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METHOD OF MODULATING ALKALOID CONTENT IN TOBACCO PLANTS

FIELD OF THE INVENTION

The present invention relates to methods of modulating the alkaloid content a plant or part

thereof or cell or cell culture. The invention also extends to methods of modulating the
expression and/or activity of polypeptides which modulate alkaloid content within plants.
Alternatively, the invention provides methods of modulating the expression and/or activity of
genes which encode polypeptides which modulate alkaloid content within plants. The invention
also extends to constructs, which can be used to modulate the polypeptides. The invention
further relates to plant cells and plants modified to achieve a modulation in alkaloid content. The
invention also relates to a processed and harvested leaf from such modulated plants and use

thereof in a tobacco industry product, including combustible smoking articles.

BACKGROUND

Alkaloids are a group of naturally occurring compounds which mostly contain basic nitrogen

atoms and are produced by a large variety of organisms including bacteria, fungi, plants and
animals.

Alkaloids may be classified according to the similarity of the carbon skeleton e.g. indole-,
isoquinoline- and pyridine-like. Pyridine derivatives are one class of monomeric alkaloids; this
class includes simple derivatives of pyridine, polycyclic condensed and noncondensing pyridine
derivatives and sesquiterpene pyridine derivatives. Examples are nicotine, nornicotine,
pseudooxynicotine, anabasine, myosmine and anatabine.

Most of the known biological functions of alkaloids are related to protection. Neuroactive
molecules, such as caffeine, cocaine, morphine, and nicotine, act as defence compounds
against invading predators. The accumulation of these alkaloids is the result of signal
transduction cascades that monitor gene expression, enzyme activities, and alkaloid
concentrations. The fine-tuning of alkaloid content in the plant involves negative feedback loops
and degradative pathways.

Nicotine occurs naturally in several varieties of plants but is found at the highest level in the
tobacco plant. Cultivated tobacco produces 2-4% alkaloids of total dry weight. Nicotine is
produced in wild and cultivated Nicotiana species and plays an important role in plant defence
against herbivores and insects (Voelckel et al. (2001) Oecologia 127(2): 274-280, incorporated
herein by reference). It accounts for ~90% of the total alkaloid content. The remaining 10% of
the alkaloid pool is mostly constituted by the structurally related compounds nornicotine,

anatabine, anabasine and pseudooxynicotine (PON).



10

15

20

25

30

WO 2023/148478 PCT/GB2023/050211

The regulation of alkaloid content in tobacco is complex. Several factors including genotype,
environment, fertilization and agronomic practices (e.g. topping) affect alkaloid levels in tobacco
plants. Some key regulators of nicotine biosynthesis are well characterized, for example
putrescine N-methyltransferase (PMT), which plays a pivotal role in this pathway, is activated by
members of the ethylene responsive factor (ERF) superfamily, the largest transcription factor
family in the tobacco genome (Rushton et al. (2008) Plant Physiol. 147(1): 280-295 incorporated
herein by reference).

Tobacco pyridine alkaloids are precursors of tobacco-specific nitrosamines (TSNAs) that form
during the post-harvest leaf curing. The four primary TSNAs found in cured tobacco leaves are
N’-nitrosonornicotine (NNN), N’nitrosoanatabine (NAT), N’-nitrosoanabasine (NAB) and 4-
(methyl nitrosamino)-1-(3-pyridyl)-1-butanone (NNK). During the post-harvest leaf curing,
reactions between pyridine alkaloids and nitrosating species leads to the formation of TSNAs.
PON is likely to function as the direct precursor in the synthesis of the TSNA NNK (Bush et al.,
2001 incorporated herein by reference). Reducing the production and accumulation of TSNAs is
of high importance. The CYP82E family of nicotine demethylase genes is one of the primary
regulators of nicotine to nornicotine conversion, and altering their activity or accumulation may
result in a decrease in NNN levels.

As described in the Examples, the inventors sought to investigate genes responsible for alkaloid
and/or TSNA precursor synthesis, with the aim of modulating alkaloid content in plants, e.g.

decreasing TSNA content in tobacco.

SUMMARY OF THE INVENTION

It has been surprisingly found that by modulating the activity or expression of a Flavin adenine

dinucleotide (FAD) synthetase, the alkaloid content and/or TSNA content or precursor of TSNA
content of plants can be modulated. The gene(s) as taught herein, for example
Nitab4.5_00059979g0050.2, are regulators of alkaloid and TSNA precursor content in cultivated
tobacco. In particular the gene(s) as taught herein, for example Nitab4.5_0005997g0050.2, is a
regulator of alkaloid content in cultivated tobacco. Nitab4.5_0005997g0050.2 encodes a FAD
synthetase according to the present invention. Exemplary homologues of
Nitab4.5_0005997g0050.2 are provided in Table 1. Suitably FAD synthetases and homologues
thereof according to the present invention may comprise a FAD synthase domain.

According to the present invention, tobacco industry products with modulated alkaloid content
and commercially desirable traits sought after by consumers of tobacco industry products can

be produced. In some instances, consumers may desire a product with low levels of alkaloid



10

15

20

25

30

35

WO 2023/148478 PCT/GB2023/050211

content. In some instances, consumers may desire a product with low levels of TSNA
precursors.

The present invention may be particularly useful in the field of plant molecular farming, where
plants (such as tobacco and other Nicotiana spp.) are used for the production of proteins,
peptides, and metabolites e.g. for the production of therapeutics and pharmaceuticals such as
antibiotics, virus like particles, or neutraceuticals or small molecules. Tobacco has been used
for the development of an HIV-neutralising antibody in an EU-funded project called PharmPlant
and Medicago Inc., Canada have worked on a tobacco-based platform for the production of
virus-like particles for flu vaccine manufacture.

Thus, a plant according to the present invention may be used for molecular farming to reduce or
eliminate the presence of nicotinic alkaloids. The use of a low nicotine plant or rootsock is
beneficial in molecular farming and would reduce downstream processing costs associated with
purification.

The present inventors have surprisingly determined a method for modulating (e.g. decreasing)
the alkaloid content, of a plant (e.g. a tobacco plant) by modulating (e.g. decreasing) the activity
or expression of a FAD synthetase. The alkaloid content (e.g. the content of one or more of
nicotine, nornicotine, PON, anabasine, anatabine or myosmine, suitably the content of one or
more of nicotine, nornicotine, PON, anabasine or anatabine) of a plant (e.g. tobacco plant) may
be decreased by decreasing the activity or expression of a FAD synthetase or may be increased
by increasing the activity or expression of a FAD synthetase.

Prior to the present invention it had not been known that modulation of the activity or expression
of a FAD synthetase as described herein could be used to modulate alkaloid content or
modulate TSNA precursor content in particular, nornicotine, PON, anabasine and/or anatabine
content.

In one aspect, the present invention provides a method of modulating (e.g. decreasing) the
alkaloid content of a tobacco plant or a part thereof or tobacco plant cell, the method comprising
modifying said plant or plant cell by modulating (e.g. decreasing) the activity or expression of a
FAD synthetase.

In one aspect, the present invention provides a method of modulating (e.g. decreasing) the
content of a tobacco specific nitrosamine (TSNA) or a precursor of a TSNA in a tobacco plant
or plant part thereof or tobacco plant cell, the method comprising modifying said plant or plant
cell by modulating (e.g. decreasing) the activity or expression of a FAD synthetase.

In another aspect, the present invention provides a method for producing a plant or part thereof,
a cell or cell culture, a plant propagation material, a leaf, a cut harvested leaf, a processed leaf

or a cut and processed leaf which has modulated (e.g. decreased) alkaloid content, the method
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comprising modifying said plant or cell culture to modulate the activity or expression of a FAD
synthetase.
In another aspect, the present invention provides the use of at least one gene encoding a FAD
synthetase for modulating alkaloid content of a tobacco cell or tobacco plant or part thereof;
wherein the FAD synthetase.
In one aspect, the FAD synthetase may:
a) comprise an amino acid sequence as set out in SEQ ID No. 3; or a functional variant
or functional fragment or orthologue of SEQ ID No. 3; or a sequence which has at least
80% identity to SEQ ID No. 3, or a homologue or SEQ ID No. 3; or
b) be encoded by a nucleotide sequence as set out in SEQ ID No. 1 or 2; or a functional
variant or functional fragment or orthologue of SEQ ID No. 1 or 2; or a nucleic acid
sequence which has at least 80% identity to SEQ ID No. 1 or 2, or a homologue of SEQ
ID No. 1 or 2.
Suitably, the alkaloid content may be modulated (e.g. decreased) in comparison to a plant or
cell culture which has not been modified to modulate the activity or expression of a FAD
synthetase.
In one aspect, the present invention provides a tobacco plant or part thereof or a tobacco cell or
cell culture which has been modified to modulate (e.g. decrease) the activity or expression of a
FAD synthetase and the tobacco plant or part thereof or tobacco cell or cell culture has
decreased alkaloid and or TSNA precursor content in comparison to an unmodified plant or
unmodified cell or cell culture.
In another aspect, the present invention provides a plant propagation material obtainable (e.g.
obtained) from a plant according to the present invention or from a plant or cell or cell culture
produced by a method or use according to the present invention.
Suitably, the alkaloid content of the plant may be decreased in comparison to a plant or cell
culture which has not been modified to modulate the activity or expression of a FAD synthetase.
Suitably, the content of one or more alkaloids selected from nicotine, nornicotine, PON,
anabasine, myosmine and anatabine is modulated (e.g. decreased), preferably the content of
nicotine, nornicotine and/or PON may be modulated (e.g. decreased).
Suitably the nicotine content may be decreased.
In another aspect, the present invention provides the use of a tobacco plant or part thereof or
tobacco cell or cell culture according to the present invention, or of a plant produced by a

method according to the present invention to breed a plant.
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In one aspect, the present invention provides the use of a tobacco plant or part thereof or a
tobacco cell or cell culture according to the present invention, or of a plant produced by a
method according to the present invention for production of a product.
In another aspect, the present invention provides the use of a tobacco plant or part thereof
according to the present invention, or of a plant produced by a method according to the present
invention to grow a crop.
In one aspect, the present invention provides the use of a tobacco plant or part thereof
according to the present invention, or of a plant produced by a method according to the present
invention to produce a leaf.
In one aspect, the present invention provides a harvested leaf of a plant according to the
present invention, or obtainable from a plant propagated from a propagation material according
to the present invention, or obtainable from a plant obtained by a use according to the present
invention, or obtainable from a plant produced by a method according to the present invention.
Suitably, the harvested leaf of a plant may be a cut harvested leaf.
In one aspect, the present invention provides a processed leaf, preferably a processed tobacco
leaf, preferably a non-viable processed tobacco leaf:
obtainable (e.g. obtained) from a plant obtainable from a use according to the
present invention;
obtainable (e.g. obtained) by processing a plant according to the present invention;
obtainable (e.g. obtained) from a plant propagated from a plant propagation material
according to the present invention; or
obtainable (e.g. obtained) by processing a harvested leaf of a plant according to the
present invention; or
obtainable (e.g. obtained) from a plant produced by a method according to the
present invention .
Suitably, the leaf may be processed by curing, fermenting, pasteurising or a combination
thereof.
Suitably, the processed leaf may be a cut processed leaf.
In one aspect, the present invention provides cured tobacco material made from a plant or a
part thereof according to the present invention, or a harvested leaf according to the present
invention, or a processed leaf according to the present invention.
In one aspect, the present invention provides a tobacco blend comprising cured tobacco
material according to the present invention.

In one aspect, the present invention provides a tobacco industry product prepared from:



10

15

20

25

30

WO 2023/148478 PCT/GB2023/050211

a tobacco plant or part thereof or tobacco cell or cell culture according to the present
invention;
a tobacco plant or part thereof propagated from a tobacco plant propagation material
according to the present invention;
a harvested leaf of a plant according to the present invention;
a processed leaf according to the present invention.
Suitably the tobacco product may be a combustible smoking article.
Suitably the tobacco product may be a smokeless tobacco product.
Suitably the tobacco product may be a non-combustible aerosol provision system such as a
tobacco heating device or an aerosol-generating device.
In another aspect, the present invention provides a combustible smoking article, non-
combustible aerosol provisioning system, smokeless tobacco product or tobacco heating device
comprising a plant or a part thereof according to the present invention or an extract (e.g. a
tobacco extract) thereof or a tobacco cell culture according to the present invention; or a cured
tobacco material according to the present invention; or a tobacco blend according to the present
invention.
In another aspect, the present invention provides the use of a polynucleotide sequence
encoding a FAD synthetase protein which:
a) encodes an amino acid sequence as set out in SEQ ID No. 3; or a functional variant or
functional fragment or orthologue of SEQ ID No. 3; or a sequence which has at least 80%
identity to SEQ ID No. 3, or a homologue of SEQ ID No. 3; or
b) comprises a sequence as set out in SEQ ID No. 1 or 2; or a functional variant or functional
fragment or orthologue of SEQ ID No. 1 or 2; or a nucleic acid sequence which has at least
80% identity to SEQ ID No. 1 or 2, or a homologue of SEQ ID No. 1 or 2;
to select a plant having modulated (e.g. reduced) alkaloid content and/or modulated (e.g.
reduced) content of TSNA or a precursor of a TSNA.
In one aspect, the present invention provides a mutant of a plant carrying a heritable mutation in
a nucleotide sequence which:
a) encodes an amino acid sequence as set out in SEQ ID No. 3; or a functional variant or
functional fragment or orthologue of SEQ ID No. 3; or a sequence which has at least 80%
identity to SEQ ID No. 3 or a homologue of SEQ ID No. 3; or
b) comprises a sequence as set out in SEQ ID No. 1 or 2; or a functional variant or functional
fragment or orthologue of SEQ ID No. 1 or 2; or a nucleic acid sequence which has at least
80% identity to SEQ ID No. 1 or 2, or a homologue of SEQ ID No. 1 or 2;
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wherein said heritable mutation modulates (e.g. decreases) the activity or expression of FAD
synthetase and wherein the mutant plant has modulated (e.g. decreased) alkaloid content
and/or modulated content of a TSNA or a precursor of a TSNA relative to a comparable plant
which does not carry said heritable mutation.

In one aspect, the present invention provides progeny or seed of a mutant plant which carries

the heritable mutation according to the present invention.

In one aspect, the present invention provides a harvested leaf, a processed leaf or cured

tobacco material produced from a plant comprising a modification in a nucleotide sequence

which:
a) encodes an amino acid sequence as set out in SEQ ID No. 3; or a functional variant or
functional fragment or orthologue of SEQ ID No. 3; or a sequence which has at least 80%
identity to SEQ ID No. 3, or a homologue of SEQ ID No. 3; or
b) comprises a sequence as set out in SEQ ID No. 1 or 2; or a functional variant or functional
fragment or orthologue of SEQ ID No. 1 or 2; or a nucleic acid sequence which has at least
80% identity to SEQ ID No. 1 or 2, or a homologue of SEQ ID No. 1 or 2;
wherein said modification modulates (e.g. decreases) the activity or expression of FAD
synthetase and wherein said plant has modulated (e.g. decreased) alkaloid content and/or
modulated content of a TSNA or a precursor of a TSNA relative to a comparable plant which
does not carry said modification in said FAD synthetase.
In one aspect, the activity or expression of at least one Nic1 ERF gene (such as any one or
more of those in Figure 7) and/or at least one Nic2 ERF gene (such as any one or more of
those in Figure 7) is modulated in addition to the at least one FAD synthetase. Suitably, said
at least one Nic1 ERF and/or Nic2 ERF gene may comprise a mutation which decreases its
expression and/or activity. In one aspect, the activity of ERF199 is modulated (e.g. decreased)
in addition to the modulation (e.g. decrease in activity and or expression) of the at least one
FAD synthetase. In one aspect, the activity of ERF189 is modulated (e.g. decreased) in
addition to the modulation (e.g. decrease in activity and or expression) of the at least one FAD
synthetase. In one aspect, the activity of ERF199 and ERF189 is modulated (e.g. decreased)
in addition to the modulation (e.g. decrease in activity and or expression) of the at least one
FAD synthetase. Exemplary sequences of ERF 199 and ERF199 are provided in Figures 8-15
(SEQ ID Nos 35-42). See also W02018237107, which is incorporated herein in by reference

in its entirety.
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BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described, by way of example only, with reference to

the accompanying drawings, in which:

Figure 1 shows the alkaloid content of 5-week-old TN90 leaves silenced for
Nitab4.5_0005997g0050.2. Content is represented relative to control and comprises three
biological replicates analysed by one-way ANOVA and Tukey’s multiple-comparison post-test.
Values are shown as means + SEM. Asterisks indicate statistical significance of P value <
0.001. Pyridine alkaloids: nicotine, nornicotine, anabasine (ANAB), anatabine (ANAT),
pseudooxynicotine (PON).

Figure 2 shows measured endpoint absorbance values (570 nm) for the production of FAD over
a 60 minute reaction by 0.5 ug of Nitab4.5_0005997g0050.2 enzyme in the presence of 10 pM
adenosine triphosphate) ATP and 10 uM FMN. The results for the control reactions ((maltose
binding protein (MBP) and the no enzyme control (-ve)) are also shown on the same graph and
indicate that the reaction is FMN-dependant and that the reaction has reduced activity in the
absence of added ATP. Errorbars are standard deviation from four replicates.

Figure 3 shows the genomic sequence of Nitab4.5_0005997g0050.2 (SEQ ID No. 1).

Figure 4 shows the coding sequence of Nitab4.5_0005997g0050.2 (SEQ ID No. 2).

Figure 5 shows the amino acid sequence of Nitab4.5_0005997g0050.2 (SEQ ID No. 3).

Figure 6 shows the sequence of TRV1 used in Example 1.

Figure 7 provides a table of Nic1 ERFs and Nic2 ERFs

Figures 8-15 show the sequences of ERF199 (SEQ ID Nos 35-38) and ERF189 (SEQ ID Nos
39-42).

Some sequences disclosed herein contain “X” or “N” in nucleotide sequences. “X” or “N” can be
any nucleotide or a deletion or insertion of one or more nucleotides. For example, in some
cases a string of “X’s or “N”’s are shown. The number of “X”’s or “N”s does not necessarily
correlate with the actual number of nucleotides at that position. There may be more or fewer

nucleotides than shown as “X” or “N” in the sequence.

DETAILED DESCRIPTION

For the first time the present inventors have shown that by modulating (e.g. decreasing) the
activity or expression of at least one FAD synthetase in a plant (e.g. a tobacco plant) or a cell
(e.g. tobacco cell), the alkaloid and/or TSNA precursor content of the plant (or processed plant)
or cell can be modulated (e.g. decreased).

FAD synthetase catalyses the adenylation of flavin mononucleotide (FMN) to form flavin

adenine dinucleotide (FAD) coenzyme. FAD can be present in different forms (FAD, FADH,
8
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FADH2), being converted between these states by accepting or donating electrons. These
forms changes are possible because of its redox-active isoalloxazine ring in its structure.

This cofactor is involved in multiple biological oxidative-reduction reactions in metabolism, being
essential for all forms of life. In these reactions, using organic compounds as electron donors,
organisms can generate metabolic energy that can be driven using different energy carriers,
such as ATP. However, these reactions are also important for biosynthesis, where this energy
can be used to make complex compounds.

The present invention provides a method of modulating (e.g. decreasing) the alkaloid content of
a plant or a part thereof, the method comprising modifying said plant by modulating (e.g.
decreasing) the activity or expression of at least one FAD synthetase.

Also provided is a method of modulating (e.g. decreasing) the content of a TSNA precursor in a
tobacco plant or plant part thereof, the method comprising modifying said plant by modulating
(e.g. decreasing) the activity or expression of at least one FAD synthetase.

The at least one FAD synthetase may be selected from an amino acid sequence as set out in
SEQ ID No. 3, or a functional variant or functional fragment or orthologue thereof, or a
sequence which has at least 80% identity to SEQ ID No. 3, or a homologue of SEQ ID No. 3; or
said at least one FAD synthetase may be encoded by a which comprises a sequence as set out
in SEQ ID No. 1 or 2, or a functional variant or functional fragment or orthologue of SEQ ID No.
1 or 2, or a nucleic acid sequence which has at least 80% identity to SEQ ID No. 1 or 2, or a
homologue of SEQ ID No. 1 or 2.

Suitably, the protein may comprise a FAD synthase domain. In one embodiment at least two
genes encoding FAD synthetases are modified selected from the group of. genes which encode
polypeptides comprising an amino acid sequence as set out in SEQ ID No. 3 or a functional
variant or functional fragment or orthologue thereof, or a sequence which has at least 80%
identity to SEQ ID No. 3, or a homologue of SEQ ID No. 3; or genes encoding a FAD
synthetase comprising a nucleotide sequence as set out in SEQ ID No. 1 or 2, or a functional
variant or functional fragment or orthologue of SEQ ID No. 1 or 2, or a nucleic acid sequence
which has at least 80% identity to SEQ ID No. 1 or 2, or a homologue of SEQ ID No. 1 or 2.

In one embodiment, at least three, such as at least four, such as at least five, such as at least
six, such as at least seven, such as at least eight, such as at least nine, such as ten FAD
synthetases are modulated, wherein the FAD syntehtases comprise an amino acid sequence as
set out in SEQ ID No. 3 or a functional variant or functional fragment or orthologue thereof, or a
sequence which has at least 80% identity to SEQ ID No. 3, or a homologue of SEQ ID No. 3; or
wherein the at least one FAD synthetase comprises a nucleotide sequence as set outin SEQ ID

No. 1 or 2, or a functional variant or functional fragment or orthologue of SEQ ID No. 1 or 2, or
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a nucleic acid sequence which has at least 80% identity to SEQ ID No. 1 or 2, or a homologue
of SEQ ID No. 1 or 2. Suitably, the protein may comprise a FAD synthase domain. In one
aspect, the at least one FAD synthetase comprises or consists of an amino acid sequence as
set out in: SEQ ID No. 3 or a functional variant or functional fragment or orthologue thereof, or
a sequence which has at least 80% identity to SEQ ID No. 3; or wherein the FAD synthetase
comprises a nucleotide sequence as set out in SEQ ID No. 1 or 2 or a functional variant or
functional fragment or orthologue of SEQ ID No. 1 or 2; or a nucleic acid sequence which has
at least 80% identity to SEQ ID No. 1 or 2. Suitably, the FAD synthetase may comprise a FAD
synthase domain.

In one aspect, the activity or expression of at least one further gene is modulated. Suitably, at
least two (or at least three or at least four or at least five or at least six or at least seven or at
least eight or at least nine) additional genes selected from Table 1 or a sequence having at least
80% sequence identity thereto may also be modulated.

The “expression” of a FAD synthetase may refer to the level of transcription, translation i.e.
protein expression.

Measurement of the level or amount of a gene product may be carried out by any suitable
method, for example comparison of mMRNA transcript levels, protein or peptide levels, and/or
phenotype of a plant, between a modified plant and comparable plant which has not been
modified according to the present invention.

The term “a comparable product’ as defined herein would be one derived from a plant (e.g. a
tobacco plant) which had not been modified according to the present invention, but in which all
other relevant features were the same (e.g. plant species, growing conditions, method of
processing the plant, e.g. tobacco, etc.). The comparable product according to the present
invention may mean a plant (e.g. a tobacco plant) or a part thereof, such as a leaf (e.g. a
tobacco leaf), a harvested leaf (e.g. a harvested tobacco leaf), a cut harvested leaf (e.g. a cut
harvested tobacco leaf), a processed leaf (e.g. a processed tobacco leaf) or plant propagation
material (e.g. tobacco plant propagation material), or a product comprising said plant or part
therefore, e.g. a tobacco industry product or combinations thereof obtainable or obtained from a
plant which has not been modified in accordance with the present invention, e.g. to modulate
the activity or expression of gene encoding a FAD synthetase. In one embodiment a
comparable product is one which does not comprise gene encoding a FAD synthetase whose
activity or expression has been modulated.

The term “modifying” or “modified” as used herein means a plant (e.g. a tobacco plant) or
nucleic acid sequence that has been altered or changed. The present invention comprises the

modification of plants using techniques for genetic modification of plants or non-genetic
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modification of plants. Such methods are well known in the art and examples of genetic
modification techniques include transformation, transgenics, cisgenics, and gene editing
methods. Examples of non-genetic modification techniques include fast-neutron mutagenesis,
chemical mutagenesis e.g. ethyl methanesulfonate (EMS) mutagenesis and modern population
analysis approaches.

In one embodiment a natural variant which has a modified gene encoding a FAD synthetase is
selected and that trait or gene is bred into a second plant which may have commercially
desirable traits.

In one embodiment the plant according to the present invention is a transgenic plant. In one
embodiment the plant according to the invention is a non-transgenic plant.

The term “unmodified plant” as defined herein would be a plant (e.g. a tobacco plant) which had
not been modified according to the present invention, e.g. to modulate the activity or expression
of a FAD synthetase or to modify the nucleic acid sequence of at least one gene encoding an
FAD synthetase; and in which all other relevant features were the same (e.g. plant species,
growing conditions, method of processing tobacco, etc.). In one embodiment an unmodified
plant is one which does not comprise a gene encoding a FAD synthetase whose activity or
expression has been modulated. In one embodiment, an unmodified plant is one which does not
comprise a modified nucleic acid sequence which encodes at least one gene encoding a FAD

synthetase protein.

FAD synthetase

A “FAD synthetase” as used herein has its usual meaning in the art and refers to an enzyme

which catalyses the adenylation of flavin mononucleotide (FMN) to form flavin adenine
dinucleotide (FAD) coenzyme (ATP + FMN — diphosphate + FAD).

Methods for measuring FAD synthetase activity are known in the art and include, for example
commercial assay kits sold by Abcam (Flavin Adenine Dinucleotide (FAD) Assay Kit -
ab204710). Typically colorimetric or fluorometric methods are used to assay the activity of FAD
which functions as the cofactor of an oxidase which catalyzes the formation of a product that
reacts with a probe generating colour and fluorescence.

An illustrative sequence of a FAD synthetase protein from tobacco is shown in SEQ ID No. 3.

A “FAD synthase domain” as used herein has its usual meaning in the art and refers to a
domain required for FAD synthase activity.

An illustrative sequence of a FAD synthase domain is set forth at amino acids 94-279 of SEQ ID
No. 3.
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A FAD synthase binding domain may be identified by comparing the protein in question to
amino acids 84-279 of SEQ ID No. 3.

Suitably, a FAD synthase domain as used herein may refer to a sequence set forth in amino
acids 94-279 of SEQ ID No. 3 or a sequence which has at least 80% identity thereto. Suitably,
a FAD synthase domain as used herein may refer to a sequence which corresponds to amino
acids 94-279 of SEQ ID No. 3 when aligned with SEQ ID No. 3.

Domains within the amino acid sequence of a protein may be identified using domain prediction
software known in the art. Domains are also described in protein databases such as UniprotKB.
Without wishing to be bound by theory, it is hypothesized that modulating content of a FAD
synthetase in a plant cell or modulating activity, such as FAD synthtase activity, of a FAD
synthetase in a plant would alter the metabolic pathways producing alkaloids and TSNA
precursors, resulting in modulated alkaloid and/or TSNA precursor content.

In one embodiment, a FAD synthetase comprises an amino acid sequence shown as SEQ ID
No. 3, or a sequence which has at least 80% identity thereto, or a homologue thereof. Suitably,
the FAD synthetase comprises a FAD synthase domain. Suitably, a homologue of SEQ ID No.
3 may be selected from the group comprising the amino acid sequences provided in Table 1 or
a sequence which has at least 80% identity thereto. Suitably, a homologue of SEQ ID No. 3
may be selected from a sequence having at least 80% sequence identity to a sequence
provided in Table 1 and wherein said sequence comprises a FAD synthase domain.

In one embodiment, a FAD synthetase comprises an amino acid sequence shown as SEQ ID
No. 3, or a sequence which has at least 80% identity thereto (preferably at least 85%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity thereto). In
one embodiment a FAD synthetase comprises an amino acid sequence shown in Table 1, or a
sequence which has at least 80% identity thereto (preferably at least 85%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identity thereto). Suitably, said
FAD synthetase comprises a FAD synthase domain.

In one embodiment, the FAD synthetase according to the present invention comprises or
consists of an amino acid shown as SEQ ID No. 3. In one embodiment, the FAD synthetase
according to the present invention comprises or consists of an amino acid shown in Table 1.
Suitably, the protein may be from Nicotiana tabacum.

In one embodiment, a FAD synthetase is encoded by a polynucleotide sequence wherein the
gene (prior to mutation) comprises a polynucleotide sequence shown as SEQ ID No. 1, or a
sequence which has at least 80% identity thereto, or a homologue thereof. Suitably, the FAD
synthetase comprises a FAD synthase domain. Suitably, a homologue of SEQ ID No. 1 may be

selected from the group comprising the polynucleotide sequences provided in Table 1 or a
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sequence which has at least 80% identity thereto. Suitably, a homologue of SEQ ID No. 1 may
be selected from a sequence having at least 80% sequence identity to a sequence provided in
Table 1 and wherein said sequence comprises a FAD synthase domain.

In one embodiment, a FAD synthetase is encoded by a polynucleotide sequence shown as SEQ
ID No. 1, or a sequence which has at least 80% identity thereto (preferably at least 85%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity
thereto). In one embodiment a FAD synthetase is encoded by a polynucleotide sequence shown
in Table 1, or a sequence which has at least 80% identity thereto (preferably at least 85%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity
thereto). Suitably, said FAD synthetase comprises a FAD synthase domain.

In one embodiment, the FAD synthetase is encoded by a polynucleotide sequence which
comprises or consists of a polynucleotide sequence shown as SEQ ID No. 1. In one
embodiment, the FAD synthetase is encoded by a polynucleotide sequence which comprises or
consists of a polynucleotide sequence shown in Table 1.

In one embodiment, a FAD synthetase is encoded by a polynucleotide sequence wherein the
gene (prior to mutation) comprises a polynucleotide sequence shown as SEQ ID No. 2, or a
sequence which has at least 80% identity thereto, or a homologue thereof. Suitably, the FAD
synthetase comprises a FAD synthase domain. Suitably, a homologue of SEQ ID No. 2 may be
selected from the group comprising the polynucleotide sequences provided in Table 1 or a
sequence which has at least 80% identity thereto. Suitably, a homologue of SEQ ID No. 1 may
be selected from a sequence having at least 80% sequence identity to a sequence provided in
Table 1 and wherein said sequence comprises a FAD synthase domain.

In one embodiment, a FAD synthetase is encoded by a polynucleotide sequence shown as SEQ
ID No. 2, or a sequence which has at least 80% identity thereto (preferably at least 85%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity
thereto). In one embodiment a FAD synthetase is encoded by a polynucleotide sequence shown
in Table 1, or a sequence which has at least 80% identity thereto (preferably at least 85%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity
thereto). Suitably, said FAD synthetase comprises a FAD synthase domain.

In one embodiment, the FAD synthetase is encoded by a polynucleotide sequence which
comprises or consists of a polynucleotide sequence shown as SEQ ID No. 2. In one
embodiment, the FAD synthetase is encoded by a polynucleotide sequence which comprises or

consists of a polynucleotide sequence shown in Table 1.

13



PCT/GB2023/050211

WO 2023/148478

DODOIYYODLLDL LIV LLLDLLOLLLIYODLIYYDIOYIYOV Y LIODYODOY YOOIV YOO LLOOYDLODLYOLOD LIV LIYOOLOYODILYDLLLOYYDODDLIL
OOYLOY LYODDLOOVY LYYOLLIYOLLLODLLYOLYOD LD LIYY Y LOLD IV LLLIYO LY LYDD LLODLLIYDOYDY LY YYDV YOV LY YY LD LLOLDLLLYY LD
DLIOYODLIVY DL LLIOVDOYYYYY Y YV LY LYY OLYOLY LLOD LIOLLOYLOLLIYD LLLOYD IOV LIVOY LLLLLIVOY LIVYOY LOOYODLLLOY LLLYYY
LOLIYLLLIVYYOOLOLYYOLODIYYDLLODOYYD LD LODOY LOLVY LYDOOVY LYY YOVYYY Y LY LD LLLLLY LLOY DD LODOOYLYODLLLOLLD LOOY DY
LLLOYOYY LODLLLLDLLLIYE DLOOLLLDLLYODLOLIVY LYYYDODYVYY LY LLYOLODDIOY DY YOO LIODIYOY LYD LIVOODYY YD LOVY VY YDV Y VY DY
LYDOLYDYYOYOOYDLLLIYYYDDOYDLOLODLODDD LYY LLLIOYOLLODOYYYDLOLOOIOYDLY.LOLY LODIYYDLYOYY LOD LIV LYDOYIVY LOOY OV OOV Y
YOOYOLOLOLLIVYYYOODYLLOOYYDLLLIYOD LLOY Y LYDOLLD LLID LY LLLOLDLLO LY LYODYYODLOY LY LIVY Y YOV LIV YYDOOYOLLOYOLYY DD
LODLLLYYYOLYOOYYOLYDLYYY LYY OV OV DL LLIVY YD LY OYYY YO LY LLODLY LOYY D LY DOYDDLODOYY LYOYY LOLLOYOLLOY LOLLOLODOY YOI L
YY LYYZODLODLLIYDOYY OV Y LYDIOYDYYYODDI LYYV YOV Y LOLOLLODDLOOLLOLOLLLLLOLLL LLLLYY LOLLLLODLLLOLLDDLOD LD LIVYY LY
OLLLYLIDLLYOOOYOLY LLIDLOYY OV LOLLODLLOOY LYOYOY OV LODLOYY LIODILOYOLLOLLIOVY LLVOLYYY O LIV LLIYOLY LLLLL LY OO L.L
YYOLY IV IYIVYDLODIVYLOLYOY LIV LODLYYDLLDLIVIVYY LYY LOLLOYLOVY LOLYODOYY LOLODLDLODYIDLLODIYODLOLIVOYYYIYOLYD
DLOODYDOYDILYDYYYY DD LD LY YOOOYYYDODLYOLLLIVYOY DLLOLL LIDLDIY LY LLIODLOYOODLYY DY LLLOY LLOYD LY LYY Y Y LOLLY LD LL.L
LODLOLYY LOLIYOYDLIYODLIYOD LIV LLLDLLOYOYOLOLY LOLLYY LLYODLLLODDDILODOYDIOOY LOOOVYYDLVYY Y LLLD LY LLLILYODLLLOY L
DOODDLLLIYDDINYOYDDLOLYDLLLOVY LYY Y LLLYOVY LY LLODDOYOYDLYYY LLLLLIOVY LY LLD LIV LOLLOD LLOLDLOY DY Y LYY Y LYY YOV Y Y
LODYOY LD LLOD LY ODYDOYDYDLYOYODLODLODDYILLIYDVYYYY Y LOLDDODDDD LIV IVYYY Y LY LOLYOLDLDODLLIODLOLYYDLLLDLOLODODLYOYO
YOVYDODYDYOYY LY DDDIOYYOLLODIYIOYILLYOVYOOYDLYDOY LLLLDOYY Y LLLOYOYOYOLOLOLLODDOY LOVY LY LY LIV LY YODLLDLLLIOVYY LY D.L
YIVYIVYYYOOYDLLLLIVOVY LIYDDD LIOVY LIVOYYOD LIV LLIVYYYODLOVY D LLYOVY LYY ODLOVY LY LL LLODLLLOYOYDOYY DD LOYDIOVY YD
YYVYDLOYLLOYOYIVYYODLLOLLIY LIVDLOOYY LOLLIVIVYYY LV YV Y LYY YY LLLOYY LOVYY YYDV LDLOVYYY LOVYY Y Y LLLIYOLDLLLLLDOOVY Y.L
OLLLYLOLLIOYOLLL LD LLLIVY Y LYDOYD LLLIOV LYY LOLLLODLLODLOOY LYODLYY OV OOV Y OO LOIY LIVOY LY LLLLDLOLOODD LLLIOVYY LOYD
LIVYYY Y LYYOVYYY LIV LIYDOLOLLLYYODDOYO LIV LIV LIDDLODOYDIOYDIOYDTLIDIOVYDIYIDLOVYYLO LY LODLLLIYDDLOYODLODOYY Y OLLY
DIYIOYOOYODLOYDYYLODLOYLOLYDLLLODYDLOYDOIVY Y LY ZODOYDLLLDLLOLLDLODY LYY LY LLOY LOOYD LLLOVYY YD LOLLLOYOLLOLID
YYVYLOIYILIYYOYOLLOLOYYOOOYYYY LOLOYOVY D LY LLLLLOY LOODDODD LL LLLLOVY LLLIYOY LD LODYD LLLYYY LOYDOD LLLLLLYDLOY LLL
YYYLOVYOOYDLLLOLOY LLLOODLYOVYY LY LLIVY Y LY DOYDLLLDLYY D LOLLLOD LLLDLODOYYY OL LY LIV YOV OLLO LYY YOOOY LOY LD LOLLY YD LL
LOLLILOYLODDLLLLLLOY LLIVYY LD LOOY DL LIVOYLODLODDD LLLLOLYD LOYLLLIYY LLDLODYD LLIVY Y LLLODOLLLLLIYD IOV LLLLYYODOY
OOYDLLLIOLOY LLLLODLYOVYY LY IV LIVDOY LOOYD LLIOVY YD LOLLLOY LLLOLOOYY YO LIV LYYDOYODLOLYY Y OODY LOY LODD LLLLLD LOY LL.L
YYYLOLOOYDLLIYY Y LOODLDLLLLIVD LYY LDLIVY LIYOYY O LLLOLOY LLLLOD LY OV Y LY LLD LY YY LODYD LLDOYY YO LOLLLODLLLOLODOYY
YOOOYILYYYOLLOLLYYOOODOYDLLDLDLLOYOLOODDLLLIYDLOVY LLOVYYY LV YOOV Y LLYOYOLILYOYOLLOY LOOYOLILYOLLO LLOYYOLOLY YD
OYZODLOLLODLODILOY LLLLLIYODDLOYY OY DO LLOY DD LLLIVYOOYD LLLLYY LOYOYDOYDOVYY LLOYODYOOILY LY LOLODIDLOLODDLDODLLI LY

9L9LST-8T0ZST:6L6¥000 S FIEITN 1°0L0056L67000 S PIRITNL 7
:ON
art

sousnbag | D49

€ PUE Z ‘| "ON dI D3S 40 sanbojowoH °| ajqel

14



PCT/GB2023/050211

WO 2023/148478

DIODYIOVIVOODIOOYOD LIODIYODIO LLYOYYTOYO LY DD LOOOYDOYDIYOYY YOO LO LY YOOOYD LIOOYYYOLOL LIOOLLIO LODY Y OD0Y
I¥YYOLIIOIITYOODOYOLIOLIO LIOYOLO999 LILIYDIOVI IOVYY IVYOOVY LIYOYO LIYOYOLLOY IOOYDIIYOLIOIIOVYOLOIYY OOYODL
DILIOOIOOIOY LILLIYOODIOVYYOYODLIOYOO LI LIVYOOYOLL LIVY LOYOYOYOVY LIOYOOYOOD IV IV IOLOOD IO L1999 IO LIOLY [ Spo]
[pueqs +
9L9LGT-8T0ZST:6L6F000 G pAURITN] sonpTsal 9z0T (YNJu:oousnbes) o68p9e89.078-0G60-IP8F-POTH-99€0GTLG6<

OYDINYLODIVEYDOLLIVOLLYLYDLOYY OV LYY LLOYOYDLOYITYODLODOYLDLLD LY
YOYDOYDLILYODLLLOYIDLLD LIVYOYDLY LLLOLODYYDOYY OOOY DD LLOLYEDLLDLLLIDLLODLOYYY OO LODYO LD LODOVY LYY Y Y YOYD LOVY LIV
LLIVOYYYOYYOOYDIOYDDILEDLOYLLLLOLLIDLODLYOOY YOOI LOOY LLDLODYIOYDLODLOD LY IV YYD LYOYOYDIODYYOYD LLODID LY LOOVY LLOL
DOLOYLOLYODLY LOYYIODIDYIYDIYDDOYYYY Y Y YDODDLOLIOVYYY LLOYOYDID LOLLIVYYOLYYDOYYOYDDILYOLOLOLIVYYOLYY LY LY.LLODDYOVY.L
LYDDINY LOVDOYY Y LDLOLOOYYDLOLLOOYDOD LY DD IYDLOD LD LLIODYOY LY LYDDLLLLODLY LOYYYYDODDY D LOLYDLYD LLOLDLYDOYDLY L
YIVYDOYYYYOYYYYDOYY LOYYY LY LYYODLLYOYDOVY LYOYDLLOYYLOD LY OV LIDLLD LY LODLOD LIDLLOYDIEYDODLOYDDDLODYIOY Y Y DOLDLD
OYVYOEYDDLOLLLOYDLODOLOODDOYLLOLOLYDDLLOYYY OO LLLLIYYY Y LYDY OO LLIYYDOOYYOOD LYY LOLYY LODOD LIV LLODLODDDLLOLYOLL
LOLLIYDIOYYYZODDLYDLODLOYDLODLIDLLYODDLODDOYOYOY LOLLLIV IV LODLDLLLIVY LYODLIYO LY YDOYYYDOYD LY YYD LY O LY OV LODLYY
YOLYLLLOLODLOYLIOVYLLLOLLOODLLOYLOYDLLDLODOYY DLOY LLOLYY LODLODLY LY OV YD LODLOLYY LY LLLDLDDOYY DD LOOYYD LY LOLD
DLLIVYYY LY LLLDDILYOLOYYY YOOV LY LY LOYLOYYOLODLOLLIY LLLOYYDO LY LL LY IVYYY LYY YYD LLODLODLLLIYLOLYODLOOYY LLODLY L
YOOYYYOLLIYYYLLIDOLYODLODLLOVYYY Y LOYLOYDLOD LLLLLID LOLLLLLLOD L LLLLLLLODLOLYDDLOVY LLOYYY YOOV OV OODLLIY LY LD LDOYD
YYODLOODLIVY LIYYDLYY Y LLODDLL LY LDLY LY ODLODDODYY LY LDOVYYOYDD LIVYYY LYDLYDOVY LOLOLOOVY LLLVY LLOVY LYY OLODOVY LY ZOL.L
YILOYYDLILIOYYDLODDLLLOYOYODOY LYDLOLDLOLLIOYDODYOLDILY DODLOOY LODOYOYOYYYDLODDOLLLOY LODODDD IV YYY LOY DL LLLLDL
YIYOLLOYYLIVYDLYDOOYLLIVYOLY LYY YDOODY LY YYDV OLODLLOYODOVY LYYV YODIYD LYDOYYIYDDDLOYD IV VY DIOYDYY DYV VY . LOLOYDD
LY LOOLOLVYYDLLIVODD LIV LLLOY IV YYD LYDOVYYIOYYDOVYY LYYY LYDDY IV LLLLLODOY LD LLLDLODLOYODYIOYDDLYD LY YDV LYY D LOLOLODD
LYVYDOYDYYYYOVYOLDDODYOY LLIYLLY.LOODDDDDDOYY D LY DLOLLLLDDODDDLYO LY LY LOOD LLDODLLLLLY LDOYD LLOYOLODDD LYY OYDDOY
DLIDLIVLIVLIVLOYDOVY LOOYYYY Y LODLLIYYYYDLLLIVOYY IVYYY Y Y LLLDLLODLLLOOVYLOVY LY DL LLIN YOV LLLY O LLO LIV LD LODLOY
LIVIYLYLOIVYDLDOVY LYY LYDOVY LY LLLIYDDLYDLOYY LODDDLOLOLOIOYY LOYYOLY OO LILIVYOYYY OV OV LY OV L LY OOV LIYYY DY DO LODLLODD
YOYDLYDYOIOYDIDOY LY DY OV Y OLYODDLYOODDOYDLOLYYDIYIDOOY DOYODLLOLLIYIODLLLODLODIYIOYOY OV LYY Y OV DL LY OO LLOLLOLL
OLLOLLLODDLY LLLLODOODILYOYDLIYOYYYDLOD LIVY YOV O LLOYDLLLIYOYOLOYY LODDODD LLLLIY LLDOVYYYOYDDLLLOLYOLOYDLLYD
DLODYYOOLOLYD LD LLLLIYOLYDIYYD IV YO LY LOYODDDLDLLOOD LIOYYY LYDDOIOY O LLLLYODLOYDODDDDDIODLOYY DLDOIDDILYYDLID
OYDLIYDYOODLYOLLOVYYOYYYYY ODDLOYIYDODDIDLIOLYO LY LIVY YD LY LLDLLLOLLLLDOY LLIYYDODOYY OOY LYY OYDDOIYIY IV Y DDDD
YY LOYOYY YOOV YV VY YOO DD LOOY LYYOLOVYYYYDDYY LYDOVY LLDLYIOOY DY Y YY . LYODOYD LY LYY YOOV LOLVY LD LOLOVYOOY LOYD LY OV
OYYOLLOYY LOYY Y LOLYY OV LLLLY LVYOYOYYDLIVY O LY LD LODOY DD LIV IV LOOYOLLOYODYD LLDLOOY LD LLOD LYY LOVY YD LOOY OV DY Y.L LY
OOOLLLIYILOOODLLOYYY LLLODODDIYOY LY DY IV YD LODD LOYIILVY Y LYY YOV YY LIVY Y LYDDOYYYYYOYY LLLLOYYOLLYY LLLLLD LY LY DD
YY LY LYY YODOYOOYDYYYODLOLY LOYDOYOLLOYOLYDLYODY LYY LLDLOLLIVY OOV L LLIOVY LL LD LOYOD LLLYDOLLOD LLLIVOY LOYODYYDODLD
LLLOLODLYDOOY LOOYDDLODODLLIYY LODOY LLLLLYLOLODDLYDLLODOYODLOVY LY YOOV LD LLOYY LOLOOYYODLLLOLOLOLOYOD LD LYY LD
LOLILYODOLOLYYOLLIOYDODYOOYYOLLOYLOOVY LOY LYY LD LOOYY Y ODOY OV LODLODILIOLOY YO LOYDI LLOYYDLODLYYOY DY LOYY Y YIT DD
YOYYDDLOOIDLIOLOLIVIVYYOYOY LYY LLDIVYOVY LYY LOLOYLOLOY LLLODLOLLO LD LOLLDLOLLOYY LY LDOYDOIOYYDDDLYDD LLOYLOVYYD

15



PCT/GB2023/050211

WO 2023/148478

OYVYODLLIYLYOYDIDLOLOOLLLIYOOOYYDLYOYLOD LIVYYY YD LY LD LLIOYYOYDOVYYY LY LOYDOYDLODYIYOLOLY OV LY LIV LOYYY YO LLYDOYOY
DYDILILOLOODIYDY LLOLDOYY DY D LOYY LOOYIYDDLOOYIOYDD LLLLLODLLOOYDLOLLIOVYY ODLO LYY DY OY DYDY YOYY DY OLYOLLLLLVY . LL
LOLODLYYDDLIVYYLODLLLDLIVOYLYOOY LODD LY OOYD LY DYDILDODDDLLLIYDDLOLLIYDOY LLDLYLOLYYOYYDLOYDYYY DD LODOYYYITDD
IV LDINVYLIYODYOOYLODLEDLYDLOOY IOV Y LY LLLOYY YYD LLOLOD LLDILYODLLOOYOYDLO LIV LOOYDOVYY DLV YD LODYOY DL LLLLLOOY LD
YOOLODLILIODYYLYDLYODDIVY LOLYODLOLYD LLLLYDLOYOLLIYOLOYYOLYO LY LLLDDLYDYIDDLOLYLOLLOLYDIYDDDYIDDOYY YOV ZLOL
LOLDIYIODIVILOLYDOYLOLLIDLOLLLIOV LYY OV LY DDYODLOVY LLLIYOVYY Y LY DOYYDOYOLODOY LOLYD IV LYOLD LY LOYLODLYYDYDDLOYDLOTO
DILYYODIY LOYOYDOYDID LYY LIYOYOYY LYOLLOYZOYYDOOD LOOY DD LLIOD LYY OV LOL LY LLODDYOY LYDYD LODLILIY LYDDODDLOOYE LOLODDDD
LILVYDOLOOOYLILIOVYYDLOY LY LYDLODDDDDOYODLIOLIVY D LLLLIVY YD LOODLLLOOYOYDLODY LIV LID LLLLLIVEY D LLLODLLDLLOYYYDLOODL
DLOLYY LIV LOYYODLLLOY LYY Y LYDOVY LOLLIOVYDLY.LLIY LODOYOY LOY LY OOV OOOY LOYDOD LYYV VY YOV VLIV YOLOVYY LOVYY LY LYDLOLLL LY
LLLLIDIVLLIVYYY OLOY LOLLLIODDLYDDDODILYDLLIOY LLLDLLLIOD IV LIODLLL LD LLLLDODLLLLOYYYD LLIVY LLOLLOY LIVY LOLLLOLLD
YLLLLLLOOYLIYOLOLLDLY LIDLY LOYYOLLLOLLYYOYOY OO LLIVOYYY OV Y Y OOV Y LLLLVYY LLLYY LIYDLLOYLLOD LY OYY Y YDOYDIDIOE DD
LOYYYDLLODLLIOLLODLOYDOYOYYYY YOOV LYDLOYOY LY LD LLOLOLODLDD LLLLDOYOYOLLLODLOOOY LD LOLVY LOYDYLYODDLODLOLYYIODD
SLLLLIDLLLIYLOOYLOLLYDDOLYDYOLYDOOYYODLOVYOVYOOY Y LOLLIVYDLYDOVY LYDOYOLOYYY Y LOYYDOVY LY LODLOOODLY LYD LLOOYYIL
LODYYOIDIYILYOVYY LD LYOLIYDLLLYOOYODDLLLOLDDLYDOYDLLOYIOYOOY DY LYDOYOLLOLOYDLOYOODDY LY LLLOYDLYD LYY LOY DD LDLD
LODODODLODDLLOLYYYODLOYY Y LYODOOYODDLOYY DD LLLIVYYY LYD LD LIDDDIVYYOLOVY IV Y. LOOOYD LLLILVOYOYY LY YY OV LY YY LYY LD
YILOLOOYYYYLLIDLDLYODLOYOOIOYYYOLOYD LLLODOVY LYY LOOYYDLOYYOLLDODIYLILYYY OV LLODYLOOYOOYY OO LY LY LL LD LLLODLODODLL
LYYYYOODILYDLOVYLOVY LODIYYYDLLLDLLOIEDLLLD LY LLODOYYDLOLY LIDLYDDOYY YD LLODLLOLLLYY LD LLDLY LLODLODODLILIOY LYY DL
LYDLLLOOVYYLLOYOLOLOLLYOLDIVY LOY LOOY LLLY OO LLLL LY O LLL LLIVYY LLLODLLOOYDLOLIYD LLLIYDD LLODOYY LOLODLOLLLOD LY
YLOLOLOOYDLIODIOYILDLLDLLODYYDOYY DY OY OV YOYDIOVYYOLILDDDLYDOYDLLODYDIODLOIDOVY LYLODD LY LYOLLLLDDD LIV LODLLLDDD
YOLLIVYYYYLOLYLVOYY LODOYOLOLLYOYYOLLLLYODLYY DODDDLODLODLLOVYYYDDILODI IV ILEDLLLIOVYODILYOD LD LIV LODDOY IOV D LY.L
66TE0Z-ZSEVST :S¥02000 G FIeIIN 1°0T006570Z000 S PIBITNK

HADHTHIALLINALAIDIAANHAISASONEATOHNAVYINTIOSHAY S TINAH
STAYHOQANTTATIHNIDTTASA XINADMATY AIAY LS SAODI IMMAISNTADS TONMAWASNI T AVATO X AN O TIATASVADS VI ADAT ANADVAADTA
OTAMSTIHAIOId LTSIANSANTOAd HId TANDDAdVYMS S TT I IADAVATAVIdAMDTATVNOAL STTAd T DIMVYOIVIHIHD THTVAANDTYAT DOV'T
ZmdﬁmmmmMMQMUWOWQBOWQQWmOBmeZmO>Om>UhQm>MZMQMmMm%BmmmBmHmmmmmBhHmBBmBO@OE@ZBQMQEO@HOMW@@AEﬁmﬁﬂpgmgg
[pueils + 9/,9LGT-8T0ZGT:6L67000 G FARITN]

OYDIYLODIYY DI LLIYOLIYIEDLOYYOY.L
YY LLOYOYOLOYDOZODLODOOY LOLLODLYYOYDIOYDLLYDDLLLOYIDLLD LIV OYDLY LLLODLODDOYYDOYY OOOYODLLO LYY D LLDLLLDLLIDLOYY YD
DLODYOLOLODOYIVYYY Y Y DOYDLOVY LIV LLLYOYY YOV Y OOYDOYODILYDLOY LLLLDLLDLODDLYOOYZODILOOY LLDLODY DY DLOLD LY LYY YD LY
DYDY DODIYYOYDLLODODLYLOOVY LLIDLODLOY LOLY DLV IOV Y ODDOYDY DY DIV Y Y YV Y DODIOLIOLOYYY LLDOYDYDDLOLLLYY YO LY YOV OY DD
LYDOLOLOLIVYOLYY LY LY LLODDYOVY LIVDD LY LOVOYYZ LD LD LODOYYD LOLLOOYDIODLY DD LY DLIODLOLLODYDY LY LYDD LL LLDD LY LOYY Y Y
DODOLODLIDLILOYOIYDIDILOYDIDDLODYIOVYYYOILILODYYITDD LOLLLOYDLDOLOODDOY LLOLOLYDOLLOVYYODLLLIVYY Y LYDYODLLIYYD
DOYYOODLYYLOIYY LODODLIY LLODLODODLLOLYDLLLOLLYOIOYYYY ODDLYD LD LOYDLODLILD LLIYODDLODDOYDIOOYYIDDLYOIDLLOYLOY
YODOODILYYDODLLOLLIVOLLLDLLOLLLIYOOLIYYDIOYDY OV .LIODYODOYYOODLYYODLLOOYDLODILYODLOD LIV LIYOOLOYODIYDLLLOYYDODD.L
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NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNLLOYD LY LY LD LYOY OOV LODYLYOLYOVY LOVY LD LY OYOY LY LD LY OV DOVY.L
OLOLIOYYOYLYOYD LIDLOVY LLODLLOLYYDLOYYD LODLLLIVY LODOY LOLOLOYYOD LY D LDLOYO LLIVY DLYD LY OV LLOLOODLYODLLOYD LL
YOODLLLOLLIDLLIYDLOY LD LOLLLLOY LLYOOYD LY LY LYY DOV YDOYD LLOYY OOV YOOV ODLY LOLLLLIYYODLOLOLLLOY LO LY OO LLIVYY D LY.L
YYLODLOLYOLYYOLD LIVLIOVYLLLYOYDDLOYDLOLLLDDLLOYODLOOYYY YOV LIYYYOYY Y OL LY LY OOV OLOLOOYDDDODYLOY LY DLYODLID
LLDIYLYOYDIDLODLYLYYOYIOYYYYY DY YY VY OY YO LY LL LD LL LLLLYODDLODLLODLOODDY LOYYOLYDLDODLIYDOYODLOYYYDLLLOYOY LY
LOIYYOLYVYYDLOLOLODLOLY LLOIY LYY IYDOYOYLOD LD LD LLLIYY LDLLLIYOLOODLLLLIY LLLIVOYDOYYODOYDYDLLODLLOOYDOYY Y ODDDD
YOYYOOYYYDLIYVYOYLLLLL LD LD LLLYOYOLODOY YOOV LY LOVLLLVYY LLDLOODDYIVY LLLLOY LIV YOOV LLOVYOYLYODLYOVYY D LY O LLLLLD
LLODLOODDLOLOYDDLOD LYY LIDLOLOYLOYD LY LY LYD LOLOYDDLLOLYDD LY LLOYOLYOVYOYOYLLODLOOYDYY YOOIV YOV DD LY D LOYYOYY
OYODDLODOYYOYY Y LLLLIOYLOYLDOOYDYY Y OODOY DO LY YYD LY LL LLODILIYDY OOV ODYODIY IOV LODLYOLOYOLLOOOD LLDDLLOYYY DY OY
YILODYYYYOYOYOYY DD LD LLLLLDDDOYOYOYODDLLIODLLODLLOLYDYOYODIVYDIYYOYODLOVODLIVYOYY LODLODLODLOYYODLOLLODODLD
IVY LY YYDOVYYDLLIYY LODYODILVYIOYYLYDLYDLLIOYILLDODDYIDDDDDIOEDLLODOYYODYIDIYIOYDLILTODODLOTYODDOYOLODLOLDLODIVY LOD LY
ODLLOYDIOYYLOVYODLYD LIV LLIDLODLOYOOYY Y Y LLOLOLIOOY LY OV LOVY D LODIVY OV YO LLIYDOYOVYYD LLLLYYOODLOYODLOLODD IV Y .LYD
LODOYD IV LOVYYYYDDLY LYY DODLOLODLLIYY DD LLOOYYYDOYYOLY LLODOD LY LYY LOVY LOLYOODDOLYYY OO LYY OV LOLLYDD LY LODYDOYD
YOOYDLOYOYLLOYOYOYLYD LY YYDLYYODDOYY Y LOOVY LOYDYOVYY OV LOVY LIV LODY DD LLODLYODLODDDOYDIDLLIYIOVYYY DY Y Y ODLYDLOY DL
LIV ILYOYOYDOYOOYOLLLODOYYY DY LOYOIY DL LIVIYOYLOLDLYOYDLOYDDDDDLOLLLLLIYYY LODODDLOODLIOYYODIDLOYY LLOLODOYYY O
YYVYILYY LY LODIYIOYLODODLODLYDLODLOVY LLIODLIYOYODOYYYDDLLOYOLLIVYDLLIDLOYLYDLYDLOOVYD LY YDYY LOYY LOOY DYV Y OV Y Y
YOVYLYLOOVYYDLODLIVYYOYY Y OLLLLOYYYODDLODLOLINYY LY ODYOYY YO LYOY YOV LOOY LOYOYDOD LYY YYY OV OLYDLO LY ODLOLODLDLD
OYYDLOLLOYLOLLOVYYY LYYV YOVYYOYOLOYY LLIDOVYOODIYDODOYDDIYDIVIOVYIVYDIOYDYLOYLODLOLLLLIVOLOYYDLOLOYODLOOYDLDLYD
OYVYLOYLODLYYDOODLOLLLIOYOYOLYOYOY LODDLIOYDLYOY LYY DYDY DD LYDOYOD LOLODDLIY LODYOLYIOEYDOY DI LLLOYDDYYDIYY LOY IV DD
LOLLIY LY DOOYDOVYY VYOV LY LD LYDLOLOLOD LOYOOY DD LLLOVYOYDLLODOYOIOYODLOYIOLLOOY IOV YOV ODDLLOYYDLLDLODDLOYY YD LOY L
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LIVLIDLLIYLODLLOY OO LLLLLLIY LLIVDLIVYOYYDLOY LYDLOLYY LY OV LLDLOLOOY LLODLYD IV LLLD LY LIYDLOD LOYO LLY LOLOLLD
DIYODLLLOLLOYDYYODOVY LYDLOVYYYYOYYY LIV OOV LLLIYILIVY LODOYY YD LIODOYYY LLLOLLLLLDODDD LY LOYLOOYY YYD LILIYDLOOLOYODDL
LIVYYYOLOVYLODYY LODLOYYYYDDOD LIVLIYOVYYDDLLLOYLLIODYYY DD LYOVY LYYV D LLIVYDLLOYIOYDOYOYY DD LYDLODIDIVYYOD LD LYDLLY
LIVLIDOLYIYOLOLODLODLIYDLLIOY.LODYY OV LODL LY LLOYDOY LLL LY IYOYDLODLLLODOY DY LY VOV Y LOY LYY LLOYODLOLIY DD LOYD
YILOYYYDOYYYYDDOYOYDOYDYY DY YIDYIVY LY YYDV Y LLYDLOLOODDLODDDIOY LOYDLODDILOVYIYDYIOTYOIDYDIOVYYYY Y Y LODYIOYYDLODLILIYID
DIDLLIODLLIOYOVYY LLLOOY LY LLLODDOYDLODILIYDOYY DD IOV LYY YOYOY LIV D LODYY Y LLOVYY LYY LOVYLODYDDIOYYYDLIVYY LY OYOLODLDLOY
YYOOYY LYY LOYDOOYYYDLLLLLDLIVOODIVOYYY LV LY LV Y YOO LLLD LIVY Y LIDYY Y LLLOVY YYD LYY VY LODDLOYY Y LODOYY LIVYOLOLLY
OYYYY LY LIODLOLOLLIVOYYLYOODODDLOLLLODOVYYYY LODDYYY LLODYYYY LLDLODLOVY ILVYY LLLLLOYOVYOVYYYY Y OVYY VY Y OVYDOYY Y YV
YYOOYLYOYIYIOYODDLLLOYDLLLOVY LY OYDLDLY LLLVYOLLLDDDLOODLIY LYY Y OOV Y YOOIV LD LIVY DLV ODDOYOY OOV LYY YD LODLOLDL
YIVYOYYDLLIYY LOYDLYOY LLOYYLLLLOOYYD LY LYDOYDOYY LODDLY LIV LOOY LODLYODLLODOEDDLODLOODIVY LOLLY LLODLOY LOYYDDLOYY
DOYDOYOODOYLOYLYDLYDDDLEDOODY YOO LIOOVYOOD LLIY LLDLIYLLLLYOOYOYD LD LOOY LY DYDD LY OYDOVY LY LODYDOVYY LLYDLLOYIO LY DD
YYOYYOLLIYLLLLLLIOYYODOY LOOLLOOYOY LODLLOYDOYOLLIVIYDLLLLLIVOOD LY LIVY Y Y Y OOV YOV YOV ODLODDODLIODDDIDOTOIYZOID
LOYY LOOYYY LOLLLLLOYODLODY YOOV LLYOLODODDIYDLYOVY D LY LLDLOYDLIVYYYODLOLOLYLYOO LYY LOLLDDLODIEDLLOY LODLLOYY
DIYYYLODLOLYDDLLDLODYYY DD LOODIYYOODYY YOI LYY YOYD LIV ILYOYDLODLYDDLLOLDODLYYIYDLOLOVYY LY IV LLLDILDDLYDDLOLOY
DOOYLYYDOOOYOLIVYOLOYYOYDVYY LOLYODYY IV Y LY LIVOVY D LLLOVYY LODODLYY LIV LLDLLLLLOYDLOLODLOLO LOYY DOV LLOYOLLYY Lo
DLLODLLLIYDILYLIVOYYY YD LOYDLLOLLODLYLOYOY LY ODDLLOYD LOLLLIYDDLLOODDLYDOVY LLIVY LLLIYOLOLODLLDODDDDDDLY LODLDDY
OOLLIYLLYYY LD LLIODILYODLOY LY LLDOYDDLYDYDIDOODYLOODLOODLLD LLLLIYD LIDLOVYYYOLYOLLD LYDLOYOD LYY LOOY LOLLDLODDLL
DOOYDLODILYILYOYY LOYOLLOY LLLLOD LLOYDLLODOD LD LD LLLOLLLD LLLY IV IYOLLO LOYODOY LY DY DLOVYOY LLLOYYY OY DOOY D LYY YD LDDY
OOY LYDOYYOLO LIV LLLLOOYDYOLLIOD LLIYDODLLIODOYODLOYYDOY OO LLLIVY LY LYDLYODLOOYDLOOYY DL LD LLOLLOYY YD LY YYYDOYDOTY DD
YLIYIDLLIOLLLOLLODLLODOYYDLLLOLLO LIV LOLL LD LLLD LLLLLLOD LLLLDLOYY LLLLDOVYLYOLOLY LOY LLLDOY LYY YOOV LO LD LY LOYY
IYDOYLLLIDLIODLLLLIODLOLY.LOYYYYODLOY DD LY LLODILYOYYODLLL LD LL LIV LODOLIVYYYODLOLLIOY LD LY IV YYYOVYY LL LY LY DD LLODD
YYOLLLOILYLLIOYYYDLYLLIYOOLYD LY LOLODY LY DD LD LLDLLOOY DLLLOVY LLLOOYYOYD LL LLIVOLLLDLLIYOOD LLLLLLIYDYDLLDOODDY.L
LODY LLOVYOYY LOLLLONNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
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YOODOLDIOOYLLODOYDDLOYEDLYDDLDIDDDLODDIOY LY LODOYOYOTO LD LY DIYIDOY DD LYDYDOYDDD LY LODIYI LIV LLOYOLODDLLOOYLOYY D
LLIOYLOODOYDYY LODLLIYOLOYYOLOLOYDLLIODDYDLOYY DD LOYIDIDIYYDIDOYDDIDOEYDIODIDIDLLIVYYODLOYDD LOIOY LY YDDOYIYY DD
YOOYOIDEDLIOIYDLLLIODYYY LOLOYDLLOODODLYOYOYDIDLLLDDYDY.LIODOYIYDIYYOLODDDIDDIOVYYOYOYDYDOIOYID LILIVYY LOLLOY LYOY Y LYD
LODLLLYLODLIYODLODLYOODLIODYDIDIOIY YO LLIYILIYOLYOLOYY LOYOD LYDDLYDLODODDODLLLYLODLLLODDOYDLLDODLOLIDOYYOIOY DD
LLODODIYLIDLLIOLODLLLLYOYY DD LLOYZODOYDOY LOYLYDOY LLOIOYDLOYIOVYY LODYDDLEDLY LD LY OYDOYY Y LLYD LOODYLILIYOY LODDLL
DDODDLODDOYYY LLIDDYIDY LLODDLOYDDLY LLDLOIYDDOY LLOLLODIYIOEYD OV LODDYYYOYDOY LOLYD LIV LLLIDLODDLYOYODLOLYDOYYOYY
OYVYIVYDODOY LY LYY OYY DD LODLYDDYDDY LIV LLOOYODLY.LODYY DY OYOOY LOLYDODDDDIDD LY DLLODDDLLOYOOYY OYDYOLLLIYLOLDLOD
OYODYYDODLOVYIYI LY YYDV LODLIOYIYOYDDDLOLOVYYYDILYIOOY LYOLOYDLOY LLYYYOLY LLDDOVY LY LOYYOVYY LD LODY DY OO LY LYDDODIVY
YOYYDOYY LY LIODLLODDLLODINYYOY LOYDDLOIOYDDLOYDIYYDLODDLLODOVYILIYY LIVDOYYOLLY IV LID LYY LLLDLLDDDLOYLLIODDILYYDIDLOLIDD
YOOYDY LOOYLOLODLODOYDDLLLIOYYD LLIDDOLLLIVYYYDIOYOY LODY DY DDIY DV OYDLYDY Y LOIOD LYY ODDYIDDILYDLODYDLIYIOYODIVY LOLLY.L
LOVYLLYYDIY LODDLOYLYDOODLYYDOYD LIVYDLOOYLOY LD LIV LODLLLOY.LOOYDYODDLDIOYIDYIVYY LLYDYIOOYD LY DDDIDDLYD LLLLOY
YYODYODIOLYD LYYV YY Y LYZODLODYDLOYYODEDDLOLYDYDILIOYDOYIDVYYOYDYIYDLIOOVYT LODDLOYDDLLIVY LIOVYDOYY DY DIDDDOIVY Y O
YOODYLILYYOOYDILY LOLOLODLODLLLLIDLYODDOY DY Y LODIDYIDIOVYY.LIOTODDILYDYYDIODIYIDY YOIV LOIYLODVYY LY LDDYDYDDLYIOYTDID
YOVYDYYDOYDIYDOTDIDIDLOYIDYDIIYLIOY LLDDODLIOOY LLODDODDYYIDYYY DDV Y DD LOVY Y LOOYYODLOLLIOVODLYYIDDILODLOD IOV LYDOY
LYZOYO0DDLODDIOYODIDDDDLLLOLY LYDDOVY LLDLODYOTYIYDDODIDIDYDIYY LY. LDLOEYDDDDDIYIDOYDDLODILIODT.LIOVYIOVYYODILEDDIDLD
YILOYYDYOYLOD LYY LODLLLODODIOLOOY LIVY OLDOVYYYY LLOOYLOYOD LLLLODLYYOOYD LY LLYODYY LYDIODOYYODOLOOVYYDDDLIYIOLOYYY Y DL
LODILYDLOIYLOY LY YYDOLEDLIOTDDLODODDLOYDIOYY YYD LLDDLLODDLOLIYOLYODLLODY LYODLODDDLYOYYYY OV LD LLDLYY DD LODDOYY
LYYOOODYDILYOLLOOYODIDLIYIOLIVYYDOLODLLIVYY LODODLOD LIVY Y L LLIVOOYY LODLOVY LIV Y LOLOYY LLYDDLLIYOLOOODDLLOLLYY YD LL
OLLLYYOLLOLLOYODDLLOLIEDDLYYDLLOLYY LOD LYY DY Y Y YOOV Y OLLOLYY LD LIV LOY LODLVYY LY LY LV LYY Y LY LOYYOY LOYDLLLOY LD
DILYYOYY LOYY OOV LOYOD LYY DD LIOVYLOLIVYDYYYY YOOV LYYV Y LOYYLOD LY LOOYY DYDYV Y OODYY LYYV Y Y LY YDV LOYYY LIV Y LLO LV Y.L
LYYV Y LOYYLLOYVYY YD LIV YY YOO DLYYOY LLDOODOVY LYY Y L LLODLOVY LIV LYOOYOLLD LYY LOYO LYY LOVYY Y Y Y DY LLOY YOV OOV YD LLL
LLDOYOILYYY LOYYYYY LY YYDLYY OV YOYYODYY Y LYY DLLODOIYYIOYYODLLYDOYYODDIOD LY YOLLOLLDOYIOYODOYOLOOYYY Y Y Y Y YD LY DY Y.L
DIYYDYLLOOYOLOOYYOLLOLLODODYYYDODY LOYYY Y OY DL LLLLDLYY LODOODOYOOYY Y YOV Y Y Y Y DYDY DY DOV Y YOV ODOY Y OLOLIOOYODLLL
LODYYOLLLOVY LLIVDLIVY LIOVYLODOYYODLOLOLOVY LIOYYYY YOV YO LOLLIYDDLOOYLEYDDLODDDLODOYYODOYODLODYYOLOVYLOYYYDLOL
DODOYLODYODYLODOYDIDLIODLODDLOLYIOY LYDODODLILOYY Y OYDDLYOOLDLLOLOYYOLLD LD ILYOLOLLOLLIYDLODY LOYOYY VY Y ODDTDIYD
OYLODILYYYOLLLOYOLOLDOYDILYOOYYDOYDLILDIOVY LOOEYD LYY OLDDLOYLOODD LI LODVYY YOOIV OOV LYDOVYY DI LO LD LIV LYDYY LLOYDLDD
OYY LOODDLOLODDOYYOOOYODDLODOYYODIDLD LIV LLIOYY LYYDD LYY OYDOVY LLODLYD LYOVYYDLLLIVY Y LOY LLLD LLODDODDLLOLOY IV Y.L
LOLDILOYOYLODLLOOY LOVYLODLOVYLOVY LOYY LLLLOY LLLVY IV LY LODIVY LOY LYY Y LLLIV LYY DLYODLOLLLOYDLODOYY Y LODYDDLODY Y OD
LOLOYDDODLLOLIEDLDLOOYOYOLLYDLOLODDLOYIOYOODDLOLYY OOV OYOLLOLODIYIDLLODLLODIYYY DOOOY DD LOIOYOD LY OLO LY LLLYY
YOOYYOYILY LY IOV LY YOYLODLYDD LOVYY OOV LLLODDDLLYD LIYDLLD LIV Y LYY OLODLOLLODLODLDLODOY LLLOYY YD LODLYD LIVY LL LY
OLIDLIYLIDLLODLLDLY LILOYYYDLLLLIOY LLLLIV IV LOLYD LLOLLOVYOYOY LY O LLLLYD LLIY LLDLLLLDD IOV Y LYY DD LLOLYOY LLOVYY
DLIDLYYODLLOVY LIOY LD LLIODLLLOLLIYDLOLLLDLLIVOYY DLDLOLIOVYLODY LLLLDOYOOY YOOV LOVY LD LOVYO LLLIOYLIVYY OYYY LIY LYY
DLOYYODOYDLILIYYYODOYYYDDLYODDLLLLIVYOOY YD LY LOVY OOV LY LLODOVYO LY YO LYY LOYODLLOVYY LY YOOV Y Y OYZODLOLDLYOYLODLOY
YILOLOYOLOIYYY Y LYOLLOD LIVYYY LODLYDOYDDLOVY LY YDOYDLOYD LY LD LIV LLLYLODLLIYODLLLOLLD LYY LY DD LYY Y. LYY LOYY YD LOY.L
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YOOLLLOYYDODLLOY LVYOYLOYYLYDLOLLLIDLOYY OV LOLODLIYY LEDLIOLODYYYYYDYD LY ZODLOYDIVYY LYDVYY VY LODY DD LOLLYY Y OYODOY
YY LYYDOYOLYDLYOLOOYDOYY DLLOYILYOYD LIV LIODDLLO LY LLLOYDLLDLYY LODD LY ODDLLOYODIOY LOLLYYYY ZODLLODDYY YD LOVYY Y ODOY
LYY LLLODLOLLOOOY LODLY LOYDLIYDLLOYLOOVYLIYOD LYY LLOYDOID LIODOYY D LYYV OV Y Y DY OV D LY ODLLLLDLOVY LY YOYODOOY Y Y OLLD
LOLLLODLIVY LY LY OO LLIOLOLYDDLOLIOYYY DO LODOY LYY Y ODDOYDLLYODOY DDDLODIYDDYD LODIOY LY IOV Y YOV ODYY LODD LY DOOY LLOYYY
LYDILYOIOYYLODLODYYYOYOYYDDLDLLODLLOYYLODOYOLIVY Y LY LIYDDOYDLOYDDID LY IOLOODLODIOYY LODYODODY LOYY Y ODODLLLOLLL
DILOYDYLOODODYLOYYDILYOLLLIOVYOY LYY OODIOVY LLOLYOOYYDOODLYOYD LIV LLOOYOOYY ODLLOLYOYOLLLOYYOY LY LLLOODLLLLOYD
DIDLLLOODLIYYDIOIOYIDYOVY LOLOYLOYYYOOD LIVY DDV LOYDLLOVYY Y LODLLOLDLYY LODLYODLOYYY Y YOV Y OOODIOYY DO LLODLIYDLLL
DLOODLLODLYYDDLYDYYDOYOOYYOYDILYDDLIVYYDLLLOLYDOOYDLOYYY LYY DOV ODDLY LLID LINYODYOLYOVYYYY Y Y Y Y VY LLYD LY LY
YOYDLLILIYYODLYODLIVY DD LIODLIOVY LYY OYYYDLOLY LODDLYYDLLOOYYDOY LODDDILYLYYYODLOOLOVYYZ LY ODDDOY LLLOY YOOV LOYLDD
OYLLDILODYLODLOYYIYIDLYDLYODODLLLODDLLIOYYOYDLLIYOD LLIOYYY LOOYOIVYY YOOV Y DOV OOOYY LIV LLLODLLDLLIYDYD LLLOLOYODD
LILVYDOYYLOYYDOVYLOYOLYOLOYYYODOYYDLLIDLLOYDLLODLLODLOLOYLOOD LLLLOLOYODIVYDDLLIOYYOYDOY LY OOV LLOLLYODYOYY DL
LODILOVYOLYDVYYDOYDDYIOVYOVYLODDLIOYD LYY VY YY Y LODDDLOLY OV OOV OLYDDLOYOLLODLLOYDLLOLLLOVYLODLYOLOLLLOYYDOIOY DL
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Suitably, the protein for use according to the present invention may be encoded by a
polynucleotide sequence from Nicotiana tabacum.

In one aspect the present invention provides a method of decreasing the alkaloid content of a
plant or part thereof or cell (e.g. plant cell), the method comprising modifying said plant by
decreasing or inhibiting the activity or expression of at least one FAD synthetase.

In one aspect the present invention provides a method of decreasing the alkaloid content of a
plant or part thereof or plant cell, the method comprising modifying said plant by decreasing or
inhibiting the activity or expression of at least one FAD synthetase comprising the amino acid
sequence shown as SEQ ID No. 3, or a sequence which has at least 80% identity thereto or
wherein the at least one gene encoding a FAD synthetase comprises a nucleotide sequence as
set out in SEQ ID No. 1 or 2, or a functional variant or functional fragment or orthologue of SEQ
ID No. 1 or 2, or a nucleic acid sequence which has at least 80% identity to SEQ ID No. 1 or 2.
Suitably, the protein may comprise a FAD synthase domain.

In one aspect the present invention provides a method of decreasing the content of a TSNA
precursor in a plant or part thereof (e.g. leaf), the method comprising modifying said plant by
decreasing or inhibiting the activity or expression of at least one FAD synthetase. Suitably, the
method comprising modifying said plant by decreasing or inhibiting the activity or expression of
at least one FAD synthetase comprising the amino acid sequence shown as SEQ ID No. 3, or a
sequence which has at least 80% identity thereto or wherein the at least one gene encoding a
FAD synthetase comprises a nucleotide sequence as set out in SEQ ID No. 1 or 2, or a
functional variant or functional fragment or orthologue of SEQ ID No. 1 or 2, or a nucleic acid
sequence which has at least 80% identity to SEQ ID No. 1 or 2. Suitably, the protein may
comprise a FAD synthase domain.

In one aspect the present invention provides a method of decreasing the content of a TSNA
precursor in a plant or part thereof (e.g. leaf), the method comprising modifying said plant by
decreasing or inhibiting the activity or expression of at least one FAD synthetase.

In one aspect the present invention provides a method of decreasing the content of a TSNA in a
processed leaf, such as a cured leaf, the method comprising:

modifying a plant by decreasing or inhibiting the activity or expression of at least one FAD
synthetase;

harvesting a leaf from said plant;

and processing e.g. curing said harvested leaf.

Suitably, the method of decreasing the content of a TSNA in a processed leaf may comprise:
modifying said plant by decreasing or inhibiting the activity or expression of at least one FAD

synthetase comprising the amino acid sequence shown as SEQ ID No. 3, or a sequence which
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has at least 80% identity thereto or wherein the at least one gene encoding a FAD synthetase
comprises a nucleotide sequence as set out in SEQ ID No. 1 or 2, or a functional variant or
functional fragment or orthologue of SEQ ID No. 1 or 2, or a nucleic acid sequence which has
at least 80% identity to SEQ ID No. 1 or 2. Suitably, the protein may comprise a FAD synthase
domain. The term “decreasing” or “inhibiting” (e.g. inhibiting the activity or expression of a FAD
synthetase) as used herein means that the activity or expression of the gene encoding the FAD
synthetase protein is lower or decreased compared with the activity or expression of the gene in
a comparable product.

In one aspect, the present invention provides a method of increasing the alkaloid content of a
plant or part thereof or cell (e.g. plant cell), the method comprising modifying said plant by
increasing or enhancing the activity or expression of at least one gene encoding a FAD
synthetase protein.

In one aspect, the present invention provides a method of increasing the alkaloid content of a
plant or part thereof or plant cell, the method comprising modifying said plant by increasing or
enhancing the activity or expression of at least FAD synthetase comprising the amino acid
sequence shown as SEQ ID No. 3, or a sequence which has at least 80% identity thereto or
wherein the at least one gene encoding a FAD synthetase comprises a nucleotide sequence as
set out in SEQ ID No. 1 or 2, or a functional variant or functional fragment or orthologue of SEQ
ID No. 1 or 2, or a nucleic acid sequence which has at least 80% identity to SEQ ID No. 1 or 2.
Suitably, the protein may comprise a FAD synthase domain. In one aspect the present invention
provides a method of increasing the content of a TSNA precursor in a plant or part thereof (e.g.
leaf), the method comprising modifying said plant by increasing or enhancing the activity or
expression of at least one FAD synthetase.

In one aspect the present invention provides a method of increasing the content of TSNA
precursor in a plant or part thereof (e.g. leaf), the method comprising modifying said plant by
increasing or enhancing the activity or expression of at least one FAD synthetase comprising
the amino acid sequence shown as SEQ ID No. 3, or a sequence which has at least 80%
identity thereto, or wherein the at least one gene encoding an a FAD synthetase comprises a
nucleotide sequence as set out in SEQ ID No. 1 or 2, or a functional variant or functional
fragment or orthologue of SEQ ID No. 1 or 2, or a nucleic acid sequence which has at least
80% identity to SEQ ID No. 1 or 2.

The term ‘increasing” or “enhancing” (e.g. increasing the activity or expression of gene
encoding a FAD synthetase protein) as used herein means that the activity or expression of the
gene encoding the FAD synthetase protein is higher or increased compared with the activity or

expression of the gene in a comparable product.
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According to the present invention, the activity or expression of a FAD synthetase is modulated.
In one aspect the present invention provides a method of modulating (i.e. increasing or
decreasing) the alkaloid content of a plant or part thereof or cell (e.g. plant cell), the method
comprising modifying said plant by modulating (i.e. increasing or decreasing) the activity of at
least one FAD synthetase.

The term “activity” refers to any functionality of the FAD synthetase protein. Examples of activity
include the ability of the enzyme to catalyse the adenylation of flavin mononucleotide to form
flavin adenine dinucleotide coenzyme. Other examples of activity may relate to the localization
of the FAD synthetase protein.

Modulation of the activity of a FAD synthetase may entail increasing or decreasing the activity of
the FAD synthetase.

Increasing the activity of a FAD synthetase refers to enhancing or improving the ability of the
FAD synthetase to carry out a particular function in comparison to a FAD synthetase in a plant
that has not been modified in accordance with the invention.

Decreasing the activity of a FAD synthetase refers to reducing, inhibiting or disrupting the ability
of the FAD synthetase to carry out a particular function in comparison to a FAD synthetase in a
plant that has not been modified in accordance with the invention. The activity of a FAD
synthetase may be reduced to such an extent that the activity is prevented or eliminated.

In some embodiments the activity of a FAD synthetase be modulated (i.e. increased or
decreased) by at least about 10% 20% 30%, or 40%, suitably at least about 50%, 60%, 70%,
more suitably at least about 80%, 90%, 95% or 100% in comparison to the activity of a gene
encoding a FAD synthetase in a plant (e.g. a tobacco plant) which has not been modified in
accordance with the present invention.

In some embodiments the modulated FAD synthetase exhibits increased or decreased activity
compared to an unmodified FAD synthetase. The modulated FAD synthetase may exhibit at
least about 1%, at least about 3%, at least about 5%, at least about 10%, at least about 20%, at
least about 30%, at least about 40%, at least about 50%, at least about 60%, at least about
70%, at least about 80% or at least about 90% increased or decreased activity compared to an
unmodified FAD synthetase.

Techniques are known in the art for measuring protein activities. For example, assays are
known for measuring the enzymatic activity of a protein and the localization of a protein can be
identified using microscopy techniques.

In particular, the ability of a FAD synthetase can be measured using techniques known in the

art, such as colorimetric or fluorometric assays.
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In one aspect the present invention provides a method of modulating (i.e. increasing or
decreasing) the alkaloid content of a plant or part thereof or cell (e.g. plant cell), the method
comprising modifying said plant by modulating (i.e. increasing or decreasing) the expression of
at least one FAD synthetase.

The “expression” of a gene refers to the degree to which the information encoded in the gene is
converted to a functionality. The level of expression of a gene may be equated with the amount
of the product of that gene present in a cell or organism. A modification that modulates (i.e.
increases or decreases) the expression of a gene is one that increases the amount of the
product of that gene in a plant or cell in comparison to an unmodified plant or cell.

In some embodiments the expression of a FAD synthetase gene is modulated (i.e. increased or
decreased) in comparison to the expression of a gene encoding a FAD synthetase in a plant
(e.g. a tobacco plant) which has not been modified in accordance with the present invention.

In some embodiments the expression of a FAD synthetase gene may be modulated (i.e.
increased or decreased) by at least about 10% 20% 30%, or 40%, suitably at least about 50%,
60%, 70%, more suitably at least about 80%, 90%, 95% or 100% in comparison to the
expression of a gene encoding a FAD synthetase in a plant (e.g. a tobacco plant) which has not
been modified in accordance with the present invention.

In some embodiments, the modulated FAD synthetase protein exhibits increased or decreased
expression compared to an unmodified FAD synthetase. The modulated FAD synthetase
protein may exhibit at least about 1%, at least about 3%, at least about 5%, at least about 10%,
at least about 20%, at least about 30%, at least about 40%, at least about 50%, at least about
60%, at least about 70%, at least about 80% or at least about 90% increased or decreased
expression compared to an unmodified FAD synthetase.

Typically, genes are transcribed to mRNA, which is translated to protein, the final gene product.
Proteins may be sequestered in cellular stores and/or degraded. The expression of a gene may
be modulated by modulating any or all of these steps. Accordingly, in some embodiments the
modification modulates expression of at least one gene encoding a FAD synthetase in one of
the following ways:

modulating transcription from the at least one gene encoding a FAD synthetase;

modulating translation of the mRNA from the at least one gene encoding a FAD synthetase;
modulating release of the FAD synthetase from intracellular stores;

modulating the rate of degradation of the FAD synthetase and/or

introducing a mutation which modifies the amino acid sequence of the FAD synthetase to

decrease or increase its activity e.g. to decrease FAD synthase activity.
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The expression of specific genes encoding a FAD synthetase can be measured by measuring
transcription and/or translation of the gene. Methods for measuring transcription are well known
in the art and include, amongst others, northern blot, RNA-Seq, in situ hybridization, DNA
microarrays and RT-PCR. Alternatively, the expression of a gene may be measured indirectly
by measuring the level of the gene product for example the protein encoded by said gene. For
example, the expression of a FAD synthetase may be determined by measuring the presence of
the protein using an antibody specific for the FAD synthetase (for example antibodies specific

for a FAD synthase domain) by western blot.

Modifying

The plant or cell may be modified in any way that modulates activity or expression of at least
one FAD synthetase. Types of modifications to plants and cells that modulate activity or
expression of genes, as well as techniques to achieve those modifications, are known in the art.
In some embodiments the present invention provides a method of decreasing the alkaloid
content of a plant or part thereof or cell (e.g. plant cell), the method comprising modifying said
plant by decreasing or inhibiting the activity or expression of at least one FAD synthetase as
described herein.

In some embodiments the present invention provides a method of decreasing the content of a
TSNA or a precursor of a TSNA in a tobacco plant or plant part thereof, the method comprising
modifying said plant or a cell culture by decreasing the activity or expression of at least one FAD
synthetase as described herein.

Any method known in the art for decreasing or inhibiting the activity or expression of a gene or
ptoein may be used in the methods according to the present invention.

Suitably, the activity or expression of the gene encoding a FAD synthetase may be reduced,
partly inactivated, inhibited, eliminated, knocked out or lost such that the protein activity,
expression or function of the gene encoding a FAD synthetase may not be detectable.

In one aspect, the at least one gene encoding a FAD synthetase is knocked out. In other
words, the gene encoding a FAD synthetase has been rendered completely inoperative.

By way of example, the present method may comprise:

e providing a mutation in a nucleic acid sequence which encodes a protein comprising the
amino acid sequence shown as SEQ ID No. 3, or an amino acid sequence which has at
least 80% sequence identity thereto;

e providing a mutation in a regulatory region (e.g. a promoter or an enhancer) which

contributes to controlling the expression of a protein comprising the amino acid

54



10

15

20

25

30

WO 2023/148478 PCT/GB2023/050211

sequence shown as SEQ ID No. 3, or an amino acid sequence which has at least 80%
sequence identity thereto;
o providing an antisense RNA, siRNA or miRNA which reduces the level of nucleic acid
sequence encoding a protein comprising the amino acid sequence shown as SEQ ID
No. 3, or an amino acid sequence which has at least 80% sequence identity thereto.
Each of the above approaches results in the reduction or prevention of activity or expression of
a protein comprising the amino acid sequence shown as SEQ ID No. 3, or an amino acid
sequence which has at least 80% sequence identity thereto or wherein the at least one gene
encoding a FAD synthetase comprises a nucleotide sequence as set out in SEQ ID No. 1 or 2,
or a functional variant or functional fragment or orthologue of SEQ ID No. 1 or 2, or a nucleic
acid sequence which has at least 80% identity to SEQ ID No. 1 or 2.
As used herein, the term “mutation” encompasses a natural genetic variant or an engineered
variant. In particular, the term “mutation” refers to a variation in the nucleotide sequence
encoding the amino acid sequence or in the amino acid sequence compared to the sequence
shown as SEQ ID No. 3, or an amino acid sequence which has at least 80% (preferably at least
85%, preferably at least 90%, preferably at least 93%, preferably at least 95%, preferably at
least 98%, preferably at least 99%) sequence identity thereto.
In one embodiment the mutation decreases the alkaloid content of a plant. In another
embodiment, the mutation decreases the content of at least one TSNA precursor in a plant or
part thereof, or leaf such as a harvested or processed leaf. In one embodiment the mutation
decreases the content of one or more TSNAs selected from NNN, NNK, NAT, NAB, preferably
NNN and/or NNK content is decreased in a processed leaf. Suitably, the TSNA content is
reduced in relation to a comparable product.
In one embodiment, a method according to the present invention may comprise providing a
nucleic acid sequence to a plant or part thereof or plant cell, wherein said nucleic acid results in
the reduction or elimination of the activity or expression of at least one FAD synthetase.
In one embodiment, a method according to the present invention may comprise providing a
nucleic acid sequence to a plant or part thereof or plant cell, wherein said nucleic acid results in
the modification of the nucleic acid sequence of at least one FAD synthetase.
Suitably said nucleic acid sequence may be introduced to the plant or part thereof or cell.
Suitably an endogenous nucleic acid sequence in the plant or part thereof or cell may be
modified to encode the polypeptide according to the present invention (e.g. by gene editing). For
example, an endogenous nucleotide sequence may be modified to decrease the activity or

expression of at least one FAD synthetase.

55



10

15

20

25

30

35

WO 2023/148478 PCT/GB2023/050211

In a preferred embodiment, each copy of a nucleic acid sequence encoding a protein
comprising a sequence shown as SEQ ID No. 3, or a sequence which has at least 80%
sequence identity thereto or wherein the at least one gene encoding a FAD synthetase
comprises a nucleotide sequence as set out in SEQ ID No. 1 or 2, or a functional variant or
functional fragment or orthologue of SEQ ID No. 1 or 2, or a nucleic acid sequence which has
at least 80% identity to SEQ ID No. 1 or 2, which is present in the plant is modified e.g. mutated
as defined herein (e.g. each genomic copy of a gene encoding said protein in a plant is
mutated). For example, each copy of the gene in the allotetraploid genome of Nicotiana
tabacum may be mutated.

In a preferred embodiment, some or all of the homologues of the FAD synthetase as described
herein are modified e.g. inhibited or mutated. Suitably, some or all of the homologues listed in
Table 1, or corresponding sequences which have at least 80% sequence identity thereto are
modified e.g. inhibited or mutated.

In some embodiments the plant or plant cell according to the present invention is homozygous.
Suitably, the plant or plant cell may be homozygous for the modification e.g. inhibition or
mutation.

In some embodiments the plant or plant cell according to the present invention expresses only
the modified e.g. mutated nucleic acid encoding at least one FAD synthetase. In other words, in
some embodiments no endogenous (or endogenous and functional protein) is present in the
plant according to the present invention. In other words, if any endogenous protein is present it
is preferably in an inactive form.

In one embodiment the present method may comprise providing a mutation in the nucleic acid
sequence shown as SEQ ID No. 1, or 2, or a nucleic acid sequence which has at least 80%
identity thereto, or a homologue of SEQ ID No. 1 or SEQ ID No. 2.

The mutation may alter the plant genome such that a nucleic acid sequence encoding a protein
comprising the amino acid sequence shown as SEQ ID No. 3, or an amino acid sequence
which has at least 80% sequence identity thereto, or a homologue of SEQ ID No. 3, is
completely or partially deleted or otherwise modified to inhibit or eliminate the activity of the FAD
synthetase. In some embodiments the mutation does not alter the level or expression of the
protein but reduces inhibits or eliminates the activity of the FAD synthetase.

Suitably, the mutation may be in a FAD synthase domain of the FAD synthetase. Suitably, the
mutation may be in an active site. Exemplary active sites of SEQ ID No. 3 are amino acid
residues 100-103, 106, 109, 200, 230, 252-254, Suitably, the FAD synthetase may comprise
multiple mutations. Suitably, a mutation may be at an amino acid position which corresponds to
at least one of amino acid residues 100-103, 106, 109, 200, 230, 252-254 of SEQ ID No. 3.
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The mutation may interrupt the nucleic acid sequence which encodes a protein comprising the
amino acid sequence shown as SEQ ID No. 3, or an amino acid sequence which has at least
80% sequence identity thereto, or a homologue of SEQ ID No. 3.

The interruption may cause the nucleic acid sequence to not be transcribed and/or translated.
The nucleic acid sequence may be interrupted, for example, by deleting or otherwise modifying
the ATG start codon of the nucleic acid sequence such that translation of the protein is reduced
or prevented.

The nucleic acid sequence may comprise one or more nucleotide change(s) that reduce or
prevent expression of the protein or affect protein trafficking. For example, expression of the
protein may be reduced or prevented by introduction of one or more pre-mature stop codons, a
frame shift, a splice mutation or a non-tolerated amino acid substitution in the open reading
frame.

A premature stop codon refers to a mutation which introduces a stop codon into the open
reading frame and prevents translation of the entire amino acid sequence. The premature stop
codon may be a TAG ("amber"), TAA ("ochre"), or TGA ("opal" or "umber") codon.

A frame-shift mutation (also called a framing error or a reading frame shift) is a mutation caused
by indels (insertions or deletions) of a number of nucleotides in a nucleic acid sequence that is
not divisible by three. Due to the triplet nature of gene expression by codons, the insertion or
deletion can change the reading frame, resulting in a completely different translation from the
original. A frameshift mutation will often cause the reading of the codons after the mutation to
code for different amino acids. The frameshift mutation will commonly result in the introduction
of a premature stop codon.

A splice mutation inserts, deletes or changes a number of nucleotides in the specific site at
which splicing takes place during the processing of precursor messenger RNA into mature
messenger RNA. The deletion of the splicing site results in one or more introns remaining in
mature mRNA and may lead to the production of abnormal proteins.

A non-tolerated amino acid substitution refers to a mutation which causes a non-synonymous
amino acid substitution in the protein which results in reduced or ablated function of the protein.
Any method known in the art for providing a mutation in a nucleic acid sequence may be used in
the method according to the present invention. For example, homologous recombination may be
used, in which a vector is created in which the relevant nucleic acid sequence(s) are mutated
and used to transform plants or plant cells. Recombinant plants or plant cells expressing the

mutated sequence may then be selected.
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In one embodiment the mutation introduces a non-tolerated amino acid substitution in a protein
comprising an amino acid sequence shown as SEQ ID No. 3, or a sequence which has at least
80% sequence identity thereto, or a homologue of SEQ ID No. 3.

In some embodiments, the FAD synthetase domain may contain a mutation which decreases
the expression of the at least one gene encoding a FAD synthetase or decreases the activity of
a FAD synthetase.

The mutation may be a deletion, a splice mutant or codon encoding a non-tolerated amino acid
substitution.

In one embodiment, the nucleic acid sequence encoding the FAD synthetase may be wholly or
partially deleted. The deletion may be continuous, or may comprise a plurality of sections of
sequence. The deletion preferably removes a sufficient amount of nucleotide sequence such
that the nucleic acid sequence no longer encodes a functional FAD synthetase. The deletion
may be total, in which case 100% of the coding portion of the nucleic acid sequence is absent,
when compared to the corresponding genome of a comparable unmodified plant. The deletion
may, for example, remove at least 50, 60, 70, 80 or 90% of the coding portion of the nucleic acid
sequence. Suitably, at least part of the protein may be deleted. The deletion may, for example,
remove at least 10, 20, 30, 40, 50, 60, 70, 80 or 90% of the coding portion of the protein.

The deletion may remove at least 10 amino acids (such as at least 20, at least 30, at least 40, at
least 50, at least 60, at least 70, at least 80, at least 90 amino acids) from the FAD synthetase.
Suitably, the deletion may remove at least 10 amino acids (such as at least 20, at least 30, at
least 40, at least 50, at least 60, at least 70, at least 80, at least 90 amino acids) of the FAD
synthetase wherein the sequence of the FAD synthetase is aligned with SEQ ID No. 3.
Suitably, the deletion may remove at least 10 amino acids (such as at least 20, at least 30, at
least 40, at least 50, at least 60, at least 70, at least 80, at least 90 amino acids) from the FAD
synthetase domain wherein the FAD synthetase prior to deletion comprises an amino acid
sequence set forth in SEQ ID No. 3, or a sequence which has at least 80% sequence identity
thereto, or a homologue of SEQ ID No. 3.

Suitably, the protein for use according to the present invention may comprise a truncated FAD
synthetase. Suitably, the truncated protein may be a truncated version of an amino acid
sequence set forth in SEQ ID No. 3, or a sequence which has at least 80% sequence identity
thereto, or a homologue of SEQ ID No. 3. Suitably, the truncated protein lacks at least 10 amino
acids (such as at least 20, at least 30, at least 40, at least 50, at least 60, at least 70, at least
80, at least 90 amino acids, at least 100 amino acids, at last 110 amino acids) from the FAD

synthase domain of the FAD synthetase.
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The deletion may remove at least part of a FAD synthase domain. The deletion may for
example, remove at least 10, 20, 30, 40, 50, 60, 70, 80 or 90% of a FAD synthase domain.
Suitably, the deletion may remove at least 5 amino acids, at least 10 amino acids, at least 15, at
least 20, at least 25, at least 30 amino acids, at least 40 amino acids, at least 50 amino acids, at
least 60 amino acids, at least 70 amino acids, at least 80 amino acids of a FAD synthase
domain. Suitably, the deletion may remove 5 amino acids, 10 amino acids, 15, 20 amino acids,
25 amino acids, 30 amino acids, 40 amino acids, 50 amino acids, 60 amino acids, 70 amino
acids, 80 amino acids of a FAD synthase domain.

The deletion may remove at least part of a FAD synthase domain. The deletion may, for
example, remove at least one or at least two amino acids from a FAD synthase domain.
Suitably, the FAD synthetase domain may be completely deleted.

Methods for deletion of nucleic acid sequences in plants are known in the art. For example,
homologous recombination may be used, in which a vector is created in which the relevant
nucleic acid sequence(s) are missing and used to transform plants or plant cells. Recombinant
plants or plant cells expressing the new portion of sequence may then be selected.

Plant cells transformed with a vector as described herein may be grown and maintained in
accordance with well-known tissue culturing methods such as by culturing the cells in a suitable
culture medium supplied with the necessary growth factors such as amino acids, plant
hormones, vitamins, etc.

Modification of the nucleic acid sequence may be performed using targeted mutagenesis
methods (also referred to as targeted nucleotide exchange (TNE) or oligo-directed mutagenesis
(ODM)). Targeted mutagenesis methods include, without limitation, those employing zinc finger
nucleases, TALENSs (see  WO02011/072246 and  WO2010/079430), Cas9-like,
Cas9/crRNA/tracrRNA, Cas9/gRNA, or other CRISPR systems (see WO 2014/071006 and
WO02014/093622), meganucleases (see W02007/047859 and WO2009/059195), or targeted
mutagenesis methods employing mutagenic oligonucleotides, possibly containing chemically
modified nucleotides for enhancing mutagenesis with sequence complementarity to the gene,
into plant protoplasts (e.g., KeyBase® or TALENS).

Alternatively, mutagenesis systems such as TILLING (Targeting Induced Local Lesions IN
Genomics; McCallum et al. (2000) Nat. Biotech. 18:455, and McCallum et al. (2000) Plant
Physiol. 123, 439-442, both incorporated herein by reference) may be used to generate plant
lines which comprise a gene encoding a protein having a mutation. TILLING uses traditional
chemical mutagenesis (e.g. ethyl methanesulfonate (EMS) mutagenesis, which produces
random mutations) followed by high-throughput screening for mutations. Thus, plants, seeds,

cells and tissues comprising a gene having the desired mutation may be obtained.
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The method may comprise the steps of mutagenizing plant seeds (e.g. EMS mutagenesis),
pooling of plant individuals or DNA, PCR amplification of a region of interest, heteroduplex
formation and high-throughput detection, identification of the mutant plant, sequencing of the
mutant PCR product. It is understood that other mutagenesis and selection methods may
equally be used to generate such modified plants. Seeds may, for example, be radiated or
chemically treated and the plants may be screened for a modified phenotype.

Fast neutron deletion mutagenesis may be used in a reverse genetics sense (i.e. with PCR) to
identify plant lines carrying a deletion in the endogenous gene. See for example Ohshima et al.
(1998) Virology 213:472-481; Okubara et al. (1994) Genetics 137:867-874; and Quesada et al.
(2000) Genetics 154:421-4315 which are incorporated herein by reference.

In another approach, dominant mutants may be used to trigger RNA silencing due to gene
inversion and recombination of a duplicated gene locus. See for example Kusaba et al. (2003)
Plant Cell 15:1455-1467 (incorporated herein by reference).

Modified plants may be distinguished from non-modified plants, i.e., wild type plants, by
molecular methods, such as the mutation(s) present in the DNA, and by the modified phenotypic
characteristics. The modified plants may be homozygous or heterozygous for the modification.
Preferably modified plants are homozygous for the modification.

In one embodiment the method of reducing or preventing the activity or expression of a protein
comprising the amino acid sequence shown as SEQ ID No. 3, or an amino acid sequence
which has at least 80% sequence identity thereto does not comprise treating the plant with a
chemical (e.g. an agrochemical).

Other ways of reducing or preventing the expression will be apparent to one skilled in the art
and include the use of virus-induced gene silencing (VIGs), micro RNA silencing, RNAI,
antisense, tDNA insertions, or dominant negative constructs (or antimorphic mutations).

In one embodiment the expression of a gene encoding a protein comprising the amino acid
sequence shown as SEQ ID No. 3, or an amino acid sequence which has at least 80%
sequence identity thereto may be reduced or eliminated by virus-induced gene silencing.

In one embodiment the expression of a gene encoding a protein comprising the amino acid
sequence shown as SEQ ID No. 3, or an amino acid sequence which has at least 80%
sequence identity thereto may be reduced or eliminated by microRNAs.

In one embodiment the expression of a gene encoding a protein comprising the amino acid
sequence shown as SEQ ID No. 3, or an amino acid sequence which has at least 80%

sequence identity thereto may be reduced or eliminated by RNA..
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In one embodiment the expression of a gene encoding a protein comprising the amino acid
sequence shown as SEQ ID No. 3, or an amino acid sequence which has at least 80%
sequence identity thereto may be reduced or eliminated by antisense suppression.

In one embodiment the expression of a gene encoding a protein comprising the amino acid
sequence shown as SEQ ID No. 3, or an amino acid sequence which has at least 80%
sequence identity thereto may be reduced or eliminated by sense suppression.

In one embodiment the expression of a gene encoding a protein comprising the amino acid
sequence shown as SEQ ID No. 3, or an amino acid sequence which has at least 80%
sequence identity thereto may be reduced or eliminated by tDNA insertions.

In one embodiment the expression of a gene encoding a protein comprising the amino acid
sequence shown as SEQ ID No. 3, or an amino acid sequence which has at least 80%
sequence identity thereto may be reduced or eliminated by dominant negative constructs (or
antimorphic mutations).

In one embodiment the expression of a gene encoding a protein comprising the amino acid
sequence shown as SEQ ID No. 3, or an amino acid sequence which has at least 80%
sequence identity thereto may be reduced or eliminated by a targeted mutagenesis based
system.

In one embodiment the expression of a gene encoding a protein comprising the amino acid
sequence shown as SEQ ID No. 3, or an amino acid sequence which has at least 80%
sequence identity thereto may be reduced or eliminated by a gene editing e.g. CRISPR based
system.

In one embodiment the expression of a gene encoding a protein comprising the amino acid
sequence shown as SEQ ID No. 3, or an amino acid sequence which has at least 80%
sequence identity thereto may be reduced or eliminated by zinc finger nuclease, TALENS,
meganucleases, mutagenic oligonucleotides or TILLING.

In some embodiments the present invention provides a method of increasing the alkaloid
content of a plant or part thereof or cell (e.g. plant cell), the method comprising modifying said
plant by increasing or enhancing the activity or expression of at least one FAD synthetase.

Any method known in the art for increasing or enhancing the activity or expression of a gene
may be used in the methods according to the present invention.

In some embodiments the method may comprise overexpressing at least one gene encoding a
FAD synthetase. Suitably the method may comprise expressing one or more additional copies
of the at least one gene encoding a FAD synthetase in the plant or cell. Suitably the method
may comprise modifying the endogenous copy of the at least one gene encoding a FAD

synthetase such that its expression is increased. The method may comprise mutating the
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coding sequence of the at least one gene encoding a FAD synthetase. The method may
comprise mutating a regulatory sequence that regulates expression of the at least one gene
encoding a FAD synthetase.

Suitably the method may comprise transforming a cell of a plant (e.g. a tobacco plant) with a
genetic construct which encodes at least one FAD synthetase comprising an amino acid
sequence as set out in SEQ ID No. 3, or a functional variant or functional fragment or
orthologue thereof, or a sequence which has at least 80% identity to SEQ ID No. 3; or wherein
the at least one gene encoding a FAD synthetase protein comprises a nucleotide sequence as
set out in SEQ ID No. 1 or 2, or a functional variant or functional fragment or orthologue of SEQ
ID No. 1 or 2, or a nucleic acid sequence which has at least 80% identity to SEQ ID No. 1 or 2;
or which comprises a nucleotide sequence which encodes a protein which is capable of
promoting or augmenting at least one endogenous FAD synthetase. It will be appreciated that
each of these options would result in an increased activity and expression of the polypeptide
encoded by the at least one FAD synthetase. The method may comprise regenerating the plant
from the transformed cell. There is provided use of genetic construct which is capable of
increasing the activity and/or expression of a polypeptide encoded by at least one gene
encoding a FAD synthetase for increasing the alkaloid content (e.g. nicotine content) in a plant
or part there of or cell transformed with the construct.

The genetic construct may encode a polypeptide comprising the amino acid SEQ ID No. 3, ora
functional variant or functional fragment or orthologue thereof, or a sequence which has at least
80% identity to SEQ ID No. 3; or wherein the at least one gene encoding a FAD synthetase
comprises a nucleotide sequence as set out in SEQ ID No. 1 or 2, or a functional variant or
functional fragment or orthologue of SEQ ID No. 1 or 2, or a nucleic acid sequence which has
at least 80% identity to SEQ ID No. 1 or 2.

In another embodiment, the invention relates to a method of increasing the alkaloid content of a
plant or part thereof or a cell, comprising modifying said plant or cell by increasing the activity of
at least one FAD synthetase.

In one embodiment the activity of at least one gene encoding a FAD synthetase may be
increased by introducing (or providing) a mutation to at least one gene encoding a FAD
synthetase.

Suitably, the activity of at least one gene encoding a FAD synthetase may be increased by
introducing a mutation to at least one gene encoding a FAD synthetase which comprises an
amino acid sequence as set out in SEQ ID No. 3; or a functional variant or functional fragment
or orthologue thereof, or a sequence which has at least 80% identity to SEQ ID No. 3; or

wherein the at least one gene encoding a FAD synthetase comprises a nucleotide sequence as
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set out in SEQ ID No. 1 or 2, or a functional variant or functional fragment or orthologue of SEQ
ID No. 1 or 2, or a nucleic acid sequence which has at least 80% identity to SEQ ID No. 1 or 2.
In some embodiments a modification which increases the activity or expression of at least one
FAD synthetase and thereby increases alkaloid content by one of the following:

modulating transcription from the at least one gene encoding a FAD synthetase;

modulating translation of the mRNA from the at least one gene encoding a FAD synthetase
protein;

modulating release of the FAD synthetase protein from intracellular stores; and/or

modulating the rate of degradation of the FAD synthetase protein.

Alkaloid content

In one embodiment the present invention provides a method of modulating the alkaloid content
of a plant (e.g. a tobacco plant) or a part thereof, the method comprising modifying said plant by
modulating the activity or expression of at least one FAD synthetase.

The term “modulating” is used herein to mean either increasing or decreasing.

The term “increasing alkaloid content” is used herein to mean that the alkaloid content in the
product of the present invention (e.g. plant, part thereof (e.g. leaf), processed leaf or a product
made from the plant (e.g. a tobacco industry product)) is higher compared with a comparable
product which has not been modified in accordance with the present invention.

The term “decreasing alkaloid content” is used herein to mean that alkaloid content in the
product of the present invention (e.g. plant, part thereof (e.g. leaf), processed leaf or a product
made from the plant (e.g. a tobacco industry product)) is lower compared with a comparable
product which has not be modified in accordance with the present invention.

In some embodiments, the modulation of alkaloid content refers to an increase in alkaloid
content wherein the activity or expression of at least one FAD synthetase is increased (or
example the protein is overexpressed).

In some embodiments, the modulation of alkaloid content refers to a decrease in alkaloid
content wherein the expression of at least one FAD synthetase is decreased or inhibited or
eliminated.

In a further aspect, the alkaloid content is measured from leaves. In one aspect the alkaloid
content is measured from green leaves. In a further aspect, the alkaloid content is measured
from cured leaves, e.g. air-cured, flue-cured, fire-cured or sun-cured leaves. In a further aspect,
the alkaloid content is measured from flue-cured leaves. In a further aspect, the alkaloid content

is measured from air-cured leaves.
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The term “alkaloid content” is used herein to mean the concentration and/or total amount of the
entire group of compounds classified as alkaloids or the concentration and/or total amount of
one or more compounds classified as alkaloids. Alkaloids typically present in tobacco include
nornicotine, PON, anatabine, anabasine, nicotine, and myosmine. In some embodiments the
content of one or more alkaloids, such as two or more alkaloids, such as three or more
alkaloids, such as four or more alkaloids, such as five or more alkaloids, such as all six
alkaloids, selected from nicotine, nornicotine, PON, anatabine, anabasine and myosmine is
modulated. In some embodiments the content of one or more alkaloids, such as two or more
alkaloids, such as three or more alkaloids, such as four or more alkaloids, such as five or more
alkaloids, such as all six alkaloids, selected from nicotine, nornicotine, PON, anatabine,
anabasine and myosmine is increased. In some embodiments the content of one or more
alkaloids, such as two or more alkaloids, such as three or more alkaloids, such as four or more
alkaloids, such as five or more alkaloids, such as all six alkaloids, selected from nicotine,
nornicotine, PON, anatabine, anabasine and myosmine is decreased. In some embodiments the
total alkaloid content of the plant or cell is modulated. In some embodiments the total alkaloid
content is increased. In some embodiments the total alkaloid content is increased.

Any method known in the art for determining the concentration and/or total content of alkaloids
may be used. One preferred method for analysing alkaloid content involves the analysis by gas
chromatography-flame ionization detection method (GC-FID) or by reversed phase high
performance liquid chromatography with tandem mass spectrometry (LC-MS/MS).

In one embodiment there is provided a method for producing a plant (e.g. a tobacco plant) or
part thereof, a plant propagation material (e.g. a tobacco plant propagation material), a cell (e.qg.
a tobacco cell), a leaf (e.g. a tobacco leaf), a harvested leaf (e.g. a harvested tobacco leaf), a
cut harvested leaf (e.g. a cut harvested tobacco leaf), a processed leaf (e.g. a processed
tobacco leaf), a cut and processed leaf (e.g. a cut and processed tobacco leaf), a product
comprising said plant or part thereof (e.g. a tobacco industry product) or combinations thereof
obtainable or obtained by a plant of the invention which has modulated alkaloid content, the
method comprising modifying said plant to modulate the activity or expression of a FAD
synthtase. The modulated alkaloid content may be determined by comparing the alkaloid
content in the plant (e.g. tobacco plant) or part thereof, plant propagation material (e.g. tobacco
plant propagation material), a cell (e.g. a tobacco cell), leaf (e.g. tobacco leaf), harvested leaf
(e.g. a harvested tobacco leaf), cut harvested leaf (e.g. a cut harvested tobacco leaf), processed
leaf (e.g. processed tobacco leaf), cut and processed leaf (e.g. cut and processed tobacco leaf),
a product comprising a plant or part thereof of the present invention, e.g. a tobacco industry

product, or combinations thereof with a comparable product.
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Suitably the alkaloid content may be modulated in a plant, e.g. a tobacco plant e.g. modified
tobacco plant. Suitably the alkaloid content may be modulated in a leaf (e.g. a tobacco leaf e.g.
a tobacco leaf from a modified tobacco plant). Suitably the alkaloid content may be modulated in
a harvested leaf (e.g. a harvested tobacco leaf from a modified tobacco plant). Suitably the
alkaloid content may be modulated in a cut harvested leaf (e.g. a cut harvested tobacco |leaf
from a modified tobacco plant). Suitably the alkaloid content may be modulated in a processed
leaf (e.g. a processed tobacco leaf e.g. a processed tobacco leaf from a modified tobacco
plant). Suitably the alkaloid content may be modulated in a cut and processed leaf (e.g. a cut
and processed tobacco leaf e.g. a cut and processed tobacco leaf from a modified tobacco
plant). Suitably the alkaloid content may be modulated in a cured leaf (e.g. cured a tobacco leaf
from a modified tobacco plant). Suitably the alkaloid content may be modulated in an extract of
a green leaf (e.g. a green tobacco leaf from a modified tobacco plant). Suitably the alkaloid
content may be modulated in a product comprising the plant of the present invention or part
thereof (e.g. a tobacco industry product, for example a tobacco industry product produced from
a modified tobacco plant or part thereof). Suitably the alkaloid content may be modulated in any
one of the above products or combinations thereof. Suitably the modulation of alkaloid content
described above may be an increase in alkaloid content. Suitably the modulation of alkaloid
content described above may be a decrease in alkaloid content (e.g. a decrease in nornicotine
and/or PON content).

In one embodiment the content of one or more alkaloids selected from nornicotine, PON,
anatabine and anabasine is decreased. In one embodiment the content of nornicotine is
decreased. In one embodiment the content of PON is decreased. In one embodiment the
content of anatabine is decreased. In one embodiment the content of anabasine is decreased.

In one embodiment the nicotine content of a modified plant (e.g. tobacco plant), plant
propagation material (e.g. tobacco plant propagation material), leaf (e.g. tobacco leaf),
harvested leaf (e.g. harvested tobacco leaf), cut harvested leaf (e.g. cut harvested tobacco leaf),
processed leaf (e.g. processed tobacco leaf), cut and processed leaf (e.g. cut and processed
tobacco leaf) or tobacco industry product from a modified tobacco plant is not substantially
decreased. Suitably, the nicotine content is at least 85% (such as at least 90%, such as at least
95%, such as at least 98%, such as at least 99%) of the nicotine content of a comparable
product.

In one embodiment the alkaloid content of a plant (e.g. tobacco plant) or part thereof may be
modulated by at least 0.5, 1.5, 2, 3 or 4 fold when compared to the alkaloid content of a plant
(e.g. tobacco plant) or part thereof, respectively, which has not been modified to modulate the

activity or expression of at least one gene encoding a FAD synthetase and which has been
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grown under similar growth conditions. Suitably the alkaloid content may be modulated by about
0.5 fold to about 4 fold. Suitably the alkaloid content may be modulated by about 4 fold. Suitably
the modification may be an increase or a decrease in alkaloid content. Suitably the modulation
may be of one or more alkaloids selected from nicotine, nornicotine, PON, anatabine, anabasine
and myosmine. Suitably the modulation may be of one or more alkaloids selected from nicotine,
nornicotine, PON, anatabine and anabasine. Suitably, the nornicotine content may be reduced.
Suitably, the PON content may be reduced. Suitably, the anatabine content may be reduced.
Suitably, the anabasine content may be reduced.

In one embodiment of the invention the alkaloid content of a plant (e.g. a tobacco plant) or part
thereof may be modulated by at least 1%, 2%, 5%, 8%, 10%, 12%, 15%, 20%, 25%, 30%, 40%,
50%, 60 %, 70%, 80%, 90% or 100% in comparison to a plant (e.g. a tobacco plant) or part
thereof which has not been modified according to the present invention. In one embodiment the
alkaloid content may be modulated by at least 30% in comparison to an unmodified plant or part
thereof. In one embodiment the alkaloid content may be modulated by at least 40% in
comparison to an unmodified plant or part thereof. In one embodiment the alkaloid content may
be modulated by at least 50% in comparison to an unmodified plant or part thereof. In one
embodiment the alkaloid content may be modulated by at least 60% in comparison to an
unmodified plant or part thereof. The modulation may be an increase or a decrease in alkaloid
content when compared to an unmodified plant (e.g. a tobacco plant) or part thereof.

Suitably the modulation may be of total alkaloid content. Suitably the modulation may be of one
or more alkaloids selected from nicotine, nornicotine, PON, anatabine, anabasine and
myosmine. Suitably the modulation may be of one or more alkaloids selected from nornicotine,
nicotine, PON, anatabine and anabasine. Suitably the modulation may be of nornicotine
content, such as decrease in nornicotine content. Suitably the modulation may be of anabasine
content, such as decrease in anabasine content. Suitably the modulation may be of PON
content, such as decrease in PON content. Suitably the modulation may be of anatabine
content, such as decrease in anatabine content.

Suitably the modulation may be of more than one alkaloid, such as two or more alkaloids, such
as three or more alkaloids, such as four or more alkaloids, such as five or more alkaloids, such
as all six alkaloids, selected from nicotine, nornicotine, PON, anatabine, anabasine and
myosmine.

In some embodiments the alkaloid content of the plant may be modulated by between about 5%
and about 100%, by between about 10% and about 90%, by between about 20% and about
80%, by between about 30% and about 70%, by between about 40% and 60%, by between
about 40% and 50%, or by between about 50% and 60%.
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Tobacco-specific nitrosamine (TSNA) content

In one embodiment the present invention provides a method of decreasing the content of at
least one TSNA precursor in a plant (e.g. a tobacco plant) or a part thereof or in a tobacco cell.
Suitably, the method may comprise modifying said plant by modulating the activity or expression
of at least one FAD synthetase. In one embodiment, the present invention provides a method of
producing a processed leaf with decreased TSNA content (e.g. relative to a comparable
product). The method of producing a processed leaf with decreased TSNA content may
comprise:

modifying a plant by decreasing or inhibiting the activity or expression of at least one FAD
synthetase;

harvesting a leaf from said plant;

and processing e.g. curing said harvested leaf.

The TSNA may be measured in a processed tobacco, e.g. cured tobacco or reconstituted
tobacco. In one embodiment the TSNA content is measured and/or modified (e.g. reduced) in a
cured tobacco plant or part thereof (e.g. in cured tobacco leaf).

The term “tobacco-specific nitrosamine” or “TSNA” as used herein has its usual meaning in the
art, namely a nitrosamine which is found only in tobacco industry products or other nicotine-
containing products. Suitably the at least one tobacco-specific nitrosamine may be N'-
nitrosonornicotine  (NNN),  4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone  (NNK),  N'-
nitrosoanatabine (NAT) or N-nitrosoanabasine (NAB).

The term “precursor thereto” when used in relation to at least one tobacco-specific nitrosamine
refers to one or more chemicals or compounds of a tobacco plant that give rise to the formation
of a tobacco-specific nitrosamine or are involved in the nitrosation reaction leading to tobacco-
specific nitrosamine production.

In one embodiment the TSNA may be one or more of group selected from: N’-nitrosonornicotine
(NNN), 4-(methyl nitrosamino)-1-(3-pyridyl)-1-butanone (NNK), N’nitrosoanatabine (NAT) and
N’-nitrosoanabasine (NAB). Suitably the at least one tobacco-specific nitrosamine may be NNK
or NNN. In one embodiment the tobacco-specific nitrosamine is NNN. In another embodiment
the tobacco-specific nitrosamine is NNK.

In one embodiment the precursor of the TSNA is one or more of the group selected from
nornicotine, anabasine, anatabine, and an oxidised derivative of nicotine such as

pseudooxynicotine (PON).
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In one embodiment the TSNA is N’nitrosonornicotine (NNN) and/or the precursor is nornicotine.
In one embodiment the content of NNN is decreased. In one embodiment the content of
nornicotine is decreased. In one embodiment the content of NNN and nornicotine is decreased.
In one embodiment the TSNA is 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) and/or
the precursor is PON. In one embodiment the content of NNK is decreased. In one embodiment
the content of PON is decreased. In one embodiment the content of NNK and PON is
decreased.

In one embodiment the TSNA is N’nitrosoanatabine (NAT) and/or the precursor is anatabine. In
one embodiment the content of NAT is decreased. In one embodiment the content of anatabine
is decreased. In one embodiment the content of NAT and anatabine is decreased.

In one embodiment the TSNA is N’-nitrosoanabasine (NAB) and/or the precursor is anabasine.
In one embodiment the content of NAB is decreased. In one embodiment the content of
nornicotine is decreased. In one embodiment the content of NAB and anabasine is decreased.
The precursor of the TSNA (e.g. NNK, NNN, NAB and/or NAT) may be measured in green
tobacco leaf, e.g. prior to processing, e.g. prior to curing. In one embodiment the precursor of
the TSNA (e.g. NNK, NNN, NAB and/or NAT) is measured and/or modified (e.g. reduced) in a
green tobacco leaf, e.g. prior to processing, e.g. prior to curing.

In one embodiment carrying out a method and or use of the invention results in a reduction of at
least one TSNA or a precursor thereto in the modified tobacco plant (or part thereof) when
compared to a tobacco plant (or part thereof) which has not been modified in accordance with
the present invention.

The terms “reducing at least one TSNA or precursor thereto” or “reduction of at least one TSNA
or precursor thereto” are used herein to mean that the concentration and/or total content of the
at least one TSNA or precursor thereto in the product, method or use of the invention is lower in
relation to a comparable product, method or use. For example, a comparable tobacco industry
product would be derived from a tobacco plant which had not been modified according to the
present invention, but in which all other relevant features were the same (e.g. plant species,
growing conditions, method of processing tobacco, etc.).

Any method known in the art for determining the concentration and/or levels of at least one
TSNA or precursor thereto may be used. In particular a method such may comprise the
addition of deuterium labelled internal standard, an aqueous extraction and filtration, followed by
analysis using reversed phase high performance liquid chromatography with tandem mass
spectrometry (LC-MS/MS) may be used. Other examples for determining the concentration
and/or level of a precursor to a tobacco-specific nitrosamine include a method such as the one
detailed in CORESTA recommended method CRM-72: Determination of Tobacco Specific
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Nitrosamines in Tobacco and Tobacco Products by LC-MS/MS; CRM being developed into
ISO/DIS 21766 or Wagner et al. (2005) Analytical Chemistry 77(4), 1001-1006 all of which are
incorporated herein by reference.

Suitably the concentration and/or total content of the at least one tobacco-specific nitrosamine
or precursor thereto may be reduced by carrying out a method and/or use of the present
invention. Suitably the concentration and/or level of the at least one tobacco-specific
nitrosamine or precursor thereto may be reduced in a tobacco plant of the invention (e.g.
obtainable or obtained by a method and/or use of the invention) when compared to the
concentration and/or level of the at least one tobacco-specific nitrosamine(s) or precursor
thereto in a tobacco plant which has not been modified in accordance with present invention.
The concentration and/or total content of the at least one tobacco-specific nitrosamine(s) or
precursor thereto may be reduced in a tobacco leaf, harvested leaf, processed tobacco leaf,
tobacco industry product or combinations thereof obtainable or obtained from a tobacco plant
(or part of a tobacco plant or a tobacco cell culture) of the invention when compared with a
tobacco leaf, harvested leaf, processed tobacco leaf, tobacco industry product or combinations
thereof obtainable or obtained from a tobacco plant (or part of a tobacco plant or a tobacco cell
culture) which has not been modified in accordance with the present invention.

Suitably the concentration and/or total content of the at least one tobacco-specific nitrosamine
or precursor thereto may be reduced in a processed tobacco leaf.

Suitably the concentration and/or level of the at least one tobacco-specific nitrosamine or
precursor thereto may be reduced in a tobacco industry product.

In one embodiment the at least one tobacco-specific nitrosamine or precursor thereto may be
reduced by at least about 1%, at least about 3%, at least about 5%, at least about 10%, at least
about 20%, at least about 30%, at least about 40% or at least about 50%. In some
embodiments the at least one tobacco-specific nitrosamine or precursor thereto may be reduced
by between about 5% and about 50%, by between about 10% and about 50%, by between
about 20% and about 50%, by between about 30% and about 50%, or by between about 40%
and 50%.

In relation to processed (e.g. cured) tobacco leaf (e.g. cured or reconstituted), the at least one
tobacco-specific nitrosamine or precursor thereto may be reduced by between about 5000 ng/g
and about 50 ng/g, by between about 4000 ng/g and about 100 ng/g, by between about 3000
ng/g and 500 ng/g or by between 2000 ng/g and 1000 ng/g. In some embodiments the at least
one tobacco-specific nitrosamine or precursor thereto may be reduced by at least about 5000
ng/g, at least about 4000 ng/g, at least about 3000 ng/g, at least about 2000 ng/g, at least about
1000 ng/g, at least about 500 ng/g, at least about 100 ng/g or at least about 50 ng/g.
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Biomass production

In some instances, it may be desirable to produce plants or biomass with high alkaloid levels
e.g. high levels of nicotine content so that nicotine may be purified to produce a pure nicotine
product for example for use in devices which utilize liquid containing nicotine (e.g. e-cigarettes)
or within tobacco heating devices. For example, the production of nicotine in this way could
reduce costs of nicotine extraction for the production of e-liquids for e-cigarettes.

In one aspect, the present invention provides a method of producing a biomass comprising:
growing a cell which has been engineered to modulate (e.g. increase) the activity or expression
of a gene encoding a FAD synthetase under conditions to produce a biomass. Suitably, the
activity or expression of a FAD synthetase may be increased in order to increase the
concentration and/or total nicotine content.

In one embodiment, the present invention provides a method of producing a biomass having
modified (e.g. increased) concentration and/or total content of nicotine, comprising growing a
cell which has been engineered to increase the activity or expression of at least one FAD
synthetase comprising an amino acid sequence as set out in SEQ ID No. 3, or a functional
variant or functional fragment or orthologue thereof, or a sequence which has at least 80%
identity to SEQ ID No. 3; or wherein the at least one FAD synthetase comprises a nucleotide
sequence as set out in SEQ ID No. 1 or 2, or a functional variant or functional fragment or
orthologue of SEQ ID No. 1 or 2, or a nucleic acid sequence which has at least 80% identity to
SEQ ID No. 1or2.

The cell may be engineered by any method known in the art to modify the activity or expression
of at least one FAD synthetase. Suitably, the cell may be engineered to express an exogenous
gene encoding a FAD synthetase. Suitably, the cell may be engineered to overexpress a gene
encoding a FAD synthetase.

Suitably, the biomass may contain a higher concentration and/or total content of nicotine
compared with the biomass produced by a comparable cell which has not been modified in
accordance with the present invention.

Suitably the cell for use in biomass production may be a plant cell, such as a tobacco cell.
Suitably the cell for use in biomass production may be a yeast cell.

In one embodiment the cell (e.g. yeast cell) may be further modified to comprise one or more
sequences that increases nicotinic alkaloid biosynthesis. Suitably these one or more sequences
may be incorporated into a nucleic acid construct that is suitable for cell (e.g. yeast cell)
transformation. The one or more sequences may be overexpressed in the cell (e.g. yeast cell).
The sequences may be selected from one or more of the following genes: MPO (or

Methylputrescine Oxidase or MPO1 or MPQO2); A622 (or Isoflavone reductase-like protein or
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Isoflavone reductase homolog or Isoflavone reductase-like protein); BBL (or Berberine bridge
enzyme or Berberine bridge enzyme-like or BBE or NBB1); PMT (or Putrescine N-
Methyltransferase or putrescine methyltransferase or S-adenosyl-L-methionine:putrescine N-
methyltransferase or PMT or PMT1 or PMT2 or PMT3 or PMT4) and QPT (or quinolinate
phosphoribosyltransferase). In one embodiment the sequences may be selected from one or
more of the following genes: BBL, A622, PMT and MPO (MPO1 or MPQO2). Genes suitable for
modification in this way may be taught in US2016032299 for example, which is incorporated

herein by reference.

Commercially desirable traits

In one embodiment the plants of the present invention have modified (i.e. increased or
decreased) total alkaloid content and/or modified (i.e. increased or decreased) content of one or
more alkaloids, whilst the flavour characteristics and/or other commercially desirable traits are at
least maintained. Suitably, the plants of the present invention may have decreased total alkaloid
content and/or decreased content of one or more alkaloids, whilst the flavour characteristics
and/or other commercially desirable traits are at least maintained.

In one embodiment the plants of the present invention produce leaves of a similar grade and/or
quality to plants which have not been modified according to the invention.

In one embodiment the plants of the present invention have reduced nornicotine and/or PON
and/or anabasine and/or anatabine content without a significant change in the flavour
characteristics of the plant (e.g. compared with the same plant which has not been modified in
accordance with the present invention).

In one embodiment the plants of the present invention have decreased TSNA precursor content
without a significant change (e.g. decrease) in other commercially desirable traits of the plant
(e.g. compared with the same plant which has not been modified in accordance with the present
invention). In particular the yield of the modified plant is preferably not reduced compared with
the same plant which has not been modified in accordance with the present invention.

Therefore in one embodiment the methods and uses of the present invention relate to
decreasing TSNA precursor content whilst maintaining the flavour characteristics and/or other
commercially desirable traits (e.g. yield).

The term “commercially desirable traits” as used herein will include traits such as yield, mature
plant height, harvestable leaf number, average node length, cutter leaf length, cutter leaf width,
quality (e.g. leaf quality, suitably cured leaf quality), abiotic (for instance drought) stress
tolerance, herbicide tolerance and/or biotic (for instance insect, bacteria or fungus) stress

tolerance.
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Leaf quality may be measured based on colour, texture and aroma of the cured leaf, for
example according to United States Department of Agriculture (USDA) grades and standards.
Tobacco grades are evaluated based on factors including, but not limited to, the leaf stalk
position, leaf size, leaf colour, leaf uniformity and integrity, ripeness, texture, elasticity, sheen
(related with the intensity and the depth of coloration of the leaf as well as the shine),
hygroscopicity (the faculty of the tobacco leaves to absorb and to retain the ambient moisture),
and green nuance or cast.

Leaf grade can be determined using standard methods known in the art, for example, using an
Official Standard Grade published by the Agricultural Marketing Service of the US Department
of Agriculture (7 U.S.C. §511 ). See, e.g., Official Standard Grades for Burley Tobacco (U.S.
Type 31 and Foreign Type 93), effective November 5, 1990 (55 F.R. 40645); Official Standard
Grades for Flue-Cured Tobacco (U.S. Types 11, 12, 13, 14 and Foreign Type 92), effective
March 27, 1989 (54 F.R. 7925); Official Standard Grades for Pennsylvania Seedleaf Tobacco
(U.S. Type 41), effective January 8, 1965 (29 F.R. 16854); Official Standard Grades for Ohio
Cigar-Leaf Tobacco (U.S. Types 42, 43, and 44), effective December 8, 1963 (28 F.R. 11719
and 28 F.R. 11926); Official Standard Grades for Wisconsin Cigar-Binder Tobacco (U.S. Types
54 and 55), effective November 20, 1969 (34 F.R. 17061); Official Standard Grades for
Wisconsin Cigar-Binder Tobacco (U.S. Types 54 and 55), effective November 20, 1969 (34 F.R.
17061); Official Standard Grades for Georgia and Florida ShadeGrown Cigar-Wrapper Tobacco
(U.S. Type 62), Effective April 1971. A USDA grade index value can be determined according to
an industry accepted grade index. See e.g. Bowman et al. (1988) Tobacco Science, 32:39-40;
Legacy Tobacco Document Library (Bates Document #523267826-523267833, July 1, 1988,
Memorandum on the Proposed Burley Tobacco Grade Index); and Miller et al. (1990) Tobacco
Intern., 192:55-57 (all foregoing references are incorporated herein in their entirety).

In one aspect, a USDA grade index is a 0-100 numerical representation of federal grade
received and is a weighted average of all stalk positions. A higher grade index indicates higher
quality. Alternatively, leaf grade may be determined via hyper-spectral imaging. See e.g. WO
2011/027315 (which is incorporated herein by reference).

In one embodiment, a tobacco plant of the present invention provides tobacco of commercially
acceptable grade.

Suitably, the tobacco plant of the present invention provides cured tobacco of commercially
acceptable grade.

In one embodiment, a tobacco plant of the present invention is capable of producing leaves
having a USDA grade index value of at least about 70% of the USDA grade index value of

leaves of a comparable plant when grown in similar growth conditions. Suitably, tobacco plants
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disclosed herein may be capable of producing leaves having a USDA grade index value of at
least about 65%, at least about 70%, at least about 75%, at least about 80%, at least about
85%, at least about 90%, at least about 95%, or at least about 98% of the USDA grade index
value of a control plant when grown in similar growth conditions. Suitably, tobacco plants
disclosed herein may be capable of producing leaves having a USDA grade index value of
between 65% and 130%, between 70% and 130%, between 75% and 130%, between 80% and
130%, between 85% and 130%, between 90% and 130%, between 95% and 130%, between
100% and 130%, between 105% and 130%, between 110% and 130%, between 115% and
130%, or between 120% and 130% of the USDA grade index value of a comparable plant.

In one aspect, the tobacco plant of the present invention is capable of producing leaves having
a USDA grade index value of at least 50. Suitably, tobacco plants disclosed herein may be
capable of producing leaves having a USDA grade index value of 55 or more, 60 or more, 65 or
more, 70 or more, 75 or more, 80 or more, 85 or more, 90 or more, and 95 or more.

Unless specified otherwise, used herein, tobacco yield refers to cured leaf yield which is
calculated based on the weight of cured tobacco leaves per acre under standard field conditions
following standard agronomic and curing practice.

In one aspect, a plant (e.g. a tobacco plant) of the present invention has a yield between 50%
and 150%, between 55% and 145%, between 60% and 140%, between 65% and 135%,
between 70% and 130%, between 75% and 125%, between 80% and 120%, between 85% and
115%, between 90% and 110%, between 95% and 105%, between 50% and 100%, between
55% and 100%, between 60% and 100%, between 65% and 100%, between 70% and 100%,
between 75% and 100%, between 80% and 100%, between 85% and 100%, between 90% and
100%, between 95% and 100%, between 100% and 150%, between 105% and 150%, between
110% and 150%, between 115% and 150%, between 120% and 150%, between 125% and
150%, between 130% and 150%, between 135% and 150%, between 140% and 150%, or
between 145% and 150% of the yield of a comparable plant when grown in similar field
conditions.

In another aspect, the plant (e.g. a tobacco plant) yield of the present invention is approximately
1.5,16,1.7,18,19,20,21,22,23,24,25,286, 2.7, 2.8, 2.9, or 3.0 times of the yield of a
comparable plant when grown in similar field conditions.

In another aspect, the yield of a tobacco plant of the present invention is comparable to the yield
of the flue cured comparable plant when grown in similar field conditions.

In one aspect, a tobacco plant of the present invention provides a yield selected from the group
consisting of about between 1200 and 3500, between 1300 and 3400, between 1400 and 3300,
between 1500 and 3200, between 1600 and 3100, between 1700 and 3000, between 1800 and
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2900, between 1900 and 2800, between 2000 and 2700, between 2100 and 2600, between
2200 and 2500, and between 2300 and 2400 |bs/acre.

In another aspect, a tobacco plant of the present invention provides a yield selected from the
group consisting of about between 1200 and 3500, between 1300 and 3500, between 1400 and
3500, between 1500 and 3500, between 1600 and 3500, between 1700 and 3500, between
1800 and 3500, between 1900 and 3500, between 2000 and 3500, between 2100 and 3500,
between 2200 and 3500, between 2300 and 3500, between 2400 and 3500, between 2500 and
3500, between 2600 and 3500, between 2700 and 3500, between 2800 and 3500, between
2900 and 3500, between 3000 and 3500, and between 3100 and 3500 Ibs/acre.

In a further aspect, a tobacco plant of the present invention provides a yield selected from the
group consisting of about between 1200 and 3500, between 1200 and 3400, between 1200 and
3300, between 1200 and 3200, between 1200 and 3100, between 1200 and 3000, between
1200 and 2900, between 1200 and 2800, between 1200 and 2700, between 1200 and 2600,
between 1200 and 2500, between 1200 and 2400, between 1200 and 2300, between 1200 and
2200, between 1200 and 2100, between 1200 and 2000, between 1200 and 1900, between
1200 and 1800, between 1200 and 1700, between 1200 and 1600, between 1200 and 1500,
and between 1200 and 1400 Ibs/acre.

Plant breeding
In one embodiment the present invention provides a method of producing a plant having a

modified alkaloid content and/or modified content of a TSNA precursor comprising:

a. crossing a donor plant having modified nicotine content and/or modified content
of a TSNA precursor and wherein the activity or expression of at least one FAD
synthetase according to the present invention has been modulated in the donor
plant in accordance with the present invention with a recipient tobacco plant that
does not have modified nicotine content or modified content of a TSNA precursor
and possesses commercially desirable traits;

b. isolating genetic material from a progeny of said donor plant crossed with said
recipient plant; and

c. performing molecular marker-assisted selection with a molecular marker
comprising:

i. identifying an introgressed region comprising a mutation in a
polynucleotide sequence encoding a protein defined in a.
Suitably, the activity or expression of a protein comprising an amino acid sequence as set out in

SEQ ID No. 3, or a functional variant or functional fragment or orthologue thereof, or a
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sequence which has at least 80% identity to SEQ ID No. 3; or a protein encoded by a
nucleotide sequence as set out in SEQ ID No. 1 or 2 or a functional variant or functional
fragment or orthologue of SEQ ID No. 1 or 2 or a nucleic acid sequence which has at least 80%
identity to SEQ ID No. 1 or 2, is modulated in the donor plant when compared to a comparable
plant. Suitably, the alkaloid content and/or TSNA precursor content is decreased by said
method. Suitably, the alkaloid content and/or TSNA precursor content is decreased and the
activity or expression of said FAD synthetase is decreased or inhibited.

The molecular marker assisted selection may comprise performing PCR to identify an
introgressed nucleic acid sequence comprising a mutation which modulates the activity or
expression of a protein comprising the amino acid sequence shown as SEQ ID No. 3, or an

amino acid sequence which has at least 80% identity thereto.

Tobacco plants

The present invention provides methods, uses directed to plants (e.g. tobacco plants) as well as
a cell (e.g. a tobacco cell), a cell culture, a plant (e.g. a tobacco plant) and a plant propagation
material.

The term “tobacco plant” as used herein refers to a plant in the genus Nicotiana that is used in
the production of tobacco industry products. Non-limiting examples of suitable “tobacco” plants
include N. tabacum and N. rustica (for example, N. tabacum L., LA B21, LN KY171, Tl 1406,
Basma, Galpao, Perique, Beinhart 1000-1, and Petico).

The tobacco material can be derived or obtained from varieties of Nicotiana tabacum types,
commonly known as Burley varieties, flue or bright varieties and dark varieties. In some
embodiments, the tobacco material is derived from a Burley, Virginia or a dark tobacco plant.
The tobacco plant may be selected from Burley tobacco, rare tobacco, speciality tobacco,
expanded tobacco or the like.

The use of tobacco cultivars and elite tobacco cultivars is also contemplated herein. The
tobacco plant for use herein may therefore be a tobacco variety or elite tobacco cultivar.
Particularly useful Nicotiana tabacum varieties include Flue-cured Virginia type, Burley type, and
Oriental type.

In some embodiments, the tobacco plant may be, for example, selected from one or more of the
following varieties: L. cultivar T.I. 1068, AA 37-1, B 13P, Xanthi (Mitchell-Mor), KT D#3 Hybrid
107, Bel-W3, 79-615, Samsun Holmes NN, F4 from cross BU21 x Hoja Parado, line 97,
KTRDC#2 Hybrid 49, KTRDC#4 Hybrid 1 10, Burley 21, PM016, KTRDC#5 KY 160 SlI,
KTRDC#7 FCA, KTRDC#6 TN 86 SI, PM021, K 149, K 326, K 346, K 358, K 394, K 399, K 730,
KY 10, KY 14, KY 160, KY 17, KY 8959, KY 9, KY 907, MD 609, McNair 373, NC 2000, PG 01,
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PG 04, P01, P02, P03, RG 11, RG 17, RG 8, Speight G-28, TN 86, TN 90, VA 509, AS44,
Banket A1, Basma Drama B84/31, Basma | Zichna ZP4/B, Basma Xanthi BX 2A, Batek, Besuki
Jember, C104, Coker 319, Coker 347, Criollo Misionero, PM092, Delcrest, Djebel 81, DVH 405,
Galpao Comum, HB04P, Hicks Broadleaf, Kabakulak Elassona, PM102, Kutsage E1 , KY 14 x
L8, KY 171, LA BU 21, McNair 944, NC 2326, NC 71, NC 297, NC 3, PVH 03, PVH 09, PVH 19,
PVH 21 10, Red Russian, Samsun, Saplak, Simmaba, Talgar 28, PM132, Wislica, Yayaldag,
NC 4, TR Madole, Prilep HC-72, Prilep P23, Prilep PB 156/1, Prilep P12-2/1, Yaka JK-48, Yaka
JB 125/3, T1-1068, KDH-960, TI-1070, TW136, PM204, PM205, Basma, TKF 4028, L8, TKF
2002, TN 90, GR141 , Basma xanthi, GR149, GR153, and Petit Havana.

Non-limiting examples of varieties or cultivars are: BD 64, CC 101, CC 200, CC 27, CC 301,
CC 400, CC 500, CC 600, CC 700, CC 800, CC 900, Coker 176, Coker 319, Coker 371 Gold,
Coker 48, CD 263, DF91 1, DT 538 LC, Galpao tobacco, GL 26H, GL 350, GL 600, GL 737, GL
939, GL 973, HB 04P, HB 04P LC, HB3307PLC, Hybrid 403LC, Hybrid 404LC, Hybrid 501 LC,
K 149, K 326, K 346, K 358, K394, K 399, K 730, KDH 959, KT 200, KT204LC, KY10, KY14, KY
160, KY 17, KY 171 , KY 907, KY907LC, KTY14xL8 LC, Little Crittenden, McNair 373, McNair
944, msKY 14xL8, Narrow Leaf Madole, Narrow Leaf Madole LC, NBH 98, N-126, N-777LC, N-
7371 LC, NC 100, NC 102, NC 2000, NC 291 , NC 297, NC 299, NC 3, NC 4, NC 5, NC 6, NC7,
NC 606, NC 71, NC 72, NC 810, NC BH 129, NC 2002, Neal Smith Madole, OXFORD 207, PD
7302 LC, PD 7309 LC, PD 7312 LC 'Perig'e' tobacco, PVH03, PVH09, PVH19, PVH50, PVH51 ,
R610,R630,R7-11,R 7-12, RG 17, RG 81, RG H51 , RGH 4, RGH 51, RS 1410, Speight
168, Speight 172, Speight 179, Speight 210, Speight 220, Speight 225, Speight 227, Speight
234, Speight G-28, Speight G-70, Speight H-6, Speight H20, Speight NF3, Tl 1406, Tl 1269, TN
86, TN86LC, TN 90, TN 97, TN97LC, TN D94, TN D950, TR (Tom Rosson) Madole, VA 309,
VA359, AA 37-1 , B 13P, Xanthi (Mitchell-Mor), Bel-W3, 79-615, Samsun Holmes NN, KTRDC
number 2 Hybrid 49, Burley 21 , KY 8959, KY 9, MD 609, PG 01, PG 04, P01, P02, P03, RG 1
1, RG 8, VA 509, AS44, Banket A1 , Basma Drama B84/31 , Basma | Zichna ZP4/B, Basma
Xanthi BX 2A, Batek, Besuki Jember, C104, Coker 347, Criollo Misionero, Delcrest, Djebel 81 ,
DVH 405, Galpao Comum, HB0O4P, Hicks Broadleaf, Kabakulak Elassona, Kutsage E1 , LA BU
21, NC 2326, NC 297, PVH 21 10, Red Russian, Samsun, Saplak, Simmaba, Talgar 28,
Wislica, Yayaldag, Prilep HC-72, Prilep P23, Prilep PB 156/1 , Prilep P12-2/1 , Yaka JK-48,
Yaka JB 125/3, TI-1068, KDH-960, TI-1070, TW136, Basma, TKF 4028, L8, TKF 2002, GR141 ,
Basma xanthi, GR149, GR153, Petit Havana. Low converter subvarieties of the above, even if
not specifically identified herein, are also contemplated.

The tobacco plant may be a Burley, Flue-cured Virginia, or Oriental.
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In one embodiment the plant propagation material may be obtainable from a plant (e.g. a
tobacco plant) of the invention.

A “plant propagation material” as used herein refers to any plant matter taken from a plant from
which further plants may be produced. Suitably, a plant propagation material may be selected
from a seed, plant calli and plant clumps. Suitably the plant propagation material may be a
seed. Suitably, the plant propagation material may be plant calli. Suitably the plant propagation
material may be plant clumps.

In one embodiment the cell (e.g. tobacco cell), cell culture, tobacco plant and/or plant
propagation material may be obtainable (e.g. obtained) by a method according to the invention.
Suitably a tobacco plant according to the present invention may have modulated (e.g.
decreased) nicotine content when compared to an unmodified tobacco plant, wherein the
tobacco plant has been modified to modulate (e.g. decrease) the activity or expression of at
least one FAD synthetase. Suitably a tobacco plant according to the present invention may have
decreased nicotine content when compared to an unmodified tobacco plant, wherein the
tobacco plant has been modified to decrease or inhibit the activity or expression of at least one
FAD synthetase.

Suitably a tobacco plant according to the present invention may have modulated (e.g. reduced)
content of a TSNA precursor when compared to an unmodified tobacco plant, wherein the
tobacco plant has been modified to modulate (e.g. decrease) the activity or expression of at
least one FAD synthetase.

Suitably a tobacco plant according to the present invention may have decreased TSNA
precursor content when compared to an unmodified tobacco plant, wherein the tobacco plant
has been modified to decrease or inhibit the activity or expression of at least one FAD
synthetase.

In one embodiment the tobacco plant in accordance with the present invention comprises a
tobacco cell of the invention.

In another embodiment the plant propagation material may be obtainable (e.g. obtained) from a
tobacco plant of the invention.

In one embodiment there is provided the use of a tobacco plant as described herein to breed a
tobacco plant.

The present invention also provides in another embodiment the use of a tobacco plant of the
foregoing embodiments for the production of a tobacco industry product.

In another embodiment there is provided the use of a tobacco plant of the invention to grow a

crop.
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In one embodiment there is provided the use of a cell as provided for in the foregoing
embodiments for production of a tobacco industry product.

In one embodiment the present invention provides a cell culture (e.g. in in vitro culture).

The tobacco cell culture may be a cell suspension culture. These cells cultured in vitro may be
incorporated into a tobacco industry product, e.g. as a substitute for conventional tobacco
particles, shreds, fine cut or long cut tobacco lamina, as an additive ingredient or as both a
substitute and an additive. Suitably, the cell culture may produce nicotine.

In one embodiment there is provided the use of a cell culture, e.g. a harvested and/or processed
cell culture according to the present invention for the production of a tobacco industry product.
The tobacco cells harvested from an /in vitro culture may be dried, e.g. freeze-dried, for example
to produce a powder.

In one embodiment, the cell culture is a tobacco cell culture. The skilled person will be aware of
known methods for establishing in vitro cultures of tobacco cells. By way of example only, the
following method may be used: collecting seeds form a tobacco plant of interest and sterilising
their exterior to eliminate unwanted organisms, planting said seeds to grown a tobacco plant of
interest, removing tissue from the tobacco plant (for example, from the tobacco stem) for use as
an explant, establishing a callus culture form the tobacco explant, establishing a cell suspension
culture from the callus culture, and harvesting culture material (e.g. including tobacco cells) to
produce a tobacco cell culture.

The tobacco cells can be harvested by various methods, including filtration, e.g. vacuum
filtration. The sample may be washed in the filter by adding water and the remaining liquid
removed with the filtration, e.g. vacuum filtration.

The harvested tobacco cell culture may be further processed, e.g. dried, such as air-dried
and/or freeze-dried. The harvested tobacco cell culture or dried harvested tobacco cell culture
or an extract therefrom may be incorporated into tobacco industry products according to the
present invention.

In one embodiment, the present invention provides a plant (e.g. tobacco plant) or part thereof
for use in molecular farming. Suitably, a plant or part thereof modified in accordance with the
present invention may be used in the manufacture of proteins such as therapeutics e.g.
antibiotics, virus like particles, neutraceuticals or small molecules.

In one embodiment, the present invention provides a method for the production of proteins (e.g.
therapeutic proteins), the method comprising modifying a plant or part thereof capable of
producing said protein (e.g. therapeutic protein) by modulating (e.g. decreasing) the activity or
expression of at least one FAD synthetase protein having an amino acid sequence as set out in

SEQ ID No. 3, or a functional variant or functional fragment or orthologue thereof, or a
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sequence which has at least 80% identity to SEQ ID No. 3; or a homologue of SEQ ID No. 3; or
wherein the at least one FAD synthetase comprises a nucleotide sequence as set outin SEQ ID
No. 1 or 2, or a functional variant or functional fragment or orthologue of SEQ ID No. 1 or 2, or
a nucleic acid sequence which has at least 80% identity to SEQ ID No. 1 or 2; or a homologue
of SEQ ID No. 1 or 2; and culturing the plant under conditions sufficient to allow the production

of said protein (e.g. therapeutic protein).

Products

The present invention also provides for products obtainable or obtained from plants according to
the present invention. Products are provided which are obtainable or obtained from a plant in
which the activity or expression of a FAD synthetase has been modulated.

In one embodiment, the product may comprise a construct of the invention which modulates the
activity or expression of at least one FAD synthetase as defined herein. In one embodiment, the
product may comprise a construct of the invention which modifies the nucleic acid sequence of
at least one FAD synthetase as defined herein.

The present invention also provides for products obtainable or obtained from tobacco according
to the present invention.

In one embodiment there is provided the use of a tobacco plant of the invention to produce a
tobacco leaf.

Suitably the tobacco leaf may be subjected to downstream applications such as processing.
Thus in one embodiment the use of the foregoing embodiment may provide a processed
tobacco leaf. Suitably the tobacco leaf may be subjected to curing, fermenting, pasteurising or
combinations thereof. In another embodiment the tobacco leaf may be cut. In some
embodiments the tobacco leaf may be cut before or after being subjected to curing, fermenting,
pasteurising or combinations thereof.

In one embodiment the present invention provides a harvested leaf of a tobacco plant of the
invention.

In a further embodiment the harvested leaf may be obtainable (e.g. obtained) from a tobacco
plant propagated from a propagation material of the present invention.

In another embodiment there is provided a harvest leaf obtainable from a method or use of the
present invention.

Suitably the harvested leaf may be a cut harvested leaf.

In some embodiments the harvested leaf may comprise viable tobacco cells. In other
embodiments the harvested leaf may be subjected to further processing.

There is also provided a processed tobacco leaf.
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The processed tobacco leaf may be obtainable from a tobacco plant of the invention. Suitably
the processed tobacco leaf may be obtainable from a tobacco plant obtained in accordance with
any of the methods and/or uses of the present invention.

Suitably, the processed leaf may comprise reduced content of one or more TSNAs selected
from NNN, NNK, NAT and NAB. Suitably, the content of NNN may be reduced. Suitably, the
content of NNK may be reduced. Suitably, the content of NAT may be reduced. Suitably, the
content of NAB may be reduced. Suitably, the reduction in TSNA content is in relation to a
comparable product which has not been modified according to the present invention.

In another embodiment the processed tobacco leaf may be obtainable (e.g. obtained) from a
tobacco plant propagated form a tobacco plant propagation material according to the present
invention.

The processed tobacco leaf of the present invention may be obtainable (e.g. obtained) by
processing a harvested leaf of the invention.

The term “processed tobacco leaf’ as used herein refers to a tobacco leaf that has undergone
one or more processing steps to which tobacco is subjected to in the art. A “processed tobacco
leaf” comprises no or substantially no viable cells.

The term “viable cells” refers to cells which are able to grow and/or are metabolically active.
Thus, if a cell is said to not be viable, also referred to as “non-viable” then a cell does not
display the characteristics of a viable cell.

The term “substantially no viable cells” means that less than about 5% of the total cells are
viable. Preferably, less than about 3%, more preferably less than about 1%, even more
preferably less than about 0.1% of the total cells are viable.

In one embodiment the processed tobacco leaf may be processed by one or more of:. curing,
fermenting and/or pasteurising.

Suitably the processed tobacco leaf may be processed by curing.

Tobacco leaf may be cured by any method known in the art. In one embodiment tobacco leaf
may be cured by one or more of the curing methods selected from the group consisting of. air
curing, fire curing, flue curing and sun curing.

Suitably the tobacco leaf may be air cured.

Typically air curing is achieved by hanging tobacco leaf in well-ventilated barns and allowing to
dry. This is usually carried out over a period of four to eight weeks. Air curing is especially
suitable for burley tobacco.

Suitably the tobacco leaf may be fire cured. Fire curing is typically achieved by hanging tobacco

leaf in large barns where fires of hardwoods are kept on continuous or intermittent low smoulder
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and usually takes between three days and ten weeks, depending on the process and the
tobacco.

In another embodiment the tobacco leaf may be flue cured. Flue curing may comprise stringing
tobacco leaves onto tobacco sticks and hanging them from tier-poles in curing barns. The
barns usually have a flue which runs from externally fed fire boxes. Typically this results in
tobacco that has been heat-cured without being exposed to smoke. Usually the temperature
will be raised slowly over the course of the curing with the whole process taking approximately 1
week.

Suitably the tobacco leaf may be sun cured. This method typically involves exposure of
uncovered tobacco to the sun.

Suitably the processed tobacco leaf may be processed by fermenting.

Fermentation can be carried out in any manner known in the art. Typically during fermentation,
the tobacco leaves are piled into stacks (a bulk) of cured tobacco covered in e.g. burlap to retain
moisture. The combination of the remaining water inside the leaf and the weight of the tobacco
generates a natural heat which ripens the tobacco. The temperature in the centre of the bulk is
monitored daily. In some methods every week, the entire bulk is opened. The leaves are then
removed to be shaken and moistened and the bulk is rotated so that the inside leaves go
outside and the bottom leaves are placed on the top of the bulk. This ensures even fermentation
throughout the bulk. The additional moisture on the leaves, plus the actual rotation of the
leaves themselves, generates heat, releasing the tobacco’s natural ammonia and reducing
nicotine, while also deepening the colour and improving the tobacco’s aroma. Typically the
fermentation process continues for up to 6 months, depending on the variety of tobacco, stalk
position on the leaf, thickness and intended use of leaf.

Suitably the processed tobacco leaf may be processed by pasteurising. Pasteurising may be
particularly preferred when the tobacco leaf will be used to make a smokeless tobacco industry
product, most preferably snus.

Tobacco leaf pasteurisation may be carried out by any method known in the art. For example
pasteurisation may be carried out as detailed in J Foulds, L Ramstrom, M Burke, K Fagerstrom.
Effect of smokeless tobacco (snus) on smoking and public health in Sweden Tobacco Control
(2003) 12: 349-359, the teaching of which is incorporated herein by reference.

During the production of snus, pasteurisation is typically carried out by a process in which the
tobacco is heat treated with steam for 24-36 hours (reaching temperatures of approximately
100°C). This results in an almost sterile product and without wishing to be bound by theory one
of the consequences of this is believed to be a limitation of further TSNA formation.

In one embodiment the pasteurisation may be steam pasteurisation.
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In some embodiments the processed tobacco leaf may be cut. The processed tobacco leaf may
be cut before or after processing. Suitably, the processed tobacco leaf may be cut after
processing.

In one embodiment, the use of the foregoing embodiment may provide reconstituted tobacco.

In one embodiment, there is provided reconstituted tobacco.

“‘Reconstituted” as used herein may also be referred to as recon, recycled or homogenized
sheet tobacco and refers to tobacco material generated from remnants of tobacco leaf after
processing. Reconstituted tobacco allows the production of a consistent, high quality blend and
allows the adjustment of the ratio of individual components.

Reconstituted tobacco may be nano fibre recon (nanofibers can be extracted in solid or liquid
form), paper making recon (which uses stems, scraps, and midribs, etc. as the raw material) or
slurry type recon (which uses a mixture of fines and tobacco stems, ground to power, mixed
with water and vegetable binding agent; the soluble residue is formed to sheets by extracting
the water).

Any method known in the art may be used for making reconstituted tobacco, for example see
CORESTA Congress, Sapporo, 2012, Smoke Science/Product Technology Groups, SSPT 12
(incorporated herein by reference).

In some embodiments the tobacco plant, harvested leaf of a tobacco plant and/or processed
tobacco leaf may be used to extract nicotine. The extraction of nicotine can be achieved using
any method known in the art. For example a method for extracting nicotine from tobacco is
taught in US 2,162,738 which is incorporated herein by reference.

In one aspect, the present invention provides cured tobacco material made from a tobacco plant
or part thereof according to the invention.

Suitably, the cured tobacco may comprise a reduced content of one or more TSNAs selected
from NNK, NNN, NAT and NAB. Suitably, the content of NNN may be reduced. Suitably, the
content of NNK may be reduced. Suitably, the content of NAT may be reduced. Suitably, the
content of NAB may be reduced. Suitably, the reduction in TSNA content is in relation to a
comparable product which has not been modified according to the present invention.

In another aspect, the present invention provides a tobacco blend comprising tobacco material
made from a tobacco plant or part thereof according to the present invention, or from a tobacco
cell culture according to the present invention. In one aspect, the present invention provides a
tobacco blend comprising cured tobacco material according to the present invention.

Suitably, the tobacco blend according to the present invention may comprise approximately
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80% or 90% tobacco from a tobacco plant or part

thereof according to the present invention, or from a tobacco cell culture according to the
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present invention. Suitably, the tobacco blend may comprise approximately 10% tobacco from a
tobacco plant or part thereof according to the present invention, or from a tobacco cell culture
according to the present invention. Suitably, the tobacco blend may comprise approximately
20% tobacco from a tobacco plant or part thereof according to the present invention, or from a
tobacco cell culture according to the present invention. Suitably, the tobacco blend may
comprise approximately 30% tobacco from a tobacco plant or part thereof according to the
present invention, or from a tobacco cell culture according to the present invention. Suitably, the
tobacco blend may comprise approximately 40% tobacco from a tobacco plant or part thereof
according to the present invention, or from a tobacco cell culture according to the present
invention. Suitably, the tobacco blend may comprise approximately 50% tobacco from a tobacco
plant or part thereof according to the present invention, or from a tobacco cell culture according
to the present invention. Suitably, the tobacco blend may comprise approximately 60% tobacco
from a tobacco plant or part thereof according to the present invention, or from a tobacco cell
culture according to the present invention. Suitably, the tobacco blend may comprise
approximately 70% tobacco from a tobacco plant or part thereof according to the present
invention, or from a tobacco cell culture according to the present invention. Suitably, the tobacco
blend may comprise approximately 80% tobacco from a tobacco plant or part thereof according
to the present invention, or from a tobacco cell culture according to the present invention.
Suitably, the tobacco blend may comprise approximately 90% tobacco from a tobacco plant or
part thereof according to the present invention, or from a tobacco cell culture according to the
present invention.

In one aspect, a tobacco blend product of the present invention comprises at least about 5, 10,
20, 30, 40, 50, 60, 70, 80, 90, or 95 percent by dry weight of tobacco cured from a tobacco plant
or part thereof according to the present invention, or a tobacco cell culture according to the
present invention.

Suitably, the cured tobacco material may be air cured. Suitably, the cured tobacco material may
be flue cured. Suitably, the cured tobacco material may be sun cured. Suitably, the cured
tobacco material may be fire cured.

A tobacco industry product or smoking article according to the present invention may comprise
the tobacco material (e.g. cured tobacco material or reconstituted tobacco material) according to
the present invention.

In another aspect the present invention provides a tobacco industry product.

In one embodiment the tobacco industry product according to the present invention may be a
blended tobacco industry product. Suitably, the tobacco blend may comprise cured tobacco

material according to the present invention.
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In one embodiment the tobacco industry product may be prepared from a tobacco plant of the
invention or a part thereof.

Suitably the tobacco plant or part thereof may be propagated from a tobacco plant propagation
material according to the present invention.

The term “part thereof” as used herein in the context of a tobacco plant refers to a portion of the
tobacco plant. Suitably, the “part thereof” may be a leaf, root or stem of a tobacco plant or the

flowers. Suitably, the “part thereof’ may be a leaf, root or stem of a tobacco plant.

Tobacco industry product

As used herein, the term “tobacco industry product’ is intended to include combustible
smoking articles such as cigarettes, cigarillos, cigars, tobacco for pipes or for roll-your-own
cigarettes, (whether based on tobacco, tobacco derivatives, expanded tobacco, reconstituted
tobacco, tobacco substitutes or other smokable material), non-combustible aerosol provision
systems such as heating products that release compounds from substrate materials without
burning such as electronic cigarettes, tobacco heating products, and hybrid systems to
generate aerosol from a combination of substrate materials, for example hybrid systems
containing a liquid or gel or solid substrate, as well as aerosolizable substrate materials used
within these aerosol provision systems; and aerosol-free delivery articles such as lozenges,
gums, patches, articles comprising breathable powders and smokeless tobacco industry
products such as snus and snuff, which aerosol-free delivery articles may or may not deliver
nicotine.

In one embodiment the tobacco industry product may be prepared from (e.g. may comprise) a
tobacco plant of the invention or a part thereof.

Suitably the tobacco plant or part thereof may be propagated from a tobacco plant propagation
material according to the present invention.

The term “part thereof” as used herein in the context of a tobacco plant refers to a portion of the
tobacco plant. Preferably the “part thereof” is a leaf of a tobacco plant.

In another embodiment the tobacco industry product may be prepared from a harvested leaf of
the invention.

In a further embodiment the tobacco industry product may be prepared from a processed
tobacco leaf of the invention.

Suitably the tobacco industry product may be prepared from a tobacco leaf processed by one or
more of: curing, fermenting and/or pasteurising.

Suitably the tobacco industry product may comprise a cut tobacco leaf, optionally processed as

per the foregoing embodiment.
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In another embodiment, the tobacco industry product may be prepared from a tobacco cell
culture according to the present invention.

In another embodiment, the tobacco industry product may be prepared from (e.g. may
comprise) a cured tobacco material according to the present invention.

In another embodiment, the tobacco industry product may be prepared from (e.g. may
comprise) a tobacco blend according to the present invention.

In one embodiment the tobacco industry product may be a smoking article.

As used herein, the term “smoking article” can include smokeable products, such as rolling
tobacco, cigarettes, cigars and cigarillos whether based on tobacco, tobacco derivatives,
expanded tobacco, reconstituted tobacco or tobacco substitutes.

In another embodiment the tobacco industry product may be a smokeless tobacco industry
product.

The term “smokeless tobacco industry product” as used herein refers to a tobacco industry
product that is not intended to be smoked and/or subjected to combustion.

Smokeless tobacco industry products (including heat-not-burn materials) may contain tobacco
in any form, including dried particles, shreds, granules, powders, or slurry, deposited on, mixed
in, surrounded by, or combined with other ingredients in any format, such as flakes, films, tabs,
foams, or beads.

In one embodiment a smokeless tobacco industry product may include snus, snuff, chewing
tobacco or the like.

In one embodiment, the tobacco industry product is a combustible smoking article, selected
from the group consisting of a cigarette, a cigarillo and a cigar.

In one embodiment, the tobacco industry product comprises one or more components of a
combustible smoking article, such as a filter, a filter rod, a filter rod segments, tobacco, a
tobacco rod, a tobacco rod segment, a spill, an additive release component such as a capsule,
a thread, beads, a paper such as a plug wrap, a tipping paper or a cigarette paper.

In one embodiment, the tobacco industry product is a non-combustible aerosol provision
system.

In one embodiment, the tobacco industry product comprises one or more components of a
non-combustible aerosol provision system, such as a heater and an aerosolizable substrate.

In one embodiment, the aerosol provision system is an electronic cigarette also known as a
vaping device.

In one embodiment the electronic cigarette comprises a heater, a power supply capable of
supplying power to the heater, an aerosolizable substrate such as a liquid or gel, a housing

and optionally a mouthpiece.
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In one embodiment the aerosolizable substrate is contained in a substrate container. In one
embodiment the substrate container is combined with or comprises the heater.

In one embodiment, the tobacco industry product is a heating product which releases one or
more compounds by heating, but not burning, a substrate material. The substrate material is
an aerosolizable material which may be for example tobacco or other non-tobacco products,
which may or may not contain nicotine. In one embodiment, the heating product is a tobacco
heating product.

In one embodiment, the heating product is an electronic device.

In one embodiment, the tobacco heating product comprises a heater, a power supply capable

of supplying power to the heater, an aerosolizable substrate such as a solid or gel material.

In one embodiment the heating product is a non-electronic article.

In one embodiment the heating product comprises an aerosolizable substrate such as a solid

or gel material and a heat source which is capable of supplying heat energy to the

aerosolizable substrate without any electronic means, such as by burning a combustion
material, such as charcoal.

In one embodiment the heating product also comprises a filter capable of filtering the aerosol
generated by heating the aerosolizable substrate.

In some embodiments the aerosolizable substrate material may comprise a vapour or aerosol
generating agent or a humectant, such as glycerol, propylene glycol, triacetin or diethylene
glycol.

In one embodiment, the tobacco industry product is a hybrid system to generate aerosol by
heating, but not burning, a combination of substrate materials. The substrate materials may
comprise for example solid, liquid or gel which may or may not contain nicotine. In one
embodiment, the hybrid system comprises a liquid or gel substrate and a solid substrate. The
solid substrate may be for example tobacco or other non-tobacco products, which may or may
not contain nicotine. In one embodiment, the hybrid system comprises a liquid or gel substrate
and tobacco.

In a further embodiment the tobacco industry product may be a tobacco heating device or hybrid
device or e-cigarette or the like.

Typically in tobacco heating devices or hybrid devices, an aerosol is generated by the transfer
of heat from a heat source to a physically separate aerosol-forming substrate or material, which
may be located within, around or downstream of the heat source. During smoking, volatile
compounds are released from the aerosol-forming substrate by heat transfer from the heat
source and entrained in air drawn through the smoking article. As the released compounds cool,

they condense to form an aerosol that is inhaled by the user.
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Aerosol-generating articles and devices for consuming or smoking tobacco heating devices are
known in the art. They can include, for example, electrically heated aerosol-generating devices
in which an aerosol is generated by the transfer of heat from one or more electrical heating
elements of the aerosol-generating device to the aerosol-forming substrate of a tobacco heating
device.

Suitably the tobacco heating device may be an aerosol-generating device.

Preferably the tobacco heating device may be a heat-not-burn device. Heat-not-burn devices
are known in the art and release compounds by heating, but not burning, tobacco.

An example of a suitable, heat-not-burn device may be one taught in W02013/034459 or
GB2515502 which are incorporated herein by reference.

In one embodiment the aerosol-forming substrate of a tobacco heating device may be a tobacco
industry product in accordance with the present invention.

In one embodiment the tobacco heating device may be a hybrid device.

Polynucleotides/polypeptides/constructs

In certain embodiments of the present invention, constructs which modulate activity or
expression of at least one FAD synthetase as described herein may be transformed into plant
cells, suitably under the direction of a promoter.

In certain embodiments of the present invention, constructs which decrease (i.e. inhibit) the
activity or expression of at least one FAD synthetase as described herein may be transformed
into plant cells under the direction of a promoter. For example, the genetic construct may be a
gene editing construct or may comprise an RNAiI molecule, which may comprise a small
interfering RNA (siRNA) molecule, or a short hairpin loop (ShRNA) molecule.

In certain embodiments of the present invention, constructs which increase activity or
expression of gene encoding a FAD synthetase as described herein may be transformed into
plant cells, suitably under the direction of a promoter e.g. constructs which encode a gene
encoding a FAD synthetase such as an endogenous FAD synthetase.

Constructs may be introduced into plants according to the present invention by means of
suitable vector, e.g. plant transformation vectors. A plant transformation vector may comprise an
expression cassette comprising 5'-3' in the direction of transcription, a promoter sequence, a
construct sequence targeting gene encoding a FAD synthetase as described herein and,
optionally a 3' untranslated, terminator sequence including a stop signal for RNA polymerase
and a polyadenylation signal for polyadenylase. The promoter sequence may be present in one
or more copies, and such copies may be identical or variants of a promoter sequence as

described above. The terminator sequence may be obtained from plant, bacterial or viral genes.
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Suitable terminator sequences are the pea rbcS E9 terminator sequence, the nos terminator
sequence derived from the nopaline synthase gene of Agrobacterium tumefaciens and the 35S
terminator sequence from cauliflower mosaic virus, for example. A person skilled in the art will
be readily aware of other suitable terminator sequences.

The construct of the present invention may also comprise a gene expression enhancing
mechanism to increase the strength of the promoter. An example of such an enhancer element
is one derived from a portion of the promoter of the pea plastocyanin gene, and which is the
subject of International Patent Application No. WO 97/20056 which is incorporated herein by
reference. Suitable enhancer elements may be the nos enhancer element derived from the
nopaline synthase gene of Agrobacterium tumefaciens and the 35S enhancer element from
cauliflower mosaic virus, for example.

These regulatory regions may be derived from the same gene as the promoter DNA sequence
or may be derived from different genes, from Nicotiana tabacum or other organisms, for
example from a plant of the family Solanaceae, or from the subfamily Cestroideae. All of the
regulatory regions should be capable of operating in cells of the tissue to be transformed.

The promoter DNA sequence may be derived from the same gene as the gene of interest, e.g.
the gene the promoter is going to direct, for instance a gene encoding a FAD synthetase
according to the invention, a coding sequence used in the present invention or may be derived
from a different gene, from Nicotiana tabacum, or another organism, for example from a plant of
the family Solanaceae, or from the subfamily Cestroideae.

The expression cassette may be incorporated into a basic plant transformation vector, such as
pBIN 19 Plus, pBl 101, pKYLX71:35S52, pCAMBIA2300 or other suitable plant transformation
vectors known in the art. In addition to the expression cassette, the plant transformation vector
will contain such sequences as are necessary for the transformation process. These may
include the Agrobacterium vir genes, one or more T-DNA border sequences, and a selectable
marker or other means of identifying transgenic plant cells.

The term "expression vector or plant transformation vector" means a construct capable of in
vivo or in vitro expression. Preferably, the expression vector is incorporated in the genome of
the organism. In one embodiment the vector of the present invention expresses a protein e.g. a
FAD synthetase as described herein. The term "incorporated" preferably relates to stable
incorporation into the genome.

Techniques for transforming plants are well known within the art and include Agrobacterium-
mediated transformation, for example. The basic principle in the construction of genetically
modified plants is to insert genetic information in the plant genome so as to obtain a stable

maintenance of the inserted genetic material. A review of the general techniques may be found
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in articles by Potrykus (Annu Rev Plant Physiol Plant Mol Biol [1991] 42:205-225) and Christon
(AgroFood-Industry Hi-Tech March/April1994 17-27), which are incorporated herein by
reference.

Typically, in Agrobacterium-mediated transformation a binary vector carrying a foreign DNA of
interest, i.e. a construct according to the present invention, is transferred from an appropriate
Agrobacterium strain to a target plant by the co-cultivation of the Agrobacterium with explants
from the target plant. Transformed plant tissue is then regenerated on selection media, which
selection media comprises a selectable marker and plant growth hormones. An alternative is the
floral dip method (Clough & Bent, 1998 Plant J. 1998 Dec;16(6):735-43, which is incorporated
herein by reference) whereby floral buds of an intact plant are brought into contact with a
suspension of the Agrobacterium strain containing the chimeric gene, and following seed set,
transformed individuals are germinated and identified by growth on selective media. Direct
infection of plant tissues by Agrobacterium is a simple technique which has been widely
employed and which is described in Butcher et al. (1980) Tissue Culture Methods for Plant
Pathologists, eds.: D. S. Ingrams and J.P. Helgeson, 203-208 which is incorporated herein by
reference.

Further suitable transformation methods include direct gene transfer into protoplasts using
polyethylene glycol or electroporation techniques, particle bombardment, micro-injection and the
use of silicon carbide fibres for example. Transforming plants using ballistic transformation and
production of fertile transgenic maize plants by silicon carbide whisker-mediated transformation
is taught in Frame et al. (1994) The Plant Journal 6(6): 941-948, which is incorporated herein by
reference, and viral transformation techniques is taught in, for example, Meyer et al. (1992) Mol.
Gen. Genet. 231(3): 345-352, which is incorporated herein by reference. The use of cassava
mosaic virus as a vector system for plants is taught in Meyer et al. (1992) Gene 110: 213-217,
which is incorporated herein by reference. Further teachings on plant transformation may be
found in EP-A-0449375, incorporated herein by reference.

In a further aspect, the present invention relates to a vector system which carries a construct
and introducing it into the genome of an organism, such as a plant, suitably a tobacco plant. The
vector system may comprise one vector, but it may comprise two vectors. In the case of two
vectors, the vector system is normally referred to as a binary vector system. Binary vector
systems are described in further detail in Gynheung et al. (1980) Binary Vectors, Plant
Molecular Biology Manual A3, 1-19, which is incorporated herein by reference.

One extensively employed system for transformation of plant cells uses the Ti plasmid from
Agrobacterium tumefaciens or a Ri plasmid from Agrobacterium rhizogenes described by An et
al. (1986) Plant Physiol. 81, 301-305 and Butcher et al. (1980) Tissue Culture Methods for Plant
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Pathologists eds.. D. S. Ingrams and J.P. Helgeson, 203-208 which are incorporated herein by
reference. After each introduction method of the desired exogenous gene according to the
present invention in the plants, the presence and/or insertion of further DNA sequences may be
necessary. The use of T-DNA for the transformation of plant cells has been intensively studied
and is described in EP-A-120516; Hoekema (1985) The Binary Plant Vector System, Offset-
drukkerij Kanters B. B., Amsterdam Chapter V; Fraley et al. Crit. Rev. Plant Sci. 4:1-46; and An
et al. (1985) EMBO J 4: 277-284, all incorporated herein by reference.

Plant cells transformed with construct(s) which modulate the activity or expression of at least
one FAD synthetase may be grown and maintained in accordance with well-known tissue
culturing methods such as by culturing the cells in a suitable culture medium supplied with the
necessary growth factors such as amino acids, plant hormones, vitamins, etc.

The term "transgenic plant" in relation to the present invention includes any plant that comprises
a construct which modulates the activity or expression of at least one FAD synthetase according
to the invention. Accordingly a transgenic plant is a plant which has been transformed with a
construct according to the invention. Preferably the transgenic plant exhibits modulated (e.g.
reduced) alkaloid content and/or modulated (e.g. reduced) TSNA precursor content according to
the present invention. The term "transgenic plant" does not cover native nucleotide coding
sequences in their natural environment when they are under the control of their native promoter
which is also in its natural environment.

In one aspect, a gene encoding a FAD synthetase, a construct, a plant transformation vector or
a plant cell according to the present invention is in an isolated form. The term "isolated" means
that the sequence is at least substantially free from at least one other component with which the
sequence is naturally associated in nature and as found in nature.

In one aspect, a gene encoding a FAD syntehtase, a construct, plant transformation vector or a
plant cell according to the invention is in a purified form. The term "purified" means in a
relatively pure state, e.g. at least about 90% pure, or at least about 95% pure or at least about
98% pure.

The term “nucleotide sequence” as used herein refers to an oligonucleotide sequence or
polynucleotide sequence, and variant, homologues, fragments and derivatives thereof (such as
portions thereof). The nucleotide sequence may be of genomic or synthetic or recombinant
origin, which may be double-stranded or single-stranded whether representing the sense or
anti-sense strand.

The term "nucleotide sequence" in relation to the present invention includes genomic DNA,
cDNA, synthetic DNA, and RNA. Preferably it means DNA, more preferably cDNA sequence

coding for the present invention.
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In a preferred embodiment, the nucleotide sequence when relating to and when encompassed
by the per se scope of the present invention, i.e. the gene encoding a FAD synthetase
according to the present invention, includes the native nucleotide sequence when in its natural
environment and when it is linked to its naturally associated sequence(s) that is/are also in
its/their natural environment. For ease of reference, we shall call this preferred embodiment the
“native nucleotide sequence”. In this regard, the term "native nucleotide sequence" means an
entire nucleotide sequence that is in its native environment and when operatively linked to an
entire promoter with which it is naturally associated, which promoter is also in its native
environment.

The nucleotide sequence for use in the present invention may be present in a vector in which
the nucleotide sequence is operably linked to regulatory sequences capable of providing for the
expression of the nucleotide sequence by a suitable host organism. The constructs for use in
the present invention may be transformed into a suitable host cell as described herein to provide
for expression of a polypeptide of the present invention. The choice of vector e.g. a plasmid,
cosmid, or phage vector will often depend on the host cell into which it is to be introduced.
Vectors may be used in vitro, for example for the production of RNA or used to transfect,
transform, transduce or infect a host cell.

In some applications, the nucleotide sequence for use in the present invention is operably linked
to a regulatory sequence which is capable of providing for the expression of the nucleotide
sequence, such as by the chosen host cell. By way of example, the present invention covers a
vector comprising the nucleotide sequence of gene encoding a FAD synthetase as described
herein operably linked to such a regulatory sequence, i.e. the vector is an expression vector.
The term "operably linked" refers to a juxtaposition wherein the components described are in a
relationship permitting them to function in their intended manner. A regulatory sequence
"operably linked" to a coding sequence is ligated in such a way that expression of the coding
sequence is achieved under conditions compatible with the control sequences.

The term ‘regulatory sequences” includes promoters and enhancers and other expression
regulation signals. The term "promoter" is used in the normal sense of the art, e.g. an RNA
polymerase binding site. The nucleotide sequence within a construct which encodes a FAD
synthetase may be operably linked to at least a promoter.

The term "construct” - which is synonymous with terms such as "cassette" or “vector” - includes
a nucleotide sequence for use according to the present invention directly or indirectly attached
to a promoter.

An example of an indirect attachment is the provision of a suitable spacer group such as an

intron sequence, such as the Sh1-intron or the ADH intron, intermediate the promoter and the
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nucleotide sequence of the present invention. The same is true for the term "fused" in relation
to the present invention which includes direct or indirect attachment. In some cases, the terms
do not cover the natural combination of the nucleotide sequence coding for the protein ordinarily
associated with the wild type gene promoter and when they are both in their natural
environment. The construct may even contain or express a marker, which allows for the
selection of the genetic construct.

In some embodiments, a promoter may be operably linked to nucleotide sequence in a
construct or vector which is used to modulate the concentration and/or total content of nicotine
in a cell or cell culture or tobacco plant or part thereof.

In some embodiments the promoter may be selected from the group consisting of: a constitutive
promoter, a tissue-specific promoter, a developmentally-regulated promoter and an inducible
promoter.

In one embodiment the promoter may be a constitutive promoter.

A constitutive promoter directs the expression of a gene throughout the various parts of a plant
continuously during plant development, although the gene may not be expressed at the same
level in all cell types. Examples of known constitutive promoters include those associated with
the cauliflower mosaic virus 35S transcript (Odell JT, Nagy F, Chua NH. (1985). Identification of
DNA sequences required for activity of the cauliflower mosaic virus 35S promoter. Nature. 313
810-2), the rice actin 1 gene (Zhang W, McElroy D, Wu R. (1991). Analysis of rice Act1 5' region
activity in transgenic rice plants. Plant Cell 3 1155-65) and the maize ubiquitin 1 gene (Cornejo
MJ, Luth D, Blankenship KM, Anderson OD, Blechl AE. (1993). Activity of a maize ubiquitin
promoter in transgenic rice. Plant Molec. Biol. 23 567-81). Constitutive promoters such as the
Carnation Etched Ring Virus (CERV) promoter (Hull R, Sadler J, LongstaffM (1986)
(CaMV/35S), figwort mosaic virus 35S promoter. The sequence of carnation etched ring virus
DNA: comparison with cauliflower mosaic virus and retroviruses. EMBO Journal, 5(2):3083-
3090).

The constitutive promoter may be selected from a: a carnation etched ring virus (CERV)
promoter, a cauliflower mosaic virus (CaMV 35S promoter), a promoter from the rice actin 1
gene or the maize ubiquitin 1 gene.

The promoter may be a tissue specific promoter. A tissue-specific promoter is one which directs
the expression of a gene in one (or a few) parts of a plant, usually throughout the lifetime of
those plant parts. The category of tissue-specific promoter commonly also includes promoters
whose specificity is not absolute, i.e. they may also direct expression at a lower level in tissues

other than the preferred tissue. Tissue specific promoters include the phaseolin-promoter,
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legumin b4-promoter, usp-promoter, sbp-promoter, ST-LS1 promoter, B33 (patatin class |
promoter).

In another embodiment the promoter may be a developmentally-regulated promoter.

A developmentally-regulated promoter directs a change in the expression of a gene in one or
more parts of a plant at a specific time during plant development. The gene may be expressed
in that plant part at other times at a different (usually lower) level, and may also be expressed in
other plant parts.

In one embodiment the promoter may be an inducible promoter.

An inducible promoter is capable of directing the expression of a gene in response to an
inducer. In the absence of the inducer the gene will not be expressed. The inducer may act
directly upon the promoter sequence, or may act by counteracting the effect of a repressor
molecule. The inducer may be a chemical agent such as a metabolite, a protein, a growth
regulator (such as auxin and salicylic acid which activate the OCS promoter), or a toxic element,
a physiological stress such as heat, light (such as the soybean SSU promoter), wounding (e.g.
the nos, nopaline synthase promoter), or osmotic pressure, or an indirect consequence of the
action of a pathogen or pest. A developmentally-regulated promoter might be described as a
specific type of inducible promoter responding to an endogenous inducer produced by the plant
or to an environmental stimulus at a particular point in the life cycle of the plant. Examples of
known inducible promoters include those associated with wound response, such as described
by Warner SA, Scott R, Draper J. ((1993) Plant J. 3 191-201), temperature response as
disclosed by Benfey & Chua (1989) (Benfey, P.N., and Chua, N-H. ((1989) Science 244 174-
181), and chemically induced, as described by Gatz ((1995) Methods in Cell Biol. 50 411-424).
A nucleotide sequence encoding either a protein which has the specific properties as gene
encoding a FAD synthetase as defined herein or a protein which is suitable for modification may
be identified and/or isolated and/or purified from any cell or organism producing said protein.
Various methods are well known within the art for the identification and/or isolation and/or
purification of nucleotide sequences. By way of example, PCR amplification techniques to
prepare more of a sequence may be used once a suitable sequence has been identified and/or
isolated and/or purified.

In a yet further alternative, the nucleotide sequence encoding the FAD synthetase may be
prepared synthetically by established standard methods, e.g. the phosphoroamidite method
described by Beucage et al. (1981) Tetrahedron Letters 22, 1859-1869 which is incorporated
herein by reference, or the method described by Matthes et al. (1984) EMBO J. 3, 801-805

which is incorporated herein by reference. In the phosphoroamidite method, oligonucleotides

93



10

15

20

25

30

WO 2023/148478 PCT/GB2023/050211

are synthesised, e.g. in an automatic DNA synthesiser, purified, annealed, ligated and cloned in
appropriate vectors.

As used herein, the term “amino acid sequence” is synonymous with the term “polypeptide”
and/or the term “protein”. In some instances, the term “amino acid sequence” is synonymous
with the term “peptide”. In some instances, the term “amino acid sequence” is synonymous with
the term “enzyme”.

The present invention also encompasses the use of sequences having a degree of sequence
identity or sequence homology with amino acid sequence(s) of a polypeptide having the specific
properties defined herein or of any nucleotide sequence i.e. a gene encoding a FAD synthetase
(hereinafter referred to as a “homologous sequence(s)”). Here, the term “homologue” means an
entity having a certain homology with the subject amino acid sequences and the subject
nucleotide sequences. Here, the term “homology” can be equated with “identity”.

The homologous amino acid sequence and/or nucleotide sequence and/or fragments should
provide and/or encode a polypeptide which retains the functional activity and/or enhances the
activity of the FAD synthetase. Typically, the homologous sequences will comprise the same
active sites etc. as the subject amino acid sequence for instance or will encode the same active
sites. Although homology can also be considered in terms of similarity (i.e. amino acid residues
having similar chemical properties/functions), in the context of the present invention it is
preferred to express homology in terms of sequence identity. Homologous sequences typically
retain functional domains or motifs.

In one embodiment, a homologous sequence is taken to include an amino acid sequence or
nucleotide sequence which has one, two or several additions, deletions and/or substitutions
compared with the subject sequence.

In one embodiment, homologues of FAD synthetase SEQ ID No. 3 are provided in Table 1. The
present invention extends to the utilisation of homologues listed in Table 1 and to sequences

having at least 80% sequence identity thereto.

Sequence identity

Sequence identity comparisons can be conducted by eye, or more usually, with the aid of
readily available sequence comparison programs. These commercially available computer
programs can calculate % homology between two or more sequences. % homology or %
identity may be calculated over contiguous sequences, i.e. one sequence is aligned with the
other sequence and each amino acid in one sequence is directly compared with the

corresponding amino acid in the other sequence, one residue at a time. This is called an
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“‘ungapped” alignment. Typically, such ungapped alignments are performed only over a
relatively short number of residues.

Although this is a very simple and consistent method, it fails to take into consideration that, for
example, in an otherwise identical pair of sequences, one insertion or deletion will cause the
following amino acid residues to be put out of alignment, thus potentially resulting in a large
reduction in % homology when a global alignment is performed. Consequently, most sequence
comparison methods are designed to produce optimal alignments that take into consideration
possible insertions and deletions without penalising unduly the overall homology score. This is
achieved by inserting “gaps” in the sequence alignment to try to maximise local homology.
However, these more complex methods assign “gap penalties” to each gap that occurs in the
alignment so that, for the same number of identical amino acids, a sequence alignment with as
few gaps as possible - reflecting higher relatedness between the two compared sequences - will
achieve a higher score than one with many gaps. “Affine gap costs” are typically used that
charge a relatively high cost for the existence of a gap and a smaller penalty for each
subsequent residue in the gap. This is the most commonly used gap scoring system. High gap
penalties will of course produce optimised alignments with fewer gaps. Most alignment
programs allow the gap penalties to be modified. However, it is preferred to use the default
values when using such software for sequence comparisons.

Calculation of maximum % homology therefore firstly requires the production of an optimal
alignment, taking into consideration gap penalties. A suitable computer program for carrying out
such an alignment is the Vector NTI (Invitrogen Corp.). Examples of software that can perform
sequence comparisons include, but are not limited to, the BLAST package (see Ausubel et al.
(1999) Short Protocols in Molecular Biology, 4th Ed - Chapter 18), BLAST 2 (see FEMS
Microbiol Lett 1999 174(2): 247-50; FEMS Microbiol Lett 1999 177(1). 187-8 and
tatiana@ncbi.nim.nih.gov), FASTA (Altschul et al. 1990 J. Mol. Biol. 403-410) and AlignX for
example. At least BLAST, BLAST 2 and FASTA are available for offline and online searching
(see Ausubel et al. 1999, pages 7-58 to 7-60).

Although the final % homology can be measured in terms of identity, the alignment process

itself is typically not based on an all-or-nothing pair comparison. Instead, a scaled similarity
score matrix is generally used that assigns scores to each pairwise comparison based on
chemical similarity or evolutionary distance. An example of such a matrix commonly used is the
BLOSUM®62 matrix - the default matrix for the BLAST suite of programs. Vector NTI programs
generally use either the public default values or a custom symbol comparison table if supplied
(see user manual for further details). For some applications, it is preferred to use the default

values for the Vector NTI package.
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Alternatively, percentage homologies may be calculated using the multiple alignment feature in
Vector NTI (Invitrogen Corp.), based on an algorithm, analogous to CLUSTAL (Higgins DG &
Sharp PM (1988), Gene 73(1), 237-244). Once the software has produced an optimal
alignment, it is possible to calculate % homology, preferably % sequence identity. The software
typically does this as part of the sequence comparison and generates a numerical resullt.

Should gap penalties be used when determining sequence identity, then preferably the following

parameters are used for pairwise alignment:

FOR BLAST

GAP OPEN

GAP EXTENSION 0

FOR CLUSTAL DNA PROTEIN

WORD SIZE 2 1 K triple
GAP PENALTY 15 10

GAP EXTENSION 6.66 0.1

In one embodiment, CLUSTAL may be used with the gap penalty and gap extension set as
defined above. In some embodiments the gap penalties used for BLAST or CLUSTAL alignment
may be different to those detailed above. The skilled person will appreciate that the standard
parameters for performing BLAST and CLUSTAL alignments may change periodically and will
be able to select appropriate parameters based on the standard parameters detailed for BLAST
or CLUSTAL alignment algorithms at the time.

Suitably, the degree of identity with regard to a nucleotide sequence is determined over at least
50 contiguous nucleotides, preferably over at least 60 contiguous nucleotides, preferably over at
least 70 contiguous nucleotides, preferably over at least 80 contiguous nucleotides, preferably
over at least 90 contiguous nucleotides, preferably over at least 100 contiguous nucleotides,
preferably over at least 150 contiguous nucleotides, preferably over at least 200 contiguous
nucleotides, preferably over at least 250 contiguous nucleotides, preferably over at least 300
contiguous nucleotides, preferably over at least 350 contiguous nucleotides, preferably over at
least 400 contiguous nucleotides, preferably over at least 450 contiguous nucleotides,
preferably over at least 500 contiguous nucleotides, preferably over at least 550 contiguous
nucleotides, preferably over at least 600 contiguous nucleotides, preferably over at least 650
contiguous nucleotides, or preferably over at least 700 contiguous nucleotides.

Suitably, the degree of identity with regard to a nucleotide, cDNA, cds or amino acid sequence

may be determined over the whole sequence.
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The sequences may also have deletions, insertions or substitutions of amino acid residues
which produce a silent change and result in a functionally equivalent substance. Deliberate
amino acid substitutions may be made on the basis of similarity in polarity, charge, solubility,
hydrophobicity, hydrophilicity, and/or the amphipathic nature of the residues as long as the
secondary binding activity of the substance is retained. For example, negatively charged amino
acids include aspartic acid and glutamic acid; positively charged amino acids include lysine and
arginine; and amino acids with uncharged polar head groups having similar hydrophilicity values
include leucine, isoleucine, valine, glycine, alanine, asparagine, glutamine, serine, threonine,
phenylalanine, and tyrosine.

Conservative substitutions may be made, for example according to the Table below. Amino
acids in the same block in the second column and preferably in the same line in the third column
may be substituted for each other:

ALIPHATIC Non-polar GAP
LV
Polar — uncharged CSTM
NQ
Polar — charged DE

KR
AROMATIC HF WY

The present invention also encompasses homologous substitution (substitution and
replacement are both used herein to mean the interchange of an existing amino acid residue,
with an alternative residue) that may occur i.e. like-for-like substitution such as basic for basic,
acidic for acidic, polar for polar etc. Non-homologous substitution may also occur i.e. from one
class of residue to another or alternatively involving the inclusion of unnatural amino acids such
as ornithine (hereinafter referred to as Z), diaminobutyric acid ornithine (hereinafter referred to
as B), norleucine ornithine (hereinafter referred to as O), pyriylalanine, thienylalanine,
naphthylalanine and phenylglycine.

Replacements may also be made by unnatural amino acids include; alpha* and alpha-
disubstituted* amino acids, N-alkyl amino acids*, lactic acid*, halide derivatives of natural amino
acids such as trifluorotyrosine*, p-Cl-phenylalanine®, p-Br-phenylalanine*, p-l-phenylalanine*, L-
allyl-glycine*, B-alanine*, L-a-amino butyric acid*, L-y-amino butyric acid*, L-a-amino isobutyric
acid*, L-e-amino caproic acid#, 7-amino heptanoic acid*, L-methionine sulfone*’, L-norleucine*,
L-norvaline*, p-nitro-L-phenylalanine*, L-hydroxyproline#, L-thioproline*, methyl derivatives of
phenylalanine (Phe) such as 4-methyl-Phe*, pentamethyl-Phe*, L-Phe (4-amino)#, L-Tyr
(methyl)*, L-Phe (4-isopropyl)*, L-Tic (1,2,3,4-tetrahydroisoquinoline-3-carboxyl acid)*, L-
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diaminopropionic acid* and L-Phe (4-benzyl)*. The notation * has been utilised for the purpose
of the discussion above (relating to homologous or non-homologous substitution), to indicate the
hydrophobic nature of the derivative whereas # has been utilised to indicate the hydrophilic
nature of the derivative, #* indicates amphipathic characteristics.

Variant amino acid sequences may include suitable spacer groups that may be inserted
between any two amino acid residues of the sequence including alkyl groups such as methyl,
ethyl or propyl groups in addition to amino acid spacers such as glycine or B-alanine residues.
A further form of variation, involves the presence of one or more amino acid residues in peptoid
form, which will be well understood by those skilled in the art. For the avoidance of doubt, “the
peptoid form” is used to refer to variant amino acid residues wherein the a-carbon substituent
group is on the residue’s nitrogen atom rather than the a-carbon. Processes for preparing
peptides in the peptoid form are known in the art, for example Simon et al. (1992) PNAS 89(20),
9367-9371 and Horwell (1995) Trends Biotechnol. 13(4), 132-134.

The nucleotide sequences for use in the present invention may include within them synthetic or
modified nucleotides. A number of different types of modification to oligonucleotides are known
in the art. These include methylphosphonate and phosphorothioate backbones and/or the
addition of acridine or polylysine chains at the 3' and/or 5' ends of the molecule. For the
purposes of the present invention, it is to be understood that the nucleotide sequences
described herein may be modified by any method available in the art. Such modifications may
be carried out in order to enhance the in vivo activity or life span of nucleotide sequences of the
present invention.

The present invention also encompasses sequences that are complementary to the nucleic acid
sequences of the present invention or sequences that are capable of hybridising either to the
sequences of the present invention or to sequences that are complementary thereto. The term
“hybridisation” as used herein shall include “the process by which a strand of nucleic acid joins
with a complementary strand through base pairing” as well as the process of amplification as
carried out in polymerase chain reaction (PCR) technologies.

The present invention also relates to nucleotide sequences that can hybridise to the nucleotide
sequences of the present invention (including complementary sequences of those presented
herein). Preferably, hybridisation is determined under stringency conditions (e.g. 50°C and
0.2xSSC {1xSSC = 0.15 M NaCl, 0.015 M Nascitrate pH 7.0}). More preferably, hybridisation is
determined under high stringency conditions (e.g. 65°C and 0.1xSSC {1xSSC = 0.15 M NaCl,
0.015 M Nagcitrate pH 7.0}).

A review of the general techniques used for transforming plants may be found in articles such
as Potrykus et al. (1991) Annu Rev Plant Physiol. Plant Mol. Biol. 42:205-225 and Christou et al.
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(1994) Agro-Food-Industry Hi-Tech March/April 17-27, which are incorporated herein by
reference. Further teachings on plant transformation may be found in EP-A-0449375,
incorporated herein by reference.

Unless defined otherwise, all technical and scientific terms used herein have the same meaning
as commonly understood by one of ordinary skill in the art to which this disclosure belongs.
Singleton, et al., DICTIONARY OF MICROBIOLOGY AND MOLECULAR BIOLOGY, 20 ED.,
John Wiley and Sons, New York (1994), and Hale & Marham, THE HARPER COLLINS
DICTIONARY OF BIOLOGY, Harper Perennial, NY (1991) provide one of skill with a general
dictionary of many of the terms used in this disclosure.

This disclosure is not limited by the exemplary methods and materials disclosed herein, and any
methods and materials similar or equivalent to those described herein can be used in the
practice or testing of embodiments of this disclosure. Numeric ranges are inclusive of the
numbers defining the range. Unless otherwise indicated, any nucleic acid sequences are
written left to right in 5' to 3' orientation; amino acid sequences are written left to right in amino
to carboxy orientation, respectively.

The headings provided herein are not limitations of the various aspects or embodiments of this
disclosure which can be had by reference to the specification as a whole. Accordingly, the
terms defined immediately below are more fully defined by reference to the specification as a
whole.

Amino acids are referred to herein using the name of the amino acid, the three letter
abbreviation or the single letter abbreviation. The term “protein”, as used herein, includes
proteins, polypeptides, and peptides. As used herein, the term *“amino acid sequence” is
synonymous with the term “polypeptide” and/or the term “protein”. In some instances, the term
“amino acid sequence” is synonymous with the term “peptide”. In some instances, the term
“amino acid sequence” is synonymous with the term “enzyme”.

In the present disclosure and claims, the conventional one-letter and three-letter codes for
amino acid residues may be used. The 3-letter code for amino acids as defined in conformity
with the IUPACIUB Joint Commission on Biochemical Nomenclature (JCBN). It is also
understood that a polypeptide may be coded for by more than one nucleotide sequence due to
the degeneracy of the genetic code.

Other definitions of terms may appear throughout the specification. Before the exemplary
embodiments are described in more detail, it is to understand that this disclosure is not limited
to particular embodiments described, as such may, of course, vary. It is also to be understood

that the terminology used herein is for the purpose of describing particular embodiments only,
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and is not intended to be limiting, since the scope of the present disclosure will be limited only
by the appended claims.

Where a range of values is provided, it is understood that each intervening value, to the tenth of
the unit of the lower limit unless the context clearly dictates otherwise, between the upper and
lower limits of that range is also specifically disclosed. Each smaller range between any stated
value or intervening value in a stated range and any other stated or intervening value in that
stated range is encompassed within this disclosure. The upper and lower limits of these smaller
ranges may independently be included or excluded in the range, and each range where either,
neither or both limits are included in the smaller ranges is also encompassed within this
disclosure, subject to any specifically excluded limit in the stated range. Where the stated range
includes one or both of the limits, ranges excluding either or both of those included limits are
also included in this disclosure.

It must be noted that as used herein and in the appended claims, the singular forms "a", "an",
and "the" include plural referents unless the context clearly dictates otherwise. Thus, for
example, reference to "an enzyme" or “a nitrate reductase” includes a plurality of such

candidate agents and equivalents thereof known to those skilled in the art, and so forth.

Advantages
It has been surprisingly found that by modulating the activity or expression of FAD synthetase

as taught herein which acts as a positive regulator of alkaloid content in tobacco, the alkaloid
and/or TSNA precursor content of plants can be modulated. Thereby tobacco industry products
with modulated (e.g. reduced) alkaloid content) and/or reduced TSNA precursor content and
commercially desirable traits sought after by consumers of tobacco industry products can be
produced.

The present inventors have surprisingly determined a method for modulating the alkaloid
content and/or TSNA precursor content of a plant (e.g. tobacco plant) by modulating the activity
or expression of FAD synthetase. Alkaloid or TSNA precursor content of a plant (e.g. tobacco
plant) may be decreased by decreasing or inhibiting the activity or expression of FAD
synthetase as described herein. Prior to the present invention it had not been known that
modulation of the activity or expression of FAD synthetase as described herein could be used to
modulate alkaloid (and/or TSNA precursor content of a plant (e.g. a tobacco plant).

The publications discussed herein are provided solely for their disclosure prior to the filing date
of the present application. Nothing herein is to be construed as an admission that such

publications constitute prior art to the claims appended hereto.
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EXAMPLES

Example 1 — Virus-induced gene silencing (VIGS) of Nitab4.5 000599790050.2 decreases

alkaloid content in leaves

Virus-induced gene silencing (VIGS)
For virus induced gene silencing, a 300-nucleotide cDNA fragment of

Nitab4.5_0005997g0050.2:

GGGATAGTAGCTCTGGGGAAGTTTGATGCACTCCATATTGGTCATCGTGAGCTTGCAATCCAAGCAGCTAAGAGAGG
AATTCCATTTCTTCTTTCATTTGTTGGAATGGCGGAAGTACTTGGATGGGAACCGAGGGCTCCCATTGTTGCTGACT
GTGATCGCAAAAGGATTCTTTCATCTTGGGCTCCTTATTGCGGTAATGTAATCCCAAGGGAATTCCAGATAGAATTT

TCCAAAGTTCGATCTCTTACGCCTCGTCAGTTTGTGGAGAAGCTGT CCARAGAGCTGGGAGTGCGAGGA (SEQ ID
No. 43)
was synthesized and cloned with In-Fusion cloning kit into pTV0O (between EcoRI and Xhol

sites). The plasmid was then transformed into A. tumefaciens GV3101.

The TRV vector comprising both (TRV RNA1 SEQ ID No. 34) and (TRV RNAZ2) comprising the
targeted nucleotide sequence were separately propagated in A. tumefaciens. These cultures
were mixed (1:1) and syringe-infiltration into 2-week-old TN90 plants. The silencing effect was

assessed five weeks post-virus infection by assessing the expression level of the target gene.

Silencing

VIGS assays were performed as previously described (Ratcliff et al., 2001) Ratcliff, F et al.,
(2001), The Plant Journal, 25: 237-245 (incorporated herein by reference). Briefly, independent
cultures of A. tumefaciens GV3101 carrying TRV2 and TRV1 plasmids were propagated
overnight in LB medium supplemented with appropriate antibiotics. Cultures were resuspended
in VIGS buffer (10 mM morpholineethanesulfonic acid pH 5.6, 10 mM MgCL2, and 100 pM
acetocyringone) adjusting optical density to ODse=1, and incubated overnight at room
temperature in the dark. These cultures were mixed (1:1) and syringe-infiltrated into 2-week-old
TNSO plants. The silencing effect was assessed two weeks post-virus infection by assessing the
expression level of the target gene. TRV-Luciferase was used as a negative control and TRV-
PDS (reduced chlorophyll content of the silenced leaves) was used as a phenotypic silencing

control.

Alkaloid measurement
Relative content of pyridine alkaloids was determined by reversed phase high performance

liquid chromatography with tandem mass spectrometry (LC-MS/MS). Chromatographic
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separation was achieved using a Gemini-NX column (100 mm x 3.0 mm, particle size 3 ym,
Phenomenex) and gradient chromatographic separation using 6.5 mM ammonium acetate
buffer (aq) (pH10) and Methanol.

Mass Spectrometer operates in electrospray (ESI) positive mode using scheduled MRM data
acquisition. Two MRM transitions were monitored for each analyte and one for the isotope

labelled internal standard.

Analyte Precursor lon | Daughter lon (quant/confirm)
Nicotine 163.1 130/106

Nicotine d4 167.1 134.1

Anabasine 163.1 80/120

Anatabine 161.1 144/80

Nornicotine 1491 80/130
Nornicotine d4 1531 84.1

PON 176.1 106.0/148

PON d4 183.1 110.0

Results

Alkaloid content of 5-week-old tobacco leaves silenced for Nitab4.5_0005997g0050.2 is shown
in Figure 1. Content is represented relative to control and comprises three biological replicates
analysed by one-way ANOVA and Tukey’s multiple-comparison post-test. Values are shown as
means * SEM. Asterisks indicate statistical significance of P value < 0.001. Pyridine alkaloids:

nicotine, nornicotine, anabasine (ANAB), anatabine (ANAT), pseudooxynicotine (PON).

VIGS of Nitab4.5_0005997g0050.2 leads to a decrease in alkaloid content in leaves, in

particular a decrease in nicotine, nornicotine, anabasine, PON and anatabine content.
Conclusions

Nitab4.5_0005997g0050.2 is a positive regulator of alkaloid content, in particular alkaloid

content in leaves and is a regulator of pyridine alkaloids in tobacco.
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Example 2 — Nitab4.5 0005997g0050.2 has FAD synthetase functional activity

The present inventors characterised Nitab4.5_0005997g0050.2 as a gene encoding for FAD
synthetase. This enzyme catalyses the adenylation of flavin mononucleotide (FMN) to form
flavin adenine dinucleotide (FAD) coenzyme (ATP + FMN — diphosphate + FAD).

To confirm the categorisation a functional assay was performed to determine the activity of
Nitab4.5_0005997g0050.2. The gene was PCR-amplified from N. tabacum and cloned into
pPMAL-CX5 to allow expression in E. coli as N-terminal maltose binding protein (MBP) fusion.
Native, untagged MBP was also expressed and purified as a control for the assay.The Flavin
Adenine Dinucleotide (FAD) Assay Kit from Abcam (ab204710), was used to confirm the
enzymatic activity. The assay measures the formation of FAD by reaction with an OxiRed probe

that results in an increase in absorbance at 570 nm.

Following lysis and affinity purification, 0.5 ug of Nitab4.5_0005997g0050.2 enzyme was added
to 10 uM ATP and 10 uM FMN. The production of FAD over 60 minutes was measured by

endpoint absorbance values at 570 nm.

Results

Figure 2 shows measured endpoint absorbance values (570 nm) for the production of FAD over
a 60 minute reaction by 0.5 ug of Nitab4.5_0005997g0050.2 enzyme in the presence of 10 uM
ATP and 10 uM FMN. The results for the control reactions (MBP and —VE, no enzyme) are also
shown on the same graph and indicate that the reaction is FMN-dependant and that the reaction
has reduced activity in the absence of added ATP. Error bars are standard deviation from four

replicates.
Conclusion
Nitab4.5_0005997g0050.2 has FAD synthetase functional activity, suggesting pyridine alkaloid

synthesis is correlated with FAD synthetase levels.

Example 3 — Homologue testing

The effects of the homologues of SEQ ID No. 3, namely those listed in Table 1, are tested in

assays as described in the above examples.
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CLAIMS
1. A method of modulating (e.g. decreasing) the alkaloid content of a tobacco plant or a part
thereof or tobacco plant cell, the method comprising modifying said plant or plant cell by

modulating (e.g. decreasing) the activity or expression of a FAD synthetase.

2. A method of modulating (e.g. decreasing) the content of a tobacco specific nitrosamine
(TSNA) or a precursor of a TSNA in a tobacco plant or plant part thereof or tobacco plant cell,
the method comprising modifying said plant or plant cell by modulating (e.g. decreasing) the

activity or expression of a FAD synthetase.

3. A method for producing a plant or part thereof, a cell or cell culture, a plant propagation
material, a leaf, a cut harvested leaf, a processed leaf or a cut and processed leaf which has
modulated (e.g. decreased) alkaloid content, the method comprising modifying said plant or cell

culture to modulate the activity or expression of a FAD synthetase.

4. Use of at least one gene encoding a FAD synthetase for modulating alkaloid content of a

tobacco cell or tobacco plant or part thereof.

5. A method or use according to any preceding claim, wherein the FAD synthetase:

a) comprises an amino acid sequence as set out in SEQ ID No. 3; or a functional variant
or functional fragment or orthologue of SEQ ID No. 3; or a sequence which has at least
80% identity to SEQ ID No. 3, or a homologue of SEQ ID No. 3; or

b) is encoded by a nucleotide sequence as set out in SEQ ID No. 1 or 2; or a functional
variant or functional fragment or orthologue of SEQ ID No. 1 or 2; or a nucleic acid
sequence which has at least 80% identity to SEQ ID No. 1 or 2, or a homologue of SEQ
ID No. 1 or 2.

6. A method or use according to any one of the preceding claims, wherein the alkaloid content is
modulated (e.g. decreased) in comparison to a plant or cell culture which has not been modified

to modulate the activity or expression of a FAD synthetase.

7. A tobacco plant or part thereof or a tobacco cell or cell culture which has been modified to
modulate (e.g. decrease) the activity or expression of a FAD synthetase and the tobacco plant
or part thereof or tobacco cell or cell culture has decreased alkaloid and or TSNA precursor

content in comparison to an unmodified plant or unmodified cell or cell culture.
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8. A plant propagation material obtainable (e.g. obtained) from a plant according to claim 7 or

from a plant or cell or cell culture produced by the method or use of any one of claims 1 to 6.

9. A method or use according to any one of claims 1-6, or a plant or part thereof or cell or cell
culture according to claim 7, or a plant propagation material according to claim 8, wherein the
alkaloid content of the plant is decreased in comparison to a plant or cell culture which has not

been modified to modulate the activity or expression of a FAD synthetase.

10. A method or use according to any one of claims 1-6 or 9, a tobacco plant or part thereof or
tobacco cell or cell culture according to claim 7 or 9, or a plant propagation material according to
claim 8, wherein the content of one or more alkaloids selected from nicotine, nornicotine, PON,
anabasine, myosmine and anatabine is modulated (e.g. decreased), preferably the content of

nicotine, nornicotine and/or PON is modulated (e.g. decreased).

11. A method or use according to claim 10, a tobacco plant or part thereof or tobacco cell or
tobacco cell culture according to claim 10, or a plant propagation material according to claim 10

wherein the nicotine content is decreased.

12. Use of a tobacco plant or part thereof or tobacco cell or cell culture according to any one of
claims 7 or 9-11, or of a plant produced by the method of any one of claims 1to 6, or 9to 11 to

breed a plant.

13. Use of a tobacco plant or part thereof or a tobacco cell or cell culture according to any one
of claims 7 or 9-11, or of a plant produced by the method of any one of claims 1 to 6, or 9 to 11

for production of a product.

14. Use of a tobacco plant or part thereof according to any one of claims 7 or 9-11, or of a plant

produced by the method of any one of claims 1 to 6, or 9 to 11 to grow a crop.

15. Use of a tobacco plant or part thereof according to any one of claims 7 or 9-11, or of a plant

produced by the method of any one of claims 1 to 6, or 9 to 11 to produce a leaf.

16. A harvested leaf of a plant according to any one of claims 7 or 9-11, or obtainable from a

plant propagated from a propagation material according to any one of claims 8-11, or obtainable
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from a plant obtained by a use according to any one of claims 4-6 or 9-11, or obtainable from a

plant produced by the method of any one of claims 1-6, or 9-11.

17. A harvested leaf of a plant according to claim 16, wherein the harvested leaf of a plant is a

cut harvested leaf.

18. A processed leaf, preferably a processed tobacco leaf, preferably a non-viable processed
tobacco leaf:
obtainable (e.g. obtained) from a plant obtainable from a use according to any one of
claims 4-6 or 9-11;
obtainable (e.g. obtained) by processing a plant according to any one of claims 7 or
9-11;
obtainable (e.g. obtained) from a plant propagated from a plant propagation material
according to any one of claims 8-11; or
obtainable (e.g. obtained) by processing a harvested leaf of a plant according to
claim 16 or 17; or
obtainable (e.g. obtained) from a plant produced by the method of any one of claims
1t0 6, or 9to 11.

19. A processed leaf according to claim 18, wherein the leaf is processed by curing, fermenting,

pasteurising or a combination thereof.

20. A processed leaf according to claim 18 or 19, wherein the processed leaf is a cut processed

leaf.

21. Cured tobacco material made from a plant or a part thereof according to any one of claims 7
or 9-11, or a harvested leaf according to claim 16 or 17, or a processed leaf according to any of
claims 18-20.

22. A tobacco blend comprising said cured tobacco material of claim 21.

23. A tobacco industry product prepared from:

a tobacco plant or part thereof or tobacco cell or cell culture according to any one of

claims 7 or 9-11;
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a tobacco plant or part thereof propagated from a tobacco plant propagation material
according to claim 8;
a harvested leaf of a plant according to claim 16 or 17;

a processed leaf according to any one of claims 18-20.

24. A tobacco industry product according to claim 23, wherein the tobacco product is a

combustible smoking article.

25. A tobacco industry product according to claim 23, wherein the tobacco product is a

smokeless tobacco product.

26. A tobacco product according to claim 23, wherein the tobacco product is a non-combustible

aerosol provision system such as a tobacco heating device or an aerosol-generating device.

27. A combustible smoking article, non-combustible aerosol provisioning system, smokeless
tobacco product or tobacco heating device comprising a plant or a part thereof according to any
one of claims 7 or 9-11 or an extract (e.g. a tobacco extract) thereof or a tobacco cell culture
according to any one of claims 7 or 9-11; or a cured tobacco material according to claim 21; or a

tobacco blend according to claim 22.

28. Use of a nucleotide sequence encoding a FAD synthetase protein which:
a) encodes an amino acid sequence as set out in SEQ ID No. 3; or a functional variant or
functional fragment or orthologue of SEQ ID No. 3; or a sequence which has at least 80%
identity to SEQ ID No. 3; or
b) comprises a sequence as set out in SEQ ID No. 1 or 2; or a functional variant or functional
fragment or orthologue of SEQ ID No. 1 or 2; or a nucleic acid sequence which has at least
80% identity to SEQ ID No. 1 or 2;
to select a plant having modulated (e.g. reduced) alkaloid content and/or modulated (e.g.

reduced) content of TSNA or a precursor of a TSNA.

29. A mutant of a plant carrying a heritable mutation in a nucleotide sequence which:
a) encodes an amino acid sequence as set out in SEQ ID No. 3; or a functional variant or
functional fragment or orthologue of SEQ ID No. 3; or a sequence which has at least 80%
identity to SEQ ID No. 3; or
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b) comprises a sequence as set out in SEQ ID No. 1 or 2; or a functional variant or functional
fragment or orthologue of SEQ ID No. 1 or 2; or a nucleic acid sequence which has at least
80% identity to SEQ ID No. 1 or 2;

wherein said heritable mutation modulates (e.g. decreases) the activity or expression of FAD
synthetase and wherein the mutant plant has modulated (e.g. decreased) alkaloid content
and/or modulated content of a TSNA or a precursor of a TSNA relative to a comparable plant

which does not carry said heritable mutation.

30. Progeny or seed of a mutant plant which carries the heritable mutation according to claim
29.

31. A harvested leaf, a processed leaf or cured tobacco material produced from a plant
comprising a modification in a nucleotide sequence which:
a) encodes an amino acid sequence as set out in SEQ ID No. 3; or a functional variant or
functional fragment or orthologue of SEQ ID No. 3; or a sequence which has at least 80%
identity to SEQ ID No. 3; or
b) comprises a sequence as set out in SEQ ID No. 1 or 2; or a functional variant or functional
fragment or orthologue of SEQ ID No. 1 or 2; or a nucleic acid sequence which has at least
80% identity to SEQ ID No. 1 or 2;
wherein said modification modulates (e.g. decreases) the activity or expression of FAD
synthetase and wherein said plant has modulated (e.g. decreased) alkaloid content and/or
modulated content of a TSNA or a precursor of a TSNA relative to a comparable plant which

does not carry said modification in said FAD synthetase.
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Figure 3
Nitab4.5_0005997g0050.2 Genomic sequence (SEQ ID NO: 1):

TTAGTAAAACATATATTATTAAATTCCTCAGCCACCCTTCTCTCTCCCCAACAAAAGAARAATAARCA
AARAGGAGAATCAAAACTATCGATACAAATAAAACCAAGAAAAAARATTGCTACAGCAATAGGCCGGC
CAACACCCATTTCCATATTCTTCTTCTGATGAAAAATAAGAATGTTGGGTGGGTCTCGCTGTATATCC
CAGCACTTAAGAGACTCTAATTTTCACCAATTCTGCACTTCTACAACTCCCATTTTCACTGCTGCTTC
TCCACCAATCTCAACTTCTTCATTCAACTACTTCAGATTTAGATTAAGAAATAAAGTTAGTGATTTTG
GGGTCAATTGTGTTCAGCCCAATTCTTCAAATACCCARAGCTCTTTGCTTTCTCAAACTTTGAGGTAA
ATCTTATAGTAACATCTTTTACTATTTCAGCAGCAATTTTAGTGATTTTTTATTTGAGCTGTAAATTT
AGTCTTTTTGGGTACTAGCCAAATTTTCAGAATATTCAAAGCTCTTTACTTTCTGAAAGTTTGAGGTA
ATTTGTACATCTTTTACTCTTTCAGCAGTAAATTTAGTGCTTTTTGGGTGTACATTTGAGCTGTAAAT
TTGGTTTTTTTTGGGTACTTTCTATGAATTGTGTACTAGCCAAATCTTCAGAATATCCAAAGCTCTTT
GCTTTCTGAATGTTTGAGGTAAATTTGTAACATCTTTATTTTTTAGCAGTAAAATTAGTGATTTTTCG
GGTAATTTGAGCAGTAAATTTAGTTCTTTTGGGGTACTTTTGTGAATTGTGTATAATCCAAATCTTCA
GAATATCTAAAGCTCTTTATTTTCTGAAAGTTTGAGTCAATTTGTCATAATTTTTCTGCATTGAGCAG
TAAATTTAGTTTATTTTTTGTGGTAGTTTGAGGTATTTATCAGAGATGTTCTTATTTAAGCAGTGATT
TCAGTTATTTGGGGGTGGTTTTTTGTCAATTTTGTACGACCCAGATATTCAGAATACAGGAAGCTCTT
AACTTTCTGGAAGTTTGAGGTAATTTAACATAGTTCTTGTTTGAGCAATAAATCGAGTGATTTTGGCC
CCAGGCTTTCGTCTAGTGGTAAGAGCGCAGCACGGGATTCGAACCCTGCAGTGGATGTTGGTCTTTAA
GTGAGGAAGGGCAGAGGAGCAGGCTCGTTATGCATTGAGTTTCGAACTGTGCACCACTGACGTTCAGG
AATTTCTCGATATTATAAGAATAAAAATTGAGTGAGTTTGGGGTCTGTTTTATCAACTGTGTGCAACC
AGAATACAAAGCTCCTTGCTTTCTAATAGTTTGAGATAAATTTTATCTCTATTACACTGGTATTTTAA
GACCTTTTGTCATTTAAAAGGARAGTGTAGAAAGGAAGTTTTTTAAGAAARACTAGAATTATAAGCTCA
TTATAAAAAATAGCTCATTATTCTTGCGAATAGAGTAAGCGAAAGAAGGGCTGGAAGGAGATTTTCTT
TTATAACTGTAATAATATTGAAGTGGAAAATTTGTTGCAACATTAAGCTGGGATTACATTTTTGACGA
AAATAATATGATAAGTTTATTGGAATATCATATAAGTAGGTGGGTATGCGTTTGTGCATACCAARACTG
TGGTGTAAATATAATTATTTCTCTCAGACAGTTTAAATTTTAGATGAGAGGTTTCACACGCTTCAACC
AGATAACAGAGCAGACACATGCCTGTGTTTGAATCTCATCGCGTGTCATCTATAAAAATATTCGGACG
TGCTTGGCCCACTAAARAGATTCAGGCCTTGCACATGAGAGAGCATGTTGTAGACCTAAAACAAATAA
ATAAGACTGTCTTCCTTCTAATTGTTATAAGTTTTTAGATGAGAGGGTTATACATTTAAATAGTTTCA
CCTGGACATAGATTTTGCCGGTAGTTTCCATTTTATGTTTAAATGAAGCTTACCGAGGTTGGGTTTCC
ATTAAATCTAAGTCAGAGTTCTTTATTCCATTGCATTGACATTGTAATGTCATTTTGTATTCTACAGT
ATGATTTACTTTAGAATCCCAGTGCTCATATGTGTTTTCTTCACAATTTTTATGTAAAGCCAATCTGG
AARAGATGAGGAGCCTCCATCAGAAAGATTGCCAATGCTTGCAGGTGTGTTCTAACCCATATACTACT
TGTAATAATATTATTARATGGTATCATATGTATGCTGAGTATATATCAATACCCATTTTGTTTTATCA
TTTATTATAAATCATTAAGTTTCTTGAGTGATTAAGGGCTACACAGATACCTTGTTCTACAATTGTTC
TCAGCCATTCTTATTTCATAATTCTTGGTTACGTTGCCATTGGCTCTTGTGCTCATTCTTTCCTTTTG
TAATTTTTTTCTTTTCCTATTCCTGGTTCTCTAAAGARAATGGGGAAAGAGGATAACAAGATTTCCTG
CAATAATGGAAGGTTCTTCTACTTCAGTTCTAACATAAGCTGGAGATCAACTATCTCGGCAAAGCATG
AAATTTCACACAATATATGACCAACCATCAGATTTCCTGCAATCACTTCAGGAAATTACAAAATATGT
TCCACTGCGAGGACATCTTGTCTTTATGTTCTTGGATAACTTCCATTTCAAGGTTAGGAAAATTTCTC
TCACCAAAGCACACCTAGAGGTATTGGTAACATGAAGGGTATGTATGACCCTGTGAAAGCTTCAGTTT
AATGCCTTCCTCTGACAGAAATTTGACCACAAGATCGTAGAARAGAAARAGTGARAGTCATTGATACA
TGCTCCAACATGGGTCATTATAAAGGGAAATATTGTCCATTCTTTCCTCAATTTGTTTTGCTAACACT
TTAGACCTGTTCTTTCCATACCGTGCACTTATTTTTGTATAAGAAGAAATAGGGATAATCTAGCTGTG
AACAGTTGAATGGTCAATCTGCAAATTTTTTTCTAAATTTACTTTGGACCTACAATTACATTTTTATA
TTAGTGAGTTTCATTTCTACTTGTTTCTTATCATCAATAGAAARAAAAAGAGTTTCAATTCCACTTGC
TACTTTGGGTTGTAAATGAGAAGAAATAGAGGATTCTTGGATATCATTTATGTGTAAATTCTCGATCA
TTGGTATCATTTCAATAGGCGGGATAGTAGCTCTGGGGAAGTTTGATGCACTCCATATTGGTCATCGT
GAGCTTGCAATCCAAGCAGCTAAGAGAGGAATTCCATTTCTTCTTTCATTTGTTGGAATGGCGGAAGT
ACTTGGATGGGAACCGAGGTATAACTTCTGTTCTCTCTTCTACTTTACTCTACTCTAATAGAATGTTA
ATAGAGAAATATTCTCTCCCTGGAAGACCATAAAAGTAGAGAATGGTGAACTTCGACTCAACTCTCGC
TGCTACACCCAAACCTGTAATAGTAGCTAGGTTCAACCAGGGAGTTCTATCTCGCATTCTCTAAATGT
GTGTGTGTGTGTGAGTGAGTGTGTGTGTGTGAGAGAGAGAGAGGGAGGGAGGGATAAATGTGTGTGTG
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TGAGAGAGAGAGAGAGAAAGAGCGAGCTAGAGAGCTGTCTCTTTGCAACCTCTTAAGTGGTAGCAATG
CTGCACCTTCATGCCTCTATTTAAAGCATAATTCTGTGGACCTACAGATGCTCTTTCTCCGAAGCACT
AGATTTGTTGACTTGCACTCTTTAGTTTAGGAATTTCTGTTAATAGGATGATCAATTCAGAGTATGTG
CAAAGAGCACGAAAATATAACCATATGTTTTTAATTCAAGATTTAACAAARAGGATAAATTCTTCATA
AARAAARAAGGATAAATTGAAGAAATAAATTACTGGCTGAACGCATAGATGGCCCTTTAAACTTGCCCTA
TTTTTCCATTAAGACACCTGAACTAATGCTTGTACCTATTGAGCACTTCACCTATATTCAAGCTGTAT
CAATTGAACACATATTTTATAATCTAAACTAAGTTCAACACATGAGTACCTCTCTCTGTATGTAGCAA
ATATGACCCATAAGAAAGAGCCACGTTAGATAAGGARAAAGTCAATATCTGGAGGAAARAGGAARCAG
TAACCAGAAACAGAAGAATCCGGTGAAARAGGGGACAATACCAGCCGGAATTACGTTTTCTTTGTTAT
CAAATTATCATCACCCCGACACTGGCAARANACAAGTTCATCCCAGATTGACCCTGAATCCCCGTCAAC
TGCCTGGGCGACTCCATTTTCACCGGATAAAGTTGCCTTGTCACCAGTATCAATGAATCATCATTTTT
GTCATCTCCAAGCTCGATTGAGTCATCTTTGGAGAAAGGTTATTTTGGGGGGTAAGTCTCATTTTGAG
TTCACAAATTGCTGAAACATTCAGATCCCCCTTTTATCCCTTTTTTTTTCTTCTTCCATTCGCAAATA
CTCACCATCCTGGTTTGCCAATGTTCCACCACTGAGGAATCTCACCCCCATGACATCAACCGATAGGG
ACCAGATTACATCCTTCCTCCACAAATCACCATTACATACACAAAGACCAATCAACTAACCTCTCTCC
CCTAATTGATGGATTTGTAGATAATACAACAACAACAACGATTCAGTGACATTCCACTAGTGGGGTCC
GGGGAGGGTAGNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNGAAGACAAAAAGACAAAAGGGGACAATATCAGTAACAAC
ACAGAAATAATAGAAAAATAGGAACAACATGCAATCAAGAAGAATGATACACGATTTGTAGATAATAC
GTGAATGTATATATTACTCTTGTATTGTTCATTTAGAATTTTGTATAGTAGCTTTCTTGTTTAAARAGA
TAAGATTTTGAAAATTTGCTAAAAAGGTACGACTATTATTATTCTTGAGGGAGAATGGGTCAGTTGAC
GTATTTTTCCTTGGCTATATCATGGACCGTTTTCTGATGAAGGTGGCGCATATTATTTAGGCGGGTCA
GAAGAGAGAATGGTGTCTGAATAGAATGATGGAGAGGAGTGGTGTTTGATAGGCTTTCTATAGGATAA
ATAAGAAGAAGATGAAATACTTTATTGGATTTGAATCTGGTATGGAGTCCAAAAAAGAAGAGGAAAAT
GAGTCGGAGAAGATGACGGAAAATAGCAGTTATCAGARATAGCCAAAAAATGAATTTACCCATGATAA
CTTCATATTTGTTTTTCAGTAARATGCGCATAGTTTTGGGCGARAAGACACGCTATGTGCCATGTCAGC
GAGTTGTGTCTCATAGGCACAGTTTGGCTCAAGTTCAAGTGTTCAATAGGCACAATAGTTAATTGAGG
TGTCTAGATGATAAAATGGGACAAGTTTAAAGGGCTGCATATGTATTTGGCTTAAATCAATTAATTCC
TGCAACAGTGTATATTCCCACAGGAAAACTTAAGTGGATGTCCTTTTTTCTTTCTTTCTGTTTTTAGT
GACTAGTAAGAGTTCCTCCATCTTAAATTCAAATGATGTCCTTAACCTCATGTTACAGAACCTTGATT
TGCTCCTTGAAAATAAAATATTTATCGAACTTTATTCTGCTCAAGTAGTATATAGGAAAAGTCATGGG
TTATAAAATTTGATCTCTGAAGCTGTAAGGTTTTTATAATCTGCTGAACATGTCCTCCTAACCTTACT
CAAGCGTGTTGAGTAGTTCCTTCTTTAGTTAGTGGTCTTTATGAAATGCTACATCATGAAATGAGAAA
GAATCATTGCATCATTTTGTGTATATTTTCTACACAGGGCTCCCATTGTTGCTGACTGTGATCGCAAA
AGGATTCTTTCATCTTGGGCTCCTTATTGCGGTAATGTAATCCCAAGGGAATTCCAGATAGAATTTTC
CAAAGTTCGATCTCTTACGCCTCGTCAGTTTGTGGAGAAGCTGTCCAAAGAGCTGGGAGTGCGAGGAG
TTGTTGCTGGTATGTTGTTACATCCTAACTTGACATAGAGATTCCAATATAAACTAAGARAAGAARAG
AATATATGAGGATGTCTTGATGATCTCAGGCGAAAACTATCGTTTTGGATATAGAGCTTCTGGTGATG
CATCGGACCTTGTGAAGCTCTGTGAAGAGTATGGATTAGAGGCTTATATAATCAATTCTGTCATGGAC
AAGAATCAAATTTCTCGAGCCTTAAACTCTCACGGARAARAGGAGAGAGGGCAAGTATCATCTACTCG
TGTTAGGTATGCCCTTGACAAGGGAGACATGAAATATGTGTCAGAGCTATTAGGTCGCAACCATCGTC
TTGTTTTAACGATGGAGGACCAAGAAAGGATTATTAGTGAGAGAAATAGGCTGTCAGCTCCCAAGTCT
TGTTTGTTGAATCTTGCACCCAAGGAAGGT CTTTATGAGAATTGTTCAGTTTCGATTGACGAGAATGT
TGTACCCTGCAGAGTCATAGTTGATACAACTGGTATTCATTTGGAATGCTATGAGGTAGCTAATTTTA
CTTGTATTACTTCTCGAGACGTAAAGATACTAGGTATTGACTTTGGTAGTCAATAGTTTGATGAGGTT
CAAATTATGTAATTTCATTCCCCATAATTCTTTAGTGCGACCATTTCTGAATGTCCTTCAGTCTTTAG
GTATGTGTACGATTCTTTATGGTACATTGTTGCACAATTCACATACTTTTGGTGGGAACATAGTTGAC
TTTACTGTTATTTTCTGAATGCCAAAAATATGGTAGTATGAACAGAAACGAGCTGATAAACGTGCAAG
AARATAGCACATTTCATGAAGAAGTGACCTTTAATCATTACCATACATAATGGATGTTGTTCTATCAC
TAAGAGTGGACTGAGTTAGAAACTTGTTTACTGTTTTTCTTTGTTCGAGTGTTTTTGGATTTGGTCTA
ATTTGTGACAATCCCTTGATTATATTCCTGTTGTACTTGATTGTCTGTTATCCTTTTTGCCAATGARAA
TGATCATAGTGCTTGAGTTGTCCATTT
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Figure 4

Nitab4.5_0005997g0050.2 Transcript: (SEQ ID NO: 2)

ATGTTGGGTGGGTCTCGCTGTATATCCCAGCACTTAAGAGACTCTAATTTTCACCAATTCTGCACTTC
TACAACTCCCATTTTCACTGCTGCTTCTCCACCAATCTCAACTTCTTCATTCAACTACTTCAGATTTA
GATTAAGAAATAAAGTTAGTGATTTTGGGGTCAATTGTGTTCAGCCCAATTCTTCAAATACCCAAAGC
TCTTTGCTTTCTCAAACTTTGAGCCAATCTGGAARAGATGAGGAGCCTCCATCAGAAAGATTGCCAAT
GCTTGCAGGCGGGATAGTAGCTCTGGGGAAGTTTGATGCACTCCATATTGGTCATCGTGAGCTTGCAA
TCCAAGCAGCTAAGAGAGGAATTCCATTTCTTCTTTCATTTGTTGGAATGGCGGAAGTACTTGGATGG
GAACCGAGGGCTCCCATTGTTGCTGACTGTGATCGCARAAGGATTCTTTCATCTTGGGCTCCTTATTG
CGGTAATGTAATCCCAAGGGAATTCCAGATAGAATTTTCCAAAGTTCGATCTCTTACGCCTCGTCAGT
TTGTGGAGAAGCTGTCCAAAGAGCTGGGAGTGCGAGGAGTTGTTGCTGGCGAAAACTATCGTTTTGGA
TATAGAGCTTCTGGTGATGCATCGGACCTTGTGAAGCTCTGTGAAGAGTATGGATTAGAGGCTTATAT
AATCAATTCTGTCATGGACAAGAATCAAATTTCTCGAGCCTTAAACTCTCACGGAAAARAGGAGAGAG
GGCAAGTATCATCTACTCGTGTTAGGTATGCCCTTGACAAGGGAGACATGAAATATGTGTCAGAGCTA
TTAGGTCGCAACCATCGTCTTGTTTTAACGATGGAGGACCAAGAAAGGATTATTAGTGAGAGAAATAG
GCTGTCAGCTCCCAAGTCTTGTTTGTTGAATCTTGCACCCAAGGAAGGTCTTTATGAGAATTGTTCAG
TTTCGATTGACGAGAATGTTGTACCCTGCAGAGTCATAGTTGATACAACTGGTATTCATTTGGAATGC
TATGAGGTAGCTAATTTTACTTGTATTACTTCTCGAGACGTAAAGATACTAGGTATTGACTTTGGTAG
TCAATAG

Figure 5
Nitab4.5_0005997g0050.2 Amino acid sequence (SEQ ID NO: 3)

MLGGSRCISQHLRDSNFHQEFCTSTTPIFTAASPPISTSSENY FRERLRNKVSDEGVNCVQPNSSNTQS
SLLSQTLSQSGKDEEPPSERLPMLAGGIVALGKFDALHIGHRELATQAAKRGIPFLLSEFVGMAEVLGW
EPRAPIVADCDRKRILSSWAPYCGNVIPREFQIEFSKVRSLTPRQFVEKLSKELGVRGVVAGENYREG
YRASGDASDLVKLCEEYGLEAY ITNSVMDKNQISRALNSHGKKERGOQVSSTRVRYALDKGDMKYVSEL
LGRNHRLVLTMEDQERITISERNRLSAPKSCLLNLAPKEGLYENCSVSIDENVVPCRVIVDTTGIHLEC
YEVANFTCITSRDVKILGIDEGSQ

Figure 6
SEQ ID NO: 34 (TRV1 RNA1)

GATGGTAAGAAGAAAGGCGCGCAGTATGCGATAGCTCTTCACAGCCTGTATGACTTCAAGTTGAARAGA
CTTGATGGCTACTATGGTTGAGAAGAAAACTAAAGTGGTTCATGCTGCTATGCTTTTTGCTCCTGAAA
GTATGTTAGTGGACGAAGGTCCATTACCTTCTGTTGACGGTTACTACATGAAGAAGAACGGGAAGATC
TATTTCGGTTTTGAGAAAGATCCTTCCTTTTCTTACATTCATGACTGGGAAGAGTACAAGAAGTATCT
ACTGGGGAAGCCAGTGAGTTACCAAGGGAATGTGTTCTACTTCGAACCGTGGCAGGTGAGAGGAGACA
CAATGCTTTTTTCGATCTACAGGATAGCTGGAGTTCCGAGGAGGTCTCTATCATCGCAAGAGTACTAC
CGAAGAATATATATCAGTAGATGGGAAAGCATGGTTGTTGTCCCAATTTTCGATCTGGTCGAATCAAC
GCGAGAGTTGGTCAAGAAAGACCTGTTTGTAGAGAAACAATTCATGGACAAGTGTTTGGATTACATAG
CTAGGTTATCTGACCAGCAGCTGACCATAAGCAATGTTAAATCATACTTGAGTTCAAATAATTGGGTC
TTATTCATARACGGGGCGGCCGTGAAGAACAAGCAAAGTGTAGATTCTCGAGATTTACAGTTGTTGGC
TCAAACTTTGCTAGTGAAGGAACAAGTGGCGAGACCTGTCATGAGGGAGTTGCGTGAAGCAATTCTGA
CTGAGACGAAACCTATCACGTCATTGACTGATGTGCTGGGTTTAATATCAAGAAAACTGTGGAAGCAG
TTTGCTAACAAGATCGCAGTCGGCGGATTCGTTGGCATGGTTGGTACTCTAATTGGATTCTATCCAAA
GAAGGTACTAACCTGGGCGAAGGACACACCAAATGGTCCAGAACTATGTTACGAGAACTCGCACARAA
CCAAGGTGATAGTATTTCTGAGTGTTGTGTATGCCATTGGAGGAATCACGCTTATGCGTCGAGACATC
CGAGATGGACTGGTGAAAAAACTATGTGATATGTTTGATATCAAACGGGGGGCCCATGTCTTAGACGT
TGAGAATCCGTGCCGCTATTATGAAATCAACGATTTCTTTAGCAGTCTGTATTCGGCATCTGAGTCCG
GTGAGACCGTTTTACCAGATTTATCCGAGGTAAAAGCCAAGTCTGATAAGCTATTGCAGCAGAAGAAA
GAAATCGCTGACGAGTTTCTAAGTGCAARATTCTCTAACTATTCTGGCAGTTCGGTGAGAACTTCTCC
ACCATCGGTGGTCGGTTCATCTCGAAGCGGACTGGGTCTGTTGTTGGAAGACAGTAACGTGCTGACCC
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AAGCTAGAGTTGGAGTTTCAAGAAAGGTAGACGATGAGGAGATCATGGAGCAGTTTCTGAGTGGTCTT
ATTGACACTGAAGCAGAAATTGACGAGGTTGTTTCAGCCTTTTCAGCTGAATGTGAAAGAGGGGAAAC
AAGCGGTACAAAGGTGTTGTGTAAACCTTTAACGCCACCAGGATTTGAGAACGTGTTGCCAGCTGTCA
AACCTTTGGTCAGCAAAGGAAAAACGGTCAAACGTGTCGATTACTTCCAAGTGATGGGAGGTGAGAGA
TTACCAAAAAGGCCGGTTGTCAGTGGAGACGATTCTGTGGACGCTAGAAGAGAGTTTCTGTACTACTT
AGATGCGGAGAGAGTCGCTCAAAATGATGAAATTATGTCTCTGTATCGTGACTATTCGAGAGGAGTTA
TTCGAACTGGAGGTCAGAATTACCCGCACGGACTGGGAGTGTGGGATGTGGAGATGAAGAACTGGETGC
ATACGTCCAGTGGTCACTGAACATGCTTATGTGTTCCAACCAGACAAACGTATGGATGATTGGTCGGG
ATACTTAGAAGTGGCTGTTTGGGAACGAGGTATGTTGGTCAACGACTTCGCGGTCGAAAGGATGAGTG
ATTATGTCATAGTTTGCGATCAGACGTATCTTTGCAATAACAGGTAATAATCCTCTCTCTTGATATTT
TTAAATTATAGAATTAATTAGTTTACTTTATTCTTTACTATATGATTTAAATAGTTTAATCTTGTTTT
TGAGTAAACTATTCGATTTTGATATTTGTATTCGTCCTACAAAGTTGGAAATACTGATGATATTTTCT
TTTGAACGTGATACCTACCAATACTAATCTTACGGAATCTTTTAATAGAGCACTAATCAACATGGAAC
TAAAGACCAATTCTTAAGTGTCTCTGTTGTACAGTTCATTTTAGTAGTGCGTTTAAGTATTATTATCT
CCCTTCATGCGGGGCAATTATGTAGATTAAAATCGAAATTATATAAAATTTACATAAGTCTAAGTCTA
GGGTCTCCAGCTAATTGTTATTTTTTTAACGATGTTGACTAAAGCAATAACGACGTTGACTTGTGTTA
AACAGGTTGATCTTGGACAATTTAAGTGCCCTGGATCTAGGACCAGTTAACTGTTCTTTTGAATTAGT
TGACGGTGTACCTGGTTGTGGTAAGTCGACAATGATTGTCAACTCAGCTAATCCTTGTGTCGATGTGG
TTCTCTCTACTGGGAGAGCAGCAACCGACGACTTGATCGAGAGATTCGCGAGCAAAGGTTTTCCATGC
AAATTGAAAAGGAGAGTGAAGACGGTTGATTCTTTTTTGATGCATTGTGTCGATGGTTCTTTAACCGG
AGACGTGTTGCATTTCGACGAAGCTCTCATGGCCCATGCTGGTATGGTGTACTTTTGCGCTCAGATAG
CTGGTGCTAAACGATGTATCTGTCAAGGAGATCAGAATCAAATTTCTTTCAAGCCTAGGGTATCTCAA
GTTGATTTGAGGTTTTCTAGTCTGGTCGGAAAGTTTGACATTGTTACAGAAAAAAGAGARAACTTACAG
AAGTCCAGCAGATGTGGCTGCCGTATTGAACAAGTACTATACTGGAGATGTCAGAACACATAACGCGA
CTGCTAATTCGATGACGGTGAGGAAGATTGTGTCTAAAGAACAGGTTTCTTTGAAGCCTGGTGCTCAG
TACATAACTTTCCTTCAGTCTGAGAAGAAGGAGTTGGTAAATTTGTTGGCATTGAGGAAAGTGGCAGC
TAAAGTGAGTACAGTACACGAGTCGCAAGGAGAGACATTCAAAGATGTAGTCCTAGTCAGGACGARAAC
CTACGGATGACTCAATCGCTAGAGGTCGGGAGTACTTAATCGTGGCATTGTCGCGTCACACACAATCA
CTTGTGTATGAAACTGTGAAAGAGGACGATGTAAGCARAGAGATCAGGGARAGTGCCGCGCTTACGAA
GGCGGCTTTGGCAAGATTTTTTGTTACTGAGACCGTCTTATGACGGTTTCGGTCTAGGTTTGATGTCT
TTAGACATCATGAAGGGCCTTGCGCCGTTCCAGATTCAGGTACGATTACGGACTTGGAGATGTGGTAC
GACGCTTTGTTTCCGGGAAATTCGTTAAGAGACTCAAGCCTAGACGGGTATTTGGTGGCAACGACTGA
TTGCAATTTGCGATTAGACAATGTTACGATCAAAAGTGGAAACTGGAAAGACAAGTTTGCTGAAARAG
AAACGTTTCTGAAACCGGTTATTCGTACTGCTATGCCTGACARAAGGAAGACTACTCAGTTGGAGAGT
TTGTTAGCATTGCAGAAAAGGAACCAAGCGGCACCCGATCTACAAGAAARATGTGCACGCGACAGTTCT
AATCGAAGAGACGATGAAGAAGCTGAAATCTGTTGTCTACGATGTGGGAAAAATTCGGGCTGATCCTA
TTGTCAATAGAGCTCAAATGGAGAGATGGTGGAGAAATCAAAGCACAGCGGTACAGGCTAAGGTAGTA
GCAGATGTGAGAGAGTTACATGAAATAGACTATTCGTCTTACATGTATATGATCAAATCTGACGTGAA
ACCTAAGACTGATTTAACACCGCAATTTGAATACTCAGCTCTACAGACTGTTGTGTATCACGAGAAGT
TGATCAACTCGTTGTTCGGTCCAATTTTCAAAGAAATTAATGAACGCAAGTTGGATGCTATGCAACCA
CATTTTGTGTTCAACACGAGAATGACATCGAGTGATTTAAACGATCGAGTGAAGTTCTTAAATACGGA
AGCGGCTTACGACTTTGTTGAGATAGACATGTCTAAATTCGACAAGTCGGCAAATCGCTTCCATTTAC
AACTGCAGCTGGAGATTTACAGGTTATTTGGGCTGGATGAGTGGGCGGCCTTCCTTTGGGAGGTGTCG
CACACTCAAACTACTGTGAGAGATATTCAAAATGGTATGATGGCGCATATTTGGTACCAACARAAGAG
TGGAGATGCTGATACTTATAATGCAAATTCAGATAGAACACTGTGTGCACTCTTGTCTGAATTACCAT
TGGAGAAAGCAGTCATGGTTACATATGGAGGAGATGACTCACTGATTGCGTTTCCTAGAGGAACGCAG
TTTGTTGATCCGTGTCCAAAGTTGGCTACTAAGTGGAATTTCGAGTGCAAGATTTTTAAGTACGATGT
CCCAATGTTTTGTGGGAAGTTCTTGCTTAAGACGTCATCGTGTTACGAGTTCGTGCCAGATCCGGTAA
AAGTTCTGACGAAGTTGGGGAAAAAGAGTATAAAGGATGTGCAACATTTAGCCGAGATCTACATCTCG
CTGAATGATTCCAATAGAGCTCTTGGGAACTACATGGTGGTATCCAAACTGTCCGAGTCTGTTTCAGA
CCGGTATTTGTACAAAGGTGATTCTGTTCATGCGCTTTGTGCGCTATGGAAGCATATTAAGAGTTTTA
CAGCTCTGTGTACATTATTCCGAGACGARAACGATAAGGAATTGAACCCGGCTAAGGTTGATTGGAAG
AAGGCACAGAGAGCTGTGTCAAACTTTTACGACTGGTAATATGGAAGACAAGTCATTGGTCACCTTGA
AGAAGAAGACTTTCGAAGTCTCAAAATTCTCAAATCTAGGGGCCATTGAATTGTTTGTGGACGGTAGG
AGGAAGAGACCGAAGTATTTTCACAGAAGAAGAGAAACTGTCCTAAATCATGTTGGTGGGAAGARGAG
TGAACACAAGTTAGACGTTTTTGACCAAAGGGATTACAAAATGATTAAATCTTACGCGTTTCTAAAGG
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TAGTAGGTGTACAACTAGTTGTAACATCACATCTACCTGCAGATACGCCTGGGTTCATTCAAATCGAT
CTGTTGGATTCGAGACTTACTGAGAAAAGAAAGAGAGGAAAGACTATTCAGAGATTCAAAGCTCGAGC
TTGCGATAACTGTTCAGTTGCGCAGTACAAGGTTGAATACAGTATTTCCACACAGGAGAACGTACTTG
ATGTCTGGAAGGTGGGTTGTATTTCTGAGGGCGTTCCGGTCTGTGACGGTACATACCCTTTCAGTATC
GAAGTGTCGCTAATATGGGTTGCTACTGATTCGACTAGGCGCCTCAATGTGGAAGAACTGAACAGTTC
GGATTACATTGAAGGCGATTTTACCGATCAAGAGGTTTTCGGTGAGTTCATGTCTTTGAAACAAGTGG
AGATGAAGACGATTGAGGCGAAGTACGATGGTCCTTACAGACCAGCTACTACTAGACCTAAGTCATTA
TTGTCAAGTGAAGATGTTAAGAGAGCGTCTAATAAGAAAAACTCGTCTTAATGCATAAAGAAATTTAT
TGTCAATATGACGTGTGTACTCAAGGGTTGTGTGAATGAAGTCACTGTTCTTGGTCACGAGACGTGTA
GTATCGGTCATGCTAACAAATTGCGAAAGCAAGTTGCTGACATGGTTGGTGTCACACGTAGGTGTGCG
GAARATAATTGTGGATGGTTTGTCTGTGTTGTTATCAATGATTTTACTTTTGATGTGTATAATTGTTG
TGGCCGTAGTCACCTTGAAAAGTGTCGTAAACGTGTTGAAACAAGAAATCGAGAAATTTGGAAACAAA
TTCGACGAAATCAAGCTGAAAACATGTCTGCGACAGCTAAAAAGTCTCATAATTCGAAGACCTCTAAG
AAGAAATTCAARAGAGGACAGAGAATTTGGGACACCARAAAGATTTTTAAGAGATGATGTTCCTTTCGG
GATTGATCGTTTGTTTGCTTTTTGATTTTATTTTATATTGTTATCTGTTTCTGTGTATAGACTGTTTG
AGATTGGCGCTTGGCCGACTCATTGTCTTACCATAGGGGAACGGACTTTGTTTGTGTTGTTATTTTAT
TTGTATTTTATTAAAATTCTCAATGATCTGAAAAGGCCTCGAGGCTAAGAGATTATTGGGGGGTGAGT
AAGTACTTTTAAAGTGATGATGGTTACAAAGGCAAAAGGGGTAAAACCCCTCGCCTACGTAAGCGTTA
TTACGCCCGGATCCCCCGGGGAGCTCGAATTCGCTGAAATCACCAGTCTCTCTCTACAAATCTATCTC
TCTCTATTTTTTCCATAAATAATGTGTGAGTAGTTTCCCGATAAGGGAAATTAGGGTTCTTATAGGGT
TTCGCTCATGTGTTGAGCATATAAGAAACCCTTAGTATGTATTTGTATTTGTAAAATACTTCTATTAT
CAATAAAATTTCTAATTCCTAARACCAARATCCAGTACTAAAATCCAGATCTCCTAAAGTCCCTATAG
ATCTTTGTCGTGAATATAAACCAGACACGAGACGACTAAACCTGGAGCCCAGACGCCGTTCGAAGCTA
GAAGTACCGCTTAGGCAGGAGGCCGTTAGGGAAAAGATGCTAAGGCAGGGTTGGTTACGTTGACTCCC
CCGTAGGTTTGGTTTAAATATGATGAAGTGGACGGAAGGAAGGAGGAAGACAAGGAAGGATAAGGTTG
CAGGCCCTGTGCAAGGTAAGAAGATGGARATTTGATAGAGGTACGCTACTATACTTATACTATACGCT
AAGGGAATGCTTGTATTTATACCCTATACCCCCTAATAACCCCTTATCAATTTAAGAAATAATCCGCA
TAAGCCCCCGCTTAAARATTGGTATCAGAGCCATGAATAGGTCTATGACCAAAACTCAAGAGGATAAA
ACCTCACCAAAATACGAAAGAGTTCTTAACTCTAAAGATAAAAGATCTTTCAAGATCAAAACTAGTTC
CCTCACACCGGAGCATGCGATATCCTCGACCTGCAGGCATGCAAGCTTGGCGTAATCATGGTCATAGC
TGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGT
AAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCA
GTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTA
TTGGGCCAAAGACAAARAGGGCGACATTCAACCGATTGAGGGAGGGAAGGTAAATATTGACGGAAATTA
TTCATTAAAGGTGAATTATCACCGTCACCGACTTGAGCCATTTGGGAATTAGAGCCAGCAAAATCACC
AGTAGCACCATTACCATTAGCAAGGCCGGAAACGTCACCAATGAAACCATCGATAGCAGCACCGTAAT
CAGTAGCGACAGAATCAAGTTTGCCTTTAGCGTCAGACTGTAGCGCGTTTTCATCGGCATTTTCGGTC
ATAGCCCCCTTATTAGCGTTTGCCATCTTTTCATAATCAAAATCACCGGAACCAGAGCCACCACCGGA
ACCGCCTCCCTCAGAGCCGCCACCCTCAGAACCGCCACCCTCAGAGCCACCACCCTCAGAGCCGCCAC
CAGAACCACCACCAGAGCCGCCGCCAGCATTGACAGGAGGCCCGATCTAGTAACATAGATGACACCGC
GCGCGATAATTTATCCTAGTTTGCGCGCTATATTTTGTTTTCTATCGCGTATTAAATGTATAATTGCG
GGACTCTAATCATAAARACCCATCTCATAAATAACGTCATGCATTACATGTTAATTATTACATGCTTA
ACGTAATTCAACAGAAATTATATGATAATCATCGCAAGACCGGCAACAGGATTCAATCTTAAGAAACT
TTATTGCCAAATGTTTGAACGATCGGGGATCATCCGGGTCTGTGGCGGGAACTCCACGAAAATATCCG
AACGCAGCAAGATATCGCGGTGCATCTCGGTCTTGCCTGGGCAGTCGCCGCCGACGCCGTTGATGTGG
ACGCCGGGCCCGATCATATTGTCGCTCAGGAT CGTGGCGTTGTGCTTGTCGGCCGTTGCTGTCGTAAT
GATATCGGCACCTTCGACCGCCTGTTCCGCAGAGATCCCGTGGGCGAAGAACTCCAGCATGAGATCCC
CGCGCTGGAGGATCATCCAGCCGGCGTCCCGGAAAACGATTCCGAAGCCCAACCTTTCATAGAAGGCG
GCGGTGGAATCGAAATCTCGTGATGGCAGGTTGGGCGTCGCTTGGTCGGTCATTTCGAACCCCAGAGT
CCCGCTCAGAAGAACTCGTCAAGAAGGCGATAGAAGGCGATGCGCTGCGAATCGGGAGCGGCGATACC
GTARAGCACGAGGAAGCGGTCAGCCCATTCGCCGCCAAGCTCTTCAGCAATATCACGGGTAGCCAACG
CTATGTCCTGATAGCGGTCCGCCACACCCAGCCGGCCACAGTCGATGAATCCAGARAAGCGGCCATTT
TCCACCATGATATTCGGCAAGCAGGCATCGCCATGGGTCACGACGAGATCATCGCCGTCGGGCATGCG
CGCCTTGAGCCTGGCGAACAGTTCGGCTGGCGCGAGCCCCTGATGCTCTTCGTCCAGATCATCCTGAT
CGACAAGACCGGCTTCCATCCGAGTACGTGCTCGCTCGATGCGATGTTTCGCTTGGTGGTCGAATGGG
CAGGTAGCCGGATCAAGCGTATGCAGCCGCCGCATTGCATCAGCCATGATGGATACTTTCTCGGCAGG
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AGCAAGGTGAGATGACAGGAGATCCTGCCCCGGCACTTCGCCCAATAGCAGCCAGTCCCTTCCCGCTT
CAGTGACAACGTCGAGCACAGCTGCGCAAGGAACGCCCGTCGTGGCCAGCCACGATAGCCGCGCTGCC
TCGTCCTGCAGTTCATTCAGGGCACCGGACAGGTCGGTCTTGACAAAAAGAACCGGGCGCCCCTGECGL
TGACAGCCGGAACACGGCGGCATCAGAGCAGCCGATTGTCTGTTGTGCCCAGTCATAGCCGAATAGCC
TCTCCACCCAAGCGGCCGGAGAACCTGCGTGCAATCCATCTTGTTCAATCATGCGAAACGATCCAGAT
CCGGTGCAGATTATTTGGATTGAGAGTGAATATGAGACTCTAATTGGATACCGAGGGGAATTTATGGA
ACGTCAGTGGAGCATTTTTGACAAGAAATATTTGCTAGCTGATAGTGACCTTAGGCGACTTTTGAACG
CGCAATAATGGTTTCTGACGTATGTGCTTAGCTCATTAAACTCCAGAAACCCGCGGCTGAGTGGCTCC
TTCAACGTTGCGGTTCTGTCAGTTCCAAACGTAAAACGGCTTGTCCCGCGTCATCGGCGGGGGTCATA
ACGTGACTCCCTTAATTCTCCGCTCATGATCAGATTGTCGTTTCCCGCCTTCAGTTTAAACTATCAGT
GTTTGACAGGATATATTGGCGGGTAAACCTAAGAGAARAGAGCGTTTATTAGAATAATCGGATATTTA
AAAGGGCGTGAAAAGGTTTATCCGTTCGTCCATTTGTATGTGCATGCCAACCACAGGGTTCCCCAGAT
CTGGCGCCGGCCAGCGAGACGAGCAAGATTGGCCGCCGCCCGARACGATCCGACAGCGCGCCCAGCAL
AGGTGCGCAGGCAAATTGCACCAACGCATACAGCGCCAGCAGAATGCCATAGTGGGCGGTGACGTCGT
TCGAGTGAACCAGATCGCGCAGGAGGCCCGGCAGCACCGGCATAATCAGGCCGATGCCGACAGCGTCG
AGCGCGACAGTGCTCAGAATTACGATCAGGGGTATGTTGGGTTTCACGTCTGGCCTCCGGACCAGCCT
CCGCTGGTCCGATTGAACGCGCGGATTCTTTATCACTGATAAGTTGGTGGACATATTATGTTTATCAG
TGATAAAGTGTCAAGCATGACARAGTTGCAGCCGAATACAGTGATCCGTGCCGCCCTGGACCTGTTGA
ACGAGGTCGGCGTAGACGGTCTGACGACACGCAAACTGGCGGAACGGTTGGGGGTTCAGCAGCCGGLG
CTTTACTGGCACTTCAGGAACAAGCGGGCGCTGCTCGACGCACTGGCCGAAGCCATGCTGGCGGAGAA
TCATACGCATTCGGTGCCGAGAGCCGACGACGACTGGCGCTCATTTCTGATCGGGAATGCCCGCAGCT
TCAGGCAGGCGCTGCTCGCCTACCGCGATGGCGCGCGCATCCATGCCGGCACGCGACCGGGCGCACCG
CAGATGGAAACGGCCGACGCGCAGCTTCGCTTCCTCTGCGAGGCGGGTTTTTCGGCCGGGGACGCCGET
CAATGCGCTGATGACAATCAGCTACTTCACTGTTGGGGCCGTGCTTGAGGAGCAGGCCGGCGACAGCG
ATGCCGGCGAGCGCGGCGGCACCGTTGAACAGGCTCCGCTCTCGCCGCTGTTGCGGGCCGCGATAGAC
GCCTTCGACGAAGCCGGTCCGGACGCAGCGTTCGAGCAGGGACTCGCGGTGATTGTCGATGGATTGGC
GAARAGGAGGCTCGTTGTCAGGAACGTTGAAGGACCGAGARAAGGGTGACGATTGATCAGGACCGCTGC
CGGAGCGCAACCCACTCACTACAGCAGAGCCATGTAGACAACATCCCCTCCCCCTTTCCACCGCGTCA
GACGCCCGTAGCAGCCCGCTACGGGCTTTTTCATGCCCTGCCCTAGCGTCCAAGCCTCACGGCCGCGL
TCGGCCTCTCTGGCGGCCTTCTGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGT
TCGGCTGCGGCGAGCGGTATCAGCTCACTCARAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATA
ACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTARAAAAGGCCGCGTTGCTG
GCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAARTCGACGCTCAAGTCAGAGGTGGCG
AAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTC
CGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTTCCGCTGC
ATAACCCTGCTTCGGGGTCATTATAGCGATTTTTTCGGTATATCCATCCTTTTTCGCACGATATACAG
GATTTTGCCAAAGGGTTCGTGTAGACTTTCCTTGGTGTATCCAACGGCGTCAGCCGGGCAGGATAGGT
GAAGTAGGCCCACCCGCGAGCGGGTGTTCCTTCTTCACTGTCCCTTATTCGCACCTGGCGGTGCTCAA
CGGGAATCCTGCTCTGCGAGGCTGGCCGGCTACCGCCGGCGTAACAGATGAGGGCAAGCGGATGGCTG
ATGAAACCAAGCCAACCAGGAAGGGCAGCCCACCTATCAAGGTGTACTGCCTTCCAGACGAACGAAGA
GCGATTGAGGAAAAGGCGGCGGCGGCCGGCATGAGCCTGTCGGCCTACCTGCTGGCCGTCGGCCAGGG
CTACAAAATCACGGGCGTCGTGGACTATGAGCACGTCCGCGAGCTGGCCCGCATCAATGGCGACCTGG
GCCGCCTGGGCGGCCTGCTGAAACTCTGGCTCACCGACGACCCGCGCACGGCGCGGTTCGGTGATGCC
ACGATCCTCGCCCTGCTGGCGAAGATCGAAGAGAAGCAGGACGAGCTTGGCAAGGTCATGATGGGCGT
GGTCCGCCCGAGGGCAGAGCCATGACTTTTTTAGCCGCTAAAACGGCCGGGGGGTGCGCGTGATTGCC
AAGCACGTCCCCATGCGCTCCATCAAGAAGAGCGACTTCGCGGAGCTGGTGAAGTACATCACCGACGA
GCAAGGCAAGACCGAGCGCCTTTGCGACGCTCACCGGGCTGGTTGCCCTCGCCGCTGGGCTGGCGEGCC
GTCTATGGCCCTGCAAACGCGCCAGAAACGCCGTCGAAGCCGTGTGCGAGACACCGCGGCCGCCGGCG
TTGTGGATACCTCGCGGAAAACTTGGCCCTCACTGACAGATGAGGGGCGGACGTTGACACTTGAGGGG
CCGACTCACCCGGCGCGGCGTTGACAGATGAGGGGCAGGCTCGATTTCGGCCGGCGACGTGGAGCTGG
CCAGCCTCGCAAATCGGCGAAAACGCCTGATTTTACGCGAGTTTCCCACAGATGATGTGGACAAGCCT
GGGGATAAGTGCCCTGCGGTATTGACACTTGAGGGGCGCGACTACTGACAGATGAGGGGCGCGATCCT
TGACACTTGAGGGGCAGAGTGCTGACAGATGAGGGGCGCACCTATTGACATTTGAGGGGCTGTCCACA
GGCAGAAAATCCAGCATTTGCAAGGGTTTCCGCCCGTTTTTCGGCCACCGCTAACCTGTCTTTTAACC
TGCTTTTAAACCAATATTTATARACCTTGTTTTTAACCAGGGCTGCGCCCTGTGCGCGTGACCGCGCA
CGCCGAAGGGGGGTGCCCCCCCTTCTCGAACCCTCCCGGCCCGCTAACGCGGGCCTCCCATCCCCCCA
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GGGGCTGCGCCCCTCGGCCGCGAACGGCCTCACCCCARAAATGGCAGCGCTGGCAGTCCTTGCCATTG
CCGGGATCGGGGCAGTAACGGGATGGGCGATCAGCCCGAGCGCGACGCCCGGAAGCATTGACGTGCCG
CAGGTGCTGGCATCGACATTCAGCGACCAGGTGCCGGGCAGTGAGGGCGGCGGCCTGGGETGGCGEGCCT
GCCCTTCACTTCGGCCGTCGGGGCATTCACGGACTTCATGGCGGGGCCGGCAATTTTTACCTTGGGCA
TTCTTGGCATAGTGGTCGCGGGTGCCGTGCTCGTGTTCGGGGGTGCGATAAACCCAGCGAACCATTTG
AGGTGATAGGTAAGATTATACCGAGGTATGAAAACGAGAATTGGACCTTTACAGAATTACTCTATGAA
GCGCCATATTTAAAAAGCTACCAAGACGAAGAGGATGAAGAGGATGAGGAGGCAGATTGCCTTGAATA
TATTGACAATACTGATAAGATAATATATCTTTTATATAGAAGATATCGCCGTATGTAAGGATTTCAGG
GGGCAAGGCATAGGCAGCGCGCTTATCAATATATCTATAGAATGGGCAAAGCATAAAAACTTGCATGG
ACTAATGCTTGAAACCCAGGACAATAACCTTATAGCTTGTAAATTCTATCATAATTGGGTAATGACTC
CAACTTATTGATAGTGTTTTATGTTCAGATAATGCCCGATGACTTTGTCATGCAGCTCCACCGATTTT
GAGAACGACAGCGACTTCCGTCCCAGCCGTGCCAGGTGCTGCCTCAGATTCAGGTTATGCCGCTCAAT
TCGCTGCGTATATCGCTTGCTGATTACGTGCAGCTTTCCCTTCAGGCGGGATTCATACAGCGGCCAGC
CATCCGTCATCCATATCACCACGTCAAAGGGTGACAGCAGGCTCATAAGACGCCCCAGCGTCGCCATA
GTGCGTTCACCGAATACGTGCGCAACAACCGTCTTCCGGAGACTGTCATACGCGTAAAACAGCCAGCG
CTGGCGCGATTTAGCCCCGACATAGCCCCACTGTTCGTCCATTTCCGCGCAGACGATGACGTCACTGC
CCGGCTGTATGCGCGAGGTTACCGACTGCGGCCTGAGTTTTTTAAGTGACGTAAAATCGTGTTGAGGC
CAACGCCCATAATGCGGGCTGTTGCCCGGCATCCAACGCCATTCATGGCCATATCAATGATTTTCTGG
TGCGTACCGGGTTGAGAAGCGGTGTAAGTGAACTGCAGTTGCCATGTTTTACGGCAGTGAGAGCAGAG
ATAGCGCTGATGTCCGGCGGTGCTTTTGCCGTTACGCACCACCCCGTCAGTAGCTGAACAGGAGGGAC
AGCTGATAGACACAGAAGCCACTGGAGCACCTCAAARACACCATCATACACTAAATCAGTAAGTTGGC
AGCATCACCCATAATTGTGGTTTCAAAATCGGCTCCGTCGATACTATGTTATACGCCAACTTTGAARAA
CAACTTTGAAAAAGCTGTTTTCTGGTATTTAAGGTTTTAGAATGCAAGGAACAGTGAATTGGAGTTCG
TCTTGTTATAATTAGCTTCTTGGGGTATCTTTAAATACTGTAGAAAAGAGGAAGGAAATAATAAATGG
CTAAAATGAGAATATCACCGGAATTGAAAAAACTGATCGAAAAATACCGCTGCGTARAAGATACGGAA
GGAATGTCTCCTGCTAAGGTATATAAGCTGGTGGGAGAAAATGAAAACCTATATTTAAARATGACGGA
CAGCCGGTATAAAGGGACCACCTATGATGTGGAACGGGAAAAGGACATGATGCTATGGCTGGAAGGAA
AGCTGCCTGTTCCAAAGGTCCTGCACTTTGAACGGCATGATGGCTGGAGCAATCTGCTCATGAGTGAG
GCCGATGGCGTCCTTTGCTCGGAAGAGTATGAAGATGAACAAAGCCCTGARAAAGATTATCGAGCTGTA
TGCGGAGTGCATCAGGCTCTTTCACTCCATCGACATATCGGATTGTCCCTATACGAATAGCTTAGACA
GCCGCTTAGCCGAATTGGATTACTTACTGAATAACGATCTGGCCGATGTGGATTGCGAAAACTGGGAA
GAAGACACTCCATTTARAGATCCGCGCGAGCTGTATGATTTTTTAAAGACGGAAAAGCCCGAAGAGGA
ACTTGTCTTTTCCCACGGCGACCTGGGAGACAGCAACATCTTTGTGAAAGATGGCAAAGTAAGTGGCT
TTATTGATCTTGGGAGAAGCGGCAGGGCGGACAAGTGGTATGACATTGCCTTCTGCGTCCGGTCGATC
AGGGAGGATATCGGGGAAGAACAGTATGTCGAGCTATTTTTTGACTTACTGGGGATCAAGCCTGATTG
GGAGAAAATAAAATATTATATTTTACTGGATGAATTGTTTTAGTACCTAGATGTGGCGCAACGATGCC
GGCGACAAGCAGGAGCGCACCGACTTCTTCCGCATCAAGTGTTTTGGCTCTCAGGCCGAGGCCCACGG
CAAGTATTTGGGCAAGGGGTCGCTGGTATTCGTGCAGGGCAAGATTCGGAATACCAAGTACGAGAAGG
ACGGCCAGACGGTCTACGGGACCGACTTCATTGCCGATAAGGTGGATTATCTGGACACCAAGGCACCA
GGCGGGTCAAATCAGGAATAAGGGCACATTGCCCCGGCGTGAGTCGGGGCAATCCCGCAAGGAGGGTG
AATGAATCGGACGTTTGACCGGAAGGCATACAGGCAAGAACTGATCGACGCGGGGTTTTCCGCCGAGG
ATGCCGAAACCATCGCAAGCCGCACCGTCATGCGTGCGCCCCGCGAAACCTTCCAGTCCGTCGGCTCG
ATGGTCCAGCAAGCTACGGCCAAGATCGAGCGCGACAGCGTGCAACTGGCTCCCCCTGCCCTGCCCGC
GCCATCGGCCGCCGTGGAGCGTTCGCGTCGTCTCGAACAGGAGGCGGCAGGTTTGGCGAAGTCGATGA
CCATCGACACGCGAGGAACTATGACGACCAAGAAGCGAAAAACCGCCGGCGAGGACCTGGCARAACAG
GTCAGCGAGGCCAAGCAGGCCGCGTTGCTGAAACACACGAAGCAGCAGATCAAGGAAATGCAGCTTTC
CTTGTTCGATATTGCGCCGTGGCCGGACACGATGCGAGCGATGCCAAACGACACGGCCCGCTCTGCCC
TGTTCACCACGCGCAACAAGAARATCCCGCGCGAGGCGCTGCAAAACAAGGTCATTTTCCACGTCAAC
AAGGACGTGAAGATCACCTACACCGGCGTCGAGCTGCGGGCCGACGATGACGAACTGGTGTGGCAGCA
GGTGTTGGAGTACGCGAAGCGCACCCCTATCGGCGAGCCGATCACCTTCACGTTCTACGAGCTTTGCC
AGGACCTGGGCTGGTCGATCAATGGCCGGTATTACACGAAGGCCGAGGAATGCCTGTCGCGCCTACAG
GCGACGGCGATGGGCTTCACGTCCGACCGCGTTGGGCACCTGGAATCGGTGTCGCTGCTGCACCGCTT
CCGCGTCCTGGACCGTGGCAAGAAAACGTCCCGTTGCCAGGTCCTGATCGACGAGGAAATCGTCGTGC
TGTTTGCTGGCGACCACTACACGAAATTCATATGGGAGAAGTACCGCAAGCTGTCGCCGACGGCCCGA
CGGATGTTCGACTATTTCAGCTCGCACCGGGAGCCGTACCCGCTCAAGCTGGAAACCTTCCGCCTCAT
GTGCGGATCGGATTCCACCCGCGTGAAGAAGTGGCGCGAGCAGGTCGGCGAAGCCTGCGAAGAGTTGC
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GAGGCAGCGGCCTGGTGGAACACGCCTGGGTCAATGATGACCTGGTGCATTGCAAACGCTAGGGCCTT
GTGGGGTCAGTTCCGGCTGGGGGTTCAGCAGCCAGCGCTTTACTGGCATTTCAGGAACAAGCGGGCAC
TGCTCGACGCACTTGCTTCGCTCAGTATCGCTCGGGACGCACGGCGCGCTCTACGAACTGCCGATAAA
CAGAGGATTAAAATTGACAATTGTGATTAAGGCTCAGATTCGACGGCTTGGAGCGGCCGACGTGCAGG
ATTTCCGCGAGATCCGATTGTCGGCCCTGAAGAAAGCTCCAGAGATGTTCGGGTCCGTTTACGAGCAC
GAGGAGAAARAGCCCATGGAGGCGTTCGCTGAACGGTTGCGAGATGCCGTGGCATTCGGCGCCTACAT
CGACGGCGAGATCATTGGGCTGTCGGTCTTCARAACAGGAGGACGGCCCCAAGGACGCTCACAAGGCGC
ATCTGTCCGGCGTTTTCGTGGAGCCCGAACAGCGAGGCCGAGGGGTCGCCGGTATGCTGCTGCGGGLCG
TTGCCGGCGGGTTTATTGCTCGTGATGATCGTCCGACAGATTCCAACGGGAATCTGGTGGATGCGCAT
CTTCATCCTCGGCGCACTTAATATTTCGCTATTCTGGAGCTTGTTGTTTATTTCGGTCTACCGCCTGC
CGGGCGGGGETCGCGGCGACGGTAGGCGCTGTGCAGCCGCTGATGGTCGTGTTCATCTCTGCCGCTCTG
CTAGGTAGCCCGATACGATTGATGGCGGTCCTGGGGGCTATTTGCGGAACTGCGGGCGTGGCGCTGTT
GGTGTTGACACCAAACGCAGCGCTAGATCCTGTCGGCGTCGCAGCGGGCCTGGCGGGGGCGGTTTCCA
TGGCGTTCGGAACCGTGCTGACCCGCAAGTGGCAACCTCCCGTGCCTCTGCTCACCTTTACCGCCTGG
CAACTGGCGGCCGGAGGACTTCTGCTCGTTCCAGTAGCTTTAGTGTTTGATCCGCCAATCCCGATGCC
TACAGGAACCAATGTTCTCGGCCTGGCGTGGCTCGGCCTGATCGGAGCGGGTTTAACCTACTTCCTTT
GGTTCCGGGGGATCTCGCGACTCGAACCTACAGTTGTTTCCTTACTGGGCTTTCTCAGCCCCAGATCT
GGGGTCGATCAGCCGGGGATGCATCAGGCCGACAGTCGGAACTTCGGGTCCCCGACCTGTACCATTCG
GTGAGCAATGGATAGGGGAGTTGATATCGTCAACGTTCACTTCTAAAGARATAGCGCCACTCAGCTTC
CTCAGCGGCTTTATCCAGCGATTTCCTATTATGTCGGCATAGTTCTCAAGATCGACAGCCTGTCACGG
TTAAGCGAGAAATGAATAAGAAGGCTGATAATTCGGATCTCTGCGAGGGAGATGATATTTGATCACAG
GCAGCAACGCTCTGTCATCGTTACAATCAACATGCTACCCTCCGCGAGATCATCCGTGTTTCAAACCC
GGCAGCTTAGTTGCCGTTCTTCCGAATAGCATCGGTAACATGAGCAAAGTCTGCCGCCTTACAACGGC
TCTCCCGCTGACGCCGTCCCGGACTGATGGGCTGCCTGTATCGAGTGGTGATTTTGTGCCGAGCTGCC
GGTCGGGGAGCTGTTGGCTGGCTGGTGGCAGGATATATTGTGGTGTAAACAAATTGACGCTTAGACAA
CTTAATAACACATTGCGGACGTTTTTAATGTACTGGGGTGGTTTTTCTTTTCACCAGTGAGACGGGCA
ACAGCTGATTGCCCTTCACCGCCTGGCCCTGAGAGAGTTGCAGCAAGCGGTCCACGCTGGTTTGCCCC
AGCAGGCGAAAATCCTGTTTGATGGTGGTTCCGAAATCGGCAAAATCCCTTATAAATCAAAAGARTAG
CCCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAA
CGTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCAAATCAAGTT
TTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGA
CGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGARAAGCGAAAGGAGCGGGCGCCATTCAGGC
TGCGCAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGA
TGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGGC
CAGTGAATTCGAGCTCGGTACCCCCCTACTCCAAAAATGTCAAAGATACAGTCTCAGAAGACCAAAGG
GCTATTGAGACTTTTCAACAAAGGGTAATTTCGGGAAACCTCCTCGGATTCCATTGCCCAGCTATCTG
TCACTTCATCGAAAGGACAGTAGAARAAGGAAGGTGGCTCCTACAAATGCCATCATTGCGATARAAGGAA
AGGCTATCATTCAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGGACCCCCACCCACGAGGAGCATC
GTGGAAAAAGAAGACGTCCCAACCACGTCTTCAAAGCAAGTGGATTGATGTGACATCTCCACTGACGT
AAGGGATGACGCACAATCCCACTATCCTTCGCAAGACCCTTCTTCTATATAAGGAAGTTCATTTCATT
TGGAGAGGACAGCCCAAGCTTTCTAGAGGATCCATAARACATTTCAATCCTTTGAACGCGGTAGAACG
TGCTAATTGGATTTTGGTGAGAACGCGGTAGAACGTACTTATCACCTACAGTTTTATTTTGTTTTTCT
TTTTGGTTTAATCTATCCAGCTTAGTACCGAGTGGGGGAAAGTGACTGGTGTGCCTAAAACCTTTTCT
TTGATACTTTGTAAAAATACATACAGATACAATGGCGAACGGTAACTTCAAGTTGTCTCAATTGCTCA
ATGTGGACGAGATGTCTGCTGAGCAGAGGAGTCATTTCTTTGACTTGATGCTGACTAARACCTGATTGT
GAGATCGGGCAAATGATGCAAAGAGTTGTTGTTGATAAAGTCGATGACATGATTAGAGAAAGAAAGAC
TAAAGATCCAGTGATTGTTCATGAAGTTCTTTCTCAGAAGGAACAGAACAAGTTGATGGAAATTTATC
CTGAATTCAATATCGTGTTTAAAGACGACAARAACATGGTTCATGGGTTTGCGGCTGCTGAGCGARAA
CTACAAGCTTTATTGCTTTTAGATAGAGTTCCTGCTCTGCAAGAGGTGGATGACATCGGTGGTCAATG
GTCGTTTTGGGTAACTAGAGGTGAGAAAAGGATTCATTCCTGTTGTCCAAATCTAGATATTCGGGATG
ATCAGAGAGAAATTTCTCGACAGATATTTCTTACTGCTATTGGTGATCAAGCTAGAAGTGGTAAGAGA
CAGATGTCGGAGAATGAGCTGTGGATGTATGACCAATTTCGTGAAAATATTGCTGCGCCTAACGCGGT
TAGGTGCAATAATACATATCAGGGTTGTACATGTAGGGGTTTT
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Figure 7
Nic 1 ERF -
Identifier Gene
Nitab4.5_0003090g0020.1 | ERF17L3AN
Nitab4.5_0003090g0030.1 | ERF199
Nitab4.5_0003665g0040.1 | JRE5SL2
Nitab4.5_0004620g0010.1 | ERF210
Nitab4.5_0004620g0030.1 | ERF91
Nitab4.5_0004620g0080.1 | ERF29
Nitab4.5_0004620g0090.3 | ERF130
Nitab4.5_0004620g0095.1 | ERF16
Nitab4.5_0006382g0040.1 | ERF110

Identifier

Nic 2 ERF - Gene

Nitab4.5_000292490010.1 ERF17LI

Nitab4.5_000292490020.2 ERF179

Nitab4.5_0002924g0040.2 ERF17

Nitab4.5_000292490045.1 ERF168

Nitab4.5_0002924g0050.2 ERF115

Nitab4.5_000649990010.1 ERF104

Nitab4.5_000649990020.2 ERF221

Nitab4.5_00126679g0020.2 ERFO1LA1

Nitab4.5_0015055g0010.2 ERF189

Figure 8

Nitab4.5_000309090030.1 (ERF199)

SEQ ID No. 35.>Nitab4.5 0003090g0030.1 720 residues [genomic]
ATGGCAATGGAAATGAATCCAGCTGACGAAACCTTGTTTTTCTCCGACTCTCATCTCCTTGAATCGATAAAGCAA
CATCTTCTTGACGATTCAGATTTTTCTGAAATTTTTTCGTCGATGAATTCTAGCAACGAAATATTGCCTAACAGT
CCTAGCTCAAGTTTTAGCAGCTTCGACTTCGACTGCAGCTTCCTTAATTGGGATGAAAACTCTGAGGAAACATTA
ATACCAACTGATCAGAATCCTTCACATGAATCCCATGAAAAGTACTCCGAGTCCGAGGAGAAAACCCAGGGCCCT
GGGGTGGCGCGTGAGAAAAACGCGCCGCGAGATTGGACGCGGTACATAGGAGTGAAACGGCGACCGTGGGGGACG
TTTTCGGCGGAGACAAGAGACCCAAGTAGGAAAGGTGAAGGTGCAAGGCTGTGGTTAGGAACTTACGAGACCGCA
GAGGATGCAGCGTTAGCTTACGATCAAGCCGCTTTCAAAATCCGCGGCTCGAGAGCTCGGCTCAATTTTCCTCAC
TTAATCGGCTCAAACATGCCTAAGCCGGCTAGAGTTACAGCGAGGCGTAGTCGTACGCGCTCACCCGAGCCATCG
TCTTCTTCATCCACCTCATCATCAGAAAATGTACCAAGGAAAAGGAATATAGATGTGATAAATTCCATAGCCAAA
GCCAAATTCCTTTGTCATAGCTTGAATTTACAGAGATTAGCTTAA

Figure 9
SEQ ID No. 36. >Nitab4.5 00030909g0030.1 720 residues [cdna]

ATGGCAATGGAAATGAATCCAGCTGACGAAACCTTGTTTTTCTCCGACTCTCATCTCCTTGAATCGATAAAGCAA
CATCTTCTTGACGATTCAGATTTTTCTGAAATTTTTTCGTCGATGAATTCTAGCAACGAAATATTGCCTAACAGT
CCTAGCTCAAGTTTTAGCAGCTTCGACTTCGACTGCAGCTTCCTTAATTGGGATGAAAACT CTGAGGAAACATTA
ATACCAACTGATCAGAATCCTTCACATGAATCCCATGAAAAGTACTCCGAGT CCGAGGAGAAAACCCAGGGCCCT
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GGGGTGGCGCGTGAGAAAAACGCGCCGCGAGATTGGACGCGGTACATAGGAGTGAAACGGCGACCGTGGGGGACG
TTTTCGGCGGAGACAAGAGACCCAAGTAGGAAAGGTGAAGGTGCAAGGCTGTGGTTAGGAACTTACGAGACCGCA
GAGGATGCAGCGTTAGCTTACGATCAAGCCGCTTTCAAAATCCGCGGCTCGAGAGCTCGGCTCAATTTTCCTCAC
TTAATCGGCTCAAACATGCCTAAGCCGGCTAGAGTTACAGCGAGGCGTAGTCGTACGCGCTCACCCGAGCCATCG
TCTTCTTCATCCACCTCATCATCAGAAAATGTACCAAGGAAAAGGAATATAGATGTGATAAATTCCATAGCCAAA
GCCAAATTCCTTTGTCATAGCTTGAATTTACAGAGATTAGCTTAA

Figure 10
SEQ ID No. 37. >Nitab4.5 0003090g0030.1 720 residues [cds]

ATGGCAATGGAAATGAATCCAGCTGACGAAACCTTGTTTTTCTCCGACTCTCATCTCCTTGAATCGATAAAGCAA
CATCTTCTTGACGATTCAGATTTTTCTGAAATTTTTTCGTCGATGAATTCTAGCAACGAAATATTGCCTAACAGT
CCTAGCTCAAGTTTTAGCAGCTTCGACTTCGACTGCAGCTTCCTTAATTGGGATGAAAACT CTGAGGAAACATTA
ATACCAACTGATCAGAATCCTTCACATGAATCCCATGAAAAGTACTCCGAGT CCGAGGAGAAAACCCAGGGCCCT
GGGGTGGCGCGTGAGAAAAACGCGCCGCGAGATTGGACGCGGTACATAGGAGTGAAACGGCGACCGTGGGGGACG
TTTTCGGCGGAGACAAGAGACCCAAGTAGGAAAGGTGAAGGTGCAAGGCTGTGGTTAGGAACTTACGAGACCGCA
GAGGATGCAGCGTTAGCTTACGATCAAGCCGCTTTCAAAATCCGCGGCTCGAGAGCTCGGCTCAATTTTCCTCAC
TTAATCGGCTCAAACATGCCTAAGCCGGCTAGAGTTACAGCGAGGCGTAGTCGTACGCGCTCACCCGAGCCATCG
TCTTCTTCATCCACCTCATCATCAGAAAATGTACCAAGGAAAAGGAATATAGATGTGATAAATTCCATAGCCAAA
GCCAAATTCCTTTGTCATAGCTTGAATTTACAGAGATTAGCTTAA

Figure 11
SEQ ID No. 38. >Nitab4.5 0003090g0030.1 239 residues [peptide]

MAMEMNPADETLEFEFSDSHLLESIKQHLLDDSDESEIFSSMNSSNEILPNSPSSSESSEFDEDCSEFLNWDENSEETL
IPTDONPSHESHEKYSESEEKTOQGPGVAREKNAPRDWTRYIGVKRRPWGTESAETRDPSRKGEGARLWLGTYETA
EDAALAYDOQAAFKIRGSRARLNFPHLTIGSNMPKPARVTARRSRTRSPEPSSSSSTSSSENVPRKRNIDVINSIAK
AKFLCHSLNLQRLA

Figure 12

Nitab4.5_001505590010.2 (ERF189)

SEQ ID No. 39. >Nitab4.5 00150559g0010.2 699 residues [genomic]
ATGGAAATGAATCTAGCTGACGAAACCTTGTTTTTCTCTGAGTCTCATCTCCTTGAATCGATAAAGCAACATCTT
CTTGATGATTCAGATTTTTCTGAAATTTTTTCGCCGATGAGTTCAAGCAACGAAATATTGCCTAACAGTCCTAGC
TCAAGTTTTAGCAGCTTCGACTGCAGCTTCCTCAATTGGGATGAAAACTTTGAGGAAACATTAATACCAACTGAT
CAAAATCCTTCACATGAGAAGTGCTCCGAGTCCGAGGAGCAAACCCAGGGCCCAGCGGTGGTGCGTGAGAAAAALC
GCGCCGCGAGATTGGACGCGGTATATAGGAGTGAAACGGCGGCCGTGGGEGEGACGTTTTCGGCGGAGACAAGAGAC
CCAAGTAGGAAAGGTGAAGGTGCAAGGCTGTGGTTAGGAACTTACGAGACCGCAGAGGATGCAGCGTTGGCTTAC
GATCAAGCCGCTTTCAAAATCCGCGGCTCGAGAGCTCGGCTCAATTTTCCCCACTTAATTGGCTCAAACATGCCT
AAGCCGGCTAGAGTAACAGCGAGGCGTAGTCGTACGCGCTCACCCGAGCCATCCTCTTCTTCATCCACTTCATCA
TCAGAAAATGTGCCAAGAAAAAGGAATATAGATGTGATAAATTCCATAGCCAAAGCCAAATTCCTTTGTCATAGC
TTAAATTTACAGAGATTAGCTTAA

Figure 13
SEQ ID No. 40. >Nitab4.5 0015055g0010.2 699 residues [cdnal

ATGGAAATGAATCTAGCTGACGAAACCTTGTTTTTCTCTGAGTCTCATCTCCTTGAATCGATAAAGCAACATCTT
CTTGATGATTCAGATTTTTCTGAAATTTTTTCGCCGATGAGTTCAAGCAACGAAATATTGCCTAACAGTCCTAGC
TCAAGTTTTAGCAGCTTCGACTGCAGCTTCCTCAATTGGGATGAAAACTTTGAGGAAACATTAATACCAACTGAT
CAAAATCCTTCACATGAGAAGTGCTCCGAGTCCGAGGAGCAAACCCAGGGCCCAGCGGTGGTGCGTGAGAAAAAC
GCGCCGCGAGATTGGACGCGGTATATAGGAGTGAAACGGCGGCCGTGGGGGACGTTTTCGGCGGAGACAAGAGAC
CCAAGTAGGAAAGGTGAAGGTGCAAGGCTGTGGTTAGGAACTTACGAGACCGCAGAGGATGCAGCGTTGGCTTAC
GATCAAGCCGCTTTCAAAATCCGCGGCTCGAGAGCTCGGCTCAATTTTCCCCACTTAATTGGCTCAAACATGCCT
AAGCCGGCTAGAGTAACAGCGAGGCGTAGTCGTACGCGCTCACCCGAGCCATCCTCTTCTTCATCCACTTCATCA
TCAGAAAATGTGCCAAGAAAAAGGAATATAGATGTGATAAATTCCATAGCCAAAGCCAAATTCCTTTGTCATAGC
TTAAATTTACAGAGATTAGCTTAA

Figure 14
SEQ ID No. 41. >Nitab4.5 00150559g0010.2 699 residues [cds]

ATGGAAATGAATCTAGCTGACGAAACCTTGTTTTTCTCTGAGTCTCATCTCCTTGAATCGATAAAGCAACATCTT
CTTGATGATTCAGATTTTTCTGAAATTTTTTCGCCGATGAGTTCAAGCAACGAAATATTGCCTAACAGTCCTAGC
TCAAGTTTTAGCAGCTTCGACTGCAGCTTCCTCAATTGGGATGAAAACTTTGAGGAAACATTAATACCAACTGAT
CAAAATCCTTCACATGAGAAGTGCTCCGAGTCCGAGGAGCAAACCCAGGGCCCAGCGGTGGTGCGTGAGAAAAAC
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GCGCCGCGAGATTGGACGCGGTATATAGGAGTGAAACGGCGGCCGTGGGGGACGTTTTCGGCGGAGACAAGAGAC
CCAAGTAGGAAAGGTGAAGGTGCAAGGCTGTGGTTAGGAACTTACGAGACCGCAGAGGATGCAGCGTTGGCTTAC
GATCAAGCCGCTTTCAAAATCCGCGGCTCGAGAGCTCGGCTCAATTTTCCCCACTTAATTGGCTCAAACATGCCT
AAGCCGGCTAGAGTAACAGCGAGGCGTAGTCGTACGCGCTCACCCGAGCCATCCTCTTCTTCATCCACTTCATCA
TCAGAAAATGTGCCAAGAAAAAGGAATATAGATGTGATAAATTCCATAGCCAAAGCCAAATTCCTTTGTCATAGC
TTAAATTTACAGAGATTAGCTTAA

Figure 15
SEQ ID No. 42.

>Nitab4.5 00150559g0010.2 232 residues [peptide]
MEMNLADETLFFSESHLLESIKQHLLDDSDEFSEIFSPMSSSNEILPNSPSSSESSEDCSEFLNWDENFEETLIPTD
ONPSHEKCSESEEQTQGPAVVREKNAPRDWTRYIGVKRRPWGTEFSAETRDPSRKGEGARLWLGTYETAEDAALAY
DOAAFKIRGSRARLNEFPHLIGSNMPKPARVTARRSRTRSPEPSSSSSTSSSENVPRKRNIDVINSIAKAKEFLCHS
LNLORL
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