
Evaluation of Burley and Flue Cured 
Tobacco Lines Carrying Mutations in 

BBL Genes Affecting Nicotine 
Accumulation 

R.S. Lewis, K.E. Drake-Stowe, R.E. Dewey
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Federal Regulation of Tobacco Products
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Federal Regulation of Tobacco Products
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Federal Regulation of Tobacco Products
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Federal Regulation of Tobacco Products
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Proposed Nicotine Regulation

(1) Reduce overall addiction to cigarettes

(2) Reduce uptake of smoking by potential 
new smokers 

(3) Facilitate smoking cessation or transition 
to alternative nicotine-containing products

GOALS
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WHO Recommendation

1-2% Nicotine  in Cigarette Filler

0.04% Nicotine  in Cigarette Filler

~25-fold Reduction in Nicotine
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Alkaloids Are Plant Natural Products
Nicotine comprises the major fraction (>90%)  
of alkaloids in N. tabacum. Minor alkaloids are 
typically nornicotine, anabasine, & anatabine.

Nicotine Nornicotine
N

N
CH3

N
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Alkaloids Are Plant Natural Products

% Nicotine = Genetics + Environment 
Naturally Existing Variation
Induced Variation:

Transgenic
Mutation
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Tobacco Alkaloids
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Known loci with large effects:

nicotine converter loci

nic1 (A), nic2 (B)

Tobacco Alkaloids
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Known loci with large effects:

nicotine converter genes

Tobacco Alkaloids

Nicotine Nornicotine
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Known loci with large effects:

nicotine converter genes

Tobacco Alkaloids
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Potential Increases in NNN, a carcinogenic TSNA

Increase in Nornicotine

Nicotine Nornicotine N’-nitrosonornicotine
(NNN)
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Known loci with large effects:

nic1 + nic2

Tobacco Alkaloids
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NC95 LAFC53
(NC95 

+ nic1 + nic2)
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NC95 NC95 
+ nic1 + nic2
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Alkaloids Are Plant Natural Products

% Nicotine = Genetics + Environment 
Naturally Existing Variation
Induced Variation:

Transgenic
Mutation
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Lysine

Cadaverine

5-Aminopentanal

Δ1-Piperideine

Anabasine

Primary biosynthetic pathways for major alkaloids. Enzymes for which genes have been characterized are circled and shaded in grey.

LDC

DAO

Quinolinic Acid

Nicotinic Acid

QPT

Pyridine 
Nucleotide 

Cycle

3,6-Dihydronicotininc 
acid

3,6-Dihydropyridine

Anatabine

Urea 
Cycle

AS
ArginineOrnithine

ADC

ODC
Agmatine

N-Carbamoyl 
putrescine

Putrescine

N-methylputrescine

PMT

MPO

4-methyaminobutanal

N-methylpyrrolinium
cation

NDM

SpermidineSpermine

Conjugated Amines

Decarboxylated
SAM

5’-Methylthio
-adenosine

Methionine

SPDS
SPMS

Decarboxylated
SAM

SAMS
SAM

SAMDC

S-adenosylhomocysteineEthylene 
biosynthesis

NH2H2N

NHCH3H2N

NHCH3
O

N

CH3

0 0 0N
CH3N

H

0 0 0N H
N

H

0 0 0

N

COOH

0 0 0

N

0 0 0

N
H

H

0 0 0

N

0 0 0

N
H

0 0 0

N

COOH

COOH

+

H

Nicotine

Nornicotine

Bbl 
&  A622  ??

AIC

ADC = arginine decarboxylase
AIC = agmatine deiminase
AS = arginase
DAO = diamine oxidase
LDC = lysine decarboxylase
MPO = methylputrescine oxidase
NDM = nicotine demethylase
ODC = ornithine decarboxylase
PMT= putrescine N-methyltransferase
QPT = quinolinic acid phosphoribosyltransferase
SAMDC = S-adenosylmethionine decarboxylase
SAMS = S-adenosylmethionine synthase
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RNAi of Bbl Gene Family in DH Lines of ‘K326’ 
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K326 + BBL
silencing K326
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Primary biosynthetic pathways for major alkaloids. Enzymes for which genes have been characterized are circled and shaded in grey.

LDC

DAO

Quinolinic Acid

Nicotinic Acid

QPT

Pyridine 
Nucleotide 

Cycle

3,6-Dihydronicotininc 
acid

3,6-Dihydropyridine

Anatabine

Urea 
Cycle

AS
ArginineOrnithine

ADC

ODC
Agmatine

N-Carbamoyl 
putrescine

Putrescine

N-methylputrescine

PMT

MPO

4-methyaminobutanal

N-methylpyrrolinium
cation

NDM

SpermidineSpermine

Conjugated Amines

Decarboxylated
SAM

5’-Methylthio
-adenosine

Methionine

SPDS
SPMS

Decarboxylated
SAM

SAMS
SAM

SAMDC

S-adenosylhomocysteineEthylene 
biosynthesis

NH2H2N

NHCH3H2N

NHCH3
O

N

CH3

0 0 0N
CH3N

H

0 0 0N H
N

H

0 0 0

N

COOH

0 0 0

N

0 0 0

N
H

H

0 0 0

N

0 0 0

N
H

0 0 0

N

COOH

COOH

+

H

Nicotine

Nornicotine

Bbl 
&  A622  ??

AIC

ADC = arginine decarboxylase
AIC = agmatine deiminase
AS = arginase
DAO = diamine oxidase
LDC = lysine decarboxylase
MPO = methylputrescine oxidase
NDM = nicotine demethylase
ODC = ornithine decarboxylase
PMT= putrescine N-methyltransferase
QPT = quinolinic acid phosphoribosyltransferase
SAMDC = S-adenosylmethionine decarboxylase
SAMS = S-adenosylmethionine synthase
SPDS = spermidine synthase
SPMS = spermine synthase

20
18

_T
W

C
14

_L
ew

is
.p

df
T

W
C

20
18

(4
8)

 -
 D

oc
um

en
t n

ot
 p

ee
r-

re
vi

ew
ed

Section IX. Appendix 16 - Physical Documents 
22nd Century Group, Inc. 

MRTPA for VLN™ Cigarette Brand 



BBL EST Library Root-Specific
Isoform Hitsa ESTs
BBLa 38 38
BBLb 11 10
BBLc 16 16
BBLd 2 1
a In addition to cDNA from libraries generated solely 
from root tissue, cDNAs isolated from pooled leaf, 
flower, and root cDNA libraries were also included.

Expressed BBL Genes

In silico analysis of BBL gene expression
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BBL Gene Mutations

Position and effect of mutations identified in BBL  genes in the
mutated genetic background of tobacco line DH98-325-6.

Position  Amino Acid
Gene Mutant Mutation from ATG Change
BBLa 1435 G/A 681 W227Stop
BBLb 675 G/A 438 W146Stop
BBLc 1771 C/T 448 Q150Stop
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BBL Gene Mutations

Backcross all three mutations into K326, 
TN90, and TN90 SRC to develop BC7F3

nearly isogenic lines.
BBLa/BBLa BBLb/BBLb BBLc/BBLc (000)                 
BBLa/BBLa BBLb/BBLb bblc/bblc (002)              
BBLa/BBLa bblb/bblb BBLc/BBLc (020)             
bbla/bbla BBLb/BBLb BBLc/BBLc (200)             
BBLa/BBLa bblb/bblb bblc/bblLc (022)           
bbla/bbla BBLb/BBLb bblc/bblc (202)            
bbla/bbla bblb/bblb BBLc/BBLc (220)            
bbla/bbla bblb/bblb bblc/bblc (222)           
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BBL Gene Mutations

Flue cured NILs evaluated in 6 2016 + 2017 
environments.

Burley NILs evaluated in 4 2016 + 2017 
environments.
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Field Evaluation of BBL Mutation Lines  

RCBD Design With 4 Replications

nic1/nic2 isolines included as checks

Yield, quality, and chemistry determined 
for each plot

Composite samples used for alkaloid 
quantifications
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BBL Mutant Genetic Series In K326 
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K326 + BBL
Mutant LineK326
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Chlorophyll Content Before Harvest
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Declines in Leaf Quality 
Environment Rep Genotype GovGradeA GovGradeB GovGradeC GovGradeD
Kinston2016 3 K326 X4F C4KF B4K B4K
Kinston2016 3 K326 (222) X4F C5F B5KF B5K
Kinston2016 4 K326 X3F C4KM B4KF B4K
Kinston2016 4 K326 (222) X4F C4KF B4KF N1GF
Kinston2017 2 K326 P4F C5F B4K B5KF
Kinston2017 2 K326 (222) P4F C4KF B5KF B5KF
Oxford2016 1 K326 X4F C4F B5K N1K
Oxford2016 1 K326 (222) X4F C4F N1K N1K
Oxford2016 2 K326 X5F X4F B5K B5K
Oxford2016 2 K326 (222) N1XL X4F N1K N1K
Oxford2016 3 K326 X5F C4F B5K B5K
Oxford2016 3 K326 (222) X4F X4F N1K N1K
Oxford2016 4 K326 C5F C4F B5K B4KF
Oxford2016 4 K326 (222) X4F N1XL B5KF B5KF
Oxford2017 1 K326 X4F C4F B4KF B4KF
Oxford2017 1 K326 (222) X5F C5F B4KF B4KF
Oxford2017 3 K326 X4F C4F B3KF B4KF
Oxford2017 3 K326 (222) X4F C5F B5KF B4KF
Oxford2017 4 K326 X4F C4F B4K B4K
Oxford2017 4 K326 (222) X4F C4F B4KF B4KF
RockyMount2016 1 K326 X3F C4F B5K B5K
RockyMount2016 1 K326 (222) X4F C4F N1K N1K
RockyMount2016 2 K326 X3F C4F B4F B4K
RockyMount2016 2 K326 (222) X4F C5F N1K B6K
RockyMount2017 3 K326 X4F C4F B4K B4KF
RockyMount2017 3 K326 (222) X4F X5F B4K B5KF
RockyMount2017 4 K326 X4F C4F B4K B4K
RockyMount2017 4 K326 (222) X4F C4F B4KF B4KF
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K326
K326 

+ bbl mutations
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BBL Mutant Genetic Series In TN90 
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BBL Mutant Genetic Series In TN90 
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BBL Mutant Genetic Series In TN90 SRC 
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BBL Mutant Genetic Series In TN90 SRC 
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Chlorophyll Content Before Harvest
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1) Mutations in three BBL genes reduced nicotine to 
~0.20 to 0.40 % in our environments (using a composite
sample)

2) BBL mutations did not provide a lower nicotine level
than nic1 + nic2 genetic variation

3) BBL enzymes also likely involved in the biosynthesis of
anatabine and anabasine

4) BBL mutations associated with 25 to 30% reduction in 
cured leaf yields 

5) BBL mutations associated with reduced cured leaf 
quality, although possibly not as bad as nic1 + nic2

Conclusions 
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Prospects for Reducing Nicotine Content 

High Cured
Leaf Quality

Equivalent
Chemistry

Reduced
Nicotine

Yield Potential
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