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CLAIMS
1. A mutant, non-naturally occurring or transgenic plant cell comprising:
(i a polynucleotide comprising, consisting or consisting essentially of a gequence

encoding a neoxanthin synthase and having at least 60% sequence identijf to SEQ ID

NO:1 or SEQ ID No. 6;

(i) a polypeptide encoded by the polynucleotide set forth in (i);

(iii) a polypeptide having at least 66% sequence identity to/SEQ ID NO:2 or at least

60% sequence identity to SEQ ID No. 7; or

(iv) a construct, vector or expression vector com
set forth in (i),

sing the isolated polynucleotide

and wherein the expression or activity of the neoxanthyh synthase is modulated as compared to

a control or wild type plant.

2. A mutant, non-naturally occurring or trghsgenic plant comprising the plant cell according

to claim 1.

3. A method for modulating the cgfotenoid content of a plant, comprising the steps of:

(@) modulating the expressigh or activity of neoxanthin synthase in the plant, preferably,

wherein the neoxanthin synthgée comprises:

(i a polynuclgotide comprising, consisting or consisting essentially of a sequence

encoding a negkanthin synthase and having at least 60% sequence identity to SEQ ID

polypeptide encoded by the polynucleotide set forth in (i); or

a polypeptide having at least 66% sequence identity to SEQ ID NO:2 or at least
0% sequence identity to SEQ ID No. 7;
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(b) measuring the carotenoid content in at least a part of the mutant, non-naturally occurring

or transgenic plant obtained in step (a); and

(c) identifying a mutant, non-naturally occurring or transgenic plant in which the cargtenoid
content therein has changed in comparison to a control plant in which the expressionAr activity

of neoxanthin synthase has not been modulated.

4. The method according to claim 3, wherein the expression or activityff lycopene beta
cyclase or 9-cis-epoxycarotenoid dioxygenase or a combination thereof is gfso modulated in the

plant.

5. The method according to claim 4, wherein the lycopene Jeta cyclase comprises the
polynucleotide sequence set forth in SEQ ID NO:8 or has at leas{/60% sequence identity thereto
ID NO:9 or has at least 60%

sequence identity thereto and wherein the 9-cis-epoxycargtenoid dioxygenase comprises the

or the polypeptide sequence comprises the set forth in S
polynucleotide sequence set forth in SEQ ID NO:13 has at least 60% sequence identity
thereto.

6. A method for modulating the beta-damasg€none content in a plant, comprising the steps

of:

(@) modulating the expression or agivity of neoxanthin synthase in the plant, preferably,
wherein the neoxanthin synthase com

(i a polynucleotide gbmprising, consisting or consisting essentially of a sequence
encoding a neoxanthi
NO:1 or SEQ ID No,

ynthase and having at least 60% sequence identity to SEQ ID

(i) a polypgptide encoded by the polynucleotide set forth in (i); or

iy a
60% s

lypeptide having at least 66% sequence identity to SEQ ID NO:2 or at least
uence identity to SEQ ID No. 7;

(b) mgasuring the beta-damascenone content in at least a part of the mutant, non-naturally

occurrjig or transgenic plant obtained in step (a) or an aerosol thereof; and

identifying a mutant, non-naturally occurring or transgenic plant in which the beta-
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damascenone content has changed in comparison to a control plant in which the expression or

activity of neoxanthin synthase has not been modulated.

7. A mutant, non-naturally occurring or transgenic plant or plant material derjfed or

derivable therefrom that is obtained or obtainable by the method according to 6.

8. A mutant, non-naturally occurring or transgenic plant, wherein expressioyf of neoxanthin
synthase or the activity of the protein encoded thereby has been increased; yherein the green
leaf lutein content or the beta-carotene content or the combined lutein/and beta-carotene
content of the plant is higher than a control plant in which the expregsion or the activity of
neoxanthin synthase has not been increased; and wherein the betaflamascenone content in
aerosol of cured plant material is at least 10% higher than the agfosol from the control plant,
preferably, wherein: (i) the green leaf lutein content of the plant is/at least about 18 mg/100g; (ii)
wherein the beta-carotene content of the plant is at least abouy12 mg/100g; and (iii) wherein the
beta-damascenone content in aerosol upon heating is at legét about 1 ng/mg.

9. Plant material including biomass, seed or leaveg/from the plant of claims 2, 7 or 8.
10. A tobacco product comprising the plant cefl of claim 1, at least a part of the plant of any
one of claims 2, 7 or 8 or plant material accordifig to claim 9.

11. A method for producing beta-damg6cenone comprising the steps of:

(@) providing at least part of a pJént according to any one of claims 2, 7 or 8, plant material

according to claim 9, or the tobagfo product according to claim 10; and

(b)  providing heat theretg/to produce an aerosol comprising beta-damascenone.

12. An isolated polynhucleotide comprising, consisting or consisting essentially of a sequence
encoding a neoxan

SEQ ID No. 6.

in synthase and having at least 60% sequence identity to SEQ ID NO:1 or

13. lated polypeptide encoded by the polynucleotide set forth in claim 12.

14. n isolated polypeptide having at least 66% sequence identity to SEQ ID NO:2 or at
leagf60% sequence identity to SEQ ID No. 7.
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15. A construct, vector or expression vector comprising the isolated polynucleotide accordi

to claim 12.
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CLAIMS

1. A mutant, non-naturally occurring or transgenic plant cell comprising:

(1) apolynucleotide comprising, consisting or consisting essentially of a sequence
encoding a neoxanthin synthase and having at least 60% sequence identity to SEQ ID

5 NO:1 or SEQ ID No. 6;
(i1) apolypeptide encoded by the polynucleotide set forth in (i);

(111) a polypeptide having at least 67% sequence identity to SEQ ID NO:2 or at least
68% sequence identity to SEQ ID No. 7; or

(iv) a construct, vector or expression vector comprising the isolated polynucleotide set

10 forth in (i),

and in which the expression or activity of the neoxanthin synthase is modulated as

compared to a control or wild type plant.

2. A mutant, non-naturally occurring or transgenic plant comprising the plant cell

according to Claim 1.
15 3. A method for modulating the carotenoid content of a plant, comprising the steps of:

(a) modulating the expression or activity of neoxanthin synthase in the plant,

preferably, in which the neoxanthin synthase comprises:

(1)  apolynucleotide comprising, consisting or consisting essentially of a
sequence encoding a neoxanthin synthase and having at least 60% sequence

20 identity to SEQ ID NO:1 or SEQ ID No. 6;
(1) a polypeptide encoded by the polynucleotide set forth in (i); or

(ii1) a polypeptide having at least 67% sequence identity to SEQ ID NO:2 or at
least 68% sequence identity to SEQ ID No. 7;

(b) measuring the carotenoid content in at least a part of the mutant, non-naturally

25 occurring or transgenic plant obtained in step (a); and
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(c) 1identifying a mutant, non-naturally occurring or transgenic plant in which the
carotenoid content therein has changed in comparison to a control plant in which the

expression or activity of neoxanthin synthase has not been modulated.

4. A method according to Claim 3, in which the expression or activity of lycopene beta
cyclase or 9-cis-epoxycarotenoid dioxygenase or a combination thereof is also modulated in

the plant.

5. A method according to Claim 4, in which the lycopene beta cyclase comprises the
polynucleotide sequence set forth in SEQ ID NO:8 or has at least 60% sequence identity
thereto or the polypeptide sequence comprises the set forth in SEQ ID NO:9 or has at least
60% sequence identity thereto and in which the 9-cis-epoxycarotenoid dioxygenase comprises
the polynucleotide sequence set forth in SEQ ID NO:13 or has at least 60% sequence identity

thereto.

6. A method for modulating the beta-damascenone content in a plant, comprising the steps

of’

(a) modulating the expression or activity of neoxanthin synthase in the plant,

preferably, in which the neoxanthin synthase comprises:

(1)  apolynucleotide comprising, consisting or consisting essentially of a
sequence encoding a neoxanthin synthase and having at least 60% sequence

identity to SEQ ID NO:1 or SEQ ID No. 6;
(1) a polypeptide encoded by the polynucleotide set forth in (i); or

(ii1) a polypeptide having at least 66% sequence identity to SEQ ID NO:2 or at
least 60% sequence identity to SEQ ID No. 7;

(b) measuring the beta-damascenone content in at least a part of the mutant, non-

naturally occurring or transgenic plant obtained in step (a) or an aerosol thereof; and

(¢) 1identifying a mutant, non-naturally occurring or transgenic plant in which the
beta- damascenone content has changed in comparison to a control plant in which the

expression or activity of neoxanthin synthase has not been modulated.

7. A mutant, non-naturally occurring or transgenic plant or plant material derived or

derivable therefrom that is obtained or obtainable by a method according to Claim 6.
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8. A mutant, non-naturally occurring or transgenic plant, in which expression of
neoxanthin synthase or the activity of the protein encoded thereby has been increased; in
which the green leaf lutein content or the beta-carotene content or the combined lutein and
beta-carotene content of the plant is higher than a control plant in which the expression or the
activity of neoxanthin synthase has not been increased; and in which the beta-damascenone
content in aerosol of cured plant material is at least 10% higher than the aerosol from the
control plant, preferably, in which: (i) the green leaf lutein content of the plant is at least about
18 mg/100g; (i1) in which the beta-carotene content of the plant is at least about 12 mg/100g;
and (ii1) in which the beta-damascenone content in aerosol upon heating is at least about 1

ng/mg.

9.  Plant material including biomass, seed or leaves from a plant according to any of Claims

2,7 or 8.

10. A tobacco product comprising a plant cell according to Claim 1, at least a part of a plant

of any of Claims 2, 7 or 8 or plant material according to Claim 9.
11. A method for producing beta-damascenone comprising the steps of:

(a) providing at least part of a plant according to any of Claims 2, 7 or 8§, plant

material according to Claim 9, or a tobacco product according to Claim 10; and
(b) providing heat thereto to produce an aerosol comprising beta-damascenone.

12.  Anisolated polynucleotide comprising, consisting or consisting essentially of a
sequence encoding a neoxanthin synthase and having at least 99% sequence identity to SEQ

ID No. 6.
13. Anisolated polypeptide encoded by the polynucleotide set forth in Claim 12.

14. Anisolated polypeptide having at least 67% sequence identity to SEQ ID NO:2 or at
least 68% sequence identity to SEQ ID No. 7.




