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Description

[0001] Heavy metals are naturally present in soil and are taken up by plants to a different degree. Some heavy metals,
such as manganese or zinc, are essential for plants, since they represent co-factors required for enzyme activity.
[0002] Other heavy metals are however not essential for plants and in some cases a reduction in the heavy metal
concentration of plants or parts of plants would be advantageous. Cadmium (Cd) for example is a non-essential heavy
metal present in the soil and naturally absorbed by plant roots. Cd is accumulated in leaves, for example in leaves of
tobacco plants (Lugon-Moulin et al., 2006). In some places Cd concentrations in soil are increased due to the use of
Cd-rich phosphate fertilizers or Cd-contaminated sewage sludge (Karaivazoglou et al., 2007). The mechanisms used
by the plants for the uptake, partitioning and accumulation of heavy metals have been described (Verbruggen et al., 2009).
[0003] It would be advantageous to reduce the heavy metal content of tobacco plant leaves and different strategies
leading to this result have been developed.

[0004] Forexample, a mammalian metallothionein gene under the control of 35S promoter was expressed in tobacco,
causing a decrease of 14% of cadmium in field grown plant (Yeargan et al., 1992) or to altered cadmium tissue distribution
with a 73 % cadmium reduction in lamina (Dorlhac et al., 1998). More recently, high capacity divalent antiporters, AtCAX2
and AtCAX4, from Arabidopsis thaliana have been successfully used to enhance root vacuole Cd sequestration thus
obtaining a 15-25% decrease of Cd in lamina of field grown tobacco (Korenkov et al., 2009).

[0005] A family of Heavy Metal ATPases (HMA proteins) responsible for distributing heavy metals in the plant tissues
after the metals have been taken up by the root have been identified and genes encoding respective proteins have been
cloned. Eight types of HMA genes involved in Cd transport to and Cd accumulation in leaves of Arabidopsis thaliana
are known (Cobbet et al., 2003). In A. thaliana HMAs from type 1, 5, 6, 7 and 8 are monovalent cation transporters (Cu+
and Ag+; Seigneurin-Berny et al., 2006) and HMAs from type 2, 3 and 4 are bivalent cation transporters (Pb2+, Co2+,
Zn2+, Cd2+; Hussain et al., 2004). HMAS3 is a vacuolar transporter involved in Cd, Pb and Zn tolerance (Morel et al. 2009).
[0006] HMA genes have also been identified in other plants and it has been suggested to generate genetically modified
tobacco plants, wherein the expression of a HMA gene is inhibited by RNAi (W02009/074325).

[0007] However, these approaches for reducing heavy metal in tobacco plants are based on the use of genetically
modified organisms (GMOs). An approach that is not based on genetically modified plants would have significant ad-
vantages.

[0008] Mutation breeding has been used for a long time to modify existing traits or to create new valuable traits within
a plant cultivar. Recently, this technique has been combined with a high-throughput mutation detection system and has
proven to be efficient for the modification of properties in tobacco plants (Julio et al., 2008).

[0009] Modern tobacco is an allotetraploid from Nicotiana sylvestris (maternal contributor) and Nicotiana tomentosi-
formis (paternal contributor; Yukawa et al., 2006). The tetraploid nature of tobacco (2n=48) complicates the identification
of traits in tobacco lines and the preparation of tobacco plants showing completely new traits.

[0010] There is thus still a need for tobacco plants with reduced heavy metal content in leaves.

[0011] In accordance with the present invention, this problem is now solved by tobacco plants comprising at least one
mutation in a HMA gene, wherein the non-mutated HMA gene comprises the nucleotide sequence of SEQ ID NO:1
(nucleotide sequence of HMA 4 gene) or a homolog thereof, wherein the mutation causes a substitution or a deletion
or an insertion of at least one amino acid in the polypeptide encoded by the nucleotide sequence and wherein the
mutation reduces the heavy metal uptake by the leaves of the plant by at least 30% in relation to the heavy metal uptake
of plants comprising SEQ ID NO:1 or the homolog.

[0012] The present inventors have surprisingly found that a tobacco HMA 4 gene can be modified such that the HMA
4 protein is inhibited without significant detrimental effects for the plants. In other words, the present invention provides
normal tobacco plants that can be used for commercial purposes with significantly reduced heavy metal content in the
leaves.

[0013] In accordance with the present invention, a homolog of the sequence of SEQ ID NO:1 refers to a sequence
with at least 90%, preferably at least 95% sequence identity to the sequence of SEQ ID NO:1. Respective homolog or
homologous sequences may represent differences between various tobacco plant lines or sequences derived from a
common ancestor. N. tabacum is an allotetraploid plant and each plant comprises a genome from Nicotiana sylvestris
and Nicotiana tomentosiformis. As it appears that SEQ ID NO:1 is derived from N. sylvestris, the HMA 4 sequence
derived from N. tomentosiformis represents a homolog of the sequence of SEQ ID NO:1. Similar sequences derived
present in different species are also identified in this application as ortholog sequences and represent a specific form
of ahomolog sequence. The % identity is preferably determined by the BLAST software for determining sequence identity.
[0014] In a preferred embodiment, the sequence of SEQ ID NO:1 or of the homolog only contains one or a small
number of mutations on the nucleic acid level, for example 1, 2, 3 or 4 nucleotide changes. The mutated sequence thus
still has an identity of at least 90%, preferably at least 95% and most preferably at least 98% to the sequence of the
HMA 4 gene. The mutation may for example be a miss-sense, a non-sense mutation or a splice mutation.

[0015] The tobacco plants of the present invention are preferably Nicotiana tabacum plants.
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[0016] According to one aspect the present invention provides respective tobacco plants, wherein the reduction of
heavy metal uptake is determined by growing tobacco plants with and without the mutation under identical conditions
on a liquid medium containing the heavy metal and comparing the concentration of the heavy metal in the leaf, stem or
shoot of the tobacco plant with the mutation to the concentration of the heavy metal in the leaf, stem or shoot of the
tobacco plant that does not have the mutation. It is preferred that the plant and the reference plant are otherwise grown
under the same conditions. The concentration of the heavy metal in the leaf, stem or shoot can be identified in amount
of heavy metal in relation to amount of plant dry weight material.

[0017] The term "reduction in heavy metal uptake" is therefore used in the context of the present invention to describe
areduction in heavy metal concentration in a leaf, stem or shoot of a tobacco plant having a mutation in the HMA 4 gene
in comparison to the corresponding tissue of a plant that does not have the mutation but was otherwise grown under
the same conditions.

[0018] The invention encompasses plants which under these circumstances show a significant reduction in heavy
metal concentration in tissues of a tobacco plant. It is particularly preferred that the mutation reduces the uptake of a
heavy metal by at least 40%, at least 50%, at least 75% or at least 95%.

[0019] In accordance with the present invention, a reduction of uptake can be achieved for one or several but does
not have to be achieved for all heavy metals. It is sufficient if a significant reduction is achieved for one heavy metal. It
is preferred that the invention provides tobacco plants show a reduced uptake of cadmium, lead or arsenic. In its most
preferred embodiment, the present invention provides tobacco plants which have a reduced uptake of cadmium.
[0020] Similarly, the reduction of the uptake need not completely eliminate the content of the heavy metal in the plant
or plant tissue. In accordance with the present invention it is preferred that the reduction of heavy metal content is in the
range of 40% to 70%, 50% to 80%, or 60% to 95%.

[0021] Several mutations have been identified in the HMA 4 gene that cause a significant reduction of the heavy metal
uptake and are described below. Accordingly, the mutation may represent a miss-sense, a non-sense mutation or a
splice mutation.

[0022] In one embodiment the tobacco plants of the present invention comprise a mutation selected from one of the
mutations shown in Figure 5/1 and Figure 5/2. In a preferred embodiment, the tobacco plants comprise one of the
mutations shown in Figure 5/1 or 5/2 with a SIFT score of less than 0,05. In the most preferred embodiment the tobacco
plants of the present invention comprise a mutation selected from the group comprising the mutations: G294A, C576T,
G406A, G347A, G363A, G553A, C374T, G290A, G964A, G1168A, G1211A, G1126A, C980T, G1195T, G1156A,
G1070A, C2302T, G2208A, C2217T, G2190A, C2206T or C2277T in SEQ ID NO:1 or the homolog thereof.

[0023] According to one embodiment of the present invention, the tobacco plants may comprises a mutation in more
than one HMA 4 gene. As indicated, tobacco plants contain HMA 4 genes from N. Sylvestris and from N. tomentosiformis.
Plants that are mutated in both HMA 4 genes are also identified as double mutants in the present invention.

[0024] The tobacco plants of the present invention can be homozygous or heterozygous for any one mutation in one
of the HMA 4 genes. According to a particularly preferred embodiment, plants are provided that contain homozygous
mutations in both HMA 4 genes.

[0025] The presentinvention also relates to a part of a tobacco plant as described above, wherein the part is a leaf,
a lamina, a cut and/or a cured leaf, root, shoot, stem, flower or seed. Again, for all purposes of the present invention,
the part of a tobacco plant is preferably a part of a Nicotiana tabacum plant. Seed of a tobacco plant as described above,
represent a particularly preferred embodiment of the present invention.

[0026] The tobacco plants of the present invention or the parts thereof may be used to generate tobacco products
well known in the art, including smokeless tobacco products like snus, snuff and cut tobacco, tobacco extract or recon-
stituted tobacco.

[0027] In an alternative embodiment, the tobacco plants of the present invention or the parts thereof are used to
generate smoking articles which also represent an embodiment of the invention. Smoking articles are well known and
include a cigarette, a small cigar, cigarillo or a cigar or simulated smoking articles containing tobacco.

[0028] The plants of the present invention are obtainable by methods comprising the following steps:

(a) screening a library of tobacco plants obtained by mutagenesis for at least one mutation in a HMA gene, wherein
the non-mutated HMA gene comprises the nucleotide sequence of SEQ ID NO:1 (nucleotide sequence of HMA 4
gene) or a homolog thereof, wherein the mutation causes a substitution or a deletion or an insertion of at least one
amino acid in the polypeptide encoded by the nucleotide sequence and wherein the mutation reduces the heavy
metal uptake by the leaves of the tobacco plant by at least 30% in relation to the heavy metal uptake of plants
comprising SEQ ID NO:1 or the homolog;

(b) crossing the tobacco plant having a mutation in the HMA gene with a commercial Nicotiana tabacum production
plant; and

(c) identifying offspring with the mutation in the HMA gene;

(d) repeating steps (b) and (c).
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[0029] As before, the reduction of heavy metal uptake can be determined by growing tobacco plants with and without
the mutation under identical conditions on a liquid medium containing the heavy metal and comparing the concentration
of the heavy metal in the leaf, stem or shoot of the tobacco plant with the mutation to the concentration of the heavy
metal in the leaf, stem or shoot of the tobacco plant that does not have the mutation.

[0030] The methods produce plants, with reduced uptake of the heavy metal by at least 30%, at least 50%, at least
75% or at least 95%.

[0031] The plants may have areduced uptake of one or several heavy metals. It is preferred that the uptake of cadmium,
lead or arsenic is reduced.

[0032] According to a preferred embodiment, steps (a) and/or (c) of the method use an assay analyzing the nucleotide
sequence of the tobacco (Nicotiana tabacum) plant. Respective assays for nucleotide analysis are well known in the art
of molecular biology and include PCR-based techniques, DNA sequencing, hybridization and/or RFLP techniques.
[0033] A tobacco product or a smoking article can be obtained from the plants of the present invention by harvesting
the leaves, stems and/or shoots and producing a tobacco product or smoking article from the same.

BRIEF DESCRIPTION OF THE FIGURES
[0034]

Figure 1: Partial sequence alignment of part A amplification in N. tabacum, N. sylvestris and N. tomentosiformis.
The first sequence is the reference contig. In this alignment three different sequences are present: se-
quences 1, 2, 3, 9, 10, 11 are shared between N. tabacum and N. sylvestris. Sequences 6, 7, 8, 12, 13,
14, 15, 16 are shared between N. tabacum and N. tomentosiformis. Sequences 4 and 5 are specific to
N. sylvestris.

Figure 2: ds cDNA amplification of copies 1 and 2 of the HMA orthologs in N. tabacum.
Specific primers designed to anneal in exonic regions of part A were used to test the expression of the
two copies in roots (R) and shoots (S). HmaAS-F/HmaA-RT-R primers pair amplify the N. sylvestris origin
sequence (Copy S) and HmaAT-F/HmaA-RT-R primers pair amplify the N. tomentosiformis origin se-
quence (Copy T). Both copies are expressed in N. tabacum.

Figure 3: CODDLE analysis of the whole contig sequence (SEQ ID NO:1).
First line: amino-acid sequence of the HMA4 protein
Second line: DNA sequence of the HMA4 gene Third line: below each nucleotide is an indication of the
changes that can be detected with EMS mutagenesis.

Figure 4: CE-SSCP profile obtained by PCR amplification of the DNA mutant collection with primers Hma4-
BF/Hma4-BR. The HmaA4-BF primer is labeled with FAM fluorophore, and the DNA strand appears in
blue. The Hma-BR primer is labeled with VIC fluorophore, and the DNA strand appears in green.

1: DNA profile of a wild type DNA
2: DNA profile of a mutant DNA (family E1-276 of the collection), characterized by an additional peak
corresponding to the mutated DNA strand (red arrow).

Figure 5: Table summarizing the mutations found in HMA targets after cloning and sequencing.
2 = |dentification number of the mutant family as described in the collection.
b = nucleotide or amino-acid change and position of the mutation as described with CODDLe analysis on
contig 1 (original nucleotide/amino-acid+ position +new nucleotide/amino-acid).
"=" represents silent mutation, "*" represents stop codon.
¢ = SIFT score was obtained with the bioinformatics program SIFT (Sorting Intolerant from Tolerant) on
contig 1. SIFT scores < 0.05 are predicted to be deleterious to the protein.
* non EMS mutation (G/C to A/T)

Figure 6: Cadmium content in three M3 E1-276 mutant lines (276B5; 276B8, 278B18) compared to the wild type
(BB16NN).
Cadmium was measured in shoots (A) or roots (B). On the left, graphs represent cadmium accumulation
in pg per g of dry weights. On the right, graphs represent cadmium accumulation normalized in mutants
with cadmium accumulation in wild type.
Cadmium content in shoots: the letters "A" in "B" in bars represent two distinct groups in a student "T"
test performed on these samples.
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Figure 18:

EXAMPLE 1
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Cadmium accumulation in roots: the letter "A" in bars indicates that all the means in this graph belong to
the same statistical group.
Error bars represent standard deviation.

Picture of a F1 cross between the mutant E1-276-B18 and an industrial flue-cured tobacco plant showing
the viability of the mutants.

Cadmium accumulation in shoots of EMS lines (M mutated plants; Htz heterozygous mutant plants; S
wild-type plants; DW dry weight). The graphs on the left represent the amount of cadmium accumulated
in the shoots. The error bars reflect the standard error. On the right side, the accumulation of cadmium
in the mutated line is represented as a percentage with respect to its wild-type.

Statistal analysis of EMS lines. The p-values presented in this chart are derived from the student’s t-test
(http://www.graphpad.com). The differences observed between each mutated line and its wildtype is
statistically relevant when the p-value is lower than 0,05 (95% confidence).

Accumulation of RNA transcripts in RNAI lines. The bars represents the mean of the accumulation of
transcripts of either HMA alpha or HMA beta relative to the transcript accumulation of the reference gene
cyclophilin and L2. Three plants were used per line. The error bars represent standard error. The letters
A and B represent the two groups found by student’s t-test realized with the open software "R".

Metal accumulation in shoots of RNAi lines. For each line, 4 plants were analyzed (only 3 for pGreen).
The cadmium accumulation is represented at the top. On the left, the cadmium accumulation is expressed
as a mean. On the top right, those means are expressed as percent of wild-type. At the bottom, the
accumulation of iron and zinc in shoots is represented. The error bars represent standard error. The letters
A and B represent statistical groups realized with the open software "R". The letters are independent in
each graph.

Crosses performed between tobacco mutants to accumulate both mutated copies in one genome. Mutants
were first backcrossed with wild-type and then crossed between them to obtain F1 generation. The F1
name is described as F1CD2, with the following numbers representing both mutant identifications.

EMS lines. The lines are presented with the collection from which they originate and the mutation that
affects either one gene or the other.

amiRNA constructs. All of the targeted sequences and their corresponding primer sequences were ob-
tained using online software (http://www.weigelworld.org/).

Targeted sequence of the hairpin construct. The primer pairs (A) were designed to amplify the same
portion of HMA gene (B) but they carry different restriction sites.

pHannibal vector. This vector contains 2 sets of restriction sites separated by an intron.
Metal accumulation in shoots; graphical results obtained by Tukey multiple comparisons of means. The
error bars represent standard error. The letters A, B, C and D represent statistical groups realized with

the open software "R" for cadmium analyses.

Metal accumulation in shoots; graphical results are obtained by Tukey multiple comparisons of means.

Tobacco mutant collection

Plant material

[0035] Seeds of three tobacco lines BB16NN (Delon et al. 1999; Institut du Tabac de Bergerac, Accession N°1139),
BY02 and V4K1, were used for creating Nicotiana tabacum mutant libraries. BB16NN and BY02 are burley type tobaccos,
and V4K1 is a flue-cured type tobacco.
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[0036] For copy number assessment, comparison of sequences with ancestors was done with tobacco lines ITB 645
(Nicotiana tomentosiformis) and ITB 626 (Nicotiana sylvestris).

EMS mutagenesis

[0037] The mutant collection has been described in Julio et al.,, 2008. In short, two tobacco EMS (ethylmethane
sulfonate) mutant libraries termed L1 and L2 were constructed by soaking tobacco BB16NN seeds (6000 seeds per
library) overnight (16h) in 0.8% EMS (L1) or 0.6% EMS (L2) solutions, followed by 12 washings of 30 min in water under
shaking. In addition, L1 library seeds were pre-germinated for 2 days before EMS treatment.

[0038] Two further collections were developed from BY02 (termed L3) and V4K1 (termed L4) seeds with a 0.7% EMS
treatment and without pre-germination.

[0039] The mutagenized M1 seeds were grown to M1 plantlets in a greenhouse and transferred to the field to give M2
generation by self-pollination. M2 seeds were collected from each M1 plant and stored until use. Leaf material was
collected from 8 M2 seeds sown in a single pot in greenhouse and pooled (two 8 mm diameter discs for each plant i.e.
~100 mg fresh weight per family) to constitute pooled M2 family. DNA was extracted from the leaf material using QIAGEN
Dneasy 96 Plant Kit according to manufacturer’s instructions.

EXAMPLE 2
Copy Number Assessment
PCR amplification

[0040] Part of the genomic sequence of an HMA 4 of Nicotiana tabacum gene is shown in SEQ ID NO:1.

[0041] N. tabacum is an allotetraploid plant comprising a genome from Nicotiana sylvestris and Nicotiana tomentosi-
formis. It appears that SEQ ID NO:1 is derived from N. sylvestris.

[0042] Four genomic regions of this HMA 4 gene, identified as part A, B, C and D, were amplified in N. tabacum, N.
sylvestris and N. tomentosiformis by using the respective primer pairs:

PartA-F (CTACCGCTGCTATGTCATCAC) SEQ ID NO:2 and
PartA-R (TAGCACACTTGTCGATGTATC) SEQ ID NO:3;

PartB-F (GATACATCGACAAGTGTGCTA) SEQ ID NO:4 and
PartB-R (CTCCTTTAGTTATAGTCCCTG) SEQ ID NO:5;

PartC-F (AGTAAATACTGAATTGTCTAGTG) SEQ ID NO:6 and
PartC-R (GATGTTTTATCTCTACTATGAGC) SEQ ID NO:7;

PartD-F (GACCTGTTTAGCACTAATGCG) SEQ ID NO:8 and
PartD-R (TTATAATCATTTCAGCGTAATGCAG) SEQ ID NO:9.

[0043] PCR amplifications were carried out in a 20 pl volume containing 1 wl DNA, 10X AmpliTaqg buffer (Applied
Biosystems, Foster City, USA), 1 pl dNTPs (Applied Biosystems, 2.5 mM each), 50 ng of each primer and 0.05 U
AmpliTaqg Polymerase (Applied Biosystems). PCR was conducted using a thermal cycler (GeneAmp® PCR System
2700, Applied Biosystems) as follows: 35 cycles of 94°C for 30s, 62°C for 45s, 72°C for 1 min, followed by 7 min at 72°C
for final extension.

Results

[0044] Four parts of the contig sequence shown in SEQ ID NO: 1 were amplified in N. tabacum, N. tomentosiformis
and N. sylvestris. Part A corresponds approximately to exons 4 to 5, part B corresponds approximately to exon 6, part
C corresponds to exon 7 and part D corresponds to exon 8. Six to ten clones were sequenced for each PCR product.
An example of sequence alignment in part A is shown in Figure 1. Some sequences were common between N. tabacum
and its ancestors (N. sylvestris and N. tomentosiformis); others are specific to one ancestor. Results are summarized
in Table 1, below.
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[0045] These results show that Nicotiana tabacum contains at least two HMA4 loci, one locus from each of the two
ancestors. As a consequence, any Nicotiana tabacum plant may contain at least four different HMA 4 alleles.

RNA extraction and ds cDNA testing

[0046] RNA was extracted from roots and shoot of two months old plants with RNeasy Plant Kit according to manu-
facturer’s instructions (Qiagen). cDNA and ds cDNA was prepared according to manufacturer’s instructions by using
the MINT cDNA synthesis kit from Evrogen.

[0047] Expression of both loci was assayed by amplifying ds cDNA coming from N. tabacum roots and shoots with
specific primers designed on the basis of part A exonic regions. HmaAS-F/HmaA-RT-R was used to amplify the N.
sylvestris origin sequence and HmaAT-F/HMA-RT-R for the N. fomentosiformis origin sequence. Fragments were am-
plified for both copies (N. sylvestris and N. tomentosiformis) of the gene, as demonstrated in Figure 2, supporting the
conclusion that the sequences present at both loci are expressed in N. tabacum roots and shoots.

[0048] Amplification of the two copies in expressed sequences was tested in region A, with specific non-labeled primers
pairs:

e forward primers Hma-AS-F GGTGAATAGCATTCTTGCTGTG SEQ ID NO:19; and HmaAT-F, GTTGAATAGCAT-
TCTTGCTGTT SEQ ID NO:21; and

* anew common reverse primer HmaA-RT-R, CTTGTTCTGAGCATCTTCGAC SEQ ID NO:20, designed to bind in
the exonic region.

[0049] PCR was carried out in the same conditions than for copy number assessment. PCR products were visualized
on a 1.5% agarose gel with EtBr (ethidium bromide) under UV.

EXAMPLE 3
Mutant Screening via PCR

[0050] New primers were designed to amplify specifically the regions to be used for mutant screening. Primers were
selected according to three criteria:

- Positions of intron and exon: exonic regions are preferred, even if primers can be designed in intronic regions.

- High impact of EMS mutations on the protein sequence: the impact of the mutation on the protein function was
assessed by the CODDLe software [Choosing codons to Optimize Discovery of Deleterious LEsions]. CODDLe
identifies the region(s) of a user-selected gene and of its coding sequence [CDS] where the anticipated point mu-
tations are most likely to result in deleterious effects on the gene’s function (Till et al., 2003). CODDLe results on
the whole contig sequence is shown in Figure 3.

- Length of the sequence: the maximum length of the sequence for CE-SSCP screening is 500 bp. A large sequence
is preferred to maximize the chance to discover mutants.

[0051] The following new primer pairs were designed to amplify:

Region A: HmaAS-F/HmaA-R primer pair amplifies the N. sylvestris origin sequence and HmaAT-F/HMA-R amplifies
the N. tomentosiformis origin sequence.

Region B: HmaB-F/HmaB-R primer pair.

Region D: HmaDS-F/HmaDS-R primer pair amplifies the N. sylvestris origin sequence and HmaDT-F/HmaDT-R
primer pair amplifies the N. fomentosiformis origin sequence.

[0052] The specificity of primer pairs was checked by cloning and sequencing ten PCR products.

[0053] Fluorescent labeled primers (6-FAM (blue), VIC (green), NED (yellow); all from Applied Biosystems) were used
for Capillary Electrophoresis-Single Strand Conformation Polymorphism analysis (CE-SSCP). PCR reactions were car-
ried out in the same conditions as used for copy number assessment.

[0054] Two different 410 bp copies were amplified in regions A with:

e forward primer HmaAS-F (VIC-GGTGAATAGCATTCTTGCTGTG) SEQ ID NO:10; or
e forward primer HmaAT-F (NED-GTTGAATAGCATTCTTGCTGTT) SEQ ID NO:12; and
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e common reverse primer HmaA-R (6FAM-GCACAACATAAGATTCACTAAC) SEQ ID NO:11.
[0055] A unique 386 bp sequence was amplified in region B, with:

e forward primer HmaB-F 6FAM-GTCTGATTTCGACTGGTGATG SEQ ID NO:13; and
* reverse primer HmaB-R VIC-AAGAATATGTATGAGTGGTAACC SEQ ID NO:14.

[0056] Two 283 bp copies were amplified separately in region D, with:

e primer pair HmaDT-F, 6FAM-GAAATAGAGGGTGATAGTTTCC SEQ ID NO:15, and HmaDT-R, NED-CATT-
TCAGCGTAATGCAGAATTT SEQ ID NO:186, for the first copy; and

¢ HmaDS-F, VIC-GAAATAGAGGGTGATAGTTTCA SEQ ID NO:17, and HmaDS-R, 6FAM-CATTTCAGCGTAAT-
GCAGAATTA SEQ ID NO:18, for the other copy.

Capillary electrophoresis

[0057] Fluorescent-labeled PCR products were diluted 1/20 in water before CE-SSCP analysis. Prior to loading on
ABI Prism® 3130 (Applied Biosystems, Foster City, USA), 1l of diluted sample was added to 10 .l formamide (Applied
Biosystems) and 0.1 pl Genescan-500 LIZ Size Standard (Applied Biosystems). A denaturation step of 94°C for 3 min
followed by cooling on ice was used for single strand conformation analysis.

[0058] Running conditions on ABI Prism® 3130 were as follows: 36 cm capillary array (16 capillaries), run temperature
of 22°C, sample injection of 1 kV for 15 s and separation of 15 kV for 40 min. The non denaturing separation medium
was POP Conformational Analysis Polymer (Applied Biosystems) 5%, glycerol (Sigma-Aldrich) 10% in 1X Buffer (10X)
with EDTA (Applied Biosystems). The running buffer was glycerol 10% in 1X Buffer (10X) with EDTA. Results were
analyzed with GeneMapper 4.0 (Applied Biosystems) software.

Cloning and sequencing

[0059] PCR products were cloned into pGEM-T vector Systems (Promega, Madison, USA) and transformed into E.
coli according to manufacturer’s instructions. Ten clones were sequenced for each family, using BigDye Terminator
Sequencing Kit v3.1 (Applied Biosystems) and ABI Prism® 3130 (Applied Biosystems). Nucleotic sequences were
aligned with Multalin (http://npsa-pbil.ibcp.fr/NPSA/npsa multalinan.html).

Results
Mutant screening in the HMIA4 orthologs in tobacco

[0060] Primers were fluorescently labeled and were used to amplify the DNA of the mutant collection. Fluorescent-
labeled PCR products were analyzed by CE-SSCP as described above.

[0061] Mutants were detected by the presence of additional peaks on the analysis profile, compared to the control
(DNA of a non mutated tobacco). An example with primers Hma4-BF/Hma4-BR is shown in Figure 4.

[0062] PCR products of mutants were cloned and sequenced to characterize the position of the mutation. Sequences
obtained were aligned and compared to the control. Impact of mutations on protein function was analyzed by the Sorting
Intolerant From Tolerant (SIFT) program (Ng and Henikoff 2003).

[0063] Complete results of mutations obtained in Hma-AS, Hma-AT, Hma-B, Hma-DS and Hma-DT are summarized
in the Table shown in Figure 5/1 and 5/2.

[0064] Nineteen mutations were obtained for Hma-AS target, 18 for Hma-AT, 20 for Hma-B, 11 for Hma-DT and 3 for
Hma-DS.

[0065] Non-sense mutations could be obtained for Hma-AS and Hma-DT. Silent and miss-sense mutations represent
respectively 9% to 33 % and 61% to 81% of the total number of mutations, as presented in table 2. One mutation in a
splicing region could be found in Hma-B target. Mutations affecting the same amino-acid could be found. Two exactly
redundant mutations were found in Hma-AT, one in Hma-AS, 3 in Hma-B and one in Hma-DT. Of the 71 mutations
obtained, 2 transversions were observed (2.8%) (instead of G/C to T/A transitions expected with EMS treatment.)

Table 2: Percentage of mutation according to the target and the type of mutation.

Total Silent Miss-sense | Non-sense Intron Splicing

Hma-AS 19 31,6 63,2 53 0,0 0,0
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(continued)
Total Silent Miss-sense | Non-sense Intron Splicing
Hma-AT 21 22,2 57,1 0,0 9,5 0,0
Hma-B 20 20,0 70,0 0,0 5,0 5,0
Hma-DT 11 9,1 81,8 9,1 0,0 0,0
Hma-DS 3 33,3 66,7 0,0 0,0 0,0

EXAMPLE 4
Heavy Metals Translocation
Hydroponic culture

[0066] Selected M2 EMS lines were grown in soil in a greenhouse in order to obtain homozygous mutant seeds. DNA
was extracted from 2 month old plants for genotyping by CE-SSCP. Homozygous mutant lines were self-pollinated to
obtain homozygous mutant seeds (M3). M3 seeds were germinated on Whatman paper soaked with a Hoagland-derived
solution (KNO3 2,5mM ; NaH2PO 4 0,5 mM ; Ca(NO3)2 2,5mM ; MgS0O4 0,5 mM ; FeNaEDTA 0,1 mM ; H3BO3 50
prM ; MnSO4 50 uM ; ZnSO4 15uM ; MoO4Na2 3uM ; KI 2,5uM ; CuS04 50 uM ; CoCI2 44 pM). After 3 weeks, plants
were transferred to the Hoagland-derived solution media were there growth is prolonged for 2 weeks. The solution media
was then complemented with a final concentration of 10.M of CdCI2. After one week of treatments plants were cut in
two parts: roots and shoots and were harvested independently.

Greenhouse testing

[0067] M2 lines were sown on Whatman paper until germination and 30 mutants plantlets were transferred in floating
trays (20cm x 30cm), with five control plants randomly placed in the tray (non-mutagenized original lines). DNA was
extracted from 1 month old plants for CE-SSCP genotyping to characterize homozygous, heterozygous and wild type
plants for the HMA mutation. After one month and a half, the solution media was complemented with a final concentration
of 1uM to 5uM of CdCI2. After one week of treatments, roots were rinsed with CaCl2 (1 mM) and plants were cut in
three parts: roots, stem and shoots. Samples were pooled according to their genotype, with four plants per genotype.

Cadmium detection by ICP-MS

[0068] Samples were dried at 80°C for 72 hours and dry weight was measured. Metal contents were extracted in
chloridric acid (1 mM) for 1 hour at 75°C.

[0069] Metals content in the chloridric acid were dosed by Inductively Coupled Plasma Mass Spectroscopy (ICP-MS)
from Agilent (7500cx series). lons are analyzed based on their mass to charge ratios (Newman, 1996). This technique
has already been used for analysis of trace elements in many fields (e.g. Kelly et al., 2002) and permit to detect cadmium
traces as low as 10 ppt.

[0070] To obtain cadmium content the concentration of the dosed solution is multiplied by the dilution factor (this gives
the amount of metal in the sample) and divided by the mass of the sample. To obtain translocation, the amount of metal
in shoots is divided by the amount of metal in the whole plant (metal in roots plus metal in shoots).

Statistical analysis

[0071] For each line, mean value and standard deviation was calculated. The statistics software "R" was used to
perform a student "T" test to compare those means (http://www.r-project.org/).

EXAMPLE 5
Backcrosses of mutation into elite lines
[0072] Mutants containing an interesting mutation were backcrossed with the original non-mutagenized plant in order

to remove additional mutations present in the rest of the genome, not related with cadmium transfer. An example of a
F1 cross of an industrial Flue-cured tobacco and E1-276-B18 mutant is shown in Figure 7. Mutants from the collection
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and elite lines were grown in greenhouse in floating beds. DNA of 30 plants per mutant family was extracted and analysed
by CE-SSCP. Heterozygous plants were transferred in 5 litter’s pots, along with elite lines. At flowering time, pollen of
mutant was transferred on flower of the original line (BB16NN, BY02 or V4K1), cleared out of its stamen. Several cycles
of backcrosses can be performed (BC1, BC2...) before fixing the mutation by two cycles of self-pollination of backcrossed
mutant plants (BCxS1 and BCxS2).
EXAMPLE 6
Heavy Metals Translocation
Hydroponic culture
A. Mutation E200K
[0073] Experiments were conducted with the mutation E200K, in region B of the sequence, in the E1-276 line of
BB16NN collection. Homozygous M2 mutant lines were self-pollinated to obtain homozygous mutant seeds (M3). Ex-
periment was conducted on young M3 plantlets.
Results
[0074] Cadmium content in the homozygous M3 E1-276 mutant line is significantly reduced. Figure 6 describes the
results obtained in terms of cadmium accumulation in roots and in shoots. In shoots cadmium content is reduced to
different degrees and can be reduced by more than 50% in the lines of the present invention in comparison to wild type.
As can be seen in Figure 6, cadmium content is reduced in shoots for example for more than 60% and in some plants
even for more than 70%.

B. Mutation E3-277

[0075] Further experimentsregarding the uptake of Cd and Zn were conducted with plants homozygous for the mutation
E3-277.

Results

[0076] The results are shown in the Table 3, below and show that cadmium content in the homozygous E3-277 plants
are significantly reduced, whereas the content of Zn is slightly reduced in comparison to control plants.
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Organ Cdlpgie dwb. ] Zo[pg/igdwb ]
WT-Plant1 Leaf 103 78,2
WT-Plant1 Root 767 318
WT-Plant2 Leaf 84.0 138
E3-277-Wild WT-Plant2 Root 310 256
type WT-Plant3 Leaf 60,1 61,1
WT-Plant3 Root 289 225
WT-Plant4 Leaf 122 90,7
WT-Plant4 Root 3384 276
M-Plant1 Leaf 49 76,5
E3-277- M-Plant1 Root 33.3 53.7
Mutant M-Plant2 Leaf 9.5 48,0
M-Plant2 Root 66.7 625
Control-Plant] Leaf . g 101
Control-Plant1 Root 526 206
Control-Plant2 Leaf 178 116
BBI6NN Control-Plant2 Root 344 244
Control Control-Plant3 Leaf | . 15 108
Control-Plant3 Root 500 254
Control-Plant4 Leaf I® 111
Control-Plant4 Root 639 285

Table 3: Cadmium and Zinc content in homozygous E3-277
mutant line compared to wild-type line E3-277
and BB16NN Control line.

EXAMPLE 7

[0077] Inthis example cadmium uptake of shoots of N. tabacum plants was tested. These shoots are from EMS treated
plant lines mutated either in the HMA 4 gene derived from N. sylvestris or in the HMA 4 gene derived from N. tomen-
tosiformis.

[0078] Cadmium uptake of shoots of transgenic N. tabacum plants was also tested. These transgenic plant lines
express an RNAI construct designed to silence either one or both of the two HMA 4 genes.

MATERIALS & METHODS
EMS lines

[0079] All EMS lines analyzed in this example are summarized in Figure 13. Among the tested lines, 3 are mutated
in the HMA 4 gene derived from N. sylvestris (identified as alpha gene in Figure 13) and 2 carry mutations in the HMA
4 gene derived from N. tomentosiformis (identified as beta gene in Figure 13).

[0080] The lines 90 and 425 were backcrossed 2 times. Backcrossing reduced the amount of additional mutations by
75%.

[0081] The line 277 was backcrossed once but the mutation is at the heterozygous state for this line. All the other lines
carry homozygous mutations. The other lines were not backcrossed.

[0082] Alllines were grown in the presence of cadmium using the protocol described above, except thatin this Example
the cadmium concentration was 1uM instead of 10.M. Each line was cultivated in a bowl that also contain the corre-
sponding wild type plant, i.e. a plant that carries the same set of additional mutations in its genome but that lacks the
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mutation in the corresponding HMA gene.
Transgenic lines
1) RNAI constructs

[0083] Five amiRNA constructs were made following the method described in Ossowski et al, 2008. An online resource
(http://www.weigelworld.org/) was used to select the targeted sequences and design the corresponding primers. The
result is presented in the Figure 14.

[0084] TheamiRNAs were subcloned ina vector containing the "70S promoter" (35S promoterin which some enhancing
regions are repeated) and a terminator (rbos). The promoter-amiRNA-terminator construct was inserted into a binary
vector (pGreen) that permits expression in planta.

2) Hairpin constructs

[0085] The hairpin construct is designed to silence both of the HMA 4 genes. The targeted sequences as well as the
primers used to amplify the same are described in Figure 15. The sequences were cloned into the pHannibal vector
(Figure 16). pHannibal contains the appropriate restriction sites to clone the targeted sequences in both sense and
antisense orientation.

[0086] The hairpin construct obtained was then subcloned twice and inserted into the pGreen vector with the same
promoter and terminator used for the amiRNA constructs.

3) Plant transformation

[0087] Plants were transformed with the five amiRNA constructs, the hairpin construct and the empty pGreen vector
as described in Horsch et al, 1984.

4) Growth conditions

[0088] The transgenic RNAI lines tested are the offspring of the plants regenerated after plant transformation.
[0089] RNAiIlines were cultivated on the same Hoagland-derived media used for hydroponic culture but supplemented
with 1% agar. The plants that lost their construct through segregation were eliminated by the addition of 200mg of
hygromycin per liter of media. After two weeks of growth on selection media, plants were transferred to a media containing
cadmium at a concentration of 1uM.

[0090] After two weeks of culture on the media containing cadmium, the plant material was collected. Approximately
1g of root was frozen in liquid nitrogen to analyze transcript accumulation by qPCR. The shoots were set aside to be
analyzed for metal content by ICP-MS.

5) RNA extraction and cDNA synthesis

[0091] The roots were ground using a mortar and a pestle. RNA was obtained using the RNeasy kit (Qiagen) coupled
with the DNase optional step. cDNA synthesis was performed with the M-MLV Reverse transcriptase (Promega) as
described by the manufacturer.

6) Q-PCR analysis

[0092] The analyses were performed using a Roche 480 Lightcycler (Roche). The primer pairs used to amplify the
alpha gene (Fw - ACAAAGTGCTCGGACACCAA ; Rev - CTTCTCGGTTGCAGAGTCCT) or the beta gene (Fw -
ACAAAGTGCTCGGACACCAA ; Rev - CTTCTCGGTTGCAGAGTCTA) were designed to amplify specifically the tar-
geted gene and not its homolog. This specificity and the efficiency of the primers were tested using a vector in which
the region targeted by the primers was cloned.

[0093] Theresults were normalized using the cyclophilingene (Fw-CTCTATGCCGACACCGTTCC ;Rev-TCACACG-
GTGGAAGGTTGAG) and the L2 gene (Fw - GGCGAAATGGGTCGTTTGATC ;Rev- CGTTCCGTTCGCCGAAGTCG).
Those two reference genes were selected from the genes described in Nicot et al, 2005.
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RESULTS
EMS lines

[0094] In 3 of the 5 tested lines, accumulation of cadmium in the shoots is reduced very significantly, namely by more
than 50% (Figure 8 shows selected examples). These results were statistically validated for the lines 277 and 425 using
the student t-test (Figure 9).

RNA.i lines
1. Transcript accumulation in roots

[0095] The transcript accumulation measured by gPCR is presented in Figure 10. No diminution in the transcript level
was observed for the hairpin line as compared to the line expressing the empty vector.

[0096] However, a diminution of accumulation of HMA 4 transcripts is observed for both genes in line 6a and for the
HMA 4 gene derived from N. tomentosiformis in line 11b. The expression levels are in a different static group than the
expression level of the wild type plants.

2. Metal accumulation in shoots

[0097] The accumulation of cadmium is reduced in all analyzed transgenic lines (Figure 11). It is reduced by more
than 40% in lines 6b and hairpin. It is reduced by more than 60% in lines 6a and 11b. A student’s t-test performed on
those samples showed that the difference observedinlines 6a and 11b in comparison to the wild type plants is significant.
No statistical differences between the different lines in terms of cadmium accumulation and zinc accumulation were
determined.

CONCLUSION

[0098] This Example demonstrates that both HMA genes play a role in cadmium accumulation in shoots. Significant
reduction of cadmium accumulation can already be achieved by silencing one of the HMA 4 genes. Further reduction
of the cadmium accumulation can be obtained by silencing both genes.

EXAMPLE 8

[0099] In this Example the Cadmium accumulation in shoots of several plants was analyzed and compared. For this
purpose, the lines 90, 416, 276 and 425 were backcrossed 2 times and fixed by two self-pollinations to obtain BC2S2
plants, selected for the mutation (M) or not (W). The plants identified in this Example as wild-type plants (or W) are thus
plants that have also been subject to EMS treatment and carry the same set of additional mutations in their genome but
lack the mutation in the corresponding HMA gene.

[0100] Seeds were first sterilized and sown directly on solid medium in vitro. Lines were grown on Hoagland-derived
medium with agar, containing 1M of cadmium. The Hoagland-derived medium contains 0.1mM Fe and 15uM Zn.
[0101] Mutant lines (M), a heterozygous mutant line (Htz) and the corresponding wild-type (S) lines were analyzed.
The experiments also included control plants BB16NN or BY02 (C) (wild-type, industrial seeds) and a tobacco RNA. line
(obtained as described in Example 7).

[0102] Leaves were collected after one month and extracted for metals as previously described. Analyses were per-
formed on 4 to 12 plants per genotype for Cd, Zn, Fe.

RESULTS

[0103] The results are shown in Figures 17 and 18 and confirm that these plants have a significantly reduced amount
of cadmium in the shoots (Figure 17B). At the same time it could be shown that the plants are still able to take up metals
such as Fe and Zn that are required for plant growth (Figure 18).

CONCLUSION

[0104] This Example demonstrates that the silencing of HMA genes in accordance with the present invention does
not necessarily have a negative affect on the uptake of metals that are required for plant growth and development.
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EXAMPLE 9

[0105] To develop commercial tobacco varieties with reduced cadmium content in leaf, crosses were performed be-
tween different tobacco mutants. In particular, plants with a mutation in the HMA 4 gene from N. sylvestris were crossed
with plants with a mutation in the HMA 4 gene from N. tomentosiformis.

[0106] For this purpose both mutants were backcrossed with the elite lines to eliminate the mutation load in the rest
of the genome, which may cause problems with fertility in the progeny. The resulting BC1 plants were then crossed to
get the F1 family, possessing two mutated copies at heterozygous state. All the F1 crosses are described in Figure 12.
[0107] The F1 plants resulting from the cross between mutants will be self-pollinated to obtain an F2 generation, in
which homozygous plants for both mutated/or wild type copies will be present, including homozygous double mutant
plants. These plants can be backcrossed into elite lines to obtain homozygous double mutant commercial plant lines.
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SEQUENCE LISTING

[0109]

<110> Societé Nationale d’Exploitation Industrielle des Tabacs et Aullumettes - S.E.I.T.A.
<120> Tobacco with Reduced Heavy Metal Content

<130> P82537

<160> 59

<170> PatentIn version 3.3

<210>1

<211> 3032

<212> DNA

<213> Nicotiana sylvestris

<400> 1
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cataagccta
caaactttgt
attgtatatg
tgctatgtca
agtcgtaaat
tatacctatt
aggcgagtcg
tctaaatggt
ttgtttgtta
tggctgaaga
aatcaaaaac
tcttatgttg
ttatgaatca
gaatcccttc
cctctcagcec
tttttatttc
gcagcaattg
aatcgaaatg
cttgttctat
cttctgttta
gacaaaacagd
gatggtttta
ttatgttgcc
gatataacat

tcacattctc

tgcttatctt
agcacactga
gataaagcat
tcactggtca
gttgatgaag
gatggagttg
tttccagttt
agtatagtat
atgttatttg
ttgtgcggtyg
ccaaagatac
tgccacatca
cgtcactatc
ttcggaagct
tgcctgcagt
taatactttc
tggctatatc
aatggtatcg
Ctacaccagt
aaggagcaga
ggactataac
gtctcaatac
aaagagaatt
gattgattta

atattgaagt
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ttcttacttt
actttgtaac
tctgataaat
atatagtccc
tcaaggtgaa
tagtggaagg
ctaagcaaag
ttcttcatgc
ctcaattctt
gctaggatgg
atcgacaagt
agtcaaaaaa
ctctcccttt
tgccagcata
catgggcgtc
ctgctctttg
agcttctttyg
cttggctttg
tgccatgtgt
gtaccttgag
taaaggagaa
actgctttac
caaaatctta
tatcatatat

ttctgaaatg

ttagcaatgc
ataactccgt
gaaaaccttt
tccaacagca
tagcattctt
ggaatgtgac
agattcaacg
ttcatttatt
caggctatat
cacagcttgt
gtgctaaata
tgcacgtacc
tcgatatgag
gaagtctatc
gcactactat
tgtatgtctg
gcaattgttc
gtcacattgg
tgcgcacttt
actctagcta
tttatggtga
tggtaaaggt
actgattatc
tcataaaaga

gctctaatgg

18

taaatattag
gtctttattt
atggttatgt
gttttagctg
gctgtgaaag
gtggacgaga
gtctgggctg
tagtgctgaa
cagtgttaag
cgaagatgct
ttatacacca
gtgtgaactt
atttccctaa
agtcctttca
attgctcttt
atttcgactg
ctactgcatt
tgagtgcatg
Ccaaaagcagc
aaatcaaaat
ccgagttcaa
taccactcat
tttcacggca
tgaaataggg

ttcaccatag

gtcctaacta
tctcactgat
aggctaccgc
aaagcggaga
ctggtgaaéc
aaacactgac
gcactacaaa
acttcaagta
actacggctt
cagaacaaga
ggttagtgaa
gttctttgtc
ggtgtcatat
cttgacccgce
cgtttaaaac
gtgatgtttt
aagagttcac
tccgtgtgca
aacgtccggt
catggctttt
gtctctgatt
acatattctt
cattgatagt
agtgccacat

agccaaaata

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
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acatatagac
atacattgag
ttataatcta
gaatagaagc
aatactgaat
tccgatggca
tagagttgag
ggaaatctat
gttgaatcat
atgatttctc
tggatgtttg
gatacatatt
ttggtgtaaa
ctggtgattg
ttacgctgaa
aactcttatt
agaacgtatt
tgtgatgtga
atataagata
tcttcacata
aagattagca
ccaggggcgg
tcacttcata
gaacccataa
ttaggtggag
atcaagggtt

<210> 2
<211> 21
<212> DNA

acaacgtcag
gacacataaa
aaattcttca
cttgttcotg
tgtctagtga
gccgctctgg
cagtttcaaa
gtcgggaata
ttcttatgct
cagttaattt
aatttcagta
tttgggatca
agaagcaatg
ttatgcagct
atgattataa
gtttccttct
accaagtaag
agatgaaggt
tgctattgtt
tgaaacctac
tgatgattta
aactagtgtt
tgtatttaaa
actcaaaatc
ctttggatga
ttcagaagga

<213> Nicotiana sp.

<400> 2

ctaccgctgc tatgtcatca c

<210> 3
<211> 21
<212> DNA

<213> Nicotiana sp.

<400> 3

tagcacactt gtcgatgtat ¢

EP 2 622 081 B9

ccgtctgata
agtacttggt
aatattcttg
tctaaaacat
atattttcag
tggactatgc
attttcctgg
ggaaaatttc
catagtagag
tgctgttaga
ccagaaatag
tctccagetg
agagaactga
gccaaccatg
aaccctttgg
tctatcatca
tgctttatct
taaatgttga
ctccaataat
atcagacgta
agctgaatct
gtgcttagag
taatttatcc
atagatccac
atttcaagca

agctccaaca

21

21

ttcagaactt
catataaatt
atactgcaat
cgttgtggtc
ggtttcaagc
acaatcaaat
tgaagggata
ttcaagagct
ataaaacatc
ttttctttga
agggtgatag
gaattttcag
agcagatggg
tgcaggatca
attattgttt
acattggtta
ttacagggtc
tctggataaa
tggacgattt
catgacacgc
gaatttcaag
gtctcaaaca
agagcagtga
ctctgattgt

gaactcctac

gc

19

agatggaata
ttagaaacat
aacaaaagca
taaaacattc
attgagagca
tccgttgagc
tttggaagaa
ggatgtacca
agagttataa
cctgtttagce
tttcaaagga
tctttccgat
tatcaaaacc
ggtatattaa
agtcttaaga
aacatttcat
atataaaata
ccaagttatt
tcggacgtac
tatgtttagc
tatctattct
ttgtatttgt
gccatatttt
aagtcgaaac

cagaggacaa

gttggatctt
aatcaatgta
catgcacact
gtttagagta
agtcaggtca
caaagcctga
ttgatggaat
caggtaaatg
ttataagtat
actaatgcgg
aagtctgttg
gtttgtcgaa
gcgatgctta
taattctgca
attttcactg
ctaaatttag
cttaagacag
atcacaacta
gacgtacaat
ataaagagtc
tgtattgtac
gttaaaaaat
ttagaatcca
aattatgcag

ggcaacaatc

1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3032
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<210> 4

<211> 21

<212> DNA

<213> Nicotiana sp.

<400> 4
gatacatcga caagtgtgct a 21

<210>5

<211> 21

<212> DNA

<213> Nicotiana sp.

<400> 5
ctcctttagt tatagtcect g 21

<210> 6

<211> 23

<212> DNA

<213> Nicotiana sp.

<400> 6
agtaaatact gaattgtcta gtg 23

<210>7

<211> 23

<212> DNA

<213> Nicotiana sp.

<400> 7
gatgttttat ctctactatg agc 23

<210> 8

<211> 21

<212> DNA

<213> Nicotiana sp.

<400> 8
gacctgttta gcactaatgc g 21

<210>9

<211> 25

<212> DNA

<213> Nicotiana sp.

<400> 9
ttataatcat ttcagcgtaa tgcag 25

<210> 10

<211> 22

<212> DNA

<213> Nicotiana sp.

<400> 10
ggtgaatagc attcttgctg tg 22

<210> 11
<211> 22
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<212> DNA
<213> Nicotiana sp.

<400> 11
gcacaacata agattcacta ac

<210> 12

<211> 22

<212> DNA

<213> Nicotiana sp.

<400> 12
gttgaatagc attcttgctg tt

<210> 13

<211> 21

<212> DNA

<213> Nicotiana sp.

<400> 13
gtctgatttc gactggtgat g

<210> 14

<211> 23

<212> DNA

<213> Nicotiana sp.

<400> 14
aagaatatgt atgagtggta acc

<210> 15

<211> 22

<212> DNA

<213> Nicotiana sp.

<400> 15
gaaatagagg gtgatagttt cc

<210> 16

<211> 23

<212> DNA

<213> Nicotiana sp.

<400> 16
catttcagcg taatgcagaa ttt

<210> 17

<211> 22

<212> DNA

<213> Nicotiana sp.

<400> 17
gaaatagagg gtgatagttt ca

<210> 18

<211> 23

<212> DNA

<213> Nicotiana sp.

EP 2 622 081 B9

22

22

21

23

22

23

22
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<400> 18
catttcagcg taatgcagaa tta

<210> 19

<211> 22

<212> DNA

<213> Nicotiana sp.

<400> 19
ggtgaatagc attcttgctg tg

<210> 20

<211> 21

<212> DNA

<213> Nicotiana sp.

<400> 20
cttgttctga gcatcttcga ¢

<210> 21

<211> 22

<212> DNA

<213> Nicotiana sp.

<400> 21
gttgaatagc attcttgctg tt

<210> 22

<211> 20

<212> DNA

<213> Nicotiana tabacum

<400> 22
acaaagtgct cggacaccaa

<210> 23

<211> 20

<212> DNA

<213> Nicotiana tabacum

<400> 23
cttctcggtt gcagagtect

<210> 24

<211> 20

<212> DNA

<213> Nicotiana tabacum

<400> 24
acaaagtgct cggacaccaa

<210> 25

<211> 20

<212> DNA

<213> Nicotiana tabacum

<400> 25
cttctcggtt gcagagtcta

23

22

21

22

20

20

20

20

EP 2 622 081 B9
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<210> 26

<211> 20

<212> DNA

<213> Nicotiana tabacum

<400> 26
ctctatgccg acaccgttce 20

<210> 27

<211> 20

<212> DNA

<213> Nicotiana tabacum

<400> 27
tcacacggtg gaaggttgag 20

<210> 28

<211> 21

<212> DNA

<213> Nicotiana tabacum

<400> 28
ggcgaaatgg gtcgtttgat ¢ 21

<210> 29

<211> 20

<212> DNA

<213> Nicotiana tabacum

<400> 29
cgttcegttc gecgaagteg 20

<210> 30

<211> 21

<212> DNA

<213> Nicotiana tabacum

<400> 30
tgactcttat tatttccgca t 21

<210> 31

<211> 40

<212> DNA

<213> Nicotiana tabacum

<400> 31
gatgactctt attatttccg cattctctct tttgtattcc 40

<210> 32

<211> 40

<212> DNA

<213> Nicotiana tabacum

<400> 32
gaatgcggaa ataataagag tcatcaaaga gaatcaatga 40

<210> 33
<211> 40

23
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<212> DNA
<213> Nicotiana tabacum

<400> 33
gaatacggaa ataattagag tcttcacagg tcgtgatatg 40

<210> 34

<211> 40

<212> DNA

<213> Nicotiana tabacum

<400> 34
gaagactcta attatttccg tattctacat atatattcct 40

<210> 35

<211> 21

<212> DNA

<213> Nicotiana tabacum

<400> 35
tggatcttat catttccgca t 21

<210> 36

<211> 40

<212> DNA

<213> Nicotiana tabacum

<400> 36
gatggatctt atcatttccg cattctctct titgtattcc 40

<210> 37

<211> 40

<212> DNA

<213> Nicotiana tabacum

<400> 37
gaatgcggaa atgataagat ccatcaaaga gaatcaatga 40

<210> 38

<211> 40

<212> DNA

<213> Nicotiana tabacum

<400> 38
gaatacggaa atgattagat ccttcacagg tcgtgatatg 40

<210> 39

<211> 40

<212> DNA

<213> Nicotiana’'tabacum

<400> 39
gaaggatcta atcatttccg tattctacat atatattcct 40

<210> 40

<211> 21

<212> DNA

<213> Nicotiana tabacum

24
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<400> 40
ttcattagta taacatggcc t 21

<210> 41

<211> 40

<212> DNA

<213> Nicotiana tabacum

<400> 41
gattcattag tataacatgg ccttctctct tttgtattcc 40

<210> 42

<211> 40

<212> DNA

<213> Nicotiana tabacum

<400> 42
gaaggccatg ttatactaat gaatcaaaga gaatcaatga 40

<210> 43

<211> 40

<212> DNA

<213> Nicotiana tabacum

<400> 43
gaagaccatg ttatagtaat gattcacagg tcgtgatatg 40

<210> 44

<211> 40

<212> DNA

<213> Nicotiana tabacum

<400> 44
gaatcattac tataacatgg tcttctacat atatattcct 40

<210> 45

<211> 21

<212> DNA

<213> Nicotiana tabacum

<400> 45
tgattttagc tagagtctca a 21

<210> 46

<211> 40

<212> DNA

<213> Nicotiana tabacum

<400> 46
gatgatttta gctagagtct caatctctct tttgtattcc 40

<210> 47

<211> 40

<212> DNA

<213> Nicotiana tabacum

<400> 47
gattgagact ctagctaaaa tcatcaaaga gaatcaatga 40

25
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<210> 48

<211> 40

<212> DNA

<213> Nicotiana tabacum

<400> 48
gaagattttt gctagagtct taatctacat atatattcct

<210> 49

<211> 40

<212> DNA

<213> Nicotiana tabacum

<400> 49
gattaagact ctagcaaaaa tcttcacagg tcgtgatatg

<210> 50

<211> 21

<212> DNA

<213> Nicotiana tabacum

<400> 50
tgattttagc aagagtctca a 21

<210> 51

<211> 40

<212> DNA

<213> Nicotiana tabacum

<400> 51
gatgatttta gcaagagtct caatctctct tttgtattcc

<210> 52

<211> 40

<212> DNA

<213> Nicotiana tabacum

<400> 52
gattgagact cttgctaaaa tcatcaaaga gaatcaatga

<210> 53

<211> 40

<212> DNA

<213> Nicotiana tabacum

<400> 53
gattaagact cttgcaaaaa tcttcacagg tcgtgatatg

<210> 54

<211> 40

<212> DNA

<213> Nicotiana tabacum

<400> 54
gaagattttt gcaagagtct taatctacat atatattcct

<210> 55
<211>33

EP 2 622 081 B9

40

40

40

40

40

40
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<212> DNA
<213> Nicotiana tabacum

<400> 55
cccgctcgag tgagagcaag tcaggtcatc cga 33

<210> 56

<211> 31

<212> DNA

<213> Nicotiana tabacum

<400> 56
cggggtaccc tgtggtacat ccagctcttg a 31

<210> 57

<211> 32

<212> DNA

<213> Nicotiana tabacum

<400> 57
tgctctagat gagagcaagt caggtcatcc ga 32

<210> 58

<211> 31

<212> DNA

<213> Nicotiana tabacum

<400> 58
cccatcgatc tgtggtacat ccagctcttg a 31

<210> 59

<211> 192

<212> DNA

<213> Nicotiana tabacum

<400> 59

tgagagcaag tcaggtcatc cgatggcagc cgctctggtg gactatgcac aatcaaattc 60
cgttgagcca aagcctgata gagttgagca gtttcaaaat tttcctggtg aagggatatt 120
tggaagaatt gatggaatgg aaatctatgt cgggaatagg aaaatttctt caagagctgg 180
atgtaccaca gg 192

Claims

1. A tobacco plant comprising at least one mutation in a HMA gene, wherein the non-mutated HMA gene comprises
the nucleotide sequence of SEQ ID NO:1 or a homolog sequence with at least 90% identity to the sequence of SEQ
ID NO:1, wherein the mutation causes a substitution or a deletion or an insertion of at least one amino acid in the
polypeptide encoded by the nucleotide sequence and wherein the mutation reduces the heavy metal uptake by the
leaves of the plant by at least 30% in relation to the heavy metal uptake of plants comprising SEQ ID NO:1 or the
homolog.

2. The tobacco plant according to claim 1, wherein the tobacco plant is a Nicotiana tabacum plant.

3. The tobacco plant according to claim 1 or 2, wherein the reduction of heavy metal uptake is determined by growing
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14.

15.

16.
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tobacco plants with and without the mutation under identical conditions on a liquid medium containing the heavy
metal and comparing the concentration of the heavy metal in the leaf, stem or shoot of the tobacco plant with the
mutation to the concentration of the heavy metal in the leaf, stem or shoot of the tobacco plant that does not have
the mutation.

The tobacco plant according to one of claims 1 to 3, wherein the mutation reduces the uptake of the heavy metal
by at least 40%, at least 50%, at least 75% or at least 95%.

The tobacco plant according to one of claims 1 to 4, wherein the mutation reduces the uptake of cadmium, lead or
arsenic.

The tobacco plant according to one of claims 1 to 5, wherein the mutation is a miss-sense, a non-sense mutation
or a splice mutation.

The tobacco plant according to claim 6, wherein the mutation is selected from the group comprising the mutations:
G294A, C576T, G406A, G347A, G363A, G553A, G290A, C374T, G964A, G1168A, G1211A, G1126A, C980T,
G1195T, G1156A, G1070A, C2302T, G2208A, C2217T, G2190A, C2206T or C2277T in SEQ ID NO:1 or the ho-
molog.

The tobacco plant according to one of claims 1 to 7, wherein the plant comprises a mutation in more than one HMA
4 gene.

The tobacco plant according to one of claims 1 to 8, wherein the plant is homozygous for the mutation in the HMA
4 gene.

The tobacco plant according to one of claims 1 to 9, wherein the plant is homozygous for mutations in both HMA 4
genes.

Part of a fobacco plant according to one of claims 1 to 10, wherein the part is a leaf, a lamina, a cut and/or a cured
leaf, root, shoot, stem, flower or seed and wherein the part comprises at least one mutation in a HMA gene, wherein
the non-mutated HMA gene comprises the nucleotide sequence of SEQ ID NO:1 or a homolog sequence with at
least 90% identity to the sequence of SEQ ID NO:1, wherein the mutation causes a substitution or a deletion or an
insertion of at least one amino acid in the polypeptide encoded by the nucleotide sequence and wherein the mutation
reduces the heavy metal uptake by the leaves of the plant by at least 30% in relation to the heavy metal uptake of
plants comprising SEQ ID NO:1 or the homolog.

The part of a fobacco plant according to claim 11, wherein the tobacco plant is a Nicotiana tabacum plant.

Tobacco product comprising a tobacco plant according to one of claims 1 to 10 or a part of a tobacco plant according
to claim 11 or 12.

Tobacco product according to claim 13, wherein the tobacco productis a cut tobacco, tobacco extract or reconstituted
tobacco or a smokeless tobacco product, like snus or snuff.

Smoking article comprising tobacco plants according to one of claims 1 to 10 or parts of a tobacco plant according
to claims 11 to 12.

Smoking article according to claim 15, which is a cigarette, a small cigar, cigarillo, a cigar or a simulated smoking
article containing tobacco.

Patentanspriiche

1.

Tabakpflanze, die mindestens eine Mutation in einem HMA Gen aufweist, wobei das nicht-mutierte HMA Gen die
Nukleotidsequenz der SEQ ID Nr.: 1 oder eine homologe Sequenz mit mindestens 90% ldentitdt zu der Sequenz
derSEQ D Nr.: 1 aufweist, wobei die Mutation eine Substitution oder eine Deletion oder eine Insertion von mindestens
einer Aminosaure in dem Polypeptid bewirkt, welches von der Nukleotidsequenz kodiert wird, und wobei die Mutation
die Aufnahme eines Schwermetalls in den Blattern der Pflanze um mindestens 30% im Vergleich zur Aufnahme
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eines Schwermetalls durch Pflanzen verringert, welche SEQ ID Nr.: 1 oder dessen Homolog aufweisen.
Tabakpflanze gemafR Anspruch 1, wobei die Tabakpflanze eine Nicotiana tabacum Pflanze ist.

Tabakpflanze gemaf Anspruch 1 oder 2, wobei die Verringerung der Aufnahme eines Schwermetalls nachgewiesen
wird, indem man Tabakpflanzen mit und ohne der Mutation unter identischen Bedingungen in einem Flissigmedium
zieht, welches das Schwermetall enthalt, und die Konzentration des Schwermetalls im Blatt, Stamm oder Spross
der Tabakpflanze mit der Mutation mit der Konzentration des Schwermetalls im Blatt, Stamm oder Spross der
Tabakpflanze ohne die Mutation vergleicht.

Tabakpflanze gemaR einem der Anspriiche 1-3, bei dem die Mutation die Aufnahme des Schwermetalls um min-
destens 40%, mindestens 50%, mindestens 75% oder mindestens 95% verringert.

Tabakpflanze gemaR einem der Anspriiche 1-4, wobei die Mutation die Aufnahme von Kadmium, Blei oder Arsen
verringert.

Tabakpflanze gemaR irgendeinem der Anspriiche 1-5, wobei die Mutation eine Missense, Nonsense Mutation oder
Splice-Mutation ist.

Tabakpflanze gemaR Anspruch 6, wobei die Mutation aus der Gruppe bestehend aus den Mutationen G294A,
C576T, G406A, G347A, G363A, G553A, G290A, C374T, G964A, G1168A, G1211A, G1126A, C980T, G1195T,
G1156A, G1070A, C2302T, G2208A, C2217T, G2190A, C2206T or C2277T der SEQ ID Nr.: 1 oder des Homologs
ausgewahlt wurde.

Tabakpflanze gemaR irgendeinem der Anspriiche 1-7, wobei die Pflanze eine Mutation in mehr als einem HMA 4
Gen umfasst.

Tabakpflanze gemaR irgendeinem der Anspriiche 1-8, wobei die Pflanze fir die Mutation in dem HMA 4 Gen
homozygot ist.

Tabakpflanze gemaR irgendeinem der Anspriiche 1-9, wobei die Pflanze fiir Mutationen in beiden HMA 4 Genen
homozygot ist.

Teil der Tabakpflanze gemaf irgendeinem der Anspriiche 1-10, wobei der Teil ein Blatt, eine Blattspreite, ein
geschnittenes und/oder behandeltes Blatt, Wurzel, Stammspross, Stamm, Bliite oder Samen ist und wobei das Teil
mindestens eine Mutation in einem HMA Gen aufweist, wobei das nicht-mutierte HMA Gen die Nukleotidsequenz
der SEQ ID Nr.: 1 oder einer homologen Sequenz mit mindestens 90% ldentitét zur Sequenz der SEQ ID Nr.: 1
aufweist, wobei die Mutation eine Substitution oder eine Deletion oder eine Insertion von mindestens einer Amino-
saure in dem Polypeptid verursacht, dass durch die Nukleotidsequenz kodiert wird, und wobei die Mutation die
Aufnahme eines Schwermetalls durch die Blatter der Pflanze um mindestens 30% im Vergleich zur Aufnahme des
Schwermetalls durch Pflanzen verringert, welche SEQ ID Nr.: 1 oder dessen Homolog umfassen.

Teil einer Tabakpflanze gemafl Anspruch 11, wobei die Tabakpflanze eine Nicotiana tabacum Pflanze ist.

Tabakprodukt, das eine Tabakpflanze gemaf einem der Anspriiche 1-10 oder einem Teil einer Tabakpflanze gemafn
Anspruch 11 oder 12 umfasst.

Tabakprodukt gemaR Anspruch 13, wobei das Tabakprodukt ein geschnittener Tabak, Tabakextrakt oder rekons-
tituierter Tabak oder ein rauchfreies Tabakprodukt, wie Snus oder Snuff ist.

Rauchartikel, der eine Tabakpflanze gemaf irgendeinem der Anspriiche 1-10 oder Teile einer Tabakpflanze geman
Anspruch 11 oder 12 umfasst.

Rauchartikel gemaf Anspruch 15, bei dem es sich um eine Cigarette, ein kleine Cigarre, einen Cigarillo, eine Cigarre
oder einen Tabak enthaltenden simulierten Rauchartikel handelt.
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Revendications

10.

1.

12.

13.

14.

Plant de tabac portant au moins une mutation dans un géne HMA, lequel géne HMA, a I'état non-muté, comprend
la séquence de nucléotides de la Séquence N° 1 ou une séquence homologue, identique, a un degré d’au moins
90 %, a la séquence de la Séquence N° 1, laquelle mutation provoque le remplacement, la délétion ou l'insertion
d’au moins un acide aminé dans le polypeptide codé par la séquence de nucléotides, et laquelle mutation réduit
d’au moins 30 % I'absorption d’'un métal lourd par les feuilles du plant, par rapport a I'absorption du métal lourd par
des plants comportant la Séquence N° 1 ou son homologue.

Plant de tabac conforme a la revendication 1, lequel plant de tabac est un plant de Nicotiana tabacum.

Plant de tabac conforme a la revendication 1 ou 2, chez lequel on détermine la réduction de I'absorption d’'un métal
lourd en faisant pousser, dans des conditions identiques et sur un milieu liquide contenant le métal lourd, des plants
de tabac portant la mutation et d’autres qui ne la portent pas, et en comparant la concentration du métal lourd dans
les feuilles, la tige ou les pousses d’un plant de tabac porteur de la mutation avec la concentration du métal lourd
dans les feuilles, la tige ou les pousses d’un plant de tabac non porteur de la mutation.

Plant de tabac conforme a I'une des revendications 1 a 3, chez lequel la mutation réduit I'absorption du métal lourd
d’au moins 40 %, d’au moins 50 %, d’au moins 75 %, ou d’au moins 95 %.

Plant de tabac conforme a I'une des revendications 1 a 4, chez lequel la mutation réduit I'absorption du cadmium,
du plomb ou de I'arsenic.

Plant de tabac conforme a I'une des revendications 1 a 5, chez lequel la mutation est une mutation faux-sens, une
mutation non-sens ou une mutation d’épissage.

Plant de tabac conforme a la revendication 6, chez lequel la mutation est choisie dans I'ensemble constitué par les
mutations suivantes : G294A, C576T, G406A, G347A, G363A, G553A, G290A, C374T, G964A, G1168A, G1211A,
G1126A, C980T, G1195T, G1156A, G1070A, C2302A, G2208A, C2217T, G2190A, C2206T et C2277T, dans la
Séquence N° 1 ou son homologue.

Plant de tabac conforme a 'une des revendications 1 a 7, lequel plant porte une mutation dans plus d’'un géne HMA4.

Plant de tabac conforme a I'une des revendications 1 a 8, lequel plant est homozygote pour la mutation dans le
géne HMA4.

Plant de tabac conforme a I'une des revendications 1 a 9, lequel plant est homozygote pour les mutations dans les
deux génes HMA4.

Partie d’'un plant de tabac conforme a 'une des revendications 1 a 10, laquelle partie est une feuille, un limbe, ou
une feuille, racine, pousse, tige, fleur ou graine a I'état coupé et/ou séché, et laquelle partie porte au moins une
mutation dans un géne HMA, lequel géne HMA, a I'état non-muté, comprend la séquence de nucléotides de la
Séquence N° 1 ou une séquence homologue, identique, a un degré d’au moins 90 %, a la séquence de la Séquence
N° 1, laquelle mutation provoque le remplacement, la délétion ou l'insertion d’au moins un acide aminé dans le
polypeptide codé par la séquence de nucléotides, et laquelle mutation réduit d’au moins 30 % I'absorption d’'un
métal lourd par les feuilles du plant, par rapport a I'absorption du métal lourd par des plants comportant la Séquence
N° 1 ou son homologue.

Partie d’un plant de tabac, conforme a la revendication 11, pour laquelle le plant de tabac est un plant de Nicotiana
tabacum.

Produit a base de tabac, provenant d’'un plant de tabac conforme a I'une des revendications 1 a 10 ou d’une partie
de plant de tabac conforme a la revendication 11 ou 12.

Produit a base de tabac conforme a la revendication 13, lequel produit a base de tabac est un tabac coupé, un

extrait de tabac ou un tabac reconstitué, ou un produit a base de tabac qui n’est pas a fumer, comme du tabac a
priser ou du tabac a chiquer de type snus.
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15. Article a fumer, comprenant du tabac provenant d’'un plant conforme a I'une des revendications 1 a 10 ou de parties
de plant de tabac conformes a la revendication 11 ou 12.

16. Article a fumer conforme a la revendication 15, qui est une cigarette, un petit cigare, un cigarillo, un cigare ou un
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simulacre d’article a fumer contenant du tabac.
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Figure 5/1

collection Nucleo;:ide Amino—lz;lcid SIFT
Target Identification®|change change score”
Hma-AS BB1 6NN El1-11C CH15T G8e6= 1
Hma-AS BB1 6NN E1-397 G224A G41D 0
Hma-AS BB1 6NN E2-90 ChH76T L107F 0
Hma-AS BB1 6NN E2-1 C620T Y121= 1
Hma-AS BB1 6NN E2-425 G406A W78* 0
Hma-AS BB1 6NN E2-22S G290A A40T 0,02
Hma-AS BB1 6NN E3-32 G579A Vv108I 0,01
IIma—-AS BB1 6NN 53-1071 C3Le6T L62= 1
Hma-AS BB1 6NN E3-17¢ G401A V771 0,01
Hma-AS BR1 6NN E3-217 Ch15T G8o6= 1
Hma-AS BRB1 6NN E3-271 G347A E5S8K 0
Hma-AS BR1 6NN E3-422 G530A K9l= 1
Hma-AS BB1 6NN E3-309 G363A Go4dD 0
Hma-AS BB1 6NN E3-372 Go616A R120K 0,08
Hma-AS BB1 6NN E3-1144 G579A V1081 0,01
Hma-AS BYQ2 450 GH53A co9Y 0
Hma-AS BYOZ 695 G523A S89N 0,03
Hma-AS BYQ2 793 Gh82A E109K 0,02
Hma—-AS BYQ2 802 C364T G6d= 1
Hma-AT BB1 6NN E1-9 G434A intron -
Hma-AT BB1 6NN E1-314 C556T Al100V 0,3
Hma-AT BB1 6NN E2-357 G220A A40T 0
Hma-AT BB1 6NN E2-454 G570A A1O05T 0,04
Hma-AT BB1 6NN E2-24 G370A S566= 1
Hma-AT BB1 6NN E2-453 G5H42A L95= 1
Hma-AT BRB1 6NN E3-1211 G370A Se66= 1
Hma-AT BB1 6NN E3-1315 GhhbAa AI00T 0,4
Hma-AT BB1 6NN £E3-888 Gh37A A94T 0,02
Hma-AT BR1 6NN E3-1038 C346T D58= 1
Hma-AT BYO2 390 C374T P68S 0
Hma-AT |BYO02 493 Ch08T intron -
Hma-AT BYQ2 769 G2S0A A4QT 0
Hma-AT BYQ2 874 CH71T Al10Q05V 0,62
Hma-AT BYQ2 1336 C576T L107F 0
Hma-AT V4K1 273 G367A E6b= 1
Hma-AT V4K1 751 G555A Al100T 0,4
Hma-AT V4K1 303 Gh4deA E97K 0,23
Hma-B BB1ENN E1-84 Cl001A* P144H 0,06
Hma-B BB1 6NN El1-27¢ G1168A E200K 0
Hma-B BB1 6NN E1-508 G1211A G214FE 0
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Collection Nucleotide |Amino-acid [SIFT
Target Identification®|change® change® score®
Hma-B BB1 6NN E1-521 Glle8A E200K 0
Hma-B BB1 6NN E2-204 C983T A138V 0,01
Hma-B BB1 6NN E2-341 Gll26A A186T 0
Hma-B BB1 6NN E2-28¢ G1078A A170T 0,03
Hma-B BB1 6NN E3-163 Co80T S137L 0
Hma-B BYO2 71 Gl271A S234N 0,08
Hma-B BYO2 320 G1170A E200= 1
Hma-B BYQ2 355 C983T A138V 0,26
Hma-B BYQ2 389 Gl1l26A A186T 0
Hma-B BY(O2 505 Cl203T D211= 1
Hma-B BYQ2 772 G1195T* A210S 0
Hma-B BYQ2 805 GllelA E197= 1
Hma-B BYQ2 936 Gl1l56A Al96T 0
Hma-B BYQ2 1024 Gl0e2A Vied= 1
Hma-B BYQ2 1445 G1070A cle7Y 0
Hma-B BYO2 1468 G9e4A splicing -
Hma-B V4K1 767 Co962T intron -
Hma-DT BB1 6NN E1-7 C2272T A360V 0,4
Hma-DT BB1 6NN E3-64C C2302T A370V 0
Hma-DT BB1 6NN E3-1370 G2190A G333R 0
Hma-DT BB1 6NN E3-25¢ G2208A D339N 0
Hma-DT BB1 6NN E3-277 C2217T R342* 0
Hma-DT BB1 6NN E3-31¢ G2190A G333R 0
Hma-DT BRB1 6NN E3-1155 C2207T S338= 1
Hma-DT BR1 6NN E3-1274 C2184T P331S 0,39
Hma-DT BRB1 6NN E3-1275 C2206T S338F 0
Hma-DT BYQ2 506 G2271A A360T 0,03
Hma-DT BYQ2 835 G2276A G328E 0,14
Hma-DS BB1 6NN E3-90¢ G2242A R350K 0,21
Hma-DS BYQ2 416 C2277T L362F 0
Hma-DS BYQ2 560 G2252A K353= 1

Figure 5/2
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Mean
cadmium % of wild type Effective -value Significative
accumulation | yp P difference
(ng/g)
2775 525,0 ok x 2 0.0042 Ves
277Htz 232,6 44,3 4 '
4258 207,0 ok x 4 0.0247 Ves
425M 36,1 17,4 4 '
90S 77,2 ok x 3 0.0513 No
90M 25,7 33,3 3 '
Figure 9
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Amino
Collection | Identification Mutated gene Nucleotide change acid SIFT score
change
BB16NN 90 Alpha C576T L107F 0
BB16NN 425 Alpha G406A W78* 0
BY02 1468 Alpha G964A splicing N.D.
BB16NN 277 Beta C2217T R342* 0
BB16NN 1275 Beta C2206T S338F 0
Figure 13
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A
Primer pair Name Sequence
1 HpEx11FwXhol | CCCGCTCGAGtgagagcaagtcaggtcatccga
HpEx11RevKpnl | CGGGGTACCctgtggtacatccagctcttga
5 HpEx11FwXbal | TGCTCTAGAtgagagcaagtcaggtcatccga
HpEx11RevClal CCCATCGATCctgtggtacatccagctcttga
B.

tgagagcaagtcaggtcatccgatggcagecgctctggtggactatgeacaatcaaattecgttgagecaaagectgatagagttgageagtttc
aaaattttcctggtgaagggatatttggaagaattgatggaatggaaatctatgtcgggaataggaaaatttcttcaagagetggatgtaccaca

g8

Figure 15
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