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Reducing Tobacco-Specific Nitrosamines 
(TSNA) via Genetic Modification
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Effective Genetic-Based Strategies to Reduce TSNAs

A) Inactivation of Nicotine Demethylase Genes (ZyvertTM)

B) Reducing the Levels of Free Nitrate
   1.  Constitutive activation of a deregulated nitrate reductase gene

2.  Inactivation of putative nitrate transporters (CLC-Nt2 genes)
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Inactivation of Nicotine Demethylase Genes (ZyvertTM)

Summary of Results
• Can reduce both nornicotine and NNN 

accumulation by ~80%
• Appears to have no significant impact on 

yield or flowering time
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Constitutive Expression of a Deregulated Nitrate Reductase Gene

Summary of Results
• Can reduce free nitrates levels by 

~95% in the cured leaf/cut filler

• Can reduce total TSNAs (including 
NNK) by ~52% in the cut filler and 
~76% in the cigarette smoke

• Can accelerate flowering by 7 to 10 
days

• Can lead to reductions in biomass by 
30 to 50%

• The reductions in biomass can be 
overcome while retaining the low 
TSNA trait by crossing 35S:S523D-NR 
plants with late flowering burley 
cultivars
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Inactivation of Putative Nitrate Transporter Genes (CLC-Nt2)

Summary of Results

• Nitrate concentration reduced by 
~65%

• Total TSNAs in cured leaf lamina 
reduced by ~40% and in mainstream 
cigarette smoke by ~52%

• Inactivation of CLC-Nt2 genes was not 
associated with reductions in biomass 
but was associated with an 
approximate 10-day delay in average 
flowering time
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Combining ZyvertTM Trait with CLC-Nt2 Knockout Mutations

N

N

CH3

Nicotine

N H

Nornicotine

N

N

N

N O=

N’-nitrosonornicotine (NNN)

+
(cyp82e4/e5/e10) 

20
24

_T
W

C
59

_D
ew

ey
.p

df
T

W
C

20
24

(5
1)

 -
 D

oc
um

en
t n

ot
 p

ee
r-

re
vi

ew
ed

 b
y 

C
O

R
E

S
T

A



2022 Field Study Conducted in Clayton, NC

Line                Genotype 
TN90 LC        Control
CLC-Nt2#8 5N5       clc-nt2 mutations alone
TN90 Zyvert            cyp82e4/e5/e10 mutations alone
ZYV/nt2-2        clc-nt2 + cyp82e4/e5/e10 
ZYV/nt2-3        clc-nt2 + cyp82e4/e5/e10 

Traits Measured
• Flowering Time
• Aerial Biomass at Harvest
• Nitrate (after air-cure)
• Alkaloids (after air-cure)
• TSNAs (after air-cure)
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Flowering Time and Biomass Results
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On average, lines possessing the clc-nt2 
mutations flowered 8 – 12 days later than 
the TN90 LC and TN90 Zyvert lines

There were no significant differences in plant 
biomass observed among the lines
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Nitrate and Nornicotine Results
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Lines possessing the clc-nt2 mutations 
accumulated 72 – 84% less nitrate in the 
cured leaf than the lines TN90 LC or TN90 
Zyvert

Lines possessing the Zyvert mutations 
accumulated 69 – 82% less nornicotine than 
the lines without these mutations
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TSNAs
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Due to the high costs of TSNA assays, only 10 plants per 
genotype were analyzed. The low sample size, combined 
with high inherent variability in TSNA formation, 
prevented some observations from achieving statistical 
significance, but the trends strongly suggest that 
combining the two technologies can reduce NNN levels 
below that achieved separately
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Combining 35S:S523D-NR Transgene with CLC-Nt2 Knockout Mutations
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2022 Field Study Conducted in Clayton, NC

Line                   Genotype 
TN90 LC           Control
CLC-Nt2#8 4O1          clc-nt2 mutations alone
CLC-Nt2#8 5N5          clc-nt2 mutations alone
GH8-5             35S:S523D-NR alone
GH8-5 4O1 2O2         35S:S523D-NR + clc-nt2
GH8-5 5N5 2D1         35S:S523D-NR + clc-nt2
GH8-5 5N5 2H3*       35S:S523D-NR + clc-nt2

Traits Measured
• Flowering Time
• Aerial Biomass at Harvest
• Nitrate (after air-cure)
• Alkaloids (after air-cure)
• TSNAs (after air-cure)

*This line converted (40% nornicotine) 
so data from this line will be omitted
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Flowering Time and Biomass Results

Lines with only clc-nt2 mutations tended to 
flower later than the rest (only one had 
statistical significance across all other lines), 
and all lines with the 35S:S523D-NR 
construct tended to flower earlier (though 
not all comparisons were statistically 
significant)
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All lines possessing the 35S:S523D-NR 
transgene showed major reductions in aerial 
biomass (34 – 39% decrease)
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Nitrate, Alkaloids, and TSNAs
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• Both nitrate-reducing technologies greatly lowered the 
nitrate content

• The clc-nt2 mutations alone were associated with a modest 
reduction in alkaloids (possibly attributed to later topping 
dates)

• In 2022, both technologies led to similar overall TSNA 
reductions (79 – 86% decrease)
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Conclusions

• Of the two nitrate-lowering traits tested, the 35S:S523D-NR 
transgene was dominant to the CLC-Nt2 mutations with respect to 
flowering time and biomass.

• Although the CLC-Nt2 mutations alone can mediate substantial 
reductions in TSNA content, they would need to be deployed in 
combination with Zyvert mutations or LC screening because of the 
propensity of burley varieties to convert.

• Combining CLC-Nt2 knockout mutations with Zyvert mutations 
represents a promising strategy for maximally lowering TSNAs 
without compromising yield.
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