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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 .equence 

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

NO:1 or SEQ ID No. 6; 

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

(iii) a polypeptide having at least 66% sequence identity t• 	EQ ID NO:2 or at least 

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

(iv) a construct, vector or expression vector com• sing the isolated polynucleotide 

set forth in (i), 

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

a control or wild type plant. 

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

to claim 1. 

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

(a) 	modulating the expressi• 	or activity of neoxanthin synthase in the plant, preferably, 

wherein the neoxanthin synth..e comprises: 

(i) a polynuc 	otide comprising, consisting or consisting essentially of a sequence 

encoding a ne• anthin synthase and having at least 60% sequence identity to SEQ ID 

NO:1 or SEP ID No. 6; 

(ii) 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 carotenoid 

content therein has changed in comparison to a control plant in which the expression • r activity 

of neoxanthin synthase has not been modulated. 

4. The method according to claim 3, wherein the expression or activity •f lycopene beta 

cyclase or 9-cis-epoxycarotenoid dioxygenase or a combination thereof is . 	o modulated in the 

plant. 

5. The method according to claim 4, wherein the lycopene 	eta cyclase comprises the 

polynucleotide sequence set forth in SEQ ID NO:8 or has at leas .0% sequence identity thereto 

or the polypeptide sequence comprises the set forth in S 	',4 ID NO:9 or has at least 60% 

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

polynucleotide sequence set forth in SEQ ID NO:13 • 	has at least 60% sequence identity 

thereto. 

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

of: 

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

wherein the neoxanthin synthase corn,  ises: 

(i) 	a polynucleotide 	•mprising, consisting or consisting essentially of a sequence 

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

NO:1 or SEQ ID No..; 

(ii) a polyp: •tide encoded by the polynucleotide set forth in (i); or 

(iii) a , •lypeptide having at least 66% sequence identity to SEQ ID NO:2 or at least 

60% s:.uence identity to SEQ ID No. 7; 

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

occurr 	g 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 	der 	ed 	or 

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

8. 	A mutant, non-naturally occurring or transgenic plant, wherein expression of neoxanthin 

synthase or the activity of the protein encoded thereby has been increased; 	erein the green 

leaf lutein content or the beta-carotene content or the combined lutei 	and beta-carotene 

content of the plant is higher than a control plant in which the expre 	ion or the activity of 

neoxanthin synthase has not been increased; and wherein the beta • amascenone content in 

aerosol of cured plant material is at least 10% higher than the a- osol from the control plant, 

preferably, wherein: (i) the green leaf lutein content of the plant i 	at least about 18 mg/100g; (ii) 

wherein the beta-carotene content of the plant is at least abou 	2 mg/100g; and (iii) wherein the 

beta-damascenone content in aerosol upon heating is at le..t about 1 ng/mg. 

9. 	Plant material including biomass, seed or leave- from the plant of claims 2, 7 or 8. 

10. 	A tobacco product comprising the plant c; 	of claim 1, at least a part of the plant of any 

one of claims 2, 7 or 8 or plant material accor•' g to claim 9. 

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

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

according to claim 9, or the toba 	o product according to claim 10; and 

(b) providing heat theret• to produce an aerosol comprising beta-damascenone. 

12. 	An isolated pol 	ucleotide comprising, consisting or consisting essentially of a sequence 

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

SEQ ID No. 6. 

13. 	An i elated 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 

lea 	60% sequence identity to SEQ ID No. 7. 

70 



WO 2013/064499 
	

PCT/EP2012/071488 

15. A construct, vector or expression vector comprising the isolated polynucleotide accordi 

to claim 12. 

I' 0 
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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 sequence 

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

NO:1 or SEQ ID No. 6; 5 

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

(iii)  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 

forth in (i),  10 

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. 

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

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

preferably, in which the neoxanthin synthase comprises: 

(i)  a polynucleotide 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; 20 

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

(iii)  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 

occurring or transgenic plant obtained in step (a); and 25 

 



 
 

69 

(c)  identifying 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 5 

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 10 

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, 15 

preferably, in which the neoxanthin synthase comprises: 

(i)  a polynucleotide 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; 

(ii)  a polypeptide encoded by the polynucleotide set forth in (i); or 20 

(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; 

(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 

(c)  identifying a mutant, non-naturally occurring or transgenic plant in which the 25 

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 5 

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; (ii) in which the beta-carotene content of the plant is at least about 12 mg/100g; 

and (iii) in which the beta-damascenone content in aerosol upon heating is at least about 1 

ng/mg. 10 

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: 15 

(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.  An isolated polynucleotide comprising, consisting or consisting essentially of a 

sequence encoding a neoxanthin synthase and having at least 99% sequence identity to SEQ 20 

ID No. 6. 

13.  An isolated polypeptide encoded by the polynucleotide set forth in Claim 12. 

14.  An isolated polypeptide having at least 67% sequence identity to SEQ ID NO:2 or at 

least 68% sequence identity to SEQ ID No. 7. 


