCTCGTCTTCCACTCCTTCCTC

CTCGTCCCTTACTTCTCCTGGAAGTACGGCCATCGACGCCACCATTCCA

ACACCGGATCCCTCGAGAGGGATGAAGTGCTCGTCCCCAAGAAGAAA

TCCGACATCAAGTGGTACGGAAAGTACCTCAACAACCCGCTAGGACGC

ACGGTGATGCTAACCGTCCAGTTCACGCTCGGCTGGCCGTTGTACTTA

GCCTTCAACGTCTCTGGAAGACCTTACAGCGACGGTTTCGCTTGCCATT

TCCACCCGAACGCTCCCATCTACAACGACCGCGAGCGTCTCCAGATAT

ACATCTCTGACGCTGGCGTCCTCTCCGTATGTTACGGTCTCTACCGCTA

CGCTGGTTCGCGAGGAGTGGCCTCGATGGTCTGTGTCTACGGAGTTCC

GCTTATGATTGTCAACTGTTTCCTCGTCTTGATCACTTACTTGCAGCAC

ACGCACCCTTCGCTGCCTCACTATGATTCTTCGGAGTGGGATTGGTTGA

GAGGAGCTTTGGCTACTGTGGATAGAGACTATGGAATCTTGAACAAGG

TGTTTCATAACATCACGGACACGCACGTGGCGCATCATCTGTTCTCGA

CGATGCCGCATTATAACGCGATGGAAGCGACCAAGGCGATAAAGCCG

ATACTTGGAGAGTATTACCAGTTTGATGGAACGCCGGTGGTTAAGGCG

ATGTGGAGGGAGGCGAAGGAGTGTATCTATGTTGAACCGGATAGGCA

AGGTGAGAAGAAAGGTGTGTTCTGGTACAACAATAAGTTATGA (SEQ

IDNO:2)

The BrnaC.FADZ2.b gene produces a protein with conserved domains and signaling
motifs. A first conserved domain includes the histidine-rich motif HECGHH (SEQ 1D
NO:35), encoded by nucleotides 313-330 of SEQ ID NO:2. A second conserved domain
includes the histidine-rich motif HRRHH (SEQ D NO:36), encoded by nucleotides 421-
435 of SEQ ID NO:2. A third conserved domain includes the histidine-rich motif
HVAHH (SEQ ID NO:37), encoded by nucleotides 946-960 of SEQ ID NO:2. A
signaling motif responsible for allowing FAD?2 to selectively bind to and embed in the
endoplasmic reticulum (YNNKL; SEQ ID NO:38) is encoded by nucleotides 1138-1152
of SEQ ID NO:2.

Induced mutations within FAD2 gene copies, which can result in inactivation or
attenuation of gene function, can include deletions, insertions, and substitutions.
Deletions and insertions can range in size from one nucleotide (nt) to 200 or more nt {e.g.,
one to five nt, five to 10 nt, 10 to 15 nt, 15 to 20 nt, 20 to 30 nt, 30 to 40 nt, 40 to 50 nt,
50 to 75 nt, 75 to 100 nt, 100 to 150 nt, 150 to 200 nt, or more than 200 nt). A deletion

13
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may result in removal of 0.1% to 100% of a gene’s coding sequence (e.g., 0.1 to 0.5%,
0.5 to 1%, 1 t0 5%, 5 to 10%, 10 1o 15%, 15 to 20%, 20 to 30%, 30 to 40%, 40 to 50%,
50 1o 60%, 60 to 70%, 70 to 80%, 80 to 90%, or 90 to 100% of the coding sequence).

In some embodiments, deletions that result in inactivation or attenuation of gene
function are frameshift mutations (i.e., -3N+1 and -3N+2, where N is a whole number
that is greater than or equal to 1). In some embodiments, insertions that result in
inactivation or attenuation are frameshift mutations (i.e., 3N-1 and 3N-2, where N is a
whole number that is greater than or equal to 1). An inactivating/attenuating frameshift
may occur within an exon, after the start codon and before the codon that encodes the last
amino acid that is important for protein function. For the B. rapus FAD?2 gene copies, an
inactivating/attenuating frameshift can occur before or within the nucleotides
corresponding to nucleotides 313-330 of SEQ ID NO:1-3. In some cases, an
mactivating/atienuating frameshift can occur before or within the nucleotides
corresponding to nucleotides 421-435 of SEQ ID NO:1-3. In some cases, an
inactivating/attenuating frameshift can occur before or within the nucleotides
corresponding to nucleotides 946-960 of SEQ ID NO:1-3. In some cases, an
mactivating/attenuating frameshift can occur before or within the nucleotides
corresponding to nucleotides 1138-1152 of SEQ ID NO:1-3.

In some embodiments, deletions that can result in inactivation or attenuation of
FAD?2 gene function also may include in-frame deletions that remove codons encoding
amino acids that are important for protein function. In some cases, for the B. nopus FAD2
gene copies, an inactivating/attenuating in-frame deletion can be within or include the
nucleotides corresponding to nucleotides 313-330 of SEQ ID NO:1-3. In some cases, an
inactivating/attenuating in-frame deletion can be within or include the nucleotides
corresponding to nucleotides 421-435 of SEQ ID NO:1-3. In some cases, an
mactivating/atienuating in-frame deletion can be within or include the nucleotides
corresponding to nucleotides 946-960 of SEQ ID NO:1-3. In some cases, an
inactivating/attenuating in-frame deletion can be within or include the nucleotides
corresponding to nucleotides 1138-1152 of SEQ ID NO:1-3.

To generate FAD2 mutants, B. napus cells can be transformed with one or more
sequence-specific nucleases targeted to one or more of the FAD2 gene copies. Numerous
independent mutants typically can be generated using each of one or more sequence-
specific nucleases. Plants with specific FAD2 mutations also can be generated by

crossing a first plant containing one or more sequence-specific nuclease-induced FAD2
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mutations with a second plant that may or may not have one or more sequence-specific
nuclease-induced FAD?2 mutations. The resulting FAD2-mutant plants can be evaluated
1n any suitable way, including (1) phenotyping the desired trait (¢.g., o1l composition), (2)
molecular characterization of the resulting plant(s) to ensure no off-target mutations or
random integration of foreign DNA, (3) segregation of the mutation(s) and phenotype,
and (4) agronomic performance of the FADZ-mutant plant(s).

Mutations in the different FAD2 gene copies can be combined. Different
combination of mutations can result in different oil characteristics. In some embodiments,
Brassica plants with one or more mutations in Brnad.FAD2.a can be generated. In some
embodiments, Brassica plants with one or more mutations in BraC.FAD2.a can be
generated. In some embodiments, Brassica plants with one or more mutations in
BrnaC.FADZ2.b can be generated. In some embodiments, Brassica plants with one or more
mutations in Brnad FAD2.a and BraC.FAD2.a can be generated. In some embodiments,
Brassica plants with one or more mutations in Brad.FAD2.a and BnaC FAD2.b can be
generated. In some embodiments, Brassica plants with one or more mutations in
BnaC.FAD2.a and BraC.FAD2.b can be generated. In some embodiments, Brassica
plants with one or more mutations in BraC FAD2.a, BnaC. FAD2.b, and Bnad . FAD2.a
can be generated.

In some embodiments, a plant with one or more mutations in a FAD2 gene copy
also can contain a transgene. The transgene can be integrated into the Brassica genome
using standard transformation protocols. In some cases, the transgene can result in the
expression of a protein that confers tolerance or resistance to one or more herbicides (e.g.,
glufonsinate, mesotrione, imidazolinone, 1soxaflutole, glyphosate, 2,4-D,
hydroxyphenylpyruvate dioxygenase-inhibiting herbicides, or dicamba). In some cases,
the transgene can encode a plant 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS)
protein or a modified plant EPSPS protein, a bacterial EPSPS protein, where the modified
plant EPSPS contains an amino acid substitution within the conserved TAMRP (SEQ 1D
NO:33) sequence. The substitution can include, for example, a threonine to isoleucine
substitution, a proline to serine substitution, or a proline to adenine substitution. In some
cases, the transgene can encode a bacterial EPSPS protein, an agrobacterium CP4 EPSPS
protein, an aryloxyalkanoate dioxygenase (AAD) protein, a phosphinothricin N-
acetyltransferase (PAT) protein, an acetohydroxyacid synthase large subunit protein, a p-
hydroxyphenylpyruvate dioxygenase (hppd) protein, or a dicamba monooxygenase

(DMO) protein.
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In some cases, a nucleic acid can have a nucleotide sequence with at least about
75 percent sequence identity to a representative FADZ nucleotide sequence. For example,
a nucleotide sequence can have at least 75, at least 80, at least 85, at least 90, at east 91,
at least 92, at least 93, at least 94, at least 95, at least 96, at least 97, at least 98, or at least
99 percent sequence identity to a representative FAD?2 nucleotide sequence as set forth in
any of SEQ ID NOS:1-4.

The percent sequence identity between a particular nucleic acid or amino acid
sequence and a sequence referenced by a particular sequence identification number is
determined as follows. First, a nucleic acid or amino acid sequence is compared to the
sequence set forth in a particular sequence identification number using the BLAST 2
Sequences (B12seq) program from the stand-alone version of BLASTZ containing
BLASTN version 2.0.14 and BLASTP version 2.0.14. This stand-alone version of
BLASTZ can be obtained online at fr.com/blast or at ncbi.ntm.nih.gov. Instructions
explaining how to use the B12seq program can be found in the readme file accompanying
BLASTZ. B12seq performs a comparison between two sequences using either the
BLASTN or BLASTP algorithm. BLASTN is used to compare nucleic acid sequences,
while BLASTP is used to compare ammo acid sequences. To compare two nucleic acid
sequences, the options are set as follows: -1 is set to a file containing the first nucleic acid
sequence to be compared (e.g., C\seql.txt); -j is set to a file containing the second nucleic
acid sequence to be compared {¢.g., C:\seq2.txt); -p is set to blastn; -0 is set to any desired
file name (e.g., C:\output.txt); -q is set to -1; -1 is set to 2; and all other options are left at
their default setting. For example, the following command can be used to generate an
output file containing a comparison between two sequences: C:\B12seq -1 ¢\seql.txt -j
¢:\seq2.txt -p blastn -o c\output.txt -g -1 -r 2. To compare two amino acid sequences, the
options of Bl12seq are set as follows: -1 is set to a file containing the first amino acid
sequence to be compared (e.g., C:\seql.txt); -j is set to a file containing the second amino
acid sequence to be compared {e.g., C:\seq2.txt); -p is set to blastp; -o is set to any desired
file name (e.g., C:\output.txt); and all other options are left at their default setting. For
example, the following command can be used to generate an output file containing a
comparison between two amino acid sequences: C:\B12seq -1 ¢:\segl.txt -j ¢:\seq2.txt -p
blastp -o c:\output.txt. If the two compared sequences share homology, then the
designated output file will present those regions of homology as aligned sequences. If the
two compared sequences do not share homology, then the designated output file will not

present aligned sequences.
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Once aligned, the number of matches is determined by counting the number of
positions where an identical nucleotide or amino acid residue is presented in both
sequences. The percent sequence identity is determined by dividing the number of
matches either by the length of the sequence set forth in the identified sequence (¢.g.,
SEQ ID NO:1), or by an articulated length (e.g., 100 consecutive nucleotides or amino
acid residues from a sequence set forth in an identified sequence), followed by
mutltiplying the resulting value by 100. For example, an amino acid sequence that has
1100 matches when aligned with the sequence set forth in SEQ ID NO:1 is 95.2 percent
identical to the sequence set forth in SEQ ID NO:1 (e, 1100/ 1155 x100=95.2). Itis
noted that the percent sequence identity value is rounded to the nearest tenth. For
example, 75.11, 75.12, 75.13, and 75.14 is rounded down to 75.1, while 75.15, 75.16,
7.17,75.18, and 7.19 is rounded up to 7.2. It also is noted that the length value will
always be an integer.

In some embodiments, the methods described herein involve the delivery of
genome engineering reagents to canola {(e.g., B. napus) plant cells. Any suitable method
can be used to introduce the nucleic acid into the plant cell. In some embodiments, for
example, a method as provided herein can include contacting a plant cell with an
organism that is capable of horizontal gene transfer (e.g., a bacterium, such as an
Agrobacterium), where the organism contains a Ti or Ri plasmid, or T-DNA plasmid
having a T-DNA region that includes the promoter, UTRs, coding sequence, and a poly-A
tail. Methods for Agrobacterium-mediated transformation in canola or B. napus are
described elsewhere (see, e.g., Block et al., Plant Physiol. 91-694-701, 1989). In other
embodiments, a method for introducing genome editing reagents as provided herein can
include biolistic transformation, electroporation-mediated transformation, or polyethylene
glycol-mediated transformation of Brassica plant cells (e.g., protoplasts). The protoplasts
can be obtained from hypocotyl or leaf tissue. Plants containing mutations or TALE
nuclease DNA can be regenerated using standard plant regeneration protocols. See, for
examyple, Al et al | Palisian Jowrnal of Botany, 39:125%, 2007 Lu et al., Jeiischriff fitr
Pllonzenphysiologie, Y07:59-03, 1994; Hu et al,, Plans cell, tissue and ovgan culture,
$9:189-196, 1999 Nucleic acid can be delivered to Brassica protoplasts, where the
nucleic acid is integrated into the host genome. Alternatively, nucleic acid can be
delivered to Brassica protoplasts, where the nucleic acid does not integrate into the host
genome, but instead remains extrachromosomal. Such transient delivery can result in

protein expression from the nucleic acid sequence. If a sequence-specific nuclease is
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encoded by the delivered nucleic acid sequence, targeted mutations can be introduced into
the Brassica cell without mtegration of the foreign nucleic acid sequence.

In some embodiments, the methods described herein can include determining the
fatty acid composition within B. napus seed oil. Fatty acid composition can be determined
using, for example, fatty acid methyl esters (FAME) gas chromatography (Beuselinck et
al., Crop Sci. 47:747-750, 2006). FAME can be used to determine the levels of palmitic,
stearic, oleic, linoleic and linolenic acid within B. napus seed oil.

In some embodiments, the methods provided herein can include identifying the
mtended gene edit. Any appropriate means can be employved to identify the desired
targeted insertion. One suitable means is polymerase chain reaction (PCR), in which
primers are designed to amplify DNA encompassing the TALE nuclease target site. The
PCR product can be cloned and sequenced using standard DNA sequencing techniques.
The sequencing results can be used to determine if the TALE nuclease target site includes
muttations.

As used herein, the amino acid sequences follow the standard single lettor or three
letter nomenclature. All protein or peptide sequences are shown in conventional format

where the N-terminus appears on the lett and the carboxy! group at the C-terminus on the
right. Amino acid nomenclature, both single letter and three letter, for natwally occurring
arino acids are as follows: alanine {Ala; A}, asparagine {Asn; N), aspartic acid {Asp; D),
argmine {Arg; R), cysteme (Cys; C), ghitamic acid {Gla; E), ghtamine {Gin; ), glycine
{Gly: Gy, hastidine (His; H3, leuwcine (Ley; Ly, isolescine (Hle; 1), fysine (Lys; K,
nethionine (Met; M}, phenvialanine (Phe; F), proline {Pro; P}, sering (S¢r; 8), threonine
(Thr; T), ryptophan (Trp; W), tyrosine (Tyr; Y), and valine (Val; V).

As used heretn, “progeny” ncludes any plant, seed, plant cell, and/or a
regenerated plant part having a non-naturaily occurring mutation in the FADZ2 gene copics
dertved from an ancestor plant. Progeny may contain non-naturally ocourving mmtations
in ong, two, three, or four of the FAD? gene copies.

;c.

The term “allele(s)” means any of one or more alternative forms of a genc at a
particular locus. In a diploid {or amphidiploid} cell of an organism, alleles of a given gene
are located at a specific location or locus on a chromosome. Une allele is present on each
chromosome of the pair of homologoas chromosomes. “Helerozygous™ alleles arg two
different alleles residing at a specific locus, positioned ndividually on corresponding
pairs of homologous chromosomes. “Homozygous” alleles are two identical alleles

residing at a specitic locus, positioned individually on corresponding pairs of homologous
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chromosomies 1n the cell. As used herein, “backcrossing” refers 10 a repetitive crossing of
hybrid planis, where, for example, a first-generation hybrid 1s crossed back to one of the
parents of the hybrid progeny. Backcrossing can be used to transter one or more loci from
one genetic background to a different genetic background.

As used herein, “crossing” refers to the mating of two parent plants, wherein the
pollen of one parent is ransferred 1o the stigma of the second parent. Crossing can be
ased to transfer one or more specific alleles to a different plant with a different genctic
background. Crossing can be used to create a population of 8. nopus plants with a desired
tratt, where the population includes 2. rapus plants with different genetic backgrounds.
Here, the B napus plands of different genetic backgmunds are crossed o plants having an
allele that produaces a desired trait. Crossing, backerossing and breeding can be carried out
via known procedures. DNA fingerprinting, SNP or similar technologics may be used ina

marker-assisted selection (MAS) breeding program to transfer or breed mutant FAD2

opies tnte other B napus plants. For example, a breeder can create segregating

UQ

populations from hybridizations of a genotype containing a nutant allele with an
agronomically desivable genotype. Plants in the FZ or backeross generations can be
screened using markers developed from FAD? gene copy sequences or fragments thereof.
Plants identified as possessing the mutant allele can be backcrossed or self-pollinated to
create a second population to be screened. Depending on the expected mheritance pattern
or the MAS technology used, it may be necessary to self-pollinate the selected plants
before cach cyele of backerossing to ad identification of the desired individual plants.
Backcrossing or other breeding procedurs can be repeated uné! the desired phemtype of
the recurrent parent 1s recovered. The result of a plant breeding program using the mutant
B. napus plants described herein can be novel and asefu! lines and varietics. As used
herein, the term “variety” refers to a popudation of plants that share constant
characteristics which separate them from other plants of the same species. With respect 1o
B. napus, a variety can refer to a population of 8. napus plants with different genetic
backerounds. A variety is often, although not always, sold commmercially, While
possessing one of more distinctive fraits, a variety can be further characterized by a very
small overall variation between individuals within that variety. & “pure line” variety may
be created by several generations of self-poliination and selection, or vegelative
propagation from a single parent using tissue or cell culture tochniques. A variety can be
egsentially derived from another line or varicty. As defined by the International

Convention for the Profection of New Varieties of Plants (December 2, 1961, as revised
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at Geneva on NMovember 10, 1972, on October 23, 1978, and on March 19, 1991), a
variety 18 “essentially denived” from an initial variety 1ft a) it 1s predominantly derived
from the inttial variety, or from a variety that is predominantly derived from the mitial
varigty, while retaining the expression of the essential characteristics that result from the
genotype or combination of genotypes of the tutial variety; b) it is clearly distinguishable
from the mutial variety; and ¢} except for the differences which result from the act of

ertvation, it conforms to the mtial variely in the expression of the essential
characteristics that result from the genotype or combination of genotypes of the initial
variety. Essentially derived varieties can be obtained, for example, by the selection of a
natural or induced motant, a somaclonal variant, a variant individual from plants of the
initial variety, backcrossing, or transformation. A “ling” as distinguished from a variety
most often denotes a group of plants used non~commercially, for example in plant
rescarch. A line typically displays hittle overall vanation between individuals for one or

nore fraits of wterest, although there may be some variation between individuoals for
other traits.

As used herein, the torm “explant” refers to a section of plant cells or plant parts
that are taken from a donor plant and used for coltuning.

The term “increased oleic acid conent” and “mereased oleie content” refers to any
increase in the oleic acid content from #. napus seed oil, as compared 1o the oleic acid
content in a corresponding wild type 8. napus sced oil. In some embodiments, the oleie
acid content can be increased by af least 3% {e.g, at least 5%, at least 10%, at feast 20%,
at least 25%, at fcast 30%, at least 46%, at least 50%, at least 60%, at least 70%, at least

#0%, or at least 90%), as compared to the oleic acid content in a corresponding wild type
B. napus seed ol

The term “redoced hinoleic acid content” and “reduced linoleic content” refers to
any reduction in the linoleic acid content from 5. wapus seed oil, as compared to the
Hnoleic actd content i a corresponding wild type 5. napus seed oil. In some
embodiments, the linoleic acid content can be reduced by at feast 3% {e.g., at least 5%, at
least 10%, at least 20%, at least 25%, at feast 30%, at least 40%,, at least 50%, at least
6(%, at least 70%, at keast 80%, or at least 90%}, as compared to the Hnoleie acid content
in a corresponding wild type B. sapus seed oil.

The term “reduoced hinolenic acid content” and “reduced binolenic content™ refirs
to any reduction in the hinolenic acid condent from H. napus seed oil, as compared to the

linolenic acid content in a corresponding wild type 5. napuy seed oil. In some
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embodiments, the linolenic acid content can be reduced by at least 3% {c.g., at least 5%,
at least 10%, at feast 20%, at least 25%, at least 30%, at lcast 40%, at least S0%, at least
61156, at feast 70%, at least 80%, or at least 90%), as compared to the Haolenie acid
content in a corresponding wild type 5. napus seed o1l

The term “induced mutation” as used herein refers to a mutation that was
mtroduced by human intervention. An “induced mutation” can be a mutation that was
introduced using one or more sequence-specific nucleases for example. The sequence-
specific nuclease can be a meganuclease, TALE nuclease, zinc-finger nuclease, or
CRISPR/Cas. An “induced mutation™ also can be a mutation that was introduced using a
chemical substance (e.g., ethylmethylsulfonate (EMS) or ethylnitrosourea (ENU)). In
some embodiments, an “induced mutation” can be a mutation that was introduced using
ionizing radiation such as neutrons (fast neutron mutagenesis), gamma rays, or X-rays.

“Wild type” as used heren refers to a typical form of a plant or a gene as 1 most
commonly ocours in natere. For example, a “wild tvpe FADZ gene copy™ is a natyrally
occurring FAD?2 gene copy {e.g., as found within natorally ocowring B. rapus plants) that
encodes a functional FAD? protein, while a “omtant FAD? gene copy” is a FAD2 gene
copy that does not encode a functional FAD? protein or encodes an attenuated FAD?2
protein. Such a “mutard FADZ gene copy™ ean include one or more mutations i its
nucleic acid sequence, where the routation(s) result in no detectable amount of the
correspondimng FAD? protein activity in the plant, plant part or plant cell in vivo,

As used herein, the term “functional variant” is intended to refer to a catalytically
active mutant of a protein or a protein domain. Such a mutant can have the same level of
activity, or a higher or lower level of activity as compared to the parent protein or protein
domain.

Asused herein, “nuclear localization sequence” and "NLS” and "NLS tag” refor
to an amino acid sequence that facilitates trafficking 1o the plant cell nucleus. Nuclear
localization sequence and NLS and NLS tag can also refer to the nucleotids sequence that
codes for an amino acid sequence that facilttates trafficking to the plant cell nucleus. An
NLS tag can be located within the a protein sequence, or can be added fo the C-terminus
or N-termimis of a protein. Localization of an NLS tag near the N-terminus of a protein
¢an be particularly useful.

Asused herein, “deoxyribonucieic acid™ and “"DNA™ refer to a biopolymer that
includes nucleotides linked together by phosphodiester bridges. The four nucleotides

mclude dAMP (2'-deoxyadenosine-S- monophosphate}, dGMP (2'-deoxyvguanosine-5-

ped
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monophosphate}, dOMP (27-deoxyeytosine-S-monophosphate) and dTMP (2'-
deoxythymosing-5- monophosphate).

As used herein, the term “codon” refers to nucleotide triplets which code for
aming acids. Due to the redundancy of the genetic code, the same amino acid can be
coded for by different codone. The following is a list of amino acids and their respective
codons: Met (ATG), Glo (GAA, GAGY, Val {GTA, GTC, GTG, GTT); Arg ({CGA, TG,
CGG, CGT, AGA, AGG); Lea (CTA, CTC, CTG, CTT, TTA, TTG); Ser (TCA, TCC,
TCG, TCT, AGC, AGTY; The (ACA, ACC, ACG, ACT); BPro (CCA, CCC, CCG, CCTy;
Al (GCT, GCA, GCC, GCGY; Gly (GGA, GGC, GGG, GOTY; He (ATA, ATC ATT);
Lys (AAA, AAG); Ast (AAC, AATY, Gl (CAG, CAA), His (TAC, CAT); Asp (GAC,
GATY, Tyr {TAC, TAT); Cys (TGC, TGTY, Phe (TTC, TTT); and Trp {UGG).

As used herein, the terms “plant” and “plant part” refer to cells, tissues, organs,
seeds, and severed parts (e.g., roots, leaves, and flowers) that retamn the distinguishing
characteristics of the parent plant. “Seed” refers to any plant structure that is formed by
continued differentiation of the ovule of the plant, following its normal maturation point
at flower opening, irrespective of whether it is formed in the presence or absence of
fertilization and irrespective of whether or not the seed structure is fertile or infertile.

As referred to herein, “coding sequence” or “CDS” refers to DNA that harbors the
necessary information that is required to produce a functional RNA or protein. Coding
sequence or CDS can include a DNA sequence starting with ATG and ending with a stop
codon. The coding sequence or CDS usually does not contain introns, if no introns are
required to produce the functional RNA or protein.

The term “rare-cutting endonucleases” herein refer to natural or engineered
proteins having endonuclease activity directed to nucleic acid sequences having a
recognition sequence (target sequence) about 12-40 bp in length (e.g., 14-40 bp in
length). Typical rare-cutting endonucleases cause cleavage inside their recognition site,
leaving 4 nt staggered cut with 3’'OH or 5°OH overhangs. These rare-cutting
endonucieases may be meganucleases, such as wild type or variant proteins of homing
endonucleases, more particularly belonging to the dodecapeptide family (LAGLIDADG
(SEQ ID NO:34; see, WO 2004/067736) or may result from fusion proteins that associate
a DNA binding domain and a catalytic domain with cleavage activity. TALE nucleases
and zinc finger nucleases (ZFN) are examples of fusions of DNA binding domains with

the catalytic domain of the endonuclease Fokl. Customized TALE nucleases are
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commercially available under the trade name TALEN™ (Cellectis, Paris, France). For a
review of rare-cutting endonucleases, see Baker, Nature Methods 9:23-26, 2012,

As referred to herein, “plant” can refer to crop plants, or monocots and dicots.
Examples of a crop plants include soybean, wheat, alfalfa, canola, potato, rice, corn,
millet, barley, tomato, apple, pear, strawberry, orange, watermelon, pepper, carrot, sugar
beets, yam, lettuce, spinach, sunflower, and rape seed, a flowering plant, such as petunia,
rose, and chrvsanthemum, conifers and pine trees, a plant used in phytoremediation (e.g.,
heavy metal-accumulating plants), and a plant used for experimental purposes (e.g.,
Arabidopsis). The plant can be a monocot or a dicot. Examples of monocots include,
withowt Himitation, wheat, maize, vice, orchids, onton, aloe, true lidies, grasses {e.g.,
setaria), woody shrubs and trees {e.g., palms and bamboo), and food plants such as
pincapple and sugar cane. Examples of dicots include, without imitation, tomato,
cassava, sovbean, tobacco, canola, potato, Arvabidopsis, rose, pansy, sunflower, grape,
strawberry, sguash, bean, pea, and peanut. Orders of dicots include Magniolales,
Iliciales, Laurales, Piperales, Aristochiales, Nymphaeales, Ranunculales, Papeverales,
Sarraceniaceae, Trochodendrales, Hamamelidales, Eucomiales, Leitneriales, Myricales,
Fagales, Casuarinales, Caryophyllales, Batales, Polygonales, Plumbaginales, Dilleniales,
Theales, Malvales, Urticales, Lecythidales, Violales, Salcicales, Capparales, Ericales,
Diapensales, Ebenales, Primulales, Rosales, Fabales, Podostemales, Haloragales,
Myrtales, Comales, Proteales, San tales, Rafflesiales, Celastrales, Euphorbiales,
Rhamnales, Sapindales, Juglandales, Geraniales, Polygalales, Umbellales, Gentianales,
Polemoniales, Lamiales, Plantaginales, Scrophulariales, Camapnulales, Rubiales,
Dipsacales, and Asterales. Genera of dicots include Atropa, Alseodaphne, Anacardium,
Arachis, Beilschmiedia, Brassica, Carthamus, Cocculus, Croton, Cucumis, Citrus,
Citrullus, Capsicum, Catharanthus, Cocos, Coffea, Cucurbita, Daucus, Duguetia,
Eschscholzia, Ficus, Fragaria, Galucium, Glycine, Gossypium, Helianthus, Hevea,
Hyoscyamus, Lactuca, Landolphia, Linum, Litsea, Lycopersicon, Lupinus, Manihot,
Majorana, Malus, Medicago, Nicotiana, Olea, Parthenium, Papaver, Persea, Phaseolus,
Pistacia, Pisum, Pyrus, Prunus, Raphanus, Ricinus, Senecio, Sinomenium, Stephania,
Sinapsis, Solanum, Theobroma, Trifolium, Trigonella, Vicia, Vinea, Vilis, and Vigna.
Orders of monocots include Alismatales, Hydrocharitales, Najadales, Triuridales,
Commelmales, Eriocaulales, Restionales, Poales, Juncales, Cyperales, Typhales,
Bromeliales, Zingiberales, Arecales, Cyclanthales, Pandanales, Arales, Lilliales, and

Orchid ales. Genera of monocots include Alhum, Andropogon, Aragrostis, Asparagus,
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Avena, Cynodon, Elaeis, Festuca, Festulolium, Heterocallis, Hordeum, Lemna, Lolium,
Musa, Oryza, Panicum, Pannesetum, Phleum, Poa, Secale, Sorghum, Triticum, and Zea.
Other plants include Gvmnospermae, such as the orders Pinales, Ginkgoales, Cycadales,
and Gnetales, such as the genera Abies, Cunninghamia, Picea, Pinus, and Pseudotsuga,
such as fir and pine.

“Mutagenesis” as used herein refers to processes in which mutations are
introduced into a selected DNA sequence. Mutations induced by endonucleases generally
ar¢ obtained by a double-strand break, which results in insertion/deletion mutations
(“indels™) that can be detected by deep-sequencing analysis. Such mutations typically are
deletions of several base pairs, and have the effect of mnactivating the mutated allele. In
the methods described herein, for example, mutagenesis occurs via double-stranded DNA
breaks made by nucleases targeted to selected DNA sequences in a plant cell. Such
mutagenesis results in “nuclease-induced mutations™ {¢.g., nuclease-induced knockouts,
such as TALE-nuclease-induced knockouts) and reduced expression of the targeted gene.
Following mutagenesis, plants can be regenerated from the treated cells using known
techniques (e.g., planting seeds in accordance with conventional growing procedures,
followed by self-pollination).

Methods for selecting endogenous target sequences and generating TALE
nuclease pairs targeted to such sequences can be performed as described elsewhere. See,
for example, PCT Publication No. WO 2011/072246, which 1s incorporated herein by
reference in its entirety. In some embodiments, software that specifically identifies TALE
nuclease recognition sites, such as TALE-NT 2.0 (Doyle et al., Nuc! Acids Res 40:W117-
122, 2012) can be used.

Transcription activator-like (TAL) effectors are found in plant pathogenic bacteria
of the genus Xanthomonas. These proteins play important roles in disease, or trigger
defense, by binding host DNA and activating effector-specific host genes (see, ¢.g.. Gu et
al., Nature 435:1122-1125, 2005; Yang et al., Proc Natl Acad Sci US4 103:10503-10508,
2006; Kay et al., Science 318:648-651, 2007; Sugio et al., Proc Natl Acad Sci USA
104:10720-10725, 2007; and Romer et al., Science 318:645-648, 2007). Specificity
depends on an effector-variable number of imperfect, typically 34 ammo acid repeats
{Schornack et al., J Plant Physiol 163:256-272, 2006; and WO 2011/072246).
Polymorphisms are present primarily at repeat positions 12 and 13, which are referred to

as the repeat variable-diresidue (RVD).
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The RVDs of TALEs correspond to the nucleotides in their target sites in a direct,
linear fashion, one RVD to one nucleotide, with some degeneracy and no apparent
context dependence. This mechanism for protein-DNA recognition enables target site
prediction for new target specific TALEs, as well as target site selection and engineering
of new TALEs with binding specificity for the selected sites.

TALE DNA binding domains can be fused to other sequences, such as
endonuclease sequences, resulting in chimeric endonucleases targeted to specific, selected
DNA sequences, and leading to subsequent cutting of the DNA at or near the targeted
sequences. Such cuts (i.¢., double-stranded breaks) in DNA can induce mutations into the
wild type DNA sequence via non-homologous end joining (NHEJ) or homologous
recombination, for example. In some cases, TALE nucleases can be used to facilitate site
directed mutagenesis in complex genomes, knocking out or otherwise aliering gene
function with great precision and high efficiency. As described in the Examples below,
TALE nucleases targeted to B. napus FAD?2 gene copies can be used to mutagenize the
endogenous alleles, resulting in plants without detectable activity of the corresponding
FAD?2 protein, or attenuated activity. Some endonucleases (e.g., Fokl) function as dimers
and can be used to enhance the target specificity of the TALE nuclease. For example, in
some cases a pair of TALE nuclease monomers targeted to different DNA sequences can
be used. When the two TALE nucleases recognition sites are in close proximity, the
inactive monomers can come together to create a functional enzyme that cleaves the
DNA. By requiring DNA binding to activate the nuclease, a highly site-specific
restriction enzyme can be created.

Methods for using TALE nucleases to generate Brassica plants, plant cells, or
plant parts having mutations in endogenous genes include, for example, those described
in the Examples herein. For example, one or more nucleic acids encoding TALE
nucleases targeted to conserved nucleotide sequences present in one or more FAD2 gene
copies can be transformed into plant cells or plant parts, where they can be expressed. In
some cases, one or more TALE nuclease proteins can be introduced into plant cells or
plant parts. The cells or plant parts, or a plant cell line or plant part generated from the
cells, can subsequently be analyzed to determine whether mutations have been introduced
at the target site(s), through next-generation sequencing techniques (e.g., 454
pyroseguencing or illumina sequencing) or conventional sequencing methods {e.g.,
Sanger sequencing). The template for sequencing can be, for example, the TALE

nuclease target site within a FAD2 gene copy.
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RNA-guided systems also can be used in the methods provided herein. For
example, the clustered regularly mterspaced short palindromic repeats/CRISPR-
associated (CRISPR/Cas) systems use RNA to direct DNA cleavage (see, e.g., Belahj et
al., Plant Methods 9:39, 2013). This system consists of a Cas9 endonuclease and a guide
RNA (either a complex between a CRISPR RNA {crRNA] and trans-activating crRNA
ftracrRNA], or a synthetic fusion between the 3” end of the ctRNA and 5’end of the
tractRNA). The guide RNA directs Cas9 binding and DNA cleavage to sequences that are
adjacent to a proto-spacer adjacent motif (PAM; e.g., NGG for Cas9 from Streptococcus
pyogenes). Once at the target DNA sequence, Cas9 generates a DNA double-strand break
at a position three nucleotides from the 3” end of the crRNA sequence that is
complementary to the target sequence. As there are several PAM motifs present in the
nucleotide sequence of the FAD2 gene copies, the CRISPR/Cas system may be employed
to introduce mutations within the FAD2 gene copies within B. napus plant cells in which
the Cas9 endonuclease and the guide RNA are transfected and expressed. This approach
can be used as an alternative to TALE nucleases in some instances, to obtain plants and
plant parts as described herein.

The term “expression” as used herein refers to the transcription of a particular
nucleic acid sequence to produce sense or antisense RNA or mRNA, and/or the
translation of an mRNA molecule to produce a polypeptide, with or without subsequent
post-translational events.

The term “modulating” as used herein refers to increasing or decreasing
translational efficiency of an mRNA. This can be accomplished by inserting, removing,
or altering a 5" UTR sequence, a 3’ UTR sequence, or 5 and 3' UTR sequences.

As used herein, the term “nucleic acid™ refers to a polymer made up of nucleotide
monomers. A nucleic acid can be single stranded or double stranded, and can be linear or
circular. Where single-stranded, a nucleic acid can be a sense strand or an antisense
strand. A nucleic acid can be composed of DNA (e.g., cDNA, genomic DNA, synthetic
DNA, or a combination thereof), RNA, or DNA and RNA. Further, nucleic acids can
contain information for gene expression, including, but not limited to, promoters, 5'
UTRs, 3' UTRs, coding sequences, and terminators.

A “vector” is a replicon, such as a plasnid, phage, or cosmid, into which another
DNA segment may be inserted so as to bring about the replication of the inserted
segment. Generally, a vector is capable of replication when associated with the proper

control elements. Suitable vector backbones include, for example, those routinely used in
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the art such as plasmids, viruses, artificial chromosomes, BACs, YACs, or PACs. The
term “vector” includes cloning and expression vectors, as well as viral vectors and
integrating vectors. An “expression vector” is a vector that includes one or more
expression control sequences, and an “expression control sequence” is a DNA sequence
that controls and regulates the transcription and/or translation of another DNA sequence.
Suitable expression vectors include, without limitation, plasmids and viral vectors derived
from, for example, bacteriophage, baculoviruses, tobacco mosaic virus, herpes viruses,
cytomegalovirus, retroviruses, vaccinia viruses, adenoviruses, and adeno-associated
viruses. Numerous vectors and expression systems are commercially available from such
corporations as Novagen (Madison, WI), Clontech (Palo Alto, CA), Stratagene (La Jolla,
CA), and Invitrogen/Life Technologies (Carlsbad, CA).

37 <c

The terms “regulatory region,” “control element.” and “expression control
sequence” refer to nucleotide sequences that influence transcription or translation
initiation and rate, and stability and/or mobility of the transcript or polypeptide product.
Regulatory regions include, without limitation, promoter sequences, enhancer sequences,
response elements, protein recognition sites, inducible elements, promoter control
elements, protein binding sequences, 5" and 3’ UTRs, transcriptional start sites,
termination sequences, polyadenyvlation sequences, introns, and other regulatory regions
that can reside within coding sequences, such as secretory signals, Nuclear Localization
Sequences (NLS) and protease cleavage sites.

As used herein, “operably linked” means incorporated into a genetic construct so
that expression control sequences effectively control expression of a coding sequence of
interest. A coding sequence is “operably linked” and “under the control” of expression
control sequences in a cell when RNA polymerase is able to transcribe the coding
sequence into RNA, which if an mRNA, then can be translated into the protein encoded
by the coding sequence. Thus, a regulatory region can modulate, e.g., regulate, facilitate
or drive, transcription in the plant cell, plant, or plant tissue in which it is desired to
express a modified target nucleic acid.

In addition, m some embodiments in which a plant part or plant cell s used, the

methods provided herein can include regenerating a plant from the plant part or plant cell.
The methods alse can include breeding the plant (.g., the plant tnto which the nucleic
acids were introduced, or the plant obtained after regencration of the plant part or plant
cell used as a starting material ) o obtain a genctically desired plang lincage. Methods for

recenerating and breeding planis are well established in the art.
ferd gt >

ok
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The invention will be further deseribed m the following examples, which do not

limit the scope of the invention described mn the clamms.

EXAMPLES

Example 1 - Design of TALE nucleases targeting FAD? genes in B. napus

To identify potennial target sequences for TALE nucleasces, the FAD2 genes were
sequenced. To this end, publicly available coding sequences for the FAD? loci in canola
were downloaded from NCBI. See, SEQ ID NOS:1-4 for the coding sequences of
Brad FAD2.a, BnaC FAD2.b, BnaC FAD2.a and BnaA. FAD?2 b-like. Primers were
designed to amplify the coding sequences of Brad. FAD2.a, BnaC FAD2.b, and
BrnaC FAD2.a intwo B. napus spring cultivars, Westar and Topas. Primers are shown in
TABLE 1.

TABLE
Privaers for sequencing the Brassica napus FAD2 genes

PCT/IB2019/055853

Primer nz Descrint
rimer name escription Sequence ID NO-

BnFACIFa FAD2 . a forward | CAGGATCCATGGGIGCAGGTGGAAGAAT

BnFACIFb FAD2b forward | CAGGATCCATGGGeGCAGGTGGAAGAAT

BnFACIR FAD?2 reverse CAGAGCTCTCATAACTTATTGTTGTACCAG

DNA was extracted from B. napus spring cultivars, Westar and Topas, using
standard CTAB-~based methods (Murray and Thompson, Nuc! Acids Res, 8:4321- 4325,
1983). Primers shown in TABLE 1 were used to arophty the FAD?2 gene copies.
Resulting PCR amplicons were cloned and seguenced. Sequences were aligned and a
consensue sequence for the FAD? gene copies was chacidated.

Seven TALE nucleases were designed fo target sequence near the 57 end of the
FAD? coding sequence. TALE nucleases were designed to target sequence upstream of
one of more sites which encode conserved amine acids {e.g., HECGHH [SEQ ID NG35Y,
HRRHH [SEQ 1D NO:36l, HVAHHE [SEQ D NO37] YNNKL [SEQ ID NG38Y). Due
to differences 1 nucleotide sequences between the copies of the FAD?2 genes, TALE
nucleases could not be designed to target a conserved sequence between the FADZ gene
copies. Instead, TALE nuclcases were designed to target cither one or fwo of the copies

of'the FAD? gene copies.
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The seven TALE nuclease pairs weore named BnFAD2 TOL BnFAD2Z T02,

BoFADZ T03, BoFADZ T04, BoFAD2 TOS, BaFAD2 T06, and BoFAD2Z _TO7. A

listing of the TALE nucleases and predicted binding sites are shown in TABLE 2.

TARLE 2
Individual TALE nuclease target sequences
TALE Target sequence SEQID
nuclease target setseq NO:
TCCCTCACCCTCTCTCCTACTTCGCCTGGCCTCTCTACTGG
2
BnFAD2_TOI GCCTGCCA 8
TCGTCCCTTACTTCTCCTGGAAGTACAGTCATCGACGCCAC
2 TO?
BnFAD2_T02 CATTCCAA o
TGCGAGACACCGCCCTTCACTGTCGGAGAACTCAAGAAAG
BnFAD2 T03 CAATCCCA 10
TACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACTA
BnFAD2 T04 CGTCGCCA i
TCTGGGTCATAGCCCACGAGTGCGGCCACCACGCCTTCAG
2 2
BaFAD2_T05 CGACTACCA 12
TCCTTCTCCTACCTCCTCTTCGACATCCTCGTCTCCTCCTCC
AD2 -
BnFAD2 T06 CTCTACCA 13
BnFAD2 T07 TCTGGGTCATCGCCCACGAATGCGGCCACCACGCCTTCAG 14

CGACCACCA

Dhifferences in nucleotide sequences between the FADY gene copies prevented the

design of TALE mucleases which target a conserved sequence across all FAD2 gene

copy for cach TALE nuclease pair is shown in TABLES 3-9,

copics. A list of the predicted TALE nucicase binding sequences within cach FAD2 gone

TABLE 3
Predicted binding sequences for BnFAD2 TO! within the foar FADZ gene copies
, SEQID
FADZ target | Predicted binding sequence for BnFAD2 T61 ,\;‘ O
Brad FAD TCCOCTCACCOCTCTCTCCTACTTICGLOTGGOCTCTICTACTGGG Q
SR o'es clelol *
e | TCCCTCACCCTCTCTCCTACTTCGCCTGGCCTCTCTACTGGG .
BuaC FAD2 ¢ | i &
CCTGCCA
L TCCCCCACCCTCTCCOTTACCTCGCCTGGCCCCTCTACTGGG .
1 EADZ. -
BraC FA4DR2 5 COTGOCA i35
. TATYY
%TA'FAD”‘b CTTACCTOGOCTGACCCCTCTACTGGGCCTGCCA 16
~3IKE
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TABLE4
Predicted binding sequences for BoFAD2 TG2 within the four FAD2 gene copics
FAD2 target | Predicied binding sequence for BoFAD2 TO! S{:\%}D
Ty TCGTCCCTTACTTCTCCTGGAAGTACAGTCATCGALCGCCAL
BrnaAFAD2 a | . G
CATTCCAA
BraC FADD. TCOTCCCTTACTTCTCCTGGAAGTACAGTCATCGACGCCAC 9
CATTCCAA
Bual FAD2.b ICGTC?CTTACTTCTCCTGGAAGTACGGCCATCGACGCCAC 17
CATTCCAA
BnaA FAD2b | TCOTCCCGTACTTCTCCTGCAAGTACATCCATGACGCCALC 18
-like ATTCCAA e
TABLES
Predicted binding sequences for BaFAD2 T3 within the four FAD? gene copies
FAD2 target | Predicted binding sequence for BaFAD2 TO! bi!%ﬁ)
o TGCGAGACACCGCCCTTCACTGTCGGAGAACTCAAGAAAG N
Brad FAD2 g {6
CAATCCCA
S TGCGAGACACCGCCCTTCACTGTCGGAGAACTCAAGAAAG .
BnaC FADZ.a 10
CAATCCCA
BuaC FADD b TGCGAGACACCACCCTTCACTCTCGGAGACCTCAAGAAAG 19
CAATCCCA
BraA FAD2b | TGCGAGACACCACCATTCACTCTCGGAGACCTCAAGAAAG 20
-like CAATCCCA <
TABLE &
Predicted binding sequences for BnFAD2 T04 within the foar FADZ gene copies
FADZ target | Predicted binding sequence for BnFAD2 TO1 SE\I%ID
Brad FADD o TACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACTA 1]
CGTCGCCA
Bual FAD? TACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACTA .
CGTCGCCA
Bral FAD b TACCTCCTCTTCGACATCCTCGTCTCCTCCTCCCTCTACCAC 21
CTCTCCA
BnaAFADZ2Db | TCTTCGACATCATCATCTCCTCCTCGGCTCCTCCCTCTACCA 7

-like

CCTCTCCA
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TABLE T
Predicted binding sequences for BaFAD2 TOS within the four FAD? genc copiss
, , ) SEQID
FAD2? target | Predicted binding sequence for BaFADZ TOL 5 \}3}
Boaad FADD TCTGGGTCATAGCCCACGAGTGCGGCCACCACGCCTTCAGC 2
e AFAD2.a | o\ cTACCA 2
BraC” FAD2 TCTGGGTCATAGCCCACGAGTGCGGCCACCACGCCTTCAGC 12
ML EARSE | GACTACCA -
Bnad” FADDb TCTGGGTCATCGCCCACGAATGCGGCCACCACGCCTTCAGC 14
DR FARIILD GACCACCA 14
BnaA FAD2b | TCTGGGTCATAGCCCACGAGTGCGGCCACCACGCCTTCAGC 23
-Jike GACCACCA o
TABLES
Predicted binding sequences for BnFADZ T06 within the four FADZ gene copics
SEQID
FAD2 target | Predicted binding sequence for BnFAD2 T \?’ 0
Brad FADD TCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGC 34
ORUA. A0 TTCTACTA EA
Bl FAD? TCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGC s
2. S AL L TTCTACTA Lo
B C FAD TCCTTCTCCTACCTCCTCTTCGACATCCTCGTCTCCTCCTCC 3
AT cTeTACCA '
BnaA FAD2 b | TCCTTCTCCTCTTCGACATCATCATCTCCTCCTCGGCTCCTC 6
-like CCTCTACCA '
TABLE®
Predicted binding sequences for BaFAD2 TG7 within the four FAD2 gene copigs
, SEQ ID
FADZ target | Predicted binding sequence for BnFAD2 T61 \}%
BrcA FAD? ¢ TCTGGGTCATAGCCCACGAGTGCGGCCACCACGCCTTCAGC -
A AL GACTACCAA i
B FADD TCTGGGTCATAGCCCACGAGTGCGGCCACCACGCCTTCAGC 24
DR FARLILA GACTACCA LA
Bual’ FAD2b TCTGGGTCATCGCCCACGAATGCGGCCACCACGCCTTCAGC 14
et AESY ] GaccAccA
BnaAFAD2 DL | TCTGGGTCATAGCCCACGAGTGCGGCCACCACGCCTTCAGC g

-like

GACCACCA
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Example 2 — Assessing the activity of TALE nucleases targetine FAD2 cene copies

To assess the activity of the FAD2-targeting TALE nuclease pairs, a protoplast
transformation experiment was performed. Brassica protoplasts were isolated from leaves
of plants grown in vitro. Plants (8. napus cv. Westary were grown in vitro for 3-4 weeks
before leaves were collected. Leaves were digested in an enzyme solution containing
0.25% cellulase and 0.05% macerozyme. The enzyme solution was placed in a 25C
incubator and shaken at 25 rpm for approximately 16 hours. Following digestion,
protoplasts were isolated using conventional protoplast isolation techniques with some
modification. Specifically, protoplasts were filtered through a 100 um cell strainer into a
50 mL conical tube. Cells were pelleted by centrifugation at 100 g for 5 minutes and
washed by WS solution for three times. After washing, cell pellet was resuspended in an
MMG solution, then protoplasts (100,000 per sample) were transformed in a solution
containing 20% polyethylene glycol and 30 ug of TALE nuclease-encoded plasmid DNA
(i.e., 15 ug of plasmid encoding each TALE nuclease monomer). Following
transformation, cells were washed one time in W5. After the wash, cells were
resuspended in K8P solution and incubated at 25°C. Two days post transformation,
protoplasts were collected and DNA was extracted. TALE nuclease target sites were
amplified by PCR, and the resulting amplicons were deep sequenced using illumina
sequencing. Primers used to amplify the TALE nuclease target sequences are shown in

TABLE 10.

TABLE i¢
Oligo names and binding sequences for iHumina sequencing
g 23 2

— - SEQ
Ohigo name Binding sequence D NO:
BnFAC1Fa-HTS CAGGATCCATGGGTGCAGGTGGAAGAAT 5
BnFA353R-HTS GOTAGTCGCTGAAGGCGTGGT 30
BnFA231F-HTS CCTCTCCTCCCTCACCCTOTC 31
BnFAS591IR-HTS GCTAAGTACAAAGGUCAGCCGAG 32

Mutation frequencies of TALE nuclease pairs were assessed for activity af the
FAD2 gene copies. Mutation frequencies were calcudated by dividing the number of
mutant sequences by the total mumber of sequences. Reads werg grouped by the
corresponding FAD2 gence copy before mutation frequeoncies were calcudated. The

mtation frequencies for all TALE nuclease pairs are shown in TABLE 1L
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TABLE 11
TALE nuclease mutation frequencies at FAD2
TALE nuclease pair | FADZ target #of evenig | Total reads k lutagenesis
tequency (56

BaFAD2 TOi Brad. FAD2.a R0O6S 96R7Y 8.3
BaFAD2 TOi BnaC.FAD2.b 3062 159046 1.9
BaFADZ To} BraC.FAD2.a 7936 78825 i
BaFADZ TO2 BrnaA. FAD2.a 10063 102684 9.7
BaFAD2 T62 BraC.FAD2.b 5030 91948 5.5
BaFAD2 TO2 BraC. FAD2.a 5876 37266 10.3
BaFAD2 TO3 BnaA . FAD2.a 8229 102038 g
BaFADZ T3 BraC.FAD2.b 15617 156185 i
BaFADZ T03 BrnaC.FAD2.a 6614 57230 9%
BaFAD2 T04 Brad. FAD2.a ND ND ND
BaFAD2 T04 BrnaC FAD2.b ND ND ND
BaFAD2 TO4 BnaC.FAD2.a ND ND ND
BoFADZ TOS Brad. FAD2.a 3010 78379 38
BaFAD2 T05 BrnaC.FAD2.b 1549 67387 2.3
BaFAD2 T63 BraC.FAD2.a PARE: 48613 4.4
BaFAD2 T06 BrnaA.FAD2.a ND ND ND
BaFAD2 TO6 BnaC.FAD2.b ND ND ND
BaFADZ T06 BraC.FAD2.a ND ND ND
BaFAD2 T07 BraAd.FAD2.a 1904 85910 2.2
BaFAD2 T07 BraC.FAD2.b 1492 $7404 2.6
BaFAD2 TO7 BrnaC FAD2.a 1154 41932 2R

FAD2 mutations within Brassica cells were figther analyzed. Both insertions and
5  deletions were observed, with the majority being deletions. With respect to TALE
nuclease pair BnFADZ TO1, the majority of mutations resulted in deletion of a specifie
nuclootide within the TALE nuclease target sequence. For TALE nucleass par
BoFAD2 TOL, a delenion of the guanine at position 253 of SEQ 1D NOS:1, 2 and 3 was
observed in the majority of mutations.
10 With respect to TALE nuclease pair BnFAD2 TO2, the majority of mutations
resulied in deletion of a specific nuclestide within the TALE nuclease target seguence.
For TALE nuclease pair BnFADZ T0Z, a deletion of the adenine at position 416 of SEQ
ID NGS: 1, 2 and 3 was observed i the majority of mutations.

With respeet to TALE nuelease pair BuFAD2 T3, the maj

rity of mutations

15 resulied in deletion of a specific nucleotide withun the TALE muclease target sequence.
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For TALE nuclease pawr BoFAD2 T03, a deletion of the adenine at position 99 of SEQ
10 NOS:1, 2 and 3 was observed i the majority of mutations.

With respect to TALE nuclease pair BnFAD2 TOS, the majority of mutations

resulted in delotion of a specific nucleotide within the TALE nuciease target sequence.
5  For TALE nuclease pair BnFADZ 1035, a deletion of the guanine at position 322 of SEQ
ID NOS: 1, 2 and 3 was observed i the majonty of nutations.
With respect to TALE muclease pair BaPAD2 T87, the majority of mustations
sulied in deletion of a specific mucleotide within the TALE nuclease target sequence.
For TALE nuclease pawr BoFADZ TO7, a deletion of the guanine at position 322 of SEQ
10 D NOS:, 2 and 3 was observed o the majority of metations.

A list of FADZ sequences containing TALE nucleasc-induced ontations, both
insertions and deletions, identified within Brassica cells is provided within SEQ 1D
NOS:38-53891.

Examples of nduced muiations within Buad FAD2 o using TALE muclease pair

15 BaFAD2 TOL are shown within SEQ 1D NOS:2533-7234.

Exaroples of induced omutations within BnaC FAD2 @ using TALE nuclease pair
BoFADZ TOL are shown within SEQ 1D NOS:7235-11755,

Examples of mduced mutations within BraC F402 5 using TALE nuclease patr
BnFADZ T01 are shown within SEQ 1D NOS:39-2532,

20 Examples of mduced mutations within Brad F4AD2. ¢ using TALE nuclease pair
BaFAD2 T02 are shown within SEQ 1D NOS:11756-18467.

FExaraples of mduced omtations within 8naC FAD2.g using TALE nuclease pair
BoFADZ T02 are shown within SEQ 1D NOS:18468-22172

Examples of mduced mutations within BraC F402 5 using TALE nuclease patr

25 BnFAD2Z T02 are shown within SEQ 1D NOS:22173-25734.

Examples of mduced mutations within Brad F4AD2. ¢ using TALE nuclease pair
BaFAD2 T03 are shown within SEQ D NOS:25735-31174.

FExaraples of mduced omtations within 8naC FAD2.g using TALE nuclease pair
BoFAD? T03 arc shown within SEQ 1D NOS:31175-35193,

30 Examples of induced mutations within BnaC FAD2 A using TALE nuclease pair
BnFAD2 T03 are shown within SEQ ID NOS:35194-46067.
Examples of induced mutations within Brad FAD2 o using TALE nuclease pair

BnFAD2Z TOS are shown within SEQ 1D NOS:46008-48123.
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Exaroples of induced omutations within BnaC FAD2 @ using TALE nuclease pair
BoFADZ TOS are shown within SEQ 1D NOS:48124-49475,

Examples of mduced mutations within BraC F402 5 using TALE nuclease patr
BnFADZ T0S5 are shown within SEQ ID NGS:49476-50588.

Exanples of mduced mutations within Brad F 402, 0 using TALE nuclcase pair
BaFAD2 T07 are shown withun SEQ 1D NOS:50889-52024.,

Examples of induced mutations within BnaC F4D2. 0 using TALE nuclease pair
BaFAD2 TO7 are shown within SEQ 1D NOS:52025-32787.

Examples of induced mutations within BnaC FAD2 A using TALE nuclease pair

BnFAD2 T07 are shown within SEQ ID NOS:52788-53891.

Example 3 — Regenerating B. napus plants with mutations in FAD?2 cene copies

To regenerate Brassica plants having mutations within the FAD?2 gene,
protoplasts were transformed with DNA encoding functional TALE nuclease
BnFAD2 TO03 and regenerated into whole plants. Brassica protoplasts were isolated from
leaves of plants grown in vitro. Plants (5. napus cv. Westar) were grown in vitro for 3-4
weeks before leaves were collected. Leaves were digested in an enzyme solution
containing 0.25% cellulase and 0.05% macerozyme. The enzyme solution was placed in a
25°C incubator and shaken at 25 rpm for about 16 hours. Following digestion, protoplasts
were isolated using conventional protoplast isolation techniques with some modification.
Specifically, protoplasts were filtered through a 100 um cell strainer into a 50 mL conical
tube. Cells were pelleted by centrifugation at 100 g for 5 minutes and washed by W5
solution for three times. After washing, cell pellet was resuspended in an MMG solution,
then protoplasts (100,000 per sample)} were transformed in a solution containing 26%
polyethylene glycol and 30 pg of TALE nuclease-encoded plasmid DNA (15 ug of
plasmid encoding each TALE nuclease monomer). Following transformation, cells were
washed one time in W5. After the wash, cells were resuspended in K&P solution and
incubated at 25°C.

Plante were regencrated from protoplasts using conventional 5. napus
regeneration technigues; see, tor example, Ali et al, Pakisian Jowrna! of Botany, 3911281,
2007; Lu et al., Zeitschrift fiir Pllanzenphysiologie, 107.38-63, 1994; Hu et al., Plaws Cell)
Tissue and Organ Culture, 539:189-186, 1999,

Individual B. napus plants regencrated from protoplasts were then advanced fo

nolecular screening.
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Example 4 — Screening Brassica plants for mutations in FAD2 sene copies

DNA was extracted from Brassica plants using standard CTAB-based methods
(Murray and Thompson, Nuel dedds Res, Ri4321- 4325, 1980y, Target sites for
BnFAD2Z T03 TALE nuclease patr were anwplified by PCR, and the resulting arophcons
were deep sequenced using Hlumina sequencing. Primers used to amphty the
BaFAD2 T03 TALE nuclease target sequences are shown m TABLE 16

Plant 02 had a 4 bp deletion in BuaC FAD2.q (FIG. 2}, The 4 bp deletion
corresponded 1o nucleotides 252-255 of SEQ 1D NG:3; the region with the 4 bp deletion
1s shown in FEG. 2 (SEQ D NO53894)

Plant 0}l had a 4 bp deletion in BraC F4032 @ and a 5 bp deletion
PnaC FADZ2 a (FIG. 3} The 4 bp delction corresponded to nucleotides 252-255 of SEQ
1D NG:3, and the 5 bp deletion corresponded to nucleotides 251-255 of SEQ D NG:3.
The region with the 5 bp and 4 by deletions 15 shown in FIG. 3 (SEQ ID NOS:53897 and
53894, respectively).

\J!

Plant ¢02 bad a 5 bp deletion m Bra " FAD2 o (Fi(z. 4). The 5 bp deletion
corresponded 1o nucleotides 251-255 of SEQ ID NG:3; the region with the S bp deletion
1s shown in FEG. 4 (SEQ D NO53897)

Plant 102 had a 5 bp deletion in BraC FAD2 0 (FIG. 5). The 3 bp deletion
corresponded to nucleotides 251-255 of SEQ 1D NO:3; the region with the 3 bp deletion
is shown in FIG. § {(SEQ 1D NG:538873.

in further studies, thirty-two (32) fertile £, ngpus T plants ransformed with
TALE nuclease pair BrnFADZ T3 were identified as containing nwtations within FAD2
gene copies (TABLE 12). In total, 66 novel alleles containming deletions or tnsertions in
the FAD?Z genes Ruad FADZ a, BroCFADZ o, and BnoC FAD2.5 were gengrated in the
T4 population, inchiding 26 alleles m the Brad FAD2 a gene with indels ranging from -
25 bp to +96 by, 27 alleles in the BraC 42 g gene with indels ranging from -69 bp to
+161 bp, and 13 alleles in the BuaC F 402 5 gene with indels ranging from -16 bp to +44
bp. Sequences for the nuttant Brad FAD2 o alleles are provided in TABLE 134,
sequences for the mutant AraC FAD2 o alleles are provided in TABLE 138, and
seguences for the mutant BuaC F402 5 alleles are provided in TABLE 13C

TG plant Bn432-a had mutations in the genes Bnad FADL a, BraC FAD2 o, and

Bunal FAD2ZS genes:
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A 3 bp deletion {(SEQ 1D NG:53900) and a 6 bp deletion (SEQ 1D NG:53501)
n the Snad FAD2 . gene. The 3 bp deletion corresponded 1o nuecleonides 98-
106 of SEQ 1D N1, and the 6 bp deletion corresponded o nuclentides 97-
102 of SEQ ID NO:L.

A 3 bp deletion and a | bp insertion in one allele of the SnaC F4 o gene
{SEQ ID NG:53802) and a 7 bp deletion (SEQ 3 N(G:33903) in the other
allele of the BpaC FAD2 a gene. The 3 bp deletion comresponded to
nucicotides 99-101 of SEQ 1D NG:3, and the 1 bp insertion was at nuciootide
99 The 7 bp deletion corresponded 1o nucleotides 98-104 of SEQ 1D NG:3.
A 13 bp deletion (SEQ ID NO:533904 3 in one allele of the BraC Fad2. b gene.

The 13 bp deletion corresponded (o nucleotides 92-104 of SEQ D NGZ

Sequences containing the deletions are shown m FIG. 6.

TO plant Bnd32-b had mutations m the Brad FAD2 g and BrnaC FA4D2 .0 genes:

A 6 bp deletion and a 50 bp insertion (SEQ ID NG:53905; m both alleles of
the Snad FADZ o gene. The 6 bp deletion corresponded to nucleotides 96-101
of SEQ D NO:1, with the 30 bp fragment inseried at position 96.

A & bp deletion and a 50 bp inscrtion (SEQ 1D NO:S3905) i one allele of the
BoaC FAD2 a gene and an 18 bp deletion and a 166 bp msertion (SEQ ID
NO:53906) in the other allele of the Bna” #4732 ¢ gene. The 6 bp deletion
corresponded to nucleotides 26-101 of SEQ 1D NO:3, with the 50 bp fragment
tnserted at position 96, The 18 bp deletion corresponded to mucleotides 101~

18 of SEQ 1D NO:3 with the 166 bp fragment inserted at position 101,

Sequences showing the deletions and insertions are shown n FIG. 6.

As Hustrated wn FIG. 7, T1 Brassica plants from TO plant Bpd32-a (Bnd32-01,

Bnd32-02, and Bnd32-63) and T1 Brassica plants from TO plant Bnd32-b (Bnd32-05 and

Bn432-07) containing mutations in FAD?2 gene copies (TABLE 14} were crossed m order

to combine knockout nugations and mactivate ong, two, or all three FAD? genegs

{Buad FADZ2.a, BnaC FADR2 a, and BnoC FADZ B, F2 mutants were generated and

advanced to phenotypic analysis. Mutant F2 plants were classified m different groups for

analysis, based on the mutation profile ot the Bnad FAD2.a, BnaC FAD2. o, and

BunaC FAD2 b genea:

- Group 1 (3-gene knockout: Brod F 42 a, BraoC FADZ.a, and BraC FAD2.AY;

21 lines

- Group 2a (2-gene knockout: Brad FAD2 o and BraC FAD2.ay, 7 hnes
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- Group 2b (2~gene knockout: BraC FAD2.a and Brnal’ FAD2 b); 4 lincs
- Group 3 {1-gene knockout: BnalC’ FdD2.a); 5 lines

- Group 4 {ov Westar wild type control); 2 bines

Example 5 — Phenotyping FAD2-mutant B. napus plants for oil composition

F3 seeds derived from 37 F2 8. sapus lines with mutations in one, two, or all
three FAD?Z genes, or seeds from wild type condrol ov Westar, were tsolated and analyzed
for fatty acid composition. Fatty acid composition was determined using FAME gas
chromatography (Beuselinek et al., Crop Sci. 47:747-750, 2006). Results are presented n
TABLES 15 and 6.

Samples with 3-gene knockout mutations {Group 1) demonstrated increased oleic
acid (18:1), reduced linoleic acid (18:2), and reduced linolenic acid (18:3) content as
compared to wild type Brassica cv Westar. In Group | mutants on average, oleic acid
content was increased by 24%, from 67.3% to 83.5%, linoleic acid content was decreased
by 85%, from 16.5% to 2.4%, and linolenic acid content was decreased by 47%, from
5.9% to 3.1%, as compared to wild type cv Westar. Samples in Group 1 with different
knockout mutation profiles in the BnaC. FAD2.a gene (-18,+166/-18,.+166; -3 +1/-3,+1; -
7i-7; -18,+166/-3,+1; and -18,+166/-7) exhibited comparable oleic, linoleic, and linolenic
acid composition profiles.

Samples with 2-gene knockout mutations in the Brad. FAD2.a and BnaC FAD2.qa
genes (Group 2a) had increased oleic acid (18:1), reduced linoleic acid (18:2), and
reduced linolenic acid (18:3) content as compared to wild type Brassica cv Westar. In
Group 2a mutants on average, oleic acid content was increased by 21.9%, from 67.3% to
82%, linoleic acid content was decreased by 81.5%, from 16.5% to 3%, and linolenic acid
content was decreased by 35%, from 5.9% to 3.8%, as compared to wild type cv Westar.
Samples in Group 2a with different knockout mutation profiles in the BnaC. F4D2.a gene
(-18,+166/-18,+166; -3,+1/-3,+1; and -18,+166/-7) demonstrated comparable oleic,
linoleic, and linolenic acid composition profiles.

Samples with 2-gene knockout mutations in the #roC FALD o and BnaC FAD2 b
genes (Group 2b) exhibited increased oleic acid (18:1), reduced linoleic acid (18:2), and
reduced linolenic acid (18:3) content as compared to wild type Brassica ¢v Westar. In
Group 2b mutants on average, oleic acid content was mcreased by 23.4%, from 67.3% to
83%, linoleic acid content was decreased by 84.5%, from 16.5% to 3.2%, and linolenic

acid content was decreased by 44.9%, from 5.9% to 3.2%, as compared to wild type cv
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Westar. Samples in Group 2b with different in-frame mutations in the Brnad. FAD2.a gene
and different knockout mutation profiles in the BnaC FAD2.a gene (-18,+166/-7
and -3,+1/-3,+1) had comparable oleic, linoleic, and linolenic acid composition profiles.
Samples with one-gene knockout of the Sral” #4732.a gene (Group 3)
demonstrated increased oleic acid (18:1), reduced linoleic acid (18:2), and reduced
linolenic acid (18:3) content as compared to wild type Brassica cv Westar. In Group 3
mutants on average, oleic acid content was increased by 20.9%, from 67.3% to 81.3%,
linoleic acid content was decreased by 79.7%, from 16.5% to 3.3%, and linolenic acid
content was decreased by 38.8%, from 5.9% to 3.6%, as compared to wild type cv
Westar. Samples in Group 3 with different in-frame mutations in the Brad.FAD2.a gene
and different knockout mutation profiles in the BraC. FAD2.a gene (-18.+166/-18,+166; -
18,+166/-7; and -7/-7) had comparable oleic, linoleic, and linolenic acid composition

profiles.
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TABLE 12
10 plants
T0O plant BraA.Fad2a BnaC.Fad2a BnaC.Fad2b
Bnd32-a -3/-6 -3,4+1/-7 -13/wt
Bn432-b -6,+50/-6,+50 | -6,+50/-18,+166 wi/wt
Bn432-¢ -36+13/-36,+13 -36,+13/wt wi/wt
Bn432-d 229 +4/wt -29 4+4/-29 +4 -4 +1/-4 +1
Bn432-e -10/wit -4 +106/-10 -9/wt
Bn432-f -3/-5+1 -18/-18 -4/+44
Bn432-¢ -3/-3 -11/-3 -8/-8
Bn432-h wt/wt -2 +55/-2 +55 wi/wt
Bn468-a -3+1/-6 +1/-3 wt/wt
Bn468-b -8/-16 -3/-3 wit/wt
Bnd68-¢ wi/wt wi/wt -7/wt
Bn468-d wi/wt wi/wt -7/wt
Bn468-¢ -7, +20/wt wt/wt wi/wt
Bn468-f wt/wt -2/wt wi/wi
Bn468-g -17+14/-17,+14 -5/-5 wiiwt
Bnd68-h wi/wt wi/wt -4 +44/wt
Bn471-a -4/-9 -3,+90/-3 +90 wit/wt
Bn471-b -4 +1/-4 +1 wt/wit wi'wt
Bn476-a -6/-6 -8/-8 +1/wt
Bn476-b 2 +1/-3 wi/wt -2/wt
Bnd76-c wi'wt wi/wt -16/wt
Bnd&2-a -3/-3 -5/-18 -4/wt
Bn482-b -3/-74 45 -74 +5/-74 45 wt/wt
Bn4d82-¢c -4/-4 -3/-3 -3/429
Bn482-d -3/-3 wt/wt wt/wt
Bnd&2-e -3/-3 -3/-3 wit/wt
Bnd&2-f -4/wit wi/wt -3/wt
Bn482-g wt/wt -5/-5 wt'wt
Bn482-h -11/-11 -6/-10 wi/wt
Bn482-i -3/-3 -2/+77 wt/wt
Bnd82-j -7/-3+99 =717 -3/-3
Bnd82-k -341/4+4 -3/+95 -4/-4
No. of
novel 26 27 13
alleles
TABLE 13A

Sequences of mutant 10 Brad . Fad2a alleles

Bn432-a (-3):

CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGTCTGAAACCGACAACATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGGAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCC
CTCGCTCTTITCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTAC
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TACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGC
CTGGCCTCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGGT
CATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC(SEQID
NO:53907)

Bn432-a3 (-6):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTCTCTCCTCCCTCCAAAA
AGTCTGAAACCGACAACATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCCCTC
GCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACTA
CGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGCCT
GGCCTCTCTACTGGGCCTGCCAGGGCTGCGTCCTAACCGGCGTCTGGGTCA
TAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID NO:53908)
Bn432-b (-6,+50):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGTCTGAAACCGACAACATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CAGTTTCCAAAAGGTCGTTGATCAAAGCTCGCCGCGTTGTTTCATCAAGCC
AGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCCCTCG
CTCTTTCTCCTACCTCATCTGGGACCTCATCATAGCCTCCTGCTTCTACTACG
TCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGCCTGG
CCTCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGGTCATA
GCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID NO:53909%)
Bn432-¢ (-36,+13):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGTCTGAAACCGACAACATCAAACCGACAACAACAAGAACTCAAGAAAGC
AATCCCACCGCACTGTTTCAAACGCTCGATCCCTCGCTCTTTCTCCTACCTC
ATCTGGGACATCATCATAGCCTCCTGCTTCTACTACGTCGCCACCACTTACT
TCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGCCTGGCCTCTCTACTGGGCC
TGCCAGGGCTGCTTCCTAACCGGCGTCTGGGTCATAGCCCACGAGTTCGGC
CACCACGCCTTCAGCGACTAC (SEQ ID NO:53910)

Bn432-d (-29,+4):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGTGAGAACTGTTTCAAACGCACGATCCCTCGCTCTTTCTCCTACCTCATC
TGGGACATCATCATAGCCTCCTGCTTCTACTACGTCGCCACCACTTACTTCC
CTCTCCTCCCTCACCCTCTCTCCTACTTCGCCTGGCCTCTCTACTGGGCCTGC
CAAGGCTGCGTCCTAACCGGCGTCTGGGTCATAGCCCACGAGTGCGGCCAC
CACGCCTTCAGCGACTAC (SEQ ID NO:53911)

Bnd32-¢ (-10):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGTCTGAAACCGACAACATCAAGCGCGTACCCTGCGAGACACCGCCCTTGA
ACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCCCTCGCTC
TTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACTACGTC
GCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGCCTGGCC
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TCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGGTCATAGC
CCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID NO:53912)
Bn432-f (-3):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGTAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCC
CTCGCTCTTTCTCCTACCTCATCTTGGACATCATCATAGCCTCCTGCTTCTAC
TACGTCGCCACCACTTACTTCCCICTCCTCCCTCACCCTCTCTCCTACTTCGC
CTGGCCTCTCTACTGGGCCTGCCAGGGCTGCGTCCTAACCGGCGTCTGGGT
CATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC(SEQID
NO:53913)

Bn432-f (-5+1):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGTCTGAAACCGACAACATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGTAAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCCC
TCGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACT
ACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGCC
TGGCCTCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGGTC
ATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID
NO:53914)

Bnd32-g (-3):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGTCTGAAACCGACAACATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGTAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCC
CTCGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTAC
TACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGC
CTGGCCTCTCTACTGGGCCTGCCAGGGCTGCGTCCTAACCGGCGTCTGGGT
CATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC(SEQID
NO:53915)

Bn468-a (-3,+1):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGTCTGAAACCGACAACATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGTTAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATC
CCTCGCTCTITTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTIGCTTICTA
CTACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTICCTACTTCG
CCTGGCCTCTCTACTGGGCCTGCCAGGGCTGCGTCCTAACCGGCGTCTGGG
TCATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID
NO:53916)

Bnd68-a (-6):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGTCTGAAACCGACAACATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCCCTC
GCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACTA
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CGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGCCT
GGCCTCTCTACTGGGCCTGCCAGGGCTGCGTCCTAACCGGCGTCTGGGTCA
TAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID NO:53917)
Bn468-b (-8):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGCCTGAAACCGACAACATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGTCCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCCCTCGC
TCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACTACGT
CGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTICTCCTACTTICGCCTGGC
CTCTCTACTGGGCCTGCCAGGGCTGCGTCCTAACCGGCGTCTGGGTCATCG
CCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID NO:53918)
Bn468-b (-16):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGTCTGAAACCGACAACATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGAGCAATCCCACCGCACTGTTICAAACGCTCGATCCCTCGCTICTTTCTCC
TACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACTACGTCGCCACCA
CTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGCCTGGCCTCTCTAC
TGGGCCTGCCAGGGCTGCGTCCTAACCGGCGTCTGGGTCATAGCCCACGAG
TGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID NO:53919)

Bnd68-¢ (-7,+20):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGTCTGAAACCGACAACATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
ATCGCCAGCAATAATGGTGGAGAACTCAAGGAAGCAATCCCACCGCACTG
TTTCAAACGCTCGATCCCTCGCTCTTTCTCCTACCTCATCTGGGACATCATC
ATAGCCTCCTGCTTCTACTACGTCGCCACCACTTACTTCCCTCTCCTCCCTCA
CCCTCTCTCCTACTTCGCCTGGCCTCTCTACTGGGCCTGCCAGGGCTGCGTC
CTAACCGGCGTCTGGGTCATAGCCCACGAGTGCGGCCACCACGCCTTCAGC
GACTAC (SEQ ID NO:53920)

Bn468-g (-17,+14):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGTCTGAAACCGACAACATCAAGCGCGTACCCTGCGAGACAACTCITTTTIC
TCGGAGAACTCAAGAAAGCAATCCCACCGCACTGTTITCAAACGCTCGATCC
CTCGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTAC
TACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGC
CTGGCCTCTCTACTGGGCCTGCCAGGGCTGCGTCCTAACCGGCGTCTGGGT
CATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC(SEQ ID
NO:53921)

Bnd71-a (-4):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGTCTGAAACCGACAACATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCCC
TCGCTCTTTICTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACT
ACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTICTCTCCTACTTCGCC
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TGGCCTCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGGTC
ATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID
NO:53922)

Bnd71-a (-9):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGTCTGAAACCGACAACATCAAGCGCGTACCCTGCGAGACACCGCCCTTAG
AACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCCCTCGCT
CTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACTACGT
CGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTICTCCTACTTICGCCTGGC
CTCTCTACTGGGCCTGCCAGGGCTGCGTCCTAACCGGCGTCTGGGTCATAG
CCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID NO:53923)
Bnd71-b (-4,+1):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGTCTGAAACCGACAACATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGAAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCC
CTCGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTAC
TACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGC
CTGGCCTCTCTAGTGGGCCTGCCAGGGCTGCGTCCTAACCGGCGTCTGGGT
CATAGCCCACGAGTGCGCCCACCCCGCCTTICGGCGACTCC (SEQ ID
NO:53924)

Bnd76-a (-6):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGTCTGAAACCGACAACATCAAGCGCGTACCCTGCGAGACACCGCCCTTICA
CTGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCCCTC
GCTCTTTCTCCTACCGCATCTGGGACATCATCATAGCCTCCTGCTTCTACTA
CGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTICTCTCCTACTTCGCCT
GGCCTCTCTACTGGGACTGCCAGGGCTGCGTCCTAACCGGCGTCTGGGTCA
TAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID NO:53908)
Bn476-b (-2 +1):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGTCTGAAACCGACAACATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGTCTAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGAT
CCCTCGCTCTTTICTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTICT
ACTACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTC
GCCTGGCCTCTCTACTGGGCCTGCCAGGGCTGCGTCCTAACCGGCGTCTGG
GTCATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC(SEQID
NO:53925)

Bn476-b (-3):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGTCTGAAACCGACAACATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGTAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCC
CTCGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTAC
TACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGC
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CTGGCCTCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGGT
CATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC(SEQ ID
NO:53913)

Bn482-a (-3):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGTCTGAAACCGACAACATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGTAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCC
CTCGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTAC
TACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGC
CTGGCCTCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGGT
CATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC(SEQID
NO:53913)

Bn482-b (-3):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGTCTGAAACCGACAACATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGTAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCC
CTCGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTAC
TACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGC
CTGGCCTCTCTACTGGGCCTGCCAGGGCTGCGTCCTAACCGGCGTCTGGGT
CATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC(SEQID
NO:53926) 53929

Bn482-b (-74,+5):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCATCAAGA
AAGCAATCCCACCGCACTGTTTCAAACGCTCGATCCCTCGCTCTTICTCCTA
CCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACTACGTCGCCACCACT
TACTTCCCTCTCCTCCCTCACCCTICTCTCCTACTTCGCCTGGCCTCTCTACTG
GGCCTGCCAGGGCTGCGTCCTAACCGGCGTCTGGGTCATAGCCCACGAGTG
CGGCCACCACGCCTTCAGCGACTAC (SEQ ID NO:53927)

Bn482-c (-4):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGTCTGAAACCGACAACATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCCC
TCGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACT
ACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGCC
TGGCCTCTCTACTGGGCCTGCCAGGGCTGCGTCCTAACCGGCGTCTGGGTC
ATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID
NO:53922)

Bn482-d (-3):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGTCTGAAACCGACAACATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGTAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCC
CTCGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTAC
TACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGC
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CTGGCCTCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGGT
CATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC(SEQ ID
NO:53926)

Bn482-¢ (-3):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGTAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCC
CTCGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTAC
TACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGC
CTGGCCTCTCTACTGGGCCTGCCAGGGCTGCGTCCTAACCGGCGTCTGGGT
CATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC(SEQID
NO:53913)

Bnd82-f (-4):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGTCTGAAACCGACAACATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGAGAACTCAAGAAAGCAATCCCACCGCACTGTTITCAAACGCTCGATCCC
TCGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACT
ACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGCC
TGGCCTCTCTACTGGGCCTGCCAGGGCTGCGTCCTAACCGGCGTCTGGGTC
ATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID
NO:53922)

Bnd82-h (-11}):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGTCTGAAACCGACAACATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCCCTCGCTCTT
TCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACTACGTCGC
CACCACTTACTTCCCTCTCCTCCCTCACCCACTCTCCTACTTCGCCTGGCCTC
TCTACTGGGCCTGCCAGGGCTGCGTCCTAACCGGCGTCTGGGTCATAGCCC
ACGAGTGCGGCCACCACGCCTTCAGCGACTAA (SEQ ID NO:53928)
Bn482-1(-3):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGTCTGAAACCGACAACATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGTAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCC
CTCGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTICTAC
TACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGC
CTGGCCTCTCTACTGGGCCTGCCAGGGCTGCGTCCTAACCGGCGTCTGGGT
CATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID
NQO:53913)

Bnd82-j (-3,+99):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGTCTGAAACCGACAACATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGTATGGCTTGACCCCGGAGCAGGTGGTGGCCATCGCCAGCAATCTTGGC
GGCAAGCAGGCGCTGGAGACAATGCAGGCGCTGTTGCCGGTGCTGTGCCA
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GGAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCCAACGCTCGATCCCT
CGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACT
ACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGCC
TGGCCTCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGGTC
ATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID
NO:53929)

Bn482-j (-7):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGTCTGAAACCGACAACATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCCCTCG
CTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACTAC
GTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGCCTG
GCCTCTCTACTGGGCCTGCCAGGGCTGCGTCCTAACGGGCCTCTGGGTCAT
AGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID NO:53930)
Bn482-k (+4):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGTCTGAAACCGACAACATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGTCGGTCGGAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGC
TCGATCCCTCGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCT
GCTTCTACTACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCC
TACTTCGCCTGGCCTCTCTACTGGGCCTGCCAGGGCTGCGTCCTAACCGGCG
TCTGGGTCATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ
ID NO:53931)

Bn482-k (-3.+1):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGTCTGAAACCGACAACATCAAGCGCGTACCCCGCGAGACACCGCCCTTCA
CTGTGAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATC
CCTCGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTA
CTACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCG
CCTGGCCTCTCTACTGGGCCTGCCAGGGCTGCGTCCTAACCGGCGTCTGGG
TCATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID
NO:53932)

TABLE 13B
Sequences of mutant 10 BnaC. Fad2a alleles

Bn432-a (-3,+1):

CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGTTAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATC
CCTCGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTA
CTACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCG
CCTGGCCTCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGG
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TCATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID
NO:53933)

Bn432-a (-7):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCCCTCG
CTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACTAC
GTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGCCTG
GCCTCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGGTCAT
AGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID NO:53934)
Bn432-b (-6,+50):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CAGTTTCCAAAAGGTCGTTGATCAAAGCTCGCCGCGTTGTTTCATCAAGCC
AGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCCCTCG
CTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACTAC
GTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGCCTG
GCCTCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGGTCAT
AGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID NO:53935)
Bn432-b (-18,+166):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGTCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCAC
GGCTTGACCCCGGAGCAGGTGGTGGCCATCGCCTTTTTGCGTTTCTACAAAC
TCTTCCTGGCTAGCGGTACGCGTATTAATTGCGTTGCGCTCACTGCCCGCTT
TCCAGTCGGGAAACCTGTCGTGCCACCGCACTGTTTCAAACGCTCGATCCC
TCGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACT
ACGTCGCCACCACGCCTTCAGCGACTAC (SEQ ID NO:53936)

Bn432-¢ (-36,+13):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAACCGACAACATCAAGAACTCAAGAAAGC
AATCCCACCGCACTGTTTCAAACGCTCGATCCCTCGCTICTTTCTCCTACCTC
ATCTGGGACATCATCATAGCCTCCTGCTTCTACTACGTCGCCACCACTTACT
TCCCTCTCCTCCCTCACCCTCTCCCTTACCTCGCCTGGCCCCTCTCCTGGGCC
TGCCAAGGCTGCGTCCTAACGGGCCTCTGGGTCATCGCCCACGAATGCGGC
CACCACGCCTTCAGCGACTAC (SEQ ID NO:53937)

Bn432-d (-29,+4):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGTGAGAACTGTTTCAAACGCTCGATCCCTCGCTCTTTCTCCTACCTCATC
TGGGACATCATCATAGCCTCCTGCTTCTACTACGTCGCCACCACTTACTTCC
CTCTCCTCCCTCACCCTCTCTCCTACTTCGCCTGGCCTCTCTACTGGGCCTGC
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CAAGGGTGCGTCCTAACCGGCGTCTGGGTCATAGCCCACGAGTGCGGCCAC
CACGCCTTCAGCGACTAC (SEQ ID NO:5393%)

Bn432-¢ (-4,+106):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGCCAGGCCCACGGCTTGACCCCTCAGCAGGTGGTGGCCATCGCCAGCAA
TGGCGGCGGCAGGCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGC
TGTGCGGGGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGA
TCCCTCGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTC
TACTACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTT
CGCCTGGCCTCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTG
GGTCATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ 1D
NO:53939)

Bn432-e (-10):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACAACATCAAGCGCGTACCCTGCGAGACACCGCCCTTGA
ACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCCCTCGCTC
TTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACTACGTC
GCCACCTCTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGCCTGGCC
TCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGGTCATAGC
CCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID NO:53940)
Bn432-f (-18):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCAAG
AAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCCCTCGCTCTTTCTCCT
ACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACTACGTCGCCACCAC
TTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGCCTGGCCTCTCTACT
GGGCCTGCCAAGGGTGCOGTCCTAACCGGCGTCTGGGTCATAGCCCACGAGT
GCGGCCACCACGCCTTCAGCGACTAC (SEQ ID NO:53941)

Bn432-g (-3):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGGAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCC
CTCGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTAC
TACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGC
CTGGCCTCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGGT
CATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC(SEQID
NQ:53942)

Bn432-g (-11):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCCCTCGCTCTT
TCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACTACGTCGC
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CACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGCCTGGCCTC
TCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGGTCATAGCCC
ACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID N(O:33943)

Bn432-h (-2,+55):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGTCCGGCAACAGCCGCTGGACCGTCTCCAGCGCCTGCTTGCCGCCATCG
TGGCTGGCGAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTC
GATCCCTCGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGC
TTCTACTACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTA
CTTCGCCTGGCCTCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTC
TGGGTCATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID
NO:53944)

Bn468-a (+1):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGTCGGGAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCG
ATCCCTCGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTT
CTACTACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACT
TCGCCTGGCCTCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCT
GGGTCATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID
NO:53945)

Bn468-a (-3):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGTAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCC
CTCGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTAC
TACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGC
CTGGCCTCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGLGTCTGGGT
CATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC(SEQID
NO:53946)

Bn468-b (-3):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTITCA
CTGTAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCC
CTCGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTAC
TACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGC
CTGGCCTCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGGT
CATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC(SEQID
NO:53946)

Bn468-f (-2):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
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CTGTCAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATC
CCTCGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTA
CTACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCG
CCTGGCCTCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGG
TCATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC(SEQ ID
NO:53947)

Bn468-g (-5):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCCCT
CGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACT
ACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGCC
TGGCCTCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGGTC
ATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID
NO:53948)

Bn471-a (-3,+90):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTCTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGTTCGACCCACGGCGTAACGCGCTTGCTGCTTGGATGCCCGAGGCATAG
ACTGTACCCCAAAAAAACAGTCATAACAAGCCATGAAAACCGGAGAACTC
AAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCCCTCGCTCTTTCT
CCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACTACGTCGCCAC
CACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGCCTGGCCTCTCT
ACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGGTCATAGCCCACG
AGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID NO:53949)

Bn476-a (-8):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
GAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCCCTCGC
TCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACTACGT
CGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGCCTGGC
CTCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGGTCATAG
CCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID NO:53950)
Bn482-a (-5):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGTAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCCCT
CGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACT
ACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGCC
TGGCCTCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGGTC
ATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID
NO:53951)

Bn482-a (-18):
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CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
AAGCAATCCCACCGCACTGTTTCAAACGCTCGATCCCTCGCTCTTTCTCCTA
CCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACTACGTCGCCACCACT
TACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGCCTGGCCTCTCTACTG
GGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGGTCATAGCCCACGAGTG
CGGCCACCACGCCTTCAGCGACTAC (SEQ ID NO:53952)

Bnd82-b (-74,+5):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCATCAAGA
AAGCAATCCCACCGCACTGTTTCAAACGCTCGATCCCTCGCTCTTTICTCCTA
CCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACTACGTCGCCACCACT
TACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGCCTGGCCTCTCTACTG
GGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGGTCATAGCCCACGAGTG
CGGCCACCACGCCTTCAGCGACTAC (SEQ ID NO:53953)

Bn482-¢ (-3):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGTAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCC
CTCGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTAC
TACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGC
CTGGCCTCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGGT
CATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC(SEQID
NO:53946)

Bn482-¢ (-3):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGTAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCC
CTCGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTAC
TACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGC
CTGGCCTCTCTACTGGGCCTGCCAAGGCTGCGTCCTAACCGGCGTCTGGGT
CATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQID
NO:53946)

Bn4d&2-g (-5):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCCCT
CGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACT
ACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGCC
TGGCCTCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGGTC
ATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID
NO:53954)

Bnd82-h (-6):
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CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGTACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCCCTC
GCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACTA
CGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGCCT
GGCCTCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGGTCA
TAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAA (SEQ ID NO:53955)
Bnd82-h (-10):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTCTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTGA
ACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCCCTCGCTC
TTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACTACGTC
GCCACCACTTACTTCCCTCTCCTCCCTCACCCACTCTCCTACTTCGCCTGGCC
TCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGGTCATAGC
CCACGAGTGCGGCCACCACGCCTTCAGCGACTAA (SEQ ID NO:53940)
Bnd&2-i (+77):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGTCGGCGCTGCTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCGGA
GCAGGTGGTGGCCATCGCCAGCCACGATGGCGGAGAACTCAAGAAAGCAA
TCCCACCGCACTGTTTCAAACGCTCGATCCCTCGCTCTTTCTCCTACCTCAT
CTGGGACATCATCATAGCCTCCTGCTTCTACTACGTCGCCACCACTTACTTC
CCTCTCCTCCCTCACCCTCTCTCCTTCTTCGCCTGGCCTCTCTACTGGGCCTG
CCAAGGGTGCGTCCTAACCGGCGTCTGGGTCATAGCCAACGAGTGCGGCCA
CCACGCCTGCAGCGACTAC (SEQ ID NO:53956)

Bn482-i (-2):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGGGAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATC
CCTCGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTA
CTACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCG
CCTGGCCTCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGG
TCATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID
NO:53957)

Bnd&2-j (-7):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAAA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCCCTCG
CTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACTAC
GTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGCCTG
GCCTCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGGTCAT
AGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID NO:53958)
Bn482-k (+93):
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CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTICA
CTGTCGGAATTTATGGAACGTCAGTGGAGCATTTTTAAGACTGAGCCTTTCG
TTTTATCTGTTGTTTGTCGGTGAACGCTCTCCTGAGTAGGACAAATCCGGAG
AACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCCCTCGCT
CTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTACTACGT
CGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGCCTGGC
CTCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGGTCATAG
CCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID NO:53959)
Bn482-k (-3):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTTCA
CTGTAGAACTCAAGAAAGCAATCCCACCGCACTGTTTCAAACGCTCGATCC
CTCGCTCTTTCTCCTACCTCATCTGGGACATCATCATAGCCTCCTGCTTCTAC
TACGTCGCCACCACTTACTTCCCTCTCCTCCCTCACCCTCTCTCCTACTTCGC
CTGGCCTCTCTACTGGGCCTGCCAAGGGTGCGTCCTAACCGGCGTCTGGAGT
CATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQID
NO:53946)

TABLE 13C
Sequences of mutant T0 BnaC Fad2h alleles

Bn432-a (-13):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTCTCTCCTCCCTCCAGCT
CCCCCGAAACCAAAACCCTCAAACGCGTCCCCTGCGAGACACCACCCTCCT
CAAGAAAGCAATCCCACCTCACTGCTTCAAACGCTCCATCCCTCGCTCCTTC
TCCTACCTCCTCTTCGACATCCTCGTCTCCTCCTCCCTCTACCACCTCTCCAC
AGCCTACTTCCCTCTCCTCCCCCACCCTCTCCCTTACCTCGCCTGGCCCCTCT
ACTGGGCCTGCCAAGGCTGCGTCCTAACGGGCCTCTGGGTCATAGCCCACG
AGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID NO:53960)

Bn432-d (-4,+1):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTCTCTCCTCCCTCCAGCT
CCCCCGAAACCAAAACCCTCAAACGCGTCCCCTGCGAGACACCACCCTTCA
CTAGAGACCTCAAGAAAGCAATCCCACCTCACTGCTTCAAACGCTCCATCC
CTCGCTCCTTCTCCTACCTCCTCTTCGACATCCTCGTCTCCTCCTCCCTCTAC
CACCTCTCCACAGCCTACTTCCCTCTCCTCCCCCACCCTCTCCCTTACCTCGC
CTGGCCCCTCTACTGGGCCTGCCAAGGCTGCGTCCTAACGGGCCTCTGGGT
CATCGCCCACGAATGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID
NO:53961)

Bn432-¢ (-9):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTCTCTCCTCCCTCCAGCT
CCCCCGAAACCAAAGCCCTCAAACGCGTCCCCTGCGAGACACCACCCTTAG
ACCTCAAGAAAGCAATCCCACCTCACTGCTTCAAACGCTCCATCCCTCGCT
CCTTCTCCTACCTCCTCTTCGACATCCTCGTCTCCTCCTCCCTCTACCACCTC
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TCCACAGCCTACTTCCCTCTCCTCCCCCACCCTCTCCCTTACCTCGCCTGGCC
CCTCTACTGGGCCTGCCAAGGCTGCGTCCTAACGGGCCTCTGGGTCATCGC
CCACGAATGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID NO:53962)
Bnd32-f (-4):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTCTCTCCTCCCTCCAGCT
CCCCCGAAACCAAAACCCTCAAACGCGTCCCCTGCGAGACACCACCCTTCA
CTCTCACCTCAAGAAAGCAATCCCACCTCACTGCTTCAAACGCTCCATCCCT
CGCTCCTTCTCCTACCTCCTCTTCGACATCCTCGTCTCCTCCTCCCTCTACCA
CCTCTCCACAGCCTACTTCCCTCTCCTCCCCCACCCTCTCCCTTACCTCGCCT
GGCCCCTCTACTGGGCCTGCCAAGGCTGCGTCCTAACGGGCCTCTGGGTCA
TCGCCCACGAATGCGGCCACCACGCCTTCAGCGACTAC (SEQ 1D NO:53963)
Bn432-f (+44):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTCTCTCCTCCCTCCAGCT
CCCCCGAAACCAAAACCCTCAAACGCGTCCCCTGCGAGACACCACCCTTCA
CTCGGAGAATCTCGCTCTCTCCAGGGGAAGCCGAAGTTTCCAAAAGGTCGG
AGACCTCAAGAAAGCAATCCCACCTCACTGCTTCAAACGCTCCATCCCTCG
CTCCTTCTCCTACCTCCTCTTCGACATCCTCGTCTCCTCCTCCCTCTACCACC
TCTCCACAGCCTACTTCCCTCTCCTCCCCCACCCTCTCCCTTACCTCGCCTGG
CCCCTCTACTGGGCCTGCCAAGGCTGCGTCCTAACGGGCCTCTGGGTCATC
GCCCACGAATGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID NO:53964)
Bnd32-g (-8):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTCTCTCCTCCCTCCAGCT
CCCCCGAAACCAAAACCCTCAAACGCGTCCCCTGCGAGACACCACCCTTCA
CTCCTCAAGAAAGCAATCCCACCTCACTGCTTCAAACGCTCCATCCCTCGCT
CCTTCTCCTACCTCCTCTTCGACATCCTCGTCTCCTCCTCCCTCTACCACCTC
TCCACAGCCTACTTCCCTCTCCTCCCCCACCCTCTCCCTTACCTCGCCTGGCC
CCTCTACTGGGCCTGCCAAGGCTGCGTCCTAACGGGCCTCTGGGTCATAGC
CCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID NO:53965)
Bn468-c (-7):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTCTCTCCTCCCTCCAGCT
CCCCCGAAACCAAAACCCTCAAACGCGTCCCCTGCGAGACACCACCCTTCA
CTACCTCAAGAAAGCAATCCCACCTCACTGCTTCAAACGCTCCATCCATCG
CTCCTTCTCCTACCTCCTCTTCGACATCCTCGTCTCCTCCTCCCTCTACCACC
TCTCCACAGCCTACTTCCCTCTCCTCCCCCACCCTCTCCCTTACCTCGLCCTGG
CCCCTCTACTGGGCCTGCCAAGGCTGCGTCCTAACGGGCCTCTGGGTCATC
GCCCACGAATGCGGCCACCACGCCTTCAGCGACTAC (SEQ 1D NO:53966)
Bn468-d (-7):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTCTCTCCTCCCTCCAGCT
CCCCCGAAACCAAAACCCTCAAACGCGTCCCCTGCGAGACACCACCCTTCA
CTACCTCAAGAAAGCAATCCCACCTCACTGCTTCAAACGCTCCATCCCTCG
CTCCTTCTCCTACCTCCTCTTCGACATCCTCGTCTCCTCCTCCCTCTACCACC
TCTCCACAGCCTACTTCCCTCTCCTCCCCCACCCTCTCCCTTACCTCGCCTGG
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CCCCTCTACTGGGCCTGCCAAGGCTGCGTCCTAACGGGCCTCTGGGTCATA
GCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID NO:53966)
Bn468-h (-4,+44):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTCTCTCCTCCCTCCAGCT
CCCCCGAAACCAAAACCCTCAAACGCGTCCCCTGCGAGACACCACCCTTCA
CTCTGGCTGGCGATGGCCACCACCTGCTCCGGGGTCAAGCCGTGGGCCGAC
CTCAAGAAAGCAATCCCACCTCACTGCTTCAAACGCTCCATCCCTCGCTCCT
TCTCCTACCTCCTCTTCGACATCCTCGTCTCCTCCTCCCTCTACCACCTCTCC
ACAGCCTACTTCCCTCTCCTCCCCCACCCTCTCCCTTACCTCGCCTGGCCCCT
CTACTGGGCCTGCCAAGGCTGCGTCCTAACGGGCCTCTGGGTCATCGCCCA
CGAATGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID NO:53967)

Bn476-a (+1}):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTCTCTCCTCCCTCCAGCT
CCCCCGAAACCAAAACCCTCAAACGCGTCCCCTGCGAGACACCACCCTTCA
CTCTCGGGAGACCTCAAGAAAGCAATCCCACCTCACTGCTTCAAACGCTCC
ATCCCTCGCTCCTTCTCCTACCTCCTCTTCGACATCCTCGTCTCCTCCTCCCT
CTACCACCTCTCCACAGCCTACTTCCCTCTCCTCCCCCACCCTCTCCCTTACC
TCGCCTGGCCCCTCTACTGGGCCTGCCAAGGCTGCGTCCTAACGGGCCTCT
GGGTCATCGCCCACGAATGCGGCCACCACGCCTTCAGCGACTAC(SEQID
NO:53968)

Bnd76-b (-2):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAGCT
CCCCCGAAACCAAAACCCTCAAACGCGTCCCCTGCGAGACACCACCCTTCA
CTCTGAGAACCTCAAGAAAGCAATCCCACCTCACTGCTTCAAACGCTCCAT
CCCTCGCTCCTTCTCCTACCTCCTCTTCGACATCCTCGTCTCCTCCTCCCTCT
ACCACCTCTCCACAGCCTACTTCCCTCTCCTCCCCCACCCTCTCCCTTACCTC
GCCTGGCCCCTCTACTGGGCCTGCCAAGGCTGCGTCCTAACGGGCCTCTGG
GTCATCGCCCACGAATGCGGCCACCACGCCTTCAGCGACTAC (SEQID
NO:53969)

Bnd76-¢ (-16):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTCTCTCCTCCCTCCAGCT
CCCCCGAAACCAAAACCCTCAAACGCGTCCCCTGCGAGACACCACCCTCAA
GAAAGCAATCCCACCTCACTGCTTCAAACGCTCCATCCCTCGCTCCTTCTCC
TACCTCCTCTTCGACATCCTCGTCTCCTCCTCCCTCTACCACCTCTCCACAGC
CTACTTCCCTCTCCTCCCCCACCCTCTCCCTTACCTCGCCTGACCCCTCTACT
GGGCCTGCCAAGGCTGCGTCCTAACGGGCCTCTGGGTCATAGCCCACGAGT
GCGGCCACCACGCCTTCAGCGACTAA (SEQ ID NO:53970)

Bnd&82-a (-4):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTCTCTCCTCCCTCCAGCT
CCCCCGAAACCAAAACCCTCAAACGCGTCCCCTGCGAGACACCACCCTTCA
CTGAGACCTCAAGAAAGCAATCCCACCTCACTGCTTCAAACGCTCCATCCC
TCGCTCCTTCTCCTACCTCCTCTTCGACATCCTCGTCTCCTCCTCCCTCTACC
ACCTCTCCACAGCCTACTTCCCTCTCCTCCCCCACCCTCTCCCTTACCTCGCC
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TGGCCCCTCTACTGGGCCTGCCAAGGCTGCGTCCTAACGGGCCTCTGGGTC
ATCGCCCACGAATGCGGCCACCACGCCTTCAGCGACTAC(SEQ ID
NO:53971)

Bnd82-¢ (+29):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTCTCTCCTCCCTCCAGCT
CCCCCGAAACCAAAACCCTCAAACGCGTCCCCTGCGAGACACCACCCTTCA
CTCTCGGCAAGCAGGCGCTGGAGACGGTCCAGCGGCAGACCTCAAGAAAG
CAATCCCACCTCACTGCTTCAAACGCTCCATCCCTCGCTCCTTCTCCTACCT
CCTCTTCGACATCCTCGTCTCCTCCTCCCTCTACCACCTCTCCACAGCCTACT
TCCCTCTCCTCCCCCACCCTCTCCCTTACCTCGCCTGGCCCCTCTACTCGGCC
TGCCAAGGCTGCGTCCTAACGGGCCTCTGGGTCATCGCCCACGAATGCGGC
CACCACGCCTTCAGCGACTAC (SEQ ID NO:53972)

Bnd82-c (-3):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTGTCTCCTCCCTCCAAGA
AGTCTGAAACCGACACCATCAAGCGCGTACCCTGCGAGACACCGCCCTITCA
CTGTAGAACTCAAGAAAGCAATCCCACCTCACTGCTTCAAACGCTCCATCC
CTCGCTCCTTCTCCTACCTCCTCTCCGACCTCCTCGTCTCATCCTCCCTCTAC
CACCTCTCCACAGCCCCCTTCCCTCTCCTCCCCCACCCTCCCCCTTTCCCCGC
CTGGCCCCTCTTCTGAGCCTGCCAAGGCTGCGTCCTAAAGGGCCTCTGGGT
CATAGCCCACGAGTGCGGCCACCACGCCTTCAGCGACTAC(SEQID
N0:53973)

Bn482-f (-3):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTCTCTCCTCCCTCCAGCT
CCCCCGAAACCAAAACCCTCAAACGCGTCCCCTGCGAGACACCACCCTTCA
CTCTAGACCTCAAGAAAGCAATCCCACCTCACTGCTTCAAACGCTCCATCC
CTCGCTCCTTCTCCTACCTCCTCTTCGACATCCTCGTICTCCTCCTCCCTCTAC
CACCTCTCCACAGCCTACTTCCCICTCCTCCCCCACCCTCTCCCTTACCTCGC
CTGGCCCCTCTACTGGGCCTGCCAAGGCTGCGTCCTAACGGGCCTCTGGGT
CATCGCCCACGAATGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID
NO:53974)

Bn482-1 (-3):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTCTCTCCTCCCTCCAGCT
CCCCCGAAACCAAAACCCTCAAACGCGTCCCCTGCGAGACACCACCCTTCA
CTCTAGACCTCAAGAAAGCAATCCCACCTCACTGCTTCAAACGCTCCATCC
CTCGCTCCTTCTCCTACCTCCTCTTICGACATCCTCGTCTCCTCCTCCCTCTAC
CACCTCTCCACAGCCTACTTCCCICTCCTCCCCCACCCTCTCCCTTACCTCGC
CTGGCCCCTCTACTGGGCCTGCCAAGGCTGCGTCCTAACGGGCCTCTGGGT
CATCGCCCACGAATGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID
NO:53974)

Bn482-k (-4):
CAGGATCCATGGGTGCAGGTGGAAGAATGCAAGTCTCTCCTCCCTCCAGCT
CCCCCGAAACCAAAACCCTCAAACGCGTCCCCTGCGAGACACCACCCTTCA
CTCAGACCTCAAGAAAGCAATCCCACCTCACTGCTTCAAACGCTCCATCCC
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TCGCTCCTTCTCCTACCTCCTCTTCGACATCCTCGTCTCCTCCTCCCTCTACC
ACCTCTCCACAGCCTACTTCCCTCTCCTCCCCCACCCTCTCCCTTACCTCGCC
TGGCCCCTCTACTGGGCCTGCCAAGGCTGCGTCCTAACGGGCCTCTGGGTC
ATCGCCCACGAATGCGGCCACCACGCCTTCAGCGACTAC (SEQ ID

NO:53975)
TABLE 14
71 planis used in crosses
T1 plant T@ parent | Bred FiDlea BnaC . FAD2q Bual . FAD2LS
Ba432-41 Bo43Z-a =36 ~3 417 ~13/-13
Bnd32-62 Bnd432-a -3/-6 341341 ~13/-13
Br432-83 Brd32-a -3/-6 =77 -13/-13
Bnd32-45 Bnd32-b -6,+50/-6,+50 | -18,+166/-18,+166 wwE
Bn432-87 Bnd32-b -6,+50/-6,+50 | -18,+166/-18,+166 Wit
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TABLE 15
Average oil composifion of F2 planis, by group
{3} compesition (%) Increase/decrease (96)

Group | Oleic acid | Linsleic Linelenic | Oleic acid Linoleic Linelenic
{18:1) acid (1812} | acid (I13:3) {i8:1) acid (18:2} | acid (18:3)

i 83 46% 2.44%, 3.0%% 24.1% -85.1%% -47 3%

Za 81.99% 3.04% 3.80% 21.9% ~81.5% -35.0%

b 83.00% 2.55% 323% 23.4% -84.5% ~44 9%

3 81.30% 3.34% 3.58% 20.9% ~79.7% -38.8%

4 67.25% 16.45% 5.85% NA NA NA

*Compared to wild type {group 4)

OTHER EMBODIMENTS

It 15 1o be understood that while the mvention has been described 1 conjunction with

the detatled description thereof, the foregoing description 1s intended to tllustrate and not

limit the scope of the mvention, which is detined by the scope of the appended claims. Other

aspects, advantages, and modifications are within the scope of the following claims.
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WHAT IS CLAIMED IS:
L. A Brassica plant, plant part, or plant cell comprising an induced mutation in one or

more FAD2 gene copies, oil produced from the plant, plant part, or plant cell has increased
oleic acid content and decreased linolenic acid content as compared to oil produced from a

corresponding wild type Brassica plant, plant part, or plant cell.

2. The Brassica plant, plant part, or plant cell of claim 1, wherein each of the induced
mutations is within a nucleic acid sequence as set forth in any of SEQ ID NOS:1-3, or within

a sequence having at least 90% identity to any of SEQ ID NOS:1-3.

3. The Brassica plant, plant part, or plant cell of claim 1 or claim 2, wherein the induced
mutation comprises an in-frame or frameshift mutation, and wherein the in-frame or
frameshift mutation comprises an insertion or deletion selected from the group consisting of:

a 3 bp deletion at positions 98-100 of any of SEQ ID NOS:1-3 or at the corresponding
positions within a sequence having at least 90% identity to any of ESQ ID NOS:1-3;

a 6 bp deletion at positions 97-102 of any of SEQ ID NOS:1-3 or at the corresponding
positions within a sequence having at least 90% identity to any of SEQ ID NOS:1-3;

a 3 bp deletion at positions 99-101 and a 1 bp insertion at position 99 of any of SEQ
ID NOS:1-3 or at the corresponding positions within a sequence having at least 90% identity
to any of SEQ ID NOS:1-3;

a 7 bp deletion at positions 98-104 of any of SEQ ID NOS:1-3 or at the corresponding
positions within a sequence having at least 90% identity to any of SEQ ID NOS:1-3;

a 13 bp deletion at positions 92-104 of any of SEQ ID NOS:1-3 or at the
corresponding positions within a sequence having at least 90% identity to any of SEQ ID
NOS:1-3;

a 6 bp deletion at positions 96-101 and a 50 bp insertion at position 96 of any of SEQ
ID NOS:1-3 or at the corresponding positions within a sequence having at least 90% identity
to any of SEQ ID NOS:1-3; and

an 18 bp deletion at positions 101-118 and a 166 bp insertion at position 101 of any of
SEQ ID NOS:1-3 or at the corresponding positions within a sequence having at least 90%
identity to any of SEQ ID NOS:1-3.

4, The Brassica plant, plant part, or plant cell of any one of claims 1 to 3, wherein each

induced mutation was induced by a rare-cutting endonuclease.
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5. The Brassica plant, plant part, or plant cell of any one of claims 1 to 4, wherein the

plant, plant part, or plant cell does not contain a transgene.

6. The Brassica plant, plant part, or plant cell of any one of claims 1 to 4, wherein the
plant, plant part, or plant cell comprises a transgene encoding a protein, and wherein the
protein is selected from the group consisting of a plant 5-enolpyruvylshikimate-3-phosphate
synthase (EPSPS) protein, a modified plant EPSPS protein, a bacterial EPSPS protein, an
agrobacterium CP4 EPSPS protein, an aryloxyalkanoate dioxygenase (AAD) protein, a
phosphinothricin N-acetyltransferase (PAT) protein, an acetohydroxyacid synthase large
subunit protein, a p-hydroxyphenylpyruvate dioxygenase (hppd) protein, and a dicamba

monooxygenase (DMO) protein.

7. The Brassica plant, plant part, or plant cell of any one of claims 1 to 6, wherein the

plant part is a seed.

8. A Brassica plant or plant part that is a progeny of the Brassica plant or plant part of
claim 1, wherein the progeny plant or plant part comprises a mutation in at least one FAD2

gene copy.

9. A method for producing a Brassica plant having increased oleic acid content and
decreased linolenic acid content, the method comprising:

providing a population of Brassica cells comprising functional FAD2 gene copies,

contacting the population of Brassica cells with one or more rare-cutting
endonucleases targeted to the one or more FAD2 gene copies,

regenerating Brassica plants from the population of Brassica cells contacted with the
oneg or more rare-cutting endonucleases, and

selecting a Brassica plant with a mutation in one or more FAD2 gene copies,
wherein the selected Brassica plant produces oil having increased oleic acid content and
decreased linolenic acid content as compared to oil produced by a corresponding wild type

Brassica plant.

10. The method of claim 9, wherein the Brassica cells are selected from the group

consisting of protoplast cells, embryo cells, callus cells, leaf cells, and petiole explant cells.

11. The method of claim 9 or claim 10, comprising transforming the Brassica cells with

one or more vectors encoding the one or more rare-cutting endonucleases.
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12. The method of claim 11, wherein the one or more rare-cutting endonucleases are

transcription activator-like effector (TALE) nucleases.

13. The method of claim 12, wherein each of the one or more TALE nucleases is targeted
to a sequence within SEQ ID NOS:1-3, or to a sequence having at least 90% identity to a
sequence within SEQ ID NOS:1-3.

14. The method of claim 12, wherein each of the one or more TALE nucleases is targeted
to a sequence within any of the sequences set forth in SEQ ID NOS:9-29, or to a sequence
having at least 90% identity to any of SEQ ID NOS:9-29.

15. A method for generating a Brassica plant that produces oil having increased oleic acid
content and decreased linolenic acid content as compared to oil produced from a
corresponding wild type Brassica plant, plant part, or plant cell, the method comprising:
providing a first Brassica plant comprising at least one induced mutation in an
endogenous FAD2 gene copy;
providing a second Brassica plant comprising wild type FAD2 gene copies; and
crossing the first Brassica plant with the second Brassica plant;
thereby producing a plurality of progeny seed, wherein the progeny seed produce plants that

comprise an induced mutation in at least one endogenous FAD2 gene copy.

16. The method of claim 15, wherein each of the induced mutations is at a sequence
within any of SEQ ID NOS:1-3, or within a sequence having at least 90% identity to any of
SEQ ID NOS:1-3.

17.  The method of claim 15 or claim 16, wherein the induced mutation comprises an in-
frame or frameshift mutation, and wherein the in-frame or frameshift mutation comprises an
insertion or deletion selected from the group consisting of:

a 3 bp deletion at positions 98-100 of any of SEQ ID NOS:1-3 or at the corresponding
positions within a sequence having at least 90% identity to any of ESQ ID NOS:1-3;

a 6 bp deletion at positions 97-102 of any of SEQ ID NOS:1-3 or at the corresponding
positions within a sequence having at least 90% identity to any of SEQ ID NOS:1-3;

a 3 bp deletion at positions 99-101 and a 1 bp insertion at position 99 of any of SEQ
ID NOS:1-3 or at the corresponding positions within a sequence having at least 90% identity
to any of SEQ ID NOS:1-3;

66



CA 03105331 2020-12-29

WO 2020/012365 PCT/IB2019/055853

a 7 bp deletion at positions 98-104 of any of SEQ ID NOS:1-3 or at the corresponding
positions within a sequence having at least 90% identity to any of SEQ ID NOS:1-3;

a 13 bp deletion at positions 92-104 of any of SEQ ID NOS:1-3 or at the
corresponding positions within a sequence having at least 90% identity to any of SEQ ID
NOS:1-3;

a 6 bp deletion at positions 96-101 and a 50 bp insertion at position 96 of any of SEQ
ID NOS:1-3 or at the corresponding positions within a sequence having at least 90% identity
to any of SEQ ID NOS:1-3; and

an 18 bp deletion at positions 101-118 and a 166 bp insertion at position 101 of any of
SEQ ID NOS:1-3 or at the corresponding positions within a sequence having at least 90%
identity to any of SEQ ID NOS:1-3.

18.  The method of any one of claims 15 to 17, wherein each induced mutation was

induced by a rare-cutting endonuclease.

19.  The method of any one of claims 15 to 18, wherein the first Brassica plant and the

second Brassica plant do not contain a transgene.

20.  The method of any one of claims 15 to 18, wherein the first Brassica plant or the
second Brassica plant comprises a transgene encoding a protein, and wherein the protein is
selected from the group consisting of a plant EPSPS protein, a modified plant EPSPS protein,
a bacterial EPSPS protein, an agrobacterium CP4 EPSPS protein, an AAD protein, a PAT
protein, an acetohydroxyacid synthase large subunit protein, a hppd protein, and a DMO

protein.

21. A method for generating a Brassica plant that produces seed oil having increased oleic
acid content and decreased linolenic acid content as compared to oil produced from a
corresponding wild type Brassica plant, plant part, or plant cell, the method comprising:
providing a first Brassica plant comprising at least a first induced mutation in a first
endogenous FAD2 gene copy;
providing a second Brassica plant comprising at least a second induced mutation in a
second endogenous FAD2 gene copy; and

crossing the first Brassica plant with the second Brassica plant;
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thereby producing a plurality of progeny seed, wherein the progeny seed produce
plants that comprise the first and second induced mutations in the first and second

endogenous FAD2 gene copies.

22. The method of claim 21, wherein each of the induced mutations is at a sequence
within any of SEQ ID NOS:1-3.

23. The method of claim 21 or claim 22, wherein at least one of the first and second
induced mutations comprises an in-frame or frameshift mutation, and wherein the in-frame or
frameshift mutation comprises an insertion or deletion selected from the group consisting of:

a 3 bp deletion at positions 98-100 of any of SEQ ID NOS:1-3 or at the corresponding
positions within a sequence having at least 90% identity to any of ESQ ID NOS:1-3;

a 6 bp deletion at positions 97-102 of any of SEQ ID NOS:1-3 or at the corresponding
positions within a sequence having at least 90% identity to any of SEQ ID NOS:1-3;

a 3 bp deletion at positions 99-101 and a 1 bp insertion at position 99 of any of SEQ
ID NOS:1-3 or at the corresponding positions within a sequence having at least 90% identity
to any of SEQ ID NOS:1-3;

a 7 bp deletion at positions 98-104 of any of SEQ ID NOS:1-3 or at the corresponding
positions within a sequence having at least 90% identity to any of SEQ ID NOS:1-3;

a 13 bp deletion at positions 92-104 of any of SEQ ID NOS:1-3 or at the
corresponding positions within a sequence having at least 90% identity to any of SEQ ID
NOS:1-3;

a 6 bp deletion at positions 96-101 and a 50 bp insertion at position 96 of any of SEQ
ID NOS:1-3 or at the corresponding positions within a sequence having at least 90% identity
to any of SEQ ID NOS:1-3; and

an 18 bp deletion at positions 101-118 and a 166 bp insertion at position 101 of any of
SEQ ID NOS:1-3 or at the corresponding positions within a sequence having at least 90%
identity to any of SEQ ID NOS:1-3.

24.  The method of any one of claims 21 to 23, wherein each induced mutation was

induced by a rare-cutting endonuclease.

25.  The method of any one of claims 21 to 24, wherein the first Brassica plant and the

second Brassica plant do not contain a transgene.
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26.  The method of any one of claims 21 to 24, wherein the first Brassica plant or the
second Brassica plant comprises a transgene encoding a protein, and wherein the protein is
selected from the group consisting of a plant EPSPS protein, a modified plant EPSPS protein,
a bacterial EPSPS protein, an agrobacterium CP4 EPSPS protein, an AAD protein, a PAT
protein, an acetohydroxyacid synthase large subunit protein, a hppd protein, and a DMO

protein.

27. A method for producing Brassica oil having increased oleic acid content and reduced
linoleic acid content, comprising:

(a) providing a Brassica plant or plant part comprising an induced mutation in one or
more FAD2 gene copies, and

(b) producing oil from the plant or plant part.

28.  The method of claim 27, wherein the induced mutation comprises an in-frame or
frameshift mutation, and wherein the in-frame or frameshift mutation comprises an insertion
or deletion selected from the group consisting of:

a 3 bp deletion at positions 98-100 of any of SEQ ID NOS:1-3 or at the corresponding
positions within a sequence having at least 90% identity to any of SEQ ID NOS:1-3;

a 6 bp deletion at positions 97-102 of any of SEQ ID NOS:1-3 or at the corresponding
positions within a sequence having at least 90% identity to any of SEQ ID NOS:1-3;

a 3 bp deletion at positions 99-101 and a 1 bp insertion at position 99 of any of SEQ
ID NOS:1-3 or at the corresponding positions within a sequence having at least 90% identity
to any of SEQ ID NOS:1-3;

a 7 bp deletion at positions 98-104 of any of SEQ ID NOS:1-3 or at the corresponding
positions within a sequence having at least 90% identity to any of SEQ ID NOS:1-3;

a 13 bp deletion at positions 92-104 of any of SEQ ID NOS:1-3 or at the
corresponding positions within a sequence having at least 90% identity to any of SEQ ID
NOS:1-3;

a 6 bp deletion at positions 96-101 and a 50 bp insertion at position 96 of any of SEQ
ID NOS:1-3 or at the corresponding positions within a sequence having at least 90% identity
to any of SEQ ID NOS:1-3; and

an 18 bp deletion at positions 101-118 and a 166 bp insertion at position 101 of any of
SEQ ID NOS:1-3 or at the corresponding positions within a sequence having at least 90%
identity to any of SEQ ID NOS:1-3.
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29. The method of claim 27, wherein each induced mutation was induced by a rare-

cutting endonuclease.

30. The method of claim 27 or claim 28, wherein the first Brassica plant and the second

Brassica plant do not contain a transgene.

31. The method of claim 27 or claim 28, wherein the first Brassica plant or the second
Brassica plant comprises a transgene encoding a protein, and wherein the protein is selected
from the group consisting of a plant EPSPS protein, a modified plant EPSPS protein, a
bacterial EPSPS protein, an agrobacterium CP4 EPSPS protein, an AAD protein, a PAT
protein, an acetohydroxyacid synthase large subunit protein, a hppd protein, and a DMO

protein.
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