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(57) ABSTRACT

The present invention relates generally to the field of plant
molecular biology and relates to plants having a modified
lipid metabolism and to methods for making such modified
plants. In particular, the mvention provides modified plants
and parts thereol, including seeds, having an increased level
of triacylglycerol (TAG), by means of a seed-specific
expression 1n seed tissues during seed filling of a nucleic
acid encoding a translocator protein (IT'SPO) 1n said modified
plants or parts thereof. The invention further relates to
methods for modulating lipid metabolism 1n plants and for
producing plants with a modified lipid metabolism. The
invention also provides constructs, vectors and host cells
useful 1n the methods of the invention, and further relates to
products obtained from the modified plants.
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PLANTS WITH MODIFIED LIPID
METABOLISM AND METHODS FOR
MAKING THE SAME

FIELD OF THE INVENTION

The present invention relates generally to the field of plant
molecular biology and relates to plants having a modified
lipid metabolism and to methods for making such plants. In
particular, the invention 1s directed to plants and parts
thereol, including seeds, having an increased level of tria-
cylglycerol. The invention further relates to methods for
making such plants. The present invention i1s based on the
modulation of a particular seed-specific expression 1n such
plants of a nucleic acid encoding a translocator protein (a
TSPO polypeptide). The invention further provides con-
structs, vectors and host cells usetul in the methods of the
invention, and further relates to products obtained from the
modified plants.

BACKGROUND OF THE INVENTION

Vegetable oils, 1.e. oils of plant origin, have been pre-
dominantly used for food and feed-based applications. Such
vegetable o1ls provide a wide diversity in fatty acids (FAs)
compositions with diverse applications. In addition, plants
can be engineered to produce fatty acids which are nutri-
tionally beneficial to human or animal health. Vegetable oils
therefore have the potential to provide an alternative source
of nutritionally and medically important long chain polyun-
saturated fatty acids or ‘Fish oil’.

Besides being edible, vegetable oils are now also increas-
ingly used 1n industrial applications such as paints, lubri-
cants, soaps, biofuels, etc. Vegetable oils thus also have
potential to be an alternative for non-renewable petroleum
sources for industrial application, provided that theirr com-
position can be matched to end-use requirements, and that
they can be produced on suflicient scale to meet current and
growing industrial demands.

Most vegetable oils are derived from seeds of the plants,
so-called seed oils. Seed o1ls comprise mostly neutral (stor-
age) lipids and few polar (membrane) lipids. Storage lipids
are mainly composed of glycerol esters of fatty acids (typi-
cally >90%), also known as triacylglycerol (TAG). These
lipids are generally stored in a compartment specialized for
lipid storage, the lipid body. This compartment 1s found 1n
most oleaginous plant cells, and 1s used to store a variety of
TAG molecules depending on the species. Triacylglycerol
molecules primarily serve as carbon and energy reserves,
which are used during germination and growth of the young,
seedling. In addition to TAGs, plants also contain membrane
(polar) lipids which are mainly found in the various mem-
branes of the seed cells, e.g. the endoplasmic reticulum and
other endomembranes and the plasma membrane.

The lipid content and fatty acid composition of seed oils
varies. Moreover, environmental changes or human manipu-
lation, such as breeding or genetic engineering have been
used to change lipid content and composition of the seed
oils. Nevertheless, although the lipid and fatty acid content
and/or composition of seed o1l can to some extent be
modified by traditional methods of plant breeding, such
methods are usually laborious to develop new desirous
breeds. Conventional breeding with crossing for instance
comprises very laborious and time-consuming processes
which aim at the selection of desired breeds from various
variants and establishment of pure lines. Other methods,
such as vy-ray 1rradiation and somaclonal variation, have
been conducted 1n an attempt of obtaining desired breeds
from various variants. However, breeds obtained by these
methods often cannot be used for cultivation because, 1n
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addition to targeted genes, other genes 1n these breeds are
often mutated simultaneously.
On the contrary, the advent of recombinant DNA tech-

nology has allowed for easier manipulation of the seed o1l
content of a plant. Recent advances 1n understanding of the
basic biochemistry of seed o1l biosynthesis, coupled with
cloning of genes encoding the enzymes involved in fatty
acid modification and o1l accumulation, have created pos-
sibilities for the metabolic engineering of crops that produce
“designer” plant seed oils. In some approaches, key enzy-
matic steps are targets for gene modification, and strategies
of metabolic engineering of fatty acids in oilseeds may
include the overexpression and/or suppression ol multiple
genes encoding multi-step biosynthetic pathways, and/or
assembling the complete pathway for the synthesis of long-
chamn polyunsaturated fatty acids. However, such
approaches are complex, combining for instance heterolo-
gous genes expression, silencing ol endogenous genes,
specific culture conditions, etc. resulting in some cases
penalties 1n plant growth and 1n yield.

In view hereof, there remains a need 1n the art to further
modily and/or improve quantitatively and qualitatively the
o1l content of plants and to specifically identity genes and
engineering approaches which have the capacity to confer
altered or increased o1l production to 1ts host plant and to
other plant species. Thus, the technical problem underlying

the present invention may be seen as the provision ol means
and methods for complying with the aforementioned needs.

SUMMARY OF THE INVENTION

It has now been found that lipid metabolism may be
modified and improved in plants by modulating the expres-
s1on 1n such plant of a nucleic acid encoding a translocator
polypeptide (TSPO polypeptide). In particular, through
extensive research, the present inventors have found that
modulating the expression of a nucleic acid encoding a
translocator polypeptide (TSPO polypeptide) in a plant,
plant part or plant cell, confers a modified, and 1n particular
an 1mproved lipid metabolism to said plant, plant part or
plant cell as compared to a control plant, plant part or plant
cell. Modulated expression of said nucleic acid in accor-
dance with the present invention involves a particular and
well defined seed-specific expression of said nucleic acid.
The mmproved characteristics conferred by such defined
seed-specific expression comprise inter alia an overall
increased level of triacylglycerol (TAG) in the modified
plants as compared to non-modified plants.

Therelore, 1n a first aspect, the present invention relates to
a plant, a plant part, including seeds, or a plant cell com-
prising a construct, wherein said construct comprises the
following operably linked nucleic acid sequences: a) a
promoter sequence, b) a nucleic acid encoding a TSPO
polypeptide, and optionally ¢) a transcription terminator
sequence, wherein said promoter sequence 1s a seed-specific
promoter which 1s active 1n seed tissues during seed filling;
and wherein said construct confers a modified lipid metabo-
lism to said plant, plant part or plant cell, as compared to a
control plant, plant part or plant cell.

In certain embodiments, the present invention relates to a
plant, a plant part, including seeds, or a plant cell comprising,
a construct, wherein said construct comprises the following
operably linked nucleic acid sequences:

a) a promoter sequence,

b) a nucleic acid encoding a TSPO polypeptide, and

optionally ¢) a transcription terminator sequence,
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wherein said promoter sequence 1s a seed-specific pro-

moter which 1s active 1n seed tissues during seed filling.

In preferred embodiments, said nucleic acid encoding a
TSPO polypeptide 1s of plant origin.

In certain embodiments, said nucleic acid encoding a
TSPO polypeptide 1s a nucleic acid that encodes a TSPO
polypeptide represented by SEQ ID NO: 2, or a homologue
thereotf, said homologue having at least 25% sequence
identity to said TSPO.

In another aspect there 1s provided a construct comprising,
the following operably linked nucleic acid sequences:

a) a nucleic acid encoding a TSPO polypeptide, and

preferably a TSPO polypeptide as defined herein,

b) one or more control sequences capable of driving

expression of the nucleic acid of a); and optionally

C) one or more transcription terminator sequences,

wherein at least one of said control sequences i1s a
seed-specific promoter which 1s active 1n seed tissues during
seed filling, preferably a seed-specific promoter as defined
herein.

In another aspect, the invention also provides for use of a
construct as taught heremn 1n a method for making plants
having a modified lipid metabolism, and preferably for
making plants having an enhanced amount of triacylglycerol
as compared to control plants.

In another aspect, the present invention also provides a
plant, plant part or plant cell transformed with a construct as
defined herein.

In another aspect, the invention relates to a method for
modifying the lipid metabolism 1n a plant as compared to a
control plant comprising the step of providing a plant
comprising a construct, wherein said construct comprises
the following operably linked nucleic acid sequences: a) a
promoter sequence, b) a nucleic acid encoding a TSPO
polypeptide, and pretferably a TSPO polypeptide as defined
herein, and optionally ¢) a transcription terminator sequence,
wherein said promoter sequence 1s a seed-specific promoter
which 1s active 1n seed tissues during seed filling, preferably
a seed-specific promoter as defined herein.

In yet another aspect, a method i1s provided for the
production of a plant having a modified lipid metabolism as
compared to a control plant, which method comprises the
steps of:

1) Introducing and expressing in said plant or a cell thereof

a construct, wherein said construct comprises the fol-
lowing operably linked nucleic acid sequences: a) a
promoter sequence, b) a nucleic acid encoding a TSPO
polypeptide, and preferably a TSPO polypeptide as
defined herein, and optionally ¢) a transcription termi-
nator sequence, wherein said promoter sequence 1s a
seed-specific promoter which 1s active 1n seed tissues
during seed filling, preferably a seed-specific promoter
as defined herein, and

11) Cultivating said plant cell or said plant under condi-

tions promoting plant growth and development.

The present invention further provides a plant obtainable
by a method as defined herein, or a plant part thereof,
including a harvestable part thereof such as seeds, or a plant
cell thereof.

Thus, provided herein are modified plants or parts thereof
such as seeds having increased triacylglycerol (TAG) pro-
duction and TAG levels as compared to non-modified plants
or parts thereof, as well as methods and tools such as
constructs for their production. Modified plants according to
the invention produce higher amounts of triacylglycerols, as

10

15

20

25

30

35

40

45

50

55

60

65

4

a result of the engineered expression of a TSPO polynucle-
otide encoding a TSPO polypeptide mm a defined seed-

specific manner.

It 1s unexpected that a seed-specific expression of a TSPO
polynucleotide, and particularly in seed tissues during a seed
developmental stage, may have a beneficial impact on the
lipid metabolism of the plants. Such finding 1s unanticipated,
especially 1n view of the different endogenous expression
pattern of a native TSPO polynucleotide, according to which
such TSPO 1s induced under environmental abiotic stress
conditions in plants (e.g. salt or osmotic stress). It 1s 1n
general known in the art that TSPO 1s a protein that can be
found in eukaryotic as well as prokaryotic species. It 1s
further known that TSPOs of plant origin share low homol-
ogy with animal and bacterial TSPOs and are structurally
different from bacterial and amimal TSPOs, which may
translate 1n functional differences as well between these
TSPOs of different origins.

It has now been shown that a seed-specific expression of
a TSPO polynucleotide 1n plants permits to modulate lipid
metabolism 1n plants, and 1n particular permits to increase
the amount of TAG produced by the plant, without compro-
mising plant growth, plant development, and plant yield.
Under natural conditions, TSPO 1s known to be a stress-
induced membrane protein and to be mvolved in stress
homeostasis. TSPO from Arabidopsis thaliana for istance
1s known to be transiently induced by abiotic stress such as
osmotic stress or by the stress phytohormone abscisic acid.
An eftect of TSPO, when induced 1in a well-defined seed-
specific manner on lipid metabolism, and 1n particular on the
increase 1 TAG levels, 1s therefore surprising and unpre-
dictable.

Additional methods are disclosed herein for producing
products having enhanced levels of TAG. To that end, 1n
another aspect, a method for producing a product, such as an
o1l or fat, 1n a plant 1s provided, which method comprises the
steps of growing a (modified) plant as defined herein and
producing or collecting said product from or by said plant or
part thereol, including seeds.

In another aspect, also a product, such as an o1l or fat, 1s
provided herein, which product 1s produced from or by a
plant, or part thereof, including seeds, as defined herein, or
such product 1s obtainable by a method as defined herein.
The present invention will now be further described. In the
following passages, different aspects of the imvention are
defined 1n more detail. Each aspect so defined may be
combined with any other aspect or aspects unless clearly
indicated to the contrary. In particular, any feature indicated
as being preferred or advantageous may be combined with
any other feature or features indicated as being preferred or
advantageous.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 illustrates TAG levels as measured in transgenic
Arabidopsis dry seeds expressing an Arabidopsis TSPO
gene under control of a seed-specific napin promoter (Nap-
in:: TSPO) from the napA gene ol Brassica napus, and as
compared to TAG level as determined 1 wild type Arabi-
dopsis dry seeds (wildtype).

FIG. 2 illustrates relative fatty acids composition (per-
centage of total mass 1 ug fatty acid/100 ug seeds) of
transgenic Arabidopsis dry seeds expressing an Arabidopsis
TSPO gene driven by a seed-specific napin promoter (Nap-
in:: TSPO), as compared to wild type seeds (wildtype).

FIG. 3 illustrates the amino acid sequence of a TSPO
polypeptide from Arabidopsis thaliana, corresponding to
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SEQ ID NO: 2, highlighting the plant-specific N-terminal
extension (1n italics and underlined), and potential target
sites for generating point mutational variants of the sequence
(amino acids indicated 1n bold, underlined and italics). The
TspO/MBR domain from the illustrated amino acid
sequence extends from amino acid 52 to 195. A conserved
(plant-specific) domain extends from amino acid 42 to 50.

FIG. 4 represents a multiple alignment of various TSPO
polypeptides using MUSCLE-ClustalW. These alignments
can be used for defining motifs or consensus sequences,
when using conserved amino acids, 1.¢. those 1dentical 1n the
aligned sequences and/or those highly conserved. Reference
1s made to Example 2 for details.

FIG. 5 represents the relative comparison of total amount
of TAG (ug/mg seeds) observed 1n transgenic Camelina
sativa lines and seeds thereol that were transformed with a
construct comprising a TSPO gene under the control of a
seed-specific FAE1 promoter from Arabidopsis. W'T refers
to wild-type Camelina sativa seeds; FAE1+AtTSPO refers
to transgenic seeds expressing the Arabidopsis thaliana
TSPO; FAE1+CsTSPO refers to transgenic seeds expressing
the Camelina sativa TSPO; FAE1+LuTSPO refers to trans-
genic seeds expressing the Linum wsitatissimum TSPO.
Values are means from three imndependent transgenic lines
obtained from each genetic construct.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

Unless otherwise defined, all terms used in disclosing the
invention, icluding technical and scientific terms, have the
meaning as commonly understood by one of ordinary skall
in the art to which this mvention belongs. By means of
turther guidance, term definitions are included to better
appreciate the teaching of the present invention.

As used herein, the singular forms “a”, “an”, and *“‘the”
include both singular and plural referents unless the context
clearly dictates otherwise.

A S 4] 4

The terms “comprising’”’, “comprises” and “comprised of”™
as used herein are synonymous with “including”, “includes™
or “contaiming”’, “contains”, and are inclusive or open-ended
and do not exclude additional, non-recited members, ele-
ments or method steps. The terms also encompass “consist-
ing of” and “consisting essentially of”, which enjoy well-
established meanings 1n patent terminology.

The recitation of numerical ranges by endpoints imncludes
all numbers and fractions subsumed within the respective
ranges, as well as the recited endpoints.

The term “about” or “approximately” as used herein when
referring to a measurable value such as a parameter, an
amount, a temporal duration, and the like, 1s meant to
encompass variations of +/-10% or less, preferably +/-5%
or less, more preferably +/-1% or less, and still more
preferably +/-0.1% or less of and from the specified value,
insofar such variations are approprate to perform in the
disclosed 1nvention. It 1s to be understood that the value to
which the modifier “about” or “approximately” refers 1s
itself also specifically, and preferably, disclosed.

Whereas the terms “one or more” or “at least one”, such
as one or more or at least one member(s) of a group of
members, 1s clear per se, by means of further exemplifica-
tion, the term encompasses inter alia a reference to any one
of said members, or to any two or more of said members,
such as, e.g., any 23, =4, =23, =6 or 27 etc. of said members,
and up to all said members.

Reference throughout this specification to “one embodi-

ment” or “an embodiment” means that a particular feature,

5

10

15

20

25

30

35

40

45

50

55

60

65

6

structure or characteristic described 1n connection with the
embodiment 1s included 1n at least one embodiment of the
present invention. Thus, appearances of the phrases “in one
embodiment” or “in an embodiment” 1n various places
throughout this specification are not necessarily all referring
to the same embodiment, but may. Furthermore, the particu-
lar features, structures or characteristics may be combined 1n
any suitable manner, as would be apparent to a person
skilled in the art from this disclosure, in one or more
embodiments. Furthermore, while some embodiments
described herein include some but not other features
included 1n other embodiments, combinations of features of
different embodiments are meant to be within the scope of
the invention, and form different embodiments, as would be
understood by those 1n the art. For example, 1n the appended
claims, any of the claimed embodiments can be used i any
combination.

All references cited 1n the present specification are hereby
incorporated by reference in their entirety. In particular, the
teachings of all references herein specifically referred to are
incorporated by reference.

In the following passages, preferred statements (features)
and embodiments of the constructs, plants, method, products
and uses of the invention, are set herein below. Each
statement and embodiment of the invention so defined may
be combined with any other statement and/or embodiment,
unless clearly indicated to the contrary. In particular, any
teature mndicated as being preferred or advantageous may be
combined with any other features or statements indicated as
being preferred or advantageous.

Hereto, the present invention 1s 1n particular captured by
any one or any combination ol one or more of the below
numbered aspects and embodiments, with any other state-
ment and/or embodiment.

Statements

1. A plant, a plant part, including seeds, or a plant cell
comprising a construct, wherein said construct com-
prises the following operably linked nucleic acid
sequences:

a) a promoter sequence,

b) a nucleic acid encoding a TSPO polypeptide, and
optionally

C) a transcription terminator sequence,

wherein said promoter sequence 1s a seed-specific

promoter, preferably a seed-specific promoter which 1s

active 1n seed tissues during seed filling; and

wherein said construct confers a modified lipid metabo-

lism to said plant, plant part or plant cell, as compared

to a control plant, plant part or plant cell.

2. A plant, a plant part, including seeds, or a plant cell
comprising a construct, wherein said construct com-
prises the following operably linked nucleic acid
sequences:

a) a promoter sequence,

b) a nucleic acid encoding a TSPO polypeptide, and
optionally

C) a transcription terminator sequence,

and wherein said promoter sequence 1s a seed-specific

promoter, preferably a seed-specific promoter which 1s

active 1n seed tissues during seed filling.

3. The plant, a plant part, or a plant cell according to
statement 1 or 2, wherein said promoter sequence 1s not
a naturally occurring TSPO promoter.

4. The plant, a plant part, including seeds, or a plant cell
according to any of statements 1 to 3, having said
construct mtroduced and expressed 1n said plant, plant
part, or a plant cell.
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5. The plant, plant part, or plant cell according to any of
statements 1 to 4, wherein said nucleic acid encodes a
TSPO polypeptide comprising
a. a tryptophan-rich sensory protein/peripheral-type

benzodiazepine receptor domain (ITspO/MBR

domain) having at least 30% sequence 1dentity to the
TspO/MBR domain as represented by SEQ ID NO:

49 and/or

b. a N-terminal domain having at least 30% sequence
identity to the N-terminal domain as represented by
SEQ ID NO: 50.

c. a conserved domain having at least 70% sequence
identity to the sequence as represented by SEQ ID
NO: 31.

6. The plant, plant part, or plant cell according to any of
statements 1 to 5, wherein said nucleic acid encodes a
TSPO polypeptide comprising a N-terminal domain
having at least 30% sequence 1dentity, and for instance
at least 50%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98%, or 99% overall sequence 1dentity to the N-termi-
nal domain as represented by SEQ 1D NO: 30.

7. The plant, plant part, or plant cell according to any of
statements 1 to 6, wherein said nucleic acid encodes a
TSPO polypeptide represented by SEQ ID NO: 2, or a
homologue thereof, said homologue having at least
25% sequence i1dentity to said TSPO polypeptide, or
said homologue having in increasing order of prefer-
ence at least 30%, 35%, 40%, 45%, 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% overall sequence 1dentity to the amino
acid represented by SEQ ID NO: 2.

8. The plant, plant part, or plant cell according to any of
statements 1 to 7, wherein said nucleic acid encodes a
TSPO polypeptide represented by SEQ ID NO: 2 or a
homologue thereof having at least 25%, preferably at
least 30%, preferably at least 50%, preferably at least
715%, preferably at least 80%, preferably at least 85%,
preferably at least 90% overall sequence i1dentity to
SEQ ID NO: 2.

9. The plant, plant part, or plant cell according to any of
statements 1 to 7, wherein said nucleic acid encodes a
TSPO polypeptide represented by SEQ ID NO: 32 or a
homologue thereof having at least 25%, preferably at
least 30%, preferably at least 50%, preferably at least
715%, preferably at least 80%, preferably at least 85%,
preferably at least 90% overall sequence identity to
SEQ ID NO: 32.

10. The plant, plant part, or plant cell according to any of
statements 1 to 7, wherein said nucleic acid encodes a
TSPO polypeptide represented by SEQ 1D NO: 34 or a
homologue thereotf having at least 25%, preferably at
least 30%, preferably at least 50%, preferably at least
715%, preferably at least 80%, preferably at least 85%,
preferably at least 90% overall sequence identity to
SEQ ID NO: 34,

11. The plant, plant part, or plant cell according to any of
statements 1 to 10, wherein said TSPO polypeptide 1s
represented by any one of the TSPO polypeptides of
TABLE 1.

12. The plant, plant part, or plant cell according to any of
statements 1 to 11, wherein said nucleic acid encodes a
modified TSPO polypeptide, wherein said modified
TSPO polypeptide comprises one or more amino acid
sequence changes compared to the amino acid
sequence of the corresponding non-modified TSPO
polypeptide.
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13. The plant, plant part, or plant cell according to any of
statements 1 to 12, wherein said nucleic acid encoding
a TSPO polypeptide 1s of plant origin, and preferably 1s
endogenous to said plant.

14. The plant, plant part, or plant cell according to any of
statements 1 to 13 wherein said nucleic acid encoding
a TSPO polypeptide 1s represented by any one of the
TSPO nucleic acids of TABLE 1 or any variant thereof.

15. The plant or part thereof, or plant cell according to any
of statements 1 to 14, wherein said seed-specific pro-
moter 1s a promoter which 1s active during the period of
lipid biosynthesis during said seed filling.

16. The plant or part thereof, or plant cell according to any
of statements 1 to 15, wherein said seed-specific pro-
moter 1s a promoter ol gene encoding a seed storage
protein.

1'7. The plant or part thereof, or plant cell according to any
of statements 1 to 16, wherein said seed-specific pro-
moter 1s not a TSPO promoter.

18. The plant or part thereof, or plant cell according to any
of statements 1 to 17, wherein said seed-specific pro-
moter 1s a napin promoter, preferably a napin promoter
from Brassica napus, preferably a promoter having a
polynucleotide sequence having at least 90% sequence
identity to SEQ ID NO: 43 or a functional fragment or
homologue thereof.

19. The plant or part thereot, or plant cell according to any
of statements 1 to 15 and 17, wherein said seed-specific
promoter 1s a FAE1l promoter, preferably a FAFI
promoter Irom Arabidopsis thaliana, preferably a
FAE] promoter having a polynucleotide sequence hav-
ing at least 90% sequence 1dentity to SEQ ID NO: 44
or a functional fragment or homologue thereof.

20. The plant or part thereof, or plant cell according to any
of statements 1 to 19, wherein said seed-specific pro-
moter 1s exogenous to said plant.

21. The plant or part thereof, or plant cell according to any
of statements 1 to 19, wherein said seed-specific pro-
moter 1s endogenous to said plant.

22. The plant or part thereot, or plant cell according to any
of statements 1 to 14 or 20 to 21, wherein said
seed-specific promoter corresponds to a TSPO pro-
moter that has been modified 1n order to confer seed-
specific expression 1n seed tissues during seed filling,
and preferably during the period of lipid biosynthesis
during said seed filling.

23. The plant, plant part, or plant cell according to any of
statements 1 and 3 to 22, whereimn said modified lipid
metabolism comprises an enhanced amount of tria-
cylglycerol in said plant, plant part or plant cell as
compared to a control plant, plant part or plant cell.

24. The plant, plant part, or plant cell according to any of
statements 1 to 23, wherein said plant, plant part, or
plant cell comprises an enhanced amount of tria-
cylglycerol 1n said plant, plant part or plant cell as
compared to a control plant, plant part or plant cell.

25. The plant, plant part, or plant cell according to
statement 23 or 24, wherein said triacylglycerol 1s an
ester derived from glycerol and fatty acids, wherein
said fatty acids are selected from the group comprising
long chain fatty acids (LCFA) comprising 13 to 18
carbon atoms and very long chain fatty acids (VLCFA)
comprising more than 18 carbon atoms.

26. Construct comprising the following operably linked
nucleic acid sequences:

a) a nucleic acid encoding a TSPO polypeptide, and
preferably a TSPO polypeptide as defined 1n any of
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statements 1 to 2 and 5 to 11, or a nucleic acid as
defined 1n any of statements 12 to14;

b) one or more control sequences capable of driving
expression of the nucleic acid of a); and optionally

C) one or more transcription terminator sequences,

wherein at least one of said control sequences i1s a
seed-specific promoter, preferably which 1s active in
seed tissues during seed filling; and/or preferably
which 1s as defined 1n any one of statements 1-3 and
15 to 22.

2'7. Use of a construct according to statement 26 in a
method for making plants having a modified lipid
metabolism, and preferably 1n a method for making
plants having an enhanced amount of triacylglycerol as
compared to control plants.

28. Use according to statement 2°7, wherein said modified
lipid metabolism 1s as defined 1n any of statements 23

to 25.

29. Vector comprising a construct according to statement
26.

30. Host cell, such as a bactenial cell, comprising a
construct according to statement 26.

31. Host cell, such as a bacterial cell, transformed with a
construct according to statement 26.

32. Plant, plant part or plant cell transformed with a
construct according to statement 26.

33. Plant, plant part, or plant cell according to any of
statements 1 to 25 and 32, wherein said plant 1s a plant
capable of producing an o1l (edible or non-edible), and
preferably 1s a plant selected from the group compris-
ing canola, oilseed rape (Brassica napus), turnip rape
(Brassica rapa), Camelina (Camelina sativa), sesame,
soybean, maize, suniflower, safllower, rice, linseed
(flaxseed), cotton, mustard, castor beans (Ricinus com-
munis) and peanuts.

34. Method for modifying the lipid metabolism in a plant
as compared to a control plant comprising the step of
providing a plant comprising a construct, wherein said
construct comprises the following operably linked
nucleic acid sequences: a) a promoter sequence, b) a
nucleic acid encoding a TSPO polypeptide, and c¢)
optionally a transcription terminator sequence, wherein
said promoter sequence 1s a seed-specific promoter,
preferably which 1s active 1n seed tissues during seed
filling.

35. Method for enhancing the amount of triacylglycerol in
a plant as compared to a control plant, comprising the
step of providing a plant comprising a construct,
wherein said construct comprises the following oper-
ably linked nucleic acid sequences: a) a promoter
sequence, b) a nucleic acid encoding a TSPO polypep-
tide, and c¢) optionally a transcription terminator
sequence, wherein said promoter sequence 1s a seed-
specific promoter, preferably which 1s active 1n seed
tissues during seed filling.

36. Method according to statement 34 or 35, wherein said
nucleic acid encoding a TSPO polypeptide 1s as defined
in any of statements 12 to 14 and/or wherein said TSPO
polypeptide is as defined 1n any of statements 1 to 2 and
5 to 11.

37. Method according to any of statements 34 to 36,
wherein said seed-specific promoter 1s as defined 1n any
of statements 1 to 3 and 15 to 22.

38. Method according to any of statements 34 and 36 to
3’7, wherein said modified lipid metabolism 1s as
defined 1n any of statements 23 to 25.
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39. Method according to any of statements 34 to 38,
wherein said plant 1s a plant capable of producing an o1l
(edible or non-edible), and preferably 1s a plant selected
from the group comprising canola, oilseed rape, turnip
rape, Camelina (Camelina sativa), sesame, soybean,
maize, sunflower, safflower, rice, linseed, cotton, mus-
tard, castor beans (Ricinus communis) and peanuts.

40. Plant obtainable by the method of any of statements
34 to 39, or a plant part thereot, including a harvestable
part thereof such as seeds, or a plant cell thereof.

41. Plant according to statement 40 having an enhanced
amount of triacylglycerol as compared to a control
plant.

42. Method for the production of a plant having a modi-
fied lipid metabolism as compared to a control plant,
which method comprises the steps of:

1) Introducing and expressing 1n said plant or a cell
thereof a construct, wherein said construct comprises
the following operably linked nucleic acid

sequences: a) a promoter sequence, b) a nucleic acid
encoding a TSPO polypeptide, and ¢) optionally a
transcription terminator sequence, wherein said pro-
moter sequence 1s a seed-specific promoter, prefer-
ably which 1s active in seed tissues during seed
filling, and

11) Cultivating said plant cell or said plant under con-

ditions promoting plant growth and development.

43, Method for the production of a plant having an
enhanced amount of triacylglycerol as compared to a
control plant, which method comprises the steps of:
111) Introducing and expressing 1n said plant or a cell

thereol a construct, wherein said construct comprises

the {following operably linked nucleic acid
sequences: a) a promoter sequence, b) a nucleic acid
encoding a TSPO polypeptide, and ¢) optionally a
transcription terminator sequence, wherein said pro-
moter sequence 1s a seed-specific promoter, prefer-
ably which 1s active in seed tissues during seed
filling, and

1v) Cultivating said plant cell or said plant under

conditions promoting plant growth and develop-
ment.

44 . Method according to statement 42 or 43, wherein said
nucleic acid encoding a TSPO polypeptide 1s as defined

in any of statements 12 to 14 and/or wherein said TSPO
polypeptide 1s as defined 1n any of statements 1 to 2 and
5 to 11.

45. Method according to any of statements 42 to 44,
wherein said seed-specific promoter 1s as defined 1n any
of statements 1 to 3 and 15 to 22.

46. Method according to any of statements 42 and 44 to
45, wherein said modified lipid metabolism 1s as
defined 1n any of statements 23 to 25.

4’7. Method according to any of statement 42 to 46,
wherein said plant 1s a plant capable of producing an o1l
(edible or non-edible), and preferably a plant selected
from the group comprising canola, oilseed rape, turnip
rape, Camelina (Camelina sativa), sesame, soybean,
maize, sunflower, saftlower, rice, linseed, cotton, mus-
tard, castor beans (Ricinus communis) and peanuts.

48. Plant obtainable by the method of any of statements
42 to 47, or a plant part thereot, including a harvestable
part thereof such as seeds, or a plant cell thereof.

49. Plant according to statement 48 having an enhanced
amount of triacylglycerol as compared to a control
plant.
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50. A method for producing a product, such as an o1l or
fat, 1n a plant comprising the steps of growing a plant
according to any of statements 1 to 25, 32-33, 40-41,
and 48-49, and producing said product from or by said
plant or part thereot, including seeds.

51. A product, such as an o1l or fat, produced from or by
a plant, or part thereof, including seeds, according to
any one of statements 1 to 235, 32-33, 40-41, and 48-49
or product obtainable by the method of statement 50.

52. A product according to statement 351, having an
enhanced amount of triacylglycerol as compared to a
control product produced from or by a control plant, or
part thereof.

The present application 1s directed to genetic engineering,
of plants using techniques working primarily through the
purposeful insertion and/or modification of nucleic and/or
amino acid sequences 1n a plant.

The present iventors have found by extensive experi-
mentation that the expression of a nucleic acid encoding a
translocator protein (I'SPO) in a plant 1n a seed-specific
manner, 1.¢. during seed development, and particularly dur-
ing the stage of seed filling (storage compound biosynthe-
s1s), permits to modity lipid metabolism in the plant. It has
thus been found that a non-constitutive expression of a
nucleic acid encoding a TSPO intfluences, and 1n particular
improves lipid metabolism 1n a plant. In particular, the
inventors have shown that seed-specific expression as pro-
vided herein of a nucleic acid encoding a TSPO 1s capable
ol conferring improved lipid metabolism to a plant, when
compared to a control plant 1n which the nucleic acid
encoding a TSPO is either not expressed or 1s endogenously
expressed but not 1n a seed-specific manner as defined
herein. More particularly, a non-constitutive expression, and
in particular a seed-specific expression as defined herein of
a nucleic acid encoding a TSPO 1s capable of increasing the
amount of triacylglycerol molecules (herein “TAG”) 1n a
plant as compared to a control plant. Hence, seed-specific
expression of a nucleic acid encoding a TSPO 1n a plant
permits to quantitatively and qualitatively improve lipid
metabolism of the plant, and to produce plants having
quantitative and qualitative improved lipids, i particular
triacylglycerol production.

In certain embodiments, specific types of triacylglycerol
molecules may be qualitatively and quantitatively altered.
These findings are unexpected, especially since the nucleic
acid encoding a TSPO has previously been associated to
different plant physiological mechanisms and different plant
pathways, 1n particular plant nucleic acids encoding a TSPO
were previously reported to be associated to abiotic stress
regulation in plants.

The present invention 1s thus directed to a modulation of
the expression of a nucleic acid encoding a translocator
protein.

The term “expression” or “expression of a nucleic acid”
or “gene expression” means the transcription of a specific
gene or specific genes or specific construct. The term
“expression” or “gene expression’ in particular means the
transcription of a gene or genes or construct into structural
RNA (rRNA, tRNA) or mRNA with or without subsequent
translation of the latter into a protein. The process mcludes
transcription of DNA and processing of the resulting mRNA
product. The term “modulated expression™ as used herein
means any form of expression that 1s different from the
original wild-type expression level and/or pattern.

A ““translocator protein” as applied 1n the present mnven-
tion refers to a protein that belongs to the family of proteins
containing a tryptophan-rich sensory protein/peripheral-type
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benzodiazepine receptor (IspO/MBR) domain. This family
of translocator protein (TSPO)/peripheral-type benzodiaz-
epine receptor (MBR) domain-containing proteins are mem-
brane-anchored proteins that appear to be highly conserved
from bacteria to mammals. Translocator proteins were also
identified 1n plants, wherein they were previously reported
to have physiological functions in the adaptation to adverse
environmental conditions, such as osmotic and salt stress.
For instance, the Arabidopsis translocator protein (AtTSPO)
1s a polytopic membrane protein that 1s encoded by a single
locus 1n Arabidopsis. AtTSPO 1s a multi-stress regulator and
the level of AtTSPO 1s tightly regulated in plant cells.
AtTSPO 1n only transiently expressed in Arabidopsis during
stress, and constitutively expressed AtTSPO 1s known to be
actively downregulated through a selective autophagy path-
way. ATTSPO targeting to this autophagy pathway requires

heme binding (Vanhee et al., 2011, The Plant Cell: 23,
785-805; Hachez et al., 2014, The Plant Cell: 26, 4974-
4990).

Various embodiments of nucleic acids encoding translo-
cator proteins as applied 1n the present invention are further
claborated below.

In one aspect, the present invention relates to a construct
comprising the following operably linked nucleic acid
sequences:

a) a nucleic acid encoding a TSPO polypeptide as defined

herein,

b) one or more control sequences capable of driving

expression of the nucleic acid of a); and optionally

C) one or more transcription terminator sequences,

wherein at least one of said control sequences 1s a
seed-specific promoter which 1s active 1n seed tissues during
seed filling as defined herein.

A construct as taught herein 1s in particular characterised
in that 1t contains a promoter sequence which 1s a seed-
specific promoter active 1n seed tissue and during seed filling
for driving the expression of the nucleic acid encoding a
TSPO polypeptide. When introduced and expressed in a
plant, plant part or plant cell, such construct confers a
modified lipid metabolism as defined herein to said plant,
plant part or plant cell, as compared to a control plant, plant
part or plant cell lacking said construct. In the context of the
present invention, a promoter sequence, a nucleic acid
encoding a TSPO polypeptide, and optionally a transcription
terminator sequence are thus operably linked to provide a
construct of the mnvention. The expression “operably linked
nucleic acid sequences” means that the nucleic acid
sequences are linked to one another 1 such a way that
expression control sequences, such as a promoter and tran-
scription terminator, eflectively control expression of a
coding sequence of interest, such as the TSPO polynucle-
otide as defined herein.

The present mvention further relates to the use of said
construct 1n plants, plant parts including seeds and plant
cells, vectors, host cells and methods of the invention for
modifying lipid metabolism 1n targeted plants.

The different elements of a construct as taught herein will
now first be described 1n more detail hereunder.

Promoter

The terms “promoter”, “regulatory element”, and “control
sequence’” are all used interchangeably herein and are to be
taken 1n a broad context to refer to regulatory nucleic acid
sequences capable of eflecting expression of the sequences
to which they are ligated. The term “promoter” typically
refers to a nucleic acid control sequence (DNA sequence)
located upstream from the transcriptional start of a gene or
nucleic acid and which 1s mmvolved 1 recogmzing and
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binding of RNA polymerase and other proteins, thereby
directing transcription of an operably linked nucleic acid.
Thus, a promoter contains a DNA sequence that either 1s
bound directly by, or 1s involved 1n the recruitment of, RNA
polymerase. Encompassed by the term “promoter” are tran-
scriptional regulatory sequences derived from a classical
cukaryotic genomic gene (including the TATA box which
may be required for accurate transcription initiation, with or
without a CCAAT box sequence) and additional regulatory
clements (1.e. upstream activating sequences, enhancers and
silencers) which alter gene expression 1n response to certain
stimuli, or 1 a tissue-specific manner. For instance, a
promoter sequence can also include “enhancer regions”,
which are one or more regions of DNA that can be bound
with proteins (namely the trans-acting factors) to enhance
transcription levels of genes 1n a gene-cluster. The enhancer,
while typically at the 5' end of a coding sequence, can also
be separate from a promoter sequence, €.g., can be within an
intron of a gene. The promoter sequence may comprise the
S'UTR and/or one or more itrons (optionally located within
in the 5' UTR).

Also included within the term i1s a transcriptional regula-
tory sequence of a classical prokaryotic gene, 1n which case
it may include a -35 box sequence and/or —10 box tran-
scriptional regulatory sequences. The term “regulatory ele-
ment” also encompasses a synthetic fusion molecule or
derivative that confers, activates or enhances expression of
a nucleic acid molecule 1n a cell, tissue or organ.

In accordance with the present invention, the promoter
sequence applied 1n the plants, constructs and methods as
taught herein 1s a “seed-specific” promoter.

The term “seed-specific” as used herein refers to a pro-
moter that 1s active 1n seed tissues during seed filling. In
other words, the seed-specific promoter as used herein has a
specific spatial (in seed tissues) and time-dependent (during
seed filling) expression pattern.

The term “seed tissues™ as used herein 1s to be considered
in 1ts broadest sense and thus including endosperm, aleuron,
and embryo tissues.

In certain embodiments, the seed-specific promoter 1s
active essentially 1n seed tissues, and more preferably 1s
active only 1n seed tissues. The term “essentially” 1n this
context may refer to a promoter not being active in other
tissues than seed tissues or having an activity in other tissues
than seed tissues which 1s 1nsignificant.

In certain embodiments, the seed-specific promoter as
used 1n the present invention has no or msignificant activity
in green tissues.

The term “seed filling” or “seed filling stage™ as used
herein refers to the stage during seed development 1n which
storage compounds such as starch, lipids (o1ls), and proteins
are biosynthesized and stored in seed tissues. In certain
embodiments, “seed filling” or “seed filling stage” refers to
the period (or stage) of lipid (o1l) biosynthesis during said
seed filling stage.

Seed development may be typically represented 1n three
subsequence stages corresponding to: (a) embryogenesis, (b)
seed filling, and (¢) desiccation, resulting 1n the formation of
a dry mature seed. Hence, the seed filling stage 1s preceded
by embryogenesis stage, and followed by a desiccation and
maturation ol the seed. After maturation a dry seed 1is
obtained which i1s ready to undergo germination under
suitable conditions. During the seed filling stage, plants
accumulate various types of storage compounds 1n their seed
to allow the embryo to germinate and establish 1itself as a
seedling. Depending upon the species, the main storage
compounds can be starch, proteins, or lipids (o1ls). During
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the seed filling stage, the embryo usually enlarges to accom-
modate the deposition of storage compounds which are
required for germination later on.

In certain embodiments, the seed-specific promoter 1s
active essentially during seed filling, and preferably 1s active
only during seed filling. The term “essentially” in this
context may refer to a promoter not being active during other
stages of seed development or to a promoter having an
activity during other stages of seed development which 1s
insignificant.

In certain embodiments, the seed-specific promoter 1s
active essentially during the period of lipid (o1l) biosynthesis
during said seed filling, and preferably i1s active only during
period of lipid (o1l) biosynthesis during said seed filling.

In certain embodiments, the seed-specific promoter has no
or insignificant activity during germination or during growth
stages following germination.

In certain embodiments of the constructs, plants, or meth-
ods as taught herein, a seed-specific promoter as described
herein 1s a promoter sequence of plant origin. A “promoter
of plant origin” comprises regulatory elements, which medi-
ate the expression of a coding sequence 1n plant cells and
which originates from a plant cell.

In certain embodiments, a seed-specific promoter as
described herein may originate or may be derived from a
monocotyledonous plant, and preferably from a monocoty-
ledonous plant selected from the group comprising rice, oil
palm, wheat, maize, barley, sorghum, and Brachypodium
dystachyon.

In certain other embodiments, a seed-specific promoter as
described herein may originate or may be derived from a
dicotyledonous plant, preferably from a dicotyledonous
plant selected from the group comprising Arabidopsis,
canola, oilseed rape, linseed (also named “flaxseed”), soy-
bean, sunflower, cotton, peanut, sesame, castor beans (Rici-
nus COmmunis).

In certain embodiments of the constructs, plants, or meth-
ods as taught herein, a seed-specific promoter as applied
herein may be a promoter sequence from a gene which 1s
exogenous to said plant, herein referred to as “exogenous
promoter”. In other words, said seed-specific promoter 1s
exogenous to said plant, 1.e. not originating from within that
plant.

For example, the plant may be rapeseed (Brassica napus),
and the promoter sequence may be a seed-specific promoter
from Arabidopsis, or the plant may be linseed (Linum
usitatissimum), and the seed-specific promoter may be a
seed-specific promoter sequence from Brassica napus.

In certain other embodiments of the constructs, plants, or
methods as taught herein, the seed-specific promoter may be
a promoter sequence from a gene which 1s endogenous to
said plant, herein referred to as “endogenous promoter”. In
other words, said seed-specific promoter 1s endogenous to
said plant, 1.e. originating from within that plant. For
example, the plant may be rapeseed (Brassica napus), and
the seed-specific promoter may be a seed-specific promoter
from rapeseed; or the plant may be linseed Linum usitatis-
simum), and the seed-specific promoter may be a seed-
specific promoter from linseed.

The term “exogenous” in the context of nucleic acid
sequences (nucleic acid or amino acid sequences) as used
herein refers to a foreign sequence, 1.¢., not naturally found
in the given plant of interest; while the term “endogenous™
refers to a sequence that 1s naturally found 1n a given plant
ol interest. Reference herein to the term “endogenous”™ 1is
also to be understood as referring to a nucleic acid sequence
in question as found in a plant of interest in its natural form
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(1.e., without there being any human intervention), but also
as referring to that same nucleic acid sequence 1n an 1solated
form subsequently (re)introduced into said plant. The 1so0-
lated nucleic acid sequence may be 1solated from the organ-
1sm/a plant of interest or may be manmade, for example by
chemical synthesis.

Seed-specific promoters being active 1 seed tissues dur-
ing seed filling may for instance include promoters of genes
encoding seed storage proteins. Hence, in certain embodi-
ments, said seed-specific promoter 1s a promoter of a gene
encoding a seed storage protein. Seed storage proteins are
intended to refer herein to proteins which are synthesised

and stored 1n seeds during seed development.

In certain embodiments of the constructs, plants, or meth-
ods as taught herein, the seed-specific promoter 1s different
from a naturally occurring TSPO promoter. In certain
embodiments of the constructs, plants, or methods as taught
herein, the seed-specific promoter 1s not a naturally occur-
ring TSPO promoter. The terms “diflerent from a naturally
occurring TSPO promoter” or “not a naturally occurring
TSPO promoter” may be used herein as synonyms. The
terms “different from a naturally occurring TSPO promoter”™
or “not a naturally occurring TSPO promoter” as used herein
intend to encompass a promoter sequence or promoter which
1s not a TSPO promoter or a promoter sequence or promoter
which 1s a TSPO promoter that has been modified.

In an example a seed-specific promoter as defined herein,
includes a promoter which 1s not a TSPO promoter (and thus
which 1s different from a TSPO promoter), and which may
be endogenous or exogenous to said plant.

In certain embodiments, the seed-specific promoter 1s a
napin promoter (1.e. a promoter from a gene encoding a

napin, preferably a napin promoter from a Brassica species,
such as Brassica napus. In an example, a seed-specific
promoter for use herein 1s a truncated version of the pro-
moter from the 2S storage protein NapA gene from Brassica
napus (truncated version —309 to -132) (see Ericson et al.
1991, Eur. J. Biochem 197:°741-746) or a homologue thereof
from another plant species. In a preferred embodiment, said
seed-specific promoter 1s a napin promoter having a poly-
nucleotide sequence having at least 90% sequence 1dentity
to SEQ ID NO: 43, and for instance at least 95% or at least
97% or at least 98% or at least 99% sequence i1dentity to
SEQ ID NO: 43, or a functional fragment or homologue
thereol. In a preferred embodiment, said napin promoter 1s
represented by SEQ ID NO: 43 or a functional fragment
thereol.

In certain embodiments, the seed-specific promoter 1s a
FAE]1 promoter (1.e. a promoter from a gene encoding a
FAE1), preferably a FAE] promoter from Arabidopsis thali-
ana. In an example, a seed-specific promoter for use herein

1s the promoter from the fatty acid elongase 1 (FAEI1)
(AT14G34520) gene from Arabidopsis thaliana (Rossak et al.

2001, Plant Molecular Biology 46: 717-7235) or a homologue
thereof 1n another plant species. In a preferred embodiment,
said seed-specific promoter 1s a FAE]1 promoter having a
polynucleotide sequence having at least 90% sequence 1den-
tity to SEQ ID NO: 44, and for instance at least 95% or at
least 97% or at least 98% or at least 99% sequence 1dentity
to SEQ ID NO: 44 or a functional fragment or homologue
thereol. In a preferred embodiment, said FAE1 promoter 1s
represented by SEQ ID NO: 44 or a functional fragment
thereof.

In certain embodiments, the seed-specific promoter 1s an
oleosin promoter (i1.e. a promoter from a gene encoding an
oleosin), preferably an oleosin promoter from Oryza sativa

10

15

20

25

30

35

40

45

50

55

60

65

16

(Qu and Takaiwa 2004, Plant Biotech 2: 113-125) or a
functional fragment or a homologue thereof 1n another plant
SpecIes.

The terms “functional fragment” or “active fragment™ or
“fragment having promoter activity” in this context are used
interchangeably herein and refer to nucleic acid fragments
which are capable of conferring a seed-specific transcription
as described herein 1 a plant. For the identification of
functionally active promoter Iragments, the promoter
strength and/or expression pattern of a candidate promoter
fragment may be analyzed for example by operably linking
the promoter fragment to a reporter gene and assaying the
promoter activity qualitatively (spatio-temporal transcrip-
tion) and/or quantitatively using techmques well known 1n
the art. Suitable well-known reporter genes include for
example P-glucuronidase or a fluorescent protein variant.
The promoter activity 1s for instance assayed by measuring
the enzymatic activity of the 3-glucuronmidase. The promoter
fragment strength and/or expression pattern may then be
compared to that of a reference promoter (such as one used
in the methods of the present invention).

For expression 1n plants, nucleic acid sequences encoding,
TSPO must, as described above, be linked operably to or
comprise a suitable promoter which expresses the poly-
nucleotide at the right point 1n time and with the required
spatial expression pattern. The promoters upstream of the
TSPO polynucleotide sequences useful 1n the plants, con-
structs and methods of the present invention can be modified
by one or more nucleotide substitution(s), msertion(s) and/or
deletion(s) without interfering with the functionality or
activity of either the promoters, the open reading frame
(ORF) or the 3'-regulatory region such as terminators or
other 3' regulatory regions which are located away from the
ORF. It 1s furthermore possible that the activity of the
promoters 1s increased by modification of their sequence.

Therelfore, 1in certain embodiments of constructs, plants,
or methods as taught herein, the applied promoter sequence
may be derived from a promoter that does not have a
seed-specific expression pattern, but that has been modified
in order to confer a seed-specific expression as defined
herein above. For instance, in certain embodiments, the
promoter sequence for application in constructs, plants, or
methods as taught herein may be derived from a promoter of
a TSPO polynucleotide (*a TSPO promoter”), being either a
TSPO polynucleotide that 1s endogenous or exogenous to
said plant, provided that said TSPO promoter has been
modified 1 order to confer seed-specific expression as
defined herein above. Modification of such TSPO promoter
may for instance be eflected by genome editing. Thus, a
seed-specific promoter as used herein 1s different from a
naturally occurring (1.e. non-modified) TSPO promoter,
which 1s either endogenous or exogenous to the plant in
which 1t 1s applied. Hence, 1n certain embodiments of the
constructs, plants, or methods as taught herein, the seed-
specific promoter 1s not a TSPO promoter, and for instance
1s not a naturally occurring TSPO promoter. With “naturally
occurring” TSPO promoter 1s meant a promoter driving the
expression of the TSPO gene, which promoter i1s non-
modified. In certain embodiments “a naturally occurring
TSPO promoter” and “a TSPO promoter” may be used as
Synonyims.

Therefore, in certain embodiments of the constructs,
plants, or methods as taught herein, a promoter sequence 1s
used that 1s derived from a modified TSPO promoter,
wherein said modified TSPO promoter 1s a TSPO promoter
that has been modified 1n order to confer seed-specific
expression as defined herein above. In a preferred embodi-
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ment, such modified TSPO promoter i1s derived from an
endogenous TSPO promoter. In another preferred embodi-
ment, such modified TSPO promoter 1s derived from an
exogenous 1SPO promoter.

In one example, a modified TSPO promoter sequence 1s 53
used that 1s derived from a TSPO promoter from Arabidop-
sis as represented by SEQ ID NO: 41, or a functional
fragment thereotf, that has been modified in order to confer
a seed-specific expression as defined herein.

In another example, a modified TSPO promoter sequence 10
1s used that 1s derived from a TSPO promoter from flax
(Linum usitatissimum) as represented by SEQ 1D NO: 42, or
a Tunctional fragment thereof, that has been modified 1n
order to confer seed-specific expression as defined herein.

In certain embodiments of the constructs, plants, or meth- 15
ods as taught herein, the seed-specific promoter and the
nucleic acid encoding a TSPO, both as defined herein, are
both endogenous to said plant.

Nucleic Acid Encoding a TSPO Polypeptide

In the context of the present invention the terms “trans- 20
locator protein” or “translocator polypeptide” or “TSPO
protein” or TSPO polypeptide” or “TSPO” are used inter-
changeably and are taken to mean a TSPO polypeptide as
defined herein. The terms “polypeptide” and “protein”™ are
used interchangeably herein and refer to amino acids 1 a 25
polymeric form of any length, linked together by peptide
bonds. Any reference herein to a “ITSPO nucleic acid” or
“TSPO polynucleotide™ 1s taken to mean a nucleic acid
capable of encoding such a TSPO polypeptide.

In preferred embodiments of the constructs, plants, or 30
methods as taught herein the term TSPO protein or TSPO
nucleotide mtends to refer to a protein or nucleotide which
1s ol plant origin. A “TSPO polypeptide” as defined herein
refers to a polypeptide as represented by SEQ ID NO: 2, or
a homologue thereof, said homologue having at least 25% 35
sequence 1dentity to said TSPO.

Examples of nucleic acids encoding TSPO polypeptides
are given 1n TABLE 1 herein. Such nucleic acids are usetul
for being applied 1n the constructs, plants and methods as
taught herein. Included in TABLE 1 are amino acid 40
sequences of homologues (orthologues and paralogues) of
the TSPO polypeptide represented by SEQ ID NO: 2, the
terms “‘orthologues” and “paralogues™ being as defined
herein. Further orthologues and paralogues may readily be
identified by performing a so-called reciprocal blast search 45
as described below; where the query sequence 1s SEQ ID
NO: 1 or SEQ ID NO: 2, the second BLAST (back-BLAST)
would be against Arabidopsis sequences.

“Homologues™ of a protein as defined herein encompass
peptides, oligopeptides, polypeptides, proteins and enzymes 50
having amino acid substitutions, deletions and/or insertions
relative to the unmodified protein 1n question and having
similar biological and functional activity as the unmodified
protein from which they are derived.

A deletion refers to removal of one or more amino acids 55
from a protein.

An 1sertion refers to one or more amino acid residues
being introduced into a predetermined site 1n a protein.
Insertions may comprise N-terminal and/or C-terminal
fusions as well as intra-sequence insertions of single or 60
multiple amino acids. Generally, insertions within the amino
acid sequence will be smaller than N- or C-terminal fusions,
of the order of about 1 to 10 residues. Examples of N- or
C-termunal fusion proteins or peptides include the binding
domain or activation domain of a transcriptional activator as 65
used in the yeast two-hybrid system, phage coat proteins,
(histidine)-6-tag, glutathione S-transierase-tag, protein A,
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maltose-binding protein, dihydrofolate reductase, c-myc
epitope, lacZ, CMP (calmodulin-binding peptide), HA
epitope, protein C epitope and VSV epitope.

A substitution refers to replacement of amino acids of the
protein with other amino acids having similar properties
(such as similar hydrophobicity, hydrophilicity, antigenicity,
propensity to form or break a-helical structures or p-sheet
structures). Amino acid substitutions are typically of single
residues, but may be clustered depending upon functional
constraints placed upon the polypeptide and may range from
1 to 10 amino acids; msertions will usually be of the order
of about 1 to 10 amino acid residues. The amino acid
substitutions are preferably conservative amino acid substi-

tutions. Conservative substitution tables are well known 1n
the art (see for example Creighton (1984) Proteins. W.H.
Freeman and Company (Eds) and Table A below).

TABLE A

Examples of conserved amino acid substitutions

Residue Conserved substitutions
Ala Ser

Arg Lys

Asn Gln; His

Asp Glu

Gln Asn

Cys Ser

Glu Asp

Gly Pro

His Asn; Gln

Ile Leu; Val

Leu Ile; Val

Lys Arg; Gln

Met Leu; Ile

Phe Met, Leu, Tyr
Ser Thr, Gly

Thr Ser; Val

Trp Tyr

Tyr Trp; Phe

Val Ile; Leu

Amino acid substitutions, deletions and/or insertions may
readily be made using peptide synthetic techniques well
known 1n the art, such as solid phase peptide synthesis and
the like, or by recombinant DNA manipulation. Methods for
the manipulation of DNA sequences to produce substitution,
isertion or deletion variants of a protein are well known 1n
the art. For example, techniques for making substitution
mutations at predetermined sites in DNA are well known to
those skilled in the art and include M13 mutagenesis,
1T7-Gen 1 wvitro mutagenesis (USB, Cleveland, Ohio),
QuickChange Site Directed mutagenesis (Stratagene, San
Diego, Calif.), PCR-mediated site-directed mutagenesis or
other site-directed mutagenesisprotocols.

Orthologues and paralogues encompass evolutionary con-
cepts used to describe the ancestral relationships of genes.
Paralogues are genes within the same species that have
originated through duplication of an ancestral gene; ortho-
logues are genes from different organisms that have origi-
nated through speciation, and are also derived from a
common ancestral gene.

A Reciprocal BLAST typically mvolves a first BLAST
involving BLASTIng a query sequence (for example using
any of the sequences listed 1n Table 1 of the Examples
section) against any sequence database, such as the publicly
available NCBI database. BLASTN or TBLASTN (using
standard default values) are generally used when starting
from a nucleotide sequence, and BLASTP or TBLASTX

(using standard default values) when starting from a protein
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sequence. The BLAST results may optionally be filtered.
The full-length sequences of either the filtered results or
non-filtered results are then BLASTed back (second
BLAST) against sequences from the organism from which
the query sequence 1s derived. The results of the first and
second BLLASTSs are then compared. A paralogue 1s identified
if a high-ranking hit from the first blast 1s from the same
species as from which the query sequence 1s derived, a
BLAST back then ideally results in the query sequence
amongst the highest hits; an orthologue 1s identified 1f a
high-ranking hit 1n the first BLAST i1s not from the same
species as from which the query sequence 1s derived, and
preferably results upon BLAST back in the query sequence
being among the highest hits. High-ranking hits are those
having a low E-value. The lower the E-value, the more
significant the score (or 1n other words the lower the chance
that the hit was found by chance). Computation of the
E-value 1s well known 1n the art. In addition to E-values,
comparisons are also scored by percentage identity. Percent-
age 1dentity refers to the number of 1dentical nucleotides (or
amino acids) between the two compared nucleic acid (or
polypeptide) sequences over a particular length. In the case
of large families, ClustalW may be used, followed by a
neighbor joining tree, to help visualize clustering of related
genes and to 1dentity orthologues and paralogues.

TABLE 1

Examples of TSPO polypeptides for use 1n the present invention

Nucleic acid Polypeptide
Name SEQ ID NO: SEQ ID NO:
Arabidopsis thaliana 1 2
Arabidopsis thaliana 3 4
Arabidopsis thaliana 5 6
Arabidopsis thaliana 7 8
Arabidopsis thaliana 9 10
Arabidopsis thaliana 11 12
Arabidopsis thaliana 13 14
Arabidopsis thaliana 15 16
brassica napus 17 18
brassica napus 19 20
brassica napus 21 22
brassica napus 23 24
brassica rapa 25 26
brassica rapa 27 28
Orvza sativa 29 30
Camelina sativa 31 32
Linum usitatissimum 33 34
Zea mays 35 36
Helianthus annuus 37 38
Helianthus annuus 39 40

In a preferred embodiment, a TSPO polypeptide usetul in
the constructs, plants and methods of the invention or a
homologue thereol has in increasing order of preference at
least 25%, 26%, 27%, 28%, 29%, 30%, 31%, 32%, 33%,
34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%,
44%, 45%, 46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%,
34%., 55%, 56%, 57%, 38%, 59%, 60%, 61%, 62%, 63%,
64%., 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%,
74%, 75%, 76%, 77%, 78%., 79%, 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% or 100% overall sequence
identity to the amino acid represented by SEQ 1D NO: 2. The
overall sequence 1dentity 1s determined using a global align-
ment algorithm, such as the Needleman Wunsch algorithm
in the program GAP (GCG Wisconsin Package, Accelrys),
preferably with default parameters and preferably with
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sequences ol mature proteins (1.e. without taking into
account secretion signals or transit peptides).

In a preferred embodiment, a TSPO polypeptide usetul n
the plants and methods of the mvention 1s represented by
SEQ ID NO: 2 or a homologue thereof having at least 25%,
or at least 60%, or at least 75%, or at least 85%, or at least
90% overall sequence 1dentity to SEQ ID NO: 2.

In a preferred embodiment, a TSPO polypeptide useful 1n
the plants and methods of the ivention is represented by
SEQ ID NO: 32 or a homologue thereof having at least 25%,
or at least 60%, or at least 75%, or at least 85%, or at least
90% overall sequence 1dentity to SEQ ID NO: 32.

In a preferred embodiment, a TSPO polypeptide usetul 1n
the plants and methods of the mvention 1s represented by
SEQ ID NO: 34 or a homologue thereof having thereof
having at least 25%, or at least 60%, or at least 75%, or at
least 85%, or at least 90% overall sequence 1dentity to SEQ
ID NO: 34.

In certain embodiments a homologue of a TSPO poly-
peptide usetul in the constructs, plants and methods of the
invention may also include a “modified TSPO polypeptide”.
A TSPO polypeptide as taught herein may be conveniently
denoted as “modified”, or as “mutated” or “mutant”, or as
comprising one or more mutations, 1.e., comprising one or
more amino acid sequence changes compared to the amino
acid sequence of the TSPO polypeptide that has not been
mutated, such as, particularly, compared to the amino acid
sequence of a wild type TSPO polypeptide.

The Arabidopsis TSPO polypeptide contains two histi-
dine residues at positions 91 (H91) and at position 115
(H113) 1n 1ts sequence as represented by SEQ ID NO: 2.
Both residues appear to be relatively well conserved 1n
angiosperm TSPOs (see Vanhee et al. 2011).

Therefore, 1n one embodiment, a modified TSPO poly-
peptide 1s provided herein for use 1n the plants and methods
as taught herein, which comprises a mutation replacing the
histidine amino acid with an alanine amino acid at a position
corresponding to position 91 of SEQ ID NO: 2. In particular,
a modified TSPO polypeptide 1s provided herein which 1s
represented by SEQ ID NO: 4 and encoded by the nucleic
acid represented by SEQ ID NO: 3.

In another embodiment, a modified TSPO polypeptide 1s
provided which comprises a mutation replacing the histidine
amino acid to the alanine amino acid at a position corre-
sponding to position 115 of SEQ ID NO: 2. In particular, a
modified TSPO polypeptide 1s provided herein which 1s
represented by SEQ ID NO: 6 and encoded by the nucleic
acid represented by SEQ ID NO: 3.

In another embodiment, a modified TSPO polypeptide 1s
provided which comprises a first mutation replacing the
histidine amino acid with an alanine amino acid at a position
corresponding to position 91 of SEQ ID NO: 2, and a second
mutation replacing the histidine amino acid to the alanine
amino acid at a position corresponding to position 115 of
SEQ ID NO: 2. In particular, a modified TSPO polypeptide
1s provided herein which 1s represented by SEQ 1D NO: 8
and encoded by the nucleic acid represented by SEQ 1D NO:
7.

In another embodiment, a modified TSPO polypeptide 1s
provided which comprises a mutation replacing the cysteine
amino acid with a tryptophan amino acid at a position
corresponding to position 94 of SEQ ID NO: 2. In particular,
a modified TSPO polypeptide 1s provided herein which 1s
represented by SEQ ID NO: 10 and encoded by the nucleic
acid represented by SEQ ID NO: 9.

In another embodiment, a modified TSPO polypeptide 1s
provided which comprises a mutation replacing the tyrosine




US 11,613,762 B2

21

amino acid with a alanine amino acid at a position corre-
sponding to position 122 of SEQ ID NO: 2. In particular, a
modified TSPO polypeptide 1s provided herein which 1s
represented by SEQ ID NO: 12 and encoded by the nucleic
acid represented by SEQ ID NO: 11.

In another embodiment, a modified TSPO polypeptide 1s
provided which comprises a mutation replacing the tyrosine
amino acid with a alanine amino acid at a position corre-
sponding to position 124 of SEQ ID NO: 2. In particular, a
modified TSPO polypeptide 1s provided herein which 1s
represented by SEQ ID NO: 14 and encoded by the nucleic
acid represented by SEQ ID NO: 13.

In another embodiment, a modified TSPO polypeptide 1s
provided which comprises a first mutation replacing the
tyrosine amino acid with a alanine amino acid at a position
corresponding to position 122 of SEQ ID NO: 2, and a
second mutation replacing the tyrosine amino acid with a
alamine amino acid at a position corresponding to position
124 of SEQ ID NO: 2. In particular, a modified TSPO
polypeptide 1s provided herein which 1s represented by SEQ
ID NO: 16 and encoded by the nucleic acid represented by
SEQ ID NO: 15.

As there 1s sequence homology between plant TSPO
polypeptides, TSPO polypeptides, and the nucleic acids
encoding them, carrying one or more of mutation(s) as
described above, at a position corresponding to the positions
as described above for wild type Arabidopsis TSPO (rep-
resented by SEQ ID NO: 2), whatever the relative position
1s of these amino acids with respect to positions as indicated
above of wild type Arabidopsis TSPO, can be used in the
present invention. To apply this principle, those skilled 1n the
art will be readily able to find the one or two amino acids
and/or the nucleotides to be mutated 1n any TSPO poly-
nucleotide sequence by using standard techmiques of
sequence alignment. Alternatively, using the genetic code,
one of skill 1in the art will also be able to find the appropriate
nucleotide modifications m a TSPO polynucleotide
sequence.

In this context the term “corresponding to” will be 1mme-
diately understood by a skilled person as the correspondence
between nucleotide(s) of two forms of a TSPO polynucle-
otide. By means of example, such corresponding nucleotides
may be located at the same position 1n an alignment of the
nucleotide sequences of the two forms of a TSPO poly-
nucleotide. The sequence alignment may be generated as
explained elsewhere, 1n connection with the determination
of the extent of sequence identity. Likewise, the skilled
person will have an immediate understanding of the corre-
spondence between amino acid(s) of two forms of a TSPO
polypeptide. By means of example, such corresponding
amino acids may be located at the same position 1 an
alignment of the primary amino acid sequences of the two
torms of a TSPO polypeptide. The sequence alignment may
be generated as explained elsewhere 1n the specification, in
connection with the determination of the extent of sequence
identity.

In certain embodiments, the “TSPO polypeptide” usetul
in the constructs, plants and methods of the mmvention refers
to a polypeptide having certain consensus sequences, motifs,
and/or domains.

The term “domain” refers to a set of amino acids con-
served at specific positions along an alignment of sequences
of evolutionarnly related proteins. While amino acids at other
positions can vary between homologues, amino acids that
are highly conserved at specific positions indicate amino
acids that are likely essential 1n the structure, stability or
function of a protemn. Identified by their lugh degree of
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conservation 1n aligned sequences ol a family of protein
homologues, they can be used as identifiers to determine 1t
any polypeptide 1n question belongs to a previously 1denti-
fied polypeptide family.

The term “motif or “consensus sequence” refers to a short
conserved region 1n the sequence of evolutionanly related
proteins. Motifs are frequently highly conserved parts of
domains, but may also include only part of the domain, or be
located outside of conserved domain (if all of the amino
acids of the motif fall outside of a defined domain).

Specialist databases well known 1n the art exist for the
identification of domains, for example, SMART, InterPro,
Prosite, or Pfam. Domains or motifs may also be identified
using routine techniques, such as by sequence alignment.
The overall sequence 1dentity 1s determined using a global

alignment algorithm, such as the Needleman Wunsch algo-
rithm in the program GAP (GCG Wisconsin Package, Accel-

rys), preferably with default parameters and preferably with
sequences ol mature protemns (1.e. without taking into
account secretion signals or transit peptides). Compared to
overall sequence 1dentity, the sequence identity will gener-
ally be higher when only conserved domains or motifs are
considered.

By aligning other protein sequences with SEQ ID NO: 2,
the corresponding domains as mentioned herein may easily
be 1dentified. In this way, TSPO polypeptides or homologues
thereol (encompassing orthologues and paralogues) may
readily be 1dentified, using routine techniques well known 1n
the art, such as by sequence alignment. Methods for the
alignment of sequences for comparison are well known 1n
the art, such methods include GAP, BESTFIT, BLAST,
FASTA and TFASTA. GAP uses the algorithm of Needle-
man and Wunsch to find the alignment of two complete
sequences that maximizes the number of matches and mini-
mizes the number of gaps. The BLAST algorithm calculates
percent sequence 1dentity and performs a statistical analysis
of the similarity between the two sequences. The software
for performing BLAST analysis 1s publicly available
through the National Centre for Biotechnology Information.
Homologues may readily be identified using, for example,
the ClustalW multiple sequence alignment algorithm with
the default pairwise alignment parameters, and a scoring
method 1n percentage. Global percentages of similarity and
identity may also be determined using one of the methods
available 1n the MatGAT software package. Minor manual
editing may be performed to optimize alignment between
conserved motifs, as would be apparent to a person skilled
in the art. Furthermore, instead of using full-length
sequences for the idenfification of homologues, specific
domains (such as defined above) may be used as well. The
sequence 1dentity values, which are indicated herein as a
percentage are determined over the entire conserved domain
or nucleic acid or amino acid sequence using the programs
mentioned above using the default parameters.

In certain embodiments, the TSPO polypeptide 1s defined
as comprising a tryptophan-rich sensory protein/peripheral-
type benzodiazepine receptor domain (TspO/MBR domain).
The TspO/MBR domain may be structurally defined by the
presence of several (e.g. 5) transmembrane domains, and
presents high conservation across diflerent species in respect
of 1ts 3-D folding structure. It 1s within the skill of the
ordinary skilled person to identily polypeptides having a
TspO/MBR domain using commonly known databases.

In certain embodiments, the TSPO polypeptide 1s defined
as comprising an N-terminal domain (an N-terminal exten-
sion domain). Preferably such TSPO N-terminal domain 1s
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rich in basic residues with a net positive charge. A skilled
person will readily know how to i1dentily proteins having
such N-terminal domain.

In certain embodiments, the TSPO polypeptide 1s defined
as comprising a domain, in particular a tryptophan-rich
sensory protemn/peripheral-type benzodiazepine receptor
domain (TspO/MBR domain) having at least 30% sequence
identity to the TspO/MBR domain as represented by SEQ 1D
NO: 49, and for instance at least 35%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 71%, 72%, 73%, 74%, 75%, 76%,
T7%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%., 94%, 95%, 96%,
7%, 98%, 99% or 100% overall sequence identity to the
amino acid represented by SEQ ID NO: 49,

In certain embodiments, the TSPO polypeptide 1s defined
as comprising a N-terminal domain having at least 30%
sequence 1dentity to the N-terminal domain as represented
by SEQ ID NO: 50; and for instance at least 35%, 40%,
45%, 50%, 55%, 60%, 65%, 70%, 71%, 72%, 73%, 74%.,
715%, 76%, T7%, T8%, 79%, 80%, 81%, 82%, 83%, 84%.,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100% overall sequence
identity to the amino acid represented by SEQ ID NO: 50.

In certain embodiments, the TSPO polypeptide comprises

a conserved domain (or motif) having at least 70% sequence
identity; and for instance at least 75%, 76%, 77%, 78%,

79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%., 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% overall sequence 1dentity to the amino acid
represented by SEQ ID NO: 51.

As mdicated above, any reference heremn to a “TSPO
nucleic acid” or “TSPO polynucleotide” or “nucleic acid
encoding a TSPO” 1s taken to mean a nucleic acid capable
of encoding a TSPO polypeptide as defined herein. Refer-
ence herein to a “T'SPO nucleic acid” or “TSPO polynucle-
otide” or “nucleic acid encoding a TSPO™ 1s taken to mean
a polymeric form of a deoxyribonucleotide or a ribonucle-
otide polymer of any length, either double- or single-
stranded, or analogues thereof, that has the essential char-
acteristic of a natural rnbonucleotide 1n that 1t can hybridize
to nucleic acid sequences 1n a manner similar to naturally
occurring polynucleotides.

In certain embodiments, the TSPO polynucleotide may
originate or may be dernived from a wild-type or native TSPO
polynucleotide.

In certain embodiments, a TSPO polynucleotide as taught
herein may comprise or consist of a genomic sequence of a
TSPO gene starting with a translation 1mitiation codon and
closing with a translation termination codon known per se
(and not containing any internal in-frame translation termi-
nation codon). In certain embodiments, the TSPO poly-
nucleotide may comprise or consist of (coding) exons and
one or more (non-coding) introns. In certain embodiments,
the TSPO polynucleotide may comprise or consist of an
open reading frame (ORF) known per se, which may span
multiple exons. The term “genomic sequence’ refers to a
succession of nucleotides as found in the genome of an
organism (€.g., a plant).

In certain embodiments, the TSPO polynucleotide may
comprise or consist of a coding region of a TSPO gene. In
certain embodiments, the TSPO polynucleotide may com-
prise or consist of a succession of coding nucleotide triplets
(codons) starting with a translation initiation codon and
closing with a translation termination codon known per se
(and not containing any internal in-frame translation termi-
nation codon). In certain embodiments, the TSPO poly-
nucleotide may comprise or consist of (coding) exons. The
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terms “coding region of a gene”, “coding sequence”, “cod-
ing DNA sequence” or “CDS” refers to that portion of a
gene, comprising a succession of coding nucleotide triplets
(codons), which codes for protein.

In certain embodiments, said nucleic acid encoding a
TSPO polypeptide 1s a nucleic acid that encodes a TSPO
polypeptide represented by SEQ ID NO: 2, or a homologue
thereof, said homologue having at least 25% sequence

identity, and for instance at least 30%, 35%, 40%, 45%.,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, or 99% overall sequence 1dentity, to the
amino acid represented by SEQ ID NO: 2, and that further
comprises a N-terminal domain having at least 30%
sequence 1dentity, and for instance at least 35%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
96%., 97%, 98%, or 99% sequence 1dentity, to the N-terminal
domain as represented by SEQ ID NO: 50.

In certain embodiments, said nucleic acid encoding a
TSPO polypeptide 1s a nucleic acid that encodes a TSPO
polypeptide represented by SEQ ID NO: 32, or a homologue
thereof, said homologue having at least 25% sequence
identity, and for instance at least 30%, 35%, 40%, 45%.,
30%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, or 99% overall sequence 1dentity, to the
amino acid represented by SEQ ID NO: 32, and that further
comprises a N-terminal domain having at least 30%
sequence 1dentity, and for instance at least 35%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
96%., 97%, 98%, or 99% sequence 1dentity, to the N-terminal
domain as represented by SEQ ID NO: 50.

In certain embodiments, said nucleic acid encoding a
TSPO polypeptide 1s a nucleic acid that encodes a TSPO
polypeptide represented by SEQ 1D NO: 34, or a homologue

thereof, said homologue having at least 25% sequence

identity, and for instance at least 30%, 35%, 40%, 45%.,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, or 99% overall sequence 1dentity, to the
amino acid represented by SEQ ID NO: 34, and that further
comprises a N-terminal domain having at least 30%
sequence 1dentity, and for instance at least 35%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, or 99% sequence 1dentity, to the N-terminal
domain as represented by SEQ ID NO: 50.

Examples of a TSPO polynucleotide from Arabidopsis
and other exemplary TSPO polynucleotides are presented 1n
TABLE 1 given herein. In an example, a coding sequence of
an exemplary wild type TSPO polynucleotide from Arabi-
dopsis 1s as set forth i SEQ ID NO: 1. The corresponding
amino acid sequence ol said exemplary wild type TSPO
polypeptide from Arabidopsis 1s as set forth 1n SEQ ID NO:
2.

Variants of TSPO polynucleotides as defined herein above
may also be useful 1n the constructs, plants or methods of the
invention. A variant of a TSPO polynucleotide may be
selected from the group comprising;

(1) a nucleic acid hybridizing to a TSPO polynucleotide as

defined herein;

(1) a splice variant of a TSPO polynucleotide as defined

herein;

(111) an allelic variant of a TSPO polynucleotide as defined

herein;

(1v) a modified TSPO polynucleotide as defined herein.

Other examples of variants of a TSPO polynucleotide
may also mclude TSPO polynucleotides as defined herein in
which codon usage 1s optimized or in which miRNA target
sites are removed.
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The terms hybridizing sequence, splice variant, allelic
variant, or modified polynucleotide are as described below.

In certain embodiments, a variant of a TSPO polynucle-
otide useful 1n the constructs, plants and methods of the
present mvention 1s a nucleic acid capable of hybridizing,
preferably under stringent conditions, with a TSPO poly-
nucleotide as hereinbefore defined.

A nucleic acid 1s “hybridizable™ to another nucleic acid,

such as a cDNA, genomic DNA, or RNA, when a single

stranded form of the nucleic acid can anneal to the other
nucleic acid under the appropriate conditions of temperature
and solution 1onic strength.

Hybridization and washing conditions are well known and
exemplified 1n Sambrook et al. Molecular Cloning: A Labo-
ratory Manual, Second Edition, Cold Spring Harbor Labo-
ratory Press, Cold Spring Harbor (1989); and Sambrook, J.
and Russell, W., Molecular Cloning: A Laboratory Manual,
Third Edition, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor (2001).

As used herein, “stringent” conditions for hybridization
refers to conditions wherein hybridization 1s carried out
overnight at 20-25° C. below the melting temperature (Tm)
of the DNA hybrd 1n 6xSSPE, 5xDenhardt’s solution, 0.1%
SDS, 0.1 mg/ml denatured DNA. The melting temperature,

Tm, 1s described by the following formula (Beltz et al.,
1983, Methods Enzymol. 100:266-285):

Tm=81.5 C+16.6 Log [Na+]+0.41(% G+C)-0.61(%
formamide)-600/length of duplex in base pairs.

Washes are typically carried out as follows:

(1) Twice at room temperature for 15 minutes in 1xSSPE,
0.1% SDS (low stringency wash).

(2) Once at Tm—-20° C. for 15 minutes 1n 0.2xSSPE, 0.1%
SDS.

Hybridization requires that the two nucleic acids contain
complementary sequences, although depending on the strin-
gency ol the hybridization, mismatches between bases are
possible. The appropnate stringency for hybridizing nucleic
acids depends on the length of the nucleic acids and the
degree of complementation, variables well known 1n the art.
The greater the degree of similarity or homology between
two nucleotide sequences, the greater the value of the
melting temperature (ITm) for hybrids of nucleic acids
having those sequences. The relative stability (correspond-
ing to higher Tm) of nucleic acid hybridizations decreases 1n
the following order: RNA:RNA, DNA:RNA, DNA:DNA.
For hybrids of greater than 100 nucleotides in length,
equations for calculating Tm have been derived (see Sam-
brook et al. 1989). For hybridizations with shorter nucleic
acids, 1.e., oligonucleotides, the position of mismatches
becomes more important, and the length of the oligonucle-
otide determines 1ts specificity (see Sambrook et al. 1989).
Typically, the length for a hybridizable nucleic acid 1s at
least about 10 nucleotides. Illustrative mimmimum lengths for
a hybridizable nucleic acid are: at least about 15 nucleotides;
at least about 20 nucleotides; and at least about 30 nucleo-
tides. Furthermore, the skilled artisan will recognize that the
temperature and wash solution salt concentration may be
adjusted as necessary according to factors such as length of
the probe.

In certain embodiments, high stringency hybridization
conditions for DNA hybrids longer than 50 nucleotides may
encompass hybridization at 65° C. 1n 1xSSC or at 42° C. 1n
1xSSC and 50% formamide, followed by washing at 65° C.
in 0.3xSSC. Examples of medium stringency hybridization
conditions for DNA hybrids longer than 50 nucleotides
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encompass hybridization at 50° C. 1n 4xSSC or at 40° C. 1n
6xSSC and 50% formamide, followed by washing at 50° C.

in 2xSSC.

Preferably, a hybridizing sequence as taught according to
the imnvention 1s a sequence that 1s capable of hybridizing to
a nucleic acid as represented by any of the TSPO nucleotide
sequences presented in TABLE 1.

In certain embodiments a variant of a TSPO polynucle-
otide useful 1n the constructs, plants and methods of the
present invention 1s a splice variant encoding a TSPO
polypeptide as defined hereinbetfore. The term ““splice vari-
ant” as used herein encompasses variants of a nucleic acid
sequence 1n which selected introns and/or exons have been
excised, replaced, displaced or added, or 1in which introns
have been shortened or lengthened. Such variants will be
ones in which the biological activity of the protemn is
substantially retained; this may be achieved by selectively
retaining functional segments of the protein. Such splice
variants may be found in nature or may be manmade.
Methods for predicting and 1solating such splice varnants are
well known 1n the art.

In certain embodiments a variant of a TSPO polynucle-
otide useful 1n the constructs, plants and methods of the
present invention 1s an allelic variant of a TSPO polynucle-
otide encoding a TSPO polypeptide as defined hereinbetore.
Alleles or allelic varniants are alternative forms of a given
gene, located at the same chromosomal position. Allelic
variants encompass Single Nucleotide Polymorphisms
(SNPs), as well as Small Insertion/Deletion Polymorphisms
(INDELSs). The size of INDELSs 1s usually less than 100 bp.
SNPs and INDELSs form the largest set of sequence variants
in naturally occurring polymorphic strains of most organ-
1SImS.

In certain embodiments a variant of a TSPO polynucle-
otide useful 1n the constructs, plants and methods of the
present mvention may also include a TSPO polynucleotide
which 1s modified. A TSPO polynucleotide as taught herein
may be conveniently denoted as “modified”, or as “mutated”
or “mutant”, or as comprising one or more mutations, 1.e.,
comprising one or more nucleic acid sequence changes
compared to the nucleic acid sequence of TSPO polynucle-
otide that has not been mutated, such as, particularly, com-
pared to the nucleic acid sequence of a wild type TSPO
polynucleotide.

In certain embodiments, a modified TSPO polynucleotide
may be a TSPO polynucleotide which 1s modified 1n order
to encode a modified TSPO polypeptide as hereinbefore
defined.

For example, 1n an embodiment, a modified TSPO poly-
nucleotide may be a TSPO polynucleotide from Arabidopsis
as set forth 1n any one of SEQ ID NOs: 3, 5,7, 9, 11, 13, or
15.

TSPO polynucleotides or variants thereof may be derived
from any natural or artificial source. These polynucleotides
may be modified as explained above through deliberate
human manipulation.

In certain embodiments, the TSPO polynucleotide or
variants thereof as defined herein may originate or may be
derived from a plant or a microorganism. In a preferred
embodiment, the TSPO polynucleotide or varant thereof 1s
derived from a plant.

For example, the TSPO polynucleotide may originate or
may be derived from a monocotyledonous plant. In certain
embodiments of the constructs, plants or methods as taught
herein, the TSPO polynucleotide may originate or may be
derived from a plant selected from the group comprising
rice, o1l palm, wheat, maize, barley, and sorghum.
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In another example, the TSPO polynucleotide may origi-
nate or may be derived from a dicotyledonous plant. In
certain embodiments of the constructs, plants or methods as
taught herein, the TSPO polynucleotide may originate or
may be derived from a plant from the plant family selected
from the group comprising Brassicaceae (e.g. Arabidopsis,
oilseed rape, mustard, Camelina, Brassica rapa), Solan-
aceae (e.g. potato), Linaceae (e.g. flax), Euphorbiaceae (e.g.
Ricinus communis), Vitaceae (e.g. Vitis vinifera), Fabaceae
(e.g. soybean, peanut, medicago), Asteraceae (e.g. salllower,
sunflower) and Lamiaceae (e.g. sesame) and Salicaceae (e.g.
Populus). In certain embodiments of the plants or methods
as taught herein, the TSPO polynucleotide may originate or
may be derived from a plant selected from the group
comprising Arabidopsis, oilseed rape (Brassica napus),
canola, Brassica rapa (turnip rape), linseed (flaxseed) or
Camelina.

In an embodiment, the TSPO polynucleotide 1s an Ara-
bidopsis thaliana sequence. In another embodiment the
TSPO polynucleotide 1s a Camelina sequence. In another
embodiment the TSPO polynucleotide 1s a Lirnum sequence.
In another embodiment the TSPO polynucleotide 1s a Bras-
sica sequence. In another embodiment the TSPO polynucle-
otide 1s a sunflower sequence. In another embodiment the
TSPO polynucleotide 1s a maize sequence. In another
embodiment the TSPO polynucleotide 1s a rice sequence.

Transcription Terminator Sequence

A transcription terminator sequence as used herein refers
to a control sequence which 1s a DNA sequence at the end
of a transcriptional unit which signals 3' processing and
polyadenylation of a primary transcript and termination of
transcription. A terminator sequence can be dertved from the
natural TSPO gene, from a variety of other plant genes, or
from T-DNA. Examples include for instance a terminator
obtained or derived from a nopaline synthase or octopine
synthase genes, or alternatively from other plant genes.

In certain embodiments of constructs, plants or methods
as taught herein, the transcription terminator sequence may
be at least 100 nucleotides 1n length, such as at least 150
nucleotides, at least 200 nucleotides, at least 250 nucleo-
tides, or at least 300 nucleotides, in length.

In certain embodiments of constructs, plants or methods
as provided herein, the transcription terminator sequence
may be at most 4000 nucleotides 1n length, such as at most
3500 nucleotides, at most 3000 nucleotides, at most 2750
nucleotides, or at most 2500 nucleotides, 1n length.

A transcription terminator sequence useful 1 constructs,
plants or methods as taught herein, may be any transcription
terminator sequence ol plant origin.

In certain embodiments of constructs, plants or methods
as taught herein, the transcription terminator sequence may
originate or may be derived from a monocotyledonous plant.
In certain embodiments, the {transcription terminator
sequence may originate or may be derived from a plant
selected from the group comprising rice, oil palm, wheat,
maize, barley, and sorghum.

In certain other embodiments of constructs, plants or
methods as taught herein, the transcription terminator
sequence may originate or may be derived from a dicoty-
ledonous plant. In certain embodiments the transcription
terminator sequence may originate or may be derived from
a dicotyledonous plant selected from the group comprising
of Arabidopsis, oilseed rape, canola, turnip rape, linseed,
soybean, sunflower, cotton, castor bean, peanut, and sesame.

In certain embodiments of constructs, plants or methods
as taught herein, the transcription terminator sequence 1s a
transcription terminator sequence (from a gene) which 1s
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endogenous to said plant. In certain other embodiments of
constructs, plants or methods as taught herein, the transcrip-
tion terminator sequence 1s a transcription terminator
sequence (from a gene) which 1s exogenous to said plant.

In certain embodiments of constructs, plants or methods
as taught herein, the transcription terminator sequence 1s not
derived from a TSPO terminator sequence. In certain other
embodiments ol constructs, plants or methods as taught
herein, the transcription terminator sequence may be derived
from a TSPO terminator sequence, which is either endog-
enous or exogenous to said plant.

A construct according to the invention may be further
provided with additional regulatory elements. Additional
regulatory elements may include transcriptional as well as
translational enhancers. Those skilled 1n the art will be
aware ol enhancer sequences that may be suitable for use 1n
performing the mvention. An intron sequence may also be
added to the 5' untranslated region (UTR) or in the coding
sequence. Other control sequences (besides promoter,
enhancer, silencer, intron sequences, 3'UTR and/or 5'UTR
regions) may be protein and/or RNA stabilizing elements.
Such sequences would be known or may readily be obtained
by a person skilled 1in the art.

Constructs according to the invention may further include
an origin of replication sequence that 1s required for main-
tenance and/or replication in a specific cell type. One
example 1s when a genetic construct 1s required to be
maintained 1n a bacterial cell as an episomal genetic element
(e.g. plasmid or cosmid molecule). A preferred origin of
replication 1ncludes but 1s not limited to colEl.

For the detection of the successiul transfer of the nucleic
acid sequences as used in the methods of the invention
and/or selection of transgenic plants comprising these
nucleic acids, 1t 1s advantageous to use marker genes (or
reporter genes). Therefore, a construct may optionally com-
prise a selectable marker gene. Selectable markers would be
known or may readily be obtained by a person skilled 1n the
art. The marker genes may be removed or excised from the
transgenic cell once they are no longer needed. Techniques
for marker removal are known 1n the art.

Vectors, Host Cells

In certain embodiments, a construct as taught herein may
be mtroduced 1n the genome of a cell (e.g., of the plant) 1n
which the construct 1s expressed. The construct as taught
herein can be transiently introduced 1n the cell (e.g., of the
plant) 1n which a TSPO polynucleotide as taught herein 1s
expressed or can be stably mtroduced 1n the genome of the
cell (e.g., of the plant) 1n which a TSPO polynucleotide as
taught herein 1s expressed. A TSPO polynucleotide can be
introduced 1n the cell (e.g. of the plant) in which the protein
1s expressed via methods known in the art such as transior-
mation. A construct according to the invention may then be
inserted 1nto vectors, which may be commercially available,
suitable for transforming into plants and suitable for (tran-
siently or stably) expressing of the gene of interest, 1.e. a
TSPO polynucleotide, 1n the transtormed cells.

The terms “introduction™ or “transformation” or “trans-
formed” are used interchangeably herein with “genetic
modification” or “genetically modified” and refer to a per-
manent or transient genetic change induced 1n a cell follow-
ing introduction of a nucleic acid (1.e., DNA exogenous to
the cell). Genetic change (“modification”) can be accom-
plished either by incorporation of the new DNA 1into the
genome ol the host cell, or by transient or stable mainte-
nance ol the new DNA as an episomal element. Where the
cell 1s a eukaryotic cell, a permanent genetic change 1s
generally achieved by introduction of the DNA into the
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genome of the cell or mto a plastome of the cell. In
prokaryotic cells, permanent changes can be introduced 1nto
the chromosome or via extrachromosomal elements such as
plasmids, plastids, and expression vectors, which may con-
tain one or more selectable markers to aid in their mainte-
nance in the recombinant host cell.

In another embodiment, the invention relates to a recom-
binant vector (e.g. a plasmid) comprising a construct as
defined herein, and use thereof 1in the methods of the
invention.

In another embodiment, the mnvention provides a host cell
comprising a construct as defined herein. In yet another
embodiment, the mnvention provides a host cell transtformed
with a construct as defined herein. Preferably said host cell
1s a bacterial cell, e.g. an E. coli cell or an Agrobacterium
cell, or a yeast cell or a plant cell.

In one embodiment, plants are transformed with a vector
comprising any ol the TSPO polynucleotides described
above. The skilled artisan 1s well aware of the genetic
clements that must be present on the vector i order to
successiully transform, select and propagate host cells con-
taining the gene of interest.

In certain other embodiment a construct as taught herein
may not be present 1n the same chromosomal location as
compared to an endogenous TSPO construct. Thus, a con-
struct as disclosed herein may be present 1n a chromosomal
location which 1s diflerent from the chromosomal location of
the endogenous TSPO construct.

In certain other embodiments, a construct as defined
herein 1s present in the same chromosomal location as
compared to an endogenous (non-modified) TSPO con-
struct. For instance, 1n certain preferred embodiments, the
construct as taught herein may be an endogenous construct
which 1s modified to confer seed-specific expression, hence
a construct comprising the following operably linked nucleic
acid sequences: an endogenous TSPO polynucleotide and 1ts
endogenous TSPO promoter sequence, and optionally 1ts
endogenous TSPO transcription terminator sequence,
wherein said endogenous TSPO promoter sequence has been
modified (e.g. by genome editing) i order to confer seed-
specific expression as defined herein of the TSPO nucleic
acid.

Plants and Methods for Modified Lipid Metabolism

It has been found that modulating the expression in a plant
of a TSPO nucleic acid encoding a TSPO polypeptide as
defined herein gives plants having a modified lipid metabo-
lism as compared to control plants. More 1n particular, it has
been found that expression 1n a plant a TSPO nucleic acid
encoding a TSPO polypeptide as defined herein in a seed-
specific manner in plants gives plants having an enhanced
level of triacylglycerol (TAG) as compared to control plants.

The term “plant” as used throughout the specification
encompasses whole plants, ancestors and progeny of the
plants and plant parts, including seeds, shoots, stems, leaves,
roots (including tubers), flowers, and tissues and organs,
wherein each of the aforementioned comprise the gene/
nucleic acid of interest. In certain embodiments, the term
“plant” also encompasses plant cells, suspension cultures,
callus tissue, embryos, meristematic regions, gametophytes,
sporophytes, pollen and microspores, again wherein each of
the atorementioned comprises the nucleic acid and construct
ol interest.

Plants that are particularly useful 1n the methods of the
invention include all oil-producing plants, 1.e. plants which
are capable of producing o1l, either edible or non-edible. The
term “plant capable of producing an o01l” as used herein
refers to plants that can be used to obtain oils (fats) from
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their seeds. Such plants have been widely cultivated as
sources for edible oils, such as rapeseed o1l and sesame oil,
or as sources for a variety of (non-edible) oils for industrial
use. For example, Brassica plants, of which seeds include
lipids at about 60% of the seed weight, are cultivated 1n
various places 1n the world. The seed meals contain proteins
at high level and have been used as feed. A skilled person 1s
well aware of what are oil-producing plants.

Any oil-producing plants that can be used for extraction
of oils (fats) from their seeds may be used 1n the present
invention. In a preferred embodiment, plants according to
the present invention can be selected from the list compris-
ing canola, oilseed rape, turnip rape, sesame, Camelina,
peanut, soybean, maize, sunflower, safllower, rice, linseed,
cotton, mustard, castor beans and peanuts.

The choice of suitable “control plants™ 1s a routine part of
an experimental setup and may include corresponding wild
type plants. The control plant 1s typically of the same plant
species or even ol the same varniety as the plant to be
assessed. A “control plant” as used herein may refer not only
to whole plants, but may also refer to plant parts, including
seeds and seed parts. A control plant may typically be a
wild-type, 1.e. a non-modified plant.

The term “modified lipid metabolism™ as used herein 1s to
be understood 1n 1ts broadest sense, and mvolves a change
in the synthesis, accumulation, storage or breakdown of
lipids 1n a modified plant as compared to control plants.

In a preferred embodiment, a “modified lipid metabolism”
intends to refer to the production of an enhanced amount of
triacylglycerol (TAG) 1n a modified plant (or parts thereof)
in comparison to control plants (or parts thereod).

As used herein the term “TAG” or “trniacylglyerol” intends
to refer to esters derived from glycerol and fatty acids,
wherein said fatty acids are selected from the group com-
prising long chain fatty acids (LCFA) and very long chain
fatty acids (VLCFA). As used herein the term “LCFA”
intends to refer to long chain fatty acids comprising 13 to 18
carbon atoms, such as but not limited to palmitic acid
(C16:0), stearic acid (C18:0), oleic acid (C18:1). As used
herein the term “VLCFA” intends to refer to very long chain
fatty acids comprising more than 18 carbon atoms.

In the context of the invention, the terms “increased” or
“enhanced” amount of TAG 1in plants (or parts thereof) and
shall mean an overall amount of TAG which 1s at least 3%,
4%, 3%, 6%, 7%, 8%, 9% or 10%, preferably at least 15%
or 20%, preferably at least 25%, 30%, 33%, 40%, 45% or
50% higher 1mn the modified plants (or parts thereol) in

comparison to control plants (or parts thereol) as defined
herein.

In certain embodiments, the terms ‘“increased” or
“enhanced” amount of TAG in plants (or parts thereof)
according to the invention, may also mean an overall amount
of TAG which 1s at least 1.5 fold, and for instance at least 1.8
fold, or at least 2.0 fold higher, than the overall amount of
TAG 1n control plants.

In certain embodiments, the terms ‘“increased” or
“enhanced” amount of TAG in plants (or parts thereof)
according to the invention, may also refer to an 1ncrease 1n
the amount of (certain) fatty acids, selected from the group
comprising long chain fatty acids (LCFA) and very long
chain fatty acids (VLCFA) as defined, as compared to
control plants, and for instance an amount which 1s at least
1.5 fold ligher, and for instance at least 1.8 fold higher, or
at least 2.0 fold higher than the amount of said fatty acids 1n
control plants.

In certain embodiments, the invention relates to a plant,
plant part, including seeds, or a plant cell comprising a
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construct, wherein said construct comprises the following
operably linked nucleic acid sequences: a) a promoter
sequence, b) a nucleic acid encoding a TSPO polypeptide,
and optionally ¢) a transcription terminator sequence,
wherein said promoter sequence 1s a seed-specific promoter
which 1s active in seed tissues during seed {filling; and
wherein said construct confers a modified lipid metabolism
to said plant, plant part or plant cell, as compared to a control
plant, plant part or plant cell.

In certain embodiments, the ivention provides a plant,
plant part or plant cell comprising a construct as defined
herein.

In certain embodiments the invention provides a plant,
plant part or plant cell transformed with a construct as
defined herein.

Plants according to the present invention may pass along,
the construct, including the TSPO gene under the control of
a seed-specific promoter which 1s active 1 seed tissues
during seed filling, to progeny. As used herein, “progeny”
includes any plant, seed, plant cell, and/or plant part com-
prising the construct derived from an ancestor plant and/or
a TSPO gene as defined herein under the control of a
seed-specific promoter as defined herein. Plants, plant parts
or plant cell, progeny, and seeds may be homozygous or
heterozygous for the construct or for the seed-specific pro-
moter—TSPO gene combination as defined herein.

In another embodiment the mnvention relates to a plant,
plant part, or a plant cell as taught herein, wherein said
modified lipid metabolism comprises an enhanced amount
of triacylglycerol 1n said plant, plant part or plant cell as
compared to a control plant, plant part or plant cell.

In another embodiment the invention relates to a plant,
plant part, or a plant cell as taught herein, wheremn said
modified lipid metabolism comprises an enhanced amount
of triacylglycerol, wherein said triacylglycerol 1s an ester
derived from glycerol and fatty acids, wherein said fatty
acids are selected from the group comprising long chain
tatty acids (LCFA) comprising 13 to 18 carbon atoms and
very long chain fatty acids (VLCFA) comprising more than
18 carbon atoms.

The present 1nvention also relates to methods for modi-
tying the lipid metabolism 1n a plant or part thereof, and for
making (transgenic) plants having a modified lipid metabo-
lism.

In an embodiment, the invention relates to a method for
moditying the lipid metabolism 1n a plant, or part thereot, as
compared to a control plant comprising the step of modu-
lating the expression 1n a plant of a nucleic acid encoding a
TSPO polypeptide as defined herein. In particular, the inven-
tion provides a method for modifying the lipid metabolism
in a plant as compared to a control plant comprising the step
of conferring a seed-specific expression in a plant to a
nucleic acid encoding a TSPO polypeptide as defined herein.

The term “modulation” 1n this context means in relation
to expression or gene expression, a process in which the
expression level and/or expression pattern 1s changed by
said gene expression 1n comparison to the control plant.

In a further embodiment, the invention relates to a method
for modifying the lipid metabolism 1n a plant as compared
to a control plant comprising the step of providing a plant
comprising a construct, wherein said construct comprises
the following operably linked nucleic acid sequences: a
promoter sequence, a nucleic acid encoding a TSPO poly-
peptide, and optionally a transcription terminator sequence,
wherein said promoter sequence 1s a seed-specific promoter
which 1s active 1n seed tissues during seed filling. In a
preferred embodiment, said construct 1s as defined herein.
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In a preferred embodiment a method 1s provided as
defined herein wherein said modification of the lipid
metabolism comprises enhancing the amount of triacylglyc-
erol 1n said plant as compared to a conftrol plant, and
preferably comprises enhancing in said plant the amount of
triacylglycerol derived from glycerol and {fatty acids,
wherein said fatty acids are selected from the group com-
prising long chain fatty acids (LCFA) comprising 13 to 18
carbon atoms and very long chain fatty acids (VLCFA)
comprising more than 18 carbon atoms.

In certain embodiments of the methods of the invention,
the step of providing a plant comprising a construct, said
method comprises the step of:

a) Introducing and expressing in said plant or a cell

thereof of a construct, wherein said construct comprises
the following operably linked nucleic acid sequences: a
promoter sequence, a nucleic acid encoding a TSPO
polypeptide, and optionally a transcription terminator
sequence, wherein said promoter sequence 1s a seed-
specific promoter, which 1s active 1 seed tissue and
during seed filling, and

b) Cultivating said plant cell or said plant under condi-

tions promoting plant growth and development.

Methods for Production of Transgenic Plants

The mvention further provides a method for the produc-
tion of transgenic plants having a modified lipid metabolism
as compared to control plants.

A “transgenic plant” for the purposes of the invention 1s
thus understood as meaning that the nucleic acids used 1n the
methods of the mvention are not present in, or originating
from, the genome of said plant, or are present in the genome
of said plant but not at their natural locus 1n the genome of
said plant. However, “transgenic” also means that, while a
nucleic acid according to the mvention or used 1n the
inventive methods 1s at 1ts natural position in the genome of
a plant, the nucleic acid has been modified with regard to the
natural sequence and/or the genetic control sequence(s) of
the natural sequence which 1s operably linked with said
nucleic acid (e.g. promoter sequences) have been modified.
Transgenic 1s preferably understood as meaning the expres-
sion of nucleic acids according to the invention at an
unnatural locus in the genome. Preferred transgenic plants
are mentioned herein.

According to the invention a method for the production of
a plant, 1n particular a transgenic plant, having a modified
lipid metabolism as compared to a control plant 1s provided
which comprises the steps of:

a) Introducing and expressing in said plant or a cell

thereol a construct, wherein said construct comprises
the following operably linked nucleic acid sequences: a
promoter sequence, a nucleic acid encoding a TSPO
polypeptide, and optionally a transcription terminator
sequence, wherein said promoter sequence 1s a seed-
specific promoter which 1s active 1n seed tissue and
during seed filling, and

b) Cultivating said plant cell or said plant under condi-

tions promoting plant growth and development.

As 1ndicated above, a construct comprising a nucleic acid
encoding a TSPO as defined herein may be introduced
directly into a plant cell or mto the plant itself, including
introduction into a tissue, organ or any other part of a plant.
According to a preferred embodiment, a construct compris-
ing a nucleic acid encoding a TSPO as defined herein 1s
introduced 1nto a plant by transformation.

Transformation of plant species 1s now a fairly routine
technique. Plant tissue capable of subsequent clonal propa-
gation, whether by organogenesis or embryogenesis, may be
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transformed with a genetic construct of the present invention
and a whole plant regenerated there from. The particular
tissue chosen will vary depending on the clonal propagation
systems available for, and best suited to, the particular
species being transformed.

Exemplary tissue targets include lealf disks, pollen,
embryos, cotyledons, hypocotyls, megagametophytes, cal-
lus tissue, existing meristematic tissue (e.g., apical meri-
stem, axillary buds, and root meristems), and induced meri-
stem tissue (e.g., cotyledon meristem and hypocotyl
meristem).

The construct can be introduced stably or transiently into
a parent host (plant) cell, using established techniques,
including, but not limited to, electroporation, calcium phos-
phate precipitation, DEAE-dextran mediated transfection,
liposome-mediated transfection, particle bombardment,
Agrobacterium-mediated transformation, and the like. For
stable transformation, a nucleic acid will generally further
include a selectable marker, for example, any of several
well-known selectable markers such as a fluorescent protein,
gentamycin resistance, hygromycin resistance, kanamycin
resistance, and the like.

Transgenic plants are preferably produced via Agrobac-
terium-mediated transformation. To that end, a construct as
defined herein 1s preferably cloned into a binary vector,
which 1s suitable for transforming Agrobacterium tumefa-
ciens. Agrobactena transformed by such a vector can then be
used 1n known manner for the transformation of plants. The
resulting transformed plant cell may then be used to regen-
crate a transformed plant 1n a manner known to persons
skilled 1n the art, e.g. by growing 1n an appropriate medium
to promote cell proliferation and regeneration, or generating,
transgenic seeds from transformed flower’s bud (ovule) of a
plant.

Preferably, said construct as applied in the plants, plant

parts or methods as taught herein 1s a construct as defined
herein.

Preferably, said nucleic acid encoding a TSPO polypep-
tide as applied 1n the plants, plant parts or methods as taught
herein 1s a nucleic acid encoding a TSPO polypeptide 1s as
defined herein.

Preferably, said promoter sequence as applied in the
plants, plant parts or methods as taught herein 1s a seed-
specific promoter as defined herein.

Preferably, said transcription terminator sequence as
applied 1n the plants, plant parts or methods as taught herein
1s a transcription terminator sequence as defined herein.

The present invention clearly also extends to any plant
cell or plant produced by any of the methods described
herein, and to all plant parts and propagules thereof. The
present 1nvention encompasses plants or parts thereof,
including seeds, obtainable by the methods according to the
present invention.

The present invention extends further to encompass the
progeny of a primary transformed or transfected cell, tissue,
organ or whole plant that has been produced by any of the
aforementioned methods, the only requirement being that
progeny exhibit the same genotypic and/or phenotypic char-
acteristic(s) as those produced by the parent in the methods
according to the mvention.

Methods for Making Products from Plants and Products

In another aspect, there 1s provided a method for produc-
ing a product, such as an o1l or fat, 1n a plant comprising the
steps ol growing a plant as defined herein, and producing
said product from or by said plant; or parts thereot, including
seeds.
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In particular, there 1s provided a method for producing a
product 1n a plant comprising the steps of

(1) Providing a plant as defined herein or a part thereof,
and 1n particular a plant comprising a construct,
wherein said construct comprises the following oper-
ably linked nucleic acid sequences: a) a promoter
sequence, b) a nucleic acid encoding a TSPO polypep-
tide, and optionally ¢) a transcription terminator
sequence, wherein said promoter sequence 1s a seed-
specific promoter which 1s active 1n seed tissue and
during seed filling; and wherein said construct confers
a modified lipid metabolism to said plant, plant part or
plant cell, as compared to a control plant, plant part or
plant cell;

(11) Producing the product from or by the plant or a part
thereof.

In certain embodiments a method for producing a product,
such as an o1l or fat, 1n a plant, and preferably for the
production of a product having an enhanced amount of
triacylglycerol as compared to a control product produced
from or by a control plant, or part thereot i1s provided which
comprises the steps of:

1) Introducing and expressing 1n said plant or a cell thereof

a construct, wherein said construct comprises the fol-
lowing operably linked nucleic acid sequences: a) a
promoter sequence, b) a nucleic acid encoding a TSPO
polypeptide, and preferably a TSPO polypeptide as
defined herein, and optionally ¢) a transcription termi-
nator sequence, wherein said promoter sequence 1s a
seed-specific promoter which 1s active 1n seed tissues
during seed filling, preferably a seed-specific promoter
as defined herein,

11) Cultivating said plant cell or said plant under condi-
tions promoting plant growth and development, and
promoting the production of said product, and

111) collecting said product as produced from or by said
plant or part thereot, including seeds.

In certain embodiments, a product, such as an o1l or fat,
produced from or by a plant, or part thereof, including seeds,
according to the mnvention or product obtainable or obtained
by a method of the mmvention 1s provided, wherein said
product has enhanced amount of triacylglycerol as compared
to a control product produced from or by a control plant, or
part thereof.

Preferably, said plant as applied in the above-referenced
method for producing a product, such as an o1l or fat, 1s a
plant as defined herein. Preferably, said construct as applied
in the above-referenced method for producing a product,
such as an o1l or fat, 1n a plant 1s a construct as defined
herein. Preferably, said nucleic acid encoding a TSPO poly-
peptide as applied 1n the above-referenced method for
producing a product, such as an o1l or fat, in a plant 1s a
nucleic acid encoding a TSPO polypeptide 1s as defined
herein. Preferably, said promoter sequence as applied 1n the
above-referenced method for producing a product, such as
an o1l or fat, 1n a plant 1s a promoter sequence as defined
herein. Preferably, said transcription terminator sequence as
applied in the above-referenced method for producing a
product, such as an o1l or fat, 1n a plant 1s a transcription
terminator sequence as defined herein.

The term “product” 1n this context intends to refer to a
tood, feed or industrial product derived from a plant, or parts
thereof, and preferably refers to an o1l or a fat, or isolated
components thereof such as fatty acid or plant sterols.
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The present mvention clearly also extends to products
such as an o1l or a fat, as produced by any of the aforemen-

tioned methods or by or from any of the aforementioned
plants, or parts thereof.

In one embodiment, the present invention refers to prod-
ucts, such as an o1l or a fat, as obtainable or produced from
or by a plant as defined herein, or part thereof, including
seeds.

In another embodiment, the present invention refers to
products, such as an o1l or a fat, obtainable or obtained by
any of the atorementioned methods as defined herein.

While the mvention has been described 1n conjunction
with specific embodiments thereof, i1t 1s evident that many
alternatives, modifications, and variations will be apparent
to those skilled 1n the art 1n light of the foregoing descrip-
tion. Accordingly, it 1s intended to embrace all such alter-
natives, modifications, and variations as follows in the spirit
and broad scope of the appended claims.

The herein disclosed aspects and embodiments of the
invention are further supported by the following non-limait-
ing examples.

SEQUENCE LISTING

Throughout the description and examples, reference 1s

made to the following sequences:

SEQ ID NO: 1: ¢cDNA sequence of Arabidopsis thaliana
TSPO (AtTSPO)

SEQ ID NO: 2: amino acid sequence of Arabidopsis thali-
ana TSPO (AtTSPO)

SEQ ID NO: 3: ¢cDNA sequence of an Arabidopsis thaliana
modified TSPO (H91A)

SEQ ID NO: 4: amino acid sequence of an Arabidopsis
thaliana modified TSPO (H91A)

SEQ ID NO: 5: ¢cDNA sequence of an Arabidopsis thaliana
modified TSPO (H115A)

SEQ ID NO: 6: amino acid sequence of an Arabidopsis
thaliana modified TSPO (H113A)

SEQ ID NO: 7: ¢cDNA sequence of an Arabidopsis thaliana
modified TSPO (H91A/H115A)

SEQ ID NO: 8: amino acid sequence of an Arabidopsis
thaliana modified TSPO (H91A/H115A)

SEQ ID NO: 9: cDNA sequence of an Arabidopsis thaliana
modified TSPO (C94W)

SEQ ID NO: 10: amino acid sequence of an Arabidopsis
thaliana modified TSPO (C94W)

SEQ ID NO: 11: cDNA sequence of an Arabidopsis thaliana
modified TSPO (Y122A)

SEQ ID NO: 12: amino acid sequence of an Arabidopsis
thaliana modified TSPO (Y122A)

SEQ ID NO: 13: cDNA sequence of an Arabidopsis thaliana
modified TSPO (Y124A)

SEQ ID NO: 14: amino acid sequence of an Arabidopsis
thaliana modified TSPO (Y124A)

SEQ ID NO: 15: cDNA sequence of an Arabidopsis thaliana
modified TSPO (Y122A/Y124A)

SEQ ID NO: 16: amino acid sequence of an Arabidopsis

thaliana modified TSPO (Y122A/Y124A)
EQ ID NO: 17: cDNA sequence of a Brassica napus TSPO
EQ ID NO: 18: amino acid sequence of a Brassica napus
TSPO

EQ ID NO: 19: cDNA sequence of a Brassica napus TSPO
EQ ID NO: 20: amino acid sequence of a Brassica napus

1SPO
EQ ID NO: 21: cDNA sequence of a Brassica napus TSPO

EQ ID NO: 22: amino acid sequence of a Brassica napus
TSPO

2 WA
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EQ ID NO: 23: ¢cDNA sequence of a Brassica napus TSPO
EQ ID NO: 24: amino acid sequence of a Brassica napus
TSPO

7P

7o

SEQ ID NO: 25: ¢cDNA sequence of a Brassica rapa TSPO

SEQ ID NO: 26: amino acid sequence of a Brassica rapa
TSPO

SEQ ID NO: 27: cDNA sequence of a Brassica rapa TSPO

SEQ ID NO: 28: amino acid sequence of a Brassica rapa
TSPO

SEQ ID NO: 29: cDNA sequence of an Oryza sativa TSPO

SEQ ID NO: 30: amino acid sequence of an Oryza sativa

TSPO

SEQ ID NO: 31: ¢cDNA sequence of a Camelina sativa
TSPO

SEQ ID NO: 32: amino acid sequence of a Camelina sativa

TSPO

SEQ ID NO: 33: cDNA sequence of a Linum usitatissimum

TSPO

SEQ ID NO: 34: amino acid sequence of a Linum usitatis-

simum 1SPO

SEQ ID NO: 35: ¢cDNA sequence of a Zea mays TSPO

SEQ ID NO: 36: amino acid sequence of a Zea mays TSPO

SEQ 1D NO: 37: ¢cDNA sequence of a Helianthus annuus
TSPO

SEQ ID NO: 38: amino acid sequence of a Helianthus
annuus 1SPO

SEQ 1D NO: 39: ¢cDNA sequence of a Helianthus annuus
TSPO

SEQ ID NO: 40: amino acid sequence of a Helianthus
annuus 1SPO

SEQ ID NO: 41: promoter sequence of an Arabidopsis
thaliana TSPO

SEQ ID NO: 42: promoter sequence of a Linum usitatissi-
mum 15PO

SEQ ID NO: 43: promoter sequence of a Brassica napus

napin gene

EQ ID NO: 44: promoter sequence of an Arabidopsis

thaliana FAE] gene

P

SEQ ID NO: 43: primer sequence SeM5'
SEQ ID NO: 46: primer sequence SeM3'
SEQ ID NO: 47: primer sequence NeM5'
SEQ ID NO: 48: primer sequence NeM3'
SEQ ID NO: 49: TSPO/MBR domain for AtTSPO
SEQ ID NO: 50: N-terminal domain for AtTSPO
SEQ ID NO: 51: Motit for AtTSPO
EXAMPLES

The following examples 1llustrate procedures for practic-
ing the invention. The examples should not be construed as
limiting.

Example 1

Example 1 illustrates the generation of TSPO-expressing
homozygous transgenic Arabidopsis plants with high TAG
content.

Cloning of Arabidopsis TSPO

An 1ntronless Arabidopsis TSPO (AtTSPO) coding
sequence was PCR amplified directly from Arabidopsis
genomic DNA. The amplification was conducted using the
primers SeM35' (aaatctagaaagcttaccatggatictcaggacatcag)
(SEQ 1D NO: 45) and SeM 3’ (aaa
agatcttcacgcgactgcaagctttacattaac) (SEQ ID NO: 46) con-

taining the underlined cloning restriction site Xbal and
Bglll, respectively. To that end, a freshly harvested A.
thaliana leafl from 10-day-old seedling 1s transferred into an
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Eppendort tube and homogenized at room temperature 1n 10

ul 010.5 M NaOH, using a pestle. The mixture 1s centrifuged

at 15000 rpm during 30 seconds at room temperature. Five

ul of the supernatant 1s diluted with 45 ul of Tris-HCI butler
(100 mM, pH 8.0), and 1 ul of the diluted extract 1s used as 5
PCR template. The amplicon can be obtained by combining
the primers SeM3' and SeM3'.

The amplicon was cloned 1n the plasmid pPILY (NCBI
Genbank accession #AY 720433, version AY720433.1),
opened with Xbal and BamHI. 10

For seed-specific expression, the double 35S CaMV pro-
moter 1n pPILY was replaced by a truncated version of the
Brassica napus napin promoter (corresponding to SEQ ID
NO: 43). A freshly harvested B. rapus leal from 10-day-old
greenhouse grown seedling was transferred into an Eppen- 15
dort tube and homogenized at room temperature 1n 10 ul of
0.5 M NaOH, using a pestle. The mixture was centrifuged at
15000 rpm during 30 seconds at room temperature. Five ul
of the supernatant was diluted with 45 ul of Tris-HCI bufler
(100 mM, pH 8.0), and 1 ul of the diluted extract was used 20
as PCR template to amplity the napin promoter. The ampli-
con was obtained by combiming the primers NeM3S' (aaa
ctccagggtacctacctigtttttaaaaagaatcge) (SEQ 1D NO: 47) and
Nem3' (aaatctagagatttgcatggcgatcacgtg) (SEQ 1D NO: 48)
contaiming the underlined cloning site Xhol and Xbal, 25
respectively.

The resulting plasmids were amplified 1n Escherichia coli
strain DH5a using standard molecular biology techniques.
An expression cassette with AtTSPO driven by the above-
indicated seed-specific napin promoter was retrieved from 30
pPILY by Kpnl digestion and subcloned into the binary
vector pCambia 1300 (product ID: M1591, Marker Gene
Technologies, Inc.). The amplified binary plasmids 1n E. coli
were checked for the orientation of the expression cassette
by restriction digestion with HindIIl and EcoRI/Xbal. The 35
correct oriented clones were further verified by sequencing
of the AtTSPO coding sequence. Two independent clones
were mobilized 1 Agrobacterium tumefaciens strain
GV3101::pMP90 (Koncz and Schnell, 1986, Molecular
General Genetics 204: 383-396) by electroporation and the 40
transformed clones selected on yeast extract broth supple-
mented with 100 ug/ml of kanamycin.

Arabidopsis Genetic Transformation and Expression of
AtTSPO

So1l grown wild type Arabidopsis (Columbia 0; Col0) 45
plants were genetically transformed by the *“tloral diping”
method as modified by Clough (1998, Plant Journal, 16:
735-743). Transgenic T1 seeds were selected on half
strength Murashige and Skoog (MS/2) medium (Murashige
and Skoog, 1962, Physiol. Plant. 15: 473-497), supple- 50
mented with 20 ug/ml hygromycin. Resistant plants were
transferred to soil and after selfing, the T2 seeds were
screened as the T1 seeds for hygromycin resistance. Lines
segregating 1 a 3:1 (resistant:sensitive) ratio on hygromy-
cin, indicative of potential homozygote 1n the offspring were 55
used for subsequent analyses. T3 homozygote plants grown
under normal growth conditions were tested for AtTSPO
expression 1 vegetative tissues by western blotting (Guil-
laumot et al., 2009, Plant Journal, 60: 242-256). Seeds from
confirmed T3 homozygote transgenic lines and their off- 60
spring were used for lipid analyses. For the analyses, 2-4
independent lines were used and 10-20 mg of seeds were
used, which correspond to 200-3500 seeds per assay/replica.

Lipids Extraction and Analysis

Seeds were 1imbibed (or not) at 22° C. under continuous 65
light 1n the presence or absence of radiolabeled acetate (2
pCi/assay). After 24 h of imbibition, the seeds were heated
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to 70° C. 1n 1sopropanol for 15 min to inactivate lipases and
ground using an Ultra-Turrax homogenizer. Lipids were
extracted three times with chloroform:methanol (1:1, v/v) at
room temperature, and then washed three times with 0.9%
NaCl. The solvent was evaporated under N, and lipids were
dissolved 1n an appropriate volume of chloroform:methanol
(1:1, v/v). Polar lipids were separated by HPTLC (60F234
plates, Merck, Darmstadt, Germany), using the solvent
system methyl acetate:n-propanol:chloroform:methanol:
0.25% aqueous KC1 (25:25:25:10:9, v/v) (Heape et al. 1985,
I Chromatogr. April 35; 322(2):391-5), and neutral lipids
were separated by HPTLC using the solvent system hexane:
cthylether:acetic acid (90:15:2, v/v) (Laloi et al., 2007, Plant
Physiol. January; 143(1):461-72). Lipids were 1dentified by

co-migration with known standards and quantified by den-
sitometric analysis (Macala et al., 1983, I Lipid Res. Sep-
tember; 24(9):1243-50) using a TLC scanner 3 (CAMAG,
Muttenz, Switzerland) after primuline staining (van Echten-
Deckert, 2000, Methods Enzymol. 312:64-79). For more
precise quantification, individual lipids were scraped off the
HPTLC plates and their fatty acids were identified and
quantified by gas chromatography aiter conversion to their
corresponding methyl esters using hot methanolic H,SO,
according to Browse et al. (1986, Anal. Biochem 1352:141-
145). Fatty acids were quantified relative to a C17 internal
standard. When required, radio-labeled acetate was added to
the imbibating seeds. Radio-labeled lipids were separated by
HPTLC and analyzed using a Storm Phosphorlmager (GE
Healthcare) and ImageQuant soitware (Applied Biosys-
tems).

Results

Results are represented in FIGS. 1 and 2. The results show
that transformed lines expressing the Arabidopsis TSPO
polypeptide represented by SEQ ID NO: 2 under the control
of the seed-specific napin promoter represented by SEQ 1D
NO: 43 1n the T3 generation had higher overall TAG content
in seeds than that of corresponding non-transformed plants
on a dry seed weight basis (FIG. 1). FIG. 2 illustrates
amounts of diflerent specific TAG in the analyzed seeds of
the transgenic Arabidopsis lines as compared to wild type
Arabidopsis lines.

The mventors have found that a seed-specific expression
in a plant of a nucleic acid encoding a TSPO during the seed
filling stage permits to increase the TAG content 1n plants
without any obvious deleterious eflect on growth or yield. It
has further been shown by the inventors that the amount of
nutritionally important fatty acids i o1l used in the food
industry, for instance palmuitic, stearic, oleic, linoleic, and
a.-linolenic acids, increased individually up to 2-fold 1n
modified plants expressing a TSPO 1n a seed-specific man-
ner, as compared to control (non-modified) plants.

Example 2

Alignment of TSPO polypeptide sequences was per-
formed using the MUSCLE (version 3.8, May 2010) (MUI-
tiple Sequence Comparison by Log-Expectation) and Clust-
alW output (ClustalW alignment format without base/
residue numbering). The analysis was performed using the
default parameters of MUSCLE as specified at http://
www.ebi.ac.uk/Tools/msa/muscle/. The polypeptides are
aligned 1n FIG. 4. The single letter code for amino acids 1s
used. These alignments can be used for defining further
motifs or consensus sequences, when using conserved
amino acids, 1.e. those identical in the aligned sequences
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and/or those highly conserved. The sequences 1n FIG. 4 were
identified by their short name. Table B provides the details

for each sequence.

TABLE B

sequences shown 1n FIG. 4

Organisim Amino acid sequence (SEQ ID NO:)
OsTSPO  Orvza sativa 30
LulsSPO  Limum usitatissimum 34
Bn'TSPO3  Brassica napus 22
Bn'lTSPO1  Arassica napis 18
BrISPOl Brassica rapa 26
Bn'lTSPO2Z  Brassica napus 20
BnISPO4 Brassica napus 24
BrI'SPO2 Brassica rapa 28
AtTSPO  Arabidopsis thaliana 2
CsTSPO  Camelina sativa 32

Example 3

Example 3 1illustrates the generation of TSPO-expressing,
transgenic Camelina sativa plants with high TAG content.
Camelina sativa 1s an o1l-producing plant from the family of
the Brassicaceae, and 1s also generally known as Camelina,
gold-of-pleasure, false tlax, or linseed dodder.

Constructs

Three different constructs, and thus three diflerent pro-
moter-TSPO gene combinations, were evaluated 1n vivo 1n
Camelina sativa plants. In each of the constructs the seed-

specific promoter from the Arabidopsis Fatty Acid Elongase
(FAE1) gene (SEQ ID NO: 44) was used to drive the
expression of a plant TSPO gene. The TSPO gene encoding
a TSPO protein was selected from either Arabidopsis thali-

ana (AtTSPO: SEQ ID NO: 2), or Camelina sativa (CsT-
SPO: SEQ ID NO: 32), or Linum usitatissimum (LuTSPO:
SEQ ID NO: 34). In each of the constructs a Nopaline
synthase terminator sequence (as disclosed 1n Dymock et al.,
Plant Mol. Biol. (1991), 17: 711-725) was used as transcrip-
tion terminator sequence.

The constructs designed as indicated above were synthe-
tized (GeneScript, USA) tlanked at both end by the restric-
tion site I-SCEI and cloned mto pUCS7 (GeneScript).
Amplified pUCS7 m E. coli were digested with I-SCFEI to
retrieve each of the constructs and subcloned into pMODUL
opened using the same enzyme. The clones were checked by

restriction digests then transierred into Agrobacterium tume-
faciens strain GV3101::pMP90 (Koncz and Schnell, 1986,

Molecular General Genetics 204: 383-396).

Camelina Transformation and Seed-Specific Expression
of TSPO

Camelina sativa plants were grown 1n the greenhouse 1n
individual pots up to the flowering stage. An overnight
grown liquid culture of A. tumefaciens harboring the desired
genetic construct n YEB medium supplemented with the
appropriate antibiotics was used to prepare the inoculum.
The cells were pelleted by centrifugation at 3500 g and
re-suspended 1n bufler containing 10 mM MgSO,, 10 mM
MES (pH 3.5), 200 uM acetosyringone (ireshly prepared).
The re-suspended bacteria were allowed to incubate 1n the
butler for two hours at room temperature. Opened flowers
were manually stripped from the C. sativa plants using
forceps. The bacteria were injected into individual flower
buds using a syringe fitted with a 21Gx1” needle. This was
repeated a week later for arising new flower buds. The
transformed plants were allowed to generate seeds. The dry
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seeds were selected on agar plate containing half strength
Murashige and Skoog medium and hygromycin (20 ug/ml).
Potential hygromycin resistant plants were further geno-
typed for the presence of the TSPO transgene and allowed
to self 1n the green house. For lipid analysis, dry seeds were
harvested from plants grown at the same time. The extrac-
tion of lipids from harvested seeds and analyses were
conducted 1n a same way as described for the Arabidopsis

seeds (see Example 1).

Results

Results are represented in FIG. 5, wherein a relative
comparison of total TAG as compared to wild-type plants
(WT=set at value 1) 1s shown. Values are means from three
independent transgenic lines obtained from each genetic
construct. The results show that transformed lines express-
ing the Arabidopsis TSPO polypeptide under the control of
the seed-specific FAE]1 promoter had higher overall TAG
content 1n seeds than that of corresponding non-transformed
plants. A same observation 1s made for lines expressing a
Camelina sativa or Linum usitatissimum TSPO under the
control of said seed-specific FAE]1 promoter.

TABLE C

illustrates amounts of different specific fatty acids in the analyzed
seeds of the transgenic Camelina sativa lines as compared to wild type
Camelina sativa lines for the three evaluated constructs.

FAEL + FAEL + FAEL +
WT AtTSPO CsTsPO LuTSPO
C16:0 1 1.72 1.46 1.66
C18:0 1 1.93 1.75 1.84
C1%:1n9 1 1.85 1.71 1.8%
C18:2n6 1 1.92 1.52 1.92
C18:3n3 ’ 2.99 2.62 2.6
C20:0 1.9 1.6 1.78
C20:1n9 2.44 1.95 2.25
C20:2n6 2.88 1.97 2.53
C20:3n3 3.57 2.97 2.86
C22:0 1.64 1.27 1.52
C22:1n9 2.32 1.66 2.15
C22:3n3 4.02 3.44 3.59
C24:0 1 1.21 1.06 1.23
C24:1n9 1 2 1.54 1.93
C24:2n6 “ 1.46 1.25 1.46

The amounts in TABLE C are represented as the relative
fold increase 1n specific fatty acids as compared to what 1s
obtained 1n wild-type plants. The relative quantity of each
fatty acid (ug/mg seeds) was normalized against the wild-
type seeds (W) level (value set at 1). It can 1n particular be
observed that for certain polyunsaturated omega-3 {fatty
acids, and 1n particular C18:3n3, C20:3n3, and C22:3n3, a
2.5 to 4-fold increase was obtained in the transgenic lines.
The values are average of three independent transgenic lines
as represented 1n FIG. §.

Example 4

TSPO-expressing transgenic Arabidopsis thaliana plants
with high TAG content are obtained by transforming Ara-
bidopsis plants 1s a same manner as discussed 1n Example 1
with the three constructs described in Example 3. Primary
transformants (11) are generated and seeds can undergo
segregation for the selection of homozygote lines. TAG
content 1s analysed in the 12 seed as described above and
compared to that of wild-type/non-transiformed plants. Also
independent homozygote lines obtained from the transior-
mation events are further analyzed for TAG content as
described above.




Overall, from the above i1t can be concluded that seed-
specific expression 1n a plant of a nucleic acid encoding a
TSPO during the seed filling stage permits to increase the
TAG content in plants without any obvious deleterious eflect
on growth or vield. This has been 1llustrated in different 5
plants (Arabidopsis, Camelina), for dif
promoters (napin, FAE1l), when applying di
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erent seed-specific
Terent TSPO

genes (Irom Arabidopsis, Camelina or Linum).

It has further been shown that the amount of nutritionally
important fatty acids in o1l used in the food idustry, for 10
palmitic, stearic, oleic, linoleic, and a-linolenic

instance
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acids, increased individually up to about 2-fold or more 1n
modified plants expressing a TSPO 1n a seed-specific man-
ner, as compared to control (non-modified) plants. Hence,
the present results indicate that the level of certain important
fatty acids can be significantly increased when the TSPO
gene 1s expressed under a seed-specific promoter which 1s

active during seed filling stage. Surprisingly this 1s not the

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 51

<210> SEQ ID NO 1

<211> LENGTH: 591

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 1

atggattctc aggacatcag ataccgcggce ggagacgaca

atggccgaga cagagaggaa aagcgctgac gacaacaaag

gcgatggcga aacgtggtct caagtctctg acggtagcgg

acgctctteg ctacgtattt cctecggcaca agcgacggat

tcgtegtgga tcccacctcet gtggctceccta cacacaacgt

atgggtttgg ctgcgtggcet tgtatgggtt gacggtggcect

ctgtatcttt acttagctca gtttttgete tgtttggttt

gtcgggtcegg gagtageggg gcttgeggtg tggttgggte

tgctacaagg cctttaatga gataagtccg gtcecgetggta

gcttgggetyg cctttgtage cgctgttaat gtaaagcettg

<210> SEQ ID NO 2

<211> LENGTH: 196

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 2

Met Asp Ser Gln Asp Ile Arg Tyr Arg Gly Gly

1 5 10

Ala Thr Thr Ala Met Ala Glu Thr Glu Arg Lys

20 25

Lys Gly Lys Arg Asp Gln Lys Arg Ala Met Ala
35 40

Ser Leu Thr Val Ala Val Ala Ala Pro Val Leu

50 55

Thr Tyr Phe Leu Gly Thr Ser Asp Gly Tyr Gly

65 70 75

Ser Ser Trp Ile Pro Pro Leu Trp Leu Leu His

85 90
Ser Ser Gly Leu Met Gly Leu Ala Ala Trp Leu
100 105

Gly Phe His Lys Lys Pro Asn Ala Leu Tyr Leu
115 120

Leu Leu Cys Leu Val Trp Asp Pro Val Thr Phe

130 135

gagacgctgc
gaaaacgcga
ttgcggctcec
acgggaatcg
gtctcgettc
tccacaagaa
gggatccggt

aatcggctgc

atctggtaaa

cagtcgegtyg

ASP

Ser
30

Arg
45

Vval Thr

60

Asn Arg Ala

Thr Thr

Val

125

Arg Val

140

ASp Arg

Ala Asp

Gly

Leu

Trp Val
110

Leu Ala

Gly

aacgacggct
tcaaaagagg
tgtgctcgtyg
agctaagtcc
tagtggtctg
gcccaatgcet
tacgttccgc
gttattcgga
gccgtgtttyg

=]

Asp Ala

15

Asp Asn

Leu

Phe Ala

Ser
80

Leu Ala
05

Asp Gly

Phe

Gln

Ser Gly

prior art for such specific ef

60

120

180

240

300

360

420

480

540

591

stage at which a naturally occurring (endogenous) TSPO
gene 1s 1induced 1n a plant and there 1s no indication in the

[

eCt.



Val
145
Cys

Lys

Leu

2la

Tvyr

Pro

2la

Gly Leu Ala

Val
195

Ala

Leu
180

Ala

Phe
165

2la
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Val Trp Leu Gly Gln Ser

150

155

A2sn Glu Ile Ser Pro Val

170

Trp Ala Ala Phe Val Ala

185

-continued

A2la Ala Leu Phe

Gly
160

Ala Gly Asn Leu Val

175

Ala Val ZAsn Val

120

Lys

«<210> SEQ ID NO 3

<211> LENGTH:
«212> TYPERE:

591
DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 3

atggattctc

atggccgaga

gcgatggcega

acgctctteg

tcgtegtgga

atgggtttgg

ctgtatcttt

gtcgggtegyg

tgctacaagy

gCcttgggctyg

<210>
<211>
<212 >
<213>

aggacatcag

cagagaggaa

aacgtggtct

ctacgtattt

tcccacctcet

ctgcgtggcet

acttagctca

gagtagcggyg

cctttaatga

cctttgtagce

SEQ ID NO 4
LENGTH :
TYPE :
ORGANISM: Arabidopsis

196
PRT

ataccgcggc

aagcgctgac

caagtctctyg

cctecggcaca

gtggctccta

tgtatgggtt

gtttttgcte

gcttgeggtyg

gataagtccg

cgctgttaat

ggagacgaca

gacaacaaag

acggtagcgg

agcgacggat

gcaacaacgt

gacggtggct

tgtttggttt

tggttgggtﬂ

gtcgctggta

gtaaagcttyg

thaliana

gagacgctgc
gaaaacgcga

ttgcggctcece

acgggaatcg

gtctcgettc

tccacaagaa

gggatccggt

aatcggctgce

atctggtaaa

cagtcgcgtyg

aacgacggct

tcaaaagagyg

tgtgctcgtyg

agctaagtcc

tagtggtctyg

gcccaatgcet

tacgttccgce

gttattcgga

gcogtgttty

a

<400>

SEQUENCE :

Met Asp Ser Gln

1

Ala

Ser

Thr
65

Ser

Ser

Gly

Leu

Val
145

Thr

Gly

Leu

50

Ser

Ser

Phe

Leu

130

2la

Thr

Lys

35

Thr

Phe

Trp

Gly

His

115

Gly

Ala

20

ATJg

Val

Leu

Ile

Leu

100

Leu

Leu

4

Asp

5

Met

Asp

2la

Gly

Pro

85

Met

Val

2la

Tle

Ala

Gln

Vval

Thr

70

Pro

Gly

Pro

Trp

Vval
150

Arg

Glu

bAla

55

Ser

Leu

Leu

Asn

Asp

135

Trp

Thr

ATy

40

Ala

ASP

Trp

Ala

Ala

120

Pro

Leu

Glu
25

Ala

Pro

Gly

Leu

Ala

105

Leu

Val

Gly

Gly

10

Met

Val

Leu
S0

Trp

Thr

Gln

Gly

Ala

Leu

Gly

75

Ala

Leu

Leu

Phe

Ser
155

ASD

Ser

Val
60

AsSn

Thr

Val

ATYJ
140

Ala

Asp

Ala

Arg

45

Thr

Arg

Thr

Trp

Leu

125

Val

Ala

ATrg

ASP

30

Gly

Leu

Ala

Val
110
Ala

Gly

Leu

ASpP

15

ASpP

Leu

Phe

Leu
o5

ASpP

Gln

Ser

Phe

Ala

Agn

Ala

Ser

80

Ala

Gly

Phe

Gly

Gly
160

60

120

180

240

300

360

420

480

540

591

44



Cys Tvr Lvys

Lys Pro Cys

Leu &Ala Val

195

45

US 11,613,762 B2

-continued

Ala Phe Asn Glu Ile Ser Pro Val Ala Gly Asn Leu Val

165

170

175

Leu Ala Trp Ala Ala Phe Val Ala Ala Val Asn Val Lys

180

Ala

185

120

gagacgctgc
gaaaacgcga
ttgcggctcec
acgggaatcyg
gtctcgette
tcgcaaagaa

gggatccggt

aatcggctgce

atctggtaaa

cagtcgegtyg

aacgacggct

tcaaaagagyg

tgtgctcegty

agctaagtcc

tagtggtctyg

gcccaatget

tacgttccgce

gttattcgga

gccecgtgtttyg

a

<210> SEQ ID NO 5

<211> LENGTH: 591

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 5

atggattctc aggacatcag ataccgcggc ggagacgaca

atggccgaga cagagaggaa aagcgctgac gacaacaaag

gcgatggcga aacgtggtct caagtctctg acggtagcgg

acgctcttcg ctacgtattt cctcggcaca agcgacggat

tcgtcgtgga tcccacctct gtggctccta gcaacaacgt

atgggtttgg ctgcgtggct tgtatgggtt gacggtggct

ctgtatcttt acttagctca gtttttgctce tgtttggttt

gtcgggtcegyg gagtageggg gcettgeggtg tggttgggtce

tgctacaagg cctttaatga gataagtccg gtcgctggta

gcttgggcetyg cctttgtage cgctgttaat gtaaagcttg

<210> SEQ ID NO b6

<211> LENGTH: 196

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 6

Met Asp Ser Gln Asp Ile Arg Tvr Arg Gly Gly

1 5 10

Ala Thr Thr Ala Met Ala Glu Thr Glu Arg Lys

20 25
Lys Gly Lys Arg Asp Gln Lys Arg Ala Met Ala
35 40
Ser Leu Thr Val Ala Val Ala Ala Pro Val Leu
50 55

Thr Tyr Phe Leu Gly Thr Ser Asp Gly Tyvr Gly

65 70 75

Ser Ser Trp Ile Pro Pro Leu Trp Leu Leu His
85 S50

Ser Ser Gly Leu Met Gly Leu Ala Ala Trp Leu

100 105
Gly Phe Ala Lys Lys Pro Asn Ala Leu Tyr Leu
115 120
Leu Leu Cys Leu Val Trp Asp Pro Val Thr Phe
130 135

Val Ala Gly Leu Ala Val Trp Leu Gly Gln Ser

145 150 155

Cys Tyr Lys Ala Phe Asn Glu Ile Ser Pro Val
165 170

ASP

Ser

Val
60

AsSn

Thr

Val

ATYg
140

Ala

Ala

Asp

Ala

Arg

45

Thr

Arg

Thr

Trp

Leu

125

Val

Ala

Gly

ATg

ASP

30

Gly

Leu

Ala

Val

110

Ala

Gly

Leu

Agn

ASP

15

ASpP

Leu

Phe

Leu
o5

ASP

Gln

Ser

Phe

Leu
175

Ala

Agn

Ala

Ser

80

b2la

Gly

Phe

Gly

Gly

160

Val

60

120

180

240

300

360

420

480

540

591

46



47

US 11,613,762 B2

-continued

Lys Pro Cys Leu Ala Trp Ala Ala Phe Val Ala Ala Val Asn Val Lys

180

Leu Ala Val Ala

195

<210> SEQ ID NO 7

<211> LENGTH:
<212> TYPERE:

591
DNA

185

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 7

atggattctc

atggccgaga

gcgatggega

acgctctteg

tcgtcecgtgga

atgggtttgg

ctgtatcttt

gtcgggtegyg

tgctacaagy

gﬂttgggﬂtg

<210>
<«211>
<212>
<213>

aggacatcag

cagagaggaa

aacgtggtct

ctacgtattt

tcccacctcet

ctgcgtggcet

acttagctca

gagtagcggyg

cctttaatga

cctttgtage

SEQ ID NO 8
LENGTH:
TYPE :

196
PRT

ataccgcggc

aagcgctgac

caagtctctyg

cctcocggcaca

gtggctccta

tgtatgggtt

gtttttgcte

gcttgeggtyg

gataagtccyg

cgctgttaat

ggagacgaca

gacaacaaag

acggtagcgg

agcgacggat

gcaacaacgt

gacggtggct

tgtttggttt

tggttgggtﬂ

gtcgctggta

gtaaagcttyg

thaliana

120

gagacgctgc

gaaaacgcga

ttgcggctcec

acgggaatcg

gtctcocgettc

tcgcaaagaa

gggatccggrt

aatcggctgce

atctggtaaa

cagtcgcgtyg

aacgacggct

tcaaaagagyg

tgtgctcegtyg

agctaagtcc

tagtggtctg

gcccaatget

tacgttccgce

gttattcgga

gccecgtgtttyg

<400>

SEQUENCE :

Met Asp Ser Gln

1

Ala

Ser

Thr
65

Ser

Ser

Gly

Leu

Val
145

Thr

Gly

Leu
50

Ser

Ser

Phe

Leu

130

2la

Tyr

Thr

Lys
35

Thr

Phe

Trp

Gly

Ala
115

Ala
20

ATg

Val

Leu

Tle

Leu

100

Leu

Leu

Ala

8

Asp

5

Met

AsSp

Ala

Gly

Pro
85

Met

Val

Ala

Phe
165

ITle

Ala

Gln

Val

Thr
70

Pro

Gly

Pro

Trp

Val

150

Agn

ORGANISM: Arabidopsis

Arg

Glu

Ala
55

Ser

Leu

Leu

Asn

Asp

135

Trp

Glu

Thr

ATrg
40

Ala

ASP

Trp

2la

2la

120

Pro

Leu

Tle

ATg

Glu
25

Ala

Pro

Gly

Leu

Ala

105

Leu

Val

Gly

Ser

Gly
10
Arg

Met

Val

Leu
S0

Trp

Thr

Gln

Pro
170

Gly

Ala

Leu

Gly

75

Ala

Leu

Leu

Phe

Ser

155

Val

ASP

Ser

Val
60

AsSn

Thr

Val

ATrg
140

Ala

Ala

Asp

Ala

Arg
45

Thr

Arg

Thr

Trp

Leu

125

Val

Ala

Gly

ATg

ASP

30

Gly

Leu

Ala

Val

110

Ala

Gly

Leu

Agn

ASP

15

ASpP

Leu

Phe

Leu
o5

ASP

Gln

Ser

Phe

Leu
175

Ala

Agn

Ala

Ser
80

Ala

Gly

Phe

Gly

Gly

160

Val

60

120

180

240

300

360

420

480

540

591
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49

US 11,613,762 B2

-continued

Lys Pro Cys Leu Ala Trp Ala Ala Phe Val Ala Ala Val Asn Val Lys

180

Leu Ala Val Ala

195

<210> SEQ ID NO 9

<211> LENGTH:
<212> TYPERE:

591
DNA

185

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 9

atggattctc

atggccgaga

gcgatggega

acgctctteg

tcgtcecgtgga

atgggtttgg

ctgtatcttt

gtcgggtegyg

tgctacaagy

gﬂttgggﬂtg

aggacatcag

cagagaggaa

aacgtggtct

ctacgtattt

tcccacctcet

ctgcgtggcet

acttagctca

gagtagcggyg

cctttaatga

cctttgtage

ataccgcggc

aagcgctgac

caagtctctyg

cctcocggcaca

gtggctccta

tgtatgggtt

gtttttgcte

gcttgeggtyg

gataagtccyg

cgctgttaat

ggagacgaca

gacaacaaag

acggtagcgg

agcgacggat

cacacaacgt

gacggtggct

tgtttggttt

tggttgggtﬂ

gtcgctggta

gtaaagcttyg

120

gagacgctgc

gaaaacgcga

ttgcggctcec

acgggaatcg

ggctcgettc

tccacaagaa

gggatccggrt

aatcggctgce

atctggtaaa

cagtcgcgtyg

aacgacggct

tcaaaagagyg

tgtgctcegtyg

agctaagtcc

tagtggtctg

gcccaatget

tacgttccgce

gttattcgga

gccecgtgtttyg

<210>
<«211>
<212>
<213>

<400>

PRT

SEQUENCE :

Met Asp Ser Gln

1

Ala

Ser

Thr
65

Ser

Ser

Gly

Leu

Val
145

Thr

Gly

Leu
50

Ser

Ser

Phe

Leu

130

2la

Tyr

Thr

Lys
35

Thr

Phe

Trp

Gly

His
115

Ala
20

ATg

Val

Leu

Tle

Leu

100

Leu

Leu

Ala

SEQ ID NO 10
LENGTH :
TYPE :
ORGANISM: Arabidopsis

196

10

Asp

5

Met

AsSp

Ala

Gly

Pro
85

Met

Val

Ala

Phe
165

ITle

Ala

Gln

Val

Thr
70

Pro

Gly

Pro

Trp

Val

150

Agn

Arg

Glu

Ala
55

Ser

Leu

Leu

Asn

Asp

135

Trp

Glu

thaliana

Thr

ATrg
40

Ala

ASP

Trp

2la

2la

120

Pro

Leu

Tle

ATg

Glu
25

Ala

Pro

Gly

Leu

Ala

105

Leu

Val

Gly

Ser

Gly
10
Arg

Met

Val

Leu
S0

Trp

Thr

Gln

Pro
170

Gly

Ala

Leu

Gly

75

His

Leu

Leu

Phe

Ser
155

Val

ASP

Ser

Val
60

AsSn

Thr

Val

ATrg
140

Ala

Ala

Asp

Ala

Arg
45

Thr

Arg

Thr

Trp

Leu

125

Val

Ala

Gly

ATg

ASP

30

Gly

Leu

Ala

Trp

Val

110

Ala

Gly

Leu

Agn

ASP

15

ASpP

Leu

Phe

Leu
o5

ASP

Gln

Ser

Phe

Leu
175

Ala

Agn

Ala

Ser
80

Ala

Gly

Phe

Gly

Gly

160

Val

60

120

180

240

300

360

420

480

540

591
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51

US 11,613,762 B2

-continued

Lys Pro Cys Leu Ala Trp Ala Ala Phe Val Ala Ala Val Asn Val Lys

180

Leu Ala Val Ala

195

<210> SEQ ID NO 11

<211> LENGTH:
<212> TYPERE:

591
DNA

185

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 11

atggattctc

atggccgaga

gcgatggega

acgctctteg

tcgtcecgtgga

atgggtttgg

ctggctettt

gtcgggtegyg

tgctacaagy

gﬂttgggﬂtg

<210>
<«211>
<212>
<213>

aggacatcag

cagagaggaa

aacgtggtct

ctacgtattt

tcccacctcet

ctgcgtggcet

acttagctca

gagtagcggyg

cctttaatga

cctttgtage

SEQ ID NO 12
LENGTH:
TYPE :

196
PRT

ataccgcggc

aagcgctgac

caagtctctyg

cctcocggcaca

gtggctccta

tgtatgggtt

gtttttgcte

gcttgeggtyg

gataagtccyg

cgctgttaat

ggagacgaca

gacaacaaag

acggtagcgg

agcgacggat

cacacaacgt

gacggtggct

tgtttggttt

tggttgggtﬂ

gtcgctggta

gtaaagcttyg

thaliana

120

gagacgctgc

gaaaacgcga

ttgcggctcec

acgggaatcg

gtctcocgettc

tccacaagaa

gggatccggrt

aatcggctgce

atctggtaaa

cagtcgcgtyg

aacgacggct

tcaaaagagyg

tgtgctcegtyg

agctaagtcc

tagtggtctg

gcccaatget

tacgttccgce

gttattcgga

gccecgtgtttyg

<400>

SEQUENCE :

Met Asp Ser Gln

1

Ala

Ser

Thr
65

Ser

Ser

Gly

Leu

Val
145

Thr

Gly

Leu
50

Ser

Ser

Phe

Leu

130

2la

Tyr

Thr

Lys
35

Thr

Phe

Trp

Gly

His
115

Ala
20

ATg

Val

Leu

Tle

Leu

100

Leu

Leu

Ala

12

Asp

5

Met

AsSp

Ala

Gly

Pro
85

Met

Val

Ala

Phe
165

ITle

Ala

Gln

Val

Thr
70

Pro

Gly

Pro

Trp

Val

150

Agn

ORGANISM: Arabidopsis

Arg

Glu

Ala
55

Ser

Leu

Leu

Asn

Asp

135

Trp

Glu

Thr

ATrg
40

Ala

ASP

Trp

2la

2la

120

Pro

Leu

Tle

ATg

Glu
25

Ala

Pro

Gly

Leu

Ala

105

Leu

Val

Gly

Ser

Gly
10
Arg

Met

Val

Leu
S0

Trp

2la

Thr

Gln

Pro
170

Gly

Ala

Leu

Gly

75

His

Leu

Leu

Phe

Ser
155

Val

ASP

Ser

Val
60

AsSn

Thr

Val

ATrg
140

Ala

Ala

Asp

Ala

Arg
45

Thr

Arg

Thr

Trp

Leu

125

Val

Ala

Gly

ATg

ASP

30

Gly

Leu

Ala

Val

110

Ala

Gly

Leu

Agn

ASP

15

ASpP

Leu

Phe

Leu
o5

ASP

Gln

Ser

Phe

Leu
175

Ala

Agn

Ala

Ser
80

Ala

Gly

Phe

Gly

Gly

160

Val

60

120

180

240

300

360

420

480

540

591
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53

US 11,613,762 B2

-continued

Lys Pro Cys Leu Ala Trp Ala Ala Phe Val Ala Ala Val Asn Val Lys

180

Leu Ala Val Ala

195

<210> SEQ ID NO 13

<211> LENGTH:
<212> TYPERE:

591
DNA

185

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 13

atggattctc

atggccgaga

gcgatggega

acgctctteg

tcgtcecgtgga

atgggtttgg

ctgtatcttyg

gtcgggtegyg

tgctacaagy

gﬂttgggﬂtg

<210>
<«211>
<212>
<213>

aggacatcag

cagagaggaa

aacgtggtct

ctacgtattt

tcccacctcet

ctgcgtggcet

ctttagctca

gagtagcggyg

cctttaatga

cctttgtage

SEQ ID NO 14
LENGTH:
TYPE :

196
PRT

ataccgcggc

aagcgctgac

caagtctctyg

cctcocggcaca

gtggctccta

tgtatgggtt

gtttttgcte

gcttgeggtyg

gataagtccyg

cgctgttaat

ggagacgaca

gacaacaaag

acggtagcgg

agcgacggat

cacacaacgt

gacggtggct

tgtttggttt

tggttgggtﬂ

gtcgctggta

gtaaagcttyg

thaliana

120

gagacgctgc

gaaaacgcga

ttgcggctcec

acgggaatcg

gtctcocgettc

tccacaagaa

gggatccggrt

aatcggctgce

atctggtaaa

cagtcgcgtyg

aacgacggct

tcaaaagagyg

tgtgctcegtyg

agctaagtcc

tagtggtctg

gcccaatget

tacgttccgce

gttattcgga

gccecgtgtttyg

<400>

SEQUENCE :

Met Asp Ser Gln

1

Ala

Ser

Thr
65

Ser

Ser

Gly

Leu

Val
145

Thr

Gly

Leu
50

Ser

Ser

Phe

Leu

130

2la

Tyr

Thr

Lys
35

Thr

Phe

Trp

Gly

His
115

Ala
20

ATg

Val

Leu

Tle

Leu

100

Leu

Leu

Ala

14

Asp

5

Met

AsSp

Ala

Gly

Pro
85

Met

Val

Ala

Phe
165

ITle

Ala

Gln

Val

Thr
70

Pro

Gly

Pro

Trp

Val

150

Agn

ORGANISM: Arabidopsis

Arg

Glu

Ala
55

Ser

Leu

Leu

Asn

Asp

135

Trp

Glu

Thr

ATrg
40

Ala

ASP

Trp

2la

2la

120

Pro

Leu

Tle

ATg

Glu
25

Ala

Pro

Gly

Leu

Ala

105

Leu

Val

Gly

Ser

Gly
10
Arg

Met

Val

Leu
S0

Trp

Thr

Gln

Pro
170

Gly

Ala

Leu

Gly

75

His

Leu

Leu

Phe

Ser
155

Val

ASP

Ser

Val
60

AsSn

Thr

Val

Ala

ATrg

140

Ala

Ala

Asp

Ala

Arg
45

Thr

Arg

Thr

Trp

Leu

125

Val

Ala

Gly

ATg

ASP

30

Gly

Leu

Ala

Val

110

Ala

Gly

Leu

Agn

ASP

15

ASpP

Leu

Phe

Leu
o5

ASP

Gln

Ser

Phe

Leu
175

Ala

Agn

Ala

Ser
80

Ala

Gly

Phe

Gly

Gly

160

Val

60

120

180

240

300

360

420

480

540

591

54



3

US 11,613,762 B2

-continued

Lys Pro Cys Leu Ala Trp Ala Ala Phe Val Ala Ala Val Asn Val Lys

180

Leu Ala Val Ala

195

<210> SEQ ID NO 15

<211> LENGTH:
<212> TYPERE:

591
DNA

185

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 15

atggattctc

atggccgaga

gcgatggega

acgctctteg

tcgtcecgtgga

atgggtttgg

ctggctcectty

gtcgggtegyg

tgctacaagy

gﬂttgggﬂtg

<210>
<«211>
<212>
<213>

aggacatcag

cagagaggaa

aacgtggtct

ctacgtattt

tcccacctcet

ctgcgtggcet

ctttagctca

gagtagcggyg

cctttaatga

cctttgtage

SEQ ID NO 1leo
LENGTH:
TYPE :

196
PRT

ataccgcggc

aagcgctgac

caagtctctyg

cctcocggcaca

gtggctccta

tgtatgggtt

gtttttgcte

gcttgeggtyg

gataagtccyg

cgctgttaat

ggagacgaca

gacaacaaag

acggtagcgg

agcgacggat

cacacaacgt

gacggtggct

tgtttggttt

tggttgggtﬂ

gtcgctggta

gtaaagcttyg

thaliana

120

gagacgctgc

gaaaacgcga

ttgcggctcec

acgggaatcg

gtctcocgettc

tccacaagaa

gggatccggrt

aatcggctgce

atctggtaaa

cagtcgcgtyg

aacgacggct

tcaaaagagyg

tgtgctcegtyg

agctaagtcc

tagtggtctg

gcccaatget

tacgttccgce

gttattcgga

gccecgtgtttyg

<400>

SEQUENCE :

Met Asp Ser Gln

1

Ala

Ser

Thr
65

Ser

Ser

Gly

Leu

Val
145

Thr

Gly

Leu
50

Ser

Ser

Phe

Leu

130

2la

Tyr

Thr

Lys
35

Thr

Phe

Trp

Gly

His
115

Ala
20

ATg

Val

Leu

Tle

Leu

100

Leu

Leu

Ala

lo

Asp

5

Met

AsSp

Ala

Gly

Pro
85

Met

Val

Ala

Phe
165

ITle

Ala

Gln

Val

Thr
70

Pro

Gly

Pro

Trp

Val

150

Agn

ORGANISM: Arabidopsis

Arg

Glu

Ala
55

Ser

Leu

Leu

Asn

Asp

135

Trp

Glu

Thr

ATrg
40

Ala

ASP

Trp

2la

2la

120

Pro

Leu

Tle

ATg

Glu
25

Ala

Pro

Gly

Leu

Ala

105

Leu

Val

Gly

Ser

Gly
10
Arg

Met

Val

Leu
S0

Trp

2la

Thr

Gln

Pro
170

Gly

Ala

Leu

Gly

75

His

Leu

Leu

Phe

Ser
155

Val

ASP

Ser

Val
60

AsSn

Thr

Val

Ala

ATrg

140

Ala

Ala

Asp

Ala

Arg
45

Thr

Arg

Thr

Trp

Leu

125

Val

Ala

Gly

ATg

ASP

30

Gly

Leu

Ala

Val

110

Ala

Gly

Leu

Agn

ASP

15

ASpP

Leu

Phe

Leu
o5

ASP

Gln

Ser

Phe

Leu
175

Ala

Agn

Ala

Ser
80

Ala

Gly

Phe

Gly

Gly

160

Val

60

120

180

240

300

360

420

480

540

591

56



S7

US 11,613,762 B2

-continued

Lys Pro Cys Leu Ala Trp Ala Ala Phe Val Ala Ala Val Asn Val Lys

180

Leu Ala Val Ala

195

<210> SEQ ID NO 17

<211> LENGTH:
<212> TYPERE:

537
DNA

<213> ORGANISM: Brassica napus

<400> SEQUENCE: 17

atggattctc

aaacaagccg

aaacgcggtc

acatcctact

ctcgectcecga

cacaagaagc

tgcatggtcy

ttccgatgcet

tgtttggett

aggacatcag

acgacaacaa

Ccaaatccct

tcctecgggaa

gcggtcetgat

ccaacgcetct

ggtcgggact

acaaggcctt

ttgctgegtt

<210> SEQ ID NO 18

<211> LENGTH:
<212> TYPE:
<213> ORGANISM:

178
PRT

<400> SEQUENCE: 18

gtaccgtgcc

caacaacaadad

gacgttagct

tcaggctcgy

gggﬂttggﬂt

gtatctttac

agcagggctt

taatgagacc

tgtagcagcc

Brassica napus

185

gdyadacygCccy

ggcaaacgcyg

gttgcagctc

tcctegtegt

gcgtggeteg

ttggctcagt

gcagtgtgct

agtccggteyg

gttaatgtga

120

ctatggctga

atcaaaagag

ctgtgctcect

gggtccttca

tatgggtcga

ttgtgcttty

tgtgtcagtc

ctggtaatat

agctagcaat

gacgdagagy

ggcgatggct

gactctcttc

cctcatgegt

cgctgggttce

tttgactacyg

tgcggcecttyg

ggtaatgccyg

cgcgtga

Met Asp Ser Gln

1

Glu

ATrg

Leu

Leu

65

Leu

ASP

Gln

Gly

Tle

Thr

ASpP

2la
50

Gly

2la

ala

Phe

Leu

130

2la

Leu

2la

Glu

Gln
35

Val

AgSh

Ser

Gly

Val

115

Ala

Phe

Ala

ATy
20

Ala

Gln

Ser

Phe

100

Leu

Val

Agn

Phe

Arg

Ala

Ala

Gly

85

Hig

Glu

Ala
165

ITle

Gln

Ala

Pro

ATrg
70

Leu

Leu

Leu

Thr
150

Ala

Arg

Ala

Met

Val

55

Ser

Met

Thr

135

Ser

Phe

ASpP
Ala
40

Leu

Ser

Gly

Pro

Thr

120

Gln

Pro

Val

Leu

Ser

Leu

Agn

105

Ser

Val

Ala

2la

10

AgSh

Arg

Thr

Trp

2la

50

ala

Met

2la

2la

Ala
170

Gly

AgSn

Gly

Leu

Val
75

Ala

Leu

Val

Ala

Gly

155

Val

ASDP

Agnh

Leu

Phe

60

Leu

Trp

Gly

Leu

140

Asn

Agnh

Ala

Agh

Lys
45

Thr

His

Leu

Leu

Ser

125

Phe

Met

Val

Ala

Lys

30

Ser

Ser

Leu

Val

110

Gly

ATrg

Val

Met
15

Gly

Leu

Met

Trp

55

Leu

Leu

Met

Leu
175

2la

Thr

Phe

80

Val

Ala

Ala

Pro
160

Ala

60

120

180

240

300

360

420

480

537

58



<210> SEQ ID NO 19

<211> LENGTH:
«212> TYPE:

588
DNA

59

<213> ORGANISM: Brassica napus

<400> SEQUENCE:

atggattctc

gctacggccy

daadagdqdycda

ctcgtgatgc

tcgtggatcc

ggﬂttggﬂtg

Catctttact

gggtcaggat

tacaaggcct

tgtactgcgt

<210>
<211>

19

aggacacagt

agacggacag

tggccaaacy

tcttcgaaac

cacctcegtyg

cgtggctcegt

tggctcagtt

tggccgggcet

ttaatgagat

ttgtagctgce

SEQ ID NO 20
LENGTH:

195

caggcatcgt

gaaacacgca

cggtcttaaa

gtatttccte

ggtcctacac

atgggtggac

tacgctttgt

tgtggtgtgg

cagtcctgtce

cgtgaatgta

US 11,613,762 B2

gygaggagacy
gatgacaaca
tcgcttacgg
ggcggcetacyg
gtcactcgcc
ggtggattcc
ttgctttggy
ctgggtcagt
gctggtaatt

aagctcgcaa

-continued

aaagagacgc

acaaaggcca

tagcggttgce

gcagtcgtgc

tggcgtcgag

acaagaagcc

gtccggttac

ctgcggectt

tggtaaagcc

tcgcectga

ggcaaccacc
acgcgaccaa
ggctcctgtyg
tcggtecteg
cggtctgatg
taatgctctyg
gttcctggtc
gtttggatgc

gtgtttggcet

<212 >
<213>

<400>

TYPE :
ORGANISM: Brassica napus

PRT

SEQUENCE :

Met Asp Ser Gln

1

Ala

Agn

Leu

Phe

65

Ser

Ser

Phe

Leu

Ala
145

Pro

Ala

ala

Agn

Lys

50

Glu

Trp

Gly

His

Cys

130

Gly

Lys

Tle

Thr

Lys

35

Ser

Thr

Tle

Leu

Lys

115

Leu

Leu

Ala

Leu

Ala
195

Thr
20
Gly

Leu

Pro

Met
100

Leu

Val

Phe

Ala
180

20

AsSp

5

Ala

Gln

Thr

Phe

Pro

85

Gly

Pro

Trp

Val

Asn
165

<210> SEQ ID NO 21

Thr

Thr

ATrg

Val

Leu

70

Pro

Leu

Agn

Gly

Trp

150

Glu

Thr

Val

Ala

AsSp

Ala

55

Gly

Trp

Ala

bAla

Pro

135

Leu

ITle

bAla

ATrg

Glu

Gln

40

Val

Gly

Val

2la

Leu

120

Val

Gly

Ser

Phe

His

Thr
25

Ala

Leu

Trp

105

Thr

Gln

Pro

Val
185

10

ASpP

Arg

2la

Gly

His

90

Leu

Leu

Phe

Ser

Val
170

2la

Gly

AYg

Ala

Pro

Ser

75

Val

Val

Leu

Ala
155

Ala

Ala

Gly

Met

Val

60

ATrg

Thr

Trp

Leu

Val

140

Ala

Gly

Val

Asp

Hig

Ala

45

Leu

Ala

Arg

Val

Ala

125

Gly

Leu

Asn

AsSn

Glu

Ala
20

Val

Arg

Leu

ASP

110

Gln

Ser

Phe

Leu

Val
190

Arg

15

ASP

Arg

Met

Ser

2la

o5

Gly

Phe

Gly

Gly

Val
175

ASp

ASpP

Gly

Leu

Ser

80

Ser

Gly

Thr

Leu

Cys
160

Leu

<211> LENGTH:
<212> TYPERE:

549
DNA

<213> ORGANISM: Brassica napus

60

120

180

240

300

360

420

480

540

588



<400> SEQUENCE:

atggattctc

aaacacgcct

cgceggtcetcea

tcctacttcec

cacctcatgc

gacggtgggt

tctttgacta

tctgcggect

atggtaaagc

21

aggacatcag

ccgacgtaaa

aatccctgac

tcgggaatcy

gtctcgecte

tCccacaagaa

cgtgcatggt

tgttcggatyg

cgtgtttggc

61

gtcccgtgcec
caacaaaggg
gttagctgtt
ggctcggtct
gagcggtcetg
gcccaacgcet
cgggtceggga
ctacaaggcc

ttttgctgeg

US 11,613,762 B2

gdadacygCccy

aaacgcgatc

gcagctcctyg

tcctegtgga

atgggcttgg

CtCctatcttt

ctagcagggc

tttaatgaga

tttgtagcag

-continued

caatggctga

aaaagagggc

tgctccectgac

ttctacctct

ctgcgtggcet

acttggctca

ttgcagtgty

ccagtccggt

ccgttaatgt

gaccgagagy
gatggctaaa
tctecttegeca
gtgggtcctt
cgtatgggtc
gtttgtgett
cttgggtcag
cgctggtaat

aaagctagca

atcgcgtaa

<210> SEQ ID NO 22

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Brassica napus

PRT

<400> SEQUENCE:

Met Asp Ser Gln

1

Glu

ASpP

Ala

Gly

65

Hig

Leu

Leu

Ser

Phe

145

Met

Val

Thr

Gln

Val

50

Agn

Leu

Val

Gly
130

Gly

Val

Glu
Lys
35

Ala

Met

Trp

Leu

115

Leu

Leu

ATg

20

ATy

Ala

Ala

ATrg

Val
100

Ala

Ala

Pro

Ala
180

182

22

Ala

Pro

Leu
85

AsSp

Gln

Gly

Cvs
165

Tle

<210> SEQ ID NO 23

Tle

His

Met

Val

Ser

70

Ala

Gly

Phe

Leu

Ala

150

Leu

Ala

Arg

Ala

Ala

Leu

55

Ser

Ser

Gly

Val

bAla

135

Phe

Ala

Ser

Ser

Lys

40

Leu

Ser

Ser

Phe

Leu

120

Val

Agn

Phe

Arg

ASP

25

Thr

Trp

Gly

His

105

Ser

Glu

Ala

2la

10

Val

Gly

Leu

Ile

Leu

50

Leu

Leu

Thr

Ala
170

Gly

Agnh

Leu

Phe

Leu

75

Met

Thr

Gly

Ser

155

Phe

ASD

Asn

Ala
60

Pro

Gly

Pro

Thr

Gln

140

Pro

Val

Ala

Ser

45

Ser

Leu

Leu

AsSn

Cys

125

Ser

Val

Ala

Ala
Gly
30

Leu

Trp

Ala

Ala

110

Met

Ala

Ala

Ala

Met

15

Thr

Phe

Val

2la

55

Leu

Val

2la

Gly

Val
175

Ala

ATrg

Leu

Leu

Leu

80

Trp

Gly

Leu

Agn

160

Agh

<211> LENGTH:
«212> TYPERE:

591
DNA

<213> ORGANISM: Brassica napus

<400> SEQUENCE:

23

atggattctce aggacatcag gcatcgtgga ggagacgaca gagacgcagce aaccaccgcet

atggccgaga cggacaggaa acaggcagat gacaacaaca aaggccaacg cgaccaaaag

agggcgatgg ccaaacgcgg tcttaaatcg ctaacggtag cggttgceggce tectgtgcetc

60

120

180

240

300

360

420

480

540

549

60

120

180



gtgatgctct

tcgtegtgga

atgggcttgg

ctgtatcttt

gtcgggtcag

tgctacaagy

gcttgtgcety

<210>
<211>

tcgaaacgta

tcccacctcec

ctgcgtggcet

acttggctca

gattagccgyg

cctttaatga

cgtttgttac

SEQ ID NO 24
LENGTH:

196

63

tttccteggc
gtgggtccta
cgtatgggtyg
gtttacgctt
gcttgtggtyg
gatcagtccyg

tgccgtgaat

US 11,613,762 B2

ggcggcggcet
cacgccactc
gacggtggat
tgtttgcttt
tggttaggcc
gtagctggta

gtaaagctcy

-continued

acggcagtcg
gcctggegtc
tccacaagaa
ggggtccggt
aatctgcggce

atctggtaaa

caatcgccty

tgctcggtcec

gagcggtcetyg

gcccaatgcet

tacgttcctyg

cttgttcgga

gcegtgttty

a

<212 >
<213>

<400>

TYPE :
ORGANISM:

PRT

SEQUENCE :

Met Asp Ser Gln

1

Ala

Agn

Glu

65

Ser

Ser

Gly

Thr

Leu
145

Leu

<210>
<211>
<212>
<213>

<400>

Thr

Ser

50

Thr

Ser

Ser

Phe

Leu
130

2la

Tyr

Pro

2la

Thr
Gly
35

Leu

Trp

Gly

His
115

Tle
195

Ala

20

Gln

Thr

Phe

Tle

Leu

100

Leu

Leu

Ala

Leu
180

Ala

SEQUENCE :

Brassica napus

24

Asp

5

Met

Arg

Val

Leu

Pro

85

Met

Leu

Vval

Phe
165

Ala

SEQ ID NO 25
LENGTH :
TYPE: DNA

ORGANISM: Brassica rapa

537

25

ITle

Ala

ASpP

Ala

Gly

70

Pro

Gly

Pro

Trp

Vval
150

Agn

Arg

Glu

Gln

Val

55

Gly

Pro

Leu

Asn

Gly

135

Trp

Glu

Ala

His

Thr

Lys

40

2la

Gly

Trp

Ala

Ala

120

Pro

Leu

Tle

Ala

ATrg

ASP

25

ATrg

Ala

Gly

Val

Ala

105

Leu

Val

Gly

Ser

Phe
185

Gly
10

2la

Pro

Leu
S0

Trp

Thr

Gln

Pro
170

Val

Gly

Met

Val

Gly

75

His

Leu

Leu

Phe
Ser
155

Val

Thr

ASDP

Gln

Ala

Leu

60

Ser

Ala

Val

Leu
140

Ala

Ala

Ala

Asp

Ala

Lys

45

Val

Arg

Thr

Trp

Leu

125

Val

Ala

Gly

Val

ATg

ASP

30

ATrg

Met

Ala

ATrg

Val

110

Ala

Gly

Leu

Agn

Agn
190

ASP

15

ASP

Gly

Leu

Arg

Leu

o5

ASP

Gln

Ser

Phe

Leu
175

Val

2la

Agn

Leu

Phe

Ser

80

b2la

Gly

Phe

Gly

Gly
160

Val

atggattctc

aaacaagccyg

aaacgcggtce

acatcctact

ctcgectcega

aggacatcag

acdacaacad

tcaaatcccect

tcctecgggaa

gcggtcetgat

gtaccgtgcc

caacaacada

gacgttagct

tcaggctcgy

gggﬂttggﬂt

gdadacygCccy

ggcaaacgcyg

gttgcagctc

tcctegtegt

gcgtggeteg

ctatggctga

atcaaaagag

ctgtgctcect

gggtccttca

tatgggtcga

gdcgdagagy

ggcgatggct

gactctcttc

cctcatgegt

cgctgggttce

240

300

360

420

480

540

591

60

120

180

240

300

64



cacaagaagc

tgcatggtcy

ttcggatgcet

tgtttggett

ccaacgctct

ggtcgggact

acaaggcctt

ttgctgegtt

<210> SEQ ID NO 26

<211> LENGTH:
«212> TYPE:
<213> ORGANISM:

178
PRT

<400> SEQUENCE: 26

65

gtatctttac

agcagggctt

taatgagatc

tgtagcagcc

Brassica rapa

US 11,613,762 B2

ttggctcagt

gcagtgtgct

agtccggteyg

gttaatgtaa

-continued

ttgtgctttyg

tgtgtcagtc

ctggtaatat

agctcgcaat

tttgactacg

tgcggceccttyg

ggtaaagccyg

cgcgtga

Met Asp Ser Gln

1

Glu

ATrg

Leu

Leu

65

Leu

ASpP

Gln

Gly

Lys

145

Tle

Thr

ASpP

Ala

50

Gly

2la

Ala

Phe

Leu

130

2la

Leu

2la

Glu

Gln

35

Val

Agn

Ser

Gly

Val

115

Ala

Phe

Ala

ATrg

20

Ala

Gln

Ser

Phe

100

Leu

Val

Agn

Phe

Ala

Ala

Gly

85

His

Glu

2la
165

«210> SEQ ID NO 27

ITle

Gln

Ala

Pro

ATrg

70

Leu

Leu

Leu

Tle
150

Ala

Arg

bAla

Met

Val

55

Ser

Met

Thr

Cys
135

Ser

Phe

ASDP

2la
40

Leu

Ser

Gly

Pro

Thr

120

Gln

Pro

Val

ATrg

ASDP

25

Leu

Ser

Leu

AgSh

105

Ser

Val

Ala

2la
10

Agn

Thr

Trp

2la

50

Ala

Met

ala

2la

2la
170

Gly

Asnh

Gly

Leu

Val

75

Ala

Leu

Val

Ala

Gly

155

Val

ASpP

AsSn

Leu

Phe

60

Leu

Trp

Gly
Leu
140

AsSn

AsSn

Ala

AsSn

Lys

45

Thr

His

Leu

Leu

Ser

125

Phe

Met

Val

Ala

Lys

30

Ser

Ser

Leu

Val

Tyr

110

Gly

Gly

Val

Met
15
Gly

Leu

Met
Trp
55

Leu

Leu

Leu
175

2la

Thr

Phe

Arg

80

Val

Ala

b2la

Pro
160

b2la

<211> LENGTH:
<212> TYPE:

591
DNA

<213> ORGANISM: Brasgica rapa

<400> SEQUENCE: 27

atggattctc

atggccgaga

agggcgatgg

gtgatgctct

tcgtecgtgga

atgggcttgg

ctgtatcttt

gtcgggtcecag

tgctacaagy

gcttgtgcty

aggacatcag

cggacaggaa

ccaaacgcygy

tcgaaacgta

tcccacctcec

ctgcgtggcet

acttggctca

gagtagccgg

cctttaatga

cgtttgttac

gcatcgtgga

acaggcagat

tcttaaatcy

tttcctegygc

gtgggtccta

cgtatgggtg

gtttacgctt

gcttgtggtyg

gatcagtccyg

tgccgtgaat

ggagacgaca

gacaacaaca

ctaacggtag

ggcggceggcet

cacgccactc

gacggtgggt

tgtttgettt

tggttaggcc

gtagctggta

gtaaagctcyg

gagacgcagc

aaggccaacg

cggttgceggc

acggcagtcg

gcctggegtc

tccacaagaa

ggggtccggt

aatctgcggce

atctggtaaa

caatcgcctyg

aaccaccgct

cgaccaaaag

tcetgtygcetce

tgctcggtec

gcegeggtetyg

gcccaatgcet

tacgttcctg

cttgttcecgga

gcecgtgtttyg

360

420

480

537

60

120

180

240

300

360

420

480

540

591

06



<210> SEQ ID NO 28

<211> LENGTH:

«212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Asp Ser Gln

1

Ala

Asn

Glu

65

Ser

Ser

Gly

Thr

Val
145

Leu

Thr

Ser

50

Thr

Ser

Arg

Phe

Leu

130

Ala

Pro

2la

Thr
Gly
35

Leu

Trp

Gly

His
115

Tle
195

Ala

20

Gln

Thr

Phe

Ile

Leu

100

Leu

Leu

Ala

Leu

180

Ala

196

67

Brassica rapa

28

Asp
5

Met

Arg

Val

Leu

Pro

85

Met

Leu

Val

Phe
165

Ala

<210> SEQ ID NO 29

ITle

Ala

ASpP

Ala

Gly

70

Pro

Gly

Pro

Trp

Val

150

Agn

Arg

Glu

Gln

Val

55

Gly

Pro

Leu

ASn

Gly

135

Trp

Glu

Ala

His

Thr

Lys

40

2la

Gly

Trp

Ala

2la

120

Pro

Leu

Tle

Ala

ATrg

ASP

25

ATrg

Ala

Gly

Val

Ala

105

Leu

Val

Gly

Ser

Phe
185

Gly

10

2la

Pro

Leu
S0

Trp

Thr

Gln

Pro

170

Val

US 11,613,762 B2

Gly

Met

Val

Gly

75

His

Leu

Leu

Phe

Ser

155

Val

Thr

-continued

ASDP

Gln

Ala

Leu

60

Ser

Ala

Val

Leu
140
Ala

Ala

Ala

Asp

Ala

Lys

45

Val

Arg

Thr

Trp

Leu

125

Val

Ala

Gly

Val

ATrg

ASP

30

ATrg

Met

Ala

ATg

Val

110

Ala

Gly

Leu

Agn

Agn
190

ASP

15

ASpP

Gly

Leu

Arg

Leu
o5

ASP

Gln

Ser

Phe

Leu

175

Val

2la

Agh

Leu

Phe

Ser

80

2la

Gly

Phe

Gly

Gly

160

Val

<211> LENGTH:
<212> TYPE:

582
DNA

«213> ORGANISM: Orvza

<400> SEQUENCE:

atggcctccyg

agaggggatg

ccgagygaagy

tcggttgegce

gcegygegagyy

geggegtgga

ccgttegtygy

gcgcecgeydy

Cgﬂgggttﬂg

gccgtectcec

29

ccgocgecgc

gcggegatgce

cygggedegce

tgatggccgc

tgacggtcgc

tggtgtgggc

cgcagctggt

Cﬂgggﬂtggﬂ

gcggcgtcaa

tcgcagtcat

<210> SEQ ID NO 30

<211> LENGTH:
<212> TYPERE:

193
PRT

«213> ORGANISM: Orvza

gativa

cgoeocgacygcoc

tgcggcegacyg

caaqgcygcygddy

ctcgttcectac

gCeggygcyggyy

g9gagyggcgygy

cgccocgagcety

gtgctgegeyg

cceegtegec

caactacaag

gativa

gcgcaggaay

gcgggtggtyg

ctgcggtcgc

ggctccgggrt

tcggtggegy

ctccacecgcce

gegtgggegce

gcgatggeceg

ggcgacctcyg

atgatgaact

ggatcactca

gcgagygcegyge

tcgccgecgce

ngﬂgtﬂggﬂ

cggaggeggt

gccooggcogc

cgctcecgeget

ccggegecgce

ccaagccgtyg

gda

ccgcegecegtyg

gagccgggat

cgtgtceccegtyg

gtcggcgtcg

gatggcgctg

gacgctggcg

ggggﬂtﬂgﬂﬂ

ggcgtgegeyg

cgtcgectygyg

60

120

180

240

300

360

420

480

540

582



<400> SEQUENCE:

Met Ala Serxr

1

Hig

Gly

Arg

Met

65

Ala

Val

ATrg

Ala

Gly

145

ATrg

Agn

Arg

Gly

Gly

50

2la

2la

Met

Arg

Leu

130

Leu

Gly

Val

Ala

Glu

35

Leu

Ala

Ala

Pro

115

Ala

2la

Phe

Ala

Ala

Val

20

Ala

ATrg

Ser

Val

Leu

100

Gly

Trp

Gly

Trp
180

30

2la

Arg

Ala

Ser

Phe

Thr

85

2la

Ala

Ala

Gly
165

Ala

<210> SEQ ID NO 31

Ala

Gly

Ser

Leu

Tyr

70

Val

Ala

Thr

Pro

Ala

150

Val

Val

69

bAla
Asp
Arg
Ala
55

Gly
Ala
Trp
Leu
Leu
135
Ala

Asn

Leu

Ala

Gly

ASP

40

2la

Ser

Arg

Met

2la

120

Ala

Met

Pro

Leu

Ala

Gly

25

Pro

Ala

Gly

Ala

Val

105

Pro

Leu

Ala

Val

Ala
185

2la
10

ASpP

Arg

Val

Ser

Gly

50

Trp

Phe

Gly

2la

2la

170

Val

US 11,613,762 B2

Ala

Ala

Ser

Ala
75

Ser

A2la

Val

Leu

Gly

155

Gly

Ile

-continued

Gln

Ala

Ala

Val

60

Ser

Val

Glu

Ala

Ala

140

Ala

ASDP

Agnh

Glu

Ala

Gly

45

Ser

Ala

Ala

Gly

Gln

125

Ala

Ala

Leu

Gly

Thr

30

ATy

Val

Ser

2la

Gly

110

Leu

Pro

Ala

Ala

Lys
120

Tle

15

2la

Ala

2la

2la

Glu

55

Leu

Val

Ala

Lys
175

Met

Thr

Gly

Leu

Ser

80

2la

His

2la

Ala

Ala

160

Pro

Met

<211l> LENGTH:
<212> TYPR:
ORGANISM: Camelina sgativa

<213>

591
DNA

<400> SEQUENCE: 31

atggattctc

atggccgaga

gccatggcga

acgctctteg

tcgtcatgga

atgggcctgg

ttgtatcttt

Gtﬂgggtﬂgg

tgtttcaagy

gﬂttgggﬂtg

aggacatcag

cggaaaggaa

aacgcggtct

ccacgttttt

tcccacctcet

ctgcgtggcet

acttggctca

gaatagcggg

cctttagtga

cgtttgtagc

<210> SEQ ID NO 32

<211l> LENGTH:
<212> TYPR:
ORGANISM: Camelina sativa

<213>

196
PRT

gtaccgtggc

acacgctgac

caggtctcty

cctecggcaca

atggctccta

cgtatgggtc

gtttttagtt

gcttgeggtyg

gataagcccg

cgctgttaat

ggagacgaca

gacaacaaag

accgtagcag

agcgacggct

cacaccacgt

gacggtggtt

tgtttgettt

tggttgggtﬂ

gtcgctggta

gtaaagcttyg

gagacgccgc

ggaaactcca

ttgcggctec

acgggaaccyg

gtctcocgegtc

tccacaagaa

gggatccggt

aatctgcggc

atttggtaaa

caatcgcgta

aacgacggct

tcaaaaaagyg

tgtcctegty

tgctcecggtca

gagctgtctc

gcctaatgcet

tacgtttcgyg

gttattcggy

gccecgtgtcetyg

60

120

180

240

300

360

420

480

540

591

70



<400> SEQUENCE:

Met Asp Ser Gln

1

Ala

Ser

Thr

65

Ser

Ser

Gly

Leu

Tle
145

Leu

Thr

Gly

Leu

50

Phe

Sexr

Ser

Phe

Val

130

Ala

Phe

Pro

2la

Thr

Lys

35

Thr

Phe

Trp

His
115

Tle
195

Ala

20

Leu

Val

Leu

Tle

Leu

100

Leu

Leu

Ala

Leu

180

Ala

32

Asp

Met

His

2la

Gly

Pro

85

Met

Leu

2la

Phe
165

Ala

<210> SEQ ID NO 33

Tle

Ala

Gln

Vval

Thr

70

Pro

Gly

Pro

Trp

Val

150

Ser

Trp

71

Arg

Glu

Ala
55

Ser
Leu
Leu
Asn
Asp
135
Trp

Glu

Ala

Thr

AT

40

2la

ASP

Trp

2la

2la

120

Pro

Leu

Ile

Ala

Glu
25

Ala

Pro

Gly

Leu

Ala

105

Leu

Val

Gly

Ser

Phe
185

Gly
10
Arg

Met

Val

Leu
SO

Trp

Thr

Gln

Pro

170

Val

US 11,613,762 B2

Gly

Ala

Leu

Gly

75

His

Leu

Leu

Phe

Ser

155

Val

Ala

-continued

ASD

Hig

Val

60

Asn

Thr

Val

ATrg

140

Ala

Ala

Ala

Asp

Ala

Arg

45

Thr

Arg

Thr

Trp

Leu

125

Leu

Ala

Gly

Val

ATrg

ASP

30

Gly

Leu

Ala

Val

110

Ala

Gly

Leu

Agn

ASnhn
190

ASpP

15

ASP

Leu

Phe

Arg

Leu
S5

ASpP

Gln

Ser

Phe

Leu

175

Val

Ala

Agn

Arg

Ala

Ser

80

2la

Gly

Phe

Gly

Gly

160

Val

<211> LENGTH:
<212> TYPE:

546
DNA

<213> ORGANISM: Linum

<400> SEQUENCE: 33

atgaatacat

gtcatggcaa

acgattctaa

ccggtgtegt

tgcgtgacta

tttcacaacg

ttgatcccga

ttgﬂttgggg

gatttggtca

atttag

cagggacaaa

agagggggcet

gcatctactt

cgtataagaa

gcactttttt

aacctgcgac

ttgtgtgtgg

cactaataag

agccatgcat

<210> SEQ ID NO 34

<211l> LENGTH:
<212> TYPR:
ORGANISM: Linum usitatigsgsimum

<213>

181
PRT

ugsitatiggsimum

caacataagc

acggtcgcett

ccteggtggc

gccecgttttgy

aatgggcctt

attgtacata

gttaaatatc

ctgttctcgc

tgcttgggcet

agtacgagag

gccgtagecce

ggtggctaca

ttcccaccat

tctgggtggc

tatggagtcc

ccatcattag

cattttagga

gccttcettga

accaaggaga

taggtcttec

acagcgacga

cgtgggtgat

tagtttgggc

agatgggatt

ggctcatcat

tcacgaatcc

ttattctcaa

gaagaggatg

CCccttececta

cgagctattg

ccacgttttt

ggagggtagyg

caactcgatt

atctatgtgt

tattgctget

Cctcaaactc

60

120

180

240

300

360

420

480

540

546

72



<400> SEQUENCE:

Met

1

Glu

Ala

Gly

Tyr

65

Ala

Val

Agn

Leu

145

ASp

Asn

Agn

Lys

Leu

Gly

50

Val

Glu

Gln

Tle

130

Ile

Leu

Leu

Thr

ATrg

Gly

35

Gly

Thr

Gly

Met

115

Pro

Ser

Val

Ser

Met

20

Leu

Gly

Pro

Ser

ATg

100

Gly

Ser

Leu
180

34

Gly

Val

Pro

Phe

Thr

85

Phe

Phe

Leu

Ser

Pro

165

Tle

Thr

Met

Pro

Agn

Trp

70

Phe

His

AsSn

Gly

ATg
150

73

AsSn
Ala
Ser
Ser
55

Phe
Leu
Asn
Ser
Leu
135

Hig

Tle

Agn

Leu

40

ASP

Pro

Met

Glu

Ile

120

Tle

Phe

Ala

Tle

ATg

25

Thr

ASP

Pro

Gly

Pro

105

Leu

Tle

ATrg

Trp

Ser

10

Gly

Tle

Glu

Ser

Leu

50

2la

Ile

Ser

Ile

2la
170

US 11,613,762 B2

Ser

Leu

Leu

Leu

Trp

75

Ser

Thr

Pro

Met

Thr

155

Ala

-continued

Thr

ATYJ

Ser

Leu

60

Val

Gly

Leu

Ile

Cvys

140

Asn

Phe

Arg

Ser

ITle

45

Pro

Ile

Trp

Val
125
Leu

Pro

Leu

ASP

Leu

30

Val

Hig

Leu

Ile

110

Leu

Ile

Tle

Gln

15

ala

Phe

Ser

Val

Val

o5

Tyr

Gly

Gly

2la

Tle
175

Gly

Val

Leu

Ser

Phe

80

Trp

Gly

Leu

Ala

2la

160

Leu

<210>
<211l>
<212>
<213>
<400>
atggccaccy
ggcgccyggcey
gcaaacagca
ctcacggcgc
gcgtcgactyg
gcggegtgga
ccectatgecy
gccgcyggegce
gcgegegggt

tgggccgtca

SEQUENCE :

SEQ ID NO 35
LENGTH:
TYPE :
ORGANISM: Zea

582
DNA

35

cacaggaagg

agdgcdceggce

gcaggcgtygg

tgtcgttett

tggcggtggt

tggcegtgggce

cgcacctggy

gﬂgﬂgggﬂﬂt

tcggcegecogt

tcetegecogt

<210> SEQ ID NO 36

<211> LENGTH:
«212> TYPERE:

193
PRT

mays

tctgacccag

ggccgtcetceg

gctcegttceg

cygccgcygygyy

geggygcecyyy

ggagygycygyy

cgccocgecectc

cgcctgetgc

caaccccgty

cgtcaactac

«213> ORGANISM: Zea mavys

<400> SEQUENCE:

36

cgcgtegttyg
ggtcccaaca
ctcgcecgecyg
cagtcgccac
tcggtggegt
ctgcacgcgc
gcatgggcgce
gccgtcatgy
gctggogacc

aagatgctct

ccagtgccag

dadaagcCcydydgy

cggtgtcectt

cgtcgceccaa

tggaggcgdt

gccoeggcagc

cactcgtgcet

CCCgygygCcygcC

tcgcgaagec

Jda

cagggacgac

CyCcygyCcCcycC

ctcecgtggceg

gaccgccacy

gctggcgctg

cacgctgctce

gtgcagccac

cgtggcegtgce

cgcegtegec

Met Ala Thr Ala Gln Glu Gly Leu Thr Gln Arg Val Val Ala Ser Ala

1

5

10

15

Ser Arg Asp Asp Gly Ala Gly Glu Ser Ala Ala Ala Val Ser Gly Pro

20

25

30

60

120

180

240

300

360

420

480

540

582



Agn

ATrg

Ser

65

Ala

Val

Ala

Ala

Ala

145

Ala

Pro

Leu

Ser

50

Phe

Ser

Leu

ATrg

Leu

130

Gly

Arg

2la

Lys
35

Leu

Phe

Thr

Ala

Pro

115

Ala

Leu

Gly

Val

Pro

Ala

Ala

Val

Leu

100

Ala

Trp

Ala

Phe

Ala
180

Gly

Ala

2la

Ala

85

Ala

Ala

Ala

Gly
165

Trp

«210> SEQ ID NO 37

Gly

Ala

Gly

70

Val

Ala

Thr

Pro

Cvys

150

Ala

Ala

7S

Gly

Val

55

Gln

Val

Trp

Leu

Leu

135

bAla

Val

Val

ATrg

40

Ser

Ser

ATy

Met

Leu

120

Val

Val

Agn

Ile

Ala

Phe

Pro

Ala

Ala

105

Pro

Leu

Met

Pro

Leu
185

Agn

Ser

Pro

Gly

S0

Trp

2la

Val
170

2la

US 11,613,762 B2

Ser

Val

Ser

75

Ser

Ala

Ala

Ser

Ala

155

Ala

Val

-continued

Ser

Ala

60

Pro

Val

Glu

Ala

Hisg

140

Gly

Gly

Val

Arg Arg Gly

45

Leu

Lys

Ala

Gly

His

125

Ala

Ala

Asp

Asn

Thr

Thr

Leu

Gly

110

Leu

Ala

Val

Leu

Tyr
190

2la

2la

Glu

S5

Leu

Gly

ala

2la

2la
175

Leu

Leu

Thr

80

2la

Hig

Ala

ATrg

Cys

160

Met

<211l> LENGTH:
<212> TYPE:
<213> ORGANISM: Helianthus annuus

507
DNA

<400> SEQUENCE: 37

atgacttaca

atccgatcac

tggtttggag

tgggccatac

gtgtgggcecy

ctcgggettyg

ttagccatga

ataaatccaa

tctgtaaatc

atgtcgcaag

tgagcctagc

agagcaacac

acctaacctce

agagcgggtt

gcttggcetty

gtttgggcca

tagccggtga

tatattatgt

«<210> SEQ ID NO 38

<211> LENGTH:

168

aacgagatct

cattgtggtc

ctacaagaac

tgtgtcaacy

tcaccgcaaa

gaacaagatc

attggttacc

catagtgaag

actttag

cadaddadac

ccegtgggtc

ctaacccgac

gctttcttaa

cccatggcta

Cttttcaaaa

attttaattt

ctttgtttygg

catcaacagc

tcaccctaac

ccttetggat

tggggttatc

tggttatgta

cgggccaccac

gttcacaaat

tttggaccygy

tagccgtggt

aaccatcata

cCcctcccettyg

ggcttggctc

cttggctcag

tcaaatgggc

gtttagccgy

gtttttaacg

<212> TYPRE:
<213> ORGANISM: Helianthus annuus

PRT

<400> SEQUENCE:

38

Met Thr Tyr Asn Val Ala

1

5

Ala Ser Arg Gly Ile Arg

20

Gly Leu Thr Leu Thr Thr

35

Lys Asn Leu Thr Arg Pro

50

Arg

Ser

ITle

Phe
55

Thr

Leu

Ile
40

Trp

Arg

Ser
25

Trp

Tle

Ser
10

Leu

Phe

Pro

Gln

Ala

Gly

Pro

Tle

Glu

Leu
60

Lys

Val

Ser
45

Trp

Pro

Val
30

Agn

Ala

Ser
15

Pro

Thr

Tle

Thr

Val

His

60

120

180

240

300

360

420

480

507

76



Leu
6h

Val

Val

Ala
145

Ser

Thr

Trp

Leu

Thr

Thr

130

Gly

Val

Ser

Ala

Ala

Gly

115

Ile

ASP

Agn

Val

Glu

Gln

100

Pro

Leu

Tle

Leu

Ser

Ser

85

Leu

Thr

Ile

Vval

Tyr

Thr
70

Gly

Gly

Gln

Lys
150

Tyr

77

Ala

Phe

Leu

Met

Ser

135

Leu

Val

Phe

His

Gly

Gly

120

Gln

Leu

Leu

ATrg

Leu

105

Leu

Met

Leu

Met

Lys

50

2la

2la

Phe

Val

US 11,613,762 B2

Gly

75

Pro

Trp

Met

Ser

Trp
155

-continued

Leu Ser Ala Trp

Met

AsSn

Ser

ATy

140

Thr

Ala

Leu
125

Ile

Gly

Met

Tle
110

Gly

Agn

Phe

Val

55

Phe

Gln

Pro

Leu

Leu
80

Met

Phe

Leu

Ile

Thr
160

165

<210> SEQ ID NO 39

<211l> LENGTH:
<212> TYPR:
<213> ORGANISM: Helianthus annuus

576
DNA

<400> SEQUENCE: 39

atggactcca

tctccaaccc

cgctcactgy

ttcggctgga

gctctacatt

tgggctgaag

gggctgagcc

ttggtgtgtt

aaccggactyg

Cttcatgttt

cctcacaaga

Ctcaacccaa

ctgtcgggat

accgaaccta

taacatgttt

gggggtttca

tggcttggga

tgggtcagat

cgggtgattt

tgtggtettyg

«210> SEQ ID NO 40

<211> LENGTH:

191

actcaaacac

cacaaaaact

cgcgatcccyg

ccgaaccatce

gggttcggct

taagaacccyg

ccoggtgttt

ggcgactatg

gggtatggtyg

caatgtaata

agagccacca

caaadaacdadadc

ttagctctaa

cacaaaccgt

tttattatgg

agtgcggteg

tttaagatgyg

tggtcettgtt

aagggggtct

atatga

ccaccaccac

gtatcccgac

ccttagccaa

tctgggtcecc

gtttatcggc

ggttttattt

gtgcggcetag

tgaagatgtt

ttgtgtatag

agaagaccaa

acgtggcatc

catatctatc

accgttatgyg

ttggcttgtt

ggggcagttyg

gttgggtttg

tgggcgggtt

aagtttatgc

«212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Asp Ser Thr

1

Thr

Gln

Tle

ATrg

65

Ala

Ala

Glu

ATy

Pro

50

Thr

Leu

Trp

ASP

Ile

35

Leu

Hig

Leu

Gln
20

Pro

Ala

ATg

Leu

Val
100

Helianthug annuus

40

Ser
5

Ser

Thr

Leu

Thr

Thr

85

Trp

Gln

Pro

ATg

Thr

Tle

70

Ala

Glu

Thr

Gly

Leu

55

Hisg

Leu

Glu

Leu

Leu

Ile

40

Ala

Gly

Gly

Gln

25

ATg

Agn

Pro

Ser

Gly
105

His
10

Pro

Ser

Tle

Phe

ala

S0

Phe

Arg

Agn

Leu

Ser

Trp

75

Phe

His

Ala

Thr

Ala

Tle

60

Val

ITle

Thr

Val

45

Phe

Pro

Met

AsSn

Thr

Thr

30

Gly

Gly

Pro

Gly

Pro
110

Thr

15

Gln

Ile

Trp

Leu

Leu

S5

Ser

Thr

Ala

Agn

Trp

80

Ser

Ala

60

120

180

240

300

360

420

480

540

576

78



Val

Val

Gly

145

Asn

ATy

Gly

Phe

130

Gln

Arg

Ser

Phe

115

Phe

Met

Thr

Leu

Ala

Ala

Cys
180

Leu

Met

Thr

Gly
165

Phe

Gly

Gly

Met

150

ASpP

Hig

79

Gln

Ala

135

Trp

Leu

Val

Leu

120

2la

Ser

Gly

Leu

Gly

ATrg

Met

Trp
185

Leu

Leu

Leu

Val

170

Ser
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Ser

Gly

Liys
155

-continued

Leu Ala Trp Asp

125

Leu Leu
140
Met Phe

Gly Val

Asn Val

Val

Gly

Phe

Ile
120

Cys

Arg

Val
175

Ile

Pro

Leu

Val
160

<210> SEQ ID NO 41

<211> LENGTH:
<212> TYPE:
<213> ORGANISM: Arabidopsis

400
DNA

<400> SEQUENCE: 41

taggcgataa
actgcaggtt
gaagctctca
gcgtctagcec
ccaaattaaa
CCLatttttta

aaactgtgtyg

taagtgcgac

ttttgaatag

aactcgccygy

aacgccgcegt

tgagcctatt

ataatgcaaa

tatgcatcag

<210> SEQ ID NO 42

<«211> LENGTH:
<212> TYPE:
ORGANISM: Linum

<213>

1000
DNA

<400> SEQUENCE: 42

gccaatggaa

aggaactgcc

gtgtctcatg

tggcggcgygy

accaagtcaa

tcagatataa

cggttttggt

ttggtcegttc

tttagcttca

atatttggtt

tttatttgtg

ataacaaacc

aaattatttt

caaacctcat

gcttcettaat

tttgcaatca

ttctacaccc

cggctcaatt

gccaatggaa

atgtttgtat

gggatcatct

atgtatgtgt

ataagggata

ttctgtcaaa

ggagagttaa

cctttttgtyg

accatacaaa

CgLtttctct

aacaaaaata

atctggtttt

tcacttgttt

ctettgtetce

actaacaaaa

gagggcaaca

taggattgca

atcggatcga

tgatgaggceg

daacagacaac

gggcttcecttyg

agtattaagc

acatgagcat

thaliana

tcagcaagaa

ttecgtetect

ccegecatga

tacttccata

tcttagtcgy

gataaataaa

atagagtaag

ugitatiggsimum

caattgaccc

gcgctattaa

gtgagcaggt

acttactctyg

aagggcgtgt

caatgattga

acggtttggt

aaatcgagca

ggtgtcgcca

cgggaggtat

tttggtattt

tatatgcaag

Ctaataattt

CLLcCctcttac

tagctcecttce

atatatctat

acaacaacat

agggaattcc

gtaaactaga

ctttcatgga

ttactgaagt

ttggctggtt

tttattgtgce

ttttgtagta

actcacgagt

ccecctattta

tggcttetta

tctgagcaaa

aatataatcc

attgtgtett

cctatataga

atgccctaat

tcatcgacat

cacaacgatyg

ttagcgcgaa

tccceccagecy

aaacagagca

ttactactct

tgtagagccc

taagcatcgc

cgattggcca

aaggtaaggg

aatttaaggg

cttactgtat

ggttagtcta

ataccttecgt

atcaaattaa

tacctcatcg

gttatgtgat

dcaaaccaac

aaattatttt

Caaattttct

aactctttca

atggcataaa

aagataaaaa

tccgagcatce

tgcgaatgga
acggctacga
aatcgcatca
tctaattagce
aattgttgtt

aatcgtccca

gagatgttga

gagggcetggyg

aatatgtaga

cattgattga

tggggcgagy

gtctactttt

ctactgaata

ctegtatttt

tttgtaattc

aaaaaaatat

gtatttctte

cccataacac

atcttcccat

acatttcatt

agcgattcat

gcgatctaca

60

120

180

240

300

360

400

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

560

1000

80



81
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-continued

ttaaaaagaa tcgctcataa gatggcatgce cagaacatta gctacacgtt

tgcagacgcg gaggattgtt tttgttcecgtc acttgtcact cccttcaaac

ttctctctca cagcacacac atacaatcac atgcgtgcat gcattattac

<210> SEQ ID NO 43

<211l> LENGTH: 200

<212> TYPE: DNA

<213> ORGANISM: Brassica napus
<400> SEQUENCE: 43

taccttgttt

acacaaagca

acctaagagc

acgtgatcgc catgcaaatc

<210> SEQ ID NO 44

<211> LENGTH:
<212> TYPERE:

786
DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE:

ggttcttgag
aatttgaaag
gattttgaac
aagtggtcta
gctgtgtaca
tcattatttca
atgatcccat
attttaatgc
agaaatttgt
tttaagtgga
aatgtactat
tggatgcatyg
cacaaaagag
cagagc
<210>

<21ll>

<212>

<213>

<220>
<223 >

<400> SEQUENCE:

44

accgatgaga

gctcecttaggt

caaadaaaac

ggatctgatt

aaactacaaa

ctgaggttag

aattagtcag

acatgtaatc

agactttttt

aaaccgaaat

Cttgctattt

agtttgagta

gatccataca

SEQ ID NO 45
LENGTH :

TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: primer sequence SeMb'!

38
DNA

45

gatgggagca

ttgaatccta

atttaaaaaa

gtaattttag

taatatattt

agaatagact

agggtatgcec

atagtttagc

ttggcgttaa

tttccatcga

tggcaacttt

tacacatgtc

aatacatctc

gaactaaaga

ttcgagaatg

tcagtatccyg

acttaaagag

tagactattt

tgcgaataaa

aatcagatct

acaattcaaa

aagaagacta

aatatatgaa

cagtggacta

taaatgcatyg

atagcttcct

aaatctagaa agcttaccat ggattctcag gacatcag

<210>
<«211>
<«212>
<213>
«220>
<223 >

<400> SEQUENCE:

SEQ ID NO 46
LENGTH :
TYPE .
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: primer sequence SeM3'!

36
DNA

46

aaaagatctt cacgcgactg caagctttac attaac

tgatgacata

tttttgtcaa

gttacgttca

tctcecttaaga

ggccttaact

cacattcccyg

aadaacacac

aataatgtag

agtttatacg

tttagtatat

ctactttatt

ctttgtaaaa

ccattatttt

attaagaacg

agatagtggc

tgcaaataga

ttcaatcctyg

aaacttccac

agaaatactc

attcceccectcecaa

tattaaagac

tacattttat

atatttctge

acaatgtgta

cgtaacggac

ccacacadada

60

120

180

200

60

120

180

240

300

360

420

480

540

600

660

720

780

786

38

36



<210>
<211>
<212 >
<213>
<220>
<223 >

<400> SEQUENCE:

39

SEQ ID NO 47
LENGTH :
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: primer sequence NeMb'

477

83
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aaactcgagg gtacctacct tgtttttaaa aagaatcgc

<210>
<211>

<212 >
<213>
<220>
<223 >

<400>

aaatctagag atttgcatgg cgatcacgtyg

SEQUENCE :

30

SEQ ID NO 48
LENGTH:

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: primer sequence NeM3'

48

<210> SEQ ID NO 49

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Arabidopsis

PRT

<400> SEQUENCE:

Val Ala Val Ala

1

Leu

Tle

Leu

Lys

65

Leu

Leu

Ala

Leu

Gly

Pro

Met

50

Lys

Val

2la

Phe

2la
120

Thr

Pro

35

Gly

Pro

Trp

Val

Agn

115

Trp

Ser

20

Leu

Leu

Agn

ASDP

Trp

100

Glu

Ala

144

49

2la

5

Asp

Trp

2la

Ala

Pro

85

Leu

Ile

2la

«<210> SEQ ID NO 50

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Arabidopsis

PRT

<400> SEQUENCE:

49

50

Pro

Gly

Leu

Ala

Leu

70

Vval

Gly

Ser

Phe

Val

Leu

Trp

55

Thr

Gln

Pro

Val
135

Met Asp Ser Gln Asp Ile Arg

1

5

A2la Thr Thr Ala Met Ala Glu

20

Lys Gly Lys Arg Asp Gln Lys

Ser

35

thaliana

Leu

Gly

His

40

Leu

Leu

Phe

Ser

Val

120

Ala

thaliana

Val

Agn

25

Thr

Val

Ala
105

Ala

Ala

Thr

10

Arg

Thr

Trp

Leu

Val

50

2la

Gly

Val

Leu

Ala

Val

Ala

75

Gly

Leu

Agnh

Asnh

-continued

Phe

Leu

ASpP

60

Gln

Ser

Phe

Leu

Val
140

Tyvr Arg Gly Gly Asp

10

Thr Glu Arg Lys Ser

25

Arg Ala Met Ala Lys

40

Ala

Ser

Ala

45

Gly

Phe

Gly

Gly

Val
125

Asp

Ala

Arg
45

Thr

Ser

30

Ser

Gly

Leu

Val

Cys

110

Leu

Tyr

15

Ser

Ser

Phe

Leu

2la

55

Pro

2la

Phe

Trp

Gly

His

Cys

80

Gly

Val

Arg Asp Ala

15

Asp Asp Asn

30

Gly Leu Lys
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85

86

-continued

<210>
<211>
<212 >
<213>

SEQ ID NO 51
LENGTH: 9
TYPE: PRT

ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 51

Met Ala Lys Arg Gly Leu Lys Ser Leu
1 5

The invention claimed 1s:

1. A method for increasing the lipid production 1n a plant
seed as compared to a control plant comprising the step of
providing a plant comprising a construct comprising the
tollowing operably linked nucleic acid sequences:

a) a nucleic acid encoding a translocator (TSPO) poly-
peptide wherein said polypeptide comprises a trypto-
phan-rlch sensory protemn/peripheral-type benzodiaz-
epine receptor domain (TspO/MBR domain) having at
least 93% sequence i1dentity to SEQ 1D NO: 49, and
wherein said TSPO polypeptide 1s represented by SEQ)
ID NO: 2, or a homologue thereof having at least 90%
sequence 1dentity to SEQ ID NO: 2,

b) one or more control sequences capable of driving
expression of the nucleic acid of a); and optionally

C) one or more transcription terminator sequences,

wherein at least one of said control sequences 1s a
seed-specific promoter which 1s active 1n seed tissues
during seed filling, and wherein said promoter
sequence 1s not a naturally occurring TSPO promoter

wherein the seed-specific promoter 1s selected from the
group consisting of a napin promoter, a fatty acid
clongase 1 (FAE1) promoter, an oleosin promoter and

a TSPO promoter that has been modified 1 order to

confer seed-specific expression during the period of

lipid biosynthesis during said seed filling, and
wherein lipid production in a plant seed 1s increased as
compared to the seed of a control plant.

2. A method for the production of a plant having an
increased lipid production 1n a plant seed as compared to a
control plant, which method comprises the steps of:

(1) introducing and expressing in said plant or a cell the

following operably linked nucleic acid sequences:

a) a nucleic acid encoding a translocator (TSPO) poly-
peptide wherein said polypeptide comprises a tryp-
tophan-rich sensory protemn/peripheral-type benzo-
diazepine receptor domain (TspO/MBR domain)
having at least 93% sequence 1dentity to SEQ ID
NO: 49, and wherein said TSPO polypeptide is
represented by SEQ ID NO: 2, or a homologue
thereof having at least 90% sequence 1dentity to SEQ
ID NO: 2,

b) one or more control sequences capable of driving
expression of the nucleic acid of a); and optionally

C) one or more transcription terminator sequences,

wherein at least one of said control sequences 1s a
seed-specific promoter which 1s active 1n seed tissues
during seed filling, and wherein said promoter
sequence 1s not a naturally occurring TSPO promoter,
and wherein the seed-specific promoter 1s selected from
the group consisting of a napin promoter, a fatty acid
clongase 1 (FAE1) promoter, an oleosin promoter and
a TSPO promoter that has been modified 1 order to
confer seed-specific expression during the period of
lipid biosynthesis during said seed filling, and

15

20
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40

45

50

55

60

65

(1) cultivating said plant cell or said plant under condi-

tions promoting plant growth and development; and

wherein a plant having an increased lipid production 1n a

plant seed 1s produced as compared to the seed of a
control plant.

3. The method according to claim 2, wherein the increased
lipid production comprises an enhanced amount of tria-
cylglycerol 1n said plant seed as compared to the seed of a
control plant, wherein the enhanced amount of triacylglyc-
erol 1s dertved from glycerol and fatty acids, wherein said
fatty acids are selected from the group consisting of long
chain fatty acids (LCFA) comprising 13 to 18 carbon atoms
and very long chain fatty acids (VLCFA) comprising more
than 18 carbon atoms.

4. A method for producing an oil or fat in a plant seed
comprising the steps of producing a plant according to claim
2, and producing said o1l or fat from or by said plant seed by
ogrinding the seed and extracting the lipids.

5. A construct for increasing the lipid production 1n a plant
seed, wherein said construct comprises a nucleic acid encod-
ing a TSPO polypeptide comprising

a) a tryptophan-rich sensory protein/peripheral-type ben-

zodiazepine receptor domain (TspO/MBR domain)
having at least 93% sequence 1dentity to SEQ ID NO:
49, and wherein said TSPO polypeptide has at least
90% sequence 1dentity to SEQ ID NO 2

b) one or more control sequences capable of driving

expression of the nucleic acid of a); and optionally

C) one or more transcription terminator sequences,

wherein at least one of said control sequences 1s a

seed-specific promoter which 1s active 1n seed tissues
during seed filling, and wherein said promoter
sequence 15 not a naturally occurring TSPO promoter,
and wherein the seed-specific promoter 1s selected from
the group consisting of a napin promoter, a fatty acid
clongase 1 (FAE1) promoter, an oleosin promoter and
a TSPO promoter that has been modified i order to
confer seed-specific expression during the period of
lipid biosynthesis during said seed filling.

6. The construct according to claim 5, wherein said
nucleic acid encoding said TSPO polypeptide 1s represented
by SEQ ID NO: 2, or a homologue thereof having at least
95% sequence 1dentity to SEQ ID NO: 2.

7. The method for increasing the lipid production in a
plant seed as compared to a control plant according to claim
1 which method further comprises the steps of:

(1) expressing 1n said plant or a cell the operably linked

nucleic acid sequences as defined 1n claim 1, and

(1) cultivating said plant cell or said plant under condi-

tions promoting plant growth and development.

8. The method according to claim 1, wherein the increased
lipid production comprises an enhanced amount of tria-
cylglycerol 1n said plant seed as compared to the seed of a
control plant, wherein the enhanced amount of triacylglyc-
erol 1s dertved from glycerol and fatty acids, wherein said
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fatty acids are selected from the group consisting of long
chain fatty acids (LCFA) comprising 13 to 18 carbon atoms
and very long chain fatty acids (VLCFA) comprising more
than 18 carbon atoms.

9. The method according to claim 1, wherein the seed-
specific promoter 1s a napin promoter having a polynucle-
otide sequence of SEQ ID NO: 43 or a polynucleotide
sequence having at least 95% sequence 1dentity to SEQ 1D
NO: 43.

10. The method according to claim 1, wherein the seed-
specific promoter 1s a FAE1 promoter having a polynucle-
otide sequence of SEQ ID NO: 44 or a polynucleotide
sequence having at least 95% sequence identity to SEQ 1D
NO: 44,

11. The method according to claim 1, wherein the modi-
fied TSPO promoter 1s derived from a TSPO promoter from
Arabidopsis having SEQ ID NO: 41, or a functional frag-
ment thereol.

12. The method according to claim 1, wherein the modi-
fied TSPO promoter 1s derived from a TSPO promoter from
Linum usitatissimum having SEQ ID NO: 42, or a functional
fragment thereof.

13. The method according to claam 1, wherein nucleic
acid encoding said TSPO polypeptide 1s represented by SEQ
ID NO: 2, or a homologue thereof having at least 93%
sequence 1dentity to SEQ ID NO: 2.

14. The method according to claim 1, wherein said nucleic
acid encoding said TSPO polypeptide 1s represented by SEQ
ID NO: 32, or a homologue thereof having at least 93%
sequence 1dentity to SEQ ID NO: 32.

15. The method according to claim 2, wherein the seed-
specific promoter 1s a napin promoter having a polynucle-
otide sequence of SEQ ID NO: 43 or a polynucleotide
sequence having at least 95% sequence 1dentity to SEQ 1D
NO: 43.

16. The method according to claim 2, wherein the seed-
specific promoter 1s a FAE] promoter having a polynucle-
otide sequence of SEQ ID NO: 44 or a polynucleotide
sequence having at least 95% sequence 1dentity to SEQ 1D
NO: 44,

10

15

20

25

30

35

40

88

17. The method according to claim 2, wherein the modi-
fied TSPO promoter 1s derived from a TSPO promoter from
Arabidopsis having SEQ ID NO: 41, or a functional {rag-
ment thereol.

18. The method according to claim 2, wherein the modi-
fied TSPO promoter 1s derived from a TSPO promoter from
Linum usitatissimum having SEQ ID NO: 42, or a functional
fragment thereof.

19. The method according to claim 2, wherein nucleic
acid encoding said TSPO polypeptide 1s represented by SEQ
ID NO: 2, or a homologue thereol having at least 93%
sequence 1dentity to SEQ ID NO: 2.

20. The method according to claim 2, wherein said nucleic
acid encoding said TSPO polypeptide 1s represented by SEQ
ID NO: 32, or a homologue thereol having at least 93%
sequence 1dentity to SEQ ID NO: 32.

21. The construct according to claim 3, wheremn the
seed-specific promoter 1s a napin promoter having a poly-
nucleotide sequence of SEQ ID NO: 43 or a polynucleotide
sequence having at least 95% sequence 1dentity to SEQ 1D
NO: 43.

22. The construct according to claim 5, wherein the
seed-specific promoter 1s a FAE]1 promoter having a poly-
nucleotide sequence of SEQ ID NO: 44 or a polynucleotide
sequence having at least 95% sequence 1dentity to SEQ 1D
NO: 44,

23. The construct according to claim 3, wheremn the
modified TSPO promoter 1s derived from a TSPO promoter
from Arabidopsis having SEQ ID NO: 41, or a functional
fragment thereof.

24. The construct according to claim 3, wheremn the
modified TSPO promoter 1s derived from a TSPO promoter
from Linum wusitatissimum having SEQ ID NO: 42, or a
functional fragment thereof.

25. The construct according to claim 5, wherein nucleic
acid encoding said TSPO polypeptide 1s represented by SEQ
ID NO: 2, or a homologue thereol having at least 93%
sequence 1dentity to SEQ ID NO: 2.

26. The construct according to claim 5, wherein said
nucleic acid encoding said TSPO polypeptide 1s represented
by SEQ ID NO: 32, or a homologue thereof having at least

93% sequence 1dentity to SEQ ID NO: 32.
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