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METHOD

FIELD OF THE INVENTION

The present invention relates to methods for reducing heavy metals and metalloids (hereafter
referred to as ‘heavy metals’) in the aerial parts, particularly in the leaves, of a plant. The
present invention further relates to a plant with reduced heavy metal levels in their aerial

parts, and particularly in their leaves.

BACKGROUND

The enzyme glutamate-cysteine ligase (GSH1) catalyses the first and rate-limiting step of
glutathione biosynthesis. The gsh gene is encoded by a single copy gene in Arabidopsis
(locus At4g23100). The GSH1 polypeptide also has been called y-glutamylcysteine
synthetase (y-ECS), cadmium insensitive 2 (CAD2), phytoalexin deficient 2 (PAD2) and root
meristemless 1 (RML1). The Arabidopsis GSH1 polypeptide has a transit peptide and is
targeted to the plastid (e.g. chloroplast).

Plants can be grown in regions where there are high heavy metal contents in the
environment, e.g. soil. Plants can take up these heavy metals from their environment. Itis

undesirable for plants intended for human consumption to have high heavy metal content.

SUMMARY OF THE INVENTION

According to a first aspect the present invention provides a method of reducing heavy metal

levels in at least the aerial parts (preferably the leaves) of a plant comprising modifying the
plant by increasing the expression of a gsh1 gene or the activity of the protein encoded by
the gsh1 gene in said plant.

According to another aspect of the present invention there is provided a construct or vector
comprising a gsh1 gene operably linked with a root-specific promoter or root-preferred
promoter.

The present invention yet further provides a modified plant obtained or obtainable by the
method according to the present invention having a reduced heavy metal level in at least the
aerial parts (particularly the leaves) compared with the aerial parts (particularly the leaves) of
an unmodified plant, which is due to the increased expression of a gsh7 gene or the activity
of the protein encoded by the gsh7 gene in said modified plant.

The present invention further provides the use of increased expression of a gsh7 gene or
increased activity of the protein encoded by the gsh7 gene in a plant for reducing heavy

metal levels in at least the aerial parts (preferably the leaves) of said plant.
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In a yet further aspect, the present invention provides a plant cell (e.g. a tobacco plant cell):

a. comprising an exogenous gshi gene or an exogenous gsh? gene and an
exogenous gshZ2 gene,

b. comprising a construct or vector according to the present invention; and/or

c. obtainable (e.g. obtained by) a method or use according to the present
invention.

The present invention yet further provides a plant (e.g. a tobacco plant):

a. comprising an exogenous gshi gene or an exogenous gsh? gene and an
exogenous gshZ2 gene,

b. which has been modified to achieve a reduction in heavy metal levels in at
least the aerial parts (preferably the leaves) of said plant compared with the
aerial parts (particularly the leaves) of an unmodified plant, where in the
modification is an increase in the expression of a gsh1 gene or the activity of
the protein encoded by the gsh7 gene in said plant;

c. obtained or obtainable by the method according to the present invention;

d. comprising a construct or vector according to the present invention;

e. comprising a plant cell according to the present invention.

In a yet further aspect, the present invention provides a plant propagation material (e.g. a
plant seed) obtainable from a plant according to the present invention.

The present invention yet further provides the use of a plant cell (e.g. a tobacco cell)
according to the present invention for the production of a consumable plant product (e.g. a
tobacco product).

In a further aspect, the present invention provides the use of a plant (e.g. a tobacco plant)
according to the present invention to breed a plant (e.g. a tobacco plant).

In another aspect, the present invention provides the use of plant (e.g. a tobacco plant)
according to the present invention: a) for production of a consumable plant product (e.g. a
tobacco product) b) to grow a crop; ¢) to produce a consumable leaf (e.g. a processed
(preferably cured) leaf).

The present invention yet further provides a harvested leaf of a plant (e.g. a tobacco plant)
according to the present invention or obtainable from a plant (e.g. a tobacco plant)
propagated from a propagation material according to the present invention or obtainable from
a plant (e.g. a tobacco plant) obtainable by a use according to the present invention.

The present invention further provides a cut harvested leaf or cut processed leaf of a plant
(e.g. a tobacco plant).

In a further aspect the present invention provides a processed leaf (e.g. a processed tobacco

leaf, preferably a non-viable processed tobacco leaf):
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comprising a plant cell according to the present invention;

obtainable from a plant obtainable form a use according to the present invention;
c. obtainable from processing a plant (e.g. tobacco plant) according to the present
invention;
d. obtainable from a plant (e.g. tobacco plant) propagated from a plant propagation
material according to the present invention;
e. obtainable by processing a harvested leaf according to the present invention.
A consumable plant product:
a. prepared from the aerial parts of the plant (preferably the leaves) harvested from the
plant obtained or obtainable by the method according to the present invention;
b. prepared from the aerial parts of the plant (preferably the leaves) harvested from the
plant according to the present invention;
c. prepared from the aerial parts of the plant (preferably the leaves) propagated from a
plant propagation material according to the present invention;
d. prepared from a harvested leaf according to the present invention;
e. prepared from a processed leaf according to the present invention;
f. prepared from or comprising a plant extract obtained from a modified plant or a
portion thereof according to the present invention.
The present invention yet further provides a plant extract obtained from a modified plant or a
portion thereof in accordance with the present invention.
The present invention also provides a consumable plant product comprising the aerial parts
of the plant (preferably the leaves) harvested from the plant obtained or obtainable by the
method of the present invention, or a modified plant according to the present invention, or a
plant extract obtained from a modified plant or a portion thereof according to the present
invention, having a reduced heavy metal level due to the increased expression of a gshi
gene or the activity of the protein encoded by the gsh7 gene in said plant from which the
leaves were harvested.
Yet further the present invention provides a smoking article comprising consumable plant
(e.g. tobacco) comprising the aerial parts of the plant (preferably the leaves) harvested from
the plant (e.g. tobacco) obtained or obtainable by the method of the present invention, or a
modified plant (e.g. a modified tobacco plant) according to the present invention, or a plant
extract obtained from a modified plant or a portion thereof according to the present invention,
having a reduced heavy metal level due to the increased expression of a gsh1 gene or the
activity of the protein encoded by the gsh7 gene in said plant (e.g. tobacco plant) from which

the aerial parts of the plant (e.g. the leaves) were harvested.
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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 accompanying drawings, in which:

Figure 1 shows a schematic representation depicting the pathway of glutathione
biosynthesis from constituent amino acids;

Figure 2 shows cadmium levels detected in leaves of tobacco plants carrying either the
empty vector control or an A622-GSH1 construct. The presence of the A622-GSH1 construct
results in up to 61% wt/wt reduction of cadmium concentrations in the leaves, compared to
leaves of plants carrying an empty vector control construct;

Figure 3 shows a genomic DNA for Arabidopsis thaliana gsh1 (At4g23100.1)_(SEQ ID No.

1) (introns are shown in lower case and italics),

Figure 4 shows a coding sequence for Arabidopsis thaliana gsh1 (At4g23100.1)_(SEQ ID
No. 2);

Figure 5 shows a polypeptide sequence for the protein of Arabidopsis thaliana GSH1
(At4923100.1)_(SEQ ID No. 3) translated from the cDNA (SEQ ID No. 2);

Figure 6 shows a genomic DNA for Arabidopsis thaliana gsh2 (At5g27380.1)_(SEQ ID No.

4) (introns are shown in lower case and italics),

Figure 7 shows a coding sequence for Arabidopsis thaliana gsh2 (At5g27380.1)_(SEQ ID
No. 5);

Figure 8 shows a polypeptide sequence for the protein of Arabidopsis thaliana GSH2
(At5g27380.1)_(SEQ ID No. 6) translated from the cDNA (SEQ ID No. 5);

Figure 9 shows a polynucleotide sequence of the root-specific A622 promoter (SEQ ID No.
1),

Figure 10 shows a coding sequence for Arabidopsis lyrata subsp. lyrata gsh1 (SEQ ID No.
8);

Figure 11 shows a polypeptide sequence (SEQ ID No. 9) for the protein of Arabidopsis lyrata
subsp. lyrata GSH1 (SEQ ID No. 8) (UniProt ID: D7MDWS8);

Figure 12 shows a coding sequence for Arabidopsis thaliana gsh1 (SEQ ID No. 10);
Figure 13 shows a polypeptide sequence (SEQ ID No. 11) for the protein of Arabidopsis
thaliana GSH1 (SEQ ID No. 10) (UniProt ID: F4JMS5);

Figure 14 shows a coding sequence for Citrus_clementina (CICLE_v10019696mg) gshf
(SEQ ID No. 12);
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Figure 15 shows a polypeptide sequence (SEQ ID No. 13) for the protein of

Citrus_clementina GSH1 (SEQ ID No. 12) (UniProt ID: V4TSB7);

Figure 16 shows a coding sequence for Glycine max (Glyma) gsh1 (SEQ ID No. 14);
Figure 17 shows a polypeptide sequence (SEQ ID No. 15) for the protein of Glycine max
(Glyma) GSH1 (SEQ ID No. 14) (UniProt ID: 11K&J1);

Figure 18 shows a coding sequence for Medicago truncatula gsh7 (SEQ ID No. 16);
Figure 19 shows a polypeptide sequence (SEQ ID No. 17) for the protein of Medicago
truncatula GSH7 (SEQ ID No. 16) (UniProt ID: G7LHC5);

Figure 20 shows a coding sequence for Solanum lycopersicum gsh1 (SEQ ID No. 18);
Figure 21 shows a polypeptide sequence (SEQ ID No. 19) for the protein of Solanum
lycopersicum GSH1 (SEQ ID No. 18) (UniProt ID: 022493);

Figure 22 shows a coding sequence for Solanum tuberosum gsh1 (SEQ ID No. 20);

Figure 23 shows a polypeptide sequence (SEQ ID No. 21) for the protein of Solanum
tuberosum GSH1 (SEQ ID No. 20) (UniProt ID: M1AWB9);

Figure 24 shows a coding sequence for Brachypodium distachyon (Bradi) gsh1 (SEQ ID No.
22);

Figure 25 shows a polypeptide sequence (SEQ ID No. 23) for the protein of Brachypodium
distachyon (Bradi) GSH1 (SEQ ID No. 22) (UniProt ID: IMTHMP3);

Figure 26 shows a coding sequence for Oryza sativa gsh1 (SEQ ID No. 24);

Figure 27 shows a polypeptide sequence (SEQ ID No. 25) for the protein of Oryza sativa
GSH1 (SEQ ID No. 24) (UniProt ID: B7TEUG4);

Figure 28 shows a coding sequence for Zea mays (Zeama) gsh1 (SEQ ID No. 26);

Figure 29 shows a polypeptide sequence (SEQ ID No. 27) for the protein of Zea mays GSH1
(SEQ ID No. 26) (UniProt ID: Q8W4W?3);

Figure 30 shows a coding sequence for Physcomitrella patens subsp. patens gsh1 (SEQ ID
No. 28);

Figure 31 shows a polypeptide sequence (SEQ ID No. 29) for the protein of Physcomitrella
patens subsp. patens GSH1 (SEQ ID No. 28) (UniProt ID: ASRUQ7);

Figure 32 shows a coding sequence for Chlamydomonas reinhardtii gsh1 (SEQ ID No. 30);
Figure 33 shows a polypeptide sequence (SEQ ID No. 31) for the protein of
Chlamydomonas reinhardtii GSH1 (SEQ ID No. 30) (UniProt ID: A8IA77);

Figure 34 shows a coding sequence for Oestreococcus lucimarinus gsh1 (SEQ ID No. 32);
Figure 35 shows a polypeptide sequence (SEQ ID No. 33) for the protein of Oestreococcus
lucimarinus GSH1 (SEQ ID No. 32) (UniProt ID: A4RZD5);
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Figure 36 shows a coding sequence for Arabidopsis lyrata gsh2 (SEQ ID No. 34);

Figure 37 shows a polypeptide sequence (SEQ ID No. 35) for the protein of Arabidopsis
lyrata GSH2 (SEQ ID No. 34) (UniProt ID: D7M652);

Figure 38 shows a coding sequence for Citrus_clementina (CICLE) gsh2 (SEQ ID No. 36);
Figure 39 shows a polypeptide sequence (SEQ ID No. 37) for the protein of
Citrus _clementina GSH2 (SEQ ID No. 36) (UniProt ID: V4SFK5);

Figure 40 shows a coding sequence for Medicago truncatula gsh2 (SEQ ID No. 38);

Figure 41 shows a polypeptide sequence (SEQ ID No. 39) for the protein of Medicago
truncatula GSH2 (SEQ ID No. 38) (UniProt ID: A2Q600);

Figure 42 shows a coding sequence for Solanum lycopersicum gsh2 (SEQ ID No. 40);

Figure 43 shows a polypeptide sequence (SEQ ID No. 41) for the protein of Solanum
lycopersicum GSHZ2 (SEQ ID No. 40) (UniProt ID: 022494);

Figure 44 shows a coding sequence for Brachypodium distachyon (Bradi) gsh2 (SEQ ID No.
42);

Figure 45 shows a polypeptide sequence (SEQ ID No. 43) for the protein of Brachypodium
distachyon (Bradi) GSH2 (SEQ ID No. 42) (UniProt ID: 111JU8);

Figure 46 shows a coding sequence for Oryza sativa gsh2 (SEQ ID No. 44);

Figure 47 shows a polypeptide sequence (SEQ ID No. 45) for the protein of Oryza sativa
GSHZ2 (SEQ ID No. 44) (UniProt ID: QOIP23);

Figure 48 shows a coding sequence for Zea mays (Zeama) gsh2 (SEQ ID No. 46);

Figure 49 shows a polypeptide sequence (SEQ ID No. 47) for the protein of Zea mays GSH2
(SEQ ID No. 46) (UniProt ID: B4FWGO);

Figure 50 shows a coding sequence for Physcomitrella patens subsp. patens gsh2 (SEQ ID
No. 48);

Figure 51 shows a polypeptide sequence (SEQ ID No. 49) for the protein of Physcomitrella
patens subsp. patens GSH2 (SEQ ID No. 48) (UniProt ID: ASRTTS);

Figure 52 shows a coding sequence for Chlamydomonas reinhardtii gsh2 (SEQ ID No. 50);
Figure 53 shows a polypeptide sequence (SEQ ID No. 51) for the protein of
Chlamydomonas reinhardtii GSH2 (SEQ ID No. 50) (UniProt ID: A8IR74);

Figure 54 shows a coding sequence for Oestreococcus lucimarinus gsh2 (SEQ ID No. 52);
Figure 55 shows a polypeptide sequence (SEQ ID No. 53) for the protein of Oestreococcus
lucimarinus GSHZ2 (SEQ ID No. 52) (UniProt ID: A4RYM3).

Figure 56 shows an alignment of some GSH1 protein sequences and shows the conserved
residues of two metal-binding sites (see underlined residues in the consensus sequence),
namely n1 metal binding site: Glu-115, Glu-167, Glu-173; and n2 metal binding site Glu-113,
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GIn-254 and Glu-393 (wherein the numbering is that of the Arabidopsis thaliana GSH1

(“Arath_gsha (1)”) sequence shown herein as SEQ ID No. 3).

DETAILED DESCRIPTION

A seminal finding of the present invention is that by increasing the expression of at least

glutamate-cysteine ligase (GSHT) in a plant (e.g. a tobacco plant) — and particularly in plant
roots, e.g. tobacco roots — heavy metal transport to the aerial parts of the plant, e.g. in the
leaves, the seeds, the fruits and/or the stems, and particularly in the leaves of the plant can
be reduced. Thus, the level of heavy metals in the arial parts of the plant, e.g. in the leaves,
the seeds, the fruits and/or the stems, and particularly in the plant leaves (particularly in the
harvested plant leaves) can be significantly reduced.

The present invention provides a method of reducing heavy metal levels in at least the aerial
parts (preferably the leaves) of a plant comprising modifying the plant by increasing the
expression of a gsh1 gene or the activity of the protein encoded by the gsh? gene in said
plant.

In one embodiment the increased expression of the gsh7 gene is achieved by
overexpressing or upregulating the gsh7 gene.

In a preferred embodiment the method of the present invention comprises modifying the plant
by increasing the expression of the gsh7 gene in said plant root (e.g. in a plant root cell or
plant root tissue). Preferably the increased expression is predominantly in the plant root (e.g.
in a plant root cell or plant root tissue). Preferably the increased expression is not
constitutive. Preferably the increased expression is not in the aerial parts of the plant, e.g. is
not in the leaves of the plant.

In one embodiment the method of the present invention comprises expressing within a plant
a polynucleotide (e.g. an exogenous polynucleotide) comprising a nucleic acid sequence
encoding a GSH1 polypeptide.

In a further embodiment the polynucleotide (e.g. exogenous polynucleotide) for use in the
present invention comprises a nucleic acid sequence encoding a GSH1 polypeptide operably
linked with a heterologous promoter for directing transcription of said nucleic acid sequence
in said plant. In one embodiment preferably the promoter is non-constitutive (e.g. in the
sense that it does not direct expression in all or virtually all tissues), but has at least
expression in the root (e.g. in a root cell or root tissue). Suitably the promoter (e.g.
heterologous promoter) for use in the present invention is a root-specific promoter or root-
preferred promoter.

The term “constitutive” in relation to the promoter as used herein means an unregulated

promoter that allows for continual transcription of its associated gene. The term “constitutive
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promoters” as used herein means promoters that direct expression in virtually all tissues and

are largely, if not entirely, independent of environmental and developmental factors.
Examples of constitutive promoters include CaMV35S, CaMV19S, CERV, TMV, UBQ5,
UBQ10, ACT2. In one embodiment preferably the promoter for use in the present invention is
not a constitutive promoter. In on embodiment preferably the promoter for use in the present
invention is not one of the following constitutive promoters: CaMV35S, CaMV19S, CERYV,
TMV, UBQ5, UBQ10, ACT2.

The method and uses of the present invention comprise increasing the express or the
overexpression of at least GSH1. The overexpression can be achieved by any means known
to the person skilled in the art.

The term “overexpression” or “increased expression” as used herein means any form of
expression that is additional to the original wild-type expression level.

“Overexpression” means that a plant is increased in the mRNA level or the protein level in
comparison with an expression level of a GSH1 of a parent plant of the same breed. The
expression level of GHS1 is compared with that of GSH1 at a corresponding part in the
parent plant of the same breed cultured under the same condition. A case where the
expression level increases at least 1.1 times greater than that of the parent plant is preferably
considered as a case where the expression level is increased. Here, it is more preferable that
the expression level of the plant has a significant difference of 5% by a t-test compared with
that of the parent plant, in order to be considered that there is an increase in the expression
level. It is preferable that the expression levels of the plant and the parent plant be measured
at the same time by the same method. However, data stored as background data may be
also used.

Methods for increasing expression of genes or gene products are well documented in the art
and include, for example, overexpression driven by appropriate promoters, the use of
transcription enhancers or translation enhancers. Isolated nucleic acids which serve as
promoter or enhancer elements may be introduced in an appropriate position (typically
upstream) of a non-heterologous form of a polynucleotide so as to upregulate expression of
a nucleic acid encoding the polypeptide of interest. For example, endogenous promoters
may be altered in vivo by mutation, deletion, and/or substitution (see, US 5,565,350;
WO09322443), or isolated promoters may be introduced into a plant cell in the proper
orientation and distance from a gene of the present invention so as to control the expression
of the gene.

If polypeptide expression is desired, it is generally desirable to include a polyadenylation
region at the 3'-end of a polynucleotide coding region. The polyadenylation region can be

derived from the natural gene, from a variety of other plant genes, or from T-DNA. The 3'
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end sequence to be added may be derived from, for example, the nopaline synthase or

octopine synthase genes, or alternatively from another plant gene, or less preferably from
any other eukaryotic gene.

An intron sequence may also be added to the 5' untranslated region (UTR) or the coding
sequence of the partial coding sequence to increase the amount of the mature message that
accumulates in the cytosol. Inclusion of a spliceable intron in the transcription unit in both
plant and animal expression constructs has been shown to increase gene expression at both
the mRNA and protein levels up to 1000-fold (Buchman and Berg (1988) Mol. Cell biol. 8:
4395-4405; Callis et al. (1987) Genes Dev 1 :1183-1200). Such intron enhancement of gene
expression is typically greatest when placed near the 5' end of the transcription unit. Use of
the maize introns Adh1-S intron 1, 2, and 6, the Bronze-1 intron are known in the art. For
general information see: The Maize Handbook, Chapter 116, Freeling and Walbot, Eds.,
Springer, N.Y. (1994).

In one embodiment the overexpression may be achieved by the use of gene-editing or
targeted mutagenesis.

Gene-editing may be carried out using any method known in the art. A few non-limiting
examples are presented here including use of the CRISPR-Cas9 system. CRISPR/Cas9
genomic editing tools are available commercially such as “Guide-it” from Clontech (Avenue
du President Kennedy 78100 Saint-Germain-en-Laye, France). Another method of gene-
editing includes the use of TALEN (transcription activator-like effector nuclease) technology
with kits available commercially (e.g. from Addgene, 1Kendall Sq. Ste. B7102, Cambridge,
MA 02139, USA). A further method comprises the use of Zinc Finger Nucleases such as the
CompoZr® Zinc Finger Nuclease Technology available from Sigma-Aldrich. Another method
comprises the use of meganucleases (or a further method) described in Silva et a/ Curr Gene
Ther. Feb 2011; 11(1): 11-27 (the teaching of which is incorporated herein by reference). A
yet further method is oligonucleotide-directed mutagenesis (ODM) such as KeyBase®
available from Keygene (Agro Business Park 90, 6708 PW Wageningen, The Netherlands).
Suitably, gene-editing may be used to alter the sequence of a gsh1 or gsh2 in vivo.

In one embodiment, the skilled person may induce mutations, deletions or insertions either
within the endogenous gsh1 gene (and/or gsh2 gene) itself or in its regulatory sequences
(e.g. the promoter and/or the 3’UTR) in order to more highly express the endogenous gene
and/or to render the protein produced by the gene more active. These mutations, deletions
or insertions may be introduced by any known gene editing method, e.g. EMS mutation,

gamma irradiation, CRISPR/Cas 9 technology, TALENs and/or meganuclease technology.
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The present invention yet further provides a construct or vector comprising a gsh7 gene or a

nucleic acid sequence encoding a GSH1 polypeptide operably linked with a root-specific
promoter or root-preferred promoter.

In one embodiment the construct or vector of the present invention further comprises (e.g. in
addition to a gsh7 gene or a nucleic acid sequence encoding a GSH1 polypeptide) a gsh2
gene or a nucleic acid sequence encoding a GSH2 polypeptide operably linked with the
same or a different root-specific promoter or root-preferred promoter.

In a further embodiment the present invention provides a modified plant obtained or
obtainable by a method of the present invention wherein the modified plant has a reduced
heavy metal level in at least its aerial parts (particularly the leaves) compared with the aerial
parts (particularly the leaves) of an unmodified plant, which is due to the increased
expression of a gsh1 gene or the activity of the protein encoded by the gsh gene in said
modified plant.

The present invention yet further provides consumable plant product comprising the aerial
parts of the plant (preferably the leaves) harvested from the plant obtained or obtainable by
the method of the present invention or a modified plant according to the present invention
having a reduced heavy metal level due to the increased expression of a gsh1 gene or the
activity of the protein encoded by the gsh7 gene in said plant from which the leaves were
harvested.

In the present invention, the heavy metal may be one selected from the group consisting of:
cadmium, arsenic, chromium, copper, lead, zinc, mercury, nickel, selenium and a
combination thereof.

In one embodiment the heavy metal may be selected from the group consisting of cadmium,
arsenic, chromium or a combination thereof.

In a yet further embodiment the heavy metal may be cadmium.

In a yet further embodiment the heavy metal may be arsenic.

If a yet further embodiment the heavy metal may be chromium.

The present invention yet further provides a smoking article comprising said tobacco
prepared in according with the present invention or a modified tobacco in accordance with
the present invention.

Advantageously, and preferably, the modified tobacco plant may have been transformed with
a genetic construct or vector of the invention.

The term “smoking article” as used herein may be a cigarette, cigar, cigarillo, or rolling

tobacco, or the like.
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The enzyme glutamate-cysteine ligase (GSH1; E.C. 6.3.2.2), which catalyses the first and

rate-limiting step of glutathione biosynthesis, is also known as y-glutamylcysteine
synthetase (y-ECS), cadmium insensitive 2 (CAD2), phytoalexin deficient 2 (PAD2) and root
meristemless 1 (RML1 ) (see Figure 1).

A polypeptide with "GSH 1 activity" is a polypeptide with glutamate-cysteine ligase activity or
y-glutamylcysteine synthetase activity (E.C. 6.3.2.2). Enzymatic assays are available for
determining GSH1 activity (Noctor and Foyer, 1998, Anal. Biochem. 264:98-1 10; Noctor et
al., 2002, Exp. Bot. 53:1283-1 304; Hothorn et al., 20086, J. Biol. Chem. 281: 27557-27565).
In one embodiment the GSH7 enzyme according to the present invention is one classified as
E.C.6.3.2.2.

As shown in Figure 1 glutathione synthetase (GSH2; E.C. 6.3.2.3) catalyses the second step
of glutathione biosynthesis.

In one embodiment the GSH2 enzyme according to the present invention is one classified as
E.C.6.3.2.3.

The term “aerial parts” of the plant as used herein means the part(s) of the plant above the
ground and may include the leaves, the fruit, the seed and the stem. In one embodiment the
term aerial parts of the plant as used herein means leaf only or leaf and/or stem of the plant.
Without wishing to be bound by theory by overexpression or upregulating the enzymes
involved in the biosynthesis of glutathione, e.g. GSH1 and/or GSH2, heavy metals may be
sequestered in the plant roots (e.g. the vacuole of the plant roots) and thus be removed from
further transport in the plant, e.g. to the plants aerial parts, such as into the leaves, the
seeds, the fruits and/or the stems”** and particularly into the leaves.

This has significant advantages in the production of tobacco and other crops where the
leaves are consumed, e.g. in salad crops, such as lettuces (including for example baby leaf
spinach, Cos, Frisée, Iceberg lettuce, Lamb’s lettuce, Little Gem, Mizuna, Radicchio, Red
mustard, Red oak leaf, Rocket (Roquette), Ruby chard, Sweet Romaine), watercress and
cress; as well as in leaf vegetables, such as cabbages, spinach, kale, tea, chicory (or curly
endive), Phak chet, and herbs (such as basil, mint and oregano).

In addition, this has significant advantages in the production of crops where fruits and/or
seeds (e.g. aerial fruits and/or seeds) are consumed.

Suitably, the terms “fruits” and “seeds” may include legumes, grain, and nuts.

The plant (or part thereof) or plant cell or plant propagation material according to the present
invention may be a monocotyledonous (monocot) plant or a dicotyledonous (dicot) plant.

In one embodiment the plant, plant cell or plant tissue according to the present invention may

be a dicot.
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The plant (or part thereof) or plant cell or plant propagation material according to the present

invention may be a crop plant, e.g. a fruit crop, a seed crop, a legume or a nut crop.

The crop plant in accordance with the present invention may be selected from the group
consisting of tomato, strawberry, cherry, redcurrant, blackcurrant, gooseberry, raspberry,
mulberry, peppers (Capsicum), peppers (Piper), water melon, melon, squash, gourd or
aubergine (eggplant), olive, radish, horseradish, banana, apple, pears, peach, grape vine,
citrus species, wheat, oat, barley, triticale, rice, quinoa (Chenopodium quinoa), fonio
(Digitaria) maize, sorghum, rye, onion, leek, millet, buckwheat, sugarcane, sunflower, oilseed
rapeseed (including canola), okra, coffee, and cocoa (Theobroma cacao), palm, cotton,
coconut, sesame, safflower, flax, kapok, mustard, nutmeg, jojoba, peas, beans, alfalfa,
lentils, soybeans, peanuts, almonds, pecans, pistachios, walnuts, Brazil nuts, hazelnuts,
macadamia nuts, cashew nut, acorn, beechnuts, filbert nuts and chestnuts.

The plant (or part thereof) or plant cell or plant propagation material according to the present
invention may be a fruit crop. A fruit crop in accordance with the present invention may be
selected from the group consisting of: tomato, strawberry, cherry, redcurrant, blackcurrant,
gooseberry, raspberry, mulberry, peppers (Capsicum), peppers (Piper), water melon, melon,
squash, gourd, aubergine (eggplant), olive, radish, horseradish, banana, apple, pears,
peach, grape vine and citrus species.

The plant (or part thereof) or plant cell or plant propagation material according to the present
invention may be a seed crop. A seed crop in accordance with the present invention may be
a cereal or grain crop, e.g. one selected from the group consisting of: wheat, oat, barley,
triticale, rice, quinoa (Chenopodium quinoa), fonio (Digitaria), maize, sorghum, rye, onion,
leek, millet, buckwheat, sugarcane. In another embodiment the seed crop in accordance
with the present invention may be selected from the group consisting of. a sunflower, oilseed
rapeseed (including canola), okra, coffee, cocoa ( Theobroma cacao), palm, cotton, coconut,
sesame, safflower, flax, kapok, mustard, nutmeg and jojoba.

The plant (or part thereof) or plant cell or plant propagation material according to the present
invention may be a legume. A legume in accordance with the present invention may be
selected from the group consisting of peas, beans, alfalfa, lentils, soybeans and peanuts.
The plant (or part thereof) or plant cell or plant propagation material according to the present
invention may be a fruit or seed crop which is a nut crop. A nut crop in accordance with the
present invention may be selected from the group consiting of almonds, pecans, pistachios,
walnuts, Brazil nuts, hazelnuts, macadamia nuts, cashew nut, acorn, beechnuts, filbert nuts

and chestnuts.
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Preferably, the plant, plant cell or plant tissue, or host plant is a crop plant. By crop plant is

meant any plant which is grown on a commercial scale for human or animal consumption or
use for animal feed.

In such plants heavy metals can be sequestered into the roots of the plant (and thus appear
in the harvested or consumable arial parts (e.g. leaves) of the plants.

Companies wishing to reduce heavy metal levels in plant leaves — which can be consumed,
e.g. used in smoking articles, such as cigarettes and cigars, can use the present invention.
The overexpression of at least GSHT (and/or GSH2), e.g. in the roots of the plant, is an
elegant solution to this problem as the transport of heavy metals to the arial parts (e.g.
leaves) of the plant can be interrupted and hence the heavy metal levels in the arial parts
(e.g. leaves) of the plant can be reduced. Heavy metal ions bind to glutathione and can be
bound in the roots of the plant.

In one embodiment the gsh1 gene is the Arabidopsis gene, e.g. locus At4g23100, or an
orthologue thereof. In one embodiment, the gsh7 gene for use in the present invention is
encoded by SEQ ID No. 1 or SEQ ID No. 2 taught herein.

The gsh1 gene for use in the present invention may be from any source, e.g. from a plant
(e.g. a dicot plant or a monocot plant); from a moss; from an algae, from a bacteria (including
cyanobacteria); or from an animal.

In some embodiments, the gsh1 gene for use in the present invention may be encoded by

one or more of the following sequences identified by their Uniprot sequence identifier:

D7MDWS, F4JMS5, P46309, ROF4V5, V4TMB4, VA4TSB7, V4VJD2, VAMPS5, 11K6J1,
G7LHC5, Q9ZNX6, B9GKI0, B9GWI2, BIRCB6, 022493, M1AWBY, D7TVZ7, 1THMPS,
B7EUG4, Q688Q9, K3Z5M4, C5YZF7, Q8W4AW3, A9RUO7, A9U3U7, DBROYZ2, D85150,
A8IA77, D8TT59, CIN1WO, C1FFN8, A4RZD5, E1ZNL3, IOYUNS.

In one embodiment the gsh71 gene for use in the present invention is encoded by a nucleotide
sequence taught in any of the following as: SEQ ID No. 1 or SEQ ID No. 2 or SEQ ID No. 8
or SEQ ID No. 10 or SEQ ID No. 12 or SEQ ID No. 14 or SEQ ID No. 16 or SEQ ID No. 18 or
SEQ ID No. 20 or SEQ ID No. 22 or SEQ ID No. 24 or SEQ ID No. 26 or SEQ ID No. 28 or
SEQ ID No. 30 or SEQ ID No. 32.

The term “orthologue” as used herein means an homologous gene sequence found in a
different organism, e.g. a different species. The term orthologue of the Arabidopsis gsh?
gene may include one of the following genes from another organism (e.g. another species):
SEQ ID No. 8 or SEQ ID No. 10 or SEQ ID No. 12 or SEQ ID No. 14 or SEQ ID No. 16 or
SEQ ID No. 18 or SEQ ID No. 20 or SEQ ID No. 22 or SEQ ID No. 24 or SEQ ID No. 26 or
SEQ ID No. 28 or SEQ ID No. 30 or SEQ ID No. 32.
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In one embodiment the gsh7 gene according to the present invention encodes a GSH1

protein sequence which has the following conserved residues: an n1 metal binding site
comprised of Glu-115, Glu-167 and Glu-173; an n2 metal binding site comprised of Glu-113,
GIn-254 and Glu-393; or a combination thereof. The numbering of the conserved residues
means the effective equivalent position when the GSH1 protein is aligned with the
Arabidopsis thaliana GSH1 (“Arath_gsha (1)) protein sequence shown herein as SEQ ID No.
3.
Without wishing to be bound by theory these metal binding sites are form the catalytic centre
of the active site, where n1 site may bind free metal and the n2 site may interact with
MgATP. Active site analysis of GSH1 enzymes was studied in Abbott et al. J. of Biol. Chem.
Vol 276, No. 45, 9, pp42099-42107 (2001) which is hereby incorporated by reference.
In a further embodiment the gsh71 gene or the nucleic acid sequence encoding said GSH1
polypeptide for use in the present invention comprises:
i) a polynucleotide sequence shown herein as SEQ ID No. 1 or SEQ ID
No. 2 or SEQ ID No. 8 or SEQ ID No. 10 or SEQ ID No. 12 or SEQ ID
No. 14 or SEQ ID No. 16 or SEQ ID No. 18 or SEQ ID No. 20 or SEQ
ID No. 22 or SEQ ID No. 24 or SEQ ID No. 26 or SEQ ID No. 28 or
SEQ ID No. 30 or SEQ ID No. 32, or
i) a functional fragment of the polynucleotide sequence shown in i) which
functional fragment encodes a functional GSH1 polypeptide, or
iii) a polynucleotide which encodes a polypeptide comprising the amino
acid sequence shown herein as SEQ ID No. 3 or SEQ ID No. 9 or SEQ
ID No. 11 or SEQ ID No. 13 or SEQ ID No. 15 or SEQ ID No. 17 or
SEQ ID No. 19 or SEQ ID No. 21 or SEQ ID No. 23 or SEQ ID No. 25
or SEQ ID No. 27 or SEQ ID No. 29 or SEQ ID No. 31 or SEQ ID No.
33, or
iv) a polynucleotide sequence which can hybridize to the polynucleotide
taught in i), ii) or iii) above under high stringency conditions, or
V) a polynucleotide sequence which has at least 70% (preferably 85%,
more preferably 90%) identity with the polynucleotide shown in i), ii) or
i) above, or
Vi) a polynucleotide sequence which differs from polynucleotide shown in
i), i) oriii) due to degeneracy of the genetic code.
In a further embodiment the gsh71 gene or the nucleic acid sequence encoding said GSH1

polypeptide for use in the present invention comprises:
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i) a polynucleotide sequence shown herein as SEQ ID No. 1 or SEQ ID
No. 2, or
i) a functional fragment of the polynucleotide sequence shown in i) which

functional fragment encodes a functional GSH1 polypeptide, or
iii) a polynucleotide which encodes a polypeptide comprising the amino
acid sequence shown herein as SEQ ID No. 3, or
iv) a polynucleotide sequence which can hybridize to the polynucleotide
taught in i), ii) or iii) above under high stringency conditions, or
V) a polynucleotide sequence which has at least 70% (preferably 85%,
more preferably 90%) identity with the polynucleotide shown in i), ii) or
i) above, or
Vi) a polynucleotide sequence which differs from polynucleotide shown in
i), i) oriii) due to degeneracy of the genetic code.
In one embodiment of the present invention the protein encoded by the gsh7 gene or the
nucleic acid encodes a polypeptide sequence shown herein as SEQ ID No. 3 or SEQ ID No.
9 or SEQ ID No. 11 or SEQ ID No. 13 or SEQ ID No. 15 or SEQ ID No. 17 or SEQ ID No. 19
or SEQ ID No. 21 or SEQ ID No. 23 or SEQ ID No. 25 or SEQ ID No. 27 or SEQ ID No. 29 or
SEQ ID No. 31 or SEQ ID No. 33, or polypeptide sequence which comprises SEQ ID No. 3
or SEQ ID No. 9 or SEQ ID No. 11 or SEQ ID No. 13 or SEQ ID No. 15 or SEQ ID No. 17 or
SEQ ID No. 19 or SEQ ID No. 21 or SEQ ID No. 23 or SEQ ID No. 25 or SEQ ID No. 27 or
SEQ ID No. 29 or SEQ ID No. 31 or SEQ ID No. 33 with a conservative substitution of at
least one of the amino acids, or a polypeptide having at least 70% identity with SEQ ID No. 3
or SEQ ID No. 9 or SEQ ID No. 11 or SEQ ID No. 13 or SEQ ID No. 15 or SEQ ID No. 17 or
SEQ ID No. 19 or SEQ ID No. 21 or SEQ ID No. 23 or SEQ ID No. 25 or SEQ ID No. 27 or
SEQ ID No. 29 or SEQ ID No. 31 or SEQ ID No. 33.
In one embodiment of the present invention the protein encoded by the gsh7 gene or the
nucleic acid encodes a polypeptide having at least 85% identity with SEQ ID No. 3 or SEQ ID
No. 9 or SEQ ID No. 11 or SEQ ID No. 13 or SEQ ID No. 15 or SEQ ID No. 17 or SEQ ID
No. 19 or SEQ ID No. 21 or SEQ ID No. 23 or SEQ ID No. 25 or SEQ ID No. 27 or SEQ ID
No. 29 or SEQ ID No. 31 or SEQ ID No. 33.
In one embodiment of the present invention the protein encoded by the gsh7 gene or the
nucleic acid encodes a polypeptide having at least 90 or 95% identity with SEQ ID No. 3 or
SEQ ID No. 9 or SEQ ID No. 11 or SEQ ID No. 13 or SEQ ID No. 15 or SEQ ID No. 17 or
SEQ ID No. 19 or SEQ ID No. 21 or SEQ ID No. 23 or SEQ ID No. 25 or SEQ ID No. 27 or
SEQ ID No. 29 or SEQ ID No. 31 or SEQ ID No. 33.
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In one embodiment of the present invention the protein encoded by the gsh7 gene or the

nucleic acid encodes a polypeptide having at least 98% or 99% identity with SEQ ID No. 3 or
SEQ ID No. 9 or SEQ ID No. 11 or SEQ ID No. 13 or SEQ ID No. 15 or SEQ ID No. 17 or
SEQ ID No. 19 or SEQ ID No. 21 or SEQ ID No. 23 or SEQ ID No. 25 or SEQ ID No. 27 or
SEQ ID No. 29 or SEQ ID No. 31 or SEQ ID No. 33.

In one embodiment of the present invention the protein encoded by the gsh7 gene or the
nucleic acid encodes a polypeptide sequence shown herein as SEQ ID No. 3, or polypeptide
sequence which comprises SEQ ID No. 3 with a conservative substitution of at least one of
the amino acids, or a polypeptide having at least 70% (preferably 85%, more preferably 90%)
identity with SEQ ID No. 3.

In one embodiment of the present invention in addition to increasing the expression of the
gsh1 gene (or the activity of the GSH1 protein) the plant is further modified to increase the
expression of a gsh2 gene or the activity of the protein encoded by the gsh2 gene in said
plant.

In one embodiment the increased expression of the gsh2 gene is achieved by
overexpressing or upregulating the gsh2 gene.

In another embodiment the method of the present invention comprises in addition to
increasing the expression of the gsh7 gene (or the activity of the GSH1 protein), modifying
the plant by increasing the expression of the gsh2 gene in said plant root (e.g. in a plant root
cell or plant root tissue).

In one embodiment the method of the present invention comprises expressing within a plant
a polynucleotide (e.g. an exogenous polynucleotide) comprising a nucleic acid sequence
encoding a GSH2 polypeptide.

In one embodiment the gsh2 gene is the Arabidopsis gsh2 gene, or an orthologue thereof.
The gshZ2 gene for use in the present invention may be from any source, e.g. from a plant
(e.g. a dicot plant or a monocot plant); from a moss; from an algae, from a bacteria (including
cyanobacteria); or from an animal.

In some embodiments, the gsh2 gene for use in the present invention may be encoded by

one or more of the following gsh2 sequences identified by their Uniprot sequence identifier:

D7M652, P46416, ROH761, VASFK5, V4K412, A2Q600, USFUH4, U5GDQ3, B9RF11,
022494, 111JU8, QOIP23, QOIREB, C5YP88, C5Y715, B4AFWGO, Q7XB40, A9RTTS,
D8SN58, DBSR77, A8IR74, D8UB55, C1MUCS5, C1E4E9, A4RYM3, Q017J0, E1ZHD9,
I0ZAA4.

In one embodiment the gsh2 gene for use in the present invention is encoded by a nucleotide
sequence taught in any of the following as: SEQ ID No. 4 or SEQ ID No. 5 or SEQ ID No. 34
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or SEQ ID No. 36 or SEQ ID No. 38 or SEQ ID No. 40 or SEQ ID No. 42 or SEQ ID No. 44 or

SEQ ID No. 46 or SEQ ID No. 48 or SEQ ID No. 50 or SEQ ID No. 52.
The term “orthologue” as used herein means an homologous gene sequence found in
different species. The term orthologue of the Arabidopsis gsh2 gene may include one of the
following genes from other species: SEQ ID No. 34 or SEQ ID No. 36 or SEQ ID No. 38 or
SEQ ID No. 40 or SEQ ID No. 42 or SEQ ID No. 44 or SEQ ID No. 46 or SEQ ID No. 48 or
SEQ ID No. 50 or SEQ ID No. 52.
In a further embodiment the polynucleotide (e.g. exogenous polynucleotide) for use in the
present invention comprises a nucleic acid sequence encoding a GSH2 polypeptide operably
linked with a heterologous promoter for directing transcription of said nucleic acid sequence
in said plant. In one embodiment preferably the promoter is non-constitutive (e.g. in the
sense that it does not direct expression in all or virtually all tissues), but has at least
expression in the root (e.g. in a root cell or root tissue). Suitably the promoter (e.g.
heterologous promoter) operably linked with the nucleic acid sequence encoding the GSH2
polypeptide is a root-specific promoter or root-preferred promoter.
In one embodiment the gsh2 gene or the nucleic acid sequence encoding said GSH2
polypeptide comprises:
i) a polynucleotide sequence shown herein as SEQ ID No. 4 or SEQ ID
No. 5 or SEQ ID No. 34 or SEQ ID No. 36 or SEQ ID No. 38 or SEQ ID
No. 40 or SEQ ID No. 42 or SEQ ID No. 44 or SEQ ID No. 46 or SEQ
ID No. 48 or SEQ ID No. 50 or SEQ ID No. 52, or
i) a functional fragment of the polynucleotide sequence shown in i) which
functional fragment encodes a functional GSH2 polypeptide, or
iii) a polynucleotide which encodes a polypeptide comprising the amino
acid sequence shown herein as SEQ ID No. 6 or SEQ ID No. 35 or
SEQ ID No. 37 or SEQ ID No. 39 or SEQ ID No. 41 or SEQ ID No. 43
or SEQ ID No. 45 or SEQ ID No. 47 or SEQ ID No. 49 or SEQ ID No.
51 or SEQ ID No. 53, or
iv) a polynucleotide sequence which can hybridize to the polynucleotide
taught in i), ii) or iii) above under high stringency conditions, or
V) a polynucleotide sequence which has at least 70% (preferably 85%,
more preferably 90%) identity with the polynucleotide shown in i), ii) or
i) above, or
Vi) a polynucleotide sequence which differs from polynucleotide shown in

i), i) oriii) due to degeneracy of the genetic code.
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In one embodiment the gsh2 gene or the nucleic acid sequence encoding said GSH2

polypeptide comprises:

i) a polynucleotide sequence shown herein as SEQ ID No. 4 or SEQ ID
No. 5, or
i) a functional fragment of the polynucleotide sequence shown in i) which

functional fragment encodes a functional GSH2 polypeptide, or
iii) a polynucleotide which encodes a polypeptide comprising the amino
acid sequence shown herein as SEQ ID No. 6, or
iv) a polynucleotide sequence which can hybridize to the polynucleotide
taught in i), ii) or iii) above under high stringency conditions, or
V) a polynucleotide sequence which has at least 70% (preferably 85%,
more preferably 90%) identity with the polynucleotide shown in i), ii) or
i) above, or
Vi) a polynucleotide sequence which differs from polynucleotide shown in
i), i) oriii) due to degeneracy of the genetic code.
In one embodiment the protein encoded by the gsh2 gene or the nucleic acid encodes a
polypeptide sequence shown herein as SEQ ID No. 6 or SEQ ID No. 35 or SEQ ID No. 37 or
SEQ ID No. 39 or SEQ ID No. 41 or SEQ ID No. 43 or SEQ ID No. 45 or SEQ ID No. 47 or
SEQ ID No. 49 or SEQ ID No. 51 or SEQ ID No. 53, or polypeptide sequence which
comprises SEQ ID No. 6 or SEQ ID No. 35 or SEQ ID No. 37 or SEQ ID No. 39 or SEQ ID
No. 41 or SEQ ID No. 43 or SEQ ID No. 45 or SEQ ID No. 47 or SEQ ID No. 49 or SEQ ID
No. 51 or SEQ ID No. 53 with a conservative substitution of at least one of the amino acids,
or a polypeptide having at least 70% identity with SEQ ID No. 6 or SEQ ID No. 35 or SEQ ID
No. 37 or SEQ ID No. 39 or SEQ ID No. 41 or SEQ ID No. 43 or SEQ ID No. 45 or SEQ ID
No. 47 or SEQ ID No. 49 or SEQ ID No. 51 or SEQ ID No. 53.
In one embodiment of the present invention the protein encoded by the gsh2 gene or the
nucleic acid encodes a polypeptide having at least 85% identity with SEQ ID No. 6 or SEQ ID
No. 35 or SEQ ID No. 37 or SEQ ID No. 39 or SEQ ID No. 41 or SEQ ID No. 43 or SEQ ID
No. 45 or SEQ ID No. 47 or SEQ ID No. 49 or SEQ ID No. 51 or SEQ ID No. 53.
In one embodiment of the present invention the protein encoded by the gsh2 gene or the
nucleic acid encodes a polypeptide having at least 90 or 95% identity with SEQ ID No. 6 or
SEQ ID No. 35 or SEQ ID No. 37 or SEQ ID No. 39 or SEQ ID No. 41 or SEQ ID No. 43 or
SEQ ID No. 45 or SEQ ID No. 47 or SEQ ID No. 49 or SEQ ID No. 51 or SEQ ID No. 53.
In one embodiment of the present invention the protein encoded by the gsh2 gene or the

nucleic acid encodes a polypeptide having at least 98% or 99% identity with SEQ ID No. 6 or
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SEQ ID No. 35 or SEQ ID No. 37 or SEQ ID No. 39 or SEQ ID No. 41 or SEQ ID No. 43 or

SEQ ID No. 45 or SEQ ID No. 47 or SEQ ID No. 49 or SEQ ID No. 51 or SEQ ID No. 53.
In one embodiment the protein encoded by the gsh2 gene or the nucleic acid encodes a
polypeptide sequence shown herein as SEQ ID No. 6, or polypeptide sequence which
comprises SEQ ID No. 6 with a conservative substitution of at least one of the amino acids,
or a polypeptide having at least 70% (preferably 85%, more preferably 90%) identity with
SEQ ID No. 6.

In one embodiment, the gsh2 gene for use in the present invention is encoded by SEQ ID
No. 4 or SEQ ID No. 5 taught herein.

In one embodiment at least GSH1 is overexpressed and/or upregulation.

In another embodiment GSH1 and GSH2 are overexpressed and/or upregulated.

In another embodiment in addition to increasing the expression of (e.g. overexpressing
and/or upregulating) GSH1 and/or GSH2, the expression of one of the following may also be
increased (e.g. overexpressed and/or upregulated): phytochelatin synthase (PCS) (E.C.
2.3.2.15) (e.g. PSC1), an ABCC transporter (e.g. ABCC1 and/or ABCC2).

Without wishing to be bound by theory, phytochelatin synthase (PCS) synthesizes
phytochelatin from glutathione (e.g. as prepared by the glutathione biosynthesis disclosed
herein). The amount of phytochelatin increases when the cell needs more phytochelatin, e.g.
in high concentrations of heavy metal ions. The increase in PCS thus converts the metal
bound glutathione to a metal-phytochelatin complex. In a further embodiment of the present
invention addition to overexpressing and/or upregulating GSH1 and/or GSH2, one may
further overexpress and/or upregulate PCS.

Without wishing to be bound by theory, the metal-phytochelatin complex can be sequestered
into the vacuole of the plants root cells by ABCC transporters, such as ABCC1 and/or
ABCC2. In one embodiment in addition to overexpressing and/or upregulating GSH1 and/or
GSH2 the overexpression of ABCC transporters ABCC1 and/or ABCC2 is also contemplated.
A gene of interest in accordance with the present invention is preferably a gsh7 gene. In
some embodiments the gene of interest may be a gsh2 gene, and/or an ABCC transporter
gene, and/or a PCS gene.

A protein of interest in accordance with the present invention is preferably GSH1. In some
embodiments the protein of interest may be a GSH2, and/or an ABCC transporter, and/or
PCS.

The "increase in an expression level of GSH1” means that a plant is increased in the mMRNA
level or the protein level in comparison with an expression level of GSH1 of a parent plant of
the same breed. The expression level of GSH1 is compared with that of GSH1 at a

corresponding part in the parent plant of the same breed cultured under the same condition.
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A case where the expression level increases at least 1.1 times greater than that of the parent

plant is preferably considered as a case where the expression level is increased. Here, it is
more preferable that the expression level of the plant has a significant difference of 5% by a
t-test compared with that of the parent plant, in order to be considered that there is an
increase in the expression level. It is preferable that the expression levels of the plant and
the parent plant be measured at the same time by the same method. However, data stored
as background data may be also used.

The plant of the present invention may be any plant where the aerial parts of the plant (and

particularly the leaves of the plant) are consumed.

In one embodiment the plant (e.g. the modified, consumable or unmodified plant) according
to the present invention is a plant selected from the group consisting of tobacco, a salad leaf

crop and a leaf vegetable.

In one embodiment the plant (e.g. the modified, consumable or unmodified plant) may be a
salad leaf crop, such as a lettuce (including for example baby leaf spinach, Cos, Frisée,
Iceberg lettuce, Lamb’s lettuce, Litle Gem, Mizuna, Radicchio, Red mustard, Red oak leaf,

Rocket (Roquette), Ruby chard, Sweet Romaine), watercress and cress.

In another embodiment the plant (e.g. the modified, consumable or unmodified plant) may be
a leaf vegetable, such as a cabbage, spinach, kale, tea, chicory (or curly endive), Phak chet,

or a herb (such as basil, mint or oregano).

In one embodiment, the plant (e.g. the modified, consumable or unmodified plant) is of the
family Solanaceae, more preferably of the subfamily Cestoideae, more preferably of the
genus Nicotiana, and most preferably the plant (e.g. the modified, consumable or unmodified
plant) is Nicotiana tabacum or N. rustica.

In one preferred embodiment the plant (e.g. the modified, consumable or unmodified plant) is
a tobacco plant. In one preferred embodiment the plant (e.g. the modified, consumable or

unmodified plant) is an oriental tobacco plant.

In one embodiment, the plant (e.g. the modified, consumable or unmodified plant) is a
tobacco plant, which refers to a plant belonging to the genus Nicotiana. Preferred species,
cultivars, hybrids, and varieties of tobacco plant are described herein.

The disclosed compositions and methods can be applied to any species of the genus
Nicotiana, including N. rustica and N. tabacum (for example, LA B21, LN KY171, Tl 1406,
Basma, Galpao, Perique, Beinhart 1000-1, and Petico). Other species include N. acaulis, N.

acuminata, N. acuminata var. multiflora, N. africana, N. alata, N. amplexicaulis, N. arentsii, N.
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attenuata, N. benavidesii, N. benthamiana, N. bigelovii, N. bonariensis, N. cavicola, N.

clevelandii, N. cordifolia, N. corymbosa, N. debneyi, N. excelsior, N. forgetiana, N. fragrans,
N. glauca, N. glutinosa, N. goodspeedii, N. gossei, N. hybrid, N. ingulba, N. kawakamii, N.
knightiana, N. langsdorffii, N. linearis, N. longiflora, N. maritima, N. megalosiphon, N. miersii,
N. noctiflora, N. nudicaulis, N. obtusifolia, N. occidentalis, N. occidentalis subsp. hesperis, N.
otophora, N. paniculata, N. pauciflora, N. petunioides, N. plumbaginifolia, N. quadrivalvis, N.
raimondii, N. repanda, N. rosulata, N. rosulata subsp. ingulba, N. rotundifolia, N. setchellii, N.
simulans, N. solanifolia, N. spegazzinii, N. stocktonii, N. suaveolens, N. sylvestris, N.
thyrsiflora, N. tomentosa, N. tomentosiformis, N. trigonophylla, N. umbratica, N. undulata, N.
velutina, N. wigandioides, and N. x sanderae.

Particularly useful Nicotiana tabacum varieties include Burley type, dark type, flue-cured
type, and Oriental type tobaccos.

In some embodiments the present invention is particularly relevant for Oriental type tobacco.
Non-limiting examples of varieties or cultivars are: |zmir, BD 64, CC 101, CC 200, CC 27, CC
30 1, CC 400, CC 500, CC 600, CC 700, CC 800, CC 900, Coker 176, Coker 319, Coker 371
Gold, Coker 48, CD 263, DF911, 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 50 1 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-7371LC, 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,
'Perique’ tobacco, PVHO03, PVH09, PVH19, PVH50, PVH51, R 610, R 630, R 7-11, 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, TI 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, Y 9, MD 609, PG 01, PG 04, PO 1, P02, PO 3, RG 11, 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 2110, 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,
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TKF 2002, GR141, Basma xanthi, GR149, GR153, Petit Havana. Low converter

subvarieties of the above, even if not specifically identified herein, are also contemplated.

In a particularly preferred embodiment the tobacco plant is a Burley type tobacco plant.
Suitably a Burley PH2517.

As used herein, the term 'plant' refers to any plant at any stage of its life cycle or
development and its progenies. In general, unless otherwise specified, when referring to a
"plant" it is intended to cover a plant at any stage of development, including single cells and
seeds. Thus in particular embodiments, the present invention provides a plant cell, e.g. an

isolated plant cell, having one or more characteristics of a "modified plant" as defined herein.

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

The term “plant propagation material” as used herein refers to any plant matter taken from a
plant from which further plants may be produced. Suitably the plant propagation material may
be a seed.

In one embodiment the modified plant is a transgenic plant.

The term “consumed” as used herein means ingested by a human or animal (preferably
human). The term “consumable” as used herein means being ingestable by a human or
animal (preferably human). Ingestion may be in the form of eating, e.g. entering the body
via the mouth for digestion and absorption, in which case the plants will be edible plants. In
other embodiments the plants may be consumed or consumable by burning or heating the
plant material or an extract (e.g. a tobacco extract) thereof and inhaling the fumes or smoke
thus produced. In the latter case the consumption may be via the mouth and lungs.

The present invention further provides for harvested leaf of a plant in accordance with the
present invention. Suitably the harvested leaf may be a harvested tobacco leaf.

The term harvested means that the leaf or leaves of the plant are removed from the roots of
the plant. The harvested leaf may be comprised of leaf and stem material.

Suitably the harvested leaf (e.g. tobacco leaf) may be subjected to downstream processing.
Thus in one embodiment the harvested leaf may be processed to produce a processed leaf.
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.

Suitably the leaf (e.g. the tobacco leaf) may be subjected to curing, fermenting, pasteurising

or combinations thereof.
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In some embodiments the leaf (e.g. tobacco leaf) is subjected to curing followed by either

fermentation or pasteurisation or a combination thereof.

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.

Preferably the processed leaf (e.g. processed tobacco leaf) does not comprise material
which is capable of reproduction.

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. Most preferably no cells are
viable in the processed plant material, e.g. processed tobacco material.

Suitably the processed tobacco leaf may be processed by curing.

These processing methods preferably result in the processed leaf being non-viable.

Leaves (e.g. tobacco leaf) may be cured by any method known in the art. In one
embodiment leaf (e.g. 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 leaf (e.g. tobacco leaf) may be air cured.

Typically air curing is achieved by hanging leaf (e.g. 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 leaf (e.g. tobacco leaf) may be fire cured. Fire curing is typically achieved by
hanging leaf (e.g. tobacco leaf) in large barns where fires of hardwoods are kept on
continuous or intermittent low smoulder and usually takes between three days and ten
weeks, depending on the process and the plant (e.g. type of tobacco).

In another embodiment the leaf (e.g. tobacco leaf) may be flue cured. Flue curing of
tobacco 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 leaf (e.g. tobacco leaf) may be sun cured. This method typically involves
exposure of uncovered plants or harvested leaf (e.g. tobacco) to the sun.

Suitably the processed leaf (e.g. tobacco leaf) may be processed by fermenting.
Fermentation can be carried out in any manner known in the art. Typically during
fermentation of tobacco, 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
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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 leaf (e.g. tobacco leaf) may be processed by pasteurising.
Pasteurising may be particularly preferred when the tobacco leaf will be used to make a

smokeless tobacco 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.

In some embodiments the harvested leaf or processed leaf is cut into cut leaf. The leaf may
be cut before or after processing. Suitably tobacco leaf may be cut after processing. Cut
tobacco leaf as used herein means tobacco leaf which has been cut such that it can be used
to produce tobacco products (such as cigarettes, tobacco heating devices and the smokeless

tobacco products and the like).

Plant extracts (e.g. tobacco extracts) may be produced by any known method. One example
of a suitable extraction process is taught in EP 0 862 865, which method is hereby
incorporated 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.
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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 one embodiment a consumable plant product may be prepared from the plant or a part
thereof according to the present invention.

In one embodiment the consumable plant product is a tobacco product.

In one embodiment the tobacco product may be prepared from a tobacco plant of the
invention or a part thereof.

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

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

Suitably the tobacco product may comprise a cut tobacco leaf, optionally processed as per
the foregoing embodiment.

In one embodiment the tobacco 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 product may be a smokeless tobacco product.

The term “smokeless tobacco product” as used herein refers to a tobacco product that is not
intended to be smoked and/or subjected to combustion. In one embodiment a smokeless
tobacco product may include snus, snuff, chewing tobacco or the like.

In a further embodiment the tobacco product may be a tobacco heating device.

Typically in heated smoking articles, 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.

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.
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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 product in accordance with the present invention.

The terms “root-specific promoter’ or “root-preferred promoter” means plant promoters

containing elements that drive the expression of genes of interest in root cells and tissues.

In one embodiment the term “root-preferred” means that the expression driven by a plant
promoter is selectively enhanced in the roots in comparison to other tissues of the plant. In
some embodiments root-preferred promoters may drive low levels of expression in tissues
other than root cells and tissues; however, they predominantly drive expression in the roots.
In one embodiment the term “root-specific’ means that the expression driven by a plant
promoter is exclusively or substantially exclusively in the roots in comparison with other
tissues of the plant.

Any root-specific or root-preferred promoter may be used in accordance with the present
invention.

In some embodiments the root-specific or root-preferred promoter may be one selected from
the group consisting of A622;, AtWRKYE6 (see Werner et al. (2011), "Root-Specific Reduction
of Cytokinin Causes Enhanced Root Growth, Drought Tolerance, and Leaf Mineral
Enrichment in Arabidopsis and Tobacco", Plant Cell, 22(12), 3905-3920); NsPMT1 (see Shoji
et al. (2000), "Jasmonate induction of putrescine N-methyltransferase genes in the root of
Nicotiana sylvestris", Plant Cell Physiol., 41(7), 831-839); NsPMT2 (see Shoji et al. (2000),
"Jasmonate induction of putrescine N-methyltransferase genes in the root of Nicotiana
sylvestris", Plant Cell Physiol., 41(7), 831-839); NsPMT3 (see Shoji et al. (2000), "Jasmonate
induction of putrescine N-methyltransferase genes in the root of Nicotiana sylvestris", Plant
Cell Physiol., 41(7), 831-839); NtRB7 (see Conkling et al. (1990), "Isolation of
Transcriptionally Regulated Root-Specific Genes From Tobacco", Plant Physiol., 93(3),
1203-1211); PaHB (see Bogusz et al. (1990), "Nonlegume Hemoglobin Genes Retain Organ-
Specific Expression in Heterologous Transgenic Plants", Plant Cell, 2(7), 633-641); TtHb
(see Bogusz et al. (1990), "Nonlegume Hemoglobin Genes Retain Organ-Specific
Expression in Heterologous Transgenic Plants", Plant Cell, 2(7), 633-641); AtADH (see
Hossain et al. (2006), "Root specific expression of Na® / H' antiporter gene from
Synechocystis sp. PCC 6803 confers salt tolerance of tobacco plant", Plant Biotechnology,
23, 275-281); EgTIPZ2 (see Rodrigues et al. (2013), "The tonoplast intrinsic aquaporin (TIP)
subfamily of Eucalyptus grandis: Characterisation of EgTIP2, a root-specific and osmotic

stress-responsive gene", Plant Science, 213, 106-113); AhAsy (see Geng et al. (2014),
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"Minig Tissue-specific Contigs from Peanut (Archis hypogaea L.) for Promoter Cloning by

Deep Transcriptiome Sequencing", Plant Science, 55, 1793-1801).
Root cells and tissues include any part of the roots, and cover primary, lateral and
adventitious roots.

One method for modifying the plant is through the use of genetic engineering techniques.

The soil bacterium Agrobacterium tumifaciens provides the tools for stable insertion of
foreign genes into a plant and has been used in the transformation of many plant species,
including tobacco, potato, tomato, A. thaliana, eucalyptus, etc. (Hoekema et al, 1983, Nature,
303:179-180, Bendahmane et al., 2000 The Plant Journal, 21 (1): 73-81)). The A.
tumifaciens naturally transfers its own plasmid DNA into plant genomes as a means of
infecting the plant. A. tumifaciens contains a plasmid separate from the bacterial
chromosome, known as the Ti plasmid. Within the Ti plasmid there is a region of DNA which
can be transferred to the infected plant known as transfer-DNA (T-DNA). Also contained in
the Ti plasmid are genes which facilitate the transfer of the T-DNA such as the vir region (a
region which confers virulence for infection). A specific gene of interest (or genes) can be
inserted into the transfer-DNA (T-DNA) of A. tumifaciens and this is then used to infect plants
and generate transgenic populations.

As well as the gene of interest, a selectable marker gene may be used as part of the T-DNA,
such as neomycin phosphotranferase Il (NPTII) which confers kanamycin antibiotic
resistance to the plants expressing that gene, allowing a method of selection of transformed
plants (Angenon et al., 1994 Plant Mol. Biol Manu. C1:1-13). The use of selectable markers
in the present invention is not essential.

By "unmodified plant" it is intended to refer to a plant before transformation with the
exogenous gene. In other words, "modified" refers to a plant which has been modified to
increase the expression of the gene of interest (e.g. gsh7 gene), e.g. a transgenic plant
created by transformation with the exogenous gene. Thus "unmodified" does not limit the
nature of the plant in any other way. The unmodified plant may be a wild type plant derived
from any species or strain, or may be plant which has already been modified by one or more
previous genetic modifications, including the introduction of other transgenes or the deletion
or inactivation of endogenous genes.

A transgenic plant is generated by introduction of an exogenous gene of interested (e.g.
encoding GSH1 enzyme) into the unmodified plant. By "exogenous gene" it is meant that the
gene is transformed into the modified plant from an external source. The exogenous gene
may have a nucleic acid sequence identical to or different to an endogenous gene encoding

the protein of interest (e.g. GSH1 or GSH2) in the modified plant. The exogenous gene may,
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for example, be derived from a genomic DNA or cDNA sequence encoding the protein of

interest (e.g. GSH1 or GSH2) from any species. Typically the exogenous gene is derived
from a different source and has a sequence different to the endogenous gene. Alternatively,
introduction of an exogenous gene having a sequence identical to the endogenous gene may
be used to increase the number of copies of the endogenous gene sequence present in the
plant. As a yet further alternative, introduction of an exogenous gene may mean introducing
a gene which is identical (or functionally identical) to the endogenous gene but which is
operably linked to an exogenous (nhon-natural or non-endogenous) promoter

In one embodiment the exogenous gene is not identical to an endogenous gene encoding
the protein of interest (e.g. GSH1 or GSH2) in the plant. For instance, the exogenous gene
preferably has less than 95% sequence identity with an endogenous gene encoding the
protein of interest (e.g. GSH1 or GSH2) in the unmodified plant. More preferably the
exogenous gene has less than 90%, less than 80%, less than 70%, less than 60%, less than
50% or less than 40% sequence identity with the endogenous gene of interest, e.g. gsh1
gene or gsh2 gene.

Similarly, it is preferred that the protein of interest, e.9. GSH1 or GSH2, encoded by the
exogenous gene is not identical (at the amino acid/polypeptide level) to the protein (e.g. the
GSH1 protein or the GSH2 protein) encoded by an endogenous gene in the plant. For
instance, the exogenous gene product preferably has less than 95% sequence identity with
an endogenous gene product in the unmodified plant. More preferably the exogenous gene
has less than 90%, less than 80%, less than 70%, less than 60%, less than 50% or less than
40% sequence identity with the endogenous gene, e.g. gsh7 gene or gsh2 gene.

Preferably the exogenous gene encoding the protein of interest (e.g. GSH1 or GSH2) is a
heterologous gene, which means that the exogenous gene is derived from a species different
to the species of the unmodified plant. In one preferred embodiment, the heterologous gene
is derived from a donor plant of the genus Arabidopsis, more preferably from Arabidopsis
thaliana.

The genomic and cDNA sequences of a GSH1 from Arabidopsis thaliana are defined in SEQ
ID No. 1 and SEQ ID No. 2, respectively.

The amino acid sequence of GSH1 encoded by these sequences is defined in SEQ ID No. 3.
In one embodiment, a functional fragment of the nucleic acid as taught herein may be the
cDNA sequence.

The term “functional fragment” as used herein refers to a portion of a polynucleotide that is
capable of encoding GSH1 (or GSH2) that retains its activity. In other words a functional
fragment a polynucleotide is able to encode a GSH1 (or GSH2) that has GSH1 (or GSH2)

activity as defined herein.
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In one embodiment the functional fragment may be a portion of a polynucleotide of the

invention comprising at least 50 nucleotides, at least 75 nucleotides or at least 100
nucleotides. In some embodiments the functional fragment may comprise at least 150
nucleotides of a polynucleotide of the invention.

The term “degeneracy of the genetic code” as used herein refers to the redundancy in
codons encoding polypeptide sequences exhibited as the multiplicity of three-codon
combinations specifying an amino acid. For example in an mMRNA molecule encoding a
polypeptide having an isoleucine amino acid, isoleucine can be encoded by AUU, AUC or
AUA. This means that a DNA molecule encoding the RNA can have multiple sequences yet
the resulting polypeptide will have the same sequence. In other words polymorphic
nucleotide sequences can encode the same polypeptide product. This means that one
nucleic acid sequence can comprise a sequence with very low sequence identity to a

second sequence while encoding the same polypeptide sequence.

Variants and fragments of the nucleic acid sequences according to the present invention
include genomic DNA sequences (e.g. comprising a full length gene locus including 5' and/or
3' non-translated regions), DNA sequences comprising a coding sequence and introns (e.g.
excluding 5' and/or 3' non-translated regions), and cDNA sequences associated with the
specified SEQ ID Nos.

In one embodiment, the exogenous gene comprises one or more introns, which may be the
introns found in the genomic sequence from which the exogenous gene is derived.

In another embodiment, the exogenous gene comprises one or more introns, which may not
be the introns found in the genomic sequence from which the exogenous gene is derived.
The inclusion of introns in the exogenous gene may improve the stability of RNA transcribed
therefrom in the transgenic plant, thereby enhancing expression levels of the protein of
interest, e.g. GSH1 or GSH2. The excision of introns involves a complex of proteins around
the RNA, which may protect the RNA from degradation by enzymes which recognise it as
"foreign".

The exogenous gene may be introduced into the modified plant by any suitable
transformation technique, provided that this leads to expression of the protein of interest (e.g.
GSH1 or GSH2) encoded by the exogenous gene in the transgenic plant. Typically the
exogenous gene is a chimeric gene comprising the protein of interest (e.g. GSH1 or GSH2)
coding sequence fused to a promoter sequence derived from a different gene. Such a
chimeric gene may be cloned into any construct suitable for transforming plants.

In embodiments of the invention, the heavy metal levels in the aerial parts (e.g. the leaves) of
the transgenic plant grown in a medium, e.g. soil, comprising heavy metals is reduced

relative to an unmodified plant that is compared to a plant before transformation with the
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exogenous gene. Heavy metal accumulation is compared by growing the plants under the

same environmental conditions, including the same exposure to heavy metals of interest. To
test the plants ability to not transport and/or accumulate heavy metals in the aerial parts (e.g.
leaves thereof) the plants (both modified and unmodified) should be grown in an environment
which contains one or more heavy metals, e.g. which contains one or more heavy metals in
the growth media, e.g. soil, or tissue culture media. Since any reduction in heavy metal levels
is desirable, the level of heavy metals in the aerial parts (e.g. leaves) of the transgenic plant
is not particularly limiting provided that it is detectably lower than that of the unmodified plant.
In one embodiment the heavy metal reduction is a value of at least about 30%, preferably at
least about 50%, more preferably at least about 60%), more preferably at least about 70%,
more preferably at least about 80%), most preferably at least about 90% or even 95% w/w.

In one embodiment the heavy metal reduction is a value of at least about 60% w/w.

The reduction is compared with an unmodified plant (e.g. one which does not have increased
expression of at least gsh1 gene (or the gsh1 and gshZ2 genes) or one where the activity of
the protein encoded by the gsh7 gene (or the gsh1 and gshZ2 genes) is not increased) under

the same growing conditions.

Heavy metal levels may be measured by any suitable technique. An official method available
from Health Canada — Protocol T-306 “Determination of Ni, Pb, Cd, Cr, As, Se and Hg in
Whole tobacco — 31 December 1999” may be used. Suitably, Inductively Coupled Argon
Plasma (ICP) with the use of HCI in the digestion procedure, Atomic Emission Spectroscopy
(AES) may be used. Alternatives may include the use of Atomic Absorption Spectroscopy
(AA). In one preferred embodiment the method detailed in Health Canada — Protocol T-306
is used to measure heavy metal levels (this method may be adjusted to account for smaller
sample sizes as required).

In some embodiments of the present invention, the introduction of the exogenous gene into
an unmodified plant generates a primary transgenic plant, i.e. a TO plant produced by

direct transformation with the exogenous gene. A secondary transgenic plant (i.e. a T1 plant)
may be produced by propagation of the primary transgenic plant, for instance by sexual

or asexual reproduction thereof. Preferably the secondary transgenic plant is produced by
selfing the primary transgenic plant, i.e. by self-fertilization or self-pollination. In this way,

it is possible to generate secondary transgenic plants which are homozygous for the
exogenous gene of interest (e.g. gsh1 or gsh2). It is expected that 25% of secondary
transgenic plants generated by selfing a primary transgenic plant will be homozygous for the
exogenous gene.

In one embodiment, preferably the plants in accordance with the present invention are

prepared using double haploids. Double haploids may be prepared by using tissue culture
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techniques referred to as “anther culture” and “isolated microspore culture” where immature

pollen grains can grow to product colonies of cells. The colonies may be transferred to media
with different plant growth regulators and sugars to induce growth of shoots and then roots.
The present method preferably involves generating a plurality of transgenic plants by
independent transformation of a plurality of unmodified plants with the exogenous gene.

In other words, the method may be repeated on multiple individual plants to produce a series
of transgenic plants derived from individual transformation events. Plant lines derived from
each of these transgenic plants may differ in their properties, including the extent to which
heavy metal accumulation in the aerial parts (e.g. leaves) is reduced. Thus in some
embodiments, the method involves screening the transgenic plants produced by the method
(either primary, secondary or subsequent generation plants) and selecting those plants
having desirable properties (for example a reduction in heavy metal levels in the aerial parts
—e.g. leaves — of the plant) for further propagation.

Preferably a primary transgenic plant generated by introduction of the exogenous gene
contains a single copy of the exogenous gene. The method preferably involves detecting
the copy number of the exogenous gene in the primary transgenic plant, for instance before
selecting primary transgenic plants having a single copy for propagation.

In another embodiment, the method further comprises determining the level of one or more
heavy metals in the aerial parts, e.g. leaves, of each of a plurality of transgenic plants
generated by independent transformation events. Heavy metal levels may be determined in
the primary, secondary or subsequent generation transgenic plants. The method preferably
further comprises selecting one or more transgenic plants having reduced levels of one or
more heavy metals relative to an unmodified plant, and propagating the transgenic plants
having reduced levels.

In one embodiment the modified plants of the present invention have reduced levels of at
least 1 heavy metal.

In another embodiment the modified plants of the present invention have reduced levels of at
least 2 heavy metals.

In a yet further embodiment the modified plants of the present invention have reduced levels
of at least 3 heavy metals.

In certain embodiments of the present invention, chimeric genes encoding a protein of
interest (e.g. GSH1, or GSH1 and GSH2) may be transformed into plant cells leading to
controlled expression of the protein of interest (e.g. GSH1, or GSH1 and GSH2) under the
direction of a promoter. The promoters may be obtained from different sources including
animals, plants, fungi, bacteria, and viruses. Promoters may also be constructed

synthetically.
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Exogenous genes 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 gene of interest (e.g. GSH1, or GSH2) coding sequence, optionally including
introns, 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. 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 expression cassette 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. 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 GSH71 or GSH2) 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. When referring to a "chimeric gene", it is meant that the nucleic
acid sequence encoding a gene of interest (e.9. GSHT or GSH2) is derived from a different
origin (e.g. from a different gene, or from a different species) to the promoter sequence which
directs its expression.

The expression cassette may be incorporated into a basic plant transformation vector, such
as pBIN 19 Plus, pBl 101, 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
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Agrobacterium vir genes, one or more T-DNA border sequences, and a selectable marker or

other means of identifying transgenic plant cells.

The term "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. The term "incorporated” preferably covers 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 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).
Typically, in Agrobacterium-mediated transformation a binary vector carrying a foreign DNA
of interest, i.e. a chimeric gene, 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) 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 D. N. et al., (1980),
Tissue Culture Methods for Plant Pathologists, eds.: D. S. Ingrams and J.P. Helgeson, 203-
208.

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, including the silicon carbide whisker
technique are taught in Frame B R, Drayton P R, Bagnaall S V, Lewnau C J, Bullock

W P, Wilson H M, Dunwell J M, Thompson J A & Wang K (1994). Production of fertile
transgenic maize plants by silicon carbide whisker-mediated transformation is taught in The
Plant Journal 6: 941-948) and viral transformation techniques is taught in for example Meyer
P, Heidmmm | & Niedenhof | (1992). The use of cassava mosaic virus as a

vector system for plants is taught in Gene 110: 213-217. Further teachings on plant
transformation may be found in EP-A-0449375.
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In a further aspect, the present invention relates to a vector system which carries a

nucleotide sequence encoding a gene of interest (e.g. gsh? or gsh2) and introducing it into
the genome of an organism, such as a 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 Anetal, (1980), Binary Vectors, Plant Molecular Biology Manual A3, 1-19.

One extensively employed system for transformation of plant cells uses the Ti plasmid from
Agrobacterium tumefaciens or a Ri plasmid from Agrobacterium rhizogenes Anetal., (1986),
Plant Physiol. 81, 301-305 and Butcher D. N. et al., (1980), Tissue Culture Methods for Plant
Pathologists, eds.: D. S. Ingrams and J.P. Helgeson, 203-208. 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, in: The Binary Plant Vector System Offset-drukkerij Kanters B. B.,
Amsterdam, 1985, Chapter V; Fraley, etal., Crit. Rev. Plant Sci., 4:1-46; and Anetal., EMBO J
(1985) 4:277-284.

Plant cells transformed with an exogenous gene encoding a protein of interest (e.g. GSH1 or
GSH2) 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 an exogenous gene encoding a gene of interest, e.g. gsh1 or gsh2, according to
the present invention. Preferably the exogenous gene is incorporated in the genome of the
plant.

The terms "transgenic plant”" and "chimeric gene" do 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 nucleic acid sequence, chimeric gene, plant transformation vector or 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 nucleic acid sequence, chimeric gene, plant transformation vector or 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.
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The term “nuclecotide 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.

In a preferred embodiment, the nucleotide sequence when relating to and when encompassed
by the per se scope of the present invention does not include the native nucleotide sequence
according to the present invention 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 “non-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. However, the amino acid
sequence encompassed by scope the present invention can be isolated and/or purified post
expression of a nucleotide sequence in its native organism. Preferably, however, the amino
acid sequence encompassed by scope of the present invention may be expressed by a
nucleotide sequence in its native organism but wherein the nucleotide sequence is not under
the control of the promoter with which it is naturally associated within that organism.

Typically, the nucleotide sequence encompassed by the scope of the present invention is
prepared using recombinant DNA techniques (i.e. recombinant DNA). However, in an
alternative embodiment of the invention, the nucleotide sequence could be synthesised, in
whole or in part, using chemical methods well known in the art (see Caruthers MH et al,,
(1980) Nuc Acids Res Symp Ser 215-23 and Horn T et al., (1980) Nuc Acids Res Symp Ser
225-232).

A nucleotide sequence encoding either a protein which has the specific properties 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.

By way of further example, a genomic DNA and/or cDNA library may be constructed using

chromosomal DNA or messenger RNA from the organism producing the enzyme. If the
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amino acid sequence of the enzyme is known, labelled oligonucleotide probes may be

synthesised and used to identify enzyme-encoding clones from the genomic library prepared
from the organism. Alternatively, a labelled oligonucleotide probe containing sequences
homologous to another known enzyme gene could be used to identify enzyme-encoding
clones. In the latter case, hybridisation and washing conditions of lower stringency are used.
In a yet further alternative, the nucleotide sequence encoding the enzyme may be prepared
synthetically by established standard methods, e.g. the phosphoroamidite method described
by Beucage S.L. et al., (1981) Tetrahedron Letters 22, p 1859-1869, or the method described
by Matthes et al, (1984) EMBO J. 3, p 801-805. In the phosphoroamidite method,
oligonucleotides are synthesised, e.g. in an automatic DNA synthesiser, purified, annealed,
ligated and cloned in appropriate vectors.

The nucleotide sequence may be of mixed genomic and synthetic origin, mixed synthetic and
cDNA origin, or mixed genomic and cDNA origin, prepared by ligating fragments of synthetic,
genomic or cDNA origin (as appropriate) in accordance with standard techniques. Each
ligated fragment corresponds to various parts of the entire nucleotide sequence. The DNA
sequence may also be prepared by polymerase chain reaction (PCR) using specific primers,
for instance as described in US 4,683,202 or in Saiki R K et al., (Science (1988) 239, pp 487-
491).

The scope of the present invention also encompasses amino acid sequences of enzymes
having the specific properties as defined herein.

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 amino acid sequence may be prepared/isolated from a suitable source, or it may be
made synthetically or it may be prepared by use of recombinant DNA techniques.

Preferably the amino acid sequence when relating to and when encompassed by the per se
scope of the present invention is not a native enzyme. In this regard, the term "native enzyme"
means an entire enzyme that is in its native environment and when it has been expressed by its
native nucleotide sequence.

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 encoding such a
polypeptide (hereinafter referred to as a “homologous sequence(s)”). Here, the term

‘homologue” means an entity having a certain homology with the subject amino acid
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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 enzyme.

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.

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

In one embodiment the present invention relates to a protein whose amino acid sequence is
represented herein or a protein derived from this (parent) protein by substitution, deletion or
addition of one or several amino acids, such as 2, 3, 4, 5, 6, 7, 8, 9 amino acids, or more
amino acids, such as 10 or more than 10 amino acids in the amino acid sequence of the
parent protein and having the activity of the parent protein.

In one embodiment the present invention relates to a nucleic acid sequence (or gene)
encoding a protein whose amino acid sequence is represented herein or encoding a protein
derived from this (parent) protein by substitution, deletion or addition of one or several amino
acids, such as 2, 3, 4, 5, 6, 7, 8, 9 amino acids, or more amino acids, such as 10 or more
than 10 amino acids in the amino acid sequence of the parent protein and having the activity
of the parent protein.

Homology or 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 “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
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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
fatiana@ncbinim.nih.gov), FASTA (Altschul et al 1990 J. Mol. Biol. 403-410) and AlignX for
example. Atleast 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.

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 result.
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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.

Suitably, the degree of identity with regard to a nucleotide sequence is determined over at
least 20 contiguous nucleotides, preferably over at least 30 contiguous nucleotides,
preferably over at least 40 contiguous nucleotides, preferably over at least 50 contiguous
nucleotides, preferably over at least 60 contiguous nucleotides, preferably over at least 100
contiguous nucleotides.

Suitably, the degree of identity with regard to a nucleotide sequence may be determined over
the whole sequence.

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
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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-I-
phenylalanine*, L-allyl-glycine*, R-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-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, 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
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RJ et al., PNAS (1992) 89(20), 9367-9371 and Horwell DC, Trends Biotechnol. (1995) 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 stringent conditions (e.g. 50°C and 0.2xSSC
{1xSSC = 0.15 M NaCl, 0.015 M Nagscitrate pH 7.0}).

More preferably, hybridisation is determined under high stringent conditions (e.g. 65°C and
0.1xSSC {1xSSC = 0.15 M NaCl, 0.015 M Nascitrate pH 7.0}).

In one aspect the sequence for use in the present invention is a synthetic sequence —i.e. a
sequence that has been prepared by in vitro chemical or enzymatic synthesis. It includes,

but is not limited to, sequences made with optimal codon usage for host organisms.

The term "expression vector" means a construct capable of in vivo or in vitro expression.
Preferably, the expression vector is incorporated into the genome of a suitable host organism.
The term “incorporated” preferably covers stable incorporation into the genome.

The nucleotide sequence of 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 vectors 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.
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Vectors may be used in vitro, for example for the production of RNA or used to transfect,

transform, transduce or infect a host cell.

Thus, in a further embodiment, the invention provides a method of making nucleotide
sequences of the present invention by introducing a nucleotide sequence of the present
invention into a replicable vector, introducing the vector into a compatible host cell, and
growing the host cell under conditions which bring about replication of the vector.

The vector may further comprise a nucleotide sequence enabling the vector to replicate in
the host cell in question. Examples of such sequences are the origins of replication of
plasmids pUC19, pACYC177, pUB110, pE194, pAMB1 and plJ702.

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 the present invention
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 condition 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.

Enhanced expression of the nucleotide sequence encoding the enzyme of the present
invention may also be achieved by the selection of heterologous regulatory regions, e.g.
promoter, secretion leader and terminator regions.

Preferably, the nucleotide sequence according to the present invention is operably linked to at
least a promoter.

The term "construct" - which is synonymous with terms such as "conjugate", "cassette" and
"hybrid" - 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
intfron sequence, such as the Sh1-intron or the ADH intron, intermediate the promoter and the
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
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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.

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

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”.

The terms "protein" and "polypeptide" are used interchangeably herein. 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
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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, 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.

ADVANTAGES

One advantage of the present invention is that plants grown in contaminated soils, e.g. soils

contaminated with at least one heavy metal, have reduced transportation and/or assimilation
of those heavy metals into the aerial parts (e.g. leaves) of the plants. This has significant
advantages for crops and plant whose aerial parts (particularly their leaves) are consumed,
e.g. by humans or animals (preferably humans).

Modification of the plant by increasing the expression of at least a gsh7 gene or the activity of
the protein encoded by the gsh71 gene may have advantages over other enzymes in the roots
because it is capable of reducing the transportation and/or assimilation of at least 1,
preferably at least 2, more preferably at least 3 different heavy metals into the aerial parts of
the plant (e.g. the leaves). This contrasts sharply previous attempts to reduce heavy metal
uptake in plants which have used systems which are restricted to reducing a single heavy

metal species.
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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.
The invention will now be described, by way of example only, with reference to the following

Figures and Examples.

EXAMPLES

Example 1 — Overexpression of GSH7 under the control of a root specific promoter
reduces leaf heavy metal levels.
Materials and Methods

Tobacco plants (Nicotiana tabacum cv. Virginia 40), agrobacterium transformed with a GSH'1
gene (Arabidopsis thaliana wild type coding sequence) under control of the tobacco A622
promoter (Nicotiana tabacum cv. Burley 21) are sown in soil as cress. Empty vector (A622
promoter with no gene attached) agrobacterium transformed tobacco plants (Nicotiana
tabacum cv. Virginia 40) are sown similarly to be used as controls. After 14-21 days,
depending on development, the seedlings are individually extracted from the soil, the roots
washed and the seedlings transferred to 200g of moler clay with a holding capacity of 1mL/g.
The plants are then grown for four weeks after which they are treated with a single dose of
10mL of 100uM CdCl,, corresponding to 50ppm. After two weeks all leaf material from each
plant is collected, with each plant constituting a single biological replicate. For each line five
biological replicates are obtained. The leaf material is freeze dried and weighed and the
amount of cadmium present, expressed as ng cadmium/dry weight leaf material is
determined according to the method set out in Health Canada — Official Method Protocol T-
306 “Determination of Ni, Pb, Cd, Cr, As, Se and Hg in Whole tobacco — 31 December 1999”

modified to allow analysis of smaller sample amounts.

Results and Discussion

A number of independent transgenic tobacco lines carrying either the empty vector control or
the A622-GSH1 construct are screened as described above. It is found that the presence of
the A622-GSH1 construct results in up to 61% reduction of cadmium concentrations in the
leaves, compared to leaves of plants carrying the empty vector. Therefore the A622-GSH1
construct, when inserted as a transgene, is clearly able to significantly reduce the amount of
cadmium present in the leaves of the plants in which this construct has been inserted,
showing that expression of the GSH7 gene in the roots of the plants is sufficient to achieve

the effect of significantly reduced concentrations of cadmium in the leaves. Figure 2 shows
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cadmium levels detected in leaves of tobacco plants carrying either the empty vector control

or a A622-GSH1 construct. The presence of the A622-GSH1 construct results in up to 61%
reduction of cadmium concentrations in the leaves, compared to leaves of plants carrying an

empty vector control construct.

Therefore, the upregulation of GSH1 resulted in a significant reduction in heavy metals, e.g.
cadmium, in the leaves of the tobacco. Thus, overexpression of GSH7 using a root-specific
or root-preferred promoter can lead to a significant reduction in the level of heavy metals in

the leaves (e.g. the harvested leaves) of the tobacco plant.

Example 2 — Overexpression of GSH1 & GSH2 under the control of a root specific
promoter reduces leaf heavy metal levels.

Materials and Methods

Tobacco plants (Nicotiana tabacum cv. Virginia 40), agrobacterium transformed with a GSH'1
gene (Arabidopsis thaliana wild type coding sequence) under control of the tobacco A622
promoter (Nicotiana tabacum cv. Burley 21) are crossed with tobacco plants (Nicotiana
tabacum cv. Virginia 40), agrobacterium transformed with a GSHZ2 gene (Arabidopsis
thaliana wild type coding sequence) under control of the tobacco A622 promoter (Nicotiana
tabacum cv. Burley 21). Plants homozygous for both the A622-GSH1 and the A622-GSHZ2
construct are identified in the F2 population and the offspring from these are used for
screening by sowing in soil as cress. Empty vector (A622 promoter with no gene attached)
agrobacterium transformed tobacco plants (Nicotiana tabacum cv. Virginia 40) are sown
similarly to be used as controls. After 14-21 days, depending on development, the seedlings
are individually extracted from the soil, the roots washed and the seedlings transferred to
200g of moler clay with a holding capacity of 1mL/g. The plants are then grown for four
weeks after which they are treated with a single dose of 10mL of 100uM CdCl,,
corresponding to 50ppm. After two weeks all leaf material from each plant is collected, with
each plant constituting a single biological replicate. For each line five biological replicates are
obtained. The leaf material is freeze dried and weighed and the amount of cadmium present,
expressed as ng cadmium/dry weight leaf material is determined according to the method set
out in Health Canada — Official Method Protocol T-306 “Determination of Ni, Pb, Cd, Cr, As,
Se and Hg in Whole tobacco — 31 December 1999” modified to allow analysis of smaller

sample amounts.

Results and Discussion
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A number of independent transgenic tobacco lines carrying either the empty vector control or

the A622-GSH1 and the A622-GSH2 construct (A622-GSH1/A622-GSH1, A622-GSH2/A622-
GSH2 genotype) are screened as described above. The parental lines for the A622-
GSH1/A622-GSH1, A622-GSHZ2/A622-GSH2 plants are also screened as described above to

allow identification of cumulative effects of the two transgenes.

Example 3 — Overexpression of at least GSH7 under the control of a root specific
promoter reduces leaf heavy metal levels (including Cd, Cr, As).

Materials and Methods

Tobacco plants (Nicotiana tabacum cv. Virginia 40), agrobacterium transformed with a GSH'1
gene (Arabidopsis thaliana wild type coding sequence) under control of the tobacco A622
promoter (Nicotiana tabacum cv. Burley 21) are crossed with tobacco plants (Nicotiana
tabacum cv. Virginia 40), agrobacterium transformed with a GSHZ2 gene (Arabidopsis
thaliana wild type coding sequence) under control of the tobacco A622 promoter (Nicotiana
tabacum cv. Burley 21). Plants homozygous for both the A622-GSH1 and the A622-GSHZ2
construct are identified in the F2 population and the offspring from these are used for
screening by sowing in soil as cress. Additionally the parental lines used for crossing, are
sown. Finally, empty vector (A622 promoter with no gene attached) agrobacterium
transformed tobacco plants (Nicofiana tabacum cv. Virginia 40) are sown similarly to be used
as controls. After 14-21 days, depending on development, the seedlings are individually
extracted from the soil, the roots washed and the seedlings transferred to 200g of moler clay
with a holding capacity of 1mL/g. The plants are then grown for four weeks after which they
are treated either with a single dose of 10mL of 100uM CdCl,, 10mL of 100uM K,CrO4 or
10mL 100pM KH,AsO4 or 10mL of 100uM CdCl;, 100uM K,CrO4 and 100uM KH,AsO,. After
two weeks all leaf material from each plant is collected, with each plant constituting a single
biological replicate. For each line five biological replicates are obtained. The leaf material is
freeze dried and weighed and the amount of cadmium, chromium and/or arsenic present,
expressed as ng cadmium/g dry weight leaf material, chromium/g dry weight leaf material
and/or arsenic/g dry weight leaf material is determined according to the method set out in
Health Canada — Official Method Protocol T-306 “Determination of Ni, Pb, Cd, Cr, As, Se and
Hg in Whole tobacco — 31 December 1999” modified to allow analysis of smaller sample

amounts.

Results and Discussion
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A number of independent transgenic tobacco lines carrying the empty vector control or the

Ab622-GSH1 and/or the A622-GSHZ2 construct are screened as described above. The
parental lines for the A622-GSH1/A622-GSH1, A622-GSH2/A622-GSHZ2 plants are also
screened as described above to allow identification of cumulative effects of the two

transgenes.

All publications mentioned in the above specification are herein incorporated by reference.
Various modifications and variations of the described methods and system of the present
invention will be apparent to those skilled in the art without departing from the scope and
spirit of the present invention. Although the present invention has been described in
connection with specific preferred embodiments, it should be understood that the invention
as claimed should not be unduly limited to such specific embodiments. Indeed, various
modifications of the described modes for carrying out the invention which are obvious to
those skilled in biochemistry and biotechnology or related fields are intended to be within the

scope of the following claims.
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CLAIMS

A method of reducing heavy metal levels in at least the aerial parts (preferably the
leaves) of a plant comprising modifying the plant by increasing the expression of a
gsh1 gene or the activity of the protein encoded by the gsh1 gene in said plant.

Use of increased expression of a gsh1 gene or increased activity of the protein
encoded by the gsh1 gene in a plant for reducing heavy metal levels in at least the
aerial parts (preferably the leaves) of said plant.

A method or use according to claim 1 or claim 2 wherein the gsh7 gene is
overexpressed in said plant root.

A method or use according to any one of claims 1 to 3 comprising expressing within
the plant a polynucleotide (e.g. an exogenous polynucleotide) comprising a nucleic
acid sequence encoding a GSH1 polypeptide.

A method or use according to claim 4 wherein said polynucleotide (e.g. exogenous
polynucleotide) comprises a nucleic acid sequence encoding a GSH1 polypeptide
operably linked with a heterologous promoter for directing transcription of said nucleic
acid sequence in said plant.

A method or use according to claim 5 wherein said promoter is a root-specific
promoter or root-preferred promoter.

A method or use according to any one of the preceding claims comprising further
modifying the plant by increasing the expression of a gsh2 gene or the activity of the
protein encoded by the gsh2 gene in said plant.

A method or use according to claim 7 wherein the gsh2 gene is overexpressed in said
plant.

A method or use according to claim 7 or claim 8 comprising expressing within the
plant a polynucleotide (e.g. an exogenous polynucleotide) comprising a nucleic acid

sequence encoding a GSH2 polypeptide.

10. A method or use according to claim 9 wherein said polynucleotide (e.g. exogenous

polynucleotide) comprises a nucleic acid sequence encoding a GSH2 polypeptide
operably linked with a heterologous promoter for directing transcription of said nucleic

acid sequence in said plant.

11. A method or use according to claim 10 wherein said promoter is a root-specific

promoter or root-preferred promoter.

12. A method or use according to any one of the preceding claims wherein the gsh7 gene

or the nucleic acid sequence encoding said GSH1 polypeptide:
a. encodes a GSH1 polypeptide having which has the following conserved

residues: n1 metal binding site comprised of Glu-115, Glu-167 and Glu-173;
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an n2 metal binding site comprised of Glu-113, GIn-254 and Glu-393; or a

combination thereof, wherein the numbering of the conserved residues means
the effective equivalent position when the GSH1 protein is aligned with the
Arabidopsis thaliana GSH1 protein sequence having SEQ ID No. 3; or

is an Arabidopsis gsh1 gene or an orthologue thereof; or

comprises a polynucleotide sequence shown herein as SEQ ID No. 1 or SEQ
ID No. 2 or SEQ ID No. 8 or SEQ ID No. 10 or SEQ ID No. 12 or SEQ ID No.
14 or SEQ ID No. 16 or SEQ ID No. 18 or SEQ ID No. 20 or SEQ ID No. 22 or
SEQ ID No. 24 or SEQ ID No. 26 or SEQ ID No. 28 or SEQ ID No. 30 or SEQ
ID No. 32, or

comprises a functional fragment of the polynucleotide sequence shown in i)
which functional fragment encodes a functional GSH1 polypeptide, or
comprises a polynucleotide which encodes a polypeptide comprising the
amino acid sequence shown herein as SEQ ID No. 3 or SEQ ID No. 9 or SEQ
ID No. 11 or SEQ ID No. 13 or SEQ ID No. 15 or SEQ ID No. 17 or SEQ ID
No. 19 or SEQ ID No. 21 or SEQ ID No. 23 or SEQ ID No. 25 or SEQ ID No.
27 or SEQ ID No. 29 or SEQ ID No. 31 or SEQ ID No. 33, or

comprises a polynucleotide sequence which can hybridize to the
polynucleotide taught in i), ii) or iii) above under high stringency conditions, or
comprises a polynucleotide sequence which has at least 70% (preferably
85%, more preferably 90%) identity with the polynucleotide shown in i), ii) or
i) above, or

comprises a polynucleotide sequence which differs from polynucleotide shown

in i), ii) or iii) due to degeneracy of the genetic code.

13. A method or use according to any one claims 7 to 12 wherein the gsh2 gene or the

nucleic acid sequence encoding said GSH2 polypeptide:

a.
b.

is an Arabidopsis gsh2 gene or an orthologue thereof; or

comprises a polynucleotide sequence shown herein as SEQ ID No. 4 or SEQ
ID No. 5 or SEQ ID No. 34 or SEQ ID No. 36 or SEQ ID No. 38 or SEQ ID No.
40 or SEQ ID No. 42 or SEQ ID No. 44 or SEQ ID No. 46 or SEQ ID No. 48 or
SEQ ID No. 50 or SEQ ID No. 52, or

comprises a functional fragment of the polynucleotide sequence shown in i)
which functional fragment encodes a functional GSH2 polypeptide, or
comprises a polynucleotide which encodes a polypeptide comprising the
amino acid sequence shown herein as SEQ ID No. 6 or SEQ ID No. 35 or
SEQ ID No. 37 or SEQ ID No. 39 or SEQ ID No. 41 or SEQ ID No. 43 or SEQ
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ID No. 45 or SEQ ID No. 47 or SEQ ID No. 49 or SEQ ID No. 51 or SEQ ID

No. 53, or

e. comprises a polynucleotide sequence which can hybridize to the
polynucleotide taught in i), ii) or iii) above under high stringency conditions, or

f. comprises a polynucleotide sequence which has at least 70% (preferably
85%, more preferably 90%) identity with the polynucleotide shown in i), ii) or
i) above, or

g. comprises a polynucleotide sequence which differs from polynucleotide shown

in i), ii) or iii) due to degeneracy of the genetic code.

A method or use according to any one of the preceding claims wherein the protein
encoded by the GSH1 gene comprises a polypeptide sequence shown herein as SEQ
ID No. 3, or polypeptide sequence which comprises SEQ ID No. 3 with a conservative
substitution of at least one of the amino acids, or a polypeptide having at least 70%
(preferably 85%, more preferably 90%) identity with SEQ ID No. 3.
A method or use according to any one claims 7 to 14 wherein the protein encoded by
the GSHZ2 gene comprises a polypeptide sequence shown herein as SEQ ID No. 6, or
polypeptide sequence which comprises SEQ ID No. 6 with a conservative substitution
of at least one of the amino acids, or a polypeptide having at least 70% (preferably
85%, more preferably 90%) identity with SEQ ID No. 6.
A construct or vector comprising a GSH1 gene operably linked with a root-specific
promoter or root-preferred promoter.
A construct or vector according to claim 16 which further comprises a GSH2 gene
operably linked with the same or a different root-specific promoter or root-preferred
promoter.
A plant cell (e.g. a tobacco plant cell):
a. comprising an exogenous gshi gene or an exogenous gsh? gene and an
exogenous gshZ2 gene,
b. comprising a construct or vector according to claim 16 or claim 17; and/or
c. obtainable (e.g. obtained by) a method or use according to any one of claims
1-15.
A plant (e.g. a tobacco plant):
a. comprising an exogenous gshi gene or an exogenous gsh? gene and an
exogenous gshZ2 gene,
b. which has been modified to achieve a reduction in heavy metal levels in at

least the aerial parts (preferably the leaves) of said plant compared with the
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aerial parts (particularly the leaves) of an unmodified plant, where in the

modification is an increase in the expression of a gsh1 gene or the activity of
the protein encoded by the gsh7 gene in said plant;

c. obtained or obtainable by the method according to any one of claims 1 to 15;

d. comprising a construct or vector according to claim 16 or claim 17;

e. comprising a cell according to claim 18.
A plant propagation material (e.g. a plant seed) obtainable from a plant according to
claim 19.
The method or use according to any one of claims 1 to 15, or the plant cell according
to claim 18, or the plant according to claim 19, or the plant propagation material
according to claim 20 wherein said heavy metal is one selected from the group
consisting of: cadmium, arsenic, chromium, copper, lead, zinc, mercury, nickel,
selenium and a combination thereof.
The method or use according to any one of claims 1 to 15 or 21, or the plant cell
according to claim 18 or claim 21, or the plant according to claim 19 or claim 21, or
the plant propagation material according to claim 20 or claim 21 wherein the heavy
metal reduction is a value of at least about 30% w/w, preferably at least about 50%,
more preferaby at least about 60%, more preferably at least about 70%, more
preferably at least about 80%), most preferably at least about 90% or 95% w/w.
The method or use according to any one of claims 1 to 15 or 21 to 22, or the plant cell
according to any one of claims 18, 21 or 22, or the plant according to any one of
claims 19, 21 or 22, or the plant propagation material according to any one of claims
20-22 wherein said heavy metal reduction is a value of at least about 60% w/w.
The method or use according to any one of claims 1 to 15 or 21 to 23, or the plant cell
according to any one of claims 18 or 21 to 23, or the plant according to any one of
claims 19 or 21 to 23, or the plant propagation material according to any one of
claims 20-23 wherein the plant is a plant having consumable aerial parts, e.g.
consumable leaves.
The method or use according to any one of claims 1 to 15 or 21 to 24, or the plant cell
according to any one of claims 18 or 21 to 24, or the plant according to any one of
claims 19 or 21 to 24, or the plant propagation material according to any one of
claims 20-23 wherein the plant is a plant selected from the group consisting of a plant
from the family Solanaceae, a salad leaf crop and a leaf vegetable.
The method or use according to claim 25, or the plant cell according to claim 25, or
the plant according to claim 25, or the plant propagation material according to claim

25 where in the plant from the family Solanaceae is from the genus Nicotiana.
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The method or use according to claim 25, or the plant cell according to claim 25, or

the plant according to claim 25, or the plant propagation material according to claim
25 wherein the salad leaf crop is a crop selected from the group consisting of a
lettuce (including for example baby leaf spinach, Cos, Frisée, Iceberg lettuce, Lamb’s
lettuce, Little Gem, Mizuna, Radicchio, Red mustard, Red oak leaf, Rocket
(Roquette), Ruby chard, Sweet Romaine), watercress and cress.
The method or use according to claim 25, or the plant cell according to claim 25, or
the plant according to claim 25, or the plant propagation material according to claim
25 wherein the leaf vegetable is a plant selected from the group consisting of a
cabbage, spinach, kale, tea, chicory (or curly endive), Phak chet, or a herb (such as
basil, mint or oregano).
The method or use according to claim 26, or the plant cell according to claim 26, or
the plant according to claim 26, or the plant propagation material according to claim
26 wherein the plant is from the species Nicotiana tabacum or Nicotiana rustica.
Use of a plant cell (e.g. a tobacco cell) according to any one of claims 18 or 21-29 for
the production of a consumable plant product (e.g. a tobacco product).
Use of a plant (e.g. a tobacco plant) according to any one of claims 19 or 21-29 to
breed a plant (e.g. a tobacco plant).
Use of plant (e.g. a tobacco plant) according to any one of claims 19 or 21-29 for
production of a consumable plant product (e.g. a tobacco product).
Use of plant (e.g. a tobacco plant) according to any one of claims 19 or 21-29 to
grow a crop.
Use of plant (e.g. a tobacco plant) according to any one of claims 19 or 21-29 to
produce a consumable leaf (e.g. a processed (preferably cured) leaf).
A harvested leaf of a plant (e.g. a tobacco plant) according to any one of claims 19 or
21-29 or obtainable from a plant (e.g. a tobacco plant) propagated from a propagation
material according to any one of claims 20-29 or obtainable from a plant (e.g. a
tobacco plant) obtainable by a use according to any one of claims 31 to 33.
A harvested leaf of a plant (e.g. a tobacco plant) according to claim 35 wherein the
harvested leaf is a cut harvested leaf.
A processed leaf (e.g. a processed tobacco leaf, preferably a non-viable processed
tobacco leaf):

a. comprising a plant cell according to any one of claims 18 or 21-29;

b. obtainable from a plant obtainable form a use according to any one of claims

31-33;
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c. obtainable from processing a tobacco plant according to any one of claims 19

or 21-29;
d. obtainable from a plant (e.g. tobacco plant) propagated from a plant
propagation material according to any one of claims 20-29;

e. obtainable by processing a harvested leaf according to claim 35 or claim 36.
The processed leaf (e.g. processed tobacco leaf) according to claim 37, wherein the
plant or leaf is processed by curing, fermentation, pasteurising or combinations
thereof.

The processed leaf (e.g. processed tobacco leaf) according to claim 37 or claim 38
wherein the processed tobacco leaf is cut processed tobacco leaf.
A consumable plant product:
a. prepared from the aerial parts of the plant (preferably the leaves) harvested
from the plant obtained or obtainable by the method according to any one of
claims 1 to 15;
b. prepared from the aerial parts of the plant (preferably the leaves) harvested
from the plant according to any one of claims 19 or 21 to 29;
c. prepared from the aerial parts of the plant (preferably the leaves) propagated
from a plant propagation material according to any one of claims 20-29;

d. prepared from a harvested leaf according to any one of claims 35 or 36;

e. prepared from a processed leaf according to any one of claims 37 to 39;

f. prepared from or comprising a plant extract obtained from a modified plant

according to the present invention.

. A consumable plant product according to claim 40 wherein the consumable plant

product is a tobacco product.

A consumable plant product according to claim 40 or claim 41 wherein the tobacco
product is a smoking article.

A consumable plant product according to claim 40 or claim 41 wherein the tobacco
product is a smokeless tobacco product.

A consumable plant product according to claim 40 or claim 41 wherein the tobacco
product is a tobacco heating device, e.g. an aerosol-generating device.

A plant extract (e.g. tobacco extract) of said plant according to any one of claim 19 or
21-29 or of a portion of said plant.

A smoking article, smokeless tobacco product or tobacco heating device comprising a
plant or a portion thereof from the species Nicotiana tabacum or Nicotiana rustica

according to claim 29 or an extract (e.g. a tobacco extract) thereof.
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47. A method, a tobacco leaf, a tobacco plant, a tobacco plant propagation material, a

harvested leaf, a processed tobacco, a tobacco product, a use or a combination
thereof substantially as described herein with reference to the description and
drawings.
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(SEQ ID No. 1)
>(GSHI gDNA_Arabidopsis thaliana (At4g23100.1) (introns in lower case ifalics)

ATGGCGCTCTTGTCTCAAGCAGGAGGATCATACACTGTTGTTCCTTCTGGAGTTTGTTCAAAGGCTGGAACTAAA
GCTGTTGTTTCGGGTGGCGTGAGGAATTTGGATGTTTTGAGGATGAAAGAAGCTTTTGGTAGCTCCTACTCTAGG
AGTCTATCTACCAAATCAATGCTTCTCCATTCTGTTAAGAGGAGTAAGAGAGGGCATCAATTGATTGTTGCGGCA
AGTCCTCCAACGGAAGAGGCTGTAGTTGCAACTCAGCCGTTGACGAGAGAGGATCTCATTCGCCTATCTTGCCTCT
GGATGCAAAACAAAGGACAAATATAGgtacagtttgatgecttatatgttectgttaaaatgctacttagtgtttgt
aattgtgacatatttcectttgtttgtgctcttttacggtgttggtattgtttgaattcatccagattgtttgteta
ttggagaaatattctgttttgectaacttaacattgtgagttttcaghAATAGGTACAGAACATGAGAAATTTGGTT
TTGAGGTCAATACTTTGCGCCCTATGAAGTATGATCAAATAGCCGAGCTTCTTAATGGTATCGCTGAAAGATTTG
AATGGGAAAAAGTAATGGAAGGTGACAAGATCATTGGTCTGAAGCAGgttaacattctectgtgtttcatectttt
gagccecgtttattatttatatacattttecagectgtagaacatgttagettcatatacaacacaatgateggtata
ttataaggtttcagtctttttttttttittgetgtagataactegttetgtecttttgttgaccagGGAAAGCAA
AGCATTTCACTTGAACCTGGGGGTCAGTTCGAGCTTAGTGGTGCACCTCTTGAGACTTTGCATCAAACTTGTGCT
GAAGTCAATTCACATCTTTATCAGgtaatttcaaagataattattgccaatgctctcacecctaaaacgtgacaaa
taaccaactatctacggatgtcacagGTAAAAGCAGTTGCTGAGGAAATGGGAATTGGTTTCTTAGGAATTGGCT
TCCAGCCCAAATGGCGTCGGGAGGATATACCCATCATGCCAAAGgtatgacgctttictectattcttaagattgaa
gaaagttaacatctgtttgtttctaattcagataatattatctgattctacatageccaacgttcggattatttct
tggtgtttgtgttaagttttcctatgacgagtcaggcagtaagatttgacatagtgtaatgtgttctgtgecagGt
GAGATACGACATTATGAGAAACTACATGCCGAAAGTTGGTACCCTTGGTCTTGATATGATGCTCCGAACGTGTAC
TGTTCAGgttagattaatattctgactttgecgecttttecataatttecttaaactaaactttccagttctcatea
ataatcttattttgaaacttatagaaactgcattacttgcaatcttgacagGTTAATCTGGATTTTAGCTCAGAA
GCTGATATGATCAGGAAGTTTCGTGCTGGTCTTGCTTTACAACCTgtgagaagectecgatectectttgtggcataac
cagaaacttttattaacgattttgactaaccattgccectecactattatctaaattcaacagATAGCAACGGCTCTA
TTTGCGAATTCCCCTTTTACAGAAGGAAAGCCAAACGGATTTCTCAGCATGAGAAGgtatctagattcagttgtt
atgatcccecgatatctttttgaattagtttcecctcececcaccttataactectggtatgttttgacagCCACATATGG
ACAGACACTGACAAGGACCGCACAGGAATGCTACCATTTGTTTTCGATGACTCTTTTGGgtgagtatcgatgttt
aatctatgaaaaacaattacattacattggttggtttggtatgagaagcttctcaaaaaccaatgactctgtcte
gcattcttgatgagttattggaaaattgatatgtgctattctgtggattttcttacatatgtttgtgttcaagat
agaaagatgctttggatctttatecttetettgaaacagcatggectaatcttaattttattgetetettttgtte
ttatctggtatagGTTTGAGCAGTATGTTGACTACGCACTCGATGTCCCTATGTACTTTGCCTACAGAAAGAACA
AATACATCGACTGTACTGGAATGACATTTCGGgtcaaaatctatecttaatcttttectgttaggttctataactyg
tttcattgecaaggaattggcaaattgaaaaccatgggatcttcttgaattatatctaatctcataatattecttca
tgctgcagCAATTCTTGGCTGGAAAACTTCCCTGTCTCCCTGGTGAACTGCCTTCATATAATGATTGGGAAAACC
ATCTGACAACAATATTCCCAGAGgttaatcatctgectcaagagtectttecaatcagectatgactttecatttcecr
tgtcttatgttgaagtctgacaacgtteccataacactagGTTCGCTTGAAGAGATACTTGGAGATGAGAGGTGCT
GATGGAGGTCCCTGGAGGAGGCTGTGTGCCCTGCCAGCTTTCTGGgtaactacatctattagcacatatatattt
cgtgcttaatgagaatgtttcaaaaagtattgactgttgttttgattttatctacaaatttcagGTGGGTTTATT
ATATGATGATGATAGTCTCCAAGCTATCCTGGATCTGACAGCTGACTGGACT CCAGCAGAGAGAGAGATGCTAAG
GAACAAAgtaataacaagacgcaccacatttacattttcttattccacagttagaaaacatcttgtaataaacta
atacttgatttccaacagGTCCCAGTTACTGGCTTAAAGACTCCTTTTAGGGATGGTTTGTTAAAGCATGTCGCT
GAAGATGTCCTGAAACTCGCAAAGgtgtgtttgtatgaaccctettagaaacttcgagececagectttctatececgt
ctggtccagettctaactattggacttattttectetttgtttectcagGATGGTTTAGAGCGCAGAGGCTACAAGG
AAGCCGGTTTCTTGAACGCAGTCGATGAAGTGGTCAGAACAGgtaaatgaagtttecctaatgcataattgaatte
cacaccgacattttgtttgataacctggtggtgaaatttggttttgaaatgacagGAGTTACGCCTGCGGAGAAG
CTCTTGGAGATGTACAATGGAGAATGGGGACAAAGCGTAGATCCCGTGTTCGAAGAGCTGCTGTACTAAgaaaat
gggacdgtgaacaaaaggtgtctataaacctttgggtgtgagtttatgectatctgaagaattcgagtctecggaat
aaggatttttttttttgttgtaatcggattttaaaaactgattttgttttagaaattcgaagcattgaaaagcag
aagaaaaattgtatgtactaaacgatttcggtgtgggaaatcgtttgggagggtgtgtttggatcttgaataaat
tacccatttttcttgtcacaaatttgtctacatttaacgaaataactcaaaactgatttcaaggcattctcecatag
cttatgatgaattgttataattgcag
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(SEQ ID No. 2)

>GSHI _CDS_Arabidopsis thaliana (Arath)

ATGGCGCTCTTGTCTCAAGCAGGAGGATCATACACTGTTGTTCCTTCTGGAGTTTGTTCAAAGGCTGGAACTAAA
GCTGTTGTTTCGGGTGGCGTGAGGAATTTGGATGTTTTGAGGATGAAAGAAGCTTTTGGTAGCTCCTACTCTAGG
AGTCTATCTACCAAATCAATGCTTCTCCATTCTGTTAAGAGGAGTAAGAGAGGGCATCAATTGATTGTTGCGGCA
AGTCCTCCAACGGAAGAGGCTGTAGTTGCAACTGAGCCGTTGACGAGAGAGGATCTCATTGCCTATCTTGCCTCT
GGATGCAAAACAAAGGACAAATATAGAATAGGTACAGAACATGAGAAATTTGGTTTTGAGGTCAATACTTTGCGC
CCTATGAAGTATGATCAAATAGCCGAGCTTCTTAATGGTATCGCTGAAAGATTTGAATGGGAAAAAGTAATGGAA
GGTGACAAGATCATTGGTCTGAAGCAGGGAAAGCAAAGCATTTCACTTGAACCTGGGGGTCAGTTCGAGCTTAGT
GGTGCACCTCTTGAGACTTTGCATCAAACTTGTGCTGAAGTCAATTCACATCTTTATCAGGTAAAAGCAGTTGCT
GAGGAAATGGGAATTGGTTTCTTAGGAATTGGCTTCCAGCCCAAATGGCGTCGGGAGGATATACCCATCATGCCA
AAGGGGAGATACGACATTATGAGAAACTACATGCCGAAAGTTGGTACCCTTGGTCTTGATATGATGCTCCGAACG
TGTACTGTTCAGGTTAATCTGGATTTTAGCTCAGAAGCTGATATGATCAGGAAGTTTCGTGCTGGTCTTGCTTTA
CAACCTATAGCAACGGCTCTATTTGCGAATTCCCCTTTTACAGAAGGAAAGCCAAACGGATTTCTCAGCATGAGA
AGCCACATATGGACAGACACTGACAAGGACCGCACAGGAATGCTACCATTTGTTTTCGATGACTCTTTTGGGTTT
GAGCAGTATGTTGACTACGCACTCGATGTCCCTATGTACTTTGCCTACAGAAAGAACAAATACATCGACTGTACT
GGAATGACATTTCGGCAATTCTTGGCTGGAAAACTTCCCTGTCTCCCTGGTGAACTGCCTTCATATAATGATTGG
GAAAACCATCTGACAACAATATTCCCAGAGGTTCGGTTGAAGAGATACTTGGAGAT GAGAGGTGCTGATGGAGGT
CCCTGGAGGAGGCTGTGTGCCCTGCCAGCTTTCTGGGTGGGTTTATTATATGATGATGATAGTCTCCAAGCTATC
CTGGATCTGACAGCTGACTGGACTCCAGCAGAGAGAGAGATGCTAAGGAACAAAGTCCCAGTTACTGGCTTAAAG
ACTCCTTTTAGGGATGGTTTGTTAAAGCATGTCGCTGAAGATGTCCTGAAACTCGCAAAGGATGGTTTAGAGCGC
AGAGGCTACAAGGAAGCCGGTTTCTTGAACGCAGTCGATGAAGTGGTCAGAACAGGAGTTACGCCTGCGGAGAAG
CTCTTGGAGATGTACAATGGAGAATGGGGACAAAGCGTAGATCCCGTGTTCGAAGAGCTGCTGTACTAA
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(SEQ ID No. 3)

GSH1 protein (translated from CDS) Arath

MALLSQAGGSYTVVPSGVCSKAGTKAVVSGGVRNLDVLRMKEAFGSSYSRSLSTKSMLLHSVKRSKRGHQLIVAA
SPPTEEAVVATEPLTREDLIAYLASGCKTKDKYRIGTEHEKFGFEVNTLRPMKYDQIAELLNGIAERFEWEKVME
GDKIIGLKQGKQSISLEPGGQFELSGAPLETLHQTCAEVNSHLYQVKAVAEEMGIGFLGIGFQPKWRREDI PIMP
KGRYDIMRNYMPKVGTLGLDMMLRTCTVQVNLDEFSSEADMIRKFRAGLALQPTIATALFANSPEFTEGKPNGEFLSMR
SHIWTDTDKDRTGMLPEFVEDDSFGFEQYVDYALDVPMYFAYRKNKYIDCTGMTFROFLAGKLPCLPGELPSYNDW
ENHLTTIFPEVRLKRYLEMRGADGGPWRRLCALPAFWVGLLYDDDSLOAILDLTADWT PAEREMLRNKVPVTGLK
TPFRDGLLKHVAEDVLKLAKDGLERRGYKEAGFLNAVDEVVRTGVTPAEKLLEMYNGEWGQSVDPVFEELLY*
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>GSH2 gDNA_ Arath(At5g27380.1) (introns in lower case italics) (SEQ ID No. 4)

ATGGGCAGTGGCTGCTCTTCTCTCTCTTACTCATCATCTTCCACTTGCAATGCCACTGTTTTCTCTATTTCTTCT
TCTCCATCATCTTCTTCTTCGCTGAAACTCAATCCAAGTAGCTTCCTTTTCCAGAACCCTAAAACTCTGAGAAAT
CAGTCACCTTTGAGGTGTGGGAGATCATTTAAGATGGAATCACAGAAACCCATTTTCGATTTGGAGAAATTAGAT
GATGAGTTTGTTCAGAAACTGGTTTACGATGCTCTCGTTTGGTCTTCTCTTCACGGACTCGTCGTTGGTGACAAA
AGTTATCAGgtttacttacttgcccaccactaaagttectgtcecttttgatcttgtgttctgataaagttagagaa
aaattcgaaatttattatctttatgaaccttgtatagectgaatcatcattttcttegtecectggattgtgttagtt
tcgttgtcttatagctttcgatgeccatgtttgatctgaatcecaaagectttgtgttttettttgattggttttgat
gattacagAAATCAGGAAATGTTCCAGGGGTTGGATTGATGCACGCACCTATTGCATTGCTACCAACTGCATTCC
CAGAAGCTTATTGGAAGCAAGCTTGTAATGTTACTCCTCTTTTCAATGAATTGATTGATCGTGTTAGCTTGGATG
GCAAATTCTTACAGGATAGTCTCTCTAGgttcgtatcgcaatctatctgetttggattatatcatectaataacaa
gcgtaatgatcttttgattgattttctatgttctagAACGAAGAAAGTTGATGTCTTTACATCTAGACTTCTTGA
CATTCACTCCAAGATGCTAGAAAGAAATAAGAAAGAGgtctttttacattatctetggtttcatgtttatecttga
ttetttggttctggatgttgttcatttggttgtgtttgtgatcgcagGACATTCGTTTGGGTTTACACCGGTTTG
ATTATATGCTTGACGAAGAAACAAATTCACTTCTTCAGATTGAGATGAATACTATCTCGTGTTCGTTTCCTGGCC
TTAGTCGTCTTGTTAGCCAGCTACATCAgtatgtaacagtgacagaccatcttectgecattacctgttgtgttttt
tttatacagcggaattttattccacttgtttgeagGTCATTGCTTCGATCTTATGGGCGATCAGATTGGCATAGAC
TCTGAACGTGTACCTATAAACACATCCACAATCCAATTTGCTGATGCATTGGCTAAAGCTTGGTTGGAGTACAGT
AACCCAAGgttagcctggaacacaaatcaagaatcagtgatgtaatttaaacgtttttgtgtttaaagctagagt
ttttcttggtttcagAGCGGTAGTCATGGTAATTGTACAGCCAGAAGAACGCAACATGTACGATCAACATTTGCT
GAGCAGTATATTGAGAGAAAAatatcctettttgtettgtttctttggttteccaggggtegatecttgacttetta
tgctatattttgtaccacaaaaaatggtgttgttcttecttagettcagaacacGCATAATATAGTTGTCATCAG
GAAGACTCTAGCAGAAGTCGAAAAAGAAGGGAGTGTACAAGAGGATGAAACCCTTATTGTgtaagecatttgtttyg
cattgtggttttttgagaacttacaccttcatcttgaaagectatgttaagagttttecattgttgecaglGGCGGCC
AAGCAGTCGCAGTGGTTTATTTCAGATCTGGCTATACTCCTAATGATCATCCGTCTGAATCAgtaagttgececgte
aagtttccaatattgtggctttactectttgggaaaatctgaatcatatcattggtttatttgtttcaatttgeag
GAATGGAATGCTAGGCTGCTTATTGAGGAGTCTTCAGCTGTCAAATGCCCGAGCATAGCTTACCATTTAACTGGC
TCCAAGAAAATCCAGCAAGAACTGGCTAAACCAGGTGTTCTCGAGAGgtaaatggaggctgatactgaagaccgt
ttccaaatatttcaaaggcgaaaacttttttaacttaaaacatgagaaacagGTTTCTGGACAACAAAGAGGACA
TTGCTAAGCTGAGGAAATGCTTTGCTGGGCTTTGGAGCTTGGATGACTCAGAAATTGTCAAGCAGGCTATCGAAA
AACCCGGATTGTTTGTTATGAAGCCTCAGAGAGAAGGCGGAGgttagaacccaattgagtcececcaatatcttea
acttttegggtcatattctaagecctgtettcttggattctteccagGAAACAACATCTATGCGAGATGATGTGAGGG
AAAATCTTTTGAGACTGCAGAAAGAAGGAGAGGAAGGAAACGCTGCGTATATCCTGATGCAGAGGATATTCCCAA
AAGTCTCAAACATGTTCTTGGTGCGAGAAGGCGTTTACCATAAGCATCAAGCTATATCAGAACTCGGTGTCTATG
GTGCTTACCTCAGgtacagagcagatagatgaagaatttggtatgcecttcaataattctcaacttaattttgtgece
ataatctttgattaaatgaaatatgtagGAGCAAAGACGAAGTTATAGTAAACGAGCAGAGTGGTTATCTAATGC
GCACGAAGATCGCATCATCAGATGAAGGCGGCGTTGCAGCTGGTTTTGGAGTCTTGGACAGCATATATCTGATTT
GAgatggataacattcacaaccatcttgatcagtttttcttectggtttattecttettecttetettettgettgt
taaagatttgtgtattaatcatgaagatcaataagactaggcaaagctctttacaattctttccacaggaccgea
aagcctacattgcttattgttatttttagaccgtgtgagatgattactcgtttataaagatcatgaattgaataa
gataagatcaatcatgg
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>GSH2_CDS_Arath (SEQ ID No. 5)

ATGGGCAGTGGCTGCTCTTCTCTCTCTTACTCATCATCTTCCACTTGCAATGCCACTGTTTTCTCTATTTCTTCT
TCTCCATCATCTTCTTCTTCGCTGAAACTCAATCCAAGTAGCTTCCTTTTCCAGAACCCTAAAACTCTGAGAAAT
CAGTCACCTTTGAGGTGTGGGAGATCATTTAAGATGGAATCACAGAAACCCATTTTCGATTTGGAGAAATTAGAT
GATGAGTTTGTTCAGAAACTGGTTTACGATGCTCTCGTTTGGTCTTCTCTTCACGGACTCGTCGTTGGTGACAAA
AGTTATCAGAAATCAGGAAATGTTCCAGGGGTTGGATTGATGCACGCACCTATTGCATTGCTACCAACTGCATTC
CCAGAAGCTTATTGGAAGCAAGCTTGTAATGTTACTCCTCTTTTCAATGAATTGATTGATCGTGTTAGCTTGGAT
GGCAAATTCTTACAGGATAGTCTCTCTAGAACGAAGAAAGTTGATGTCTTTACATCTAGACTTCTTGACATTCAC
TCCAAGATGCTAGAAAGAAATAAGAAAGAGGACATTCGTTTGGGTTTACACCGGTTTGATTATATGCTTGACGAA
GAAACAAATTCACTTCTTCAGATTGAGATGAATACTATCTCGTGTTCGTTTCCTGGCCTTAGTCGTCTTGTTAGC
CAGCTACATCAGTCATTGCTTCGATCTTATGGGGAT CAGATTGGCATAGACTCTGAACGTGTACCTATAAACACA
TCCACAATCCAATTTGCTGATGCATTGGCTAAAGCTTGGTTGGAGTACAGTAACCCAAGAGCGGTAGTCATGGTA
ATTGTACAGCCAGAAGAACGCAACATGTACGATCAACATTTGCTGAGCAGTATATTGAGAGAAAAGCATAATATA
GTTGTCATCAGGAAGACTCTAGCAGAAGTCGAAAAAGAAGGGAGTGTACAAGAGGATGAAACCCTTATTGTTGGC
GGCCAAGCAGTCGCAGTGGTTTATTTCAGATCTGGCTATACTCCTAATGATCATCCGTCTGAATCAGAATGGAAT
GCTAGGCTGCTTATTGAGGAGTCTTCAGCTGTCAAATGCCCGAGCATAGCTTACCATTTAACTGGCTCCAAGAAA
ATCCAGCAAGAACTGGCTAAACCAGGTGTTCTCGAGAGGTTTCTGGACAACAAAGAGGACATTGCTAAGCTGAGG
AAATGCTTTGCTGGGCTTTGGAGCTTGGATGACT CAGAAATTGTCAAGCAGGCTATCGAAAAACCCGGATTGTTT
GTTATGAAGCCTCAGAGAGAAGGCGGAGGAAACAACATCTATGGAGATGATGTGAGGGAAAATCTTTTGAGACTG
CAGAAAGAAGGAGAGGAAGGAAACGCTGCGTATATCCTGATGCAGAGGATATTCCCAAAAGTCTCAAACATGTTC
TTGGTGCGAGAAGGCGTTTACCATAAGCATCAAGCTATATCAGAACTCGGTGTCTATGGTGCTTACCTCAGGAGC
AAAGACGAAGTTATAGTAAACGAGCAGAGTGGTTATCTAATGCGCACGAAGATCGCATCATCAGATGAAGGCGGL
GTTGCAGCTGGTTTTGGAGTCTTGGACAGCATATATCTGATTTGA
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>(GSH2 protein (translated from CDS) Arabidopsis thaliana

MGSGCSSLSYSSSSTCNATVESISSSPSSSSSLKLNPSSELFONPKTLRNQSPLRCGRSFKMESQKPTIFDLEKLD
DEFVOKLVYDALVWSSLHGLVVGDKSYQKSGNVPGVGLMHAPTIALLPTAFPEAYWKQACNVTPLFNELIDRVSLD
GKFLODSLSRTKKVDVEFTSRLLDIHSKMLERNKKEDIRLGLHREFDYMLDEETNSLLOIEMNTISCSFPGLSRLVS
QLHOSLLRSYGDQIGIDSERVPINTSTIQFADALAKAWLEYSNPRAVVMVIVQOPEERNMYDOHLLSSILREKHNT
VVIRKTLAEVEKEGSVQEDETLIVGGOAVAVVYFRSGYTPNDHPSESEWNARLLIEESSAVKCPSIAYHLTGSKK
IQQELAKPGVLERFLDNKEDIAKLRKCFAGLWSLDDSEIVKQAIEKPGLEVMKPOQREGGGNNIYGDDVRENLLRL
QKEGEEGNAAYITIMORIFPKVSNMEFLVREGVYHKHQAT SELGVYGAYLRSKDEVIVNEQSGYLMRTKIASSDEGG
VAAGFGVLDSIYLI*
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>A622 promoter (SEQ ID No. 7)

tcgaggagatgcaatgctgataaaagggatgaaaaagcaaagggatatttgtattagcatagaacacagaagaag
cagtaaggcagatgcattagccgattagattatcaatagccttaataatatgtataattcgatccgaaaattcaa
aatatgtatccaatccaaactttaaaattcgatcagatccgatattatttcggatecggattcgaattgecattttyg
tagaatccgaaattcaaaattttaatctgaaatgtgctaaatccgatccgatttgatccaagcacaaccctaatt
gtaagtatctgaaactgattatttcattgatttgcttcaaaaaacaaagtattagcagaaaatgatatttttata
tagaagttatgttaaagcttttaaaagccaccgtteccttttttttttettttttctttttaaatgecttttattaa
tttcgctgeccactcaatttcagttctagtecccagatttctctcacatggecctattttcataatgcatgaaataa
gtgttattatatgtaacacaatcactatgttattattaagtttaggtaggtaccatgcctecctcagtaatgttce
ttgcaattgattcctccggctaaatctagatctcetettatgtttcatgcacgtggaaaaaaaagaagtttggttt
tttttggttcttattgctatttaaatgtggtaggtgagaagactggattaaataaataacaaaccgtattcaact
tttccgtcctgtattatatttattattacagtaaatagcaacaaaatattaaaagaaaatgagaatgaggatctt
ttcaaaattaaatttctttaaaataaacagaatgttgttccctacaggctacagctacacgtaagaaaagtacaa
caagtcttttcttttgtccttatcgatatctgaacgcaataggtgggaatattggatcgaaaaattaaacccact
attgcctgaaagataaaaaatataaaaattctctaataattagttctttaatacaacacatgacaaaatgtaatt
ctttatattatgacaagattcgattccttatactagcaccactttggcagcaagaaatcaatatttaatattaaa
acaaaatatgacacagcattatttttctatattatggcaatatataattcttaaaaattagttctttaatacaac
aatatatgacaaaatgtaattctttatataatgacaagattcgatttttagcaccactttggcagcaagagatac
atatttaatattaaaaaaatatgaaaaacaattatattttatattatggcaatatataattctttatattagcac
cactttccagcaagataaaatatttaaaatcaatttctactttgaaccactatccecctgectctaaaataatttgt
ttatttcaggggattggaaaatgactttaagttatatattgttagtgtaaaacgaatttgatcacctaaagaata
tttacaagtaagcctctataaaaagtaattaaggtttgtaatcttaaaagagagcatattacatgttgtaattgg
taaatgtgacctgatagtgtacaaaataatttaagctaaccgtgtaactaattaaatttatatatatatatatat
atatatatatatatatatatatatatatatatatatatatatatatataccttttctttcattaaataatgtaat
ttccecgaggaaggattcaacccteccttatatgeggctecgctatataatattttttttaattattttectacatyg
ctcatctagtaggtaatgacacagctagacgcatggatcaacattctaagacagatcatcacaaatttattaatg
gtatgatatcgtaattccatgtgttaggttaattgtgcaaaattcecctagcttgaatttgectataagtaccage
gttaatatcagattctccacagcatttcatacaaaaatccgatttaattcectagtttectagececctecaccttaa
cccgaagctactttttttecttecectagaaggecectageggtecgac

FIG. 9

SUBSTITUTE SHEET (RULE 26)



WO 2016/128750 PCT/GB2016/050323

10/37

SEQ ID No. 8

>XM 002867684.1 Arabidopsis lyrata subsp. lyrata

(Araly) hypothetical protein, mRNA
AGCTCAACTGATCGGCTAATGCTCTCACTCTTTCTTTTTTATCAATTTTCTCATTTCTCTCAGTCGCATATAAAT
TGAAACCGCCGATTCGTTTTTGCTCTTAAGCTTTCTTCTTCTTTATTTCGACGGTGTCTCTCAATCTCCGTCAAG
GTTGACGAATTGCAGGAGCTATATAGACCATGGCGCTCTTGTCACAAGCAGCAGGATCATACACTGTTGTCCCTT
TGGGATGTTCAAAGACTGCAACTAAATCAGTTTCTGGTGGTGTGAGGAATTTGGATGTGTTCAGGATGARAGAAG
CTTTTGTTAGCTCCTATTCTAGGAGTCTATCTACAAAATCAATGCTTCTCCGTTCTGTTAAGAGGAGCAAGAGAG
AGCATCAGTTGATTGTTGCGGCAAGTCCGCCAACGCAAGAGGCTGTCGTTGCAACTGAGCCGTTGACCGAGAGAGG
ATCTCATTGCGTATCTTGCCTCCGGATGCAAAACTAAGGACAAATATAGAATAGGTACAGAACATGAGAAATTTG
GTTTTGAGGTCAATACTTTGCGCCCTATGAAGTATGCAGCAAATAGCCGAGCTGCTTAATGGTATCGCTGAAAGAT
TTGAATGGGAAAAAGTAAT GGAAGGTGACAAGATCATTGGTCTGAAGCAGGGARAGCARAAGCATTTCACTGGAAC
CTGGGGGTCAATTCGAGCTTAGTGETGCACCTCTTCGAGACTTTGCACCAAACTTGTGCTGAAGTCAATTCACATC
TTTATCAGGTAAAAGCTGTTGCTGAGCAAATGGGAATTGGTTTCTTAGGAATCGGCTTCCAGCCCARATGGCGTC
GGGAGGATATACCCATCATGCCAAAGGGGAGATACCACATTATGAGAAACTACATGCCGAAAGTTGGCACCCTTG
GACTTGATATGATGCTCCGAACGTGTACTGTTCAGETTAATCTGGATTTTAGCACAGAAGCTGATATGATCAGGA
AGTTCCGTGCTGGTCTTGCTTTGCAACCTATAGCAACGGCTCTATTTGCAAATTCTCCTTTTACAGAAGGAAAGC
CAAACGGATTTCTCAGCATGAGAAGCCACATATGGACAGACACTGACAAGGACCGCACAGGAATGCTACCGTTTG
TTTTCGATGACTCTTTTGGGTTTGAGCAGTATGTTGACTACGCACTCGATGTCCCTATGTACTTTGCCTACCGAA
AGAATAAATACATCGACTGTACTGGAATGACATTTCGGCAATTCTTGGCTGGARAACTTCCCTGTCTCCCTGETG
AACTGCCTTCATATAATGATTGGGAAAACCATCTGACAACAATATTCCCAGAGGTTCGGTTGAAGAGATACTTGG
AGATGAGAGGTGCTGATGGAGCETCCCTGGAGGAGGCTGTGTGCCCTGCCAGCTTTCTGGGTGGGTTTATTATATG
ATGATGATAGTCTCCAAGCTATCCTGGATCTGACAGCTGACTGGACTCCAGCAGAAAGAGAGATGCTAAGGAACA
AAGTTCCAGTTACTGGCTTAAAGACTCCGTTTAGAGATGGTTTGTTAAAGCATGTCGCTGAAGATGTCCTGARAC
TCGCAAAGGATGGTTTAGAGCGCCGAGGCTACAAGGAAGCTGGTTTCTTGAACGCAGTTGATGAAGTGGTCAGAA
CAGGAGTTACGCCTGCAGAGAAGCTCTTGCAGATGTACAAT GGAGAATGGGGACAAAGTGTAGATCCCGTGTTCG
AAGAACTGCTATACTAAGAGAATGGGACGTGAACAAAAGGTGTCTATARACCTTTGGGTGTGAGTTTATGCTCTC
TGAAGAACTCAAGTCTCAGGAATAAGTATTTTTTTTTCTTTCTGTAATCGCATTTTAAAAACTG

FIG. 10

SEQ ID No. 9

>GSHA protein Araly [UniProt ID: D7MDW3]
MALLSQAGGSYTVVPLGCSKTGTKSVSGGVRNLDVLRMKEAFVSSYSRSLSTKSMLLRSVKRSKREHQLIVAASP
PTEEAVVATEPLTREDLIAYLASGCKTKDKYRIGTEHEKFGFEVNTLRPMKYEQIAELLNGIAERFEWEKVMEGD
KIIGLKQGKQSISLEPGGQFELSGAPLETLHQTCAEVNSHLYQVKAVAEEMGIGFLGIGFQPKWRREDIPIMPKG
RYDIMRNYMPKVGTLGLDMMLRTCTVQVNLDFSTEADMI RKFRAGLALQPIATALFANSPFTEGKPNGFLSMRSH
IWTDTDKDRTGMLPFVFDDSFGFEQYVDYALDVPMYFAYRKNKYIDCTGMTFRQFLAGKLPCLPGELPSYNDWEN
HLTTIFPEVRLKRYLEMRGADGGPWRRLCALPAFWVGLLYDDDSLQAI LDLTADWT PAEREMLRNKVPVTGLKTP
FRDGLLKHVAEDVLKLAKDGLERRGYKEAGFLNAVDEVVRTGVTPAEKLLEMYNGEWGQSVDPVFEELLY *
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SEQ ID No. 10

>NM 001203879.1 Arabidopsis thaliana glutamate

cysteine ligase mRNA, complete cds
ACACTATAAAGTTAACCTTTGTTTAAACTACTAATAAACTGGTTATTTAAAAAACTATTAGGGTTAAATTTGTGA
GAAATGGAAAAGTAAGAGGCAAAAAACGARAGAAT CTTTTATTACAATGATTATTAAT TTTATCAACTTTCTTTT
ATAGACAGCTCAGCTCCACTGATCGGCTCATGCTCCACTGAT CAACTTTCTTTCAT TTTTTTATCAGT TTCTCAT
TTCTCTCTCAGTCGCATATAARATTTGAAACGCCGATTCGTTTTTGCTCTTTAAGCTTTCTTCTTGATTTCGACGG
TGTCTCTCAATCTCCGTCAAGCTTGACGAATTTCAGGAGCTATATATACCAT GGCGCTCTTGTCTCAAGCAGGAG
GATCATACACTGTTGTTCCTTCTGGAGTTTGTTCAAAGGCTGGAACTARAGCT GTTGTTTCGGGT GGCGTGAGGA
ATTTGGATGTTTTGAGGAT GAAAGAAGCTTTTGGTAGCT CCTACT CTAGGAGT CTATCTACCAAATCAATGCTTC
TCCATTCTGTTAAGAGGAGTAAGAGAGGGCAT CAATTGATTGTTGCGGCAAGTCCTCCAACGGAAGAGGCTGTAG
TTGCAACTGAGCCGTTGACGAGAGAGGAT CTCATTGCCTAT CTTGCCTCTGGAT GCARAACAAAGGACAARATATA
GAATAGGTACAGAACATGAGAAATTTGGTTTTGAGGTCAATACT TTGCGCCCTATGAAGTAT GATCAAATAGCCG
AGCTTCTTAATGGTATCGCTGARAGAT TTGAAT GGGAAAAAGTAATGGAAGGT GACAAGAT CATTGGTCTGAAGC
AGGGAAAGCARAGCATTTCACTTGAACCTGGGGGTCAGT TCGAGCTTAGTGGTGCACCTCTTGAGACTTTGCATC
AAACTTGTGCTGAAGT CAATTCACATCTTTATCAGGTAAAAGCAGTTGCTGAGGARATGGGAATTGGTTTCTTAG
GAATTGGCTTCCAGCCCARATGGCGTCGGGAGGATATACCCATCATGCCARAGGGGAGATACGACATTAT GAGAA
ACTACATGCCGAAAGTTGGTACCCTTGGTCTTGATATGATGCTCCGAACGTGTACT GTTCAGGTTAAT CTGGATT
TTAGCTCAGAAGCTGATATGATCAGGAAGTTTCGTGCTGGTCTTGCTTTACAACCTATAGCAACGGCTCTATTTG
CGAATTCCCCTTTTACAGAAGGAAAGCCARACGGATTTCTCAGCATGAGAAGCCACATATGGACAGACACTGACA
AGGACCGCACAGGAATGCTACCATTTGTTTTCGATGACT CTTTTGGGTTTGAGCAGTATGTTGACTACGCACTCG
ATGTCCCTATGTACTTTGCCTACAGAAAGAACARATACATCGACTGTACT GGAATGACATTTCGGCAATTCTTGG
CTGGAAAACTTCCCTGTCTCCCTGGTGAACTGCCTTCATATAAT GATTGGGARAACCATCTGACAACAATATTCC
CAGAGGTTCGGTTGAAGAGATACT TGGAGATGAGAGGT GCTGATGGAGGT CCCTGGAGGAGGCTGTGTGCCCTGC
CAGCTTTCTGGGTGGGTTTATTATATGATGATGATAGT CTCCAAGCTATCCTGGAT CTGACAGCT GACTGGACTC
CAGCAGAGAGAGAGAT GCTAAGGAACAAAGTCCCAGTTACTGGCTTAAAGACT CCTTTTAGGGAT GGTTTGTTAA
AGCATGTCGCTGAAGATGT CCTGARACTCGCAAAGGATGGTTTAGAGCGCAGAGGCTACAAGGAAGCCGGTTTCT
TGAACGCAGTCGATGAAGTGGTCAGAACAGGAGTTACGCCT GCGGAGAAGCT CTTGGAGAT GTACAATGGAGAAT
GGGGACARAGCGTAGATCCCGTGTTCGAAGAGCTGCTGTACTAAGAAAAT GGGACGTGAACAAAAGGTGTCTATA
AACCTTTGGGTGTGAGTTTATGCTATCTGAAGAATTCGAGTCTCCGGAATAAGGATTTTTTTTTTTTTTTGTTTG
TTTTTATTGTTTTTTTTTTAAGTTCGAATATGTCGTATAGATCT GTAAAATAATTCAAATGTGGCTTTGT CCCAT
AGATTGGTTTTGATTATGCAATCATCTATCACAACAGT GGAACATTATGCAAT CATTTATTGTCTATCAAATTAA
TTATGGTTATGAAA

FIG. 12

SEQ ID No. 11

>GSHA protein Arath [UniProt ID: F4JMS5]
MALLSQAGGSYTVVPSGVCSKAGTKAVVSGGVRNLDVLRMKEAFGSSYSRSLSTKSMLLHSVKRSKRGHQLIVAA
SPPTEEAVVATEPLTREDLIAYLASGCKTKDKYRIGTEHEKFGFEVNTLRPMKYDQIAELLNGIAERFEWEKVME
GDKIIGLKQGKQSISLEPGGQFELSGAPLETLHQTCAEVNSHLYQVKAVAEEMGIGFLGIGFQPKWRREDIPIMP
KGRYDIMRNYMPKVGTLGLDMMLRTCTVQVNLDFSSEADMIRKFRAGLALQPIATALFANSPFTEGKPNGFLSMR
SHIWTDTDKDRTGMLPFVFDDSFGFEQYVDYALDVPMYFAYRKNKYIDCTGMTFRQFLAGKLPCLPGELPSYNDW
ENHLTTIFPEVRLKRYLEMRGADGGPWRRLCALPAFWVGLLYDDDSLQAI LDLTADWT PAEREMLRNKVPVTGLK

TPFRDGLLKHVAEDVLKLAKVCLYEPS*

FIG. 13
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SEQ ID No. 12
>XM 006439493.1 Citrus clementina hypothetical protein(CICLE v

10019696mg) mRNA, complete cds

AGAATAAATACGCTTAGAGAATCTTGATAGCGGTGACGTGGCGACAACCAAGAAAGGGCATCAT CAAAAGGCACC
ATAGTGCCGCATTATCGAATCCCCGTCCCCAGCGCCATTTGATAGTTCAGCAGGTTCTGTATATAATAACACTAA
CGTCTAACAATACTCACAAGAAAACCAAAGTCCCTCTCTCTCTCTCTGCATTCTGCAAGTGAGTCTTCGCTGTCC
TATATATATATATAACTCAACGAGTGTTTTATCTTCTACGARATTCGARACCCTAGTTTTTAAGATTCCAATTGT
GGTAATTCGTTCAGCGTTAACCAAGCGGGAGCAGTATGACTCTCATTTCGCGGGCCAGTCCATCATGTCGTGTAT
TGACTGATGTAACACGATGTACAATCAGACGARAGTGGGGTTTGTGGCTTGGCAAARAATGCTGAGGCATCTAGGA
TGAAGGAAACTTGTGTTAGTTTCTCTTCCTCATCACGCTATTCTGCCARGATAT CACAAGTTTTACATCTAGACA
ATGCAGGGATAGGAATTCGAAGAGGACGTCGATCTATTGTTGCAGCTAGTCCTCCCACGGAGGATGCTGTTGTTG
TAACGGAGCCATTGACCAAAGAGGATCTAGTTGGATACCTTGCCTCTGGGTGCAAGCCTAAGGAARAGT GGAGAA
TTGGTACAGAACATGAGAAGTTTGGTTTTGAGTTTGGAACTTTACGTCCTATGAAATACGAACARATAGCCGAGT
TGCTTAACAGCATTGCTGAGAGGTTCGATT GGCAGAAAGTAATGGAAGGAGATTACATCATAGGACTGAAACAAG
GGAAACAAAGCATATCACTTGAACCTGGCGGTCAGTTTGAGCTTAGTGGTGCACCTCTTGARACTCTGCATCARA
CTTGTGCTGAGGTTAATTCACACCTATATCAGGTGAAAGCTGTTGCAGAGGARATGGGAATTGGATTTTTAGGAA
TTGGCTTCCAGCCTAAGTGGGGACTTAAAGATATACCTGTTATGCCAAAGGGAAGATATGAGATTATGCGGAACT
ACATGCCTAAAGTTGGATCACTCGGACTTGATATGATGTTTAGGACATGCACTGTTCAGGTTAATTTGGACTTTA
GTTCGGAAGCCGACATGATCCGCARATTTCGTGCTGGTCTTGCTTTGCAGCCAATAGCAACAGCTCTATTTGCAA
ATTCACCATTTACCGAAGGAARACCAAATGGCTATCTCAGCATGAGAAGCCACATCTGGACAGATACCGATAACA
ATCGTGCTGGCATGCTTCCCTTTGTTTTTGATGACTCCTTTGGGTTTGAGCAATATGTTGATTACGCCCTTGATG
TTCCAATGTATTTTGTTTATCGCARAAAGAAGTATATTGATTGTGCTGGGATGTCATTCAGGGACTTCTTGGCTG
GARAACTTCCGTGCCTTCCTGGTGAATTGCCAACTCTTAATGATTGGGARAATCATCTGACAACAATATTTCCCG
AGGTTAGGTTGAAGAGATACTTGGAGAT GAGAGGCGCTGATGGAGGGCCTTGGAGGAGGTTATGTGCTTTGCCTG
CATTTTGGGTAGGTTTGTTATATGACGAGGACTCTCTCCAGAATGTTCTAGACATGACAGCAGATTGGACTACAG
GTGAAAGACAAATGTTGAGGAATAAGGTCCCARAGACTGGTCTAAAGACGCCATTTCGGGATGGTTTGCTARGGC
ATGTTGCCCARGATGTTTTAAAGTTGTCAAAGGTAACTTGGAGTTGTCTCTTCTACTGTCCTTTATCTTGTTGAT
ATTGGAAGTARACATCTATTCTTCTATAGGATGGTTTGGAACGGAGAGGCTTCARAGAGACAGGGTTCTTGAATG
AGGTGGCTGAGGTAGTCAGAACAGGGGTGACACCGGCGGARAAACTATTGGACATGTATCATGGGAAGTGGCGAG
AGTCAGTAGATCCTGTTTTTGAGGAGCTACTTTAT TAAGATGAGTTAAGATTATTTCGACACGCTTCTGTTTGCA
ATTGTTGCTTAAGGTTTTGGGGAGTAATCCTTTTGTTCGGTCCCTACTGTTTTTAATTTATGATCATTAGGAATA
AAAGTATGATGTARATTCTCAGCATGAGGATCCTCATGCAAGCAACTCTGATTGAATGTAACTGGATCTGARACT
TGGGGCAGCTCGACCARGAATTGAGTAGGCCATGTGACTTGGGACGTARATCATGTGCACGTCACATTGATCATT
GAAGCCCCATCATAGCATAGCTTTAATATTACGATTTCAAGTTTGTTCARATTATAGGTGTGTGCAGTTTGCTAT
AGAGGAGACATTTTAACATCATTGGTGGATTTAGATTGAGACTTCTGATCCTATCCTTCTCCCATTCCTCTCGGC
GGTGGCCTAGAGTGTCATGAAAACAATGCTCGAGCTAACCACTTTGATGATTCACCTCATTTCATCGACATCCTA
CTCTCTTTTGTCTATTGATATCAAGTGGACTGGGAACATATAATTTAATACGTTTTGTTGTTTCCACAGCCGTTT
GTGTATGCATGCTTGTGGACTCTGGTAGATTGATTGAGACTAAAATCATCCAAACGTARAGCACTAAAGCATACT
TGGGACATTGGATTCCAACAAGTAGCTGGCTGGAGGGGCCAARACAATACTCAATGCTCGTATGGTCATGGAGGA
CAGACTGACACTCAATAATATGAATCTTCCTGCTGAGCCAACTAATCTGATTCATARACTATACATGCAATCTTT
TATTGATTTAGGTGCTGTAACCACCTGATCTGCATCGACATGTCCARATTATCCTTTTAATGTCTTATTATCTAA
ATTGATCATGGTTTACTAACTTGTCCAAAGARAGTATCARATAACACGCAGCTTTTACTTATCTTAGGCATCATA

FIG. 14

SEQ ID No. 13

>GSHA (GSH1) protein Cicle [UniProt ID: V4TSB7]
MTLISRASPSCRVLTDVTRCTIRRSGVCGLAKNAEASRMKETCVSFSSSSRYSAKISQVLHLDNAGIGIRRGRRS
IVAASPPTEDAVVVTEPLTKEDLVGYLASGCKPKEKWRIGTEHEKFGFEFGTLRPMKYEQIAELLNS IAERFDWE
KVMEGDYIIGLKQGKQSISLEPGGQFELSGAPLETLHQTCAEVNSHLYQVKAVAEEMGI GFLGIGFQPKWGLKDI
PVMPKGRYEIMRNYMPKVGSLGLDMMFRTCTVQVNLDFSSEADMI RKFRAGLALQPIATALFANSPFTEGKPNGY
LSMRSHIWTDTDNNRAGMLPFVFDDSFGFEQYVDYALDVPMYFVYRKKKYIDCAGMS FRDFLAGKLPCLPGELPT
LNDWENHLTTIFPEVRLKRYLEMRGADGGPWRRLCALPAFWVGLLYDEDSLONVLDMTADWTTGERQMLRNKVPK

TGLKTPFRDGLLRHVAQDVLKLSKVIWSCLEFYCPLSC*

FIG. 15
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SEQ ID No. 14
>XM 003525349.2
Glycine max gamma-glutamylcysteine synthetase precursor (GSH1),

transcript variant X1, mRNA
AGAATGAGAAATTGCGTTCTGCGTGTTGTTCCTTGGTAATCGT GAGTGGTACTATTCCCGAATAGCAGCAAGCAA
GGCAAGGCGTGTGTCCGAGCAGAGCAGGAGTGAAGCAGAAAAGCGACCCTTGTCCGTCCAGTCCTTATTCTCTTTT
CTCCTCCCTCCCTCACGCAACCGCCAATTCCTGAACCCTAAGCTAGCGCCATGGCTGTCGTTTCGCCAAGTGCGA
CGACCTATACGCGCCACTACTTAATACGACACGAGTTTGATAGCGAAAACCAAAACCTGCGTTGCCAATAATAGTT
TGTGTTACTCTGCTAAGAAGGCTCCTCCACCGCAGAGGATTGTTGGTGGCCGTAGAGTGATTGTTGCTGCAAGCC
CTCCCACCGAAGACGCTGTAGTTGCCACTGACCCTCTCACCGAAGCAGCGATCTCGTCGATTATCTTGCCTCCGETT
GCAAGCCCAAGGATAAATGGAGAATAGGTACTGAACATGAGAAGTTTGCTTTTGAGATTGCAAGCTTGCGTCCTA
TGAAGTATGACCAAATAGCAGAATTGCTGAATGGCATTGCTGAGAGGTTTGACTGGGATAAAGTAATGCGAAGGTG
ATAAAATTATTGGACTCAAACAGGGGAAGCAGAGCATATCATTGCGAGCCTGGTGGTCAGTTTGAACTTAGTGGAG
CTCCTCTTGAAACCTTGCATCAGACTTGTGCTGAAGTTAATTCCCACCTTTATCAGGTTAAAGCTGTTGCTGAGG
AAATGGGAATTGGATTTTTGGGGATTGGTTTCCAGCCAAAGTGGGGAATCARAGACATACCTATAATGCCAAAGG
GAAGATACGACATCATGAGGAACTACATGCCTAAAGTTGGCTCTCTTGGGCTTGACATGATCTTCAGGACATGCA
CTGTGCAGGTCAATCTGGACTTTAGTTCTGAAGCTGACATGATCAAGAAATTTCGCTGCAGGCCTTGCTTTGCAGC
CGATAGCAACGGCTCTTTTTGCAAATTCACCCTTTAAAGAGGCARAGCCAAATGGTTTTGTCAGTATGAGAAGCC
ATATTTGGACTGATACTGATAAGGACCGCACAGGCATGCTGCCTTTTGTTTTTGATGACTCTTTTGGGTTTGAGC
AATATGTTGATTATGCTCTTGATGTTCCTATGTATTTTGTCTATCGCGAAAAACAGATATATCCACTGCACTGGAA
AGACCTTCAGGGACTTTTTGGCTGGAAGACTTCCTTGTATCCCTGCTGAATTACCAACTCTCAATCATTGGGARA
ATCACTTGACAACTATATTTCCTGAGGTCAGGCTGAAGAGGTATTTGGAGATGAGAGGTGCTGATGGAGGGCCTT
GGAGAAGATTGTGTGCTTTACCAGCATTTTGGGTAGGGTTATTGTACGATGAACTTTCTCTAAAAAGTGTTTTGG
ATATGACAGCTGATTGGACTCCAGAAGAAAGACAAATGTTAAGCAATAAGCGTTCCTGTAACTGGTCTGAAGACAC
CATTCCGAGACGGTTTGCTGAAGCATGTTGCTGAAGATGTTCTARAGTTGGCARAGGATGGCTTGCGAGAGAAGAG
GCTTCAAGGAATCGGGATTTTTGAATGAGGTTGCCCAGGTGCTTAGAACAGGTGTCACTCCAGCTCAGAGGCTTT
TGGAATTGCTATCATGGAAAGTGGGAGCAATCCGTAGATCATGTGTTTGAGGAATTGCTTTATTAAGGTAGTATTG
TCTTTCAAATGCTCTGTGGAAGATTAATTGTGTAATCCTTTGGTTATAGTTCTGGTTATCTCTCATTTGAGCTTCA
TTTAGATATAGGAAATAATATAAATGTAATTTTTGCCTTGAGGCTTCTCATATACCTTTCTTGGARAACATGATC
TGATCAAGCTGACATTCAATGTCACAAATTTGAAAATCCATCAATATAATCATTTTAATAAGAGTGTCAATAGAT
TAAATGTTTGTGGTA

FIG. 16

SEQ ID No. 15

>GSHA protein Glyma [UniProt ID: I1K6J1]
MAVVSRSATTYTRHYLIRHEFDRKTKTCVANNSLCYSAKKAPPPQRIVGGRRVIVAASPPTEDAVVATDPLTKQD
LVDYLASGCKPKDKWRIGTEHEKFGFEIGSLRPMKYDQIAELLNGIAERFDWDKVMEGDKI IGLKQGKQSISLEP
GGQFELSGAPLETLHQTCAEVNSHLYQVKAVAEEMGIGFLGIGFQPKWGIKDIPIMPKGRYDIMRNYMPKVGSLG
LDMMFRTCTVQVNLDFSSEADMIKKFRAGLALQPIATALFANSPFKEGKPNGFVSMRSHIWTDTDKDRTGMLPFV
FDDSFGFEQYVDYALDVPMYFVYRKNRYIDCTGKTFRDFLAGRLPCIPGELPTLNDWENHLTTIFPEVRLKRYLE
MRGADGGPWRRLCALPAFWVGLLYDELSLKSVLDMTADWT PEERQMLRNKVPVTGLKTPFRDGLLKHVAEDVLKL
AKDGLERRGFKESGFLNEVAEVVRTGVTPAERLLELYHGKWEQSVDHVFEELLY *

FIG. 17
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SEQ ID No. 1o
>XM 003630464.1 Medicago truncatula (Medtr)

Glutamate-cysteine ligase (MTR 8g098350) mRNA, complete cds
TTATTCTCTTTTTCAATTTTCAATTTTCAATTTCTAAT TCTAAT TGTAATTTCAATACTATCATGACTACAATAT
TTAGACTCGCTTCCTCATCCTCTCCCTCTCTCCGCCACGACGCAACACCGCATAACTTCCATATTCGGARAACCT
CCATTTCCAACACCTTCTCTTTCTCTTCAARAGAATTCTTTGT CGTTCAAGAGAATTCTTACTTCCGGTGGTAGTC
GTAGATTCATCGTTGCTGCTAGTCCTCCAACTGAAGATGCTGTTGTTGCTACT GAACCTCTTACAAAACAGGATC
TCATTGATTATCTCGCTTCTGGCTGCAAAACCAAGGATARATGGAGAATAGGTACTGAACATGAAAAGTTTGGTT
TTGAGCTTGGAAGCTTGCGTCCTATGAAGTAT GAGCARATATCAGAATTGCT GAATGGCATTGCTGARAGATTTG
ACTGGGATAAAGTAAT GGAAGGTGATAACATTATTGGACTCARACAGGGGAAGCAGAGCATATCATTAGAGCCAG
GTGGTCAGTTTGAACTTAGTGGAGCCCCTCTGGAAACTCTGCAT CAGACTTGTGCTGAAGT TAATTCGCACCTCT
ATCAAGTTAAAGCTGTTGCTGAGGAGATGGGAATTGGAT TTTTGGGGATTGGTTTCCAGCCARAGTGGGAACGCA
AAGACATACCTATGATGCCAAAGGGAAGATAT GAGATTATGAAAAAATACATGCCTAAAGTTGGTTCTCTTGGGC
TTGACATGATGTTCAGGACAT GCACTGTACAGGTAAATCTGGACTTTAGT TCTGAAGCTGACATGAT CAGGAAAT
TTCGTGCTGGCCTAGCTTTGCAGCCAATAGCAACAGCT CTTTTTGCARATTCACCCTTCACAGATGGAAAGCCCA
ATGGGTTTGTTAGTATGAGAAGCCATATTTGGACT GATACCGATAAGGACCGCACAGGCATGCTGCCTTTTGTTT
TTGATGACTCTTTCGGGTTTGAGCAGTACGTTGATTTTGCT CTTGATGTTCCAAT GTATTTTGT CTATCGGAAAA
AGAAATATATCGACTGTACTGGAATGACCTTCAGGGACT TCTTGGCAGGARAGCTTCCTTGTATTCCT GGTGAAT
TACCGACCCTTAATGATTGGGAGAAT CATTTGACCACTATATTTCCCGAGGT TAGGCTAAAGAGGTATTTGGAGA
TGAGAGGTGCTGATGGAGGGCCTTGGAGAAGGTTATGT GCTTTACCAGCATTTTGGGTAGGGATATTGTATGATG
AGGTTTCTTTGCAACGTGTTTTGGATATGACAGCAGATTGGACT CTAGAAGAAAGAGAAAT GCTAAGGAATAAGG
TCACCGTAACTGGTCTAAAGACACCATTTCGAGATGGTTTGCTGAAGCATGTTGCTGAAGAGGTTCTAGAGCTGG
CAAAGGATGGCTTGGARAGAAGAGGCT TTAAGGAAT CAGGATTTTTAAAT GCGGTAGCTGAGGTGGTTAGAACAG
GTGTCACTCCAGCTGAGAGGCTTTTGGAATTGTAT CATGGARAGT GGGAGCAATCTGTAGAT CATGTATTTGACG
AATTACTATACTAAGGTGTATTCGGCGTCTTGCTTTTCTTTCACATTTCTGTGGGAGGTTAATTGTATAAGCCAC
CTTTTTTGGGTAGAAT CGTGTGTAAAACT CTGGCTATATAGTCCTGGTTATCTCTCTTGTGAGCTGCTTTTAGAT
ATAGAAAATAATATCTGAT GTATTTTTTCGCTTGGAAACATTAT CAGATCAAGCTAGTATTTAATTCATGTCGTA
AGTTTGATAATAACATCAGCTTAATCAGCTTGT CAAAAAAAAATARACAT CAGCTTAAT CATCTTCACCAAAGTT
GTTTGAAGGAACTTTCTTTTTCTCTAATTCCAGATTGGAGACTAATTCAA

FIG. 18

SEQ ID No. 17

>GSH1 protein Medtr [UniProt ID: GT7LHCS5]
MTTIFRLASSSSPSLRHDATPHNFHIRKTSISNTFSFSSKNSLSFKRILTSGGSRRFIVAASPPTEDAVVATEPL
TKQDLIDYLASGCKTKDKWRIGTEHEKFGFELGSLRPMKYEQISELLNGIAERFDWDKVMEGDNIIGLKQGKQST
SLEPGGQFELSGAPLETLHQTCAEVNSHLYQVKAVAEEMGIGFLGIGFQPKWERKDI PMMPKGRYEIMKKYMPKV
GSLGLDMMFRTCTVQVNLDFSSEADMIRKFRAGLALQPIATALFANSPFTDGKPNGFVSMRSHIWTDTDKDRTGM
LPFVFDDSFGFEQYVDFALDVPMYFVYRKKKYIDCTGMTFRDFLAGKLPCIPGELPTLNDWENHLTTIFPEVRLK
RYLEMRGADGGPWRRLCALPAFWVGILYDEVSLQRVLDMTADWT LEEREMLRNKVTVTGLKTPFRDGLLKHVAEE

VLELAKDGLERRGFKESGFLNAVAEVVRTGVTPAERLLELYHGKWEQSVDHVFDELLY *

FIG. 19
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SEQ ID No. 18
>NM 001247081.1 Solanum lycopersicum (Solly) gamma-

glutamylcysteine synthetase (GSH1), mRNA

AGATTCTTTTTCATTCAATCTGCTAGCAGTTGTCTCTCTTTATAGCTAAACAAAAAT TAAAGAAAT GGGAGTGAT
AAAGCTCTAGCCGCCTCAGCACACCAAAATCCTAATCATTTTGCTGATACCCAATTGTCTCTATATATATATTGG
AAGGTTTTCTTTCAATTTTCAGTCAATTCTATAGAACAAACCCTACAAAGTCTTAATTTTTCAGTTTACTAGAGC
CAAGGCACAAAGCATGGCCTTGATGTCTCAGGCAGGTTCTTCACATTGCATTTACT CTGAAAAGGTAAGATGTAT
CAGTGGACATAGAAGCATCATTAACAATAT GGATATGTTCAGAATGCGGGAGATATGCTTTGGCGTGGATATTTC
TTCACGCAATGCCTCAAGACGAGTGCAAGGGAATTATTTGAATCACATAGGAGT GGGAAGTAGACGTGGAGACCT
GACAATTGTAGCTGCAAGTCCTCCAACAGAGGATGCTGTTGTTGCAGCAGAGCCGTTAACAAAAGAAGATCTTGT
AGGATATCTTGCTTCTGGATGCAAATCCAAAGAAAAGT GGAGGATAGGCACTGAACATGAAAAGTTTGGTTTCGA
GTTTGGAACCCTGCGACCCATGAAGTATGATCAAATAGCTGACTTGCTAAATGGTATTGCTGAGCGGTTTGATTG
GGAAAAAGTAATGGAGGGTGACAAGATTATTGGCCTGAAACAGGGAAAGCAAAGCATATCATTAGAACCTGGTGG
TCAGTTTGAGCTTAGTGGTGCACCACTTGAAACACTGCATCAAACTTGTGCAGAGGTTAATTCACATCTTTACCA
GGTTAAAGCTGTTGCAGAAGAGATGGGAATTGGATTCTTAGGAACT GGATTCCAGCCARAGTGGGGGCTGAAAGA
TATACCAATAATGCCGAAGGGGAGATAT GAGATTATTAGAAATTACATGCCTAAAGTTGGCTCACTTGGGCTGGA
TATGATGTTTAGAACATGCACTGTTCAGGTAAATCTGGACTTCAGTTCTGAAGCTGACATGAT CAGAAAGTTCCG
TGCTGGTCTTGCCTTGCAGCCTATTGCTACAGCTCTATTTGCAAATTCACCTTTCACTGAAGGAAAACCTAATGG
TTATCTCAGCAAGAGAAGCCACATTTGGACCGATACAGATAATAACCGCGCTGGGATGCTTCCTTTCGTCTTTGA
TGACTCTTTTGGGTTTGAGCAATATGTAGATTATGCACTTGATGTCCCAATGTATTTTGTCTAT CGGAAGAAGAA
GTATGTTGATTGTACTGGATTGTCTTTCCGGGACTTCAT GAATGGAAAACTTCCGCCCATTCCCGGCGAATACCC
TACTCTTAATGATTGGGAGAATCATCTCACAACAATATTTCCTGAGGTCAGACTCAAAAGATATCTGGAAATGAG
AGGTGCTGATGGAGGGCCTTGGAGACGGTTATGCGCATTGCCTGCATTCTGGGTGGGTATACTCTACGATGAGGSE
GTCTTTGCAAAGCGTTTTGGACATGACATTTGATTGGACT GCAGAAGAAAGAGACATGTTAAGGAATAAGGTGCC
AAAAAGTGGTCTGAAGACACCATTTCGAGATGGATTGCTTATGCATGTTGCTCAAGATGTTGTCAAGTTGGCAAA
GGAAGGCTTGGAAAGAAGAGGCTTTAAGGAAACAGGATTTCTGAACGAAGTAGCCGAGGTTGTTAAAACAGGTGT
AACACCAGCTGAGAAGCTACTGGAATTGTACCATGGGAAGTGGGGACAAAGTGTGGATCCTATCTTTGAGGAGCT
TCTCTACTGAAGTTGTTTGAGAGTGCAATTTCAATTCTGTCTTTTTCCTGTGTTGTAAATGATTTCTCAATTTCA
TTGAGAGTTATATCAGCCGATTTTTCCATCGTTAGACAAATAAT CTAGCTAGCTAGATTAAGATATGTTACATGT
ATCTATGGCTCGAAAACGTCATATGTAGCTCTCTCCCCTTGGGATGTGATCAATCTGGTTCCAGATAGCATTTGT
ATACATTTTCCCCAGAAAAGTAACATAGCAATGCTAAAGTAATAAATGAATCTATT GGCTGACCAAAAAAAAAA

FIG. 20

SEQ ID No. 19

>GSHA protein Solly [UniProt ID: 022493]
MALMSQAGSSHCIYSEKVRCISGHRSI INNMDMFRMREICFGVDI SSRNASRRVQGNYLNHIGVGSRRGDLTIVA
ASPPTEDAVVAAEPLTKEDLVGYLASGCKSKEKWRI GTEHEKFGFEFGTLRPMKYDQIADLLNGIAERFDWEKVM
EGDKIIGLKQGKQSISLEPGGQFELSGAPLETLHQTCAEVNSHLYQVKAVAEEMGIGFLGTGFQPKWGLKDIPIM
PKGRYEIIRNYMPKVGSLGLDMMFRTCTVQVNLDFSSEADMI RKFRAGLALQPIATALFANSPFTEGKPNGYLSK
RSHIWTDTDNNRAGMLPFVFDDSFGFEQYVDYALDVPMYFVYRKKKYVDCTGLS FRDFMNGKLPPIPGEYPTLND
WENHLTTIFPEVRLKRYLEMRGADGGPWRRLCALPAFWVGILYDEGSLQSVLDMTFDWTAEERDMLRNKVPKSGL

KTPFRDGLLMHVAQDVVKLAKEGLERRGFKETGFLNEVAEVVKTGVT PAEKLLELYHGKWGQSVDPIFEELLY*
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SEQ ID No. 20

>XM 0060343925.1 Solanum tuberosum (Soltu) glutamate-
cysteine ligase, chloroplastic-1like (LOC102600891), mRNA
TTCAATCTGCTACAGTACTCTCTCTTTATAGCTTAACAAAATTAAAGAAATGGGAGTGATAAAGCTCTAGCCGCC
TCAGCACACCAAAATCCAAATCATTTTGCTGATACCCAATTTTCTCTATATATATATTGGAAGGTTTTCTTTCAA
TTTCCAGTCAATTCTATAGAACAAACCCTACAAAGTTTTTCTTTTTCAGTTTACTGAGCCAAGGCACAAAGCATG
GCCTTGATGTCTCAGGCAGGTTCTTCACATTGCATTTACTCTGAAAAGATAAGATGTATCCCTGCACATAGCAAC
ATCATGAACAATATGGAGATGTTCAAAATGAGGGAGATATGCTTTGGCGTGCATATTTCTTCACGGAATGCCTCA
AGACGAGTGCAAGGGAATCATTTGAATCTCATAGGAGTGGCAAGTAGACCTGCAGGCCTGACAATTGTTGCTGCA
AGTCCTCCAACAGAGGATGCTGTTGTTGCAGCAGAGCCCTTAACAAAAGAAGATCTTGTAGGATATCTTGCTTCT
GGATGCAAAACCAAAGAAAAATGGAGGATAGGCACTGAACATGAAAAGTTTGCTTTCCAGTTTGGAACTCTGCGA
CCCATGAAGTATGATCAAATAGCTGACTTACTAAATGGTATTGCCGAGCGGTTTGACTGGGAAAAAGTAATGGAG
GGTGACAAGATTATTGGCCTGAAACAGGGAAAGCARAGCATATCATTGCGAACCTGGTGGTCAGTTTCAACTTAGT
GGTGCACCAGTTGAAACACTGCATCAAACTTGTGCAGAGCGTTAATTCACATCTTTACCAGCTTARAGCTGTTGCA
GAAGAGATGGGAATTGGATTCTTAGGAACTGGATTCCAGCCARAGTGGGGGCTGARAGATATACCAATAATGCCG
AAGGGGAGATATGAGATTATGAGAAATTACATGCCTAAAGTTGGCTCACTTGGGCTGCATATGATGTTTAGAACA
TGCACTGTTCAGGTAAATCTGGACTTTAGTTCTGAAGCTGACATGATCAGARAGTTTCGTGCTGGTCTTGCCTTG
CAGCCTATTGCTACAGCTCTATTTGCAAATTCGCCTTTCACTGAAGCGAAAACCTAATGGTTATCTCAGCAAGAGA
AGCCACATTTGGACTGATACAGATAATAACCGCGCTGGGATGCTTCCTTTCGTCTTTGATGACTCTTTTGGGTTT
GAGCAGTATGTGGATTATGCACTTGACGTCCCTATGTATTTTGTCTATCGCGAAGAAGAAGTATCTTCGATTGTTCT
GGATTGTCTTTCCGGGACTTCATGAATGGAAAACTTCCGCCTATTCCCGGCGAATATCCTACTCTTAATGATTGG
GAGAATCATCTCACAACAATATTTCCTGAGGT CAGACTCARAAGATATCTGGARATGAGGGGTGCTGATGGAGGG
CCTTGGAGACGGTTATGTGCATTGCCTGCATTCTGGGTGGGTATACTCTACCGATGAGGGGTCTTTGCAAAGTGTT
TTAGACATGACGTCTGATTGGACTGCGGAAGAAAGAGACATGTTGAGGAATAAGGTGCCAAAAAGTGGTCTGAAG
ACACCATTTCGAGATGGATTGCTTATGCATGTTGCTCAAGATGTTGTCAAGTTGGCAAAGCAAGGCTTAGARAGA
AGAGGCTTTAAGGAAACAGGATTTTTGAATGAAGTAACCGAGGTTGTCARAACAGGTGTAACACCAGCTGAGAAG
CTACTGGAATTGTACCATGGGAAGTGGGGACAGAGTGTGCATCCTATCTTTGAGCGAGCTTCTCTATTGAAGTTGT
TTGAGAGTGCCATTTCAATTCTGTCTTTTTCCTGTGTTGTAAATGATTTCTCAATTTCTTTTTGAGAGTTATATC
AGCCGATTTTGCCCATCGTTAGACAAATAATCTAGCTAGCTAGATTAAGATATGTTACATGTATCTACGTCTCGA
AAACGTCATATGTAGCTCTCCCCTTGGATGTGATCAATCTGCTTCCAGATAGCATTTGTATACACTGGGACATAC
ATTTTCCCCAGAAAAGTAACATAGCAATGCTAAAGTAATAAATGAATCTTGGCTGACCAA

FIG. 22

SEQ ID No. 21

>GSHA protein Soltu [UniProt ID: MI1AWR9]
MALMSQAGSSHCIYSEKIRCIGGHSNIMNNMEMFKMREICFGVDISSRNASRRVQOGNHLNLIGVGSRRGGLTIVA
ASPPTEDAVVAAEPLTKEDLVGYLASGCKTKEKWRIGTEHEKFGFEFGTLRPMKYDQIADLLNGIAERFDWEKVM
EGDKIIGLKQGKQSISLEPGGQFELSGAPVETLHQTCAEVNSHLYQVKAVAEEMGI GFLGTGFQPKWGLKDIPIM
PKGRYEIMRNYMPKVGSLGLDMMFRTCTVQVNLDFSSEADMI RKFRAGLALQPIATALFANSPFTEGKPNGYLSK
RSHIWTDTDNNRAGMLPFVFDDSFGFEQYVDYALDVPMYFVYRKKKYVDCSGLSFRDEMNGKLPPIPGEYPTLND
WENHLTTIFPEVRLKRYLEMRGADGGPWRRLCALPAFWVGILYDEGSLQSVLDMTSDWTAEERDMLRNKVPKSGL

KTPFRDGLLMHVAQDVVKLAKEGLERRGFKETGFLNEVTEVVKTGVT PAEKLLELYHGKWGQSVDPIFEELLY*

FIG. 23
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SEQ ID No. 22

>XM 003569010.1 Brachypodium distachyon glutamate--

cysteine ligase A (GSHI1),

chloroplastic-like (LOC100837682), mRNA
TCGAGGCCGCGGACGGCGECGECGGCETGCGTTGETTEGTCTTCGTCGGGTCTTGGCGCGAGCGAACCCTAGCGA
GACAGAGGGGTTGGGCETGATGGCEGTGGCGTCGCEGCTGGCGETGGCECGEGTGGTCGCGCCGGAGEGAGGCGT
GGGCGGGAGGAGGAAGGGGCGGCCEGGETTTGCGGTGGTTGCGETCCCCACTGCGGEGAGGARAGGGAGCAAGCG
CGGCGGEGGCTGTGGCCGCTAGTCCCCCGACGGAGGAGGCGGCGCAGATGACGGAGCCGCTCACCARAGGACGACCT
CGTCGCCTACCTCGTCTCCGGGTGCAAGCCAAAGGAGAACTGGAGAATTGGCACAGAGCATGAGAAGTTTGGTTT
TGATATTGAAACGTTGCGCCCTATAACGTATGACCAGATTAGTGGCATACTGAATGGGCTGTCTCGAGAGATTTGA
GTGGGATAAGATAATGCAAGAAAACCATGTCATTGCTCTCAAGCAGGGAAAGCAAAACATATCTCTAGAGCCTGG
TGGCCAGTTTGAACTTAGTGGTGCTCCTCTTGAAACATTACATCAAACTTGTGCTGAGGTCAATTCACATCTTTA
TCAGGTCAAAGCAGTTGGAGAGGAAATGGGAGTTGGATTTCTTGGAATTGEGTTTTCAGCCARAAGTGGGCACTCAG
TGATATACCAATAATGCCCAAGGGAAGGTATGAAATTATGAGGAATTACATGCCTARAGTTGGTTCTCTTGGCCT
TGACATGATGTTCCGCACATGCACTGTACAGCTTAATCTCGACTTCAGT TCAGAGARAGATATGATAGATAAATT
CCGTGTTGGCCTCGCGCTGCAGCCTATCGCAACAGCAATATTTGCTAACTCTCCCTTCARAAGAAGGARAACCARA
TGGGTTTCTCAGTTTAAGAAGCCATATCTGGACAGATACTGATAACAACCGCTCAGGGATGCTTCCTTTTGTTTT
TGATGACTCGTTCGGATTTGAGCAATACGTGGACTATGCATTAGATGTCCCAATGTATTTTGTATACCGGAATAR
ACAATACATTGACTGTACCGGGATGTCATTTCGGGATTTTATGCTAGGAAAGCTCCCACAGGTTCCAGGGGAGCT
ACCTACTTTGAATGATTGGGAGAACCACCTAACGACAATTTTTCCTGAGGTTAGGTTGAAGAGATACATAGAGAT
GAGAGGTGCTGATGGTGGTCCATGCAGGAGACTGTCTGCTTTGCCTGCATTTTGGGTGGGGTTGCTATATGATGA
GGAATCACTACAAAGTATTTTGGATATGACTGCTGATTGGACAAACGCAGAAAGAGAGATGTTAAGGCGGAAGGT
ACCAGTGACTGETTTGAAGACACCETTCCGGGATGETTACGTAAGAGAT CTAGCTGAAGATGTTCTCAAGTTGGC
TAAGAGTGGACTAGAAAGAAGAGCATACAAGCAGGTTGGATTCCTGAGAGAGGTTCGACCAGCTGGTTAGAACAGE
AGTGACGCCTGCCGAGAAGCTTCTCAACCTGTACCAGACGAAGTGGCAGCGCAGTGTGGACCCTGTCTTTCAAGA
GTTGTTATACTGATGCTGAGAAATATATCCTGTATAACTTCACCGATCACTGGATGGGAGTCTTCAGATTGCCCC
ATACAAGAACCCCATCCTCCATTCTATTCCGARAAGCCAGGAGGGCTAACATGTTTGTTTCTCTGTTTCAGTCGTT
GGGAGCTTTTACAACTTTTTATTTCCCAATCTCTCCAGGGAGCTGGAACAAACCAGTGTTTGTACCGACCCTGTT
TCTTCTTTTCCTGATGAGTGCTGTATCCARATAARATCCATCTGGTGTATGATGGAAGCAACCTGATTTGCAGAA
AATAATTTGAAGTGTTCGCGAGTTAAAGCGCTTTATCGTGCTCCTGGCCGTTTTAT

FIG. 24

SEQ ID No. 23

>GSH1 protein Bradi [UniProt ID: I1HMP3]
MAVASRLAVARVVAPEGGAGGRRKGRPGFAVVAVPTAGRKGSKRGGAVAASPPTEEAAQMTEPLTKDDLVAYLVS
GCKPKENWRIGTEHEKFGFDIETLRPITYDQISGILNGLSERFEWDKIMEENHVIGLKQGKQONISLEPGGQFELS
GAPLETLHQTCAEVNSHLYQVKAVGEEMGVGFLGIGFQPKWALSDI PIMPKGRYEIMRNYMPKVGSLGLDMMFRT
CTVQVNLDFSSEKDMIDKFRVGLALQPIATAI FANSPFKEGKPNGFLSLRSHIWTDTDNNRSGMLPFVEDDSFGF
EQYVDYALDVPMYFVYRNKQYIDCTGMSFRDFMVGKLPQVPGELPTLNDWENHLTTIFPEVRLKRYIEMRGADGG
PWRRLCALPAFWVGLLYDEESLQSILDMTADWTNAEREMLRRKVPVTGLKTPFRDGYVRDLAEDVLKLAKSGLER

RGYKEVGFLREVDEVVRTGVTPAEKLLNLYETKWQRSVDPVFQELLY*

FIG. 25
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SEQ ID No. 24
>NM 001061076.1 Oryza sativa Japonica Group

(Orysa)0s05g0129000 (0s05g0129000) mRNA, complete cds
ATCTTCTCGCTCGCCTCTCGCTGECTCGCACTCGCCGCCGdEGCCGTCECCGCGCCTCTETCGCCGGCGGGGAGG
TGAGGTGTACGGATTTGATGGCGGTGGCGTCGCGGCTCGCGGETGGCGCGGGETGGCGCCGGACGGGGGAGCGGLGG
GGAGGAGGAGGAGGAGGGGGCGGCCGEGETGGETCGCGETTCCGACGGCGGGGAGGGGGCGAGGTGGGGCCETGGCGGE
CGAGCCCACCGACGGAGGAGGCGGTGCAGATGACGGAGCCGCTCACCAAGGAGGACCTCGETGGCCTACCTCGTCT
CCGGGTGCAAGCCCAAGGAGAACTGGAGAATTGGCACAGAACATGAGAAGTTCGGTTTTGAAGTTGATACATTGC
GTCCTATAAAGTACGATCAGATCCGTGACATCCTGAATGGACTTGCTGAGAGGTTTGATTGGGACAAGATAGTTG
AAGAAAATAACGTTATCGGTCTCAAGCAGGGAAAACAAAGCATTTCACTAGAACCTGGCGGTCAGTTTGAACTTA
GTGGTGCTCCTCTTGAAACATTACATCAAACTTGTGCTGAGGTCAATTCACATCTTTACCAGGTCAAAGCAGTTG
GAGAGGAAATGGGGATTGGATTTCTCGGAATTGGTTTTCAGCCAAAGTGGGCACTGAGTGACATACCAATAATGC
CCAAGGGAAGGTACGAAATTATGAGGAATTACATGCCTAAAGTTGGCTCTCTTGGGCTTGATATGATGTTCCGAA
CATGCACTGTTCAGGTTAATCTTGACTTCAGTTCAGAGCAAGATATGATAAGGAAATTCCGTACTGGTCTTGCAT
TACAACCTATTGCAACAGCAATATTTGCTAATTCTCCCTTCAAAGAAGGAAAACCAAATGGGTATCTTAGCTTAA
GAAGCCATATTTGGACTGATACTGACAACAACCGCTCAGGGATGCTTCCTTTTGTGTTCGATGACTCATTTGGAT
TTGAGCGATATGTGGACTACGCATTAGATATCCCGATGTATTTTGTCTATCGTAATAAGAAGTACATTGACTGTA
CTGGAATGTCATTTCGGGATTTTATGGTAGGAAAACTCCCACAAGCTCCGGGGGAGCTGCCTACTTTGAATGACT
GGGAGAACCATCTAACAACAATATTTCCTGAGGTTAGGCTGAAGCGATATCTAGAGATGAGAGGTGCTGATGGTG
GCCCATGGAGGAGATTGTGTGCTTTGCCAGTATTTTGGGTTGGGCTGTTGTATGATGAGGAATCACTGCAAAGTA
TTTCGGACATGACCTCTGATTGGACAAATGAGGAAAGAGAAATGCTAAGGCGAAAGGTACCTGTAACCGGTTTGA
AGACACCCTTCCGGGATGGATATGTAAGAGATCTAGCTGAAGAAATTCTGCAGTTGTCTAAGAATGGATTAGAAA
GAAGAGGGTACAAGGAAGTTGGTTTCTTAAGAGAGGTTGATGCAGTGATCAGTTCAGGAGTGACCCCAGCTGAGA
GGCTGCTCAATTTGTACGAGACGAAGTGGCAACGCAGCGTCGATCCTGTCTTCCAGGAGTTGTTATACTGATGCT
GAGAAACCTCTTACACAGCAAAACTGGACAGTCTGTAGATGTACTCCCCCATACAGAAAAAACCTCATATCCATT
CTATTTCATGCCTCGGCAGCTAATGTCCGCCATCCGTTCTTCTTGAGCCTGAAGAGGGAAAAATAACCGCCGTGC
AGCAATTCAGCTTCACGGACTCAATTGTTTCTGCCTCCTGGAACATTTGAGGTCGGAAGCCTTTGTAGGTGCTGT
CTTTGTTGGGGCCTTTTACAACTTCCGATTTCCCTCGTCAACAGGGAGATGGGACAAACCACTGTTTGTACCAGA
CCCTCTTTTGTTCCTGATGATTTTTGTATGAAAAATAAGCCCATCTGGTGCATGATGGAAACTATATATATATAT
GGTTCCAGAAAATGTTGGAATAAGTATTTGACAAGCACGTGGAGTGAGTTCCATCC

FIG. 26

SEQ ID No. 25

>GSH1 protein Orysa [UniProt ID: B7EUG4]

MAVASRLAVARVAPDGGAAGRRRRRGRPVVAVPTAGRGRGGAVAAS PPTEEAVOMTEPLTKEDLVAYLVSGCKPK
ENWRIGTEHEKFGFEVDTLRPIKYDQIRDILNGLAERFDWDKIVEENNVIGLKQGKQSISLEPGGQFELSGAPLE
TLHQTCAEVNSHLYQVKAVGEEMGIGFLGIGFQPKWALSDI PIMPKGRYEIMRNYMPKVGS LGLDMMFRTCTVQV
NLDFSSEQDMIRKFRTGLALQPIATAIFANSPFKEGKPNGYLSLRSHIWTDTDNNRSGMLPFVFDDSFGFERYVD
YALDIPMYFVYRNKKYIDCTGMSFRDFMVGKLPQAPGELPTLNDWENHLTT I FPEVRLKRY LEMRGADGGPWRRL
CALPVFWVGLLYDEESLQSISDMTSDWTNEEREMLRRKVPVTGLKTPFRDGYVRDLAEEILQLSKNGLERRGYKE

VGFLREVDAVISSGVTPAERLINLYETKWQRSVDPVFQELLY *

FIG. 27
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SEQ ID No. 26
>NM 001111672.1 Zea mays Jamma-

glutamylcysteine synthetasel (gshl), mRNA
CCGTCGCGGCCAGCCCTCCCACGGAGGAGGCCGTGCAGATGACGCAGCCGCTCACCAAGGAGGACCTCGTCGCCT
ACCTCGTCTCCGGGTGCAAGCCCAAGGAGAATTGGAGAATTGGGACGGAGCACGARAAGTTCGGTTTCGAAGTCG
ACACTTTACGCCCTTTAAAATATGATCAGATTCGTGACATACTGAACGGTCTTGCTGAGAGATTTCGATTGGGACA
AGATAATGGAAAAAAACAATGTTATCGGTCTCAAGCAGGCGAAAGCAAAGCATCTCACTAGAACCTGCAGGCCAAT
TTGAACTTAGTGGCGCTCCTCTCGAAACATTACATCAAACTTGTGCCGAGGTCAATTCGCATCTTTATCAGGTCA
AGGCAGTTGGAGAGGAAATGGGAATAGGATTTCTTGCGCTTGGCTTTCAGCCAAAATGGGCACTGAGTGACATAC
CAATAATGCCAAAGGGAAGATACGAAATAATGAGGAATTACATGCCTAAAGTTGCGTACTCTTGGCCTTGATATGA
TGTTCCGGACATGTACTGTGCAGGTTAATCTTGACTTCAGTTCAGAACAGGATATGATAAGCGAAATTTCGTGCTG
GCCTCGCTTTGCAGCCTATTGCAACTGCAATATTTGCCAATTCTCCGTTCAAAGAAGCAAAACCAAATGGATTTC
TCAGCTTAAGGAGCCATATCTGGACAGATACTGATAATAATCGTGCAGGGATGCTCCCTTTTGTCTTTGACGACT
CATTTGGGTTTGAGCAATATGTGGACTATGCATTAGAAGTCCCCATGTATTTTGTGTACCCARATAAAAAGTATA
TTGACTGCACCGGAATGTCGTTTCGGGATTTTATGCAAGGAAAGCTTCCACAGGCTCCTGGGGAGTTGCCTACTC
TTACCGATTGGGAGAACCATCTAACAACAATTTTTCCAGAGGTTAGGCTAAAGAGGTACCTTGAGATGAGAGGTG
CTGATGGTGGCCCATGGAGGAGATTGTGTGCGTTGCCTGCATTTTGGCTTGGGCTGCTGTACCACCAGGAATCGT
TACAAAGCATTTTAGACATGACTTTTGATTGGACAAAGGAGGAAAGAGAGAT GTTAAGACGGAAGGTACCATCGA
CTGGTTTGAAGACGCCGTTTCGTGATGGATATGTAAGAGATTTAGCTGAGGAAGTTCTARAACTGGCCAAGAATG
GACTGGAAAGAAGAGGGTACAAGGAGGTTGGTTTCCTTAGAGAGGTCCACCAAGTAGTGAGAACAGGAGTGACGC
CTGCGGAGAGGCTGCTGAGCCCGTACGAGACCAAGTGGCAACGCAACGTCCACCATGTTTTCCAGCATTTGTTAT
ACTGATTACTGAGGATGACGCCGCCGAACGACGTTGCACTGAGCTTGTAGATGTACCCCGTACCCTAATACAGAG
TCTCGTCTTGATTCATTCAATGCCTGAGCCGGAAGGGCTCAGTTTCAGGCACACAGGAGCAGAGCTTTTGGTTGG
TTGTTGACGGGGGGCAACCGCTGCACAGCCTGGTGCTGTGCCTACAAATAACTTCGCCTGGAACTGGAACGGATC
ACTCATCACTGTGATTTGCTTTGATTTGATCTGCCTGTCTCTCCAGGCAGATGCGAACAAACTACTGTTTGTACCA
AAAAAAAAAARAAA

FIG. 28

SEQ ID No. 27

>GSHA protein Zeama [UniProt ID: Q8W4W3]

MTEPLTKEDLVAYLVSGCKPKENWRIGTEHEKFGFEVDTLRPLKYDQIRDILNGLAERFDWDKIMEKNNVIGLKQ
GKQSISLEPGGQFELSGAPLETLHQTCAEVNSHLYQVKAVGEEMGI GFLGLGFQPKWALSDI PIMPKGRYEIMRN
YMPKVGTLGLDMMFRTCTVQVNLDFSSEQDMI RKFRAGLALQPIATAI FANSPFKEGKPNGFLSLRSHIWTDTDN
NRAGMLPFVEDDSFGFEQYVDYALEVPMYFVYRNKKYIDCTGMS FRDFMOGKLPQAPGELPTLTDWENHLTTIFP
EVRLKRYLEMRGADGGPWRRLCALPAFWVGLLYDEESLQSILDMTFDWTKEEREMLRRKVPSTGLKTPFRDGYVR

DLAEEVLKLAKNGLERRGYKEVGFLREVDEVVRTGVTPAERLLSPYETKWQRNVDHVFEHLLY *

FIG. 29
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FIGURE 30

SEQ ID No. 28
>XM 001757468.1 Physcomitrella patens subsp. patens predicted

protein (PHYPADRAFT 70546) mRNA, complete cds
ATGAGGATCACGGGCATAGGCARGGGGGAGGTGATTGGAAGTCCGCCGAGTAACGATGCTGGGAGCTACGGTGGG
GAGCCGCTCACCAGGCAGGACTTGGTTGGGTATTTGGCGTCTGGGTGCARAACCTAAAGAGAAATGGAGGATTGGA
ACGGAGCACGAGAAATTTGGGTTCCAGCTAGACAATCTACAGCCTATGACGTATCCTCAAATTAAGCAGCTTCTG
GAGGGGCTGGCGGATCGTTTTGAGTGGCARAGAGTGATGGAAGGGGACAACATAATTGGACTGACTCTTGATGGT
CAAGGTGTCTCGTTGGAACCTGGAGGTCAGGTCGAATTAAGCGGTGCTCCTCTGGAGACCCTTCACCAAACATGT
GCAGAGGTCAATTCGCATCTATATCAGGTGAAGGCTGTCGCAGAGGAGCTCGGCCTCGGTTTCGTAGGCATTGGA
TTCCAACCCAAGTGGAGCGTGGCAGATACTCCCATTAT GCCAAAGGGCAGGTAT GAGATAATGAGGAATTACATG
CCGAAAGTTGGATCGTTCGGCCTGGACATGATGTTCCGCACATGCACGGTTCAGGTCAATTTGGATTTCGATTCT
GAGGCGGATATGGTTAGAAAGTTTCGTGTGGGGCTTGCTTTACAGCCTATCGCTACAGCCCTTTTCGCAAATTCC
CCTTTCAAGGAAGGAAAACCAAACGGCTTTTTAAGCTACCGAAGTCACATCTGGACAGACGTGGACAACAATCGG
GCCGGAGATTTACCATTTGTGTTTGAAGATGGCTTTGGGTTTGATAAGTATGTTGAATATGCACTAGGCGTGCCT
ATGTACTTTGTTTATCGGAATGGTCGGTACATTGACTGTTCTGGTATGTCGTTCAAGGATTTTCTGGAAGGGAAG
CTATCTGCTCTGCCTGGAGAGAAGCCAACAATGAACGATTGGGAAAATCATTTAACAACAATCTTTCCCGAGGTG
AGATTGAAACGGTACTTAGAGATGAGGGGAGCTGATGGTGGTCCATGGCGCCGATTGTGTGCTTTGCCTGCATTC
TGGACTGGCTTGTTGTATGACGAGGAATCACTTCAAGGTGCCTTGGACAT CATTAATGACTGGACCGAAAGGGAG
CGTGCGATGCTTCGCTCTAAGGTTCCGAAGCTGGGTTTGAATGTTCCCTTCAGGGATGGACTTCTGAAACATGTG
GCGCAGGATGTCTTCAAACTTGCCAAGGAT GGGTTGACTCGGAGAGGTCTTAACGAGACTGGTTTCTTAAAAGAT
ATCGAGGAGACTGTGAGAACAGGAAAAACTCCTGCAGAACATATCTTGGAGCTCTATCATGGGAAGTGGGGTGAA
AATGTTGATCCCGTCTTTGAGAAGCTTCTGTATTAG

FIG. 30

SEQ ID No. 29

>GSHA protein Phypa [UniProt ID: A9RU07]
MRITGIGKGEVIGSPPSNDAGSYGGEPLTRODLVGYLASGCKPKEKWRIGTEHEKFGFQLDNLQPMTYPQTKQLL
EGLADRFEWQRVMEGDNIIGLTLDGQGVSLEPGGQVELSGAPLETLHQTCAEVNSHLYQVKAVAEELGLGFVGIG
FQPKWSVADTPTIMPKGRYETMRNYMPKVGSFGLDMMFRTCTVQVNLDFDSEADMVRKFRVGLALQPTATATLFANS
PFKEGKPNGFLSYRSHIWTDVDNNRAGDLPFVFEDGFGFDKYVEYALGVPMYFVYRNGRYIDCSGMSFKDFLEGK
LSALPGEKPTMNDWENHLTTIFPEVRLKRYLEMRGADGGPWRRLCALPAFWTGLLYDEESLQGALDI INDWTERE
RAMLRSKVPKLGLNVPFRDGLLKHVAQDVFKLAKDGLTRRGLNETGFLKDI EETVRTGKTPAEHT LELYHGKWGE

NVDPVFEKLLY™*
FIG. 31

SUBSTITUTE SHEET (RULE 26)



WO 2016/128750 PCT/GB2016/050323

21/37

SEQ ID No. 30
>XM 001701595.1 Chlamydomonas reinhardtii gamma-

glutamylcysteine synthetase (GSH1) mRNA, complete cds
GAGTGTCATTACTACTTGATAAGAATCACCAGCACTTGGGCGACCACAGCGAGCGAACGATTATTCTTCACTGTT
ACGTTGCACTACATCTTGGCCCTGTTCCGATCAATCCCTAGGCTGCCGCACTAGTGCGATGGCTCTCGCCTCAGG
CGTTGGCCGTCGCCAGCATGTGTCGGCCTCGCCCTCGCGCAGTCGGGETGTGCCARGCCCACGCTTGAGCCCTGT
CCACGCGAACGCGCCTGCGGTTGCGGAGCGTCGCACAGAGCCCCTCTTARAGCAGGAGCTGGTGGATTACCTGAA
ATCGGGGTGTAGGCCTCGCAGCGCGTGGCGAATCGGCACCGAGCACGAGAAGCTGGGTTTCARCCTGGCAGACAA
CAGCCGCATGAACTACGACCAGATTGCACAGGTGCTACGCAAGCTGGAGGCCCGETTTGGTTGGGAGCCCATCAT
GGAGGAGGGCCGTATCATCGGCGTGCAGTTGGATGGTCAGAGT GTGACGCTGGAGCCCGGCGGCCAGTTTGAACT
GAGCGGGGCGCCCOTGGAGACCATTCACAAGACGTGTGCGGAGGT GAACAGCCACCTCTACCAGGTCAAGGCCAT
CTGCGAGGAGCTTCAGACAGGATTCCTGGGCGTGGGCTTTGACCCCARGTGGGCCATCAGCGACGTTCCCATGAT
GCCCAAGGGCCGCTACAAGCTGATGAAGTCGTACATGCCCACGGTGGGCTCCATGGGCCTGGACATGATGTTCCG
CACATGCACCGTGCAGGTGAACCTGGACTTTGAGAGCGAGCAGGACATGGTGGAGAAGTTCCGCATCGGCCTGGC
GCTGCAGCCCATCGCCARCGCGCTCTTCGCCAGCTCGCCATTCAAGGAGGGCAAGCCCACCGGGTACCTGAGCAC
CCGCGGTCACGTGTGGACGGACGTGGACGCCTCGCGCACCGGCARCCTGCCGTTCGTGTTCGAGAAGGACATGTG
CTTCGAGAGCTACGTGGACTACGCCATGGCGGTGCCCATGTACTTCGTGTACCGCARACGGGCAGTACATCAACGC
GCTGGGCATGAGCTGGARGGACTTCATGGCCGGCAAGCTGCCCGCGCTGCCGGGCGAATACCCCACCATCGCCGA
CTGGGCCAACCACCTGACCACCATCTTCCCCGAGGTGCGGCTCARGAAGTTCCTGGAGATGCGCGGCGCGGACGE
CGGCCCCTGGCGCATGCTGTGCGCGCTGCCGGCGCTGTGGETGGGGCTCATATACGATCCGGAGGCGCAGCGCCA
GGCCCTGGCGCTGATTGAGGATTGGACGCCCGCGGAGCGCGACTACCTGCGCACCGAGGTGACCCGCTTCGGCCT
GCGCACGCCCTTCCGCGCCGGCACCGTGCAGGACGT GGCCARGCAGGTGGTGTCCATCGCGCACGGCGGCCTGGA
GCGGCGAGGCTACGACGAGACGTCCTTCCTCARGCGCCTGGAGGTCATCGCGGAGACTGGCCTCACACAGGCCGA
CCACCTGCTTGAGCTGTACGAGACCAAGT GGCAGCGCTCGGTGGACCCGCTGTACAAGGAGTTCATGTACTGAGC
AGGAGGAGGGGCAGCGGCAGCAGCAGCAGGAGGTGGCGGCGGAGCAGGAGGARGTGTATCGGTATGTCGGARAGA
CGACGTTAAGTGACTTGARAGTGATGTTTGCGAGAGGCTGATGCCTGTGCCGTTTGATGTGAGTGTGAGTACTGC
GCCAGTATTCGCTGTTCGCAACGGCGTTACCAACATATTGCGGTGGGATGCATAGTTGATCAGTTTGGTTGTGCC
AACCCAACATTTCTCGCTTGGGCTGATGCATGGGCGARCTGCCGAATGCCTGGGTGGCGCTGGGGGTCAGCAACA
TGRAAGCTTGTTGTGTGTACAGCCAGACCAGCTTGAAGGARGACCAGCTTGAAGGAATGAGCTCGGCCTCGAGCGT
TGTGACAATCGTGCTGTCGTGCGGACAACATATTATGTTGGTGTGCCCTCCGATGTTATGAACTTGCTTCGCGTG
GGATGCGAACGCAGGTACAGGTAGAGACCTCARACGGTGACAGGGACGGGTCTGGGGCGGARACCTATGGGTATC
AGGCGATCTGATCAAGAGGTGGATCCGCTTGGGACATAGCACGCETGCGTCGTACGATGAGGCAATCGGGCCTGT
GCCCCGGETTCCTCAGGCAGTCAGGCGCCGGETTAGT GCGGCGATGARAGTACGGTATAGTGCCTACTCAGTGCATC
GGGCGGCGGTGCGEATATGGGCTTCACCCGTGCGTTGCGTGRAAGCTTTTGGGGTCGTGTGGCTTCGCTGTGCGGC
GTGCCAGACGAGGCTCCGAGATGGTGCTGAACTGGTTCTGAAGGTGGCCGGTTCGGACTTGTARAGGCCCTCGCTC
AGG

FIG. 32

SEQ ID No. 31

>GSHA protein Chlre [UniProt ID: A8IAT7]
MALASGVGRRQHVSASPSRSRGVPSPRLSPVHANAPAVAERRTEPLLKQELVDYLKSGCRPRSAWRIGTEHEKLG
FNLADNSRMNYDQIAQVLRKLEARFGWEPIMEEGRIIGVQLDGQSVTLEPGGQFELSGAPVETIHKTCAEVNSHL
YOVKAICEELQTGFLGVGFDPKWAISDVPMMPKGRYKLMKS YMPTVGSMGLDMMFRTCTVQVNLDFESEQDMVEK
FRIGLALQPIANALFASSPFKEGKPTGYLSTRGHVWIDVDASRTGNLPFVFEKDMCFESYVDYAMAVPMYFVYRN
GQYINALGMSWKDFMAGKLPALPGEYPTIADWANHLTTIFPEVRLKKFLEMRGADGGPWRMLCALPALWVGLIYD
PEAQRQALALIEDWTPAERDYLRTEVTRFGLRTPFRAGTVQDVAKQVVSIAHGGLERRGYDETSFLKRLEVIAET
GLTQADHLLELYETKWQRSVDPLYKEFMY *
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SEQ ID No. 32
>XM 001418275.1 Ostreococcus lucimarinus (Ostlu)CCE9901

gamma-glutamate cysteine synthase (GSC2) mRNA, complete cds
ATGACGGCGACGACGGCGCGCGGCGACGCGCTCCGCGTCGGCACCGCGACGCGGCGCGGGAGACGCGCGACGCGA
CGCGCGACGACGACGACGATTCGCGCGGCGGCGACGGCGCCGGCGCGCGCGGTCACGCGCGAGGAGTGCGTGGCG
TTCGTCAGGCGGGGGTGTAAACCGAGAGAGGCGTTCAGGAT CGGGACGGAGCACGARAAGT TTGGGTACGACGAG
GCGACCAAGCGAAGGAT GGATTATCCAGTCGTGCGGCACGTCCTGAGCTCGCTCGTCGAGCGACACGGGTGGACG
CCGATAAACGAAGCGGATAACAT CATCGGGTGCACGAAGGACAAGCAAAGCGTGACGCT CGAGCCGGGTGGACAG
TTTGAACTCTCGGGCGCGCCGCT GGAGAACCTGACGCAGACGGACGAGGAGGTGCGATGGCACATCGAGACCGTG
AACGCGCTGGCGCGGGARAAGGGGCACAGATTCTTGGGAAT CGGGTTTGACCCGAAGTGGTCGGTGGCCGAGGTG
CCGATGATGCCGAAAGGGAGGTATAAGATTAT GCGCGCGTACATGCCGAAGAAGGGCACTCGCGGACACGACATG
ATGTTTCGCACGTGCACGATTCAAGT CAACTTGGATTTCGAGAGCGAGCAAGACATGGTGCGCAAGTTCAGGACG
TCCCTCGCGCTGCAACCTCTCGCGACGGCGATGTTCGCCAACTCCGCGTTCGTGGACGGCGCGGACACCGGGTAT
CAATCCATGCGCTCCGACGTGTGGCGGGACACGGACGACGATCGCACGGGCACGCTCGCGTGGGTTTTCGACGAC
GATTTCGGGTTTGAAAAGTACTGCGACTACGTCATGAACGTACCGATGTACTTTGTGTACAGAAACGGCACGTAC
GTGGACGTTTCGGGGGAAT CCTGGCTCGATTT TATGGAGGGAAAGCTTCCTCAACTTCCGGGCGACAAGCCGACG
ATCGACGACTGGGAGCAACACCTCACGACTGTGTTTCCGGAGGTTCGTCTCAAGAAGTACAT GGAGATGCGAGGT
GCCGACGGTGGCTCTTACGAAGCCATCATGGCCCTTCCCGCGCTTTGGGTTGGATTGTTGTATT CCGACARAGCC
TTGGACGCGGCCGAGGCGATGGTGAGCGACT GGACGCAAGT CGAGCGCGACGCGCTTCGCGTCGACGTCACCAAG
GATGGATTGTCGGCCAAGT TTAGAGGCGGCACGGCGAACGATAT CGCCAAGARAAT GGT CGAACTTTCTGTACAG
GGCCTGCAAGAGCGCGGTTTAGGCGAAGAAGT GTACT TGCGTTACT TGCAAGACATCGTCGACGACGGTAAGAGC
GTCGCGGCGCGCATGTCCGAGATGAACGCGCGCGAGT GGAACGGTGATCTCGAAAAAGT TTACGAGTACGCCACC
TTCCCAGACACGCTTCCGAAGATCGTTTGA

FIG. 34

SEQ ID No. 33

>GSHA protein Ostlu [UniProt ID: A4RZD5]
MTATTARGDALRVGTATRRGRRATRRATTTTIRAAATAPARAVTREECVAFVRRGCKPREAFRIGTEHEKFGYDE
ATKRRMDYPVVRHVLSSLVERHGWTPINEADNIIGCTKDKQSVTLEPGGQFELSGAPLENLTQTDEEVRWHIETV
NALAREKGHRFLGIGFDPKWSVAEVPMMPKGRYKIMRAYMPKKGTRGHDMMFRTCTIQVNLDFESEQDMVRKERT
SLALQPLATAMFANSAFVDGADTGYQSMRSDVWRDTDDDRT GTLAWVFDDDFGFEKYCDYVMNVPMYFVYRNGTY
VDVSGESWLDFMEGKLPQLPGDKPTIDDWEQHLTTVFPEVRLKKYMEMRGADGGSYEAIMALPALWVGLLYSDKA
LDAAEAMVSDWTQVERDALRVDVTKDGLSAKFRGGTANDIAKKMVELSVQGLOERGLGEEVYLRYLQDIVDDGKS
VAARMSEMNAREWNGDLEKVYEYATFPDTLPKIV*
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SEQ ID No. 34
>XM 002872228.1 Arabidopsis lyrata subsp. lyrata glutathione s

ynthetase (GSH2), mRNA

AAATCTTAGCGATCTTTGTTTGACTGCGAGCGAATGGGCAGT GEGGGCGGCAGTGTCTGCTCTTCTCTCTCTTAC
TCTTCTTCTTCCACTTGCTTTGCTTCTCTTTTCTCTATTTGTTCTCCTTCATCTTCTTCGCTGAAACTCAATCCA
AGACGCTTCCTTTTCCATAACCCTACAAAT CTGAGAAAGCAGGCACCTTTGAGGTGTGGGAGATCCCCGGAGATG
GAATCAAAGAAACCCATTTTCGATGTGGAAACGTTTGATGATGACTTTGTTCAGAAACTGGTTTATGATGCTCTC
GTTTGGTCTTCTCTTCACGGACTCGTCGTCGGTGACAAAACTTACCAGAAATCAGGARATGTTCCAGGGGTTGGA
TTGATGCACGCACCGATTTCATTGCTACCAACTGCATTCCCTGAAATTTATTGGAAGCAAGCTTGTGATGTTACT
CCTATTTTCAATGAATTGATTGATCGTGTTAGCTTGGATGGGAAGTTCTTACAGGATAGTCTCTCTAGAACGAAA
AAAGCTGACGTCTTTACATCTAGACTTCTCGACATTCACTCCAAGATGCTTGAAAGAAACAAGAAAGAGGACATT
CGTCTGGGTTTGCATCGGTTGGATTATATGCTTGACGAAGARACAAATTCACTTCTTCAGATTGAGATGAACACT
ATCTCTAGTTCGTTTCCAGGCCTTAGTCGTCTTGTTAGCCAGCTACACCAGTCATTGCTTCGATCTTATGGGGAT
CAGATTGGCATAGACTCTGAACGTGTACCTAGAAATACATCCACAATCCAATTTGCTGATGCAATAGCTAAAGCT
TGGTTGGAGTACAATAACCCAAGAGCGGTTGTCATGGTAACTGTACAGCCAGAAGAACGCAACATGTACGATCAA
CATTTGCTGAGCAGGAACACGCACAATATAGTAGCCATCAGGAAGACTCTAGCAGAAGT CGAAACTGAAGGGAGT
GTACAAGAGGATGGAACCCTTATTGTTGGCGGCCAAGCAGTCGCAGTTGTTTATTTCAGATCTGGCTATACTCCC
AATGATCATCCGTCTGAATCAGAATGGAATGCTAGGCTGCTTATTGAGGAGTCTTCAGCGGTCAAATGCCCGAGT
ATAGCTTACCATTTAACTGGCAGCAAGAAAATCCAGCAAGAACTGGCAAAACCAGGTGTTCTCGAGAGGTTTCTG
GACAACAAAGAGGACATTGCTAAGCTGAGGAAATGCTTTGCGGGGCTTTGGAGCTTGGATGACCCAGAAATCGTC
AAGCAGGCAATCGAAAAACCCGGACTGTTTGTTATGAAGCCTCAGAGAGAAGGCGGAGGAAACAACATCTATGGA
GATGATGTGAGGGAAAAT CTTTTGAGACTGCAGAAAGAAGGAGAGGACGGAAACGCTGCGTATATCCTGATGCAG
AGGATATTCCCAAAGGTCTCAAACATGTTCTTGGTGCGAGAAGGCGTTTACCATAAAAATCAAGTTATATCAGAA
CTCGGTGTCTATGGTGCTTACCTCAGGAACAAAGACAACGTTATAGTTAACGAGCAGAGTGGTTATCTAATGCGC
ACAAAGATCGAGTCATCAGATGAAGGCGGCGTTGCCGCTGGTTTTGCAGTATTGGACAGCATTTATCTGAATTGA
GATGGATCACATTCACAACCATCCTGATCAATTTTTCTGCTGGTTCGTTCCTTCTTGTTCTTCTTCTTGCTTGTT
AAAGATTTGTGTATTAATTCATGAAGGTCAATAAGACTCTAGGCAAAGCTCTTACAATTCTTTCCATAGGACCGC
AAAGCATATATTGCTTATCGTTATTTTAGACCGT GTGAGACGATCAGTCGTTTAAGATCATGAATGGAATAAGA

FIG. 36

SEQ ID No. 35

>GSH2 protein Araly [UniProt ID: D7M652]
MGSGGGSVCSSLSYSSSSTCFASLEFSICSPSSSSLKLNPRRFLFHNPTNLRKQAPLRCGRSPEMESKKPIFDVET
FDDDFVQKLVYDALVWSSLHGLVVGDKTYQKSGNVPGVGLMHAPI SLLPTAFPEI YWKQACDVTPIFNELIDRVS
LDGKFLQDSLSRTKKADVFTSRLLDIHSKMLERNKKEDIRLGLHRLDYMLDEETNSLLQIEMNTISSSFPGLSRL
VSQOLHQSLLRSYGDQIGIDSERVPRNTSTIQFADAIAKAWLEYNNPRAVVMVTVQPEERNMYDQHLLSRNTHN IV
AIRKTLAEVETEGSVQEDGTLIVGGQAVAVVYFRSGYTPNDHPSESEWNARLLIEESSAVKCPSIAYHLTGSKKI
QQELAKPGVLERFLDNKEDIAKLRKCFAGLWSLDDPEIVKQAIEKPGLEFVMKPQREGGGNNIYGDDVRENLLRLQ
KEGEDGNAAYILMQRIFPKVSNMFLVREGVYHKNQVISELGVYGAYLRNKDNVIVNEQSGYLMRTKIESSDEGGV
AAGFAVLDSIYLN*
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SEQ ID No. 36
>XM 006433130.1 Citrus clementina (CICLE v10000728mg) mRNA, co

mplete cds GSH2
ATGGGTGTTCGCTATTCTTCCCTCTCTCTTTGCAGTCCCACTCATCAAAATCACCAATCGTTTCGTCTGGCCACC
TTTACTTGTGATACAAAGCAAAAAT CAATTTTTTCTTTCTATCCTACT GATARAGATAGGATCTTTAACACCCAT
TATCGAAGAGTTTCATTTTTTCCCATAACCCAGTTCTCAATTTGTGGTTTGCATTCAAGAATTGGAAATTTGAAG
TGTGGCAGAGT GAAAGAGAT GGAGACT CGACAGGGAATT GCAACCAAAGAGGCTTTGGATTTGCAGAGTGTTGAT
CAAGATTTGGTTCAAAAGATGGTTTATGACGCTCTCGTGTGGAGCT CCCTTCATGGTCTTGTTGTTGGTGACAGG
AGTGTGCAGAGATCAGGGARAGTTCCTGGTGTTGGATTGGTGCATGCCCCATTTGCCTTGTTGCCTGTGTCATTC
CCTGAAAGTCATTTCAGAGAGGCATGTGAGTTAGCCCCCATTTTCAAT GAACTCGTCGATCGTGTCAGTTTGGAT
GGAAAATTTCTACAGGAGT CTCTATCCAGAACAAAGAAAGT GGATCCTTTTACCTCTAGGCTCCTGGATATTCAT
TCAAAGATGCTAGAACTCAATAAGAAAGAGGACATACGCTTGGGTTTACATCGT TCAGATTATATGCTTGATGAA
CAAACTAAATCGCTCCTCCAAATAGAGGTTAACACAATTTCATCTTCATTCTCTGGCCTCAGCTGTCTTGTCAGT
GAGCTTCACAGAAGCTTACTCATTCACTAT GGGGAACGCCTCGGATTAGATT CAAAAAAGGTCCCTGGCAACTCT
GCTGTCATTCAGTTTGCAGAGGCTATGGCTAAAGCTTGGACTGAGTATAATAATGCTAGGGCTTTGGTTCTGGTT
GTGGTTCAGAGTGAAGAACATAATATGTAT GACCAACATTGGCTTAGT TCTGTACT GAAGGAAAGACATAATGTT
ACAACTATTCGGAAGACATTGGCTGAAATT GATGCAGAAGGGGAACTACT CCCTGATGGAACACTTCTTGTAGGT
GGCCAAGTAATTGCAGTTGTTTATTTTAGAGCTGGGTATGCACCAACTGATTATCCTTCAGAAT CAGAAT GGAGA
GCTAGATTACTAATGGAGCAGTCTTCTGCTGTCAAGT GTCCATCAATATCTTATCATTTGGCAGGCACCAAGAAA
ATTCAACAAGAACTTGCGAAACCCAATGTACTTGAGAGGTTCCTTGACAATAAAGAGGATAT TGCCAAAGTACGT
AAATGCTTCGCAGGATTGTGGAGTTTGGATGATTCTGAGAAT GT CAGCAAAGCAATTGAARACCCAGAGCTATAT
GTCATGAAGCCCCAAAGAGAAGGCGGAGGGAACAATATT TACGGT GAAGATGTGAAGGARACCCTTCTTAGATTG
AAAAAGGATGGGACT GACGAAGAT GCTGCTTACAT CCTTATGCAAAGGATATTTCCTAGTGTATCCCTCACATTT
TTGATGCGTGAT GGCATTTGTCATAAGGATCATGCCATATCTGAACTTGGGATATATGGTGCTTACTTAAGGATC
AAGGAGAAGGTGATCATGAATGAACAAAGT GGTTATTTGATGCGGACGAAAGTTGCTTCTTCAAAT GAAGGAGGG
GTAGCAGCTGGATTTGCGGTCTTGGACAGT TTATATT TAACTTGAT TAAACTAGCTTCCTCGCTACTCCCACTGA
CCCACATGATTCATGATATTATATCATACACACAACCATTACATGCTCTCTCACAGGAT CTAAACGTTGAARAGAT
TCAGTAAGAGCT CCCAGCTTGCT CAATTAATTGACATTCAATCTATGGAAGGAAGAGATACACAGAGAAGTTTCT
TCTATAAAGACCATACATTTTCCATTTTTACGAAAGCATTGAATTTGTAATGTGGGTATCGTGGCATGCCTTTTG
TAATTTTTTTTTTGGGTAATAAATGATAGTGCTTTCCAGTGTCTG

FIG. 38

SEQ ID No. 37

>GSHB protein Cicle [UniProt ID: V4SFK5]
MGVRYSSLSLCSPTHONHQSFRLATFTCDTKQKSIFSFYPTDKDRIFNTHYRRVSFFPITQFSICGLHSRIGNLK
CGRVKEMETRQGIATKEALDLQSVDQDLVQKMVYDALVWS SLHGLVVGDRSVQRSGKVPGVGLVHAPFALLPVSE
PESHFREACELAPIFNELVDRVSLDGKFLQESLSRTKKVDPFTSRLLDIHSKMLELNKKEDIRLGLHRSDYMLDE
OTKSLLOIEVNTISSSFSGLSCLVSELHRSLLIHYGERLGLDSKKVPGNSAVIQFAEAMAKAWTEYNNARALVLV
VVQSEEHNMYDQHWLSSVLKERHNVTTIRKTLAEIDAEGELLPDGTLLVGGQVIAVVYFRAGYAPTDYPSESEWR
ARLLMEQSSAVKCPSISYHLAGTKKIQQELAKPNVLERFLDNKEDIAKVRKCFAGLWSLDDSENVSKAIENPELY
VMKPQREGGGNNIYGEDVKETLLRLKKDGTDEDAAYILMQRIFPSVSLTFLMRDGICHKDHAI SELGIYGAYLRI
KEKVIMNEQSGYLMRTKVASSNEGGVAAGFAVLDSLYLT
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SEQ ID No. 38
>XM 003626276.1 Medicago truncatula Glutathione synthetase (MT

R 7g113890) mRNA, complete cds GSH2
CARATTGARATGAAACTCAAATTTGATACGATGTTGARAGCAATAGGCAATGGCTGCTTCTGCTTTTGGTTTTGGT
GGTATTAGATTCTCCAAGACTATACCTTTGTCCARATACATTCCTCCTCTTCAGCCTCATCACAACAACACCTTT
TTCTCTTTCTTTCCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTATAAATTTCTCTACGARAACCA
CTTCCAATGTCTCATCATAAGCATCTCACCATTAATGGTGATGAACARAACATCATTARACCTTCTCCTCTATTC
GTTGATGATTATCACAATATTGATCAACAACTTCTCGATAACATCGCTTATGATGCTCTTGTTTGGGCCTCTCTT
CACGGTCTTCTCATGGGAGATARATCTTACCAGARATCAGGAAT GGTTCCTGGTGTTGGATTGATGCATGCCCCG
TTTTCATTATTCCCAACGTCGTTTCCAGAAAGTARAT GGAAGCAAGCTTGTGATTTGGCACCTATATTCAATGAA
CTTGTTGACCGTGTTAGTTTAGATGGTAAATTTCTTCAAGAATCTCTCTCAAGAACTAAGCAAGTGGACGAATTT
ACCTCTAGACTTTTAGATATTCATTCCAAGATGCTACAGCTCAACARAARAGAGGARATARGATTTGGATTACAT
CGTTCAGACTATATGCTTGATGAACAARACCARATCACTTTTGCAAATAGAGCTCAACACTATTTCATCTTCATTT
GCTGGTTTTAGTACTCTTGTCACTCAACTTCATAGGTACATACTTACTTGCCATGGAARATTGCTTGGTCTGGAT
TCAGRAAAGGTTCCTGCCAATAATGCTGTCAGCCAGAATGCCGAGGCCTTGGCTAAAGCTTGGAGTGAGTATAAT
AACCCAAGGGCTGTGATTATGACTGTGGTTCAGGCT GAAGAGCGARACATGTATGACCAGCATTTTCTTTCTGCT
GTTCTAAGAGACAAATATCCTTATCACTCTTTGAACACGCATGGTATTACAATTGTTCGTARAACGATGGCAGAA
GTTGACCAAGAAGGAGARATTCTACCAGATGGAACACTTTCTGTTAATGGACAAGCAGTTGCAGTAATTTACTTC
AGGGCTGGCTATACACCAGTTGATTATCCTTCAGAATCAGAAT GGAGAGCTAGACTATTGATGGAACAATCTTCT
GCTGTCARATGCCCTTCAATATCGTATCATTTGGTTGGCACCAAGARGATTCAACAGGAACTTGCAAAGCCAGGT
GTTCTTGAGAGGTTCCTTGAARACARAGACGATATCGCAARAAT GCGTGAATGCTTTGCAGGACTATGGAGTTTG
GATGACTCAGATATTGTTAAAAAAGCAATTGAACGACCCGAATTATTTGTGAT GAAGCCCCAGAGAGAAGGAGGA
GGAAACAATATTTATGGTGATGCAGTGCGAGACACCCTCATAAAATTGCAGAAAACGGGTTCTCARGAAGATGCA
GCTTACATACTTATGCAGAGGATATTTCCARATATTTCTGCTGCAGTTTTGATGCGTAATGGTGGTTGCCACAAG
GACCACGCCATCTCAGAACTTGGGATATTTGGTACTTATTTAAGGAATAAGGATAGGGTTGTTATGAATAATCAA
AGTGGCTATTTGATGCGTACGARRATATCATCATCTGATGAAGGTGGGCTTGCAGCTGGTTTTGCAGTAATAGAT
AGTGTATACCTCACTTGACGTAGAGCACCTCTAACTTATCTGGGTATATTATCAACACATTGTGTTTACACATTA
CCATTTGAGCCTCCTGTTTATATTTGTCTGCCTCCGCARAARATTGARAGGGAGGCCACATTGCTTATTTTACGT
TATCCCATAGTGTGTTGTATAGTTGCACAAAAATAACCTGTTARAGCTTTTTGCTCARAAAAACTTGTTAATGCT
TCCGAAACAGTACTARAAGAAGCCCATAAAGATTGATGATCTGGGTAAACCTGTTCATTCTTAT

FIG. 40

SEQ ID No. 39

>GSH2 protein Medtr [UniProt ID: A20Q600]
MAASAFGFGGIRFSKTIPLSKYIPPLQPHHNNTFFSFFPSSSSSSSSSSSSSINFSTKPLPMSHHKHLTINGDEQ
NIIKPSPLFVDDYHNIDQQLLDNIAYDALVWASLHGLLMGDKSYQKSGMVPGVGLMHAPFSLFPTSFPESKWKQA
CDLAPIFNELVDRVSLDGKFLQESLSRTKQVDEFTSRLLDIHSKMLQLNKKEEIRFGLHRSDYMLDEQTKSLLQI
ELNTISSSFAGFSTLVTQLHRYILTCHGKLLGLDSEKVPANNAVSQONAEALAKAWSEYNNPRAVIMTVVQAEERN
MYDQHFLSAVLRDKYPYHSLNTHGITIVRKTMAEVDQEGEI LPDGTLSVNGQAVAVIYFRAGYTPVDYPSESEWR
ARLLMEQSSAVKCPSISYHLVGTKKIQQELAKPGVLERFLENKDDIAKMRECFAGLWSLDDSDIVKKAIERPELF
VMKPQREGGGNNIYGDAVRDTLIKLQKTGSQEDAAYILMQORIFPNI SAAVLMRNGGCHKDHAI SELGIFGTYLRN
KDRVVMNNQSGYLMRTKISSSDEGGVAAGFAVIDSVYLT*
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SEQ ID No. 40
>NM 001247085.2 Solanum lycopersicum glutathione synthetase (GS

H2), mRNA
GGCCAACTCAGAACAAGATTCCCTCGCCTTTAGCAATTAGCAGCCAGCCAAACGTAAAGAGCCACTTTGGACGAT
AATAAGGTAGTAACATAAAAGATTGGTCCAAAGAATGTCAAAATGGGCAGCGGCTGTTCTTCTCCATCAATCTCA
CTAACTACCATCGCTACCTCTCATTTTCAATCCCAAGAATCACTATCAAACTCTTTAAATTTCTACTCACCTACT
AGATTTTTGGAACCCCATCTCCTTAAATCTTCCAAGATTTTCATACCCAAATCCCCATTGAAGTGTGCTAAAGTG
CCCGAAATGCAGACCCAACTGGAAGATTCTGCGAAACCCATTGTCGATCCTCATGATATCGACTCAAAATTGGTG
CAGAAGCTTGCTAATGATGCACTTGTCTGGTGCCCTCTTCGTGGACTTCTTGTTGGTGACAGAAATTCGGAGAGG
TCAGGAACTATTCCTGGTGTTGATATGGTTCATGCTCCAGTTGCTCTCATACCAATGTCATTTCCTGAAAGTCAT
TGGAAGCAAGCTTGTGAAGTTGCTCCTATTTTCAATGAACTCGTGGATCGCGTGAGTCAGGATGGAGAATTTCTG
CAGCAATCACTGTCTAGGACGAGAAAAGCTGATCCTTTCACCTCCAGATTACTAGAAATCCACTCCAAGATGTTA
GAAATCAACAAGCTAGAGGAAATACGCTTGGGGTTGCATCGCTCAGACTATATGCTGGATGAGCAAACGAAATTA
CTTTTGCAAATAGAGCTTAACACAATCTCATCATCATTTCCAGGGCTAAGTTGTCTGGTCAGCGAGCTTCACAGG
AGCTTGCTTCAACAATACAGAGAAGACATTGCATCAGATCCTAACAGAATTCCCGCAAACAATGCTGTAAATCAA
TTTGCTGAAGCATTGGCTAAAGCTTGGAATGAATATGGCGTGATCCAAGGGCTGTGATTATTTTTGTGGTTCAAGCT
GAAGAGCGCAATATGTATGACCAGCATTGGCTTTCTGCATCATTGAGAGAAAGACATCAAGTTACAACTATCAGA
AAGACGCTGGCTGAAATTGATGCACTTGGCGAGCTTCAACAAGATGGTACCCTTGTTGTAGATGGTCAAGCTGTG
GCAGTCATTTATTTTAGAGCTGGCTATGCACCAAGTGACTATCACTCGGAATCTGAGTGGAAAGCTAGGCTGCTG
ATGGAGCAATCACGTGCAGTCAAGTGCCCTTCAATTTCTTATCATTTAGCTGGCAGCAAGAAGATTCAGCAAGAG
CTTGCAAAGCCCAATGTACTTGAAAGGTTTCTGGAAAACAAAGATGACATTGCCAAACTACGGAAATGCTTTGCA
GGGTTGTGGAGCTTGGATGAATCCGACATTGTCAAGGATGCAATTGAGAGGCCTGAATTGTATGTTATGAAACCA
CAACGAGAAGGAGGAGGAAACAATATCTATGGGGAGGATGTCAGAGGTGCTCTTTTGAAACTGCAAAAGGAAGGC
ACTGGAAGTGATGCAGCCTACATACTAATGCAGAGGATTTTCCCGAAGATCTCTCACTCGATACTAATGCGAGAA
GGCATCTCTCATAAAGAAGAAACCATATCAGAACTTGGGATATATGGTACCTATTTAAGGAACAAAACGGAAGTT
TTAATCAACCAACAGGCTGGTTACTTGATGCGAACAAAGGTCTCTTCATCAGATGAGGGGGGAGTTGCAGCCGGG
TTTGCAGTTTTGGACAGTATATACTTGGTTTGATGGAATTGTCTTGCGCGTTGACACTATAACAATGGTTGAATG
CAGAAGCTGGACAAGTCATTTCCTACATTATGTTGAGACACCATGCTTTAGCCTGTTTAACCTTTCCTTGTTTTA
CATTGTATTTTTCTTGCTTAACATCTTTAATAAATAGAGCTCCACATCTGAAGGAAGTGACCAAAAGAATGGTAT
AGTCAATTCAAAGTGTTTGCTTGCAATTTTAACCTATTCAGTGTTTGGACTCTTTGTTACCACAGGAGCTTTTAC
TGTTCTGTTCATTACATGTAATTCTGTTTCACTTTTGTTAGTACTATCAAGATTGCTCACCTGCATTTTTGTTTT
CCCCTTTGTGATCTTATTAGGGGATGTGTGAAATCTGTATTGCTTGAAAAAAAAAAAAARAA

FIG. 42

SEQ ID No. 41

>GSHB protein Solly [UniProt ID: 022494]
MGSGCSSPSISLTTIATSHFQSQESLSNSLNFYSPTRFLEPHLLKSSKIFIPKSPLKCAKVPEMOTQLEDSAKPI
VDPHDIDSKLVQKLANDALVWCPLRGLLVGDRNSERSGTIPGVDMVHAPVALIPMSFPESHWKQACEVAPIFNEL
VDRVSQDGEFLQQSLSRTRKADPFTSRLLEIHSKMLEINKLEEIRLGLHRSDYMLDEQTKLLLQIELNTISSSFEP
GLSCLVSELHRSLLQQYREDIASDPNRIPANNAVNQFAEALAKAWNEYGDPRAVIIFVVQAEERNMYDQHWLSAS
LRERHQVTTIRKTLAEIDALGELQQDGTLVVDGQAVAVIYFRAGYAPSDYHSESEWKARLLMEQSRAVKCPSISY
HLAGSKKIQQELAKPNVLERFLENKDDIAKLRKCFAGLWSLDESDIVKDAIERPELYVMKPQREGGGNNIYGEDV
RGALLKLQOKEGTGSDAAYILMQRIFPKISHSILMREGI SHKEETISELGIYGTYLRNKTEVLINQQAGYLMRTKV
SSSDEGGVAAGFAVLDSIYLV*
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SEQ ID No. 42
>XM 003575715.1
Brachypodium distachyon glutathione synthetase, chloroplastic-

like (LOC100833508), mRNA (GSH2)
ATGCCCTCCTCCTGCGTCTCCTCCCCCTCCTCCTCTCACCGCCACCAATGCGTCGGCCGCCTCCTCGCTCCCCCC
GTCCCGCGGGCGAGCCTCGCCGCCGTGCGGCCCTCTCTACGCCGAAGCTTCGTGTCCCTGAGGGCGACGAGCACC
GAGGCCGCGGCGGGCCCGGACGTGGCGCCGACAGGGGATGCTGGGAAGGCGGCGGCGGETGCGGGCGGAGATGGCG
GAGGCGGCGGCCGTTTGGTGCGCCTTGCACGGGCTCGTCGTCGGCGACCGCGCCGACCCGAGATCGGGAACAGTC
CCAGGTGTCGGCCTGGTTCATGCTCCATTTTCGCTACTTCCGGCACGTTTTCCATCATCTTTTTGGAAGCAAGCA
TGCGAACTGGCTCCTATTTTCAATGAGCTCGTGGACCGTGTGAGCTTGGATGGGGAGTTCTTACAAAGTTCTTTG
TCTAGAACAAGGCAGGTTGACGATTTCACTGCTAGGCTGTTGGAAATTCATGCAAAGATGATGGCAGTAAACAAG
AAGGAGGACATCCGCTTAGGGTTGCACCGATCTGACTACATGCTGGATTCTGAAACAAATTCACTTCTTCAAATT
GAGCTCAACACTATCTCAACCTCATTTCCTGGTCTTGGCTCCCTTGTTAGCAAACTTCACAGGAGCTTACTTAAT
CGATATGGTGAAGTGTTAGGTCTTGATTCTGAAAGGATTCCCCCAAATTGGGCAGCCAGTCAATTTGCTGAAGCA
TTGTACAAAGCATGGGCTGAGTATCATCATGACAGTGCTGTAGTTATGATGGTTGTTCAACCTGAAGAAAGAAAT
ATGTACGATCAATACTGGCTCGTCAATCATTTGAAGGAATCGCATGGTGTGACGGCTATTAGGAAAACTTTGGCA
CAGGTGGAGGCCGAAGGGCAGGTGCTCCCGGATGGAACGCTTGTGGTAGATGGTCGGCGTGTTGCTGTTGTGTAC
TTTAGAGCTGGGTATGCGCCAAACGATTACCCTTCAGAAGTGGAATGGAGTGGAAGGCTTTTGATTGAAGAGTCA
TCCGCTATTAAGTGCCCTTCGATATCCTACCACTTAGTGGGAACGAAAAAGATCCAGCAAGAACTAGCAAAGCCT
AATGTTCTTGAAAGATTTGTTGACAACAAGACACACATTGCCAAGCTACGGAAATGTTTCGCAGGGTTATGGAGC
TTGGACAATGATGAAATAGTGAAATCAGCAATAGAAAAACCTGACTTGTTTGTCCTTAAACCTCAGCGAGAAGGT
GGAGGGAACAACTTGTATGGTCATGATTTGAGAGAAACGCTGATCAGATTGCAGAAGGAACAGGGAGAGGCACTT
GCGGCCTACATTTTGATGCAGCGGATTTTTCCCAGAGCTTCTCTTACTCAGCTTGTCCAGGGCGGTGTTTGCTTT
GAGGACCTTACAATCTCTGAGCTTGGAATATTCGGAGCTTACCTGCGGAACAAAGACAATATAGTCATAAATGAT
CAGTGTGGTTACTTAATGCGCACAAAAGTTTCTTCATCAAACGAAGGTGGAGTTGCTGCAGGATTTGCTGTTCTG
GACAGCATTATCCTCACAGATGAGTGATGCAGGAAGGCAGCAGAGTTACAACTTACAAGTGACAGCAGGCACTGT
TCTAGGAATGAATCTGACAGCAAAAAGGTTGCAGTGTCGAAATTGTGTAGGAGCATCTGTTCCTTTTGGCATTGG
AAACAATGTGGATAGCTTAGAAAATAACCAATTGCATGCGCAACTTTGCCACACATGAGATGAGGATGCAACACG
GATTACAATTGGTTTAGCCCTTGGAAAGGGAGGATAATTGGATAAATTAGGTTGCATGTGTTACTGTATTCAGCT
ACAAATGGTGGTCAGGTTCAGGGATAGAGACCATTGTTTCACTGGAATGATGTAGATGTAAAATAAAAACCCTGT
TGGCAGGTGAGCCTGCCAACCTCATTTCTCCCGCACTTCAAACATGATCATATGATGAATGTGATGTTCTGCCTG
GTTGTTGGTGCAGGAGTTCAGTACTTCTGTTCTTTA

FIG. 44

SEQ ID No. 43

>GSH2 protein Bradi [UniProt ID: I1IJU8]
MPSSCVSSPSSSHRHQCVGRLLAPPVPRASLAAVRPSLRRSFVSLRATSTEAAAGPDVAPTGDAGKAAAVRAEMA
EAAAVWCALHGLVVGDRADPRSGTVPGVGLVHAPFSLLPARFPSSFWKQACELAPIFNELVDRVSLDGEFLQSSL
SRTRQVDDFTARLLEIHAKMMAVNKKEDIRLGLHRSDYMLDSETNSLLQIELNTISTSFPGLGSLVSKLHRSLLN
RYGEVLGLDSERI PPNWAASQFAEALYKAWAEYHHDSAVVMMYVVQPEERNMYDQYWLVNHLKESHGVTAIRKTLA
QVEAEGQVLPDGTLVVDGRRVAVVYFRAGYAPNDYPSEVEWSGRLLIEESSAIKCPSISYHLVGTKKIQQELAKP
NVLERFVDNKTHIAKLRKCFAGLWSLDNDEIVKSAIEKPDLFVLKPQREGGGNNLYGHDLRETLIRLQKEQGEAL
AAYILMQRIFPRASLTQLVQGGVCFEDLTISELGIFGAYLRNKDNIVINDQCGYLMRTKVSSSNEGGVAAGFAVL
DSIILTDE*
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SEQ ID No. 44
>NM 001073055.1 Oryza sativa Japonica Group 0s12g0263000 (0sl2

g0263000) mRNA, complete cds GSH2
GCTCCATGCCCCATTTGCT CTACTGCCAAT GTCATTTTCGAAAGTTTACT GGGAT CAGGCGGTTGAATTGGCTCC
CCTTTTCAATGAGCTTGTTGATCGTGTTAGTTTGGATGGGGATTTTTTGCAGGAGACTTTGGCAAGAACGARAGA
GGTGGATTCATTCACTGGAAGGCTTCTTGATATCCATGCARAGATGATGAAACTARACAAGAAAGAGGATGTTAG
GTTGGGTCTTACTAGGTCAGATTACATGATTGATGGGGCCACTGACCAGCTTCTTCAAGTTGAACTCAACACCAT
TTCAACATCATCCAACGGTCTTGCTTGCGGTGTATGTGAACTTCACAGAAACCTGATTAGGCAGCATGAGAGGGA
GCTCGGTTTGGATCCAGAGAGTGTTGTTGGGAACACAGCAATTGCTCAGCATGCTGAAGCATTAGCTGGAGCATG
GGCTGAGTTCAACAATCAAAGTTCAGTAGTTCTGGT GGTTGTTCAACCAGAAGARAGGTACATGTATGACCAATA
TTGGATAACTGTCGCCTTGAGAGARATGTAT GGGGTGACGACAATTCGCARAACAATGGCTGCAATAGATGCAGA
AGGAGAGCTCCGTCCTGACGGTACACTAACAATAGATGGATTGCCAGTTGCTGTTGTGTACTTCAGAGCAGGTTA
TACACCAAATGATTACCCTTCAGAAGCGGAATGGAGAGCARGACTCTTGATTGAGTGTTCCTCTGCTATTARGTG
CCCATCAATAGCACACCATCTTGTTGGAACCARAAAGATTCAACARAGAATTGGCARAAGARAATGTGCTCGARAG
GTTTCTTGACAACARAGCCGACATAGAAAAAGTTCGGARATGCTTTGCAGGGCTATGGAGCTTGGAGAATGACAG
TATAGTCATGTCTGCTATTGAATCACCAGAATTGTTTGTTCTGAAGCCACAAAGAGAGGGT GGAGGARACAACAT
TTATGGGGACAATCTGCGTGAAACACTGATAAGTCTGAAGAAGGAT GGAAGCAAT GAACTTGCAGCCTACATCCT
AATGCAGAGGATCTTTCCACCAGCATCACTCTGCTATCTAGTCCGAGATGGCACATGCATTCGGGAAAATGCGGT
TTCTGAATTTGGAATTTTTGGAGCCTACCTGCGGAACAAAGACAGGGTCATTATAAATGACCAGTGTGGTTATTT
GATGAGAACCAAGGCTGCCTCACTGAACGARAGGTGGGGTAGTTGCTGGATACGCATTTTTGAACAGCGTATTCCT
GACATGACATGGTAAGACATGCGAAACATGTGTATCGGTTTGAATATGGATAATTCTCCAAGCAGGTTATCAGAG
AATTCATAATTTGTATGCTATTACTTTTAGCAGGAATCATACCAATGTTATTTCCATGACACACTTTTTTTTATT
TGGCATGATTTCGCTATCAGCCGAGATTGAGGTACCATTATTCCCATGTATARAAATGTTATAGCTATCATATTT
TAATGTATGAGTATCAATTTGCTT

FIG. 46

SEQ ID No. 45

>GSH2 protein Orysa [UniProt ID: QOIP23]
MSFSKVYWDQAVELAPLFNELVDRVSLDGDFLQET LARTKEVDS FTGRLLDIHAKMMKLNKKEDVRLGLTRSDYM
IDGATDQLLQVELNTISTSSNGLACGVCELHRNLIRQHERELGLDPESVVGNTAIAQHAEALAGAWAEFNNQSSV
VLVVVQPEERYMYDQYWITVALREMYGVTTIRKTMAAI DAEGELRPDGTLTIDGLPVAVVYFRAGYTPNDYPSEA
EWRARLLIECSSAIKCPSIAHHLVGTKKIQQELAKENVLERFLDNKADIEKVRKCFAGLWSLENDSIVMSAIESP
ELFVLKPQREGGGNNIYGDNLRETLISLKKDGSNELAAYILMQRIFPPASLCYLVRDGTCIRENAVSEFGIFGAY
LRNKDRVIINDQCGYLMRTKAASLNEGGVVAGYAFLNSVFLT

FIG. 47
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SEQ ID No. 46
>NM 001148007.1 Zea mays  LOC100273590 (LOC100273590), mRNA

GSHZ2
GTCCTCCCCCTGCGTCTCGCACCAACAGCAGGTCCGTCTCCGTCTCCGCGCTGCCAGCCGCCTTCCCGCCCCAGA
CACGGCCTCGTTCGCGCCGCCCGCGCCCCGGCGGCTTCGGETGGCGCACGCGGCGATGAGCGCCAAGGCGCCCCT
CGGCGTGGCGCCGGCGEGAGGAGGGGGCCGEGGACGCCGGEGCAGCAGGCCGTGCTGGGGCAGATGGTGGAGGATGC
CGCCGTGTGGTGCGCCGTCCACGGGCTCGTCGTCGGAGATCGCGCCAACCAGAGAT CAGGAACGGTTCCTGGGGT
TGGCCTGGTTCACGCTCCATTCTCGCTGCTTCCAGCGCGTTTTCCGGCATCGTTCTTCAATCAAGCATGCGAGCT
GGCTCCTATCTTCAATGAGCTCGTGGATCGTGTCAGCTTGGATGGGGAGTTCTTGCAAGCTGCTTTGTCTAGGCA
AGTTCTGAATTCTATCCACTGGATTCTTTTGGTTAACAGCGGATTATCATTTTCCAATTTCAGAACAAAGCAGGT
TGATGAATTTACTTCAAGGCTGCTAGAAATTCATGATAAGATGATGTCTATAAATAAGAAAGAGGATATACGCTT
AGGATTGCACCGGTCTGACTATATGCTGGATTCTGAAACCAATTCACTACTTCAAATTGAGCTCAATACTATCGC
ATCATCCTTTCCTGGCCTTGGCTCCCTTGTCAGTGAACTTCACAGGACCTTACTCAAACAGTATGGAAAAGTATT
AGGCCTAGATCCTAAAAGGATTCCACAGAATTGGGCAGCCACTCAATTTGCTGAAGCATTGGGCAGAGCATGGGC
CGAGTATAACAATGACAGTGCTGTTGTTTTGATGGTTGTCCAACCTGAAGAAAGAAATATGTACGACCAGTACTG
TCTTGTCAATCATCTGAAGGAATCATATGGTGTGGCAACTATAAGGAAAACATTGGCACAAGTAGAGGCTCAAGG
GCAGGTTCTTACAGATGGAACACTTGTGGTAGATGGTCGGACAGTGGCTGTTGTGTATTTCAGAGCCGGGTATGC
ACCAACTGATTACCCTTCGGAAGCGGAGTGGAGAGCGAGGCTTCTGATGGAACAATCATCTGCAGTGAAGTGCCC
TTCGATAGCCTACCATTTGGTAGGAACAAAAAAGATCCAGCAAGAACTAGCAAAACCTAATGTTCTTGAAAGATT
TCTTGACAACAAGGACGACATTGCCAAACTACGCAAGAGTTTCGCAGGGTTGTGGAGCTTGGATAATGAAGAGAT
TGTGAGATCTGCAATACAGAAACCTAACCTGTTTGTCCTGAAGCCTCAGCGAGAAGGCGGAGGGAACAACATATA
TGGTCAGGATTTGCAGGACACACTGATCAAACTCCAGAAGGAACAGGGGGAGGCGCTTGCGGCGTACATACTGAT
GCAGAGGATTTTTCCAAAAGCATCTCTTACTCCTCTAGTCAGGGGCGGTGATTGCTTTGAGGACCTTACAATCTC
GGAGCTGGGAATATACGGAGCCTACCTGCGGAACAGAGACAAGGTGATCTTGAATAACCAGTCTGGCTACTTGAT
GCGCACCAAAGTTTCTTCTTCAAACGAGGGCGGCGTTGCTGCAGGGTTTGCCGTTTTGGACAGCGTTCTCCTGAC
TGATGAGTGAGACAGCAGCGAGGTGGCAGAGCTATGGGTGACACCTGACCTGCATTAGTGACAGTGCCCACAGTC
AACTCAAACGATGACAATATCAACTGCAATCGTAGGGGAAACTATGAAATTGCTTACAGAATTGCGGACAGTCGG
AGAAGATGGCAGTGTTACGTTATGATATAGTTTCATGTTTGTATGCTGGTTGAAAATGTAGGGAAACTCTTGTTT
TCACTAGAAAGGAACCCCTGGAGGGGGGAGTAACGGTGTAGAAGGTTTATGTTGTCACAGTTGGCATGCATTCAT
CATATAGGAATAGCTAGGAGATGGCACCGTTATGCCAACACAGTTATAACAAATATCAATTGTAAATTTTATGAT
TGGTTATCGACTAAGCAAAACAATTTTATAAGAAATTGTTGTGCGGC

FIG. 48

SEQ ID No. 47

>GSH2 protein Zeama [UniProt ID: B4FWGO]
MSAKAPLGVAPAEEGAGTPGOOAVLGOMVEDAAVWCAVHGLVVGDRANQRSGTVPGVGLVHAPFSLLPARFPASE
FNQACELAPIFNELVDRVSLDGEFLQAALSRQVINSIHWILLVNSGLSFSNFRTKQVDEFTSRLLEIHDKMMS IN
KKEDIRLGLHRSDYMLDSETNSLLQIELNTIASSFPGLGSLVSELHRTLLKQYGKVLGLDPKRI PONWAATQFAE
ALGRAWAEYNNDSAVVLMVVQPEERNMYDQYCLVNHLKES YGVATIRKTLAQVEAQGQVLTDGT LVVDGRTVAVV
YFRAGYAPTDYPSEAEWRARLLMEQSSAVKCPSIAYHLVGTKKIQQELAKPNVLERFLDNKDDIAKLRKSFAGLHW
SLDNEEIVRSAIQKPNLEFVLKPQREGGGNNIYGQDLODTLIKLOKEQGEALAAYILMQORI FPKASLTPLVRGGDC
FEDLTISELGIYGAYLRNRDKVILNNQSGYLMRTKVSSSNEGGVAAGFAVLDSVLLTDE*

FIG. 49
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SEQ ID No. 48
>XM 001757544.1 Physcomitrella patens subsp. patens

protein (PHYPADRAFT 119267) mRNA, complete cds GSH2

ATGGAGTTGACGAAGGACCTCACAGAGGATATCGTCCGGGAGGCACTCGTTTGGGCGAGCTTGCATGGAGGAGTT
GTGGGCGACAAAACAAAT GGGAAGTCAGGCACTTCGCCAGGCGTGGGGATGGTCCATGTGCCGCTAGCTCTGCTA
CCGACACCCTTTCCAAGACAAGCTTTTGAGCAAGCTCTTGAGCTTGCCACTCACTACAACACCCTCGTGGATCGT
GTTAGTCAAGACAGTCATTTCCTTCGAGAATGCCTTGCGCATACACGTAAGGCAGACAGTTTTACAGCGAAGCTA
ATGAACATCTACGACCAGATACTTGCAGAAGGCATCGCACAGGACATTCAGCTGGGGCTTCACCGTAGTGATTAC
ATGTTGGACATGGCGACTGGAGCTCTGTTGCAAGT GGAGATGAACACAATCTCATCCTCCTTTGCAGGACTCGGC
GCTTTGACAAGTCAACTGCACAAGTATCTTATCGGCCGGTTTGGGCAAGACTTGGGTCTCAACGTGGAGAATGTA
CCAGAAAACAGTGCTGCAAATGATTTTGCGGAAGGTCTGGGTCAGGCTTGGTTGGAATATGGAAATCCTAATGCA
GCTGTGCTGATGATAGTGCACGCAAAGGAGACGAATATGTATGACCAGCACTGGCTCAGTTTCAAGCTGTATGAG
AAGTATGGCGCCAAGGTGTTCCGAAGAACTTTTGCAGAAGTTGCTGCGCAGGCTAAACTTGACGAGAAGCGGACG
TTGCTGATCGGAGAGCAGCCGATAGCATTAGTATACTTCAGGTCAGGGTACTCTCCAGACGACTACGTCTCCGAC
CGCGATTGGGATGTCAGGCTGCTGATGGAAAGGT CAACCGCCGTGAAGTCGCCAAGCATCTCCTATCACCTCGTC
GGTGCAAAGAAAATCCAACAAGAGCTCACGAAGCCTGGAGTTTTGGAGCGGTTTTTACACGACAAGGACGCCATT
GCCAAAGTGAGAGAGTCCTTCGCAGGTCTCTGGAGCCTGGAGAACGATGGCGGCGATCACATCCTTGAAGAGGCT
GTTGCGAAACCCGAAGGGTTCGTGTTGAAGCCGCAGCGAGAGGGAGGAGGAAACAACATTTACGGCARAGATGTT
GCAACAACGATTAAGAAACTGAATCAAGAGGAATTGGCAGCTTACGTCCTGATGCAACGCATCTTCCCTACAGTC
CACGACTCTTACCTCGTCCGAGACGGCGTCTGCAGAACATCCAAGATCATCTCTGAATTGGGCATCTTTGGCACT
TACTTGAGAAATGGGGAGAAGGAAATTCTGAACAAACAAGCGGGCCACTTGGTGCGAAGCAAAGTGTCTGACTCT
GATGAAGGTGGTGTAGCTGCCGGCTATGGCGTCCTCGACAGCCCATATCTCACCTAG

FIG. 50

SEQ ID No. 49

>GSH2 protein Phypa [UniProt ID: A9RTTS8]
MELTKDLTEDIVREALVWASLHGGVVGDKTNGKSGTSPGVGMVHVPLALLPTPFPROAFEQALELATHYNTLVDR
VSQDSHFLRECLAHTRKADSFTAKLMNIYDQILAEGTIAQDIQLGLHRSDYMLDMATGALLQVEMNTISSSFAGLG
ALTSQLHKYLIGRFGQODLGLNVENVPENSAANDFAEGLGQAWLEYGNPNAAVLMI VHAKETNMY DQHWLSFKLYE
KYGAKVFRRTFAEVAAQAKLDEKRTLLIGEQPIALVYFRSGYSPDDYVSDRDWDVRLLMERSTAVKSPSTSYHLV
GAKKIQQELTKPGVLERFLHDKDATAKVRESFAGLWSLENDGGDHI LEEAVAKPEGFVLKPQREGGGNNTYGKDV
ATTIKKLNQEELAAYVLMQRI FPTVHDSYLVRDGVCRTSKIISELGI FGTYLRNGEKEI LNKQAGHLVRSKVSDS
DEGGVAAGYGVLDSPYLT*
FIG. 51
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SEQ ID No. 50
>XM 001621491.1 Chlamydomonas reinhardtii strain CC-

503 cw92 mt+ (GSH2)
ATGGACTTGCTGGGCCAATTCCATACAACGGCGCACCCCAATTACCTGCTGAGCCAGTGCAGCAGTACTGTGGTT
GCGCTGAAGGACCCCAGGTTCGTCAACCCGGACTATGCCGTCATCCACGCCCCCCTGTCGCTCACACCGGTGCCG
TATCCACGGGCGCGCTTCGAGCTAGCGCAACAGGTGATGCCGCTCTTTAACACGCTGGTGGACGCCGTGGCAGCG
GATGAGTCGTACCTGGAGGCCACGCTGCGCCCCGCCGCGGCGCAGGACGCCTTCACGGGGCGGCTGCTGGGCTGC
CTGCTGGCCACGCGGCCGGAGCGGCAGGCGCTACGGGGCTCGGEGCCGGGAGGTGGTGCTGGGCGTGCACCGCAGT
GACTACATGCTGGATGCACCCAGCGGCAAGTTCCTGCAGGTGGAGCTCAACACGATCGCCTCCTCATTCGGGTGC
TTGTCAGCGCTGATGACGCGCCTGCACGGGTACATGGCCAGCGGGCGAATCAGCGGCCTGCTCCCTCATGCCGCA
CTCAAGAAGGGTGCTTCTCACGTCCGCAATGCCATCTCCTCCCGCATTGCTGTTCTTTGCAAACTCTTAAAACCT
TACCCGAACCTTGTGTTCTCTGGCTCATGCCCACAACAGGATGCGTCGCGGCTTCCGCCTAACCCAACTCTGGAG
CACATCCCGGATGCCATCGCTGCGGCGGCAACAGCCAGCGGCCACGTCGCAGCGGGCGGCETGGTGGTGATGGTG
TGGATCCAGCTGCAGCTGTGGGAGCGGCACCGGCTGCGCACGCTGCGCCTCACGCTGGCGGACATCGCGGCGGGL
GGCCGACTGGACGCCGCCAGCGGCACCCTCACGCTGCCGGGTGGGCAGCCCGCGGCCETGTTCTACTTCAGGGCC
GGCTACACGCCCGCCGACTACCCGAGTGAGGCGGAGTGGGCGGCECGGGAGCTCATTGAGCGCTCCAACGCCGCC
AAGTGCCCCACCGTGGCGTATCAGCTGGCGGGCACCAAGAAGGTGCAACAGGACCTGGCGACACCCGGCGTGCTG
GAGCGCTTCCTGCCGCCGGCTACCGCCGCGGCGGACGCGGCGCTGCTCCGTGAGTTCTTCGCGGGGCTGTGGTCG
CTGGACCCACGGGACCTGGCGGCGGACGCAGGCGGLGCEGCEGECEGECEETGCGCGACGCCATTGCTCGGCCGGAG
GCGTACGTGCTCAAGCCCCAGCGCGAGGGTGGCGGCAACAACCTGTACGGCGAGGAGTTGCGGGCGGCGCTGCAG
CAGGGCGGCGAGGAGCTGAGCGCCTACATCCTGATGCAGCGCATCCTGCCGCCCGTCAACAGGTCTGTGCTGGTG
CGCAACGGGCAGTGGCAGGAGGCTGAGACGCTGAGTGAGCTGGGCATCTACGGCACCTTCGTGCGCCACAACAAC
GCCGTGGTGGTGAACCAGCAGAGCGGCCACTTGGTCCGGACCAAGACCGCCAGCTCCAACGAGGGCGGTGTGGCG
GCGGGCTTTGCGGTGCTGGATAGCCCTTACCTGGTGGAGTGAGGCGGCGGCTCACCTGGAGGAGCGCGAGGCGTG
GGGCTGTGCGGAAAGGGTGAGGGCTGGAGGCTGTAGAGGCCTGTGGTGGCGTGTGTCCGAGTTGTGATGCGTGTGT
GTGTGTGTGTAGGTGGGTGTGCGATGGGGGTAGGGGTGTTTTTGCCCGAACGCAACGCAATAGGGGGTGGGTGTCC
ATGCAAGGCGGCTTGTTGGGGTCAGAGCCCAGAATGGGGAAGTCGGCACACGGGGTCATATATTGCAGTACATAC
GTGGAGCAGGGAGCTAGAATGTAGGGGATAGGGCTGCATGGGCTGGAACTGCGGACGTTGTGACAGTAGGTGAGT
AGGTGCGTATGAGAAACCTGCACATCCCGTGTGACCCAGT

FIG. 62

SEQ ID No. 51

>GSHB protein Chlre [UniProt ID: A8IR74]
MDLLGQFHTTAHPNYLLSQCSSTVVALKDPRFVNPDYAVIHAPLSLTPVPYPRARFELAQQVMPLFNTLVDAVAA
DESYLEATLRPAAAQDAFTCRLLGCLLATRPERQALRCGS GREVVLCVHRSDYMLDAPSGKFLOVELNTIASSFGC
LSALMTRLHGYMASGRI SGLLPHAALKKGASHVRNAISSRIAVLCKLLKPYPNLVFSGSCPQODASRLPPNPTLE
HIPDAIAAAATASGHVAAGGVVVMVWIQLQLWERHRLRTLRLTLADIAAGGRLDAASGTLTLPGGQPAAVEYFRA
GYTPADYPSEAEWAARELIERSNAAKCPTVAYQLAGTKKVQQDLATPGVLERFLPPATAAADAALLREFFAGLWS
LDPRDLAADAGGAAAAVRDAIARPEAYVLKPQREGGGNNLYGEELRAALQQGGEELSAYILMORI LPPVNRSVLV
RNGOWQEAETLSELGIYGTFVRHNNAVVVNQQSGHLVRTKTAS SNEGGVAAGFAVLDSPYLVE*

FIG. 63
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SEQ ID No. 52
>XM 001418379.1 Ostreococcus lucimarinus CCE9901 glutathione s

ynthase (GSHZ) mRNA, complete cds
ATGATCGGAGGAGACGAAGCGGGGACGTTCACGCACGCGCCGGETGTCGTGCGCGCCGACGACGTTTCCGAGGAGC
GCGTACGAGCTCGCCGAGGCGACGTCGCCGGCGTTCGCGGAGCTGTACGACGGAGTGTCGAGGGACGATGGATTC
CTGAGGGAAACGCTGCGGGGGGCGATTAAGAACGATGCATTCACGGCCGCGCTGTGGGACGTGTACGAACGGAGC
GGCGGGCAAGAGGGGAGACAGAAGGCGGAGGTTGGCGTGTTGCGAAGCGATTACATGCTCGACGCGCCGAGC GGG
TTGCCTTTGCAAGTCGAGGTGAACACGGTGAGCACGTCGTTCATGGCGCTCGGATCGAAGGTGAGCGCGATGCAT
AGACACTTAGCGGCGTGGTCGGCGAAACCT GGAGAAGTGGTGGATTTCGACGCGATGCCACAGAACGACGCGCTC
TCGAGCGCGGGCGACGTCCTCGCGGCGGGATGGARAGCGATGGGGAGTARAGGGAARATCATGATGGTGGTTCAG
CCGAACGAGCGTAATATGTTCGATCAGCGGCACATCTCGCATTATATATTCGAAACGCACGGAATTCACACCGTC
AGAGCGACTTTAGCCGAAGTAAACGCCGAGGGCGCGTTGCGCGACGGAACGCTCACGTTTCGAGGCGACGACATC
GGCTTGGTGTACTTTCGAGCCGGATACACCCCGTCGGACTATCCGACCAGTGGCGAATGGTCAGCACGGTTGTTA
ATCGAACAATCGAACGCTTTGAAGAGCCCTTCGGTGGCAATGCACTTGGCGGGAT CGAAGAAGGTGCAACAAAAG
CTCGCAGAAGCGGGCGTGCTCGAATCGTTCATGCCGGAACGCGCCGCGGACATGCGACGTGTCTTTGCAGATTTG
TATTCCTTAGACGGCGACGAAGGCACCGAGGCGATTAAACTCGCACTCGCGAATCCAGCGGGCTACGTCTTARAG
CCTCAGCGTGAGGGTGGTGGAAATAATTTGTATTCGGACGATTTGCGCAAACGACTTGAACTCGGCGGAGACTTG
GGCGCGTTCATTCTCATGCAACGCATTCTCCCTCCATCTCATCAAACGCTCACCETTCGCGCCGGTAAGGTGCTC
GAAATCGAAACACTGTCCGAGTTAGGTATTTACGGTAGTTATCTCCGCGTAGGCGACGAGATCGTGATCAATAAA
CACGGTGGGAGTTTGCTCCGGACGAAGGCGGCGACTTCCGACGAAGGCGGCGTCGCGGCGGGGTACGCCGTCTTA
GACTCTCCTCTTCTCGTTTAG

FIG. 54

SEQ ID No. 53

>GSH2 protein Ostlu [UniProt ID: A4RYM3]
MIGGDEAGTFTHAPVSCAPTTFPRSAYELAEATSPAFAELYDGVSRDDGFLRETLRGAIKNDAFTAALWDVYERS
GCQEGRQKAEVGVLRSDYMLDAPSGLPLOVEVNTVSTSFMALGSKVSAMHRHLAAWSAKPGEVVDFDAMPONDAL
SSAGDVLAAGWKAMGSKGKIMMVVQPNERNMFDQRHI SHYI FETHGIHTVRATLAEVNAEGALRDGTLTFRGDDI
GLVYFRAGYTPSDYPTSGEWSARLLIEQSNALKSPSVAMHLAGSKKVQQKLAEAGVLES FMPERAADMRRVFADL
YSLDGDEGTEAIKLALANPAGYVLKPQREGGGNNLYSDDLRKRLELGGDLGAFILMQRILPPSHQTLTVRAGKVL
EIETLSELGIYGSYLRVGDEIVINKHGGSLLRTKAATSDEGGVAAGYAVLDSPLLV*

FIG. 565
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