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(57) Abstract: The invention provides Brassicaceae family plants, seeds and germplasm altered in all 7ransparent Testa 8 (TT8) tran-
scription factor encoding genes to provide a yellow seed variety having increased seed oil content, particularly Camelina variety, par-
ticularly Camelina sativa. Methods for altering Transparent Testa 8 (I'T8) transcription factor encoding genes and generating seeds,
plants and germplasm lacking; active 778 transcription factor, including nsing CRISPR/Cas9 technology to disrupt all copies of the TT8
genes, are provided. Plants inactivated for 778 and seeds, germplasm, and oil bodies derived, therefrom are provided. Three Camelina
sativa 778 genes were identified and independent Cs7'78 lines containing framesbift edits are provided. Disruption of 778 resulted in
seed coat color change to yellow, reflecting reduced flavonoid accumulation up to 44% and loss of a well- organized seed coat mucilage
layer. Metabolic remodeling with increases in total fatty acid accumulation up to 38.0% of seed weight is provided, and TAG yield is
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YELLOW-SEED Cameling sativa WITH ENHANCED OIL ACCUMULATION BY DISR UPTION
OF Transparent Yesia §

GOVERNMENT SUPPORT

U This invention was made with Government support uader confract number DE-SCO012704,

awarded by the 1.8, Department of Energy. The Government has certain rights in the lovention.

CROSS REFERENCE TO RELATED APPLICATIONS

16002] The present application claims prority from U.S. provisional application Serial No.

63/575,496 {iled April 5, 2024, the disclosure of which is incorporated herein by reference uits entirety.

SEQUENCE LISTING

[GOG3] A Sequence Listing conforming to the rules of WIPO Standard ST.28 is hereby
incorporated by reference. The Sequence Listing has been filed as an electrouic document via
PatentCenter encoded as XML i UTF-8 text. The electronic document, created oo

April 4, 2025, is entitled ©369-321_8T26.xml”, and is 121,705 bytes in size.

FIBLD OF THE INVENTION

{6004]  The present invention relates generally to Brassicaceae faouly plants, seeds and gemmplasio
altered in one or all Transparent Testa 8 (775 bereafter) transcription factor encoding genes resulting in
increased seed oil content and to provide & yellow seed variety. Methods for altering 778 transeription
factor encoding genes and generating seeds, plants and germplasm lacking active TTS transcription factor
are provided. The invention also relates to plants, particularly genetically edued or genetically enginesred
plants, inactivated for TT8, as well as seeds, germplasm, and oil bodies derived from the plants. A
Brassicaceas farnily Cameling variety, particularly Cameling sative, having a seed with increased oil

content and yellow phenotype is provided.

BACKGROUND OF THE INVENTION

JG0011 Liquid biofuels offer considerable promise, however, the reality of utihzing biclogical

material is tempered by competing uses and the quantities available. Oilseed crops are 2 diverse
group of crop species which ave utilized for the production of oil that can be used for diverse indusiries
including food, feed, consuraer products, and bicfuels, Plant oils (trimcyigiycerol or TAG) are
increasingly preferred as sustainable feedstocks for biofuel production because they have a high energy

density and they are compatible with the current energy infrastructure (Wang et al,, 2022). (il seed crops
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include soybeans, tapeseed, canola, perinycress, sunflowers and sesame. Rapesced, canola and peonycress
are members of the Brassicaceqe family,

j0882] Camelina, a hexaploid merber of the Brassicaceae faraily, is an emerging oilsesd crop being
developed to meet the increasing demand for plant oils as feedstocks for biofuels, feed, and food.
Camelina sativa (Cs), an allohexaploid ol crop io the Brassicaceae family, has garmered attention for s
relatively bigh ot vield, short generation time, stress resistance, and low resource requirements {Yuan and
14, 2020). Increasing seed oil content is one of the primary targets for improving cemeling productivity
{Marisol Berti, 2016).

{6003] in Brassicaceae, dark brown seed coats result from the accurnulation of an oxidized
flavonoid known as proanthocyanidin within the endothelium layer of the inner infegument of the seed
coat {Lepiniec et al. 2006). Flavonoid accurculation has heen extensively studied in the mode! plant
Arabidopsis, revealing two distinct groups of activities. The first group cousists of carly biosynthetic
genes (EBGs), including chalcone synthase, chalcone isemerase, flavanone-3-hydroxylase, and
flavanone-3°-hydroxylase. The second group comprises late biosynthetic genes {({.BGs), such as
dihydroflavonol reductase (DFR), leucocyanidin dioxygenase, and anthocyamdin redoctase {ANR or
BAN) (Hartmann et al., 2020). In addition to these enzyross, various reguatory profeins play pivotal roles
in flavanol cell biology, including TT1, TT2, TT8, TT16, TTG, TTG2, TT1Z, Tl 9, and AHALD, which
are likely involved in the compartmentation of flavonoids {Lepiniec et al., 2006). The regulation of gene
expression, particularly that of LBGs such as DFR and BAN, is tightly coordinated by a ternary complex
of TT2 (R2R3-MYE), TTS (basic helix—loop-helix, bHLH), and the WD40 regulatory protein encoded by
TTGL, referred to as the MYB-BHLB-WD40 (MBW) complex which ultroately regulates the
biosynihesis of proanthocyanidins (Bandry et al., 2004; Hichri et al, 2011). The MBW complex activates
proanthocyanidin biosynihesis in developing seeds, influencing seed color {(Hartmann et al., 2020}
[6G94] In other Brassicas, high oil content can be associated with a yellow seed phenotype.
Camelina with yellow seeds are not known. That natural yellow seed variants have not been identified w
cameling may be due to the fow probability of null muutants arising in all three copies of genes controlling
seed color sinulfanecusly.

130051 The TT& gene, known as Trassparent Testa &, is a transcriptional repressor that plays a
pivotal role in metabolism, specifically in the regulation of proanthocyanin biosynthesis {(Baudry et al,
2004). Mutations or varations in 778 led to alerations in anthocyvanin production, affecting the
coloration of plant tissues {Chen et al,, 2014; Padmaja et al, 2014). Moreover, TTR (bHLH42) plays
negative roles in regulating seed fatty acid biosynthesis by repressing LECI, LEC2, and FUS3 {Chen et
al., 2014). Knocking out 778 not only changes seed coaf color but also increases oil content in
Arabidopsis (Chen et al., 2014) and Brassica napus (Lt et al., 2023; Zhai et al., 2020).

{30086] Genome editing, particularly by CRISPR/Cas® technology, has become a useful method for

understanding and manipulating gene fanciion {Doudna and Charpentier, 2014}, This technology has been
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successiully applied to cameling, where knocking out the Fatty Acid Desaturase 2 {FADZ) genes
increased oleic acid content while reducing the levels of long-chain polyunsaturated fatty acids (Hen ot
al, 2022; liang et al, 2017; Lee et al., 2021; Morineau et al,, 2017). Deactivating Fatty Acid Elongasel
(F4£7) resulted in reduced production of very long-chain faity acids and ncreased levels of oleic acid or
s-linofenic acid (Ozseyhan et al., 2018). Bditing seed storage protein CRUCIFERIN € (CsCRUC) did not
affect the total seed protein content but altered the abundaace of crucifenin isoforms and otber seed
storage proteins {Lyzenga et al.,, 2019). The multiplex editing of genes in camelina enabled the creation of
a gtable early-fowering trait {Bellec et al., 2022).

(6887} Yellow-seed is a highly desirable trait in Brassice oilseed crops (Marles and Gruber, 2004;
Meng et al., 1998; Rahman and McVetty, 2011; Tang et al, 1997) because it is often associated with
higher oil content compared to dark-seed varieties. In addition, yellow seeds typicaily have lower pigment
content and reduced bull mass. Because the oil-rich interior is a higher proportion of the overall seed
raass, oil extraction from vellow-seed varieties is more cost-effective. The reduced pigment also improves
oil quality (Meng et al., 1998). Camelina has oo paturally occurring yellow-seed variants and it is
ardcnown whether their oil contents could be altered or increased by manipulation of genes or altering
production of proteins, such as by direct disruption of one or more regulatory proteins in flavanol cell
biology. There is a need in the art for Brassica oilseed erops, inchuding Camelina with higher oil content.
{8808 The citation of references herein shall not be constroed as an admission that such is prior axt {0

the present invention.

SUNMMARY GF THE INVENTION,

[3009] Fiowering plants efficiently store energy in their seeds through the accumulation of oil, namely
triacylglycersl (TAG hereafter), and store it in discreet oil bodies by smbedding a phospholipid protein
raonolayer around the oil body. These seed crops have been used in a variety of agricaitural applications
as feed and more recently also as a feedstock source for bicfuels. On a per weight basis, lipids have
approximately double the energy content of either proteins or carbohydrates and substandial focus has
been placed on raising the oil content of varicus plaot species. Unfortunately, plaat sceds represent a very
small percentage of total plant biornass and with the demand for improved agricultural productivity and
alternative energies, current oif production from a number of devoted seed crops s insufficient. It is @
general object of the invention fo provide methods for increasing the lovel of oil production in plant
tissues/organs and/or methods for increasing the production of oil from plants.

00018] The present invention relates generally to increasing the oil content i a plant seed, the
method comprising abolishing the expression or activity of TT8 in said plant. The present fvention
relates to jucteasing seed yield and increasing the oil content in a plant seed, the method comprising
abolishing the expression or activity of TT8 in said plant In some embodiments, plants of the

Brassicaces family are altered at one or roore TT8 genes to provide yellow seeds with increased ol
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content. In particular embodiments, plants of the Brassicacea amily are alicred at all TY8 genes to
provide yellow seeds with incrcased oil content. In embodiments, seed yield is increased. In an
embodiment, all TTS encoding genes are distupted. In one embodiment, all TT8 encoding genes are
disrupted by gene editing. In an embodiment, gene editing utilizes a CRISPR/Cas system.

{86011]  In ao embodiment of the invention, faity acid accumulation and TAG yield are increased and
flavonoid accumulation is reduced. In an embodiment, TAG yield is greater than 20%. [n an embodinent,
TAG vield iz about 20% to 40% greater than in wild type or parental plants or species.

{868012] 7o an embodiment, the seeds are yellow in color and the seeds of wild type or parental plants
are not yellow.,

{88613]  Tu an embodiment, there are no significant changes in starch or protein levels in the seeds
comparsd to wild type or parental plants. In en embodimeot, the seed yield is increased. To an
embodiment, the seed germination rate is increased.

(666141 In another erabodiruent, FADZ is increased and wherein FADS expression is decreased.

in one embodiment, lipid types are altersd, particularly wherein there is an accusulation or increase

of oleic acid (18:2) and a decrease in linolenic acid (18:3). In a further embodiment, oleic acid {18:1)

is increased.

[B08815]  In embodiments of the invention, the plant is a Brassicacea family plant and is of the genus
selected from Cameling, Thiapsi (pennycress), Capsella, Cardamine (bittercress), Euwtrema and drabis. In
some embodiments, the plant is Camelina genus and is Cameling saviva L. (Cs).

[08616]  In embodiments, the present invention relates to the use of gene editing or gens nation
technology, o disrupt one or more or all genome copies of the Transparent Testa 8 gene to create 3 seed
phenotype associated with increased seed oil yield in a plant that is a member of the Brassicacea family.
In embodiments, the present invention relates to the use of CRISPR technology, in an embodiment
CRISPR/Cast technology, to disrupt one or more or all all genoroe coples of the Trensparent Testa 8
gene to create a yellow sced phenotype associated with increased seed oil yield ina plant thatis a member
of the Brassicacea family. {n embodiments, the plant is & Brassicaces family plant and is of the genus
selected from Cameling, Thiapsi (pennyeress), Capsella, Cardamine {bittercress), Eutrama and 4rabis. In
an embodiment, the plant is Camelina genus and is Cameling sativa L. (Csj. Inan embodiment, the plant
is Brassica genus and is Brassica napus or Brassica carinala.

006171  The present invention provides methods relating to the use of CRISPR/Cas9 technology to
disrupt one or more Transparent Testa § (TT8) transcription factor genes (Cs778-2, CsTT8-8 and CsTTS-
13) in Camelina sativa L. {Cs) to enhance tota] fatty acid accamulation in the seeds. In an embodiment,
the present invention provides methods relating to the use of CRISPR/Cas9 technology to distupt all
Transparent Testa & (778} transcription factor genes (CsT7T8-2, CoTT8-8 and JsTT6-13) in Cameling

sativa L. {Cs) to enhance total fatty acid accumulation in the seeds.
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[380318] The present discovery relates to a yellow seed, high-oil phenotype Suneson variety of
Camelina sativa germplasm that can be used directly for oif production. It can also be used as a variety
into which breeders can jntroduce certain other traits. Such traits might include but are not hmited 1o
stress resistance, desiceation or heat resistance, fatty acid modification, other yield eshancements, and
disease or insect resistance, Alicrnatively, the TTS mutated Cameling sativa line(s) can be used to breed
other commercial Camelina varicties to obtain new TT8 deficient commercial camelina vaneties.
[38618]  The present invention provides a method directed to the use of CRISPR/Cas® technology to
disrupt one or more 77§ trapscription factor genes in a Brassicacea family plant to enhance total fatty
acid accurnulation in the seeds. The present invention provides a method directed to the use of
CRISPR/Cas technology to disrupt one or more 778 transeription factor genes in & Srassicacen family
plant of the genus selected from Camelina, Thiapsi (pennycress), Brassica {canolg, rapese ed), Capseiia,
Cardamine {bittercress), Eutrema and Arabis to enhence total faity acid accuroulation in the seeds. The
present invention provides a method directed to the use of CRISFR/Cas? technology to disrupt one or
more TT8 transcription factor genes in a Hrassicaces family plant of the genus selected from Cameling,
Thiapsi (pennycress), Capselia, Cardamine (sittercress), Eutrema and drabis to enhanse total fatty acid
accunmilation in the seeds. The present invention provides a method directed to the use of CRISPR/Cas®
technology to disrapt one or more 778 wanscription factor encoding genes in Cameling sativa L. {Cs) to
enhance total fatty acid accumalation in the seeds. The present invention provides a method directed to
the use of CRISPR/Cas9 technology to distupt one or all of the 778 iranscription factor enceding genes o
Cameling sativa L. (Cs) {(denoted herein as Cs778-2, CsTT8-8 and CsTT8-13) to enhance total fatty acid
accumulation in the seeds. Nucleotide primers have been desigued against each of the three 778 genes
and used CRISPR cas® to introduce mutations af certain target sites. Plants with these mutations were
taken to homogeneity for all three genes and the oil yield and other parameters wers tested.
[68028]  In other aspects of the invention, the TT8 genes can be targeted for disruption by any of
variocus methods or approaches known in the art to generate null motants, premature termination, nactive
TT8 proteins. In embodiments, one or more or all TT% genes are targeted in coding or non-coding
region(s) of the gene(s). In one embodiment, targeting in the non-coding region can result in faithure o
transcribe or translate any TTS. In some embodiments, the coding region is target. In an embodiment, the
first exon is targeted for distuption or null nutation or premature termination. In an embodiment, each
and all of the TTS encoding genes are fargeted, particularly whersin there are at least two distinet TT8
genes. In one embodiment three TTE gouves are targeted. In an erbodiment, thres TTE genes are
identified and targeted in the Cameling genus, in one such erabodiment the particular TT8 encoding genes
(CsTTR-2, CsTT8-& and CUsTT8-13)} in Cameling sativa. Different nucleotide sequences can be targeted
within the 778 target genes. Dixmptmn selective deletion, or mutation, such as rmtcitmn to generate
premature termination and/or inactive TT8 polypeptide, can b\; achieved by any of various aliernative

methods known in the art. Disruption by CRISPR techrology is one such method. Dhsruption or mutation
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by gene knockout approaches is contemplated Disruption or mutation by knock in approaches or
introduction of heterogenous sequence to generate an altered profein that is inactive is contemplated. In
one embodiment, these can be achieved via homologous recombination faciliiated via overlapping
sequence in the TT8 gene sequences. I other embodiments, untargeted mutagenesis such as ethyl
methanesulfonate, or radiation fo introduce routations can be utilized, with visual selection of yellow seed
phenoivpe seeds in the progeny

00211 In some embodiments, the altered TT8 genes may be expressed in other plands or species. In
one embodimant, they are expressed in N Benthamiana.

880221  The present discovery involves the identification of thees {sT7% isoforms in C. sativa and use
of CRISPR/Cas$ technology to create null 778 mutants. Tn the UsT78 mutants, flavoncid accumulation is
reduced by 44%. Carbon allocation was redirected toward enhanced synthesis of fatty acids which
accumulated to as high as 38% of dry weight (DW) without changes in starch and protein contents.
Prisrupting all three 778 alleles created yellow sced camelina with increased TAG yield of more than

1%.

(]

[66023] In cmbodiments, the invention provides a gemetically edited plant, or a seed or other
gormplasm derived therefrom, baving increased seed yield and incroased seed oil content and oil
accumulation, wherein the expression or activity of TT8 is disrupted or abolished.

[00624]  In some embodimenis, the plant is a Brassicacea family plant and 15 of the genus selected
from Cameling, Thiapsi {pennycress), Brassica (canola, rapeseed), Capsella, Cardamine {bittercress),
Eutrema and Arabis. In an embodiment, the plant is Camelinag geous and is Cameling sativa L. (Cs). In
some embodiments, the plant is a Brassicacea farolly plant and is of the genus selected from Cameling,
Thiapsi {psomyeress), Capsella, Cardamine (bittorcress), Eutrema and drabis. In an embodiment, the
plant is Cameling genos and is Camelina sative L. (Cs}. In an embodiment, the plant is Brassica genus
and is Brassica napus or Brassica carinata.

[30028]  In particular embodiments, all TTH encoding genes are disrupted. In an embodiment, atl TT8
encoding menes are disrupted by gene editing. Tn one embodiment, gene editing utilizes a CRISPR/Cas
sysiem.

[08026]  In another embodiment, fatty acid accumulation and TAG yield are increased and flavonoid
accumulation is reduced. Tn some embodiments, the triacylglveerol vield increase is at Jeast 20%. [n some
embodiments, the triacylglveerol vield increase is greater than 20%. In some embodiments, the
trizcylglycerol vield increass is about 2090-40%.

180627  In particular embodiments, the sceds are yellow in color and the seeds of wild type or
parenial plants are not yellow.

606281  In some embodiments, there are no significant changes in starch or protemn levels in the seeds

compared to wild type or parental plants,
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{60829] In emboediments of the invention the plant is a Cameling species. In an embodiment, the plant
is Cameling sativa. In embodiments of the invention, the Transparent Testa § transcription factor
encoding genes are Camelina sativa isoforms Cs7T8-2, CsTT8-8 and Cs778-13.

[B6838] Tn an aspect, the invention provides a seed having increased seed ol content and ot
accumulation, wherein the expression or activity of TT?8 is disrupted or abolished. In an aspect, the seed i3
a {ameling sced. In one aspect, the sead is a yellow Cameling seed. In an aspect, the seed is 2 Cameling
sativa seed.

[B0031]  In another embodiment, the tnvention provides a method of modifving a plant or a seed or
other germplasm derived therefrom to increase seed yield, seed oil content and oif accumulation,
comprising abolishing the expression or activity of TT8 by disrupting all 778 transcription factor
encoding genes in said plant. In an embodiment of the method, fatty acid accamuiation and TAG vield are
wereased and flavonoid accumulation 1s reduced.

f8083%] I an embodiment, all TT8 encoding genes are disnupted by gene cditing and wherein gene
editing utilizes a CRISPR/Cas systermn.

{80833]  In another embodiment, the plant is a member of the Brassicaces family and is not an
Arabidopsis genus plant or a Brassice genus plant, In ao smbodiment, the plant is a Srassicaces family
plant and is of the genus selected from Cameling, Thlapsi (pennycress), Capsella, Cardamine
{bittercress), Euntrema and Arabis. In an aspeet, the plant is not an Arabidopsis genus plant. In an aspect,
the plant is not a Brassica genus plant. In an aspect, the plant is selected from the genus. In an aspect,
the plant is a Camelina genus plant. In one aspect, the plant is Camelinag sativa L. (Cg).

1336341 In some aspects of the wvention, higher FAD? but decreased FAD2? expression is provided.
in an embodiment, higher FAN7 but decreased FAD3 expression is provided favoring the accumulation of
18:2 at the expeose of 18:3.

{00835]  In an embodiment of the invention, mucilage accumulaiion in the outermost layer of the seed
coat is minimized or reduced, leading i¢ a noticeable reduction in seced coat thickness. Thus m an
embodiment, the seeds have reduced ssed coat thickness. In an embodiment, the seeds demonstrated
increased or improved germination, such as genmination rate per sesd is increased.

[B0836]  In embodiments of the methods of the invention, all TT8 encoding genes are disrupted by
gene editing, wherein gene editing withzes a CRISPR/Cas system, and the TT8 encoding genes are
homologs of Cameling sativa isoforms CsTT8-2, CeTT8-8 and CsTT8-13.

{80037} In one embodiment, the homologs of Cameling sativa isoforms CsTTH-2, CsTT8-
% and UsTT8-13 have at least 80% amino acid sequence identity to SEQ ID NO:23, 26 and/or 27,

[B8038]  The invention provides a method of modifving a plant or a seed or other germplasm derived
therefrom 1o increase seed vield, seed oil content and oil accumulation, comprising abolishing the

expression or activity of TTR by disrupting all 778 transcription factor encoding genes in said plant.
S 5 3 1+ p &
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[00039]  [n one embodiment, fatty acid accunulation and triacylglyseride (TAG) yield are increased
and flavoneid accumulation is reduced.
[00040]  The invention provides 2 method for producing & genetically edited plant or part thereof that
comprises a genetically edited plant cell, said genetically edited plant cell comprising

a} disrupting one or more 178 transcription factor encoding genes, and

b} enhancing oil accumulation in the plant’s seeds,
800417 The invention provides a method for producing a genetically edited plant or part thereof that
comprises a genetically edited plant cell, said genetically edited plant cell comprising

a} disrupting 778 transcription factor encoding genes, and

by enhancing oil accumulation in the plant’s seads.
{08042]  The invention provides a methed for increasing seed yield and increasing the oif content in a
plant seed, the method comprising abolishing the expression or activity of one or more TTS gene m sard
plant. The invention provides a method for increasing seed yield and increasing the oif content m a plant
seed, the method comprising abolishing the expression or activity of all TT8 genes in said plant. The
invention provides a method for increasing seed yicld and increasing the oil content in a plant seed, the
method comprising abolishing the expression or activity of TT8 in said plaot.
[B8043]  In ap aspect, the plant is a plant which natively does not produce yellow seeds. In an aspect,
the plant is an oilseed crop plant. In an aspect, the plant is a member of the Brassicacea family. In an
aspect, the plant is not an 4rabidopsis genus plant. In an aspect, the plant is not 2 Hrassica genus plast.
In an aspect, the plant is selected from the genus Cameling, Thiapsi {peraycress), Brassica {canola,
rapesced), Capsella, Cardamine {bittercress), Futrema and Arabis. In an embodiment, the plant is
Brassica geaus and is Brassica napus or Brassica carinata. In an aspect, the plant 58 a Camelina genus
plant.
{06044]  In some aspects, abolishing the expression or activity of TT8 is achieved by distuption,
inactivation or mutation of one or more copies of a 778 gene in a plant, wherehy the expression or
activity of TT8 protein produced in the plant is significantly reduced. In one such aspect, the eXpression
ot activity of at least one TT8 encoding gene is abolished by disruption, inactivation or mutation of said at
least one copy of # 778 gene in a plant. In some aspects, abolishing the expression or activity of TTR 18
achieved by disruption, nactivation or mutation of all copies of T78 gene in a plant, whereby no astive
TT8 protein is preduced in the plant.
{008045] In ancther embodiment, the invention provides a method for ncreasing seed yield and
increasing the oil content of sseds by disruption, inactivation or mutation of all copies of TT& gene ma
plant, whereby no zctive TT8 protein is produced in the plant. In an embodiment, the invention provides &
method for increasing ssed yield, increasing the oil content of sceds, increasing fatty actd accamulation
and TAG vield, reducing flavonoid accumulation, by distuption, inactivation or mutation of all coptes of

778 gene in a plant. In one aspect of the method, there are no significant changes in starch or profein
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levels compared to wild type or parental plants. In one embodiment the seeds are yellow in color. In one
embodiment, the wild type or parental plant does not have yellow seeds.

[00046]  lsolated nucleic acid encoding the disrupted or altered TT8 polypeptide are provided. A
secombinant vector comprising the nucleic acid is provided in an aspect. In one such aspect, & host cell
comprising the vector is provided, including wherein the host cell is recombinantly engineered or
genetically modified to overproduce or heterologously produce the distupted or altered TT% polypeptide.
Host plants comprising the vector are also provided in 2o aspect.

[08047]  The plants, sead or other germplasny, or hoat cell of the invention may be further enginesred
to express a TAG synthesizing enzyme. In some embodiments, these are further engineered to express
one or mote of diacylglycerol acyltransferase (DGAT), wrinkled! (WRIL) or medinm chain thioesterase
(MCT or T). The host cell may be a plant cell.

[60048] In a further embodiment, the plant, seed or other germplusm thereof, is additionally
genetically modified to express a TAG synthesizing enzyme. In a further embodiment the TAG
synthesizing enzyme is expressed in the same tissue as the disrupted or mutated TTS.

[00849]  Tn a further cmbodiment, the plant, seed or other gormplasm thereof, is genetically modified to
comprise a nucleic acid sequence encoding a TAG synthesizing enzyme. In a further embodiment the
plant comprises an expression construct including a nucleic acid sequence encoding a TAG synthesizing
enzyme. In another aspect the plant may be genetically modified to express or overexpress DGATZ and/or
WRIT

I00030]  In one conbodiment, the plant, seed or other gevmplasm thereof, accumulates more total lipid
in its non-photosynthetic tissues/organs than does a coutrol plast In a further embodiment the plant
accumulates at least 10%, more preferably at least 20%, more preferably at least 50%, more preferably st
least 100%, more preferably 150%, more preferably 200%, more preferably 230%, more preferably

300%, more preferably 350%, more preferably 400%, more preferably 450%, more preferably 300%,

more total Hpid in its non-photosynthetic tissues/organs than does a control plant. In one embodiment the

plant produces total lipid in its non-photosynthetic tissues/organs in the range 100% to 900%, more

preferably 200% to 800%, more preferably 300% to 700%, more preferably 400% to 600%, more thano a

control plant.

{080%51]  Suitable control plants include non-transformed, non-genetically modified, or wild-type

versions of plant of the same varicty and/or species as the transformed or genetically modified plant used

in the method of the nvention. Suitable control plants also include plants of the same varety and or

species as the transformed plant that are transformed with a control construct. Sustable control planis also

include plants that have not been disrupted in any oue or more TT8 encoding genes.

1088521 Other objects and advantages will become apparent to those skilied in the art from a review of V

the following description which proceeds with reference to the following illustrative drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

{8905] FIG. 1 depicts identification of three TT8 genes in Camelina. a) Two CsTTR soforms
comprise six exons (box) separated by five introns (represented by the solid Iine) and one contains 7
exons with six introns. The N-terminal MY B interaction region (MIR) domain and the bHLH domain in
the C terminal region are coloved blue and orange, respectively. The vertical dashed hines in the gene
model indicate the CRISPR target sites, and the arrows indicate the sgRNA direction. The target
geguences are shown with the PAM in red. (b) Expression pattern of three ssoforms of CsTT8
camelina. Relative gene expression of CsTTS in leaf, root, stem, seeds of 12 days after flowering {124},
24 days after flowering (24d) and mature seeds of Suneson were determined by qRT-PCE; values are the
means + SE of three biological replicates. (¢} Expression of three CUsTT8 homologous genes in camelina
during sced development with the number of days after flowering (DAF) mdicated. Data (normalized
counts per million) are derived from: RNAseq expenuments.

{00086} FIG. 2 shows editing of the {sTTE changed seed coat color to light yellow. {(a) Sequences at
the szRNA target sites of pull CsTTR homozygous mutands. The 51 target sequence is
ACAGAGAAATCTGCCGGAGC (SEQ ID NO:1). The 82 target sequence s
TCAAGGGCTGUTTAAGGAAG (SEQ 1D NO:2). Lines 26-6, 26-7, and 27-9 contained horaozygous
changes in all three isoforms. The protospacer adjacent motif (PAM) is highlighted in blue, and target sife
S1 and $2 are labelled. Red letters refer to insertions. The wild type region native sequence at and around
the target site (SEQ 1D NO:3) is first depicted. The CsTT8-2 locus sequenee 1o lines 26-6, 26-7 and 27-9
(SEQ 1D N©s:4-6), the CsTT8-# locus sequence in lines 26-6, 26-7 and 27-9 (SEQ ID NQOs:7-9), and the
CsTTE-8 focus sequence i Jines 26-6, 26-7 and 27-9 (SEQ 1D NOs:10-12) are each then shown. {b)
Seed coat color of WT Suneson and three sull TT8 modification lines, 26-6, 26—7 and 27-9 respectively.
3807 FIG. 3 shows the effect of editing TTS on flavonoid content in cameling seeds. {a) Transverse
section of camelina seeds. In all 778 modification lines containing homozygous disruptions of all three
TT8 genes, seed color changed to a light-yvellow hue. Arrowheads indicate the endothelial cells of seed
coat. {b) Flavoneid content in camelina seeds is depicted. Total flavonoid was extracted from ground
ceeds and its content was measured and displayed as mg of rutin equivalents per g W seeds. The vatues
represent the mean + standard deviation of three biclogical replicates. **Student t-test P <001 The
Savonoid content decreased ruatkedly in all three CsTT8 routant lines at 35.5% in Hne 26-6, 43.9% n line
26-7, and 44.1% in line 27-9, respectively.

{66081 FIG. 4 shows the effect of editing CsTTS on seed coat in cameling seeds. (a) Differential
Interference Contrast (DIC) imaging of camelina seeds. Under & confocal microscope, DIC imaging of
wild type seeds showed a well-organized outermost layer of ncilage. In contrast, in all three {5778
mutant Jines, the mucilage layer was either partially reduced or completely absent. (b) The seed coat of

camelina. Camelina seeds were fixed and sectioned with a cryo microtome, and then stained with
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toluidine blue O (TBO) and observed under a dissection microscope. Images represent the dissection of
1012 seeds froro wild type and lines 26-6, 26-7 and 27-9. The wild type seeds consisiently exhibited a
clearly stained mucilage layer that was notably absent in the seeds of the TT8-modified lines. (¢}
Mucilage content in camelina seeds. Muctlage was extracted from secds was quantified as a weight
percent of dry seed weight. The values represent the mean = standard deviation of four biological
replicates. **Indicates a significant difference from wild type by student t-test P < Q.01

(6639} FIG. § shows editing of 778 changed fatty acid accurnulation and increased ol content
cameling seeds. Seed total fatty acid (TFA) and TAG content was quantified by GO of fatty acid methy!
esters. TFA (a) and TAG contents (b} in camelina seeds are presented as a proportion of dry seed weight.
{c) Fatty acid composition in total faity acid is expressed as a weight percentage of the total FA. Seed
total fatty acid {TFA) contents increased in all three edited bnes. In WT camefing conirols, the TFA
content was 32.4% of dry weight (W), The Cs7T4 edited lines had higher F4D2 but decreased F4D3
expression favoring the acouroulation of 18:2 at the expense of 18:3. Values represent means (+) standard
deviation (n = 3). *Student t-test, P < 0,05 for differences between wild type and edited hines.

{88 FI3, 6 shows the effect of targeted TT8 modification on the expression level of genes
jnvolved in fatty acid (FA) biosynthesis. Transcript levels of transcription factors {a), fatty acid synthesis
(b and fatty acid desaturation (¢} genes were analysed by RT-gPCR in seeds, n =3 biological rephicates,
and error bars represent SD. The relative expression levels are reported relative to the expression of the
Actin transcript. RT-qPCR analysis shows that editing of Cs776 led to substantial increases in the
expression levels of these genes in Cameling seeds. Tn (¢} it is shown that the FAD? transeript was
elevated while the FAD3 transcript displayed a small decrease in the OsT73 edited lines.

60113 FIG. 7 depicts [ *C ] Acetate incorporation assay in developing seeds. [14C]Acetate
incorporation into total lipids showed ACCase activity in 11-13-DAF developing seeds of WT, TT8
editing Hoes. Stars indicate significant differences (¥, P < (.03, ** p< (.01} as detennined by Student’s t
test. Values are presented as means + 8D of four biological replicates.

[00E2] FIG, & provides phylogenetic tree of the 778 bornologs from camelina and other plants.
Phylogenetic analysis shows thai all three CsTT8 copies cluster in a clade with 4778, Protein sequences
are from GenBank with the following accession numbers: A{TTR (QOFT81) in Arabidopsis thaliana,
BnAQS.TTE (MN399821) and BnC09. TTSh (MN399822) in Brassica nagus; BoTTHa (ADV3944),
BoTT8b (ADP76654) in Brassica oleracea; BjuA TTE (AIN41653.1} in Brassica juncea; RaTTE
{ASF79354.1) from Raphanus sarivus; BrTTB (XP_009113574) in Brassica rapa; LiTT8 (AB490T78) in
Lotus japonicus, RsTTE (KY651179) in Raphanus sativus; LITTR (ARKI9321.1) tn Lotus fenuis; LeTT8
(KY 196477y in Lotus corniculams; AcbHLHA2 (QATT77714) in 4ctinidia chinensis, MITTE {KMBB277TT)
in Medicago fruncatula.

{0813} FIG. 8A, 9B and 9C depicts that editing of TTH in cameling changed protein sequence but did

not edit the predisted off target sites. Fig. 9A: Protein sequence changes arc shown withia the fiest 66
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arnino acid of t8 mutants. The * represents stop codon, - represents deletion, For Cs TT8-2, the first 66
amino acids of the wild type (WT) (SEQ ID NO:13}, 26-6 (SEQ ID NOG:14), 26-7 (SEQ D NOG:15) and
27-9 (SEQ 1D NO:16) nutants are shown. For Cs TT8-8, the first 66 amino acids of the wild type (W)
(SEQ ID NG:1T), 26-6 (SEQ 1D NO:18), 26-7 (SEQ 1D NOG:19) and 27-9 (SEQ 1D NOZU) mudants are
shown. For Cs TT#-13, the firat 86 amino acids of the wild type (W) (SEQ 1D NG:21), 26-6 (SEQ 1D
NG:22), 26-7 (SEQ ID NC:23) and 27-9 (SEQ 1D NO:24) mutants are shown. Fig. 9B provides predicted
off-target sites. Fig. 9C provides sequencing of predicted off-target sites CCTCCTTCAGCCGCCCTTGA
(SEQ ID NOiBL) and ATACAGAACTCTGCCGGAGCAGG (8EQ 1D NO: 82}, No changes were
observed in the predicted off-target sites. No editing was seen in the predicted off target sites in the
CsTTE mutagenesis lines.

§6814] FIG, 10 shows seed coat color changes in some of the T transgenic lines. The seads of Ty
tines 13, 22, 26, and 27 appeared vellow, whereas seeds of other lines (lines 21, 24, 25, 30, 31,32 and 33)
remained brown as was the wild type (WT).

[6815] FIG. 11 shows seed germination and plant growth in the mutated CsT78 hives. FIG. 12 shows
FiGs. (a) shows sced germination on wet filter paper after 20 hours. Consistent results were observed
when 10-month-0ld seeds were germinated on wet filter paper at similar rates to that of WT. (b) Ne
growth differences were observed in the ruutated CsTTE lines. Gverall, there were no discernible
alterations in growth or development observed in camelioa plants in which all three CsTT8 genes bad
been disrupted but were free of the Cas9 and DsRed marker transgenes.

g} FIG. 12 shows editing of T7§ in cameling changes the fatty acid (FA) compositiont in TAG.
Fatty acid composition in TAG was expressed as a weight percentage of the total FA. Values represent
means () standard deviation {n = 3). *Student -test, P <0.05,

{0817} FIG. 13 shows the effect of editing 778 on protein and starch content in cameling seeds.
Protein content {a) and starch content {b) were expressed as a weight percentage of the total seed weight.
Values represent means (+) standard deviation {nt = 3}. (¢} Hundred seed weight. Values represent means
() standard deviation {n = 4). The protein content in these lines remained largely unaffected. While there
was some variation in starch content in the mudant lines, the means were not significanily different from
those of WT,

{0818} FIG. 14 depicts the effect of editing 778 on expression of GL2 and TTGZ

DETAILED DESCRIPTION

60053]  In accordance with the present investion there may be employed conventional molecular

biology, microbiology, and recombinant DNA technigues within the skill of the art.

{30054]  Therefore, if appearing herein, the following terms shall have the definitions set out below.
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[B8055]  “Wild-type” and “normal” are interchangeably used when in reference to any roolecule or iis
Jevel {.g., amino acid sequence, and nucleic acid sequence, ete)) andfor phenomenon or s level {e.g.,
expression of a gene, frauseription of a DNA sequence, translation of an mRNA molecule to an amning
acid sequence} andfor phenotype or its level {e.g., seed yield per plant, amount of total seed fatty acid per
seed, amount of a target fatly acid per seed, seed yield per plant, seed germination rate, proportion of 3
target faity acid relative to total seed fatty acid per sced, amount of total seed fatty acid per plant,
establishment of roots, establishment of plant aerial parts) to mean that the molecule or its level andfor
phenomenon or its fevel and/or phenotype ot ts level is the same as found in nature without alieration by
the hand of man {such as by chemical and/or molectlar hiclogical technigues, ete.).

[{0036]  “Expression” refers to the transcription and stable acoumulation of sense or anti-sense RNA
derived from a nucleic acid. "Expression” may also refer to translation of mR¥A iuto a polypeptide or
protein. As used herein, the lerm "antisense RNA" refers to an RNA transcript that is complemerdary o
all or 2 part of a mRNA that is normally produced o a cell. The complementarity of an antisense RNA
may be with any part of the specific gene transcript, Le., at the §' non-coding sequence, 3' pon-transtated
sequence, introns, or the coding sequence. As used herein, the term "RNA transenipt” refers to the product
resuliing from RNA polymerase-catalyzed transcription of a DNA sequence. When the RNA transenipt is
a perfect complimentary copy of the DNA sequence, it is referred fo as the primary ranscript or it may be
an RNA sequence derived from post-transeriptional processing of the primary transcript and is referred to
as the mature RNA.

[B8057]  “Transgenic” refers to a cell whose genome has been manipulated by any mnlecular biological
technique, inchuding, for example, the introduction of a transgene, homologous recombination, knocking
in of a gene, knockout of a geoe, and/or CRISPR gene editing.

{06038] The tenm "wransgene” refers to any nucleic actd sequence that is introduced into the esii by
experimental manipulations,

[BB059]  “Cenetically edited” refers to a cell whose genome has been altered or manipulated by any
molecnlar binlogical technique, including, for example, homologous recombination, knockout of a gene,
and/or CRISPR gene editing. In a particular aspect, genetically edited does not inclade the introduction of
& transgens or genetic sequence which is not present in the native or wild type.

[B8868]  The terms “increase,” "elevaie,” "raise,” and grammatical equivalents {including “highes,”
“greater,” efc.) when in reference to the level of any molecule (e.g., amino acid sequence, and mcleic
acid sequence, etc.) and/or phenomenon {e.g., level of expression of a gene, level of transcription of a
DNA sequence, level of translation of an mRNA molecule to an amino acid sequence} and/or phenotype
{e.z., seed vield per piant, amount of total seed faity acid per seed, amount of a target fatty acid per seed,
seed yield per plant, ssed germination rate, proportion of a target fatty acid relative to total seed fatty acid

per sced, amount of total seed fatty acid per plaut, establishment of roots, establishment of plant serial



WO 2025/213083 PCT/US2025/023245
14

parts) in & first composition (.., first plant cefl} relative to a second composition {e.g., second plant cell),
racan that the quantity of molecule and/or phenomenon and/or phenotype in the first compasition is
higher than in the second composition by any amount that is statistically significant using any art~
accepted statistical method of analysis. This includes, without limitation, 2 quantity of molesule and/or
phenomenon and/or phenotype in the first composition that is at least 10% greater than, at least 15%
greater than, at least 20% greater than, at least 25% greater than, at least 30% greater than, at least 35%
greaier than, at least 40% greater than, at least 45% greater than, at least 50% greater than, at least 55%
greater than, at least 60% greater than, at least 65% greater than, at least 70% greater than, at least 75%
greater than, at least 0% greater than, at least 85% greater than, at least 90% greater than, and/or at least
95% greater than the quantity of the sarme molecule and/or phenomenon andfor phenotype in the second
composition.

{B0061]  The terme “alter” and “modify” when in reference to the level of any melecule {e.g, amino
acid sequence, and nucleic acid sequence, ete.) and/or phenomenon (e.g., level of expression of 2 gene,
ievel of transeription of a DNA scquence, level of translation of an mRNA molecule to an amine acid
sequence) and/or phenotype {e.g., seed yield per plant, amount of total seed fatty acid per seed, amount of
a target faity acid per sesd, seed yield per plant, seed geumination rate, proportion of a target fatty acid
relative to total seed fatty acid per seed, amount of total sced fatty acid per plant, establishment of roots,
establishment of plant aerial parts) in a first composition {e.g., first plast cell) relative to a second
coraposition (s.g., second plant cell), mean that the guantity of molecule and/or phencmenon and/or
phenotype in the first composition refer to an increase and/or decrease in the level of molscule and/or
phenorenen and/or phenotype.

[(330362] The amino acid residues described herein are preferred to be in the "L" isomenic form.
However, residues in the "I isomeric form can be substituted for any L-amino acid residue, as long us
the desired functional property of immunoglobulin-binding is retained by the polypeptide. NH, refers to
the free amino group present at the amino terminus of a polypeptide. COOH refers to the free carboxy
group present at the carboxy terminus of a polypeptide. Abbreviations for aming acid residues are in
keeping with standard and art-recognized polypeptide nomenclature.

[00063] Tt should be noted that all aminc-acid residue sequences are represented herein by formulae
whose left and right orientation is in the conventiona! direction of smino-terminus to carboxy-terminus.
Furthermore, it should be noted that 2 dash at the beginning or end of an amine acid residue sequence
indicates 3 peptide bond to a Turther sequence of one or more amine-zcid residues,

{00664] A "DNA molecnle” refers to the polymeric form of decxyribonucieotides (adenine, guanine,
thyraine, or cytosing) in is cither single stranded form, or a double-stranded helix. This terra refers only
to the primary and secondary structure of the molecule, end does wot limit it to any particular tertiary

forms. Thus, this term includes double-stranded DNA found, inter alia, in linear DNA molecules {e.g.,
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restriction fragments), viruses, plasmids, and chromosomes. In discussing the structure of particular
double-stranded DNA molecules, sequences may be described herein according to the nommal convention
of giving ouly the sequence in the §' to 3' direction along the nontranscribed strand of DNA (e, the
strand having a sequence homologous to the mENA}.

[00065]  An "origin of replication” vefers to those DNA sequences that participate in DNA synthesis.
68066 A DNA "coding scquence” is & double-stranded DNA sequence which is transcribed and
translated inte a polypeptide in vivo when placed under the control of appropriate regulatory sequences.
The boundaries of the coding sequence are deternined by & start codon at the 5' (amino) tersinus and a
ranslation stop codon at the 3' {carboxyl} terminus. A coding sequence can include, but is not fimited to,
prokaryotic sequences, ¢cEINA from sukaryotic mRNA, genomsic DINA sequences from sukaryotic {e.g,
mammalian) DNA, and sven synthetic DNA sequences. A polyadenylation signal and franscription
termination sequence will usaally be located 37 to the coding sequence.

[B0067] Transcriptional and translational control sequences are DNA regulatory séquences, such as
promoters, enhancers, polyadenylation signals, terminators, and the like, that provide for the expression of
a coding sequence in a host cell.

[60068] A "promoter sequence” is a DNA regulatory region capable of binding RNA polymerase in g
cell and initiating transcription of & dowsstream (3" divection) coding sequence.

[00069] An “expression control sequence” is a DNA sequence that comtrols and regulates the
transcription and translation of another DNA sequence. A coding sequence i "under the control" of
transcriptional and translational conirol sequences in a cell when RNA polymerase transcribes the coding
sequence into mRINA, which is then translated into the protein encoded by the coding sequence.

[00078] A “signal sequence” can be included before the coding sequence. This sequence encodes a
signal pepiide, N-terminal to the polypeptide, that commusicates to the host cell to direct the polypeptide
to the cell sarface or secrete the polypeptide into the media, and this signal peptide is clipped off by the
host cell before the protein leaves the cell. Signal sequences can be found associated with a variety of
proteins native (o prokaryotes and sukaryoies.

[00873]  The term "oligonucleotide,” as used herein in referring to the probe of the present ivention, is
defined as a molecule comprised of two or more ribonucleotides, preferably more than three. Hs exact size
will depend upon reany factors which, in turn, depend upon the ultimate function and wse of the
oligonucleotide.

[80672]  The term “probe” refers to a short polynuckcotide that is used to detect a polynucleotide
sequence that is complementary to the probe, i 2 hybridization-based assay. The probe may consist of a

"fragment” of 2 polynucleotide as defined herein,
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[00673]  The term "primer” as used herein refers to a short polyrucieotide, usually having a fice 350H
group, that is hybridized to a template and used for priming polymenization of a polynucleotide
complementary fo the target. A “primer” may be an oligonucleotide, whether ocourring natucaliy as in a
purified restriction digest or produced synthetically, which is capable of acting as & point of tmtiation of
synthesis when piaced under conditions in wiuch synthesis of a primer extension product, which 18
complementary fo a nucleic acid strand, is induced, Le., in the presence of nucleotides and an inducing
agent such as a DNA polymerase and at & suitable temperature and pH. The primer may be either single-
stranded or double-stranded and must be sufficiently fong to prime the syuthesis of the desired extension
product in the presence of the inducing agent. The exact length of the primer will depend upon many
factors, including ternperature, source of primer and use of the method. For example, for diagnosti
applications, depending oo the complexity of the target seguence, the oligonucleotide primer typically
contains 15-25 or more nucleotides, although it may contain fewer pucleotides.

[88874]  The primers hergin are selected to be "substantially” complementary to different strands of a
particular target DNA sequence. This means that the primers must be sufficiently complementary o
hybridize with their respective strands. Therefore, the primer sequence need not reflect the exact sequence
of the template. For exaraple, 2 non-complementary nuclectide fragment may be attached to the 3 end of
the primer, with the remainder of the primer sequence being complementary to the strand. Alternatvely,
non-complementary bases or fonger sequences can be interspersed into the primer, provided that the
primer sequence has sufficient complementarity with the sequence of the strand to hybridize therewith
and thereby form the template for the synthesis of the extension product.

[B8675] A coll has been "transformed” by exogenous or heterologous DNA when such BNA has been
introduced inside the cell. The transforroing DNA may or may oot be integrated {covalently linked) into
chromosomal DNA making up the genome of the cell. In prokaryotes, veast, and mammalian cells for
example, the transforming DNA may be maistained on an episomal element such as a plasmid. With
respect to sukaryotic cells, # stably transformed cell is one in which the transforming DINA has become
integrated into a chromosome so that it is inherted by daughter cells through chromosome replication.
This stability is demonsirated by the ability of the eukaryolic cell to establish cell bnes or clones
comprised of a population of daughter cells containing the transforming DNA. A "clone” is a popuiation
of cells derived from a single cell or comnion ancestor by mitosis. A "cell hine" s a clone of a primary
cell that is capable of stable growth in vitro for many geoerations.

[B0076]  Two DNA sequences are "substantially homologous" when at least about 75% {preferably at
least about 80%, and most preforably at least about 90 or 95%) of the nucleotides maich over the defined
Jength of the DNA sequences. Sequences that are substantially homologous can be identified by
comparing the seguences using standard software svailable in sequence data banks, or 1n 2 Southern

hybridization experiment under, for example, stringent conditions as defined for that particalar systemn. It
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should be appreciated that also within the scope of the present invention are DNA sequences encoding the
same amino acid sequence as provided in a SEQ ID NO: herein, but which are degenerate to SEQ 1D
NO:. By "degenerate to” is meant that a different three-letter codon is used to specify a particular amineo
acid. Codons that can be used interchangeably to code for each specific amine acid are well known and
standard for one skilled in the art,

[86877] Mutations can he made in sequences as provided herein such that a particular codon s
changed to a codon which codes for a different amino acid. Such a mutation is generally made by makmg
the fowest nucleotide changes possible. A substitution matation of this sort can be made to change an
amine acid in the resulting protein in a non-conservative manner {(i.e., by changing the codon from 20
amino acid belonging to a grouping of amine acids having a particular size or characteristic to an apuno
acid belonging to another grouping) or in a conservative manngr (i.e., by changing the codon from an
amine acid belonging to a grouping of amine acids having a particular size or characteristic 0 an amino
acid belonging to the same grouping}.

[B0078] Two amino acid sequences are "substantially homologous” when at least about 70% of the
arnino acid residues {preferably at least about 80%, preferably at least 83%, and most preferably at least
about 90 or 95%) are identical, or represent conservative substifiutions. In a particular aspect, two amino
acid sequences are “substantially homologous™ when at least zbout 70% of the amino acid residues
{preferably at least about 0%, preferably at least §5%, and most preferably at least about 90 or 95% are
identical,

0079 A “heterclogous” region of the DNA construct is an idestifiable segment of DNA within a
larger DNA molecule that is not found in association with the larger molecule in natore. Thus, when the
hioterologous region encodes & mammalian gene, the gene will usually be flanked by DNA that does not
flank the mammalian genomic DNA in the genome of the source organism. Another example of a
heterologous coding sequence is a sonstruct where the coding sequence itself is not found in nature {e.g.,
2 ¢DNA where the genomic coding sequence comtaius introns, or synthetic sequences having codons
different than the native gene). Allelic variations or naturally-oceurring mutational events do not give rise
to a heterologous region of DNA as defined herein,

I0088] A DNA sequence is "operatively linked” to an expression control sequence when the
expression comirol sequence controls and regulates the transeription and iranslation of that DNA
sequence. The term "operatively luked" includes having an appropriate start signal {e.g., ATG) in front
of the DNA sequence to be expressed and taintaining the correct reading frame to permit expression of
the DNA seguence under the control of the expression control sequence and production of the desited
product encoded by the DNA sequence. If a gene that one desires to insert into a recombinant DNA
molecule does not confain an appropriate start signal, such 2 start signal can be nserted in frond of the

gene.
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{80681} The temn “polynuclectide(s),” as used herein, means a single o deuble-siranded
deoxyribenucieotide or ribonucleotide polymer of any length but preferably at least 15 nucleotides, and
inchide s non-limiting examples, coding and non-coding sequences of a gene, sense and antisense
sequences complements, exons, inirons, genomic DINA, cDNA, pre-mRNA, mRNA, rRNA, siRNA,
miRNA, (BNA, ribozymes, recombinant polypeptides, isolated and punfied naturally ocourrng DNA or
RNA sequences, synthetic RNA and DNA sequences, nucleic acid probes, primers and fragments.
[DO882] A "fragroent” of & polymuclectide sequence provided herein i3 a subsequence of configuous
nucleotides that is capable of specific hybridization to a target of interest, e.g., a sequence that is at least
1§ nucleotides in length. The fragments of the invention comprise 1§ nocleotides, preferably at teast 20
sncleotides, more prefersbly at least 25 mucleotides, more preferably at feast 30 nucleotides, more
preferably at least 35 nuclsotides, more preferably at least 40 pucleotides, more preferably at leasi 45
nuclectides, more preferably at least SO ouclectides, more preferably at least 60 nucleotides, more
preferably at least 70 nucleotides, more preferably at least 80 nucleotides, more preferably at least 50
nucleotides, more preferably at least 100 nucleotides, more preferably at least 150 nucleotides, more
preferably at least 200 nucleotides, more preferably at least 230 nuclectides, more preferably at jeast 340
nuclectides, more preferably at least 350 nucleotides, more preferably at least 400 nucleotdes, more
preferably at least 450 nueleotides and most preferably at least 500 nucleotides of contiguous nucleotides
of a polymuclentide disclosed. A fragment of a pelynucleotide sequence can be used i antisense, RNA
interference (RNAD), gene silencing, triple belix or ribozyme technology, or as a primer, a probe, wnchaded
in a microarray, or used in polynucleotide-based selection methods of the invention.

{08083} The temn "polypeptide”, as used herein, encompasses amino acid chains of any length but
preferably at least 5 amino acids, including full-length proteins, in which amino acid restdues are linked
by covaleni peptide bonds. Polypeptides of the present invention, or used in the methods of the vention,
may be purificd natural producis, or may be produced partially or wholly using recomnbinant or synthetic
techniques. The term may refer to 2 polypeptide, an aggregate of a polypeptide such as a dimer or other
multimer, a fusion polypeptide, & polypeptide fragment, a polypeptide variant, or derivative thereof.
80084} A "fragment” of a polypeptide is a subsequence of the polypeptide that perfonos a fanection
that is required for the biclogical activigy and/or provides three dimensional structure of the polypepiide.
The term may refer to a pelypeptide, an aggregate of a polypeptide such as a dimer or other multmer, a
fusion polypeptide, a polypeptide fragment, a polypeptide variant, or derivative thercof capable of
performing the above enzymatic activily.

{00085} The term "isolated” as applied to the polynucleotide or polypeptide sequences disclosed herein
is used to refor to sequences that are removed from their natural cellular envirenment. An isolated
molecule may be obtained by any method or combination of methods including bischernical,

recombinant, and synthetic technigues.
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[B8086] The term “recombinant” refers to a polynacleotide sequence that is removed from sequences
that surround it in jts natural context andior is recombined with sequences that are not present in is
natural context.

{06087 A "recombinant” polypeptide sequence is produced by translation from a “recombinant”
polynucieotide sequence.

{00088] The term “derived from" with respect to polynucleotides or polypeptides of the invention
being derived from a particular genera or species, means that the polynucleotide or polypeptide has the
same sequence as a polynucleotide or polypeptide found naturally in that genera or species. The
polynucieotide or polypeptide, derived from a particular genera or species, may therefore be produced
synthetically or recombinantly.

[B0888]  As used herein, the term "variant” refers to polynuclectide or polypeptide sequences different
from the specifically identified sequences, wherein one or more nuclectides or amino seid residues s
deleted, substituted, or added. Variants may be naturally oceurring allelic variants, or non-natirally
occurring varianis. Varanis may be from the same or from other species and may encompass
homologues, paralogues and orthologues. In certain embodiments, variants of the inventive polypeptides
and polypeptides possess biological activities that are the same or similar to those of the imventive
polypeptides or polypeptides. The term “variend” with reference to polypeptides and polypeptides
encompasses all forms of polypeptides and polypeptides as defined herein.

[00090] Polynuclestide or polypeptide sequence identity can be deternuned 1n the following maaner.
The subject polynucieotide sequence is compared to a candidate polynucleotide sequence using BLASTN
{from the BLAST suite of programs, version 2.2.5 [Nev, 20021} in biZseq (Tatiana A, Tatusova, Thomas
L. Madden (1999}, "Blast 2 sequences-—a new tool for comparing protein and nucleotide sequsnces”,
FEMS  Micrebiol  Leth 174:247-250), which  is  publicly available from  NCBI
{fip://ip.ncbinih.gov/blast/).

[BOGY1]  Polynucleotide or polypeptide variants of the present invention also encompass those which
exhibit a similarity to one or more of the specifically identified sequences that is likely to preserve the
functional equivalence of those sequences and which could not reasonably be expected to have occurred
by random chance. Such sequence similarity with respect fo polypeptides may be determined using the
publicly available bl2seq program from the BLAST suite of programs (version 2.2.5 [Nov. 2002}) from
NCBI (fip://fip.ucbinih.goviblast/).

[68692] The term 'variant” with reference to polypeptides encompasses recombinantly and
synthetically produced polypeptides. Variant polypeptide sequences preferably exhibit at least 50%, more
preferably at least 60%, more preferably at least 70%, more preferably at least 75%, more preferably at
Ieast 80%, more preferab‘ty at least 5%, more prefcrébly at least 89%, more preferably at least 50%,

more preferably at least 919, more preferably at least 92%, more preferably at least 93%, more
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preferably at least 94%, more preferably at least 83%, more preferably at least 96%, mors preferably at
least 97%, more preferably at least 98%, and most preferably at least 99% identity to a sequences of the
present invention. Identity is found over a comparison window of at least 20 amino acid positions,
preferably at Jeast 50 amino acid positions, raore preferably at least 100 amino acid positions, and maost
preferably over the entire length of a polypeptide of the invention.

06093]  Polypeptide variants of the present invention, or used 11 the methods of the invention, also
encompass those which exhibit a similarity to ene or more of the specifically identifiad sequences that is
likely to preserve the functional equivalence of those sequences and which could not reasenably be
expected to have occurred by random chance. Such sequence similanity with respect to polypeptides may
be determined using the publicly available bi2seq program from the BLAST suite of programs {version
2.2.5 [Nov. 2002]) from NCBE (fip:/fip.ncbinih.gov/blast/).

[60094]  Conservative substitutions of one or several amino acids of a described polypeptide sequence
without significantly altering its biological activity are also included in the invention. A skilled artisan
will be aware of methods for making phenotypically silent amine acid substitutions,

[08095] The torn "genetic construct” refers to a polynucleotide molecule, usually double-stranded
DNA, which may have incerted into it another polynucleotide molecule (the insert polynucleotide
molecule) such as, but not limited to, a ¢DNA molecule. A genetic construct may contain the nocessary
clements that permit transcribing the insert polynuclectide molecule, and, optionally, translating the
transcript into a polypeptide. The insert polynucieotide molecule may be derived from the host cell, or
may be derived from a different cell or organism and/or may be a recombinant polynucleotide. Unce
inside the host cell the genetic construct may become integrated in the host chromosomal DNA. The
genetic consiract may be linked to a vector.

[08096] The term "vector” refers to a polynucleotide molecule, usnally double stranded DNA, which is
used to transport the genetic constnuct into a host cell. The vector may be capable of replication in at least
one additional host systerm, such as E. coli.

[B0497] The term “"expression construct” refers to 2 genetic construct that includes the necessary
elernents that permit transcribing the insert polynuclectide molecule, and, optionally, wranslating the
transcript into a polypeptide. An expression construct typically comprises in a 5 10 3 direction: a3} a
promoter functional in the host cell into which the construet will be sransformed, b) the polynucleotide to
be expressed, and ¢} a terminator functional in the host cell into which the construct will be transformed.
[60088] The tenm “coding region” or "open reading frame” (ORF) refers to the sense swand of a
gonomic DNA sequence or a ¢cDNA seguence that is capable of producing a wanseription product andior 8
polypeptide under the control of appropriate regulatory sequences. The coding sequence may, in some

cases, identified by the presence of 2 §° translation start codon and a 3’ translation step codon. When
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inserted into a genetic consinuct, a "coding sequence” is capable of being expressed when it is operably
linked to promoter and terminator sequences.

[080998] "Operably-linked" means that the sequenced to be expressed is placed under the control of
regulatory elements that include promoters, tissue-specific regulatory elements, temporal regulatory
elements, enhancers, repressors and terminators.

[G06100] As used herein, "pg” means picogram, "ng" means nanogram, "ug" or "ug" mean nucrogram,
"mg" means milligram, "ul” or "ul" mean pucreliter, "mi" means milliliter, 1" means liter.

[B00101] Another feature of this invention is the expression of the DNA sequences disclosed hersin. As
is well known in the art, DNA sequences may be expressed by operatively linking them to an expression
conirol sequence in an appropriate expression vector and employing that expression vector to transform
an appropriate uniceflular host. Such operative linking of a DNA sequence of this invention to an
expression control sequence, of course, includes, if not already part of the DINA sequence, the provision
of an initiation codon, ATG, in the correct reading frame upstream of the DNA sequence.

[B04182] A wide variety of host/expression vector combinations may be employed in expressing the
DNA segucoces of this invention, Useful expression vectors, for example, may consist of segmenis of
chromosomal, non-chromosomal and synthetic DNA sequences. Sultabie vectors include derivatives of
SV40 and known bacterial plasmids, e.g., £ cofi plasmids col Tl pCRI, pBR32Z, pMB9 and their
derivatives, plasmids such as RP4; phage DNAS, ¢.g., the nuocrous derivatives of phage &, e.g., NM929,
and other phage DNA, e.g., M13 and filamentous single stranded phage DNA; yeast plasmids such as the
23 plasmid or derivatives thereof vectors usefl in eukaryotic cells, such as vectors usefel in insect or
mammalian cells; vectors derived from combinations of plasmids and phage DNAs, such as plasmids that
have been modified to employ phage DNA or other expression control sequences; and the kike.

0001831 Any of a wide variety of expression control sequences -- sequences that control the sxpression
of a DNA sequence operatively linked to it - may be used in these vectors to express the DNA sequences
of this invention. Such useful expression control sequences include, for example, promoters. Promoters
suitable for expression in plants are well known and available. A tissue/organ preferred promoter 1§ @
promoter that drives expression of an operably linked polynucleotide i a particular tissue/organ at a
higher level than in other tissues/organs. A tissue specific promoter is a promoter that drives expression of
an operably lnked polynucleotide specifically in a particular tissue/organ. Even with tissue/organ speeific
promoters, there is usually a small amount of expression in at feast one other tissne. A tissue specific
promotexr is by definition also a tissue preferred promoter. Vegetative Tissue Specific Promoters - An
example of a vegetative specific promoter is found in US. Pat. No. 6,229,067; and 7,628,454; and
7,153,953 and 6,228,643, Pollen Specific Promoters - An example of a policn specific prometer is found
in 1.8, Pat. Nos. 7,141,424; and 3,543,546; and 5,412,085; and 5,086,169; and 7,667,097 Seed Spscific

Promoters - An exampie of a seed specific promoter is found in U.S. Pat. Nos. 6,342,657, and 7,081,563,
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and 7,405,345; and 7,642,346, and 7,371,928. Fruit Specific Promoters - An example of a fiuit specific
promoter i found in U.S. Pat. Nos. 5,536,653; and 6,127,179; and 5,608,150; and 4,943,674 Nou-
Photosynthetic Tissue Preferred Promoters - Noo-photosynthetic ussue preferred promoters include those
preferentially expressed in non-photosynthetic tissues/organs of the plant. Non-photosynthetic tissue
preferred promoters may also include light repressed promoters. Light Repressed Promoters - An exarople
of a light repressed promoter is found in U.S. Pat. Nos. 5,639,952 and in 5,656,496, Root Specific
Promoters - An exaraple of a root specific promoter is found in US, Pat. No. 5,837,848, and US
2004/0067506 and US 2001/0047525. Tuber Specific Promoters -~ An example of 3 tuber specific
promoter is found in U.S, Pat. No.6,184,443. Bulb Specific Promoters - An example of a bulb specific
promoter is found in Smeets et al, (1997) Plant Physiol. 113:765-771. Rhizome Preferred Promoters - An
example of a rhizome preferred promoter is found Seong Jang et al., (2006) Plant Physiol. 142:1148-
1159, Endosperm Specific Promoters - An example of an endosperm specific promoter is found in U.S.
Pat. No. 7,745,697 Photosynthetic Tissue Preferred Promoters - Photosynthetic tssue preferred
promoters include those that are preferentially expressed in photosynthetic tissues of the plants.
Photosynihetic tissues of the plant include leaves, stems, shoots and above ground parts of the plant.
Photosynthetic tissue preferred promoters include light regulated promoters. Light Regulated Promoters -
Numercns light regulated promoters are known to those skilled in the art and include for exanple
chlorophyll a/b (Cab) binding protein promoters and Rubisco Small Subunit (88U} promoters. An
example of a light regulated promoter is found in 1.8, Pat. No. 5,750,385, Light regulated in this context
means light mducible or light induced.

[060184] A wide variety of unicelinlar host cells are also useful in expressing the DNA sequences of
this invention. These hosts may include well known eukaryotic and prokaryotic hosts, such as strains of
E. coli, Pseudomonas, Baciilus, Streptomyces, fungt such as vessts, and animal cells, insect cells, and
huraan cells and plant cells in tissue culture. Host cells may be derived from, for example, bacterial,
fungal, yeast, insect, mammalian, algal or plant organisms. Host cells may also be synthetic cells.
Preferred host cells are eukaryotic cells. A particularly preferred host cell is a plant cell, particolarly a
plant cell m g vegetative tissue of a plant.

[360105] A “transgenic plant” refers to a plant which confaing new genetic material as a result of
genetic manipulation or transformation The new genetic material may be derived from a plant of the same
species as the resulting transgenic plaot or from a different species.

[GO0186] 1t will be understood that not all vectors, expression control sequences and hosts will function
squally well to express the DNA sequences of this invention. Neither will ali hosts function equally well
with the same expression system. However, one skilled in the art will be able to select the proper vectors,
expression conirol sequences, and hosts without undue experimentation to accomplish the desired

expression without departing from the scope of this invention. For example, in selecting 3 vector, the host
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must be considered because the vector must function in it. The veclor's copy number, the ability to control
that copy number, and the expression of any other proteins encoded by the vector, such as antibiotic
markers, will alse be consdered.

[688167] In selecting an expression control sequence, a varicty of factors will normally be considered.
These include, for example, the relative strength of the system, its confrollability, and its compatibility
with the particular DNA sequence or gene to be expressed, particularly as regards potential secondary
structures. Suitable unicelfular hosts will be selected by consideration of, e.g., their compatibility with the
chosen vector, their secretion characteristics, their ability to fold proteins correcily, and their fermentation
requirements, as well as the toxicity to the host of the product encoded by the DNA sequences to be
expressed, and the sase of purification of the expression products.

[BB0188] Considering these and other factors & person skilled in the art will be able to construct a
variety of vector/expression conira] ssquence/host combinations that will express the DNA sequences of
this invention on fermentation or in jarge scale animal coliure.

[086109] The labels most commonly employed for studies with relevance to the present invention are
known to one skilled in the art. Examples are radioactive elements, enzymes, chemicals which fluoresce
when exposed to ultraviolet light, and others. A number of fluorescent matedals are known and can be
utitized as labels. These inchude, for example, fluorescein, rhodamine, auramine, Texas Red, AMCA blue
and Lucifer Yellow. A particular delecting material is anti-rabbit aotibody prepared in goats and
conjugated with fluorescein theough an isothiocyanate. The mutant oleosin can also be labeled with a
radioactive element or with an enzyme. The radioactive label can be detected by any of the currently
available counting procedures. The preferred isotope may be selected from *H, 1C, ?P, ¥8, *Cl, Cr,
o, Mo, PFe, Y, P, YWY, and ®Re. Fnzyme labels are likewise useful, and can be detected by any of
the presently utilized colorimetric, spectrophotomeiric, flucrospectrophotometric, amperometric or
gasomelric techoiques. The enzyme is comjugated to the sclected particle by reaction with bridging
molecules such as carbodiimides, ditsocyanates, glutaraldehyde and the fike. Many enzymes which can
be used in these pracedures are known and can be utilized. The preferred are peroxidase, B-glucuronidase,
B-D-gincosidase, B-D-galactosidase, urease, glucose oxidase plus peroxidase and alkaline phosphatase.
(.8, Patent Mos. 3,654,090; 3,850,752; and 4,016,043 arc referred to by way of example for their
disclosure of alternate labeling material and methods.

[B80110] The present inveniion 1 directed to mutants of the Brassicaceas plant fanuly, particularly
oilseed relevant plants, which are altered to provide for yellow seed coat color and increased seed off
content. Rrassicaceas family plants which are relevant to the iavention include 4rabidopsis, Brassica
napus {rapeseed or cancla) as well as the Cameling species, Capella rubella, Eutrema saisuginewm,
Arabis alpha, Cardamine amara, and Thiapsi arvense (peroyerssey, Camelinag specics include Cameling

alvssur, Cameling microcarpa, Cameling rumelica and Cameling sativa, particularly Comelinag sativa.
= H
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[8606111] In an aspect of the invention, each and all of the 77§ wanseripiion factor encoding genes in a
plant are mutated or genetically modified to climinate production of TT8 protein in the plant, iis
germplasm, or its seeds. [n accordance with the present invention, three Cs778 isoforms were identified
in O sative and all of the isoforms were inactivated or mutated 1o effectively be null mutations/mutants.
In a particular aspect, CRISPR/Cas® technology was utilized to create null mudants.

[B0D312] Thus, the invention provides a means and approach to generaie plants, germplasm or seed of a
plant which are vellow in color and noreased ju oil content. In an aspect, the plant is a Srassicacene
farnily plants. In an aspect, the plant is of the Camelina species, Capella rubells, Eutrema salsugineun,
Arabis alpha, Cardamine amarg, and Thiapsi arvense {povnycress). Cameling species include Cameling
alyssum, Cameling microcarpa, Cameling rumelica and Camelina sativa, particalarly Cameling sativa. In
an aspect, a plant or crop unsuitable for biofuel production because of s low seed oil content or other
seed characteristics is rendered useful and cost effective for ol sced production, such as a biofuel, by
manipulation and deletion, distuption, or null mutation of any and all of its 778 transcription factor
encoding genes.

[6681131 The present method relates to the use of a technology to precisely delete mucleotides to disrapt
one or more of the 774 transeription factor genes (denoted herein Cs778-2, C5TT8-8 and Cs778-73)
Cameling sative L {Cs) to enhance total {atty acid aconmulation in the seeds. The present method relates

e

o the use of CRISPR/Cash technology to disrupt the 778 transcription factor geogs (e T78-2, Oo775-
& and CsTT8-13) in Camelina sativa L. (Cs) to enhance total fatty acid accurnulation in the seeds. The
discovery relates to a high-oil phenotype yellow seed Suneson variety of Cameling sativa geroplasm that
can be used directly for oil production,

{088114] It can also be used as a variety into which breeders can introduce certain wther traits. Such
fraits might include but are not lmited o siress resistance, desiccation or heat resistance, fatty acid
modification, other vield enhanceraenis, and disease or insect resistance.

[B08118] The present disclosure relates to the use of null mutant geaerating technology or methods,
such as CRISPR technology, o disrupt one or more or all copies of Transparent Testa 8 gene(s) 1o create
a vellow seed phenotype associated with increased seed ol yvield in members of the Brassicacea family.
The present disclosure relaies o the use of CRISPR casy technology or other null mutant generating
technology or methods to disrupt all copies of the Transparent Testa 8 gene to create a yellow seed
phenotype associated with increased seed oil vield in merbers of the Brassicacea family.

[B88116] 1t may be expressed in N, Benthamiana. Nucleotide primers have been designed agamnst each
of the three 77§ genes and CRISPR cas$ was used to intreduce muxtations at certain target sitss. Plants
with thess mutations were taken to homogeneity for all three genes and the oil yield and other parameters

were tested.
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[G80117] In the Os778 mutants, flavonoid accomalation was reduced by 44%. Carbon allocation was
redirected toward enhanced synthesis of faity acids which accumulated to as high as 38% of dry weight
(DW) without changes in starch and protein contents. Disrupting all three 778 alleles created yellow seed
cameling with increased TAG vield of more than 2{%.

[000118] Different nucieotide sequences could be {argeted within the T78 target gencs, or the present
method could use 2 form of untargeted mulagenesis such as ethyl methanesulfonate, or radiation to
introduce mutations and visual selection of vellow seed phenotype seeds in the progeny of the present
experiments.

[308119] In accordance wih an aspect of the invention three TT# isoforms designated as Cs778-2
{Csa02e028180.13, CsTTE-8 (Ceal8g(37600.2) and (5¥T8-13 (Csallgli4730.7)y located on
chromosomes 2, 8 and 13 were identified and targeted for disruption to geoerate pull mutants thereof.
Null mutants are mutants whereby the proteins are not generated in complete or full length form, such as
by premaiure fermination, include an intemal deletion of amine acids alone or i combination with
premature tenmination, or otherwise are inactive or not produced in any sigmificant or active amount. The
amino acid sequences of the three 77§ proteins in C. sativa are provided below. The reginn of amine acid
sequence and first exon that is targeted for deletion and/or premature termination in an aspect of the
invention (corresponding to the first 66 amine acids) are shown in bold.

[B60128) Csa 02p028180.1 CsTT8-2 oo chromosome 2
MBGSSHPTEKSAGARKRELOGLLKEAVOSVEWTYSLFWQFRCPOQRVLYWGNGY YNGATK
TRETTOPAEVTAEEAALERSQOQLRELYQTLLAGESTSEARACTALSPEDLTETEWFYLMCVSFSE
SPPSGIPGEAY ARRKHVWILSGANEVDSKSFSRATL AKTYVVCIPMENGVVELGTTKXVKEDVEFRY
ELIKSFFIGY SNSIPKPALSFHSTYEVHEEVEREEEEEVEEEMTMEEEMRLGSPDDDDVENGNLRS
DLHIESTHTLD TNMDMMNLMERGGIYSQTVITLLMSHPTSLLSESVTTSSYVOSSFSTWRVENVR
PSASGVAMDAQTHDLESSYNTKOKSLPREDLNHVVAERRRREKINEKFLTLREMVPELUTEMBE
VSILODTIEYVNHLREKRVHELETTHHERK QHKRTRTSKRKTLEEVEVSIIESDVELEMRCEYRDGLL
LDEQVLEDLGIETTSVHTAVNDGDFEAEIRAKVRGKKASIAEVKRATHOQVIEINTNE - (SEQ 1D
NO:25)

FO00123] Csa 08g037600.1 CsTT8-8 on chromosome 8
MPGSINIFTEKSAGADKRELQGLLKFAVOSVEWT Y SEFWOQFCPQORVLYWGNGYYNGAIK
TRETTQPADVTAREAALERSQOQLRELYETLLAGESTSEARACTALSPEDL TETEWFYLMCVSESF
SPPSGMPGKAVARRKHYWLSGANEVDSKTFCRAILAKSAKIQTVVCIPMLNGVVELGTTKKVKE
DVEFVELIKSFFIGYSNSIPKPALSEHSTYEVHEEVEEFEEEREEEEEEMTMSGEMRLGSPDDDDY
SNONLRSDLHIFESTHTLDTHMDMMNLMEEGGIY SQTVTITLLMSHPTSLLSDSVETSS Y VQSSEST
WRAENVEDHQRVESQWMLKHMILRVPFLHDNTKDKSLPREDLNHVVAERRRREKINEKFTTL
RSMVPEFMTKMDKVSILGDTIEYVNHLRKR VHEL ETTHHDKQHERTRTCKRK TSEEVEVSHESDY
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LLEMRCEYRDGLLLDILOVLEDLGIETTSVHTAVNDGRDFEAFIRAKVRGKKASIVEVERATHOVII
HN (SEQ 1D NG:26)

[808322] Csa 13044750, CsTT8-13 on chromosome 13
MDGSSTPTEKSACAVKRELOGLLEFAVOSVEWTYSLFWQFCPQORYVLVWONGYYNGAIK
TRKTTOPARVTAREATLERSQOQLEELYETLLAGESTSEARACTALSPEDLTETEWFYLMCVSESY
SPPRSGMPGKAYARBRKHVWLSGANEVDSKTFCRATLAKSAKIQTVVCIPMLNGVVELGTTKXKVKE
DVEFVELVKSFFIGYSNSIPKPALSERS TYEVHEEEEREEARVEEEREEEREEEEMTMSEEMREGSE
DDDNVSNONLRESDLHEIESTHTLDTEMDMMNLMEEGGIY SQTVTTLLMSHPTSLLSDRVETESYY
OSSFSTWRAENVEDHOQRVESQWMLKHEMILRVPFLEDNTRKERSLPREDLNHVVAERRRREKLNE
KFTTLRSMVPFMTEMDKVSILGDTIEY VNHLRKRVHELETTHHDKGHKRTRTCKRKTSEEVEVS
HESDVLLEMRCEYRDG LLLDILOVLHDLGINTSSVHTAVNDGDFEAEIRAKVRGKEASIVEVERA
FHQVIN (SEQ ID NO:27T)

{PB3123] The nucleic acid coding sequences of the three 778 proteins in C. sativa are provided below.
The 81 and §2 regions of nucleic acid sequence targeted in the TTE editing by CRISPR/Cas constructs
herein are shown in bold and underlined, respectively, in each nucleic acid sequence.

[B00124] Csa 020281801 CeTTE-2 on chromosome 2
ATGGATGGATCAAGTATTATICCCACAGAGAAATCTIGCCGGAGUTCAGAAAAGGGAGCTY
CAAGGGCTGCTTAAGGAAGCGGTTCAATCTGTGGAGTGGACTTATAGTCTGTICTGGCAAT
TTTGTCCTCAACAACGGGTATTGGTGTGOGGGAATGGATACTATAACGGTGCAATAAAGACG
AGAAAGACAACTCAACCAGCGGAGGTGACGGCAGAAGAGGCTGCACTAGAGAGGAGCCAA
CAGCTGAGGCAGCTTTACCAGACGUTTTTAGCGGGAGAGTCAACGTCGGAAGCGAGAGLAT
GCACCGCACTGTUGCUGOAGGATTTGACGGAGACTGAATGGTTTTATCTAATGTGTGTCTCT
TTCTCTTTCTOTOCTCCTTCAGGGATACCAGGAAAAGCGTATCCGAGCAGGAAGCATGTATG
GCTAAGTGGTGCAAATGAGGTTGACAGTAAAAGTTTTTCTAGGGCTATTCTCGCTAAGACAG
TGGTTTGCATTCCCATGCTTAATGGTOTITGTGGAACTTGGCACAACGAAGAACGTAAAAGAA
GATGTAGAGTTTGTTGAGCTAATAAAGAGTTTCTTCATTGGCTACTCTAATTCGATCCCAAAG
CCTGCTCTTTCTGAACACTCCACCTACCAAGTGCATGAAGAAGTTGAAGAAGAAGAAGAAG
AAGAAGTAGAAGAAGAGATGACAATOTCAGAGGAGATGAGGCTTGOCTCTCCTGATGATGA
CGACGTCTCCAATCAAAATCTACGCTCTGATCTTCATATAGAATCAACCCACACGTTAGATA
CAAACATGGOACATGATCGAACTTAATGGAGGAAGGTGGAATTTACTCTCAGACAGTAALCAAC
ACTTCTCATGTCGCATCCCACGAGTCTTCTTITCAGAATCAGTTACCACATCTTCTTACGTCCA
ATCATCTTTTTCCACGTGGAGGGTTGAGAATGTCAGACCATCAGCGAGTGOAGTCGCAATGS
ATGCTCAAACACATGATCITGAGAGTTICCTACAACACTAAMAGATAAGAGTCTACCGCGGGA
AGACCTGAACCACGTAGTOGCTGAGCGACGAAGGAGAGAGAAGTTGAACGAGAAATTCCTA
ACGTTGAGATCAATGGTTICCATTTTTGACAAAGATGGATAAAGTATCTATCCTTGGAGACAC
CATCGAGTACGTAAATCATCTTCGAAAGAGGGTCCATGAGCTTGAGACTACTCATCATGAGA
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AACAACATAAGCGGACACGTACTAGTAAGAGAAAAACATTGGAGGAGGTGGAGGTTTCCAT
CATAGAGAGYGATGTTTTIGTTACAGATGAGATGTCAGTACCGAGATOCTTTIGTTIGCTTGACA
TTCTTCAGGTTCTTCATGACCTTGGTATAGAGACTACTTCGGTICATACCGCGGTGAACGACG
GTGATTTCGAGGUGGAGATAAGGGCAAAAGTAAGAGGGAAGAAAGCAAGCATTGCTOAGG
TCAAAAGAGCCATCCACCAAGTCATAATACATAATACTAATCTATAG (SEQ ID NO:28)
{B00135] s 08g037600.1 CsTTE-8 on chromosorne 8
ATGGATGCATCAATTAATATTCCCACAGAGAMATCIGCCGGAGUTGATAAAAGGGAGCTYE
CAAGOGCTGCITAAGGAAGOGGTICAATCTGTGGAGTGCACTTATAGTCTGTTCTGGCAAT
TTTGTCCGCAACAACGGOTATTIGGTATGGGGGAATGOATACTATAACGGTGCAATAAAGAL
GACGAAAGACAACTCAACCAGOGGAGGTGACGGCAGAAGAGGCTGCACTAGAGAGGAGCCA
ACAGCTGAGGGAGCTTTACGAGACGCTTITAGCGGGAGAGTCAACATCGGAAGCGAGAGCA
TGCACCGCATTATCGLCAGAGCGATTTGACGGAGACTGAATGOTITTATCTAATGTGTGTCTCT
TICTCTTTCTCTCCTCCTTCAGGGATGCOAGCGAAAAGCGTATGCGAGGAGGAAGCATGTATG
GOTAAGTGGTGCAAATGAGSTTGACAGTAAAACTTTTTGTAGGGCTATICTCGCTAAGAGTG
CCAAAATTCAGACAGTGGTTTGTATTCCCATGCTTAATGGTGTTGTGGAACTTGOCACAACG
AAGAAGGTAAAAGAAGATGTAGAGTTIGTTGAGCTAATAAAGAGTTTCTTCATTGGCTACTC
TAATTCGATCCCAAAGCCTGCTCTITTCTGAACACTCCACCTACGAAGTGCATGAAGAAGTTG
AAGAAGAAGAAGAGGAAGAAGAAGAAGAAGAAGAAGAGATGACAATGTCAGGGCAGATG
AGGCTTGOCTCTCCTGATGATGACGACGTCTCCAATCAAAATCTACGCTCTGATCTTCATATA
GAATCAACCCACACGTTAGATACACACATGGACATGATGAACTTAATGGAGGAAGGTOGAA
TTTACTCTCAGACAGTAACAACACTTCTCATGTCGCATCCCACGAGTCTTCTTITCAGATTCAG
TITCCACATCTTCTTACGTCCAATCATCTTTITTCCACGTGGAGGGUTGAGAATGTCAAAGACT
ATCAGCGAGTGGAGTCOCAATGGATGUTCAAACACATGATCTTGAGAGTTCCTITCCTCCAT
GACAACACTAAAGATAAGAGTCTTCCTCGOGAAGACCTGAACCACGTAGTGGCAGAGCGAC
GAAGGAGAGAGAAGTTOAACGACAAATTTACAACGTTGAGATCAATGOTTCCATTTATGAC
CAAGATGGATAAAGTATCAATCCTTGGAGACACTATCGAGTACGTAAATCATCTTAGAAAG
AGAGTACACGAGCTTGAGACTACTCATCACGATAAACAACATAAGCGCACACGTACTTOTA
AGAGAAAAACATCOGAGGAGGTGGAGOTTTCCATCATAGAGAGCGACGTTITIGTTAGAGATY
GAGATGTGAGTACCGAGATGGTTTIGTTIGCTITGACATTCTTCAGGTTCTTCATGATCTTGGTAT
AGAGACTACCTCGGTTCATACCOCGGTGAACGACGOTOATITCCAGGCGCGAGATAAGGGCA
AAAGTAAGAGGGAAGAAAGCAAGCATCOTTGAGGTCAAAAGAGCCATCCACCAAGTCATTA
TACATAATTAA (SEQ D NG:2%)

[B08126] (sa 13g044758.1 CeTTE-13 on chromosome 13
ATGGATGGATCAAGTATTATTCCGACAGAGAAATCTGCCGUAGUTCAGAAAAGGGAGCTE
CAAGGGCTGCTTAAGGAAGCGGTTCAATCTGTGGAGTGGACTT ATAGTCTGT'ICTGGCAA T
TTTGTCOTCAACAACGOGTATTGGTGTGGGGGAATGGATACTATAACGGTGCAATAAAGACG
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AGAAACACAACTCAACCAGCGGAGGTGACGGCAGAAGAGGCTACACTAGAGAGGAGCCAA
CAGCTGAGGGAGCTTTACGAGACGCTTTTAGCGGGAGAGTCAACOTCGGAAGCGAGAGCAT
GCACCGCATTGTCGCCGGAGGATTTGACGGAGACTGAATOOTTTTATCTAATGTGTGTCTCTT
TOTCTTTCTOTCCTCOTTCAGGGATGCCAGGAAAAGCGTATGCGAGGAGGAAGCATGTATGEG
CTAAGTGGTGCAAATGAGGTTGACAGTAAAACTTTTTGTAGGGCTATTCTCGUTAAGAGTGC
CAAAATTCAGACAGTGGTITGTATTCCCATGCTTAATGGTOTTIGTGGAALTTIGGCACAACGA
AGAAGGTAAAAGAAGACGTAGAGTTTGTTGAGCTAGTAAAGAGTTICTTCATIGGCTACTCT
AATTCOATCCCAAAGCCTGCTOTTTCTGAACACTCCACCTACGAAGTOCATGAAGAAGAAGA
AGAAGAAGAAGCAGAAGTAGAAGAAGAAGAAGAAGAAGAAGAAGAAGAAGAAGAGATGA
CAATGTCAGAGCAGATGAGGTITGOCTCTCCTGATGATCGACAACGTCTCCAATCAAAATCTA
COCTCTGATCTTCATATAGAATCAACCCACACGTTAGATACACACATGGACATGATGAACTT
AATGGAGGAAGGTGGAATTTACTCTCAGACAGTAACAACACTTCTCATGTCGCATCCCACGA
GTCTTCTTTCAGATTCAGTTITCCACATCTTCTTACGTCCAATCATCTTTTTCCACGTGGAGGGC
TGAGAATGTCAAACACCATCAGCSAGCTGGAGTCGCAATGGATGCTCAAACACATCATCTTG
AGAGTTCCTITCCTCCATGACAACACTAAAGAAAAGAGTCTTCCTCOAGAAGACCTGAACCA
CGTAGTGGCAGAGCGACGAAGGACAGAGAAGTTGAACGAGAAATTCACAACGTTGAGATC
AATGGTTOCATITATGACCAAGATGOATAAAGTATCAATCOTTGGAGACACTATCGAGTACG
TAAATCATCTTAGAAAGAGAGTACACGAGCTTGAGACTACTCATCACGATAAACAACATAA
GOGGACACGTACTTIGTAAGAGAAAAACATCGGAGGAGGTGCGAGGTITCCATCATAGAGAGL
GATGTTTTGTTAGAGATGAGATGTGAGTACCGAGATOGTTITGTTGCTTGACATTCTTCAGGTT
CTTCATGATCTTIGGTATAGAGACTAGCTCGGTTCATACCGCCGTGAACGACGGTCGATTTCGA
GGCGGAGATAAGGOOCAAAAGTAAGAGGGAAGAAAGUAAGCATCGTTGAGGTCAAAAGAGC
CATCCACCAAGTCATTATACATAATTAA (SEQ ID NG:30)

[0001271 As described herein, matation of TT8 genes in correspounding Brassicaces farily plants is
contemplated to provide other species with increased oil content 1o their sceds, and also yellow colored
seeds. This renders these plant species more suitable for seed oil production and applications o biofuels.
Exaroples of other Brassicaceae fanuly plant sequences, particalarly bornologous TTE sequences, for
alteration and null mutation can be identified by one skilled in the art. Such sequences can be identified
inchuding in public sequence databases. For example, 2 BLAST search of the NCBI sequence protein
database with the any of the three TT8 genes of C. sativa identifies homologous gene sequences in other
plants, inchuding in other Brassicacea family plants.

{000128] Various related or distinet plant species TT8 proteins are therefore known and available.
Exemplary sequences from other plants can readily be identified and compared or aligned with the one or
more C. sativa TT8 sequences hereof so as to provide comparable corresponding amino acids to generale

further or alternative TT8 mutants in accordance with the invention.



WO 2025/213083 PCT/US2025/023245
29

[B060129] In an aspect, TTS sequences in other Brassicaceq family members are identified as candidates
for mutation of their TT8 sequence(s) o increase oil content in their sceds. TT8 sequences wdentified n
other plants by databasing searching based on the C. sariva TT8-2, TT8-8 and TT8-13 amino acid
sequences include sequences in Brassicaces family merobers of several plant species. These various TT8
relative sequences can be particnlarly ordered and characterized by virtue of their percent amino acid
sequence identity, the percentage of total amino acids in the full length protemn which are 1dentical in
comparison to any or each or all of C sativa TT8-2, TT8-8 and/or TT8-13 sequence. In a particular
aspect, TTR sequences having at least 75% identity, at least 78% identity, at least 80% identity, at least
859 identity to ¢ satva TT8-2, TTE-8 and/or TT8-13 scquence are selected as candidales. In a
particular aspect, TT8 sequences having at least 80% identity to C. sative TT8-2, TT8-8 and/or TT8-13
sequence are selected as candidates.

[008130] Among the TTE sequences iu other Brassicacea family members in particular are: Pennycress
plant  Thiapsi arvense (CAH2070747.1y Capsella rubella (XP_023636554.1, XP 023636553.1,
FOAZ1963.1); Cardamine amara subsp. amara {KALIZ19929.1, KALII26018.1, KALI219930.0,
KALI196019.1); Eutrema solsuginewm (XP_024009789.1, ESQ38593.1) and Arebis alpina
{KEK32044. 1)

[080131] In addition, various species of the drabidopsis genus, which is 4 merober of the Brassicaceq
family, are identified as candidates, including the scientific study model plant organism Arabidopsis
shaliana. TT% sequences in other Arabidopsis genus family members include those of the species
Arabidopsis fysute subsp.fyrate (XPOU2RT2462.1), drabidopsis arenoss (CAE6129862.1), Arabidopsis
suecica (KAGTS87235.1, KAGTSST236.1) and drabidopsis helleri (CALS232203.1).

{008132] In addition, various species of the Brassica genus, which is a rmember of the Srassicacen
family, are identified as candidates, including the rapeseed plant Brassica napus. TT# sequences in other
Arabidopsis genus family members include thuse of the species Brassica carinate (KRAG2330243.1),
Brassica rapa (RID4S596.1, XP_009113574.1) and Brassica oleracea var. botryiis (ADP76634.1),
Brassica oleracea var. italica (QGW62411.1) and Brassica oleraceq var. oleracea (XP_{13608428.1).
{666133] In addition, phylogenetic analysis can be utilized and provides related 778 homologs i other
plants. For example, Figure 8 provides TT8 target and related sequences n various plands, particularly
ALTTS (QOFTRY) in drabidopsis thaliena; BnAU9.TT8 (MN399821) and BrCU9.TT8b (MN399822) in
Brassica napus, BoTT8a (ADV03944), BoTTEb (ADP76654) in Brassica oleracea; BmATIR
(AIN41653.1) in Rrassica junces; RsTT8 (ASF79354.1) from Raphanus satvus; BriT8
(XP 009113574) in Brassice rapa, LiTT8 (AB490778) in Lotus japonicus: ReTT8 (KY651179) m
Raphanus sativus; LITTS {(ARKI9321.1) in Lotus feauis; LeTTE (KY 196477} in Lotus corniculatus,
AcbHLF42 (QATTT714) in detinidia chinensis; MUTT8 (KME92777) in Medicago trunicatula.
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[380134] Alternative plant TTE sequences may further be known or identified by those in the art, US
09013315541, for example, describes T8 sequences in white clovex (Frifolivm Repens), and further
references medic {Medivago), ryegrass (Lofium) and fescus (Fessuca) species. The sequences and
polypeptides are described for introduction to or expression of the wild type polypeptide in plants for
moditication of flavoneid biosynthesis.

[080138] Corresponding N-terminal region sequences which correlate with the exon 1 sequences in the
C. sativa TT# genes can readily be identified. One skilled in the art can similarly target these sequences
for null mutation or deletion or premature termination/iruacation using approaches and methods known o
the art. In an aspect, alternative plant species TT8 sequences are targeted for null mutation or deletion or
premature termination/truncation via CRISPR mediated disruption,

[0868136] Thus, alternative CRISPR constructs can be designed, either as alternalives targeting the
sativa TTH sequences provided and disclosed herein, or as alternatives targeting TT8 sequences in other
plants, particulady in Brassicacese family plant sequences. In an aspect, alternative CRISPR constructs
are designed targeling TTR sequences in other plants, particularly in Brassicaceae farnily plant sequences,
particular in plants which do not have yellow seeds, including whersin no of few yellow seed vaneties are
known or available. For example, Pennyeress Thlapsi arvense and Cardamine amara subsp. amara have
brown to black or brown seeds, respectively. The plant Capsefla rubella has orange sceds.

[660137] In an aspect of the invention, disrupted or mutated TTS poiypeptide(s) arve provided or
construcied wherein one or mors amino acid substitution and/or one of more arino acid deletion are
introduced such that the normal or wild type TTR is not sxpressed or produced, particolarly wherein any
such distupted or mutated TT8 polypeptide(s) are inactive.

I600138] Disrupted or mutated TTR polypeptide(s) ate provided having one or more amino acids
deleted andfor which are prematurely terminated. To one such aspect, one or more amino acids are delsted
in the first exon of TT8 and/or the encoded TTS polypeptide is prematurely terminated, particularly in the
first exon.

[08139] Nuclsic acids or polynucleotides encoding the disrupted or mutated TT# polypeptide(s} are
aiso provided. In another aspect, the invention provides a construst containing 2 polynucieotide that
encodes a disrupted or mutated TT8 polypeptide(s) as provided herein. In a further aspect the nvention
provides an expression construct conprising & polynuciestide of the invention. In one embodiment the
polynucleotide in the consinuct is operably finked to 2 promoter sequence. In one embodiment the
promaoter sequence is capable of driving expression of the polynuclentide in a vegetative tssue of a plant.
In another embodiment the promoter sequence is capable of driving expression of the polynuclectide in a
sced of a plant. In a further embodiment the promoter sequence is capable of driving expression of the
polynuciectide in the pollex of a plant. In a furtber embodiment the promoter sequence s capable of

driving expression of the polvnucleotide in a bacterial cell or yeast cell.
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[308148] In another smbodiment the invention provides a host cell comprising a construct of the
invention. In an embodiment the invention provides a host cell genctically modified 1o comprise a
polymucicotide of the invention. In a further embodiment the invention provides a host cell genctically
medified to express a polynucleoctide of the mvention,

{666141] In a further embodiment the host cell is also genetically modified to express a TAG
synthesizing enzyme. In one such aspect, the host cell is genetically modified to cornprise a nucleic acid
sequence encoding a TAG synthesizing enzyme. In another aspect ithe host cell comprises an expression
construct including a nucleic acid sequence encoding a TAG synthesizing enzyme.

[680142] In a further embodiment the nucleic acid is operably linked to a promoter sequence. The
promoter sequence may capable of driving expression of the mucleic acid sequence 1n a vegetative tissue
of a plant. In one aspect the promoter sequence 18 capable of driving expression of the pucleic acid
sequence in a seed of a plant or in the pollen of & plant. The promoter sequence may be capable of
driving expression of the polynucieotide in 2 bacterial cell or inn a yeast cell.

{008143] The bost ccll may be any suitable type of cell, inclading a prokaryotic cell or a eukaryetic cell.
In one embodiment the host cell is selected from a bacterial cell, a yeast cell, a fungal cell, an insect cell,
algal cell, and a plant cell. In a particular embodiment the host cel s & plant cell. The invention further
provides a plant comprising a plant cell of the nvention. In one aspect the invention provides a plant
comprising a constract of the invention. In an aspoct the invention provides a plant genstically medified
o comprise or o express a polynaocieotide of the invention.

{368144] In a further aspect, the plant is also genetically modified to express a TAG synthesizing
enzyme. In 2 further embodiment the TAG synthesizing enzyme is expressed in the same tissue as the
roodified oleosin.

In a further embodiment the plant is genstically modified to comprise a nucleie acid sequence encoding a
TAG synthesizing enzyme. In a further embodiment the plant comprises an expression constouct
including a nucleic acid sequence encoding 2 TAG synthesizing enzyme.  In another aspect the plant may
he genetically modified to express or overexpress DGATZ and/or WRIL

[660145] The nucleic acid or polynucleotide of the invention may be operably linked to a promoter
sequence. fu an aspect, the promoter is suitable and applicable for expression in plants. In an aspect, the
prometer is a constinitive promoter. In au aspect, the promoter is an inducible promoter. In an aspect, the
promoter is a plant specific promoter, or a promoter directing expression i leaves, tissues or seeds of 2
plant. In an aspect, the promoter sequence i¢ capable of deiving cxpression of the nucieic acid sequence
in a vegetative tissue of a plant. In one embodiment the promoter sequence is capable of driving
expression of the mucleic acid sequence in a seed of a plant. In one embodiment the promoter sequense is

capable of driving expression of the nucleic acid sequence in the pollen of a plant.  In aspects, the
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promoter may be the constitutive promoter 355 or may be a seed promoter, particularly a sirong seed
promoter such as the promoter for the gene phaseolin.

[800146] The promoters suitable for use in the construets of this invention are functional in 3 cell, tissve
or organ of a monocet or dicot plant and include cell-, tissue- and organ-specific promoters, cell cycle
specific prometers, temporal promoters, inducible promoters, constitutive promoters that are active
most plant tissues, and recombinart promoters. Choice of promoter will depend upon the temporal and
spatial expression of the cloned polypucieotide, so desired. The promoters may be those nommally
associated with a transgene of interest, or promoters which are derived from genes of other plants,
viruses, and plant pathogenic bacteda and fungl. Those skilled in the art will, without undue
experimentation, be able to select promoters that are suitable for use in modifying and modulating plant
traits using genetic constructs comprising the polynucleotide sequences of the invention. Examples of
constitutive plant promoters include the CaMV 358 promoter, the nopaline synthase promoter and the
octopine synthase promoter, and the Ubi | promoter from maize. Plant promoters which are active in
specific tissues, respond to intemal developmental signals or external abiotic or biotic stresses are
described in the scientific Hterature. Exemplary promoters are described, e.g., in WO 02/008%4, whick is
herein incorporated by refersnce.

[368147] The relative terms, such as increased and reduced as used herein with respect to plants, are
relative to a controf plant. Suitable control plants mclude non-transformed or wild-type versions of plant
of the same variety and/or species as the iransformed plant used in the method of the invention. Suitable
cordrol plants also include plants of the same variety and/or species as the transformed pland that are
transformed with a conirol congiruct. Suitable control constructs include empty vector constructs, known
to those skilled in the art. Suitable control planis also inclade planis that have not been transformed with a
polynucleotide encoding a modified cleosin including at least one astificially ntroduced cysteine.
Suitable control plants alse include plants that do not express a modified oleosin including at least one
artificially introduced cysteine.

[B00148] The term "total lipid" as used herein includes fats, oils, waxes, stevols, glycerol lipids,
monogiyeerides, diglycerides, phosphelipids, monogalactolipids, digalactolipids, phospbatidylcholines,
phosphatidylethanolamine, phosphatidyiglycerol, phosphatidyiinositol, sulibguinovesyldiacylglycerol,
and triglycerides.

[380149] The term "oil” as used herein preferably refers to triacylglycerol (TAG).

[D00150] The term “biomass” refers io the size and/or mass and/or nuraber of vegetative organs of the
plant at a particular age or developmental stage. Thus 2 plant with increased biomass has increased size
and/or mass andfor number of vegetative organs than 2 suilable conired plant of the same age or at an
equivalent developmental stage. Increased biomass may also involve an incresse in rate of growth and/or

rate of formation of vegetative argans during some or all pertods of the life cycle of a plant relative to a
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soitable control. Thus increased biomass may result in an advance in the time taken for such a plant to
reach a certain developmental stage.

{080151] The terms "seed vield", "fruit vield” and "organ yield" refer to the size and/or mass and/or
rmber of seed, firuit or organs produced by 2 plast. Thus a plant with increased seed, fruit or organ yield
has incressed size andfor mass and/or number of seeds, frnit or organs respectively, relative to a control
plant at the same age or an squivalent developmental stage.

[380152] ¥t may be beneficial, when producing 2 transgenic plant from a particular species, to transform
such a plant with 2 sequence or sequences derived from that species. The beneflt may be to alleviate
public concerns regarding cross-species transformation in generating fransgenic Organisme. Additionally
when down-regnlation of a gene is the desired result, it may be necessary to utilize a sequence entical
{or at least highly similar) to that in the plant, for which reduced expression is desired. For these reasons
among others, it is desirable fo be able to identify and isolate orthologues of 2 particular gene in several
different plant species.

1860153} The invention farther provides plani cells which comprise a genetic construct of the invention,
and plant cells modified to alter expression of & polynucleotide or polypeptide of the invention, or used in
the methods of the nvention. Plants comprising such selis also form an aspect of the invention.

[300154] Methods for transforming plant cells, plants aud portions thereof with polypeptides are
described in Draper et b, 1988, Plant Genetic Transformation and Gene Expression. A Laboratory
Manual. Blackwell S¢i. Pub. Oxford, p. 365; Potrykus and Spangenburg, 1995, Gene Transfer to Plands.
Springer-Yerlag, Berlin and Gelvin et al., 1993, Plant Molecular Biol Manual. Kiuwer Acad. Pub.
Dordrecht. A review of transgenic plants, including transformation techuiques, is provided in Galun and
Breiman, 1997, Transgenic Plants. Impenal College Press, London

(008158 A oumber of plant transforraation strategies are available {e.g. Birch, 1997, Aon Rev Plant
Phys Plant Mol Biol, 48, 297, Hellens R P, et al (2000) Plani Mol Biol 42: 819-32, Hellens R et al Plant
Meth 1. 13). For example, straiegies may be designed to  increase expression of 2
polymucieotide/polypeptide in 4 plant cell, organ and/or at a particular developmental stage where/when i
is normally expressed ot to ectopically express a polynucientide/polypeptide in a cell, tissue, organ and/or
at a particular developmental stage which/when it is not nompally expressed. The expressed
polymucicotide/polypeptide may be derived from the plani species o be transformed or may be derived
from a different plant species. Transformation strategies may be designed to reduce expression of a
polynuclectide/polypeptide in a plant cell, tissue, organ or af a particalar developmenial stage
which/when it is normally expressed. Such strategics are known as gene silencing sitategies.

[608136] Exemplary terminators that are commonly used in plant transformation genetic construct

include, e.g., the canliflower roosaic virus {CaMV) 338 termunator, the Agrobacierinm tumefaciens
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pepaline synthase or octopine synthase terminaters, the Zea mays zein gene terminator, the Oryza sativa

ADP-glucose pyrophosphorylase terminator and the Solanurn tuberosum P terminator.

{00187 Selectable markers commonly used in plant transformation include the neomycin
phophotransferase 11 gene (NPT IT) which confers kanamycin resistance, the aadA gene, which confers
spectinomycin and streptomyein resistance, the phosphinotiricin acety! transferase (bar gene) for Ignite
{AgrEvo) and Basta (Hoechst) resistance, and the hygromycin phosphotransterase gene (hpty for
hygromycin resistance.

[088158] Use of gesetic constructs comprising feporter gemes {coding sequences which express an
activity that is foreign to the host, nsually ao enzymatic activity and/or a visible signal {(e.g., fuciferase,
GUS, GFP} which may be used for promoter expression analysis in plants and plant tissees are also
contemplated. The reperter gene Hterature is roviewed in Herrera-Estreila et al, 1993, Nature 303, 209,
and Schrott, 1995, In: Gene Transfer to Plants (Potrykus, T., Spangenberg, Bds) Springer Verlag. Berling,
pp. 325-336.

[000159] The following are representative publications disclosing genetic transformation protocols that
can be used to genetically transform the following plant species: Rice (Alam et al,, 1999, Plant Cell Rep.
18, 572); apple (Yao et al., 1998, Plant Cell Reports 14, 407-412); mawwe (U.S. Pat. Nos. 5177010 and
8,981,840); wheat (Ortiz et al,, 1996, Plant Cell Rep. 18, 1996, 877); tomato (U.8. Pat. No. 5,159,135}
potato (Kumar ot al., 1996 Plant J. 9, :821); cassaya (Li et al, 1996 Nat. Biotechnology 14, 736); lettuce
{(Michelmore et al., 1987, Plant Cell Rep. 6, 439); tobacco {Horsch et al, 1985, Science 227, 1229y,
cottonn {T1.S. Pat. Nos. 5,846,797 and 5,004,863} grasses (11.8. Pat. Nos. 5,187,073 and 6,020,539}
peppermint (Niu et al., 1998, Plant Cell Rep. 17, 165); citrus plants (Pena et al., 1995, Plant Sci. 104,
183); caraway (Krens ot al, 1997, Plant Cell Rep, 17, 39); banana (U.S. Pat. No. 5,792,935} sovbean
(.S, Pat. Nos. 5,416,011; 5,569,834; 5,824,877, 5,563,04455 and §5,968,830); pincapple {U.8. Pat. No.
5,952,543); poplar (U8, Pat. No. 4,795,855); monocots 1n general (U.8. Pat. Nos. 5,591,616 and
$,037,522); brassica (1.8, Pai. Nos. 5,188,958; 5,463,174 and 5,750,871}, cercals {{J.8. Pat. No.
6,074,877}, pear (Matsuda et al,, 2005, Plant Cell Rep. 24{1):45-51); Pruous (Ramesh et al,, 2006 Plant
Cell Rep. 25(8):821-8; Song and Sink 2005 Plant Cell Rep. 2006; 25(2):117-23; Gonzalez Padilla et al,
2003 Plam Cell Rep. 22(1%:38-45); strawberry (Oosumi et al, 2006 Planta. 223(63:1219-30; Folta et al,
2006 Planta April 14; PMID: 16614818), rose (Li et al., 2003}, Rubus (Greham et al,, 1995 Methods Mol.
Biol 1995 44:129-33), tomato (Dan et al., 2008, Plant Cell Reports ¥V25:432-441), apple (Yao et al,
1995, Plaot Cell Rep. 14, 407-412), Canola {Brassica napus L.). {Cardoza and Stewart, 2006 Methods
Mol. Biol. 343:257-66), safflower (Orlikowska et al, 1993, Plant Cell Tissue and Organ Culture 40:85-
91}, ryegrass {(Altpeter et al, 2004 Developments in Plant Breeding 11{(7):235-250), rice (Clristou ef ai,
1991 Nature Biotech. 9:957-962), maize (Wang et al 2009 In: Handbook. of Maize pp. 609-639) and

Actinidia eriantha (Wang et al., 2006, Plant Cell Rep. 25, 5: 425-31). Transformation of other species is
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also contemplated by the invention. Suitable methods and protocols aw available in the scientific
literature.

[B0D168] The term "plant” is intended to include 2 whole plant, any part of a plant, 2 seed, & fuit,
propagules and progeny of a plant.

[308161] The term “propagule” means any part of a plant that may be used in reproduction or
propagation, either sexual or asexual, including seeds and cuttings.

0081621 The plants of the invention may be grown and either selfed or crossed with a different pland
strain and the resulting hybrids, with the desired phenotypic characteristics, say be identified. Two or
more generations may be grown to ensure that the subject phenotypic characteristics are stably maintained
and inherited. Plants resulting from such standard breeding approaches also form an aspect of the present
mvention.

[000163] The invention may be better onderstocd by reference to the following non-limiting Exarnples,
which are provided as exeraplary of the invention. The following examples are presented in order to more
fully illustrate the preferred embodiments of the invention and should in no way be construed, however,

as limiting the broad scope of the invendion.

EXAMELEL

[80164] Camelina (Camelina sariva L.), a hexaploid member of the Brassicacese family, is

an emerging oilseed crop being developed to meet the increasing demand for plant oils as
bicfuel feedstocks. In other Brassicas, high oil content can be associated with a yellow seed
phenotype, which is unknown for camelina. We sought to create yellow seed camelina using
CRISPR/Cas? technology to disrupt its Jrensparent Testa § {TTH) genes and to evaluate the
resuliing seed phenotype.

(000165 We identified three TT# genes, one in each of the three camelina subgenomess, and
obtained independsnt CsTTH lines containing frameshift edits. Disruption of TT8 caused seed coat
colour to change from brown to yellow reflecting their reduced flavonoid acourmddation of up o
44%, and the loss of a well-organized seed cost mucilage layer. Transcriptomic analysis of CsTT8-
edited seeds reveasled sigmificantly increased expression of the lipid-related transcription factors
LECI, LEC2, FUS3, and WRI and their downstream fatty acid synthesis-related targets. These
changes caused metabolic remodelling with increased fatty acid synthesis rates and comesponding
increases in total fatty acid (TFA) accumulation from 32.4% to as high as 38.0% of seed weight, and
TAG vield by more than 21% without significant changes in starch or protein levels compared to
parental line. These data highlight the effectivencss of CRISPR in creating oovel enhanced-oil

germplasm in camelina. The resulting lines have applicability to future net-zero carhon energy
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production or to be combined with other iraits to produce desired lipid-derived bioproducts at high
yields.

[0863166] RESULTS

[360167] Identification of TY8 homslogs in Cameling sativa

{080 168] Using the sequence of 41778 to BLAST against the cameling genome of O sativa (Kagale, et
al., 2014), we identified three 778 isoforms designated as CoT78-2 {((sall2g02&8180.13, CsTT8-8
(Csal8g(37600.2y and CsTT8-13 (Csal3g044750.1) located on clromosomes 2, 8 and 13, respectively.
CsT78-2 and CsT78-8 each contain six exons, while Cs778-73 bas an extra exon FIG. 1(a). Like 41178,
the predicted amino acid sequences of all three CsT7T8s contain a serics of conserved domains: the

N - terminal MYB interaction region (MIR), the bHLH dorain in the C - terminal region (FIG. 1{a}).

The CsT78-2 protein shares 92.46% and 91.87% identity to CeTT8-8 and CsTT8-13, respectively. Cs776-
§ and CsTT8-13 protein are 97.84% identical at the amino acid level. The high identity shared by all
three CsT78 genes suggests that they encode transeription factors with the same or similar functions.
Phylogenetic analysis shows that all three CsT78 copies cluster in a clade with 41778 (FIG. 8} In
addition, asscsament of gene synteny relationships with the GenonscusPlanted$.01 online resource
{doi.org/10.1093/nar/gkx 1003} showed that CsT78-2, CsTTS-8 and CsTT8{3 are syntemic orthologs to
AfTT8. Taken together this suggests similay, or equivalent functions of these three 778 genes in camebna.
[080169] Expression analysis of the CsTTS genes.

[60170] The tissue specific expression patterns of (778 isoforms were investigated in camelina
variety Suneson using guantitative real - time PCR {gRT - PCR; (FIG. 1(b}). Various amounts of

transeript were detected for CsT78-2, CsTT8-8 and CsTTR-13 in leaf, root, stem and seeds of 12, days afer
flowering (BAF), 24 DAT and mature sceds. All thoee 778 genes exhibit high expression levels in
developing secds with the highest levels observed at 12 days DAF. Their transcription 1n roots is much
lower than in seeds, but is higher than that in leaves and stems, where it is barely detectable (FIG. 1{(b)).
These results suggest that (s7T78s plays a role in sced development. Overall, CsTTE-8 had a sigrificantly
higher expression level (by 1.5 to 3 fold) than CsTT8-2 and CsTT8-13 during seed development (FIG.
1{b)). Further analysis of (3778 genes in developing sceds by RNAseq revealed strong expression for all
three 778 genes (FIG. 1{c)). High expression levels were detected at sarly stages that peaked at 10-12
DAF, and subsequently decreased from 14-22 DAF. Again, Cs778-8 dernenstrated the highest expression
at the peak stages, followed by Csi78-2, while CeTTR-73 exhibited the lowest expression level (FIG.
I{e}). These results are consistent with those obtained from RT-gPCR, aithough the 24 DAF seeds

showed higher expression by RT-PCR, possibly due to different growth conditions.

[B06173] Creation of CRISPR/Cas® - targeted putations in CsTT8s
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[B0(40372] To generate Cas9 - induced kncckout mutations in all three CsTTH genes, two sets of sgRNAs
(S and $2) were designed using the CRISPR - P algorithm (Lot et al, 2014). Both sets are in the first

exon of TT8, with 81 close 1o the start codon, and 52 targeting the MIR domain FIG. 1{a). To facilitate
the screening of transgemc lines and achieve transgene-free CsTT8 mutagenized cameling lines, a DsRed
expression cassette was nserted into the pHEE401E vector (Wang et al, 2015; Xie ef al, 2015). We
obtained and planted 33 transgenic seeds with DisRed fluorescence, of which 14 lines were genotyped by
DINA sequencing. In the first generation (T.) (Table 1), lines 13, 22, 26 and 27 showed DNA sequence
changes in all three {5778 isoforms, and Hnes 13 and 22 showed one homozygous target site changed for
only a single iscform. Lines 24, 25, 31, 32, and 33 showed mutations in at least one target site in one or
two of the three iscforms. But lines 23, 2§, 29, 30 and 34 remained unedited in all thice isoforms. We
then planted dark and red seeds from lines 13, 22, 26, and 27 and genotyped the progeny {12} plants
{(Table 1}, Lines 26-6, 26-7, and 27-9 contained homozygous changes in all three 1soforms (FIG. 2{(a)).
Mutations in all three genes resulted in frameshifis that truncate TT8 within the first 65 amino acid
resulting in loss of function except for tt8-2 gene in line 267, in which deletion of 48 bp of DNA resulied
in deletion of 16 amine acid (Figure 9(z)) resulting in loss of function. Moreover, no changes were
observed in the predicted offitarget sites (Figure 9(b) and (c}). Thus, we obtained three bomozygous lines
containing edits in all three isoforms of CsTT8 for subsequent studies. Lines 22-1, 22-2, 27-8, 27-10, and

27-11 had at least one homozygous mutation.

Table 1. Genotyping of CRISPR-CsTTE transgenic T1 and T2 plants

Genotype at targets of Genotype at targets of Genotype at targets of
Seed eolor
Plant D Genevation CoTT8-2 CorTs-s CS_TTX-'”
S1 52 K¥ 52 St 82

13 T3 homo (-3bp) homs (~dbp; hetere heters hetera fietero yellow
22 T3 heters hetere wt homo {-dbp} heters hetero yeltow

22-3 T2 homo {-17bp) home (-18bp) wt pome {~4bp) heters hetero

12-2 T2 howms {~17bp) homeo (-i8bp) wt homo heters heters

12-3 T2 hetere hetero wi home (-d4bp) home (~15bp) heme (-18bp)
24 T3 wt wt wi heters wi hetere brown
25 T wi hetere wt wi hetere heiere brown
26 T hetero hetero hetero hetere heters hetere yellow

26-4 T2 hetere heters homeo {~-1Tbp} homo (~18bp) hetere heters

16-5 T2 heters hetere hetere heters hetere hetero

166 T2 home (+t1bp) home (-4bp) wi home {(-4bp} h{-4%bp)

26-7 T2 b {-48bp) Wi homo {-4bpy wt Bomo {~-ibp}
7 T wi heteve hetero hetero hetero hetere yellow

27-18 T2 wi heters wt homs {~Sbp) wi homs (~4bp)

-1t T2 wt homo (+1bp) heters hetere netere heters
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27-8 T2
278 T2
34 TE
32 Tk
33 11

38
wi hetere heters hicters
wi fomme (Hibp) wi home {-3bp)
Reters heters wt wi
hetero heters wi wi
wi hetere heters fieters
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Boma {-1bp} home {-8bp)

wi homs {-Shp)

wi wi brown
wi wi tan
hetere wi Brown

[080173]  The sequences of the gPCR primers and Golden gate clone used in these stadies are provided

in Table 2 below.

Primsers name

FabG-F
- Fabii-R
Fahi-F

FADIR
FADA-F
FAD3-R
BCOPLF
BOCPLR
BOCPLFP
BCCPZ-R

KASLF
KASLR

KASH-F
i &A?El B

. KASHT R
CWRIL-F

ADCIF
BADCI-R
BADC2-F
BADCZ-R

-
2y

Primer sequence

GCAATCACAATOG

GACGAAGT aSEQ D \IO

GCAGCGTAGTTTGCTTGALC (SEQID NO:38

TGOAGACATCGAGGAAAGGC (SEG D NG 39‘7
TTCOTCCACCATACCCAGGA {SEQ D NOG43)
ATCCTGCGTTGCCTCACTAC (\EQ D NO:4L

| CCACATGTOTGTCCGTGATG (SEQ ID NO:42)
U TTGTGATGTGGTTGGACGOT (SEQ ID NO:43)

ACGTGAGTTCCAATGTCGTGA (SEQ ID NOw44)
AAGAATGGOGTCTTCGTCGT (SEQ 1D N(uas)
ACAGGOTAGCTACTGCGACT (SBQ I NO:46)

CCCTCCGGTGTATCTCAGAC (SEQ 11 NO:4T)

(,A(‘AU TCGA h(‘TGi TTCAGT (\EQ 1D NG:48)

'{\,x(m-; TGUTGGGA {\EQ 1D NG:50)

TCOCTCAGTTGGCGAGTTTC (SEQ 1D NO: m\
c; TCCCCAGCTACATOCGAC (SEQ m NO: m}

TTCTACGACACGACGOCTTTG (SEQIDNO3L
ATTCTCAACGGAGCCCAAALC (sm 1D NO:2)
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BADC3-F : ‘r(‘GGTGGCCMTTCCCAATA ('*‘»}"{'3 D NO:65)

BADCIR

CeTTS2F 67y
CsTT&-2-R  AGTAGTCTCAAGCTCATGGACCCTC mm mNossy
CSTT8-8-F AGGGCTATTCTCGCTAAGACAGTGGTT (SEQ ID NO:69)

CsTTR-E-R TTCTTCTTCCT(" TTCTTCTTCTTCAACTTC (SEQ I NO:703

asﬂsu,; FUPTCTOGCTAAGAGTGCCAAAATTCAGAC (SEQIDNGITT}
CCsTTR-13-R i TCTTOTTOTTCTTCTTCTACTTOTGE (SEQ 1D NO:T2)

ONTTECSIF?  TAGAGTCGAAGTAGTGATTG GCTCCGGUAGATITCTCTGT

CsTTRCrS2ZR2

"CsTTE-F

 TGCACCAGCCGGOA
_ UQALXFL:(:A{AQTAT%A(‘GUTGCAAT ’S{QD‘\JO 5)

{SEQ ID NO:T3

GTTTTAGAGCTAGAAATAGC

GCTATTTUTAGCTCTAAAAL LTTL CTTAAGCAGCCCTTOA
ATCGAA §HFUID NC74)

CSTTR-2R

CsTT8-8R
CsTT8-13R

ATAGTTATATACGCTATTT {TA(‘ATTTTTT (SEQ IDNOTT
A{r(}( TATTTTT!\(T TITTTTATATATATG (QEQ iD 1\0 78)

[6G0174]
[BO817S]  We hoped that successful mutagenesis of the (o778 by CRISPR could result in lighter color

Editing CsTTR produced yellow seed coat

in cameling seeds, as dismption of LTT8 in drabidopsis resulied in reduced seed pigmentation (Nest &t

al,, 2000).

remained brown (FIG. 10}, In lines 21, 30, 31, 32, and 34, seed coat color appeared light brown or fan. A

The seeds of T lines 13, 22, 26, and 27 appeared yellow, whereas seeds of other lines

reddish-brown color was observed in the seeds of lines 24 and 33. The seed coat color changed from

brown to pale yellow in the T2 lines 26-7, 26-8, and 27-9 (FIG. 2(b}), correlated with their homozygous

CRISPR-induced CsTT8 mutations (FIG. 2(2)). Interestingly, no discernible alterations in growth or

dovelopment were observed in these cameclina plants, in which all three CsTT8 genes had been disrupted
but were fee of the Cas$ and DsRed marker transgenes (FIG. 11,
HUEI LY
6681771

evident in the wild typs (WT) cameling seed coat endotheliwm layer. However, in all three 778

Effect of CsTTS mutations on favonoid content in camelina seeds

Seeds were secticned and examined under a dissection microscope. A brown coloration was

modification lines containing homozygous disruptions of all three 778 genes, this color changed to a
light-yellow hue, as illostrated in FIG. 3a). In Brassicaceae plants, the dark seed coat is attribuied fo the
acoumnlation of an oxidized form of a flavonoid known as proanthocyanidin within the endothelium layer
of the inner integument of the seed coat {Lepinies et al., 2006). To investigate the relationship between
CsTT8 and the production of flavonoids in camelina seeds, their flavonoid contends were extracted and
guantified. The flavonoid content decreased markedly 1o all three Cs778 mutant lines albeit with minor

variation at 35.5% in line 26-6, 43.9% in line 26-7, and 44.1% in line 27-9, respectively FIG. 4(b}. These
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findings are consistent with the key role of Cs778 in the synthesis or regulation of the tflavonoids
responsible for brown pigmentation io the seed coats of Brassicaceas plants.

[380178] Editing TT8 in camelina changed the seed coat structure

[686179%] Under the confocal microscope, Differential Interference Contrast (BIC) fmaging of wild type
seeds showed a well-organized outermost layer of mucilage. In contrast, in all three Ce778 mutant lines,
the mucilage layer was either partially reduced or completely absent as shown in FIG. 4{a). To gain
further insights into changes in the pcilage layer, seed cross-sections were stained with toluidine blue O,
a basic thiazine metachromatic dye (Sridharan and Shankar, 2012) that stains polysaccharides purple and
nucleic acid blue. The wild type seeds consistently exhibited a clearly stained mucilage layer that was
notably absent in the seeds of the 778-modified lines, as exemplified in FIG. 4(b). Loss of this layer in
the seeds of 778 mutagenized lines is a visible indicator of the dissuption of 778 genes on seed coat
morphology. We extracted and quantified their mucilage contents. The mucilage content decreased from
2.1% to as low as 0.4%, i.e., an approximately 80% decrease (Figure 4c}.

[386180] While changes in the levels of mucilage has been reported to influence seed geomination
{Arsovski et al.,, 2010, the CsTT8 edited lines exhibited robust germination on soil. Consistent results
were observed when 1{-mouth-old seeds were germinated on wet filter paper at a similar rate to that of
WT (FIG. 12(a). We also observed longer radicles after 20 hrs of imbibition in the 778 edited lines
compared to those in the WT, suggesting accelerated germination,

1306181] FEditeg TT8 in camelina increased seed off content

[660182] To investigate the potential impact of editing the Cs778 genes on other seed metabolites, we
nerformed 2 comprebensive analysis focusing first on TFA and TAG content. As shown in FIG. 5, seed
TFA contents increased in all three edited fines. fn WT camelina conirols, the TFA content was 32.4% of
dry weight (DW). However, disruption of Cs778 resulted in large increases in TFA content (o 37.5%,
38.6%, and 36.1% in the three distinct CsTTE onitant lines, respectively. The TAG content also reached
levels as high as 34.6% from 28.5% in WT. This concurrent rise of both TFA and TAG in gene edited
seeds demonstrates a substantial influence of CsT7E on seed lipid metabolism.

I666183] Faity acid composition was next analyzed by GC-MS and a distinet shift in the fatty acid
profile was observed. Notably, the editing of Cs778 led to a significant increase m 18:1 and 18:2 fatty
acids, along with a corresponding decrease in 18:3 fatty acids (FIG. 12).

[B88184] To provide a more comprehensive analysis, we analyzed the protein and starch contents of
the TT& mutant lines. As shown in FIG. 13(a), the proiein content in these lines remained largely
unaffected. While there was some variation in starch content in the mutant lines, the means were not
significantly different from those of WT (FIG. 13(b)) The lack of significant changes t¢ protein and starch
contents underscores the specificity of 778 with respect to lipid metabolism. The hundred-seed weight of

26-6 exhibited no significant change, whereas 26-7 and 27-9 showed 2 slight decrease (FIG. 13(ch.
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{000185] ¥diting CsTTS changed the expression levels of genes involved in FA biesynthesis in
camelina seeds

{000186] Frevious studies suggested that TT8 can negatively regulate seed FA biosynthesis by binding
to the promoters of the LECI, LEC2 and FUS3 transcription factors {Chen et al, 2014). RT-gPCR
analysis showed that editing of CsT76 led to substantial increases in the expression levels of these genes
in camelina seeds (FIG. 6(a). Expression of the transeription factor WRI! and several key genes
associated with fatty acid synthesis, including o carboxyltransferase (CT}, biotin carboxyl carrier protein
(BOCPH, BCCP2, 3-KETOACYL ACP SYNTHASE (KASH, KASH, and KASHT displayed an increasing
trend in their expression levels whereas KASII showed a significant 2.6-fold increase in abundance (F1G.
6(b}). This implies that disruption of 778 genes has a positive regulatory effect on these downstream
targets that coniribute to increased fatty acid production within the seeds.

060187 The disruption of 778 also resulted in subtle changes in the expression of faity acid
desaturase genes. Specifically, the FAD?2 transcript was elevated while the F.4D3 transcript displayed a
small decrease in the Cs77T8 edited lnes (FIG. 6(c). These changes may have contributed to alterations in
the fatty acid composition.

[080188] Editing CsTT8 increased FA biosynthesis rate in camelina seeds

j000189] To further elaborate the effect of CsTTS on seed o1l accumulation, developing seeds at 13-15
DAF were collected and their fatty acid synthesis rates were determined by messuring the rate of
[1%CJacetate incorporation into FAs, As shown in FIG. 7, compared to W, all three Cs778 triple mutants
showed a significant increase in its fatty acid synthesis rate relative to the parental line consistent with the
cheerved changes in FAS-related transeripts.

[860198] DISCUSSION

[000191] CRISPR/Cas9-targeted mutations in CsTY8 created yellow-seed camelina

[B80192] Within Brassica oil crops, yellow seeds are commonly associated with elevated ofl content
and reduced pigmentation and hull content (Xie ot al, 2020; Zhai et al,, 2020). In this stady, CRISPR
camelina Hnes were successfully created with mutated CsTT8 genes that resulted in yellow seeds.
Consistent with earlier reports for both drabidopsis and Brassica napus, the cameling muotants exhibited
enhanced fatty acid synthesis, leading to a significant 21.4% increase in ssed TAG. Furthermore, a close
gxamination of the seeds confirmed a reduction in flavonoid deposition in the seed coat of (5778
mutants, as shown in FIG. 4(a).

{860193] To streamline the selection of transgenics and desired genotypes and enable the reraoval of
CRISPR/Cas from lines with desired edits, a DsRed marker was mtroduced into the CRISPR/Cas vector.
T, transgenic seeds exhibiting DsRed flucrescence were planted for genotyping, and yellow seeds edited
for CaTTR genes but lacking the CRISPR/Cas9 were identified by visual screening. These targeted

mutations were stably inherited in subsequent generations, resulting in the cstablishment of a pool of
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homozygous mutants harboring loss-of-function alieles of the target genes for subsequent phenciyping
{sce FIG. 2{a) and Table 1). The vellow sced phenotype initially appeared in four distinct Ty transgenic
plants, demonstrating that CRISP-Cas? editing i5 very sfficient in the hexaploid cemeling gonoms, as
previously reported {Czseyban et al., 2018}

{8601984] Cameling sativa is a hexaploid with its three sub-genomes arising from two separate
polvploidization events (Kagale et al,, 2014). Three (5778 homeologs were identified in camelina, with
CsTTR-8 and CsTTR-13 exhibiting a closer relationship to each other than to {s¥78-2 (FIG. 8.} Notably,
all three isoforms are preferentially expressed during seed development, with CsT78-8 demonstrating a
higher expression level compared o the other two isoforms (FIGs. (b} and {c}). This observation is
consistent with a general increase of gene expression in the Cs-G3 subgenome compared to the other two
sub-genomes that was atiributed to the two-stage polyploidization pathway (Kagale et al,, 2014). Our
results suggest that all three CsT78 genes play overlapping roles in controlling seed coat oolor because
mutagenesis of one or two isoforms did not result in a change of seed coat color fram brown to vellow.
Indeed, the seed color change was only observed when all three Cs778 genes were mutated (Table 1,
FIGs 2(b) and 10). The low likelihood of loss of function mutations arising simnlaneously in all three
CsTT8 genes provides a likely explanation as to why no naturally occurring yellow seeds in Cameling
sativa populations have been identified to date.

[B00195] CsTT8 mutation accelerated fatty acid synthesis by upregulating the expression of genes
invelved in FA bissynthesis

[000196] Disruption of TT§ in camelina increased gene expression especially inm key lipogenie
transcription factor genes, including LECI, LEC2, and FUSZ This resalt is consistent with previous
reports in drabidopsis and B. napus (Chen et al,, 2014). We also observed an upregulated expression of
WRI the master transcriptional activator of fatty acid synthesis, and correspondingly increased expression
levels of is targets, aCT, BOCPI, BOCP2, KAST, KASH, and X4SIH (Kuczynski et al,, 2022). The
increased expression Jevels of factors in fatty acid biosynthesis is consistent with the enhanced fatty acid
production observed in the 778-edited cameling lines.

[008197] Interestingly, disruption of 778 also had an impact on the expression of genes encoding fatty
avid desaturases. Specifically, the (778 edited lines had higher FAD2 but decreased F4D3 expression
favoring the accumulation of 18:2 at the expense of 18:3 (FIG. §(c).) This differs from 77§ modification
in B napus and Arabidopsis. FAD2 was significantly upregulated in the Bnitd mutant, which led to
increases in 16:0, 182, and 18:3, accompanied by decreases in 18:0 and 18:1 (Zhai et al,, 2020). In
contrast, the 778 mutation in 4rabidopsis resulted in substantial increases in the expression levels of both
FAD? and FAD3, and the TT8 mutant showed clevated levels of 18:1 and reduced 16:0, 18:2, and 18:3
(Chen et al,, 2014). Hence, {sTT8 appears to exhibit a distinet function compared to its orthologues in
Arabidopsis and Brassica napus. These findings illustrate the complex regulatory networks invelved in

seed fatty acid biosynthesis, with T8 emerging as a player that influences both the content and
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composition of fatty acids in oilseeds, thus providing the poteniial toc] for snhancing oil production and
aitoring its composition in camelina,

[G80198] CsTT8s are involved in mucilage formation

[086199] Mucilage is a gelatinous substance composed of pectins, cellalose, bemicellulose and proteins
that can be found in the seeds of roany plants, inchuding Arabidopsis (Haoghe and Western, 2012). It is
prodaced by specialized epidermal cells in the seed coat and serves various functions in seed dispersal
and provides a protective barrier for the seed {Arsovski ot al., 2010}, Inactivating all three Cs778 genes
did not visibly change the intemal structure of mucilage secretion cells (MSC), which retained their
central voleano-shaped cellulosic structures called the columnella, but it effectively minimized rouctiage
accumulation in the outermost layer of the seed cout, leading to 3 noficeable reduction m seed coal
thickness (FIG. 5.) Thus, it can be concluded that CsT78, a BHLH transcription factor, is a positive
regulator of seed coat mucilage synthesis. In contrast to cameling, in Arabidopsis the mucilage
biosynthetic pathway seemns to be redundantly controlled by owltiple SHLH transcription factors. in
Arabidopsis, outants of the 778 locus alone do not display any defect in columellae development and
mucilage production (Nesi et al, 2000; Zhang et al., 2003), reflecting a possible functional redundancy
between 778 and ENHANCER OF GLABRA3 (EGL3) because egl3 778 double mutants have collapsed
columellae with no releasable moucilage (Zhang et al., 2003}

{004200]  The reduction in mucilage biosyuthesis in our CsTT8 mutands might free up carbon resources
for FA and TAG synthesis, and therefore could explain the iocreased oif contents (FIG. 6) based on
carbon re-allocation. The relationship between nmcilage and oif content in seeds is complex and varies
among plant species. For example, in flax, seed coat mueiiage was positively correlated with seed ou
content (Miart et al, 2021} The transcriptional regulation associated with seed oi and fatty acid
metabolism appears to cccur in the seed coat during the mid-stage of seed development. {Arsovski et al,
2010}, However, an inverse relauonship between macilage and oil content has been reported for other
cases inciuding legumes (Tookey and Jones, 1965), such as Medicago orbicularis (Tonnet and Snudden,
19743, and M. fruncatula (Song et al., 2017). These differsuces have been aftributed to resource allocation
in seeds of different species based on their reproductive and ecological strategies (Song et al., 2017), that
involve varous transcription factors. For example, GL2 promotes the formation of nos-glandular
irichornes and regulates the production of mucilage in seed coat cells. 1t 15 also an inhibitor of ol content,
impacting the balance between oil and pweilage production (Cheng et al,, 2021}, AMIF] functions as 2
positive regulator, enhancing oil content by attenuating GL2 inhibition, Its interaction with MYB domain
protein 5 (MYBS) disrupts norraal transcriptional activation of the MBW complex. Congequently, the
expression of GL2, a target of MBW, 18 reduced. Seeds of the AMIF l-overexpressing planis no longer
secrete mucilage normally, but the oil content is significantly enhanced (Cheng et al, 2021} The MBW
complex is implcated in seed coat mucilage and the bicsynthesis of flavoncids in the endothelivm

(Zumajo-Cardona et al, 2023). Dowostream targets of TTGUMYB/GHLE complexes melude other
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franscription factors such as the Glabra2 (GL2} and Transparent Testa Glabra2 (TTG2)} (Gonzalez et al,
2009; Johnson et al., 2002; Morohashi et al., 2007; Rerie et al,, 1984). Both GL2 and TTG2 play positive
roles in seed coat mucilage production. CsT78 editing may disrupt the fermation of the cameling MBW
complex leading to decreased tramseniption of GL2 and TTG2 (FIG. 14) and conseguently resulting 1w a
reduction of mucilage. Stodies also suggest that the 778 genes within this compliex play a vole m
avercoming postzygotic hybridization barriers, specifically the teiploid block (Baudry et al., 2006; Nes: et
al., 20003,

[0281] TTR mediates pleiotropic effects, but most significantly, editing of CsTTE n cameling results
in a 44% decrease in flavonoid production. This reflects its ancestral role in the biosynthesis of flavenoids
{Zumajo-Cardona et al., 2023) involving in the final stages of this patinway that reguiate the synthesis of
anthoeyasins and proanthocyanins (Baudry et al, 2006; Nest ot al, 2000). While mucilage has the
potential to influence seed germination (Arsovski et al., 2010), it is perhaps surprising, that the Cs78
edited lines exhibited robust germination on soil. The 10-month-old seeds of the CsTTé-edited lines also
displayed a germination rate comparable to that of the WT, as depicted m FIG. 11{b). The absence of
mucilage in these edited lines could have facilitated more rapid water absorption by the seeds, thereby
accelerating germination. Consistent with this is our finding that the edited seeds can more rapidly absorb
water, thereby accelerating the gemoination process, ressliing in longer radicles in the edited lines
compared to those inthe W1

[0002682] ¥ summary, disruption of (5778 via gene editing resulted in yellow seeds associated with
reduced flavonoid accumulation and mucilage formation. Significantly, it caused substantial
reprogranuning of seed metabolism that led to increased TFA and TAG contents, along with changes in
fatty acid composition. Our results demonstrate the potestial of creating new germplasm in cameling by
manipulating 778 to enhance lipid bicsynthesis. Understanding the regulation of Hpid roetabolism by 778
and other lipogenic factors may provide additional gene targets that can be manipulated to increuse oif
vields. The use of materials described herein with increased FA and TAG content, and others decived
from them, have the potential 1o increase the vield of feedstocks for biofuels and bioproducts that can
contribute towards a net-zere carbon bisgconomy.

{(86283] This highlights the effectiveness of site-directed routagenesis and gene alteration n creating
enhanced-oi} germplasm in cameling. The resulting lines can contribute to future net-zero carbon energy
production or be combined with othex traits to produce desired lipid-derived bioproducts at high yields.
[600284] MATERIALS ANDY METHODS

(6882057 Plant Material

[00206]  Cameling sativa Suneson are grown 1o walk-in growth chambers at 22°C with 16-h

photoperiod and photon fhxx density of 70 pmol/m¥/s. Flowers on the primary inflorescence were marked
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at anthesis, and the sesds at 12 days after flowering (DAF), 24 DAF and mature seeds were collected for
RT-gPCR and acetate incorporation experiment.

[(306287] Construction of the CRISPR/Cas® vector and camelina travsformation

[000208] The DsRed expression cassette was amplified from phas-DsRed with its Bsal site removed by
site-directed mutagenesis. The PCR fragments and EcoRl Lineanized pHEE401E (Wang et al, 2015; Xue
et al, 2015} were used to asserable pHEFR401E-DRM by Gibson assembly. Two sgRNA sites from
CsTTS coding region were selected to create pHEE4QTE-DRM-CsTTE (Wang et al, 2015 Xic et al.,
2013). All primers used are listed in Table 2.

[DO0209] The resulting constructs were introduced into dgrobacterium tumefaciens strain (GV3101 and
transformed into cameling via vacuum infiltration (Lu and Kang, 2008). Transgenic cameling seads were
screened for DsRed flucresconce as previously deseribed (Pidkowich et al., 2007) and planted.

[6062108] Sanger sequencing analysis of target sites

[080211] Genomic DNA of C. sariva was extracted from young leaves with the extraction buffer (200
mM Tris-HCL, 0.5% SDS, and 25 mM EDTA, pH 8.0} and precipitated with two volumes of 100%
ethanol. PCR was used to amplify the genomic regions encormpassing the specific targets of the thuee
778 genes and the PCR products were sequenced. Primers used for vector construction and 778 gene
amaplification are listed s Table 2.

[B00212] Microscopic Examination of Seed Coat

[6686213] Seeds of the WT and three 778 mutant lines were fixed in a FAA buffer (4% formalin, 5%
glacial acetic acid, 50% ethanol, 41% water, V/V} within a vacusm for a duration of 25 mimuies, as per
our prior methodology {Cao et al., 2023). After fixation, those seeds were embedded in Emabedding Molds
filled with OCT compound {Tissue-Tek) and carefully submerged in a beaker containing 2-Methylbutane
chilled by liquid nitrogen. Following this, tranaverse sections of the seeds with 80 um thickness, were
prepared using freezing-microtome (Leica M 1950; Lewa Biosysterns Naussloch GmbH Inc.,
Heidetberger, Germany) at a temperature of -30 °C. To ascertain the seed coat thickness, Differential
Interference Contrast (DIC) imaging was conducted using a Leica TCS SPS laser scanning confocal
microscope. For a more comprehensive understanding of the seed coat composition, Images of seed
sections were captured without staining or with 0.02% (w/v) Toluidine Blue O (TBO) staining,
employing a Leica M125 kight muicroscope.

[600214] Mucilage extraction and quantification

[000215] Mucilage was extracted from the seeds following Zhao et al.(2017). Briefly, I mL of water
was added to 10 mg of sceds and incubated for 5 roin with shaking at 100 rpm. The supematanis were
then transferred to a new tube. Subsequently, the seeds were treated with ultrasonication for 20 ¢ afier

adding | mL of water, and the resulting supermatants were combined with those from the previous step.
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The seeds were washed with | ml of water, and the supernatants were pooled. Finally, the pooled
supematants were subjected to freeze-drying and the dried nucilage samples were weighed.

[666216] Seed germination experiment

[8808217] Camelina seeds were arranged on filter paper saturated with 4 mi of distilled water {(ddH:0)
within a sterile petri dish. Subsequently, the petri dish was placed in a dark environment and maintained
at room temperature. After a period of 20 hours, the progression of seed germination was captured
through photography. To assess seed germination in soil, it was moistened and Srmly packed into pots.
Subseguently, sceds were placed on the soil surface and the pots were transferred to an enclosed
environment with 25% humidity. Seed germination was recorded at 3 days.

{000218] RNA extraction and gRT-PCR

(3062181 RNAs from leaves, roots, stems and seeds of development stages of camelina plants were
extracted according to Schultz ef al. (Schultz, 1994). RNA quality and concentration was examined by gel
electropboresis and nanodrop spectroscopy. cDNAs were prepared using SuperSenpt IV VILO Master
Mix (with ezDNase exzyme; lovitrogen). RT-gPCR was carried out on the CFX96 Real-time PCR
Detection Systemn (Bio-Rad) with SsoAdvanced Universal SYBR Green Supermix (Bio-Rad). Gene-
specific primers used in the analysis are listed in Table 2. CsActin was used as the intemal control (Yu et
al., 2019). Statistical analysis of RT-gPCR data was carried out with REST2009 (Pfaffl et al., 2002}
[668228] Fatty acid analyses

[660221] Fatty acid (FA) analyses were carried out as described (Broadwater et al., 2002}, Lipids were
extracted in methanol/chloroform (2:1) from seeds and heptadecanoic acid {17:0) was added as an internal
standard. Total seed lipids were converted into fatty acid methy} esters {(FAMEs) in 3M BCL: at 90°C for
! hr and extracted with hexane. Lipid profiles and rcyl group identification were analyzed on a Hewlett
Packard 6890 gas chromatograph equipped with a 5973 mass sefective detector and an Agilent J&W DB
23 capillary column as previously reported {Yu et al,, 2018). The FA percentage values were presented as
a mean of ai least three hiclogical replicatss.

[000222] [MClAcetate Incorporation Assay

[000223] Developing sceds at 11-13 DAF were collected for | "Cl]Acctate Incorporation Assay
following our former protocel (Yu et al, 2021). Approximately 30 mg fresh developing seeds were
labeled by incubating in 0.2 mCi of [M"Clacstate for 15 min. Cells were subsequently washed and total
lipids were extracted and suspended in Ultima Gold liquid scintillation cocktall (PerkinElmer) for
incorporated radioactivity measurement with a scintillation counter (Packard BioScience).

{606224] Accession numbers

[680225] CsTTS-2 (Csall2g028180.1,), CeTT8-8 (CsalBg037600.2) and CsTT8-13 (Usal3g044750.1)
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[300285] Varicus references are cited throughout this Specification, each of which is incorporated

herein by reference in its entirety.
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WHAT IS CLAIMEDR 15!

1. A genetically edited plant, or a seed or other gerruplasm derived therefrom, having
increased sced vield and increased seed oil content and oil accurnulation, wheretn the expression or

activity of Transparent Testa 8 {TT8} is disrupted or abolished.

2. The plant, seed or other germplasm of claim 1, wherein the plant is a Brassicacea family plant.
3. The plant, seed or other germplasim of claim 1, wherein the plant is a Brassicaceae family plant

of the genus sclected from Cameling, Thiapsi (pennycress), Brassica, Capsella, Cardamine

{bittercress), Eufrema and 4rabis.

4. The plant, sced or other germplasra of claim 3, wherein the plant is Cameling geous and is

Camelina sasiva L. (Cs).

5. The plant, seed or other genmplasm of any of claims 1-4, wherein one or more TT8 encoding

genes are dismpted.

6. The plant, seed or other germplasm of any of claims 1-4, wherein all T18 encoding genes are
disrapted.
7. The plant, seed or other germplasm of any of claims 1-6, wherein TT8 encoding genes are

disrupted by gene editing.

8. The plant, seed or other germplasm of claim 7, wherein gene editing utilizes a CRISPR/Cas
systenm.
3. The plant, seed or other germplasm of any of clatrus 1-8, wherein fatty acid aceurulation and

triacylglveerol {TAG) yield are increased and flavonoid accumulation s reduced.

10 The plant, seed or other geomplasm of claim 9, wherein triacylglycerol yield is greater than

20%.
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it The plant, seed or other germplasm of any of claims 1-9, wherein FADZ expression is increased
and wherein FAD3 expression is decreased.
iz, The plant, seed or other genmplasm of any of claime 1-11, wherein lipid types are altered,

particularly wherein there is an accumulation or increasc of oleic acid (18:1) and hincleic acid (18:2)

and a decrease in linolenic acid (18:3).
i3, The plant, seed or other germplasm of claim 12, wherein oleic acid {(18:1) is increased.

14, The plant, seed or other germplasm of any of claims 1-13, wheremn the seeds are yellow in color

and the seeds of wild type or parental plants are not yellow.

15. The plant, seed or other germplasm of any of claima 1-14, wherein there are no significant

changes in starch or protein levels in the seeds compared fo wild type or parental plants.
16. The plant, ssed or other germplasm of any of clalws 1-13, seed yield is increased.
7. The plant, seed or other germplasm of any of claims 1-16, whetein the Transparent Testa 8

transeription factor gene is one or more or all Cameling sativa isoforms denoted Cs778-2, CsTT8-

Sand CsTT8-13.

8. A seed of any of clairas 1-17, which is a yellow Camelina seed.
19, The seed of claim 18, which is a Cameling sativa seed.
28, A method of modifying a plant or 2 sead or other germplasm derived therefcom to increase seed

vield, seed oil content and oil accumulation, comprising abolishing the expression or activity of TI8 by

disrupting one or more 77§ transeription factor encoding genes in said plant.

21, The method of claim 20, wherein fatty acid accumulation and tiacylglycerol (TAG) yield are

increased and flavonoid accumulation is reduced.
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22. The method of claim 20 or 21, wherein all TT8 encoding genes are disrupted by gene

editing and wherein gene editing uitlizes a CRISPR/Cas system,

23, The method of any of claivos 20-22, wherein the plant is a member of the Srossicacea family

and is mot an drabidopsis geous plant

24. The method of any of claims 20-22, wherein the plant is a Brassicaces family plant and is of
the genus selected from Camelina, Thiapsi (pennyeress), Brassica, Capsella, Cardamine (bittercress),

FEutrema and 4rabis.

25, The method of claim 23 or 24, wherein the plant is a Cameling genus plant.
26. The method of claim 25, wherein the plant is Camelina sativa L. (Cs),
7. The method of any of claims 20-26, wherein all TT8 encoding genes are disrupted by gene

editing and wherein gene editing utilizes a CRISPR/Cas systern and the TTS8 encoding genes are

haorologs of Cameling sativa isoforms CsTT8-2, CsTTS-8 and CsTTE-13,

28. The method of claim 27, wherein the homologs of Camelina sativa isoforms CsTT8-2, CsTTS-

8 and CsTT8-13 have at least 80% amino acid sequence identity to SEQ [D NG:25, 26 and/ox 27.
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