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REDUCED RISK TOBACCO PRODUCTS AND 
METHODS OF MAKING SAME 

FIELD OF THE INVENTION 

0001. The invention relates to reduced risk tobacco and 
tobacco products and methods for detecting, identifying and 
evaluating Such tobacco and tobacco products to determine 
the potential that these compositions have to contribute to a 
tobacco-related disease. 

BACKGROUND 

0002 The leading preventable cause of death and disabil 
ity in the United States is the chronic use of tobacco products, 
in particular, cigarettes. In addition to lung cancers, tobacco 
use plays important direct and indirect roles in the etiology of 
a wide range of other cancers, including those of the upper 
aerodigestive tract (i.e., oral cavity, pharynx, larynx, and 
esophagus), bladder, stomach, kidney, pancreas, uterine cer 
vix, and blood (myeloid leukemia). Exposure to tobacco car 
cinogens and toxins is also a major cause of other diseases of 
the pulmonary system (e.g., bronchitis, emphysema, and 
chronic obstructive pulmonary disease), the cardiovascular 
system (e.g., stroke, atherosclerosis, and myocardial infarc 
tion), and the female reproductive system (e.g., increased risk 
of miscarriage, premature delivery, low birth weight, and 
stillbirth). While numerous studies have elucidated some of 
the biological effects of cigarette smoke that result in its 
ability to induce this range of pathologies in Smokers, little is 
known about the nature and temporal association of molecu 
lar events that drive specific stages in the multi-step processes 
that result in clinically evident disease. This is due to the fact 
that cigarette Smoke is a complex chemical mixture of gases 
and Suspended particulate material that consists of a wide 
variety of condensed organic compounds (i.e., tar) that col 
lectively contain a large number of toxins, carcinogens, co 
carcinogens, mutagens, and reactive organic and inorganic 
molecules. Thus, there is a pressing need to decrease the 
health risk caused by tobacco products. 

SUMMARY 

0003 Embodiments described herein generally relate to 
tobacco and/or tobacco products having a reduced amount of 
a harmful compound, and methods of developing, Screening 
and using Such tobacco and tobacco products. For example, 
several approaches are provided to reduce the amount of one 
or more harmful compounds in tobacco by, for example, 
modifying the expression of a gene that is involved in the 
production of a harmful compound in tobacco. Also provided 
are methods of determining whether the removal of a harmful 
compound yields a tobacco and/or a tobacco product that has 
a reduced potential to contribute to a tobacco-related disease. 
Also provided are reduced-risk tobacco and tobacco products 
made in accordance with the methods provided herein. Also 
provided are methods of using the reduced-risk tobacco and 
tobacco products made in accordance with the methods pro 
vided herein. 
0004 As described in more detail below, provided herein 
are nucleic acid molecules and nucleic acid constructs that 
contain sequences that can be used to inhibit expression of a 
gene involved in the biosynthesis of a compound associated 
with a tobacco-related disease. Also provided herein are 
modified tobaccos and modified tobacco products that have 
been modified by composition and/or configuration in order 
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to deliver to the user a reduced amount of a compound asso 
ciated with a tobacco-related disease. Exemplary modified 
tobaccos are tobaccos that have been genetically modified to 
contain a reduced amount of a compound associated with a 
tobacco-related disease. Exemplary genetically modified 
tobaccos are those containing the nucleic acid molecules or 
constructs provided herein. Exemplary modified tobacco 
products are those containing modified tobacco or, those con 
taining a modified filter, where the modification results in 
delivery to the user of a reduced amount of a compound 
associated with a tobacco-related disease. 

0005 Also provided herein are methods of analyzing 
tobacco products Such as the modified tobacco and modified 
tobacco products described herein, so as to determine 
whether the tobacco product is a reduced risk product (e.g., a 
product that has a reduced propensity to modulate cellular 
homeostasis, or a reduced level of induction of a cellular 
marker for a tobacco-related disease). Some of these methods 
can be practiced, for example, by identifying a compound that 
is related to a tobacco-related disease (e.g., nicotine or a 
sterol), removing the compound or a precursor for the com 
pound by modification to the tobacco or tobacco product, and 
analyzing the ability of the modified tobacco or modified 
tobacco product to contribute to a tobacco related disease by 
monitoring the impact of the modified tobacco or modified 
tobacco product on a marker for cellular homeostasis. In one 
example, a cellular marker for a tobacco related disease is 
monitored. In another example, the transcriptome and/or pro 
teome of the cell is monitored. These methods can be used for 
both in vitro and in vivo testing. That is, the same cellular 
markers that have been identified in the in vitro studies can be 
analyzed in Smokers that consume reduced risk cigarettes 
developed according to the methods above and this data can 
be compared to the impact on the same cellular markers in 
Smokers that consume conventional cigarettes. By these 
approaches, a cigarette that minimizes the disruptions of the 
cellular environment of a smoker can be obtained. 

0006 Further provided herein are kits that contain the 
modified tobacco or modified tobacco products provided 
herein, and Smoking cessation programs, which utilize the 
modified tobacco or modified tobacco products provided 
herein. 

0007 Provided herein are methods of making a tobacco 
product with a reduced potential to contribute to a tobacco 
related disease by providing a genetically modified tobacco 
configured to deliver a reduced amount of a compound that 
contributes to a tobacco related disease, as compared to a 
reference tobacco or a conventional tobacco, contacting a 
mammaliancell with Smoke, or a Smoke condensate obtained 
from said genetically modified tobacco, identifying a modu 
lation of homeostasis of said cell, as compared to a control 
cell, which has been contacted with Smoke, or a Smoke con 
densate obtained from said reference tobacco or said conven 
tional tobacco, wherein a decreased modulation of homeosta 
sis in said cell compared to modulation of homeostasis in said 
control cell indicates a reduction in the potential to contribute 
to a tobacco related disease, and incorporating said identified 
genetically modified tobacco into a tobacco product. In some 
Such methods, modulation of homeostasis in the cell is iden 
tified by determining the presence, absence or level of a 
molecular marker in the cell. In some Such methods, the 
mammalian cell is a lung cell or a cell of the oral cavity. In 
Some Such methods, the genetically modified tobacco is iden 
tified as producing a reduced amount of a compound that 
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contributes to a tobacco related disease, as compared to a 
conventional tobacco product of the same class or a reference 
tobacco product of the same class. In some Such methods, the 
genetically modified tobacco is incorporated into a tobacco 
product that contains a filter, which retains an increased 
amount of a compound that contributes to a tobacco related 
disease, as compared to a reference filter or a conventional 
filter. In some such methods, the genetically modified tobacco 
comprises a heterologous nucleic acid that inhibits expres 
sion of an enzyme in the nicotine biosynthetic pathway. In 
Some such methods, the heterologous nucleic acid inhibits 
expression of at least two enzymes in the nicotine biosyn 
thetic pathway. In some Such methods, the genetically modi 
fied tobacco comprises a heterologous nucleic acid that inhib 
its expression of an enzyme in the sterol biosynthetic 
pathway. In some Such methods, the heterologous nucleic 
acid inhibits expression of at least two enzymes in the sterol 
biosynthetic pathway. In some such methods, the genetically 
modified tobacco comprises a heterologous nucleic acid that 
inhibits expression of an enzyme in the nicotine biosynthetic 
pathway and an enzyme in the sterol biosynthetic pathway. In 
Some such methods, the genetically modified tobacco has a 
reduced amount of nornicotine and a conventional amount of 
nicotine. In some such methods, genetically modified tobacco 
comprises a nucleic acid construct selected from the group 
consisting of SEQ. ID. NOS.: 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 
30, 31, 32,33, 34,35, 36, 37,38, 39, 40, 41,42, 43,44, 45,46, 
47, 48, 49 and 50. Also provided herein are tobacco products 
made by the method provided herein. 
0008 Also provided herein are tobacco products compris 
ing a genetically modified tobacco that comprises a reduced 
amount of nicotine as compared to a conventional tobacco 
product of the same class or a reference tobacco product of the 
same class and a heterologous nucleic acid that inhibits 
expression of at least two enzymes involved in nicotine bio 
synthesis. Also provided herein are tobacco products com 
prising a genetically modified tobacco that comprises a 
reduced amount of a sterol as compared to a conventional 
tobacco product of the same class or a reference tobacco 
product of the same class and a heterologous nucleic acid that 
inhibits expression of an enzyme involved in sterol biosyn 
thesis. In some such tobacco products, the genetically modi 
fied tobacco comprises a nucleic acid construct as described 
herein. In some Such tobacco products, the genetically modi 
fied tobacco comprises a nucleic acid construct selected from 
the group consisting of SEQ. ID. NOS.: 2,3,4,5,6,7,8,9, 10, 
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 
28, 29, 30, 31, 32,33, 34,35,36, 37,38, 39, 40, 41,42, 43,44, 
45, 46, 47, 48, 49 and 50. 
0009. In the methods and tobacco products provided 
herein, the genetically modified tobacco comprises a reduced 
activity of a gene selected from the group consisting of argi 
nine decarboxylase (ADC), methylputrescine oxidase 
(MPO), NADH dehydrogenase, ornithine decarboxylase 
(ODC), phosphoribosylanthranilate isomerase (PRAI), 
putrescine N-methyltransferase (PMT), quinolate phospho 
ribosyltransferase (QPT), S-adenosyl-methionine synthetase 
(SAMS), or A622 or comprises an inhibition of a gene that 
regulates the production of sterol biosynthesis include HMG 
CoA reductase, 14alpha demethylase, squalene synthase, 
SMT2, SMT1, C14 sterol reductase, A8-A7-isomerase, and 
C4-demethylase. In the methods and tobacco products pro 
vided herein, the genetically modified tobacco has reduced 
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production of a compound that contributes to a tobacco 
related disease which is stable over at least 2, 3, 4, 5, 6, 8, 10, 
12, 15, 20, 25, 30, 40 or 50 generations. In the methods and 
tobacco products provided herein, the genetically modified 
tobacco has agronomic characteristics Suitable for commer 
cial production. In the methods and tobacco products pro 
vided herein, the agronomic characteristics are phenotypi 
cally different from conventional tobacco, and said 
agronomic characteristics can be compensated for by conven 
tional agronomic methods. In the methods and tobacco prod 
ucts provided herein, the conventional agronomic methods 
are selected from the group consisting of irrigation, adminis 
tration of fertilizer, and administration of nutrients. 
0010 Also provided herein are genetically modified 
tobaccos that produce a reduced amount of a compound that 
contributes to a tobacco related disease, as compared to a 
conventional tobacco product of the same class or a reference 
tobacco product of the same class, comprising a heterologous 
nucleic acid that inhibits expression of an enzyme in the 
biosynthetic pathway of a compound that contributes to a 
tobacco related disease. Also provided herein are reduced risk 
tobacco products comprising a genetically modified tobacco 
that produces a reduced amount of a compound that contrib 
utes to a tobacco related disease, as compared to a conven 
tional tobacco product of the same class or a reference 
tobacco product of the same class. In some such tobaccos or 
tobacco products, the modified tobacco comprises a nucleic 
acid construct as described herein. In some Such tobaccos or 
tobacco products, the modified tobacco comprises a heterolo 
gous nucleic acid that inhibits expression of at least two 
enzymes in the nicotine biosynthetic pathway. In some Such 
tobaccos or tobacco products, the modified tobacco com 
prises a heterologous nucleic acid that inhibits expression of 
at least two enzymes in the sterol biosynthetic pathway. 
0011. Also provided herein are methods of making a 
reduced risk tobacco product by providing a modified 
tobacco or modified tobacco product configured to deliver to 
a user a reduced amount of a compound that contributes to a 
tobacco related disease, as compared to a reference tobacco or 
tobacco product or a conventional tobacco or tobacco prod 
uct, contacting Smoke or Smoke condensate obtained from 
said modified tobacco or modified tobacco product with a 
cell, identifying a modulation of homeostasis of said cell, as 
compared to a control cell, which has been contacted with 
Smoke or a Smoke condensate obtained from said reference 
tobacco or tobacco product or said conventional tobacco or 
tobacco product, wherein a decreased modulation of homeo 
Stasis in said cell compared to modulation of homeostasis in 
said control cell indicates a reduction in the potential to con 
tribute to a tobacco related disease, and incorporating said 
modified tobacco or modified tobacco product into said 
reduced risk tobacco product. In some Such methods, modu 
lation of homeostasis in the cell is identified by determining 
the presence, absence or level of a molecular marker in the 
cell. In some such methods, the modified tobacco is geneti 
cally modified tobacco. In some such methods, the geneti 
cally modified tobacco is modified according to the methods 
provided herein. 
0012. Also provided are reduced risk tobaccos as substan 

tially described herein. Also provided are reduced risk 
tobacco products as Substantially described herein. Also pro 
vided are uses of the tobaccos or tobacco products provided 
herein. 
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0013 Also provided are isolated nucleic acids substan 
tially as described herein. Also provided are isolated inhibi 
tion cassettes substantially as described herein. Also provided 
is a genetically modified tobacco having a reduced amount of 
nicotine as compared to conventional tobacco, further com 
prising a heterologous nucleic acid that encodes a gene that 
produces a composition selected from the group consisting of 
a medicinal compound, industrial oil, or dietary Supplement, 
wherein said composition is Substantially not present in con 
ventional or wild-type tobacco. In some such tobaccos, the 
medicinal compound is an antibody or fragment thereof oran 
immunogenic preparation. In some such tobaccos, the 
medicinal compound is a vaccine preparation. In some Such 
tobaccos, the medicinal compound is a veterinary product. 
0014. Also provided are genetically modified tobaccos 
that produce a reduced amount of a compound that contrib 
utes to a tobacco related disease, as compared to a conven 
tional tobacco product of the same class or a reference 
tobacco product of the same class, comprising a heterologous 
nucleic acid that inhibits expression of an enzyme in the 
biosynthetic pathway of a compound that contributes to a 
tobacco related disease. Also provided are reduced risk 
tobacco products comprising a genetically modified tobacco 
that produces a reduced amount of a compound that contrib 
utes to a tobacco related disease, as compared to a conven 
tional tobacco product of the same class or a reference 
tobacco product of the same class. In some such tobaccos or 
tobacco products, the compound is nicotine. In some Such 
tobaccos or tobacco products, the compound is a sterol. In 
Some Such tobaccos or tobacco products, the compound is a 
TSNA. In some such tobaccos or tobacco products, the com 
pound is a PAH. In some such tobaccos or tobacco products, 
the compound is nomicotine. In some Such tobaccos or 
tobacco products, the genetically modified tobacco has a 
reduced amount of nomicotine and a conventional amount of 
nicotine. In some Such tobaccos or tobacco products, the 
genetically modified tobacco comprises a nucleic acid con 
struct as described herein. In some such tobaccos or tobacco 
products, the genetically modified tobacco comprises a 
nucleic acid construct selected from the group consisting of 
SEQ. ID. NOS.: 2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,33, 
34,35,36, 37,38,39, 40, 41,42, 43,44, 45,46, 47, 48,49, and 
50. In some Such tobaccos or tobacco products, expression of 
two or more genes in the biosynthetic pathway of said com 
pound is inhibited. In some such tobaccos or tobacco prod 
ucts, the genetically modified tobacco comprises two or more 
nucleic acid constructs as described herein. In some Such 
tobaccos or tobacco products, the genetically modified 
tobacco comprises two or more nucleic acid constructs 
selected from the group consisting of SEQ. ID. NOS.: 2, 3, 4, 
5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 
23, 24, 25, 26, 27, 28, 29, 30, 31, 32,33, 34,35, 36, 37,38, 39, 
40, 41, 42, 43, 44, 45, 46, 47, 48, 49 and 50. Some such 
tobaccos or tobacco products comprise reduced activity of a 
gene selected from the group consisting of arginine decar 
boxylase (ADC), methylputrescine oxidase (MPO), NADH 
dehydrogenase, ornithine decarboxylase (ODC), phosphori 
bosylanthranilate isomerase (PRAI), putrescine N-methyl 
transferase (PMT), quinolate phosphoribosyl transferase 
(QPT), S-adenosyl-methionine synthetase (SAMS), or A622 
or comprises an inhibition of a gene that regulates the pro 
duction of sterol biosynthesis include HMG-CoA reductase, 
14alpha demethylase, squalene synthase, SMT2, SMT1, C14 
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sterol reductase, A8-A7-isomerase, and C4-demethylase. 
Some such tobaccos or tobacco products comprise a geneti 
cally modified tobacco for which reduced production of a 
compound that contributes to a tobacco related disease is 
stable over at least 2, 3, 4, 5, 6, 8, 10, 12, 15, 20, 25, 30, 40 or 
50 generations. Some Such tobaccos or tobacco products 
comprise a genetically modified tobacco having agronomic 
characteristics Suitable for commercial production. 
0015. Also provided herein are methods of making a 
reduced risk tobacco product by providing a modified 
tobacco or modified tobacco product configured to deliver to 
a user a reduced amount of a compound that contributes to a 
tobacco related disease, as compared to a reference tobacco or 
tobacco product or a conventional tobacco or tobacco prod 
uct, contacting Smoke or Smoke condensate obtained from 
said modified tobacco or modified tobacco product with a cell 
identifying a modulation of homeostasis of said cell, as com 
pared to a control cell, which has been contacted with smoke 
or a Smoke condensate obtained from said reference tobacco 
or tobacco product or said conventional tobacco or tobacco 
product, wherein a decreased modulation of homeostasis in 
said cell compared to modulation of homeostasis in said 
control cell indicates a reduction in the potential to contribute 
to a tobacco related disease, and incorporating said modified 
tobacco or modified tobacco product into said reduced risk 
tobacco product. In some such methods, modulation of 
homeostasis in the cell is identified by determining the pres 
ence, absence or level of a molecular marker in the cell. In 
some such methods, the modified tobacco is genetically 
modified tobacco. In some such methods, the genetically 
modified tobacco is modified according to any of methods 
provided herein. In some Such methods, the genetically modi 
fied tobacco is identified as producing a reduced amount of a 
compound that contributes to a tobacco related disease, as 
compared to a conventional tobacco product of the same class 
ora reference tobacco product of the same class. In some Such 
methods, the modified tobacco product contains a filter that 
retains an increased amount of a compound that contributes to 
a tobacco related disease, as compared to a reference filter or 
a conventional filter. Also provided herein are reduced risk 
tobacco products made by any of the methods provided 
herein. Also provided herein are methods of using a reduced 
risk tobacco product of any of the methods provided herein to 
reduce the potential of an individual that Smokes to acquire a 
tobacco related disease comprising identifying an individual 
in need of a reduced risk tobacco product and providing the 
individual the tobacco product of the methods provided 
herein. 

0016. Also provided herein are plant cells resistant to nor 
fluraZone comprising providing said cell the nucleic acid of 
SEQID No 10, 11, or 12; and also provided herein are method 
of making the same. 
0017. Also provided herein are crops of plants comprising 
the nucleic acid of SEQID No 10, 11, or 12. Also provided 
herein are methods of cultivation of a crop of plants compris 
ing obtaining plants with the nucleic acid of SEQID No 10, 
11, or 12, cultivating said plants, and contacting said plants 
with norflurazone. 
0018. Also provided herein are methods of selecting posi 
tively transformed plant cells comprising providing the 
nucleic acid of SEQID No 10, 11, or 12 to said plant cells and 
contacting said plant cells with norfluraZone, whereby the 
cells that survive contact with norflurazone are positively 
transformed plant cells. 
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0019. Also provided herein are isolated nucleic acids sub 
stantially as described herein. Also provided herein are iso 
lated inhibition cassettes substantially as described herein. 
Also provided herein are isolated selection cassettes Substan 
tially described herein, wherein said selection cassette com 
prises the sequence of SEQID No 10, 11, or 12. Also provided 
herein are reduced risk tobaccos substantially described 
herein. Also provided herein are reduced risk tobacco prod 
ucts substantially described herein. 
0020. Also provided herein are reduced risk tobacco prod 
ucts comprising a transgenic tobacco that comprises a 
reduced expression of a plurality of genes that regulate the 
production of at least two different compounds in said 
tobacco that contribute to a tobacco related disease. In some 
Such tobacco products, the two different compounds in said 
tobacco are nicotine and a sterol. 
0021. Also provided herein are kits comprising two or 
more different tobaccos or tobacco products in accordance 
with any of the methods provided herein. In some such kits, 
the different tobaccos or tobacco products are differently 
labeled. 
0022. Also provided herein are uses of a tobacco or 
tobacco product of any of the methods, tobaccos, tobacco 
products or kits provided herein. Some such uses are tobacco 
use cessation methods. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 FIG. 1. An illustration of a QPTase inhibition con 
struct comprising a QPTase inhibition cassette including full 
length QPTase coding sequence and a GUS selection cassette. 
0024 FIG. 2. An illustration of a QPTase inhibition con 
struct comprising a QPTase inhibition cassette including a 
360 bp fragment of the QPTase gene and a norflurazone 
resistance selection cassette including a mutant phytoene 
desaturase gene (PDSM-1). 
0025 FIG. 3. An illustration of a PMTase inhibition con 
struct comprising a PMTase inhibition cassette including a 
241 bp fragment of the PMTase gene and a norflurazone 
resistance selection cassette including a mutant phytoene 
desaturase gene (PDSM-1). 
0026 FIG. 4. An illustration of a A622 inhibition construct 
comprising a A622 inhibition cassette including a 628 bp 
fragment of the A622 gene and a norfluraZone resistance 
selection cassette including a mutant phytoene desaturase 
gene (PDSM-1). 
0027 FIG. 5. An illustration of a QPTase/A622 double 
inhibition construct comprising a QPTase/A622 inhibition 
cassette including a 360 bp fragment of the QPTase gene and 
a 628 bp fragment of the A622 gene and a norflurazone 
resistance selection cassette including a mutant phytoene 
desaturase gene (PDSM-1). 
0028 FIG. 6. An illustration of a SMT2/A622 double inhi 
bition construct comprisinga A622 inhibition cassette includ 
ing a 628 bp fragment of the A622 gene, an SMT2 inhibition 
cassette including a 779 bp fragment of the SMT2 gene and a 
norfluraZone resistance selection cassette including a mutant 
phytoene desaturase gene (PDSM-1). 
0029 FIG. 7. An illustration of a QPTase inhibition con 
struct comprising a QPTase inhibition cassette including a 
360 bp fragment of the QPTase gene and a norflurazone 
resistance selection cassette including a mutant phytoene 
desaturase gene (PDSM-1). 
0030 FIG. 8. An illustration of a QPTase inhibition con 
struct comprising a QPTase inhibition cassette including a 
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360 bp fragment of the QPTase gene and a norflurazone 
resistance selection cassette including a mutant phytoene 
desaturase gene (PDSM-1). 
0031 FIG. 9. An illustration of a PMTase inhibition con 
struct comprising a PMTase inhibition cassette including a 
202 bp fragment of the PMTase gene and a norflurazone 
resistance selection cassette including a mutant phytoene 
desaturase gene (PDSM-1). 
0032 FIG. 10. An illustration of a PMTase inhibition con 
struct comprising a PMTase inhibition cassette including a 
344 bp fragment of the PMTase gene and a norflurazone 
resistance selection cassette including a mutant phytoene 
desaturase gene (PDSM-1). 
0033 FIG. 11. An illustration of a QPTase inhibition con 
struct comprising a QPTase inhibition cassette including a 
360 bp fragment of the QPTase gene and a kanamycin resis 
tance selection cassette including a neomycin phosphotrans 
ferase gene (NPTII). 
0034 FIG. 12. Fluorescence photomicrographs of NHBE 
cells exposed to 25ug/ml of tobacco smoke condensate for 24 
h. The cells stained with DAPI and immuno-stained with 
YH2AX Ab were examined under UV light—(A) or blue 
light—(B) fluorescence excitation (Nikon Microphot FXA, 
60x Objective.). 
0035 FIG. 13 A-C. Bivariate (cellular DNA content vs cell 
immunofluorescence) distributions (scatterplots) of A549 
cells, mock-treated (B) or exposed for 30 min to tobacco 
smoke (A, C), immuno-stained either with YH2AX Ab (B.C) 
or with an isotype control IgG (A). The dashed-line repre 
sents the maximal fluorescence level (for 99% cells) of the 
IgG control. 
0036 FIG. 14. Plots showing the percent increase (A) in 
mean YH2AX immunofluorescence of A549 cells (per unit of 
DNA) exposed to smoke for different time intervals, calcu 
lated for cells in particular phases of the cell cycle, as 
described in Example 1. The value for mock-exposed cells 
was subtracted from those exposed to Smoke. 
0037 FIG. 15. Plots showing percent increase (A) in mean 
YH2AX immunofluorescence of NHBE cells treated with 10, 
25 or 50 lug/ml concentrations of smoke condensate for dif 
ferent periods of time. As in FIG. 14, the YH2AX value for the 
mock-exposed cells was subtracted from the values of the 
cells exposed to different concentrations of condensate. 
0038 FIG. 16. Percent increase (A) in mean YH2AX 
immunofluorescence of NHBE cells treated with 10 ug/ml of 
smoke condensate for different intervals of time, in relation to 
cell cycle phase. As in FIG. 14, the YH2AX value for the 
mock-exposed cells was subtracted from the values of the 
cells exposed to condensate. 
0039 FIG. 17. Plots showing the percent increase (A) in 
mean YH2AX immunofluorescence of A549 cells (per unit of 
DNA) exposed to smoke of IM16 cigarettes for different time 
intervals, calculated for cells in particular phases of the cell 
cycle, as described in Example 2. 
0040 FIG. 18A-D. (A) Plots showing increase (A) in mean 
YH2AX immunofluorescence of A549 cells exposed to smoke 
of IM16 cigarettes for 15 minutes, relative to mock exposed 
cells. (B) Scatter plots showing the increase in YH2AX fol 
lowing 60 min of recovery of the A549 cells in particular 
phases of the cell cycle for mock exposed (upper plot) and for 
IM16 Smoke exposed (lower plot) cells. (C) Plots showing 
increase (A) in mean YH2AX immunofluorescence of NHBE 
cells exposed to smoke of IM16 cigarettes for 20 minutes, 
relative to mock exposed cells. (D) Scatter plot relative 
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increase in YH2AX following 60 min of recovery of the 
NHBE cells in particular phases of the cell cycle for mock 
exposed (upper plot) and for IM16 smoke exposed (lower 
plot) cells. 
0041 FIG. 19. Plots showing the increase (A) in mean 
YH2AX immunofluorescence during different time points of 
the recovery of A549 cells (per unit of DNA) after exposure to 
smoke of IM16, Quest 3(R), and OmniR) cigarettes for 20 
minutes, calculated for cells in particular phases of the cell 
cycle. 
0042 FIG. 20. Bar plots showing the increase (A) in mean 
YH2AX immunofluorescence of A549 cells (top) and NHBE 
cells (bottom) exposed to smoke of IM16 cigarettes for 20 
minutes, followed by a 1 hour recovery, for cells treated with 
phosphate-buffered saline (PBS) or N-acetyl-L-cysteine 
(NAC) during exposure (first value) and during recovery (sec 
ond value). 
0043 FIG. 21. Bar plot showing the increase (A) in mean 
YH2AX immunofluorescence of A549 cells exposed to smoke 
from IM16, Omni Rand Quest 3(R) in the presence of PBS or 
NAC 

0044 FIG.22. Plot of the relative amount of mean YH2AX 
immunofluorescence of A549 cells exposed to smoke from 
IM16 as a function of different concentrations of NAC, cal 
culated for cells in particular phases of the cell cycle. Hori 
Zontal dashed line indicates 50% reduction in YH2AX immu 
nofluorescence. Vertical dashed lines indicate the estimated 
NAC concentration for each cell type at 50% reduction. 
0045 FIG. 23. Bar plots showing the increase (A) in mean 
YH2AX immunofluorescence of A549 cells (upper plot) and 
NHBE cells (lower plot) exposed to the vapor phase of smoke 
from IM16, Quest 1(R) and Quest 3(R), and smoke from IM16 
in the presence of PBS or NAC. 
0046 FIG. 24. Bar plots showing the increase (A) in mean 
YH2AX immunofluorescence of G, S and GM phase A549 
cells (left plots) and G, S and GM phase NHBE cells (right 
plots) exposed to the vapor phase of smoke from IM16, Quest 
1(R) and Quest 3(R) in the presence of PBS or NAC. 
0047 FIG. 25. Bar plot showing the relative percent clon 
ing efficiency of A549 cells 5 days after exposure to smoke 
from IM16 or Marlboro(R) for 10, 15 or 20 minutes. 
0048 FIG. 26. Bar plots showing the relative percent clon 
ing efficiency of A549 cells 5 days after exposure to smoke 
from IM16, Quest 1(R) or Quest 3(R) for 10, 20 or 30 minutes 
(top two plots), or 6 days after (bottom plot) exposure to 
Smoke from IM16, Marlboro(R) or Omni R, for 10, 15 or 20 
minutes. 
0049 FIG. 27. Bar plot showing the relative percent clon 
ing efficiency of A549 cells 5 days after exposure to smoke 
from IM16 for 20 minutes in the presence of PBS or 1 mM, 5 
mM, 10 mM or 25 mM NAC. 
0050 FIG. 28. Bar plot showing the relative percent clon 
ing efficiency of A549 cells 5 days after exposure to smoke 
from IM16, OmniR) or Quest 3(R) for 20 minutes in the pres 
ence of PBS or 25 mMNAC. 
0051 FIG. 29. Bar plot showing the relative percent clon 
ing efficiency of A549 cells 5 days after exposure to vapor 
phase of smoke from IM16, Quest 1(R) or Quest3(R), or smoke 
of IM16 for 20 minutes in the presence of PBS or 25 mM 
NAC 

0052 FIG.30. Barplot of results from Example 2 showing 
the increase (A) in mean YH2AX immunofluorescence of 
A549 cells exposed to smoke from IM16, Omni R and Quest 
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3(R) in the presence of PBS or NAC, calculated for cells in 
particular phases of the cell cycle. 
0053 FIG. 31. Plot depicting yH2AX associated fluores 
cence (YH2AX; X-axis) and the number of cells having the 
corresponding YH2AX fluorescence level (Yaxis), for buccal 
cells of a subject Subsequent to Smoking a cigarette (Smoker) 
or a subject who did not Smoke a cigarette (non-Smoker). 
0054 FIG.32. Bar plot of results from Example 2 showing 
the increase (A) in mean YH2AX immunofluorescence of 
A549 cells exposed to smoke from IM16, Marlboro(R), Mar 
lboro Light(R), and Quest3(R), calculated for cells in particular 
phases of the cell cycle. 
0055 FIG. 33. Bar plot of results from FIG. 32 showing 
the increase (A) in mean YH2AX immunofluorescence of 
A549 cells exposed to smoke from IM16, Marlboro(R), Mar 
lboro Light(R), and Quest 3(R), averaged for all cell cycles. 
0056 FIG.34A is a Venn diagram comparing gene expres 
sion modulations induced by cigarette Smoke condensates of 
two different tobacco products (e.g., cigarettes) CSC-A 
(3665) and CSC-B (3668). The number of genes uniquely 
affected by exposure to each product CSC-A (1226) and 
CSC-B (1229) is given in each sector. The intersections 
between sectors reflect the number of genes that are affected 
by both CSCs (2439). 
0057 FIG.34B is a Venn diagram comparing gene expres 
sion modulations induced by CSC-A (3665), CSC-B (3668), 
and S9 metabolic fraction (1680). The number of unique 
genes affected by each treatment is given, CSC-A (992), 
CSC-B (1039), and S9 (383) and the intersections between 
sectors reflect the number of genes that are affected by more 
than one treatment (e.g., a common set of 873 genes is 
affected by CSC-A, CSC-B and S9). 
0058 FIG. 35A-C illustrate gene expression profiles 
between 0 and 12 hours, which are expressed a percent of 
highest expression value for each gene. F-cluster numbers are 
given at the top of each cluster of profiles. The number of 
member genes in each cluster (n) is shown for each cluster. 
FIG. 35A shows Clusters that contain 50 or more genes in 
CSC-A-treated cells. FIG. 35B shows Clusters containing 50 
or more genes in CSC-B-treated cells. FIG. 35C shows Clus 
ters containing 50 or more genes in S9-treated cells. 
0059 FIG. 36 illustrates a cluster analysis of genes that 
were hypervariable (HV) in all three treatment groups (A: 
CSC-A, B: CSC-B, and S9) in the form of a Dendrogram that 
depicts the hierarchical relationship between the three treat 
ments based on their gene expression patterns at all time 
points from 0-12 hours. 
0060 FIG. 37 shows correlation mosaics of the genes 
listed in Table 2. Correlation coefficients were generated for 
each of the 40 genes in Table 2, comparing the set to itself in 
each of the three conditions. The same gene order runs across 
the X and y axes of the mosaics. Correlation mosaics for HV 
genes highly correlated in response to CSC-A and CSC-B, 
and not correlated with responses to S9. Each pixel in the plot 
represents a correlation coefficient of gene expression. Genes 
highly positively correlated are denoted in gray and those 
highly negatively correlated are in black. The same order of 
the genes along axis is used for all three mosaics. Genes 
highly correlated in CSC-A and CSC-B, but not in S9-treated 
cells are denoted as a gray cluster in the lower left hand corner 
of CSC-A and the CSC-B mosaic. This cluster is disrupted in 
the S9 mosaic demonstrating the variance in gene regulation 
that occurred in S9-treated cells. 
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0061 FIG. 38 shows the functional associations of HV 
genes specific for CSC-A and CSC-B treatment. The expres 
sion patterns of this set of genes are highly correlated in 
CSC-treated NHBE cells and not correlated with those seen 
in cells treated with S9 alone. Cross-hatched ovals indicate 
genes from Table 2 (i.e., HV genes specific for CSC-A and 
CSC-B treatment). Ovals with slanted lines (indicating addi 
tional proteins not in Table 2) were added to better define the 
regulatory networks of the genes identified in this analysis. 
Ovals with dashed lines indicate classes of functional pep 
tides. Rectangles indicate cellular processes in which these 
genes participate. Each line indicates a regulatory relation 
ship (binding, regulation, etc.) based upon a literature refer 
ence. Regulatory relationships are denoted in a box on the line 
with positive regulation represented as a plus sign, negative 
regulation as a minus sign, and unknown relationships by no 
sign. 
0062 FIG. 39 shows the functional associations of genes, 
which are highly correlated in all three treatment groups 
(CSC-A, CSC-B, and S9). The genes, pathways, and func 
tional interconnections among these elements for genes cor 
related in all three treatment groups are represented. Gene and 
pathway symbols are described in FIG. 38. Cross-hatched 
ovals indicate genes from Table 3 (i.e., genes specific for S9 
treatment). Ovals with slanted lines (indicate additional pro 
teins not in Table 3), cross-hatched oval (cell object DNA) 
and white triangle (indicating Small molecule—estrogen) 
were added to better define the regulatory networks of the 
genes identified in this analysis. Ovals with dashed lines 
indicate classes of functional peptides. White rectangles indi 
cate cellular processes in which these genes participate. Each 
line indicates a regulatory relationship (binding, regulation, 
etc.) based upon a literature reference. Regulatory relation 
ships are denoted in a box on the line with positive regulation 
represented as a plus sign, negative regulation as a minus sign, 
and unknown relationships by no sign. 
0063 FIG. 40 shows the results of a discriminant function 
analysis (DFA), which identified genes having high discrimi 
natory capabilities. Values of the roots obtained by DFA 
analysis were used to graphically depict the differences of the 
gene expression values obtained for the three treatments 
(CSC-A, CSC-B, and S9). Root values for the 2-12 h time 
points for each treatment are represented by filled circles 
(CSC-A), open circles (CSC-B), and filled triangles (S9). 
0064 FIG. 41 shows the functional associations of genes, 
which are provided in Table 3. The genes, pathways, and 
functional interconnections among these elements for genes 
having the highest discriminatory potential among all three 
treatment groups are represented. Gene and pathway symbols 
are described in previous figures. 
0065 FIGS. 42A and B show a comparison of expression 
behavior of heat shock protein family members DNAJA1 and 
DNAJB1 in Experiment 1 (FIG. 42A) and 2 (FIG. 42B). Each 
time point represents the average of 2 or 3 replicates per 
condition. 

0066 FIG. 43 is a hierarchical clustering of samples using 
105 genes that were both over-expressed upon treatment of 
NHBE cells with CS in two separate experiments, and 
encoded protein products that modulate one of the 4 major 
CS-affected GO-defined cellular functions identified. 
Samples a-b are from Experiment 1, samples c-e are from 
Experiment 2. A bar indicates heat shock and heat shock 
associated genes showing greatly increased expression exclu 
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sively at 4 h. Markings indicate genes whose expression is 
known to be regulated by transcription factor NRF2. 
0067 FIG. 44 shows a plot of YH2AX immunofluores 
cence in A549 cells exposed to smoke of different combina 
tions of tobaccos and filters from IM16, Omni Rand Quest3(R) 
cigarettes, corrected according to the YH2AX immunofluo 
rescence for mock-exposed cells. FIG. 44A depicts YH2AX 
immunofluorescence for the unmodified cigarettes. FIG. 44B 
depicts YH2AX immunofluorescence for cigarettes contain 
ing IM16 tobacco and IM16, OmniR) and Quest 3(R) filters. 
FIG. 44C depicts YH2AX immunofluorescence for cigarettes 
containing Omni R tobacco and either an IM16 or OmniR) 
filter. FIG. 44D depicts YH2AX immunofluorescence for 
cigarettes containing Quest3(R) tobacco and either an IM16 or 
Quest 3(R) filter. 
0068 FIG. 45 shows bar plots showing the relative percent 
cloning efficiency of A549 cells 5 days after exposure to 
smoke of different combinations of tobaccos and filters from 
IM16, Omni R or Quest 3(R) cigarettes, relative to mock clon 
ing efficiency. 
0069 FIG. 46 shows bar plots showing the relative percent 
cloning efficiency of A549 cells 5 days after exposure to 
smoke of different combinations of tobaccos and filters from 
IM16, Quest 1(R) or Quest 3(R), relative to mock cloning effi 
ciency. 
0070 FIG. 47 shows bar plots showing the relative percent 
cloning efficiency of A549 cells 5 days after exposure to 
smoke of different combinations of tobaccos and filters from 
IM16, Omni R or Quest3(R) cigarettes, relative to mock clon 
ing efficiency. 

DETAILED DESCRIPTION 

I. Introduction 

0071. The health consequences of tobacco consumption 
are known but many people continue to use tobacco products. 
The addictive properties of tobacco products are largely 
attributable to the presence of nicotine. In addition to being 
one of the most addictive Substances known, nicotine is also 
a precursor for a large number of carcinogenic compounds 
present in tobacco and the body. Many other harmful com 
pounds in addition to nicotine are present in conventional 
tobacco, however. 
0072 There is currently a great interest in developing 
approaches to decrease the levels of noxious, carcinogenic, or 
addictive Substances including tar, TSNAS, and nicotine in 
tobacco. Although researchers have developed several 
approaches to reduce Some of these harmful compounds, 
many conventional techniques result in a product that has 
poor taste, fragrance, or Smoking properties. Some processes, 
for example, reduce the nicotine content of tobacco by micro 
bial enzymatic degradation, chemical extraction, or high 
pressure extraction. (See e.g., U.S. Pat. Nos. 4,557,280; 
4,561,452:4,848,373; 4,183,364; and 4,215,706, all of which 
are hereby expressly incorporated by reference in their entire 
ties). More recently, techniques in genetic engineering and 
chemically-induced gene Suppression have been employed to 
make reduced nicotine and/or reduced tobacco specific nitro 
samine (TSNA) tobacco. (See e.g., Conkling et al., WO98/ 
56923: U.S. Pat. Nos. 6,586,661; 6,423.520; and U.S. patent 
application Ser. Nos. 09/963,340; 10/356,076; 09/941,042: 
10/363,069; 10/729,121; 10/943,346; Timko et al., WO 
00/67558, which designated the United States and was pub 
lished in English, Nakatani et al., U.S. Pat. Nos. 5.684,241; 
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5,369,023: 5,260,205; and Roberts et al. 6,700,040, all of 
which are hereby expressly incorporated by reference in their 
entireties). In view of the foregoing, and notwithstanding the 
various efforts exemplified in the above reports, there remains 
a need for tobacco that has a reduced potential to contribute to 
a tobacco-related disease and methods of producing Such 
tobacco. 
0073 Embodiments provided herein relate to tobacco and/ 
or tobacco products having a reduced amount of a harmful 
compound, and methods of developing, Screening and using 
Such tobacco and tobacco products. Several approaches are 
provided to reduce the amount of one or more harmful com 
pounds in tobacco by, for example, modifying the expression 
of a gene that is involved in the production of a harmful 
compound in tobacco. Also provided are methods of deter 
mining whether the removal of a harmful compound yields a 
tobacco and/or a tobacco product that has a reduced potential 
to contribute to a tobacco-related disease. Also provided are 
reduced-risk tobacco and tobacco products made in accor 
dance with the methods provided herein. Also provided are 
methods of using the reduced-risk tobacco and tobacco prod 
ucts made in accordance with the methods provided herein. 

II. Modified Tobacco 

0074. Several approaches to create a reduced risk tobacco 
product having a reduced amount of a harmful compound are 
described. At least some of the reduced risk tobacco products 
provided herein contain modified tobacco. As used herein, 
“modified tobacco” refers to a tobacco that has been Sub 
jected to one or more genetic, chemical or processing steps 
that is different than the conventional treatment or processing 
of traditional “wild-type' tobacco products. In one example, 
a tobacco product can be genetically modified, by, for 
example, administering to a tobacco plant a nucleic acid 
molecule that modulates expression of one or more genes in 
the tobacco plant that produce a compound. Genetically 
modified tobacco and methods of preparing same are pro 
vided elsewhere herein. In another example, a tobacco prod 
uct can be chemically modified, by, for example, extracting or 
chemically altering one or more components of tobacco, 
according to methods known in the art as exemplified in U.S. 
Pat. Nos. 6,789,548, 4,557,280; 4,561,452; 4,848,373; 4,183, 
364; 4,215,706; 4,257,430; 4,248,251; 4,235,251; 4,216,784: 
4,177,822; 4,055,191 (all of which are herein expressly incor 
porated by reference in their entireties) or by adding one or 
more compounds to a tobacco plant prior to harvesting the 
tobacco, as known in the art and exemplified in U.S. Pat. Pub. 
No. 20050072047, herein expressly incorporated by refer 
ence in its entirety. Additional modified tobaccos contem 
plated herein include reconstituted tobacco, extracted 
tobacco, and expanded or puffed tobacco. In some embodi 
ments, the tobacco is modified to have a reduced amount of a 
compound that contributes to a tobacco-related disease, 
including, but not limited to, a compound associated with a 
tobacco-related disease or a metabolite thereof (e.g., tobacco 
sterols, nicotine, a TSNA, and a gene product that is involved 
in the production of a compound associated with a tobacco 
related disease or a metabolite thereof). 
0075. The modified tobacco described herein is suitable 
for conventional growing and harvesting techniques (e.g. top 
ping or no topping, bagging the flowers or not bagging the 
flowers, cultivation in manure rich soil or without manure) 
and the harvested leaves and stems are Suitable for use in any 
traditional tobacco product including, but not limited to, pipe, 
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cigar and cigarette tobacco and chewing tobacco in any form 
including leaf tobacco, shredded tobacco or cut tobacco. It is 
also contemplated that the modified tobacco (e.g., reduced 
nicotine/TSNA and/or sterol tobacco) described herein can 
be processed and blended with conventional tobacco so as to 
create a wide-range of tobacco products with varying 
amounts of nicotine, TSNAs, and/or sterols. 
0076. In some embodiments, the modified tobacco has 
reduced levels of nicotine, nornicotine, and/or sterols in 
tobacco. Alkaloids Such as nicotine and nornicotine are pre 
cursors for a number of harmful compounds that contribute to 
tobacco-related disease (e.g., the tobacco specific nitro 
samines (TSNAs): N-nitrosonornicotine (NNN), N'-ni 
trosoanatabine (NAT), N'-nitrosoanabasine (NAB), 4-(N-ni 
trosomethylamino)-1-(3-pyridyl)-1-butanone (NNK), 4-(N- 
nitrosomethylamino)-4-(3-pyridyl)-1-butanal (NNA)-4-N- 
nitrosomethylamino)-1-(3-pyridyl)-1-butanol (NNAL), 4-N- 
nitrosomethylamino)-4-(3-pyridyl)-1-butanol (iso-NNAL) 
and/or 4-(N-nitrosomethylamino)-4-(3-pyridyl)-butanoic 
acid (iso-NNAC) and acrolein). Sterols are precursors for a 
number of harmful compounds, which are generated by 
pyrolysis of tobacco, that also contribute to tobacco-related 
disease (e.g., polycyclic aromatic hydrocarbons (PAHs). Such 
as benzopyrene (BAP), heterocyclic hydrocarbons, terpe 
nes, paraffins, aromatic amines, and aldehydes). Because the 
presence of these harmful compounds in tobacco contributes 
to tobacco-related disease, a modified tobacco that comprises 
a reduced amount of any one of these compounds, as com 
pared to a reference tobacco (e.g., the industry standard ref 
erence tobacco IM16 (Philip Morris(R USA) or the low tar 
reference cigarette 2R4F or the ultra low tar cigarette 1R5F. 
which are Kentucky reference cigarettes that can be obtained 
from the Tobacco and Health Institute at the University of 
Kentucky), a conventional tobacco (e.g., a commercially 
available tobacco of the same class (e.g., “full-flavor or 
“light' or “ultra-light')) or a non-transgenic tobacco (e.g., a 
tobacco of the same variety, such as Burley, Virginia Flue 
cured, or Oriental, or strain, such as LA Burley 21, K326, 
Tn90, Djebe 1174, as the transgenic tobacco prior to genetic 
modification) has a reduced potential to contribute to a 
tobacco-related disease. Tobacco products comprising the 
modified tobacco can also be analyzed by various approaches 
to confirm that the tobacco is “reduced risk.” as compared to 
a parental Strain or a reference tobacco using one or more of 
the assays described herein or otherwise known in the art. 
This “reduced risk” modified tobacco can then be processed, 
optionally, sterilized or otherwise made substantially-free of 
microbes, and said tobacco can be incorporated into tobacco 
products, preferably, cigarettes, optionally, by an aseptic 
approach so as to not introduce microbes (e.g., bacteria, mold, 
yeast, and fungi) into the products. Tobacco products com 
prising the modified tobacco can then be packaged, option 
ally, by an aseptic approach in air-tight or microbe-free pack 
aging so as to not introduce microbes into the products. 
0077. In this manner, the conversion of alkaloid to TSNA, 
which results from microbial growth on the tobacco when 
microbes are introduced during processing, packaging, and 
storage, is significantly reduced. By using the embodied 
tobacco preparative methods, which may include several 
aseptic processing, manufacturing, and packaging proce 
dures, one can maintain an amount of total TSNA (e.g., the 
collective content of NNN, NAT, NAB, and NNK) in or 
delivered by (e.g., as measured by FTC or ISO methodolo 
gies) a commercially available tobacco product of less than or 
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equal to 0.5 g/g (e.g., 0.05 g/g, 0.1 g, 0.2 Lugg, 0.3 ug/g, 
0.4 ug/g, or 0.5 g/g) for a period of at least 1 week, 1 month, 
or 1-5 years after packaging or incorporation of the tobacco 
into a tobacco product (e.g., at least 1-30 days, 30-90 days, 
90-180 days, 180-270 days, 270 days-365 days, 1 year-1.5 
years, 1.5-2.0 years, 2.0 years-2.5 years, 2.5 years-3.0 years, 
3.0 years-4 years, and 4.0 years-5.0 years). 
0078. In some embodiments, a modified tobacco compris 
ing a reduced amount of alkaloid (e.g., a reduced amount of 
nicotine, nornicotine, and/or TSNAs) is contacted with an 
exogenous nicotine so as to raise the level of nicotine in the 
contacted transgenic tobacco in a controlled fashion. By this 
approach, nicotine levels in transgenic tobacco that com 
prises a reduced amount of endogenous nicotine (i.e., nicotine 
that is produced by the transgenic plant from which the trans 
genic tobacco is obtained) can be selectively raised to levels 
that are commensurate with conventional full-flavor ciga 
rettes, light cigarettes, or ultra-light cigarettes. (See e.g., WO 
2005/018307, which designates the United States and was 
published in English, herein expressly incorporated by refer 
ence in its entirety). For example, modified tobacco compris 
ing a reduced amount of endogenous nicotine and/or TSNAS 
can be contacted with an amount of exogenous nicotine that is 
at least, equal to, or more than 0.3 mg/g-20.0 mg/g (nicotine/ 
gram of tobacco). That is, modified tobacco comprising a 
reduced amount of endogenous nicotine and/or TSNAS can 
be contacted with an amount of exogenous nicotine that is or 
delivers (e.g., as measured by FTC or ISO methodologies) at 
least, equal to, or more than 0.3 mg/g, 0.4 mg/g, 0.5 mg/g, 0.6 
mg/g, 0.7 mg/g, 0.8 mg/g, 0.9 mg/g, 1.0 mg/g, 1.1 mg/g, 1.2 
mg/g, 1.3 mg/g, 1.4 mg/g, 1.5 mg/g, 1.6 mg/g, 1.7 mg/g, 1.8 
mg/g, 1.9 mg/g, 2.0 mg/g, 2.1 mg/g, 2.2 mg/g, 2.3 mg/g, 2.4 
mg/g, 2.5 mg/g, 2.6 mg/g, 2.7 mg/g, 2.8 mg/g, 2.9 mg/g, 3.0 
mg/g, 3.1 mg/g, 3.2 mg/g, 3.3 mg/g, 3.4 mg/g, 3.5 mg/g, 3.6 
mg/g, 3.7 mg/g, 3.8 mg/g, 3.9 mg/g, 4.0 mg/g, 4.1 mg/g, 4.2 
mg/g, 4.3 mg/g, 4.4 mg/g, 4.5 mg/g, 4.6 mg/g, 4.7 mg/g, 4.8 
mg/g, 4.9 mg/g, 5.0 mg/g, 5.1 mg/g, 5.2 mg/g, 5.3 mg/g, 5.4 
mg/g, 5.5 mg/g, 5.6 mg/g, 5.7 mg/g, 5.8 mg/g, 5.9 mg/g, 6.0 
mg/g, 6.1 mg/g, 6.2 mg/g, 6.3 mg/g, 6.4 mg/g, 6.5 mg/g, 6.6 
mg/g, 6.7 mg/g, 6.8 mg/g, 6.9 mg/g, 7.0 mg/g, 7.1 mg/g, 7.2 
mg/g, 7.3 mg/g, 7.4 mg/g, 7.5 mg/g, 7.6 mg/g, 7.7 mg/g, 7.8 
mg/g, 7.9 mg/g, 8.0 mg/g, 8.1 mg/g, 8.2 mg/g, 8.3 mg/g, 8.4 
mg/g, 8.5 mg/g, 8.6 mg/g, 8.7 mg/g, 8.8 mg/g, 8.9 mg/g, 9.0 
mg/g, 9.1 mg/g, 9.2 mg/g, 9.3 mg/g, 9.4 mg/g, 9.5 mg/g, 9.6 
mg/g, 9.7 mg/g, 9.8 mg/g, 9.9 mg/g, 10.0 mg/g, 10.1 mg/g, 
10.2 mg/g, 10.3 mg/g, 10.4 mg/g, 10.5 mg/g, 10.6 mg/g, 10.7 
mg/g, 10.8 mg/g, 10.9 mg/g, 11.0 mg/g, 11.1 mg/g, 11.2 
mg/g, 11.3 mg/g, 11.4 mg/g, 11.5 mg/g, 11.6 mg/g, 11.7 
mg/g, 11.8 mg/g, 11.9 mg/g, 12.0 mg/g, 12.1 mg/g, 12.2 
mg/g, 12.3 mg/g, 12.4 mg/g, 12.5 mg/g, 12.6 mg/g, 12.7 
mg/g, 12.8 mg/g, 12.9 mg/g, 13.0 mg/g, 13.1 mg/g, 13.2 
mg/g, 13.3 mg/g, 13.4 mg/g, 13.5 mg/g, 13.6 mg/g, 13.7 
mg/g, 13.8 mg/g, 13.9 mg/g, 14.0 mg/g, 14.1 mg/g, 14.2 
mg/g, 14.3 mg/g, 14.4 mg/g, 14.5 mg/g, 14.6 mg/g, 14.7 
mg/g, 14.8 mg/g, 14.9 mg/g, 15.0 mg/g, 15.1 mg/g, 15.2 
mg/g, 15.3 mg/g, 15.4 mg/g, 15.5 mg/g, 15.6 mg/g, 15.7 
mg/g, 15.8 mg/g, 15.9 mg/g, 16.0 mg/g, 16.1 mg/g, 16.2 
mg/g, 16.3 mg/g, 16.4 mg/g, 16.5 mg/g, 16.6 mg/g, 16.7 
mg/g, 16.8 mg/g, 16.9 mg/g, 17.0 mg/g, 17.1 mg/g, 17.2 
mg/g, 17.3 mg/g, 17.4 mg/g, 17.5 mg/g, 17.6 mg/g, 17.7 
mg/g, 17.8 mg/g, 17.9 mg/g, 18.0 mg/g, 18.1 mg/g, 18.2 
mg/g, 18.3 mg/g, 18.4 mg/g, 18.5 mg/g, 18.6 mg/g, 18.7 
mg/g, 18.8 mg/g, 18.9 mg/g, 19.0 mg/g, 19.1 mg/g, 19.2 
mg/g, 19.3 mg/g, 19.4 mg/g, 19.5 mg/g, 19.6 mg/g, 19.7 
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mg/g, 19.8 mg/g, 19.9 mg/g, and 20.0 mg/g (nicotine/gram 
tobacco). In some of the aforementioned embodiments, the 
modified tobacco contacted with the exogenous nicotine is a 
transgenic tobacco comprising, for example, one or more of 
the isolated nucleic acids, isolated nucleic acid cassettes, or 
isolated nucleic acid constructs described herein. 

0079 Nicotine-containing fractions, nicotine, or nicotine 
salts of organic acids are added to the reduced-nicotine trans 
genic tobacco by contacting said tobacco (e.g., spraying or 
additive application), with or without propylene glycol, Sol 
vent, flavoring, or water at any stage of the harvesting, curing, 
fermenting, aging, reconstituting, expanding, or otherwise 
processing of the tobacco, preferably at a stage that is post 
cure, when flavorings and additives are provided. By "exog 
enous nicotine' is meant nicotine, nicotine derivatives, nico 
tine analogs, nicotine-containing fractions (e.g., extracts of 
Nicotiana), and nicotine salts of organic acids obtained from 
a source outside of the transgenic tobacco to which the exog 
enous nicotine is applied. In this manner, a modified tobacco 
that provides virtually any amount of nicotine can be 
obtained. 

0080. In some embodiments, the exogenous nicotine (e.g., 
commercially available nicotine salts, liquid, or a nicotine 
containing extract prepared from a Nicotiana plant orportion 
thereof) is contacted with a reduced-alkaloid modified 
tobacco (e.g., a transgenic tobacco comprising a reduced 
amount of nicotine and/or TSNA as prepared as described 
herein) after the modified tobacco has been made substan 
tially free of microbes (e.g., bacteria, yeast, mold, or fungi). 
The reduced alkaloid modified tobacco can be made substan 
tially-free of microbes (e.g., an aseptic preparation) by 
employing sterilization, heat treatment, pasteurization, steam 
treatment, gas treatment, and radiation (e.g., gamma, micro 
wave, and ultraviolet). The term “substantially-free of 
microbes’ in some contexts can mean an amount of bacteria, 
mold, fungi, or yeast that is reduced to the point that the 
conversion of nicotine or total alkaloid to TSNA is negligible 
(e.g., the resultant concentration of or the amount of delivered 
or provided total TSNA (e.g., NNN, NNK, NAT, and NAB) in 
or delivered by a tobacco or tobacco product is equal to or 
below 0.5ug/g (e.g., 0.05ug/g, 0.1 ug, 0.2 Lugg, 0.3 g/g, 0.4 
ug/g, or 0.5 g) after prolonged storage (e.g., at least 1-30 
days, 30-90 days, 90-180 days, 180-270 days, 270 days-365 
days, 1 year-1.5 years, 1.5-2.0 years, 2.0 years-2.5 years, 2.5 
years-3.0 years, 3.0 years-4 years, and 4.0 years-5.0 years)). 
The term “substantially-free of microbes’ also includes the 
term “substantially-free of bacteria, which means in some 
contexts that the tobacco or tobacco product is Substantially 
free of Arthrobacter, Proteus, nicotine oxidizing bacteria, 
Such as P-34, Psuedomonas, Xantomonas, or Zoogloea 
strains of bacteria. For example, a tobacco or tobacco product 
is substantially-free of bacteria or a particular strain of bac 
teria when said tobacco or tobacco product has less than or 
equal to 20% of the bacteria or a specific strain of bacteria 
normally present on the tobacco or tobacco product in the 
absence of application of a technique to rid the tobacco or 
tobacco product of bacteria (e.g., less than or equal to 1%.2%, 
3%, 4% 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 
15%, 16%, 17%, 18%, 19%, or 20%). With respect to modi 
fied tobacco described herein, the term “substantially-free of 
bacteria' can refer to tobacco or a tobacco product containing 
the modified tobacco that has less than or equal to 20% of the 
bacteria normally present on the strain of tobacco prior to 
modification and/or application of a technique to rid the 
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tobacco or tobacco product of bacteria (e.g., less than or equal 
to 1%, 2%, 3%, 4%. 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 
13%, 14%, 15%, 16%, 17%, 18%, 19%, or 20%). 
0081. Once the exogenous nicotine has been contacted 
with the microbe-free modified tobacco, it is preferably pro 
cessed and packaged aseptically and the tobacco product is 
maintained in an airtight container so as to not re-introduce 
microbes that convert the exogenous nicotine to TSNAs. By 
using the aseptic processing, manufacturing, and packaging 
procedures, described herein, one can maintain an amount of 
total TSNA (e.g., the collective content of NNN, NAT, NAB, 
and NNIS) in a commercially available tobacco product or 
delivered by a commercially available tobacco product, 
which comprises exogenous nicotine, of less than or equal to 
0.5 Lig/g (e.g., 0.05 ug/g, 0.1 g, 0.2 Lig/g, 0.4 ug/g, or 0.5 
ug/g) for at least 1 week, 1 month, or 1-5 years after packag 
ing (e.g., at least 1-30 days, 30-90 days, 90-180 days, 180-270 
days, 270 days-365 days, 1 year-1.5 years, 1.5-2.0 years, 2.0 
years-2.5 years, 2.5 years-3.0 years, 3.0 years-4 years, and 4.0 
years-5.0 years). In some embodiments, the exogenous nico 
tine is contacted with a modified tobacco and a collective 
content of NNN, NAT, NAB, and NNN that is present or 
delivered by the tobacco is less than or equal to 0.5 g/g (e.g., 
0.05 g/g, 0.1 ug, 0.2 Lig, 0.3 ug, 0.4 g/g, or 0.5 g/g). In 
some embodiments, a collective content of NNN, NAT, NAB, 
and NNN of less than or equal to 0.5ug/g (e.g., 0.05ug/g, 0.1 
g/g, 0.2 Lig/g, 0.3 Lig/g, 0.4 g/, or 0.5ug/g) in or delivered by 

a tobacco product containing said transgenic tobacco can be 
maintained for at least at least 1 week, 1 month, or 1-5 years 
after packaging (e.g., at least 1-30 days, 30-90 days, 90-180 
days, 180-270 days, 270 days-365 days, 1 year-1.5 years, 
1.5-2.0 years, 2.0 years-2.5 years, 2.5 years-3.0 years, 3.0 
years-4 years, and 4.0 years-5.0 years). An exemplary modi 
fied tobacco is transgenic tobacco comprising, for example, 
one of the nucleic acid constructs described herein. Accord 
ingly, several embodiments address the problem of gradually 
increasing TSNA levels in alkaloid-containing tobacco prod 
ucts by employing processing, storage, and packaging meth 
ods that reduce the amount of microbial flora on the tobacco, 
limit the re-introduction of microbes during processing and 
maintain a reduced amount of microbes (e.g., bacteria) once 
the product is packaged, stored, and sold. Tobacco and 
tobacco products comprising modified tobacco having a 
reduced amount of endogenous nicotine and an amount of 
exogenous nicotine can be analyzed by various methods to 
confirm that said tobacco and said tobacco products are 
“reduced risk” or have less of a potential to contribute to a 
tobacco-related disease, as compared to the parent strain of 
tobacco having conventional amounts of endogenous nico 
tine or a reference tobacco. 

0082 Tobacco products that comprise a modified tobacco 
described herein include “full-flavor,” “lights.” and “ultra 
light” cigarettes typically having both reduced levels of alka 
loids and levels of alkaloids commensurate with a level of 
alkaloid common to the particular class of cigarette (i.e., a 
conventional amount of nicotine). The term “tobacco prod 
ucts includes, but is not limited to, Smoking materials (e.g., 
cigarettes, cigars, pipe tobacco), Snuff, chewing tobacco, 
gum, and lozenges. 
I0083. The term “reduced risk tobacco product” or 
“reduced risk tobacco” includes, but is not limited to, a 
tobacco product or tobacco comprising a modified tobacco 
that has a reduced amount of a compound that contributes to 
a tobacco-related disease, or increased amounts of a com 
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pound that reduces the harmful effects of a compound that 
contributes to a tobacco-related disease Such as nicotine, nor 
nicotine, a sterol, or the metabolites thereof including, but not 
limited to, a TSNA, an acrolein, an aldehyde, or harmful 
compounds generated upon pyrolysis of tobacco, including 
but not limited to, PAH, BAP, a heterocyclic hydrocarbon, or 
an aromatic amine, as compared to the amount of these com 
pounds in or generated by a reference tobacco or reference 
tobacco product (e.g., IM16, 2R4F or 1R5F), a commercially 
available tobacco product of the same class (e.g., full-flavor, 
lights, and ultra-lights), or, preferably, a tobacco of the same 
variety (e.g., Burley, Virginia Flue-cured, or Oriental) or 
strain (e.g., LA Burley 21, K326, Tn.90, Djebe 1174) as the 
transgenic tobacco prior to genetic modification). For 
example, a reduced risk tobacco or a reduced risk tobacco 
product can include a transgenic tobacco oratobacco product 
comprising transgenic tobacco that up-regulates fewer genes 
associated with a tobacco-related disease as compared to a 
reference tobacco or reference tobacco product (e.g., IM16, 
2R4F or 1R5F), a commercially available tobacco product of 
the same class (e.g., full-flavor, lights, and ultra-lights), or, 
preferably, a tobacco of the same variety (e.g., Burley, Vir 
ginia Flue-cured, or Oriental) or strain (e.g., LA Burley 21, 
K326, Tn.90, Djebell74) as the transgenic tobacco prior to 
genetic modification). 
I0084. Nitrosamines and Tobacco-Specific Nitrosamines 
I0085. The term nitrosamine generally refers to any of a 
class of organic compounds with the general formula RNNO 
or RNHNO (where R denotes an amine-containing group). 
Nitrosamines are present in numerous foods and have been 
found to be carcinogenic in laboratory animals. These com 
pounds are formed by nitrosation reactions of amines such as 
amino acids and alkaloids with nitrites and/or nitrous oxides. 
By themselves, nitrosamines are not carcinogenic Substances, 
but in mammals nitrosamines undergo decomposition by 
enzymatic activation to form alkylating metabolites which 
appear to react with biopolymers to initiate their tumorogenic 
effect. Thus, by reducing the amount of nitrosamine intake, 
one has effectively reduced the carcinogenic potential in 
humans. 

0.086 Nitrosamines have been identified in tobacco, 
tobacco products, and tobacco Smokeby the use oftechniques 
Such as gas chromatography-thermal energy analysis (GC 
TEA). Some of these nitrosamines have been identified as 
tobacco-specific nitrosamines (TSNAs). TSNAs are prima 
rily formed by reactions between the two most abundant 
alkaloids, nicotine and nornicotine, with nitrous oxides 
(NOx), and they account proportionately for the highest con 
centration of nitrosamines in both tobacco products and in 
mainstream smoke. Of the TSNAs identified, and the subset 
that have been found to be present in cigarette Smoke, the 
most characterized is N-nitrosamine, 4-(methylnitrosamino)- 
1-(3-pyridyl)-1-butanone (N-nitrosamine-ketone), or NNK. 
When injected at relatively high doses, NNK is carcinogenic 
in rodents. Minimal amounts of TSNAs are found in green 
tobacco, indicating that TSNA formation may occur during 
processing steps such as curing, drying, fermentation, burn 
ing or storage of tobacco. 
I0087 TSNA formation is attributed to chemical, enzy 
matic and bacterial influences during tobacco processing, 
particularly during curing, fermentation and aging. Nitrosa 
tion of nornicotine, anatabine, and anabasine gives the corre 
sponding nitrosamines: N-nitrosonornicotine (NNN), N'-ni 
trosoanatabine (NAT) and N-nitrosoanabasine (NAB). 
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Nitrosation of nicotine in aqueous solution affords a mixture 
of 4-(N-nitrosomethylamino)-1-(3-pyridyl)-1-butanone 
(NNK), NNN, and 4-(N-nitrosomethylamino)-4-(3-pyridyl)- 
1-butanal (NNA). Less commonly encountered TSNAs 
include NNAL (4-N-nitrosomethylamino)-1-(3-pyridyl)-1- 
butanol), iso-NNAL (4-N-nitrosomethylamino)-4-(3-py 
ridyl)-1-butanol, 11) and iso-NNAC (4-(N-nitrosomethy 
lamino)-4-(3-pyridyl)-butanoic acid, 12). See, U.S. Pat. No. 
6,135,121, the entire disclosure of which is hereby expressly 
incorporated by reference in its entirety. 
0088 TSNA levels are particularly high in chewing tobac 
cos and Snuff. The partially anaerobic processes that occur 
during fermentation promote the formation of TSNAs from 
tobacco alkaloids by promoting increased nitrite levels; in 
particular, over-fermentation can increase TSNA levels in 
snuff by its effects on nitrate levels and microbial enzymatic 
activity. The reduction of the TSNA level in snuff in recent 
years has been achieved by maintaining a better control over 
the bacterial content in these products. 
0089. Since the nitrate level of tobacco is important for 
TSNA formation in cigarette Smoke, a significant reduction 
of TSNAs in smoke can be achieved by low-nitrate leaf and 
stem blends. However, these methods may negatively impact 
the smokability or the taste of the tobacco. The TSNA content 
of mainstream smoke can be reduced by as much as 80% by 
cellulose acetate filters, and it can be reduced still further by 
filter ventilation. 

0090 Air-cured tobaccos such as Burley and dark-fired 
may have higher levels of TSNAs than certain types of Flue 
cured bright, Burley, or dark tobaccos apparently because the 
high temperatures associated with flue-curing can kill the 
micro-organisms that transform the alkaloids into TSNAs. In 
air-cured types, nitrate (N NO) is more abundant in the leaf 
(particularly in the leaf and stems) than in Flue-cured tobacco 
and the alkaloid content is also much higher. This N NO is 
reduced to nitrite (NO) by microbes during curing and the 
NO can be further reduced to NOx or react directly with 
alkaloids to form TSNAs. 
0091. It is contemplated that, in addition to the techniques 
described above, nitrate levels in tobacco (especially in the 
leaf) can be reduced by limiting exposure to nitrosating 
agents or conditions. Air-curing experiments at a higher tem 
perature have shown that considerably higher levels of N-ni 
trosamines are formed at a curing temperature of 32° C. than 
at 16°C., which is associated with a rise of the nitrite level in 
the tobacco, and may also be associated with a rise in micro 
bial enzymatic activity. Modified curing that involves faster 
drying from wider spacing or from more open curing struc 
tures has been shown to reduce TSNA levels in Burley 
tobacco. The climatic conditions prevailing during curing 
exert a major influence on N-nitrosamine formation, and the 
relative humidity during air-curing can be of importance. 
Stalk curing results in higher TSNA levels in the smoke than 
primed-leaf curing. Sun-cured Oriental tobaccos have lower 
TSNA levels than flue- and air-cured dark tobaccos. Acceler 
ated curing of crude tobaccos Such as homogenized leaf cur 
ing limits the ability of bacteria to carry out the nitrosation 
reactions. However, many of the methods described above for 
reducing TSNAs in Burley tobacco can have undesirable 
effects on tobacco taste. 

0092. TSNA formation in Flue-cured tobacco also results 
from exposure of the tobacco to combustion gases during 
curing, where nearly all of the TSNAs in Flue-cured tobacco 
(e.g., Virginia Flue-cured) result from a reaction involving 
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NOx and nicotine. The predominant source of NOx is the 
mixture of combustion gases in direct-fired barns. At present, 
Flue-cured tobacco is predominantly cured in commercial 
bulk barns. As a result of energy pressures in the U.S. during 
the 1960's, farmer-built “stick barns” with heat-exchanged 
flue systems were gradually replaced with more energy effi 
cient bulk barns using direct-fired liquid propane gas (LPG) 
burners. These LPG direct-fired burner systems exhaust com 
bustion gases and combustion by-products directly into the 
barn where contact is made with the curing tobacco. Studies 
indicate that LPG combustion by-products react with natu 
rally occurring tobacco alkaloids to form TSNA. 
0093. In contrast to direct-fired curing, heat-exchange 
burner configurations completely vent combustion gases and 
combustion by-products to the external atmosphere rather 
than into the barn. The heat-exchange process precludes 
exposure of the tobacco to LPG combustion by-products, 
thereby eliminating an important Source of nitrosating agent 
for TSNA formation, without degrading leaf quality or smok 
ing quality. The use of heat exchangers reduces TSNA levels 
by about 90%. Steps are being taken to reduce TSNA levels in 
US tobacco by converting barns to indirect heat through the 
use of a heat exchanger, but these methods are very expensive. 
Although many of the approaches described in this section 
have significant drawbacks, it should be understood that any 
or all of these techniques can be used with other techniques, 
as described herein, to make tobacco and tobacco products 
having reduced TSNAs. The section below provides more 
detail on nicotine and approaches to reduce nicotine in 
tobacco. 

0094 Nicotine 
(0095 Nicotine is formed primarily in the roots of the 
tobacco plant and is Subsequently transported to the leaves, 
where it is stored (Tso, Physiology and Biochemistry of 
Tobacco Plants, pp. 233-34, Dowden, Hutchinson & Ross, 
Stroudsburg, Pa. (1972)). Classical crop breeding techniques 
have produced tobacco with lower levels of nicotine, includ 
ing varieties with as low as 8% of the amount of nicotine 
found in wild-type tobacco. The many methods described 
herein can be used with virtually any tobacco variety but are 
preferably used with Burley, Oriental or Flue-cured (e.g., 
Virginia Flue-cured) varieties. 
0096 Nicotine is produced in tobacco plants by the con 
densation of nicotinic acid and 4-methylaminobutanal. Two 
regulatory loci (Nic1 and Nic2) act as co-dominant regulators 
of nicotine production. Enzyme analyses of root tissue from 
single and double Nic mutants show that the activities of two 
enzymes, quinolate phosphoribosyl transferase (“OPTase') 
and putrescene methyltransferase (PMTase), are directly pro 
portional to levels of nicotine biosynthesis. An obligatory 
step in nicotine biosynthesis is the formation of nicotinic acid 
from quinolinic acid, a step that is catalyzed by QPTase. 
QPTase appears to be a rate-limiting enzyme in the pathway 
Supplying nicotinic acid for nicotine synthesis in tobacco. 
(See, eg. Feth et al., Planta, 168, pp. 402-07 (1986) and 
Wagner et al., Physiol. Plant., 68, pp. 667-72 (1986), herein 
expressly incorporated by reference in its entirety). A com 
parison of enzyme activity in tobacco tissues (root and callus) 
with different capacities for nicotine synthesis shows that 
QPTase activity is strictly correlated with nicotine content 
(Wagner and Wagner, Planta 165:532 (1985), herein 
expressly incorporated by reference in its entirety). In fact, 
Saunders and Bush (Plant Physiol 64:236 (1979), herein 
expressly incorporated by reference in its entirety), showed 
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that the level of QPTase in the roots of low nicotine mutants is 
proportional to the level of nicotine in the leaves. 
0097. The modification of nicotine levels in tobacco plants 
by antisense regulation of putrescene methyl transferase 
expression has been proposed in U.S. Pat. Nos. 5,369,023 and 
5,260.205, to Nakatani and Malik, and in PCT application 
WO 94/28142 and U.S. Pat. No. 5,668,295 to Wahad and 
Malik, which describe DNA encoding PMT and the use of 
sense and antisense PMT constructs, the entire disclosures of 
each of which are hereby expressly incorporated by reference 
in their entireties. Other genetic modifications proposed to 
reduce nicotine levels are described in PCT application WO 
00/67558, to Timko, and WO 93/05646, to Davis and Mar 
cum; the entire contents of each are hereby expressly incor 
porated by reference in their entireties. Although these inves 
tigators made significant contributions, there were significant 
drawbacks to their experimental design. 
0098 Provided herein are tobacco and tobacco products in 
which a plurality of genes involved in nicotine biosynthesis 
are inhibited. Most notably, it is presently revealed that there 
are several different PMT genes and each may play a role in 
nicotine biosynthesis. Knocking-out only one PMT gene may 
create a leaky System allowing the other genes to compensate 
for the reduction in nicotine biosynthesis. Accordingly, the 
PMT constructs described herein were designed to inhibit a 
plurality of different PMT genes. That is, in some embodi 
ments, the PMT constructs described herein are designed to 
complement common regions to all five of the PMT genes so 
that inhibition of each of the PMT genes can be accomplished 
with a single construct. Although many of the approaches 
described in this section have significant drawbacks, it should 
be understood that any or all of these techniques can be used 
with other techniques, as described herein, to make tobacco 
and tobacco products having reduced nicotine. The section 
below explains several approaches to reduce the amount of 
nicotine and sterols in tobacco and tobacco products. 
0099 Reducing the Amount of Nicotine and Sterols in 
Tobacco 

0100. As discussed above, TSNAs, nicotine, nornicotine, 
and sterols contribute significantly to tobacco-related dis 
ease, most notably the carcinogenic potential of tobacco and 
tobacco products. Thus, tobacco and tobacco products that 
have or produce reduced amounts of these compounds are 
reduced risk compositions (e.g., products that have a reduced 
potential to contribute to a tobacco-related disease). Without 
wishing to be bound by any particular theory, it is contem 
plated that the creation of tobacco plants, tobacco and tobacco 
products that have a reduced amount of nicotine will also have 
reduced amounts of TSNAs. That is, by removing nicotine 
from tobacco plants, tobacco and tobacco products, one effec 
tively removes the most significant alkaloid substrate for 
TSNA formation. It was found that the reduction of nicotine 
in tobacco was directly related to the reduction of TSNAs. 
Similarly, it is contemplated that by removing sterols from 
tobacco, one can reduce the amount of PAHs generated from 
pyrolysis of the tobacco. Unexpectedly, the methods 
described herein not only produce tobacco with a reduced 
addictive potential but, concomitantly, produce a tobacco that 
has a reduced potential to contribute to a tobacco related 
disease. 

0101. It should be emphasized that the phrase “a reduced 
amount’ as applied to nicotine and/or TSNAs is intended to 
refer to an amount of nicotine and/or TSNAs in a treated or 
transgenic tobacco plant, tobacco or a tobacco product that is 
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less than what would be found in a tobacco plant, tobacco or 
a tobacco product from the same variety of tobacco, pro 
cessed in the same manner, which has not been treated or was 
not made transgenic for reduced nicotine and/or TSNAs. 
Thus, in Some contexts, wild-type tobacco of the same variety 
that has been processed in the same manner is used as a 
control by which to measure whether a reduction in nicotine, 
nornicotine, a sterol and/or TSNAS or PAHs has been 
obtained by the inventive methods described herein. 
0102 The amount of TSNAs (e.g., collective content of 
NNN, NAT, NAB, and NNK) and nicotine in wild-type 
tobacco varies significantly depending on the variety and the 
manner it is grown, harvested and cured. For example, a cured 
Burley tobacco leaf can have approximately 30,000 parts per 
million (ppm) nicotine and 8,000 parts per billion (ppb) 
TSNA (e.g., collective content of NNN, NAT, NAB, and 
NNK); a Flue-cured leaf can have approximately 20,000 ppm 
nicotine and 300 ppb TSNA (e.g., collective content of NNN, 
NAT, NAB, and NNK); and an Oriental cured leaf can have 
approximately 10,000 ppm nicotine and 100 ppb TSNA (e.g., 
collective content of NNN, NAT, NAB, and NNK). Tobacco 
having a reduced amount of nicotine and/or TSNA, can have 
no detectable nicotine and/or TSNA (e.g., collective content 
of NNN, NAT, NAB, and NNK), or may contain some detect 
able amounts of one or more of the TSNAs and/or nicotine, so 
long as the amount of nicotine and/or TSNA is less than that 
found in tobacco of the same variety, grown under similar 
conditions, and cured and/or processed in the same manner. 
That is, cured Burley tobacco, as described herein, having a 
reduced amount of nicotine can have between 0 and 30,000 
ppm nicotine and 0 and 8,000 ppb TSNA, desirably between 
0 and 20,000 ppm nicotine and 0 and 6,000 ppb TSNA, more 
desirably between 0 and 10,000 ppm nicotine and 0 and 5,000 
ppb TSNA, preferably between 0 and 5,000 ppm nicotine and 
0 and 4,000 ppb TSNA, more preferably between 0 and 2,500 
ppm nicotine and 0 and 2,000 ppb TSNA and most preferably 
between 0 and 1,000 ppm nicotine and 0 and 1,000 ppb 
TSNA. Embodiments of cured Burley leaf prepared by the 
methods described herein can also have between 0 and 1000 
ppm nicotine and 0 and 500 ppb TSNA, 0 and 500 ppm 
nicotine and 0 and 250 ppb TSNA, 0 and 250 ppm nicotine 
and 0 and 100 ppb TSNA, 0 and 100 ppm nicotine and 0 and 
50 ppb TSNA, 0 and 50 ppm nicotine and 0 and 5 ppb TSNA 
and some embodiments of cured Burley leaf described herein 
have virtually no detectable amount of nicotine or TSNA. In 
some embodiments above, the amount of TSNA refers to the 
collective content of NNN, NAT, NAB, and NNK. 
0103 Similarly, a Flue-cured tobacco embodiment having 
a reduced amount of nicotine can have between 0 and 20,000 
ppm nicotine and 0 and 300 ppb TSNA, desirably between 0 
and 15,000 ppm nicotine and 0 and 250 ppb TSNA, more 
desirably between 0 and 10,000 ppm nicotine and 0 and 200 
ppb TSNA, preferably between 0 and 5,000 ppm nicotine and 
0 and 150 ppb TSNA, more preferably between 0 and 2,500 
ppm nicotine and 0 and 100 ppb TSNA and most preferably 
between 0 and 1,000 ppm nicotine and 0 and 50 ppb TSNA. 
Embodiments of Flue-cured tobacco, as described herein, can 
also have between 0 and 500 ppm nicotine and 0 and 25 ppb 
TSNA, 0 and 200 ppmnicotine and 0 and 10 ppb TSNA, 0 and 
100 ppm nicotine and 0 and 5 ppb TSNA and some embodi 
ments of Flue-cured tobacco have virtually no detectable 
amount of nicotine or TSNA. In some embodiments above, 
the amount of TSNA refers to the collective content of NNN, 
NAT, NAB, and NNK. 
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0104 Further, a cured Oriental tobacco embodiment hav 
ing a reduced amount of nicotine can have between 0 and 
10,000 ppm nicotine and 0 and 100 ppb TSNA, desirably 
between 0 and 7,000 ppm nicotine and 0 and 75 ppb TSNA, 
more desirably between 0 and 5,000 ppm nicotine and 0 and 
50 ppb TSNA, preferably between 0 and 3,000 ppm nicotine 
and 0 and 25 ppb TSNA, more preferably between 0 and 
1,500 ppm nicotine and 0 and 10 ppb TSNA and most pref 
erably between 0 and 500 ppm nicotine and no detectable 
TSNA. Embodiments of cured Oriental tobacco can also have 
between 0 and 250 ppm nicotine and no detectable TSNA and 
some embodiments of cured Oriental tobacco have virtually 
no detectable amount of nicotine or TSNA. In some embodi 
ments above, the amount of TSNA refers to the collective 
content of NNN, NAT, NAB, and NNK. 
0105. Some embodiments comprise cured tobaccos (e.g., 
Burley, Flue-cured, or Oriental) with reduced amounts of 
nicotine as compared to control varieties, wherein the amount 
of nicotine in ordelivered by the product (e.g., as measured by 
FTC or ISO methodologies) is less than about 2 mg/g, 1 mg/g, 
0.75 mg/g, 0.5 mg/g or desirably less than about 0.1 mg/g, and 
preferably less than 0.08 mg/g, 0.07 mg/g, 0.06 mg/g, 0.05 
mg/g, 0.04 mg/g, 0.03 mg/g, 0.02 mg/g, 0.01 mg/g. Tobacco 
products made from these reduced nicotine and TSNA tobac 
cos are also embodiments. The term “tobacco products' 
include, but are not limited to, Smoking materials (e.g., ciga 
rettes, cigars, pipe tobacco), Snuff, chewing tobacco, gum, 
and lozenges. As mentioned above, these reduced nicotine 
and TSNA tobaccos can be treated with exogenous nicotine 
So as to incrementally increase the amount of nicotine in the 
product and by employing aseptic processing and packaging 
techniques, the amounts of total TSNAs in the product can be 
kept at or below 0.5ug/g for prolonged periods of time. 
0106. In some contexts, the phrase “reduced amount of 
nicotine and/or TSNAs refers to the tobacco plants, cured 
tobacco, and tobacco products, as described herein, which 
have less nicotine and/or TSNAs (e.g., the collective content 
of NNN, NAT, NAB, and NNK) by weight than the same 
variety of tobacco grown, processed, and cured in the same 
way. For example, wild type cured tobacco can have has 
approximately 1-4% dry weight nicotine and approximately 
0.2%–0.8% dry weight TSNA depending on the manner it was 
grown, harvested and cured. A typical cigarette has between 
2-11 mg of nicotine and approximately 5.0 ug of TSNAs. 
Thus, the tobacco plants, tobacco and tobacco products pro 
vided herein can have or deliver, in dry weight for example, 
less than 0.01%, 0.015%, 0.02%, 0.025%, 0.03%, 0.035%, 
0.04%, 0.045%, 0.05%, 0.055%, 0.06%, 0.065%, 0.07%, 
0.075%, 0.08%, 0.085%, 0.09%, 0.095%, 0.1%, 0.15%, 
0.175%, 0.2%, 0.225%, 0.25%, 0.275%, 0.3%, 0.325%, 
0.35%, 0.375%, 0.4%, 0.425%, 0.45%, 0.475%, 0.5%, 
0.55%, 0.6%, 0.65%, 0.7%, 0.75%, 0.8%, 0.85%, 0.9%, 
0.95%, and 1.0% nicotine and less than 0.01%, 0.015%, 
0.02%, 0.025%, 0.03%, 0.035%, 0.04%, 0.045%, 0.05%, 
0.055%, 0.06%, 0.065%, 0.07%, 0.075%, and 0.08% TSNA 
(e.g., collective content of NNN, NAT, NAB, and NNK). 
0107 Alternatively, a cigarette provided herein can have 
or deliver, for example, less than 0.1 mg, 0.15 mg, 0.2 mg, 
0.25 mg, 0.3 mg, 0.35 mg, 0.4 mg., 0.45 mg, 0.5 mg, 0.55 mg. 
0.6 mg, 0.65 mg. 0.7 mg, 0.75 mg. 0.8 mg, 0.85 mg, 0.9 mg, 
0.95 mg, 1.0 mg, 1.1 mg, 1.15 mg, 1.2 mg, 1.25 mg, 1.3 mg, 
1.35 mg, 1.4 mg, 1.45 mg, 1.5 mg, 1.55 mg, 1.6 mg, 1.65 mg. 
1.7 mg, 1.75 mg, 1.8 mg, 1.85 mg, 1.9 mg, 1.95 mg, 2.0 mg. 
2.1 mg, 2.15 mg, 2.2 mg, 2.25 mg, 2.3 mg, 2.35 mg, 2.4 mg. 
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2.45 mg, 2.5 mg, 2.55 mg, 2.6 mg, 2.65 mg, 2.7 mg, 2.75 mg. 
2.8 mg, 2.85 mg, 2.9 mg, 2.95 mg, 3.0 mg, 3.1 mg, 3.15 mg. 
3.2 mg, 3.25 mg, 3.3 mg, 3.35 mg, 3.4 mg., 3.45 mg, 3.5 mg. 
3.55 mg, 3.6 mg, 3.65 mg, 3.7 mg, 3.75 mg, 3.8 mg, 3.85 mg. 
3.9 mg, 3.95 mg, 4.0 mg. 4.1 mg, 4.15 mg, 4.2 mg, 4.25 mg. 
4.3 mg, 4.35 mg, 4.4 mg. 4.45 mg, 4.4 mg. 4.45 mg, 4.5 mg. 
4.55 mg, 4.6 mg, 4.65 mg, 4.7 mg, 4.75 mg, 4.8 mg, 4.85 mg. 
4.9 mg, 4.95 mg, 5.0 mg, 5.5 mg, 5.7 mg, 6.0 mg., 6.5 mgmg, 
6.7 mg, 7.0 mg, 7.5 mg, 7.7 mg, 8.0 mg, 8.5 mg, 8.7 mg, 9.0 
mg, 9.5 mg, 9.7 mg, 10.0 mg, 10.5 mg, 10.7 mg, and 11.0 mg 
nicotine and less than 0.001 ug, 0.002 ug, 0.003 ug, 0.004 ug, 
0.005 ug, 0.006 ug, 0.007 ug, 0.008 ug, 0.009 ug, 0.01 ug, 
0.02 ug, 0.03 ug, 0.04 ug, 0.05ug, 0.06 ug, 0.07 g., 0.08 ug, 
0.09 ug, 0.1 ug, 0.15ug, 0.2 Lug, 0.25 ug, 0.3 ug, 0.336 ug, 
0.339 ug, 0.345ug, 0.35ug, 0.375ug, 0.4 ug, 0.414 ug, 0.45 
ug, 0.5ug, 0.515ug, 0.55ug, 0.555ug, 0.56 ug, 0.578 ug, 0.58 
ug, 0.6 g., 0.611 Lug, 0.624 Jug, 0.65ug, 0.7 ug, 0.75ug, 0.8 ug, 
0.85ug, 0.9 ug, 0.95ug, 1.0 ug, 1.11 Jug, 1.15ug, 1.2g, 1.25 
Jug, 1.3 Lig, 1.35 Lig, 1.4 Jug, 1.45 Lig, 1.55 Lig, 1.6 Lig, 1.65 Lig. 
1.7 Lig, 1.75ug, 1.8 Lig, 1.85ug, 1.9 Lig, 1.95ug. 2.0 Lig, 2.1 Lig. 
2.15ug. 2.2 Lug TSNA (e.g., collective content of NNN, NAT, 
NAB, and NNK). 
0.108 Unexpectedly, it was discovered that several meth 
ods for reducing endogenous levels of nicotine in a plant are 
suitable for producing tobacco that is substantially free of 
nitrosamines, especially TSNAs. Any method that reduces 
levels of other alkaloids, including norniticotine, is likewise 
suitable for producing tobacco substantially free of nitro 
samines, especially TSNAs. As described, embodiments 
comprise methods of reducing the carcinogenic potential of a 
tobacco product comprising providing a cured tobacco as 
described herein and preparing a tobacco product from said 
cured tobacco, whereby the carcinogenic potential of said 
tobacco product is thereby reduced. 
0109. In some embodiments that employed the A622 inhi 
bition construct, it was found that transgenic tobacco that had 
conventional levels of nicotine but significantly reduced lev 
els of nornicotine were produced. This particular line of 
tobacco is particularly useful because nornicotine may be the 
most significant precursor for NNN in tobacco. Accordingly, 
reduced risk conventional cigarettes and other tobacco prod 
ucts (e.g., Snuff) comprising the A622 inhibition construct are 
embodiments. 

0110. Other embodiments include the use of the cured 
tobacco described herein for the preparation of a tobacco 
product that contains reduced amounts of carcinogens as 
compared to control varieties and/or that reduces the amount 
of a TSNA or TSNA metobolite in a human that uses tobacco. 
In some embodiments, for example, the tobacco smoking 
products described herein reduce the carcinogenic potential 
of side stream or main stream tobacco Smoke in humans 
exposed to said side stream or main stream tobacco smoke. 
By providing the modified cured tobacco described herein in 
a product that undergoes pyrolysis, for example, the side 
stream and/or main stream Smoke produced by said product 
comprises a reduced amount of TSNAs and/or nicotine. Thus, 
the cured tobacco described herein can be used to prepare a 
tobacco Smoking product that comprises a reduced amount of 
TSNAs in side stream and/or mainstream smoke. 

0111. In the United States, tar, nicotine, and carbon mon 
oxide yields are obtained using the Federal Trade Commis 
sion (FTC) smoking-machine test method, which defines the 
measurement of tar as that material captured by a Cambridge 
pad when a cigarette is machine Smoked, minus nicotine and 
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water (Pillsbury, et al., 1969, “Tar and nicotine in cigarette 
smoke’. J. Assoc. Of Analytical Chem., 52, 458-62). Spe 
cifically, the FTC cigarette-testing method collects smoke 
samples by simulating puffing Volumes of 35 ml of cigarette 
smoke for two seconds every 58 seconds, with none of the 
filter ventilation holes blocked (if any), until the burn line 
reaches the tipping paper plus 2 mm, or a line drawn 23 mm 
from the end of a non-filter cigarette. This FTC smoking 
machine test method has been used in the United States since 
1967 to determine smoke cigarette yields for tar and nicotine. 
The determination of carbon monoxide yields in cigarette 
smoke was added to this method in 1980. 

0112. In 1967, when the FTC introduced its testing 
method, it issued a news release and explained that the pur 
pose of the testing “is not to determine the amount of tar and 
nicotine inhaled by any human Smoker, but rather to deter 
mine the amount of tar and nicotine generated when a ciga 
rette is Smoked by a machine in accordance with the pre 
scribed method.” Nevertheless, the method serves an 
important role in providing an accurate way to rank and 
compare cigarettes according to tar, nicotine and carbon mon 
oxide yields. 
0113. The International Standards Organization (ISO) 
developed a very similar Smoking-machine test method for 
tar, nicotine, and carbon monoxide yields of cigarettes (ISO. 
1991 "Cigarettes—determination of total and nicotine-free 
dry particulate matter using a routine analytical Smoking 
machine” ISO: 4387: 1991). 
0114. The FTC and ISO smoking methods differ in the 
following eight areas. 

0115 The FTC method specifies laboratory environ 
mental conditions of 75° Fi1° F (23.8° C.i.1° C.) and a 
relative humidity of 60%+2% for both the equilibration 
and testing. The time of equilibration is a minimum of 24 
hours and a maximum of 14 days. This is compared to 
the ISO specifications of 22° C.1° C. and 60%+2% 
relative humidity for equilibration, 22°C.-12°C. and 
60% relative humidity+5% for testing. The equilibration 
time is a minimum of 48 hours and a maximum of 10 
days. 

0116. The FTC defines the cigarette butt length as a 
minimum of 23 millimeters or the tipping paper plus 
three millimeters whichever is longer. ISO defines butt 
length as the longest of 23 millimeters or tipping paper 
plus three millimeters or the filter plus eight millimeters. 
Both methods specify a 23-millimeter butt length for 
non-filter cigarettes. 

0117 ISO defines the position of the ashtray at 20-60 
millimeters below the cigarettes in the Smoking 
machine. FTC does not specify a position. 

0118 ISO specifies a two-piece snap together reusable 
filter holder. This filter holder contains the Cambridge 
pad and uses a synthetic rubber perforated washer to 
partly obstruct the butt end of the cigarette. The FTC 
method defines the use of a Cambridge filter pad but 
does not specify a filter pad holder assembly. 

0119 The ISO method specifies airflow across the ciga 
rettes at the cigarette level. FTC specifies the use of a 
monitor cigarette to adjust airflow. 

0.120. The ISO procedure defines the process of wiping 
the excess total particulate matter (TPM) out of the used 
filter holder. The inner surfaces of the filter holder are 
wiped with two separate quarters of an unused condi 
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tioned filter pad. The FTC method uses the backside (the 
side opposite of the trapped TPM) to wipe the inner 
surface of the filter holder. 

0121 ISO specifies using 20 ml per Cambridge pad of 
extraction Solution to analyze nicotine and water in 
TPM. The FTC procedure defines 10 ml per Cambridge 
pad. 

0.122 ISO defines the internal standards for the gas 
chromatographic determination of nicotine and water. 
The FTC procedure does not specify the internal stan 
dards. 

I0123. These differences typically result in slightly lower 
measured deliveries for the ISO Method versus the FTC 
Method. The measured values between FTC and ISO meth 
ods are within the detection limits of the test or about no 
greater than 0.4 mg tar and about 0.04 mg nicotine for ciga 
rettes that yield over about 10 mg. 
0.124. In some embodiments, for example, the collective 
content of NNN, NAT, NAB, and NNK in the mainstream or 
side stream Smoke from a tobacco product comprising the 
modified tobacco, including genetically modified tobacco, 
described herein is between about 0-5.0 Lig/g, 0-4.0 ug/g, 
0-3.0 Lugg, 0-2.0 ug/g,0-1.5ug/g,0-1.0 ug/g,0-0.75ug,0-0.5 
ug/g, 0-0.25ug/g,0-0.15ug?.g. 0-0.1 g/g, 0-0.05ug?.g. 0-0.02 
ug/g, 0-0.015ug/g, 0-0.01 ug/g, 0-0.005ug?.g. 0-0.002 g/g, or 
0-0.001 g/g. That is, Some embodiments are genetically 
modified Burley tobacco, wherein the side stream or main 
stream Smoke produced from a tobacco product comprising 
said Burley tobacco has a collective content of NNN, NAT, 
NAB, and NNK in the mainstream or side stream Smoke 
between about 0-5.0 Lugg, 0-4.0 g/g, 0-3.0 g/g, 0-2.0 ug/g, 
0-1.5 ug/g, 0-1.0 g/g, 0-0.75 g/g, 0-0.5 Lig/g, 0-0.25 ug/g, 
0-0.15 g/g, 0-0.1 lug/g, 0-0.05 g/g, 0-0.02 ug/g, 0-0.015 
ug?.g. 0-0.01 g/g, 0-0.005 ug/g, 0-0.002 ug/g, or 0-0.001 
!!g/g. 
0.125. Other embodiments concern modified Flue-cured 
tobacco, Such as genetically modified Flue-cured tobacco, 
wherein the sidestream or mainstream Smoke produced from 
a tobacco product comprising said Flue-cured tobacco has a 
collective content of NNN, NAT, NAB, and NNK in the 
mainstream or side stream Smoke between about 0-5.0 ug/g, 
0-4.0 ug/g, 0-3.0 g/g, 0-2.0 ug/g, 0-1.5 g/g, 0-1.0 ug/g, 
0-0.75 g/g, 0-0.5 g/g, 0-0.25ug?.g. 0-0.15ug?.g. 0-0.1 ug/g, 
0.05 g/g, 0-0.02 ug/g, 0-0.015 ug/g, 0-0.01 g/g, 0-0.005 
ug/g, 0-0.002 ug/g, or 0-0.001 ug/g. 
0.126 More embodiments concern modified Oriental 
tobacco, wherein the sidestream or mainstream Smoke pro 
duced from a tobacco product comprising said Oriental 
tobacco has a collective content of NNN, NAT, NAB, and 
NNK in the mainstream or side stream smoke between about 
0-5.0 Lugg, 0-4.0 ug, 0-3.0 ug/g, 0-2.0 ug/g, 0-1.5ug/g, 0-1.0 
ug/g, 0-0.75 g/g, 0-0.5 g/g, 0-0.25ug/g, 0-0.15ug/g, 0-0.1 
ug/g, 0-0.05 ug/g, 0-0.02 g/g, 0-0.015 ug/g, 0-0.01 ug/g, 
0-0.005 g/g, 0-0.002 g/g, or 0-0.001 ug. 
0127. Additional Tobacco Modifications 
0128. Additional modified tobaccos that can be used in the 
methods and tobacco products provided herein include, but 
are not limited to, chemically modified tobacco, expanded, 
extracted, or puffed tobacco, and reconstituted tobacco. 
I0129. Any of a variety of chemically modified tobaccos 
can be included in the methods and tobacco products pro 
vided herein. For example, the chemical modification can 
include palladium, or can include an auxin, auxin analog, or 
jasmonate antagonist (see e.g., U.S. Pat. No. 6,789.548 and 
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U.S. Pat. App. Pub. No. 20050072047, both of which are 
hereby expressly incorporated by reference in their entirety). 
0130 By one approach, a chemically modified tobacco is 
made as follows. A tobacco is provided and a casing Solution 
is applied thereto. Thereafter, a plurality of metallic or car 
bonaceous catalytic particles having a mean average or a 
mode average particle size of less than about 20 microns is 
applied to the tobacco in a form separate from the casing 
Solution. Next, a nitrate or nitrite source in a form separate 
from the casing solution and in a form separate from the 
plurality of metallic or carbonaceous catalytic particles is 
applied to the tobacco, before, after or simultaneously with 
applying the plurality of particles but after applying the cas 
ing solution, whereby a Smoking composition is obtained. In 
Some embodiments of this modified tobacco, a polyaromatic 
hydrocarbon, azaarene, carbazole, or a phenolic compound is 
reduced. Using this approach, the Omni R tobacco product 
was developed. 
0131 By another approach, a chemically modified 
tobacco is made by identifying a tobacco plant in a field for 
nicotine reduction; and contacting said tobacco plant with a 
composition selected from the group consisting of an auxin, 
auxin analog, and jasmonate antagonist from between about 
21 days before topping to about 21 days after topping said 
tobacco plant, whereby the amount of nicotine in said topped 
tobacco plant contacted with said composition is below that 
ofa topped tobacco plant of the same variety, grown under the 
same conditions, which has not been contacted with said 
composition. 
0.132. In another example, the chemically modified 
tobacco can be extracted tobacco. By some approaches the 
chemically modified tobacco is extracted with an organic 
Solvent and other processes use Super-critical fluid extraction 
or carbon dioxide. In another example, the chemical modifi 
cation can be a biotic modification. Microbes that ingest 
nitrates and alkaloids can be applied to tobacco so as to obtain 
a reduced nicotine tobacco; for example Such a biotic modi 
fication can include bacteria. In another example, the tobacco 
is processed to remove the presence of a microbe. In another 
example the chemically modified tobacco can be sterilized, 
pasteurized, or radiated. 
0133. In another example, the chemically modified 
tobacco can have added thereto an exogenous component of 
tobacco or analog thereof. Tobacco can be modified to 
increase or decrease one or more compounds such as proteins, 
metabolites, nicotine-related compounds and sterols. In some 
methods provided herein, a tobacco which has been modified 
to produce lower levels of one or more compounds such as 
nicotine or a nicotine metabolite, or a sterol, can have exog 
enously added thereto, one of these lower-level compounds, 
one or more but not all lower-level compounds, or all lower 
level compounds or an analog of the compound(s). 
0134. Such tobaccos with one or more exogenously added 
compounds can be compared in accordance with the methods 
provided herein to the same tobacco to which no exogenous 
compound has been added, to which a different exogenous 
compound has been added, or to which a different level of the 
same exogenous compound has been added. For example, the 
methods provided herein can be used to compare a tobacco 
that has been genetically modified to produce reduced nico 
tine levels with the same tobacco to which exogenous nico 
tine or a nicotine analog has been added thereto. By perform 
ing Such methods, the role of the exogenously added 
compound on cell damage or other response determined 
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according to the methods provided herein (e.g., apoptosis or 
cell proliferation), can be determined. 
I0135) In another example, the chemically modified 
tobacco has had added thereto a compound or composition 
containing antioxidants. Tobacco at any stage of its process 
ing can have added thereto an antioxidant compound or a 
composition with antioxidant properties. Any of a variety of 
known antioxidant compounds can be added to the tobacco, 
including, but not limited to, lycopene, tocopherol, toco 
pherol metabolites, ascorbic acid, unsaturated fatty acids, 
N-acetyl cysteine, and other antioxidants known in the art. A 
composition with antioxidant properties can include a bio 
logical composition or extract that can neutralize oxidants, 
Such as milk or milk proteins, tumeric or tumeric extracts, 
barley or barley extracts, alfalfa or alfalfa extracts. Other 
compounds that can be added to the tobacco include thiol 
containing proteins, plant extracts, aromatic compounds 
(e.g., caffeine or pentoxyfyllen, which are contemplated to 
Scavenge carcinogens). 
0.136 Another form of modified tobacco is expanded or 
puffed tobacco. Included herein are methods to produce 
reduced-exposure tobacco products by utilizing the tobacco 
provided herein, deproteinized tobacco fiber, and freeze dried 
tobacco in any combination and in conjunction with 
expanded or puffed tobacco. More than 150 patents have been 
issued related to tobacco expansion (e.g., U.S. Pat. No. 3,991, 
772, herein expressly incorporated by reference in its 
entirety). “Expanded tobacco” is an important part of tobacco 
filler which is processed through expansion of suitable gases 
so that the tobacco is "puffed resulting in reduced density 
and greater filling capacity. It reduces the weight of tobacco 
used in cigarettes. Advantageously, expanded tobacco 
reduces tar, nicotine and carbon monoxide deliveries and 
finds use, for example, in making low tar, low nicotine, and 
low carbon monoxide delivery cigarettes. Expanded tobacco 
is particularly useful in making low-tar delivery cigarettes. 
Carlton(R) cigarettes, which have had claims of being the 
lowest tarand nicotine delivery cigarette, are reportedly made 
with a very large percentage of expanded tobacco. However, 
use of expanded tobacco also results in reduced nicotine 
delivery, which can result in compensation. 
0.137 Any method for expansion of tobacco known in the 
art can be used in the methods provided herein. The most 
common method used today incorporates liquid carbon diox 
ide (U.S. Pat. Nos. 4.340,073 and 4,336,814, herein expressly 
incorporated by reference in its entirety). Liquid propane has 
also been used for making commercial cigarettes, predomi 
nantly in Europe (U.S. Pat. No. 4,531,529, herein expressly 
incorporated by reference in its entirety). Liquid propane 
offers advantages over carbon dioxide since higher 3O 
degrees of expansion are possible, in the range of 200%. 
Under pressure, the liquid carbon dioxide (or liquid propane) 
permeates the tobacco cell structure. When the tobacco is 
rapidly heated the carbon dioxide (or liquid propane) expands 
the cell back to its pre-cured size. 
0.138 Another form of modified tobacco is reconstituted 
tobacco. Included herein are methods to produce reduced 
exposure tobacco products by utilizing the tobacco provided 
herein, deproteinized tobacco fiber, and freeze dried tobacco 
in any combination and in conjunction with reconstituted 
tobacco. “Reconstituted tobacco” (“Recon') is an important 
part of tobacco filler made from tobacco dust and other 
tobacco scrap material, processed into sheet form and cut into 
strips to resemble tobacco. In addition to the cost savings, 
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reconstituted tobacco is very important for its contribution to 
cigarette taste from processing flavor development using 
reactions between ammonia and Sugars. 
0.139. The process to produce sheets of Recon began dur 
ing the 1950s. U.S. patents that describe such processes 
include: U.S. Pat. Nos. 3,499.454, 4,182,349 4,962,774, and 
6,761,175, herein expressly incorporated by reference in their 
entirety. Recon is traditionally produced from tobacco stems 
and/or Smaller leaf particles in a process that closely 
resembles a typical paper making process. The tar and nico 
tine yields of reconstituted tobacco are lower than those from 
equivalent quantities of whole tobacco leaf. This process 
entails processing the various tobacco portions that are to be 
made into Recon. After the Recon sheets are produced they 
are cut into a size and shape that resembles cut rag tobacco 
made from whole leaf tobacco. This cut Recon then gets 
mixed with cut-rag tobacco and is ready for cigarette making. 
Cigarettes can be manufactured with all Recon, no Recon, or 
any combination thereof. Most major brands have at least 
10% of Recon in the Filler. 

0140. In another embodiment nicotine can be added, or 
nicotine salts, to produce Recon, which is made from 
reduced-nicotine transgenic tobacco or any non-tobacco 
plant material including but not limited to herbal blends so 
that when the Recon is burned it yields substantially less 
tobacco-specific nitrosamines and other carcinogens pro 
duced from conventional cigarettes, yet satisfactory amounts 
are nicotine are present. 
0141 Processes of removing proteins from tobacco, 
thereby creating “deproteinized tobacco fiber' are known in 
the art, as exemplified in U.S. Pat. Nos. 4,289,147 and 4,347, 
324, herein expressly incorporated by reference in its entirety. 
Tobacco fiber is a major byproduct after removing protein. 
The fibrous remains from deproteinized tobacco can be 
included in any percentage as an ingredient of Recon. Ciga 
rettes made from deproteinized tobacco have a different taste 
than conventional cigarettes. However, appropriate amounts 
of additives, including flavorings and nicotine, can be added 
to help alleviate this taste deficiency. 
0142 Cigarettes containing deproteinized tobacco have a 
significant advantage over conventional cigarettes since they 
produce reduced levels of carcinogens and harmful combus 
tion products. A 71% reduction in protein content of a Flue 
cured tobacco sheet resulted in an 81% reduction in the TA98 
Ames mutagenicity' of the pyrolytic condensate (Clapp, W. 
L., et al., “Reduction in Ames Salmonella mutagenicity of 
cigarette mainstream Smoke condensate by tobacco protein 
removal, Mutation Research, 446, pg. 167-174, 1999). Pre 
vious research in this area had determined that tobacco leaf 
protein might be the principal precursor of mutagens in TSC 
(Matsumoto, et al., “Mutagenicities of the pyrolysis of pep 
tides and proteins’. Mutation Research, 56, pg 281-288, 
1978). 
0143. Extracting tobacco fiber from genetically modified 
reduced-nicotine tobacco effectively eliminates virtually all 
carcinogenic TSNAS in Such tobacco, since nitrosamines 
require relatively high concentrations of nicotine and other 
alkaloids to form at detectable levels. Therefore, it can be 
advantageous to utilize reduced-nicotine tobacco in reduced 
exposure cigarettes or other tobacco products to further 
reduce TSNAs. Nicotine can be either left out or introduced 
later in the process, which can also be in the form of nicotine 
salts. 
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0144 PAHs are formed from high temperature pyrolysis 
of amino acids, Sugars, paraffins, terpenes, phytosterols, cel 
luloses and other components of tobacco. Most of these com 
ponents are greatly reduced in tobacco fiber, effectively 
reducing formation of PAHs. Catechols and phenols, recog 
nized carcinogenic co-factors in CS, would also be reduced 
since low levels of soluble sugar are present in tobacco fiber. 
0145 Harmful gas phase compounds Such as hydrogen 
cyanide, nitrogen oxides, and carbon monoxide are also 
reduced when cigarette containing only tobacco fiber is 
Smoked compared to cigarettes made with whole-leaf 
tobacco. Hydrogen cyanide is formed from burning proteins 
and chlorophyll. Nitrogen oxides are formed from burning 
soluble protein, chlorophyll, nitrates, and alkaloids. These 
components would not be present in significant amounts in 
deproteinized tobacco. Tobacco fiber has approximately 85 
percent less starches and cellulosic material thus reducing the 
major pyrolytic precursors of carbon monoxide. 
0146 In another embodiment, methods are provided to 
produce reconstituted tobacco that includes extracted tobacco 
fiber derived from conventional tobacco, reduced-nicotine 
transgenic tobacco, or increased-nicotine transgenic tobacco. 
0147 If the tobacco curing process is circumvented, Vir 
tually no TSNAs will be present in traditional tobacco prod 
ucts such as cigarettes, cigar filler or wrapper, roll-your-own 
tobacco for cigarettes, pipe tobacco, chewing tobacco, Snuff. 
reconstituted tobacco and other preparations made with 
freeze-dried tobacco would contain virtually no TSNAs since 
traditional curing processes are eliminated. 
0.148. In another embodiment TSNAs can be virtually 
eliminated through processing freshly harvested tobacco 
using lyophilization. This is accomplished by processing 
freshly harvested tobacco through freeze-drying units located 
near tobacco farms. Tobacco processed in this manner can be 
grown in a traditional fashion with spacing of plants or in a 
biomass setting. In addition to the economic advantages of 
eliminating the costs associated with the curing process, the 
tobacco can now be grown in a biomass fashion that can 
create hundreds of thousands of pounds of fresh tobacco per 
aCC. 

0149. By growing tobacco in a biomass setting and imme 
diately freeze drying the fresh tobacco for cigarettes, roll 
your-own-tobacco, pipe tobacco, cigar filler or wrapper, 
chewing tobacco, Snuff, and other versions of Smokeless 
tobacco, labor is reduced not only by eliminating the trans 
plant of each plant from greenhouse to the field but also by 
eliminating traditional harvesting and curing of the tobacco. 
Also, farmland needed for this purpose is greatly reduced. 
The yield of tobacco from one acre of tobacco grown in 
biomass is equivalent to approximately 100 acres of tobacco 
grown in a traditional manner. 
0150 “Tobacco biomass” is achieved by directly sowing 
an acre of land with copious quantities of tobacco seed within 
a few inches of each other in the field. Unlike tobacco planted 
with traditional spacing, individual plants can no longer be 
differentiated when tobacco is planted in a biomass fashion. 
An acre of tobacco biomass has the appearance of a continu 
ous, dense, green carpet. U.S. Pub. Pat. App. No. 
20020197688, herein expressly incorporated by reference in 
its entirety, describes Such methods. 
0151. Lyophilization removes most of the water (-80%) 
from the weight of fresh harvested tobacco biomass. The 
result is Freeze Dried Tobacco (“FDT). FDT is easily pull 
Verized into fine particles Suitable for processing into Recon. 
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This Recon can be cut and made into any type of tobacco 
product such as filler for cigarettes, roll-your-own-tobacco, 
pipe tobacco, cigar filler or wrapper, chewing tobacco, Snuff. 
and other forms of Smokeless tobacco. Flavorings and addi 
tives, including Sugars, can be incorporated into the recon 
process. 
0152 Such Recon can be made from 100 percent FDT or 
in any proportion that consumers prefer. The lyophilization 
process can have adverse affects on the taste of such tobacco 
products. Therefore, FDT can even be mixed in any percent 
age with traditional pulverized, cured tobacco so that the 
mixture can be made into Recon. Alternatively, FDT can be 
mixed in any percentages with any forms of traditional 
tobacco conducive for manufacturing cigarettes, roll-your 
own tobacco, pipe tobacco, and cigar filler or wrapper, chew 
ing tobacco, Snuff and other versions of Smokeless tobacco in 
order to satisfy the tastes of the mass market. 
0153. In another embodiment, genetically modified 
reduced-nicotine tobacco can be used for reducing TSNAs as 
described elsewhere herein, thereby creating an additional 
benefit of Such cigarettes, roll-your-own-tobacco, pipe 
tobacco, cigar filler or wrapper, chewing tobacco, Snuff and 
other versions of Smokeless tobacco being non-addictive and 
without any TSNAs. 
0154. In another embodiment, nicotine can be added, in 
amounts that deliver the desired physiological response, back 
to the FDT for uses in cigarettes, cigar filler or wrapper, 
roll-your-own tobacco for cigarettes, pipe tobacco, chewing 
tobacco, Snuff, and other versions of Smokeless tobacco so 
that they will contain virtually no TSNAs. Cigarettes pro 
duced from tobacco fiber obtained from green leaf cured 
tobacco. 
O155 In another embodiment, Nicotiana rustica and/or 
increased-nicotine transgenic Nicotiana tabacum are freeze 
dried after harvest and are incorporated into recon. The ben 
efits are that the high alkaloid content is preserved for low 
TNR cigarettes and that the tobacco curing step is saved. 
Also, the associated increase in TSNAs with high alkaloid 
tobaccos will not materialize. Preferred tobaccos for use with 
the methods described herein include genetically modified 
tobaccos as described in the following sections. 
0156 Curing 
0157. The curing process, which typically lasts about 1 
week, brings out the flavor and aroma of tobacco. Several 
methods for curing tobacco may be used, and indeed many 
methods have been previously disclosed. For example, U.S. 
Pat. No. 4,499,911 to Johnson; U.S. Pat. No. 5,685,710 to 
Martinez Sagrera; U.S. Pat. No. 3,905,123 to Fowler; U.S. 
Pat. No. 3,840,025 to Fowler; and U.S. Pat. No. 4,192,323 to 
Horne describe aspects of the tobacco curing process which 
may be used for some embodiments provided herein. Con 
ventionally, “sticks' that are loaded with tobacco are placed 
into bulk containers and placed into closed buildings having a 
heat Source known as a curing barn. A flue is often used to 
control the smoke (thus earning the term “Flue-cured). The 
method of curing will depend, in some cases, on the type of 
tobacco-use cessation product desired, (i.e., Snuff, cigarettes, 
or pipe tobacco may preferably utilize different curing meth 
ods) and preferred methods may vary from region to region 
and in different countries. In some approaches, the stems and 
midveins of the leaf are removed from the leaves prior to 
curing to yield a high quality, low TSNA tobacco product. 
0158 “Flue-curing is a popular method for curing 
tobacco in Virginia, North Carolina, and the Coastal Plains 
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regions of the United States. This method is used mainly in 
the manufacture of cigarettes. Flue-curing requires a closed 
building equipped with a system of ventilation and a source of 
heat. The heating can be director indirect (e.g., radiant heat). 
When heat and humidity are controlled, leaf color changes, 
moisture is quickly removed, and the leaf and stems dry. 
Careful monitoring of the heating and humidity can reduce 
the accumulation of TSNAs. 
0159. Another curing method is termed “air-curing’. In 
this method, an open framework is prepared in which Sticks of 
leaves (or whole plants) are hung so as to be protected from 
both wind and Sun. Leaf color changes from green to yellow, 
as leaves and stems dry slowly. 
0160 “Fire-curing employs an enclosed barn similar to 
that used for flue-curing. The tobacco is hung over low tem 
perature fire so that the leaves cure in a Smoke-laden atmo 
sphere. This process uses lower temperatures, so the process 
may take up to a month, in contrast to flue-curing, which takes 
about 6 to 8 days. 
0.161. A further curing method, termed "sun-curing is the 
drying of uncovered sticks or strings of tobacco leaves in the 
Sun. The best known Sun-cured tobaccos are the so-called 
Oriental tobaccos of Turkey, Greece, Yugoslavia, and nearby 
countries. 
0162 The curing process, and most particularly the flue 
curing process, is generally divided into the following four 
Stages: 
A) Firing Up: During this step, the tobacco leaves turn bright 
lemon-orange in color. This is achieved by a gradual increase 
in temperature. 
B) Leaf Yellowing: In this step any moisture is removed. This 
creates the “yellowing of the tobacco. It also prepares the 
tobacco for drying in the next step. 
C) Leaf Drying: Leaf drying, an important step in the curing 
process, requires much time for the tobacco to dry properly. 
Additionally, air flow is increased in this step to facilitate the 
drying process. 
D) Stem Drying: The drying process continues, as the stem of 
the tobacco leaf becomes dried. 
0163 The cured tobacco may then be blended with other 
tobaccos or other materials to create the product to be used for 
the tobacco-use cessation method. The section below 
describes typical methods of blending and preparing a 
tobacco product provided herein. 
0164 Tobacco Blending 
0.165. It may be desirable to blend tobacco of varying 
nicotine levels to create the cessation product having the 
desired level of nicotine. This blending process is typically 
performed after the curing process, and may be performed by 
conventional methods. Preferred tobacco blending 
approaches are provided below. In some embodiments, 
blending of the transgenic tobacco is conducted to prepare the 
tobacco so that it will contain specific amounts of nicotine, 
nornicotine, sterol and/or TSNA in specific products. Prefer 
ably, the blending is conducted so that tobacco products of 
varying amounts of nicotine are made in specific products. 
0166 A mixture that contains different types of tobacco is 
desirably Substantially homogeneous throughout in order to 
avoid undesirable fluctuations in taste or nicotine levels. Typi 
cally, tobacco to be blended may have a moisture content 
between 30 and 75%. As an example, the tobacco is first cut 
or shredded to a Suitable size, then mixed in a mixing device, 
Such as a rotating drum or a blending box. One Such known 
mixing device is a tumbling apparatus that typically com 



US 2011/0173721 A1 

prises a rotating housing enclosing mixing paddles which are 
attached to and, therefore, rotate with the housing to stir the 
tobacco components together in a tumbling action as the 
drum turns. 

0167. After the desired tobaccos are thoroughly mixed, the 
resulting tobacco blendis removed from the mixing apparatus 
and bulked to provide a continuous, generally uniform quan 
tity of the tobacco blend. The tobacco is then allowed to 
remain relatively undisturbed (termed the “bulking step') for 
the required period of time before Subsequent operations are 
performed. The bulking step typically takes 30 minutes or 
less, and may be carried out on a conveyor belt. The conveyor 
belt allows the blended tobacco to remain in bulk form in an 
undisturbed condition while it is continuously moving the 
tobacco blend through the process from the mixing stage to 
the expansion stage. 
0168 The tobacco blend is typically expanded by the 
application of steam. The tobacco mixture is typically Sub 
jected to at least 0.25 pounds of Saturated Steam at atmo 
spheric conditions per pound of blended tobacco for at least 
10 seconds to provide an increase in moisture of at least 2 
weight percent to the tobacco blend. After the tobacco blend 
has been expanded, it is dried. A typical drying apparatus uses 
heated air or Superheated Steam to dry the tobacco as the 
tobacco is conveyed by the heated air or steam stream through 
a drying chamber or series of drying chambers. Generally, the 
wet bulb temperature of the drying air may be from about 150 
degrees F. to about 211 degrees F. The tobacco blend is 
typically dried to a moisture content of from about 60% to 
about 5%. The dried, expanded tobacco blend is then in a 
Suitable mode to be processed into the tobacco-use cessation 
product as described below. 
0169. Some blending approaches begin with tobacco pre 
pared from varieties that have extremely low amounts of 
nicotine, nomicotine, sterols and/or TSNAs. By blending pre 
pared tobacco from a low nicotine/TSNA variety (e.g., unde 
tectable levels of nicotine and/or TSNAs) with a conventional 
tobacco (e.g., Burley, which has 30,000 parts per million 
(ppm) nicotine and 8,000 parts per billion (ppb) TSNA; Flue 
cured, which has 20,000 ppm nicotine and 300 ppb TSNA; 
and Oriental, which has 10,000 ppm nicotine and 100 ppb 
TSNA), tobacco products having virtually any desired 
amount of nicotine and/or TSNAs can be manufactured. 
Other approaches blend only low nicotine/TSNA tobaccos 
(e.g., genetically modified Burley, genetically modified Vir 
ginia Flue-cured, and genetically modified Oriental tobaccos 
that contain reduced amounts of nicotine and/or TSNAs) 
and/or low sterol tobaccos (e.g., Burley, Flue-cured, and Ori 
ental). Tobacco products having various amounts of nicotine 
and/or TSNAs can be incorporated into tobacco-use cessation 
kits and programs to help tobacco users reduce or eliminate 
their dependence on nicotine and reduce the carcinogenic 
potential. 
0170 By one approach, a step 1 tobacco product is com 
prised of approximately 25% low nicotine/TSNA tobacco 
and 75% conventional tobacco; a step 2 tobacco product can 
be comprised of approximately 50% low nicotine/TSNA 
tobacco and 50% conventional tobacco; a step 3 tobacco 
product can be comprised of approximately 75% low nico 
tine/TSNA tobacco and 25% conventional tobacco; and a step 
4 tobacco product can be comprised of approximately 100% 
low nicotine/TSNA tobacco and 0% conventional tobacco. 
By another approach, a step 1 tobacco product is comprised of 
approximately 25% low sterol/PAH tobacco and 75% con 
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ventional tobacco; a step 2 tobacco product can be comprised 
of approximately 50% low sterol/PAH tobacco and 50% con 
ventional tobacco; a step 3 tobacco product can be comprised 
of approximately 75% low sterol/PAH tobacco and 25% con 
ventional tobacco; and a step 4 tobacco product can be com 
prised of approximately 100% low sterol/PAH tobacco and 
0% conventional tobacco. By another approach, a step 1 
tobacco product is comprised of approximately 25% low 
sterol/PAH and low nicotine/TSNA tobacco and 75% con 
ventional tobacco; a step 2 tobacco product can be comprised 
of approximately 50% low sterol/PAH and low nicotine/ 
TSNA tobacco and 50% conventional tobacco; a step 3 
tobacco product can be comprised of approximately 75% low 
sterol/PAH and low nicotine/TSNA tobacco and 25% con 
ventional tobacco; and a step 4 tobacco product can be com 
prised of approximately 100% low sterol/PAH and low nico 
tine/TSNA tobacco and 0% conventional tobacco. A tobacco 
use cessation kit can comprise an amount of tobacco product 
from any combination of the aforementioned blends to satisfy 
a consumer for a single month program. That is, if the con 
Sumer is a one pack per day Smoker, for example, a single 
month kit would provide 7 packs from each step, a total of 28 
packs of cigarettes. Each tobacco-use cessation kit would 
include a set of instructions that specifically guide the con 
Sumer through the step-by-step process. Of course, tobacco 
products having specific amounts of nicotine, TSNA, Sterol 
and/or PAH would be made available in conveniently sized 
amounts (e.g., boxes of cigars, packs of cigarettes, tins of 
Snuff, and pouches or twists of chew) so that consumers could 
select the amount of nicotine, TSNA, sterol and/or PAH they 
individually desire. There are many ways to obtain various 
low nicotine/low TSNA and/or low sterol/low PAH tobacco 
blends using the tobaccos and teachings described herein and 
the following is intended merely to guide one of skill in the art 
to one possible approach. 
0171 To obtain a step 1 tobacco product, which is a 25% 
low nicotine/TSNAblend, prepared tobacco from an approxi 
mately 0 ppm nicotine/TSNA tobacco can be mixed with 
conventional Burley, Flue-cured, or Oriental in a 25%/75% 
ratio respectively to obtain a Burly tobacco product having 
22,500 ppm nicotine and 6,000 ppb TSNA, a Flue-cured 
product having 15,000 ppm nicotine and 225 ppb TSNA, and 
an Oriental product having 7,500 ppm nicotine and 75 ppb 
TSNA. Similarly, to obtain a step 2 product, which is 50% low 
nicotine/TSNA blend, prepared tobacco from an approxi 
mately 0 ppm nicotine/TSNA tobacco can be mixed with 
conventional Burley, Flue-cured, or Oriental in a 50%/50% 
ratio respectively to obtain a Burly tobacco product having 
15,000 ppm nicotine and 4,000 ppb TSNA, a Flue-cured 
product having 10,000 ppm nicotine and 150 ppb TSNA, and 
an Oriental product having 5000 ppm nicotine and 50 ppb 
TSNA. Further, a step 3 product, which is a 75%/25% low 
nicotine/TSNA blend, prepared tobacco from an approxi 
mately 0 ppm nicotine/TSNA tobacco can be mixed with 
conventional Burley, Flue-cured, or Oriental in a 75%/25% 
ratio respectively to obtain a Burly tobacco product having 
7,500 ppm nicotine and 2,000 ppb TSNA, a Flue-cured prod 
uct having 5,000 ppm nicotine and 75 ppb TSNA, and an 
Oriental product having 2,500 ppm nicotine and 25 ppb 
TSNA. 

0172. By a preferred method, conventional Virginia Flue 
cured tobacco was blended with genetically modified Burley 
(i.e., Burley containing a significantly reduced amount of 
nicotine and TSNA) to yield a blended tobacco that was 



US 2011/0173721 A1 

incorporated into three levels of reduced nicotine cigarettes: a 
step 1 cigarette containing 0.6 mg nicotine, a step 2 cigarette 
containing 0.3 mg nicotine, and a step 3 cigarette containing 
less than 0.05 mg nicotine. The amount of total TSNA was 
found to range between approximately 0.17 ug-0.6 ug/g. 
0173. In some cigarettes, approximately, 28% of the blend 
was Virginia Flue-cured tobacco, approximately 29% of the 
blend was genetically modified (i.e., reduced nicotine Bur 
ley), approximately 14% of the blend was Oriental, approxi 
mately 17% of the blend was expanded Flue-cured stem, and 
approximately 12% was standard commercial Recon. The 
amount of total TSNAs in cigarettes containing this blend was 
approximately 1.5 g/g, 
0.174. It should be appreciated that tobacco products are 
often a blend of many different types of tobaccos, which were 
grown in many different parts of the world under various 
growing conditions. As a result, the amount of nicotine, 
TSNAs, sterols and PAHs will differ from crop to crop. Nev 
ertheless, by using conventional techniques one can easily 
determine an average amount of nicotine, TSNA, Sterol and 
PAH per crop used to create a desired blend. It should also be 
appreciated that reconstituted, expanded, chemically treated, 
or microbial treated tobacco can be blended with the modified 
tobacco described herein, such as, for example the transgenic 
tobacco described herein. By adjusting the amount of each 
type of tobacco that makes up the blend one of skill can 
balance the amount of nicotine, TSNA, sterol and/or PAH 
with other considerations such as appearance, flavor, and 
Smokability. In this manner, a variety of types of tobacco 
products having varying level of nicotine, TSNA, sterol and/ 
or PAH, as well as, appearance, flavor and Smokability can be 
created. 
(0175 A. Genetically Modified Tobacco 
0176). In some embodiments, the modified tobacco is a 
genetically modified tobacco. Several approaches to create 
genetically modified tobacco having a reduced amount of a 
harmful compound are described. Many embodiments con 
cern nucleic acid constructs that inhibit the expression of a 
gene, which regulates production of a compound that is asso 
ciated with a tobacco-related disease. Since these nucleic acid 
constructs efficiently reduce the presence of a compound that 
contributes to a tobacco-related disease, the genetically modi 
fied tobacco, prepared as described herein, can be used to 
create a tobacco product, Such as a cigarette, Snuff or pipe 
tobacco, which has a reduced potential to contribute to a 
tobacco-related disease. That is, embodiments provided 
herein concern reduced risk tobacco products made from 
reduced risk transgenic tobacco created using the nucleic acid 
constructs described herein. 

0177 More specifically, embodiments provided herein 
concern nucleic acid constructs that inhibit the expression of 
a number of genes involved in the synthesis and regulation of 
the production of nicotine, nornicotine, and/or sterols in 
tobacco. Alkaloids Such as nicotine and nornicotine are pre 
cursors for a number of harmful compounds that contribute to 
tobacco-related disease (e.g., the tobacco specific nitro 
samines (TSNAs): N-nitrosonornicotine (NNN), N'-nitrosoa 
natabine (NAT), N'-nitrosoanabasine (NAB), 4-(N-nitrosom 
ethylamino)-1-(3-pyridyl)-1-butanone (NNK), 4-(N- 
nitrosomethylamino)-4-(3-pyridyl)-1-butanal (NNA)-4-N- 
nitrosomethylamino)-1-(3-pyridyl)-1-butanol (NNAL), 4-N- 
nitrosomethylamino)-4-(3-pyridyl)-1-butanol (iso-NNAL) 
and/or 4-(N-nitrosomethylamino)-4-(3-pyridyl)-butanoic 
acid (iso-NNAC) and acrolein). Sterols are precursors for a 
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number of harmful compounds, which are generated by 
pyrolysis of tobacco, that also contribute to tobacco-related 
disease (e.g., polyaromatic hydrocarbons (PAHs). Such as 
benzapyrene (BAP), heterocyclic hydrocarbons, terpenes, 
paraffins and aromatic amines). Because the presence of these 
harmful compounds intobacco contributes to tobacco-related 
disease, a transgenic or genetically modified tobacco that 
comprises a reduced amount of any one of these compounds, 
as compared to a reference tobacco has a reduced potential to 
contribute to a tobacco-related disease. 

0178. Other embodiments concern nucleic acid constructs 
for heterologous expression of a gene that reduces, or is 
related to production of a compound that reduces, the harmful 
effect of one or more compounds associated with a tobacco 
related disease. Since these nucleic acid constructs introduce 
or increase the presence of a compound that results in reduc 
tion of the harmful effect of a compound associated with a 
tobacco-related disease, the genetically modified tobacco, 
prepared as described herein, can be used to create a tobacco 
product, Such as a cigarette, Snuff or pipe tobacco, which has 
a reduced potential to contribute to a tobacco-related disease. 
That is, embodiments provided herein concern reduced risk 
tobacco products made from reduced risk transgenic tobacco 
created using the nucleic acid constructs described herein. 
0179. Other embodiments are directed to genetically 
modified tobacco in which expression of two or more genes in 
the biosynthetic pathway of a compound associated with a 
tobacco-related disease is inhibited. Inhibition of two or more 
genes in the biosynthetic pathway of a compound associated 
with a tobacco-related disease can be attained by inhibition of 
two or more genes that act on a Substrate at the same step in 
the biosynthetic pathway (e.g., inhibition of two or more 
isoforms of a biosynthetic gene) or inhibition of two or more 
genes that act on a Substrate at different steps in the biosyn 
thetic pathway. In such embodiments, the genetically modi 
fied tobacco can contain one or more heterologous nucleic 
acids Such as the nucleic acids and constructs provided 
herein, where the heterologous nucleic acids can contain one 
or more sequences that can inhibit expression of two or more 
genes in the biosynthetic pathway of a compound associated 
with a tobacco-related disease. 

0180. Other embodiments are directed to genetically 
modified tobacco in which the active form of a gene in the 
biosynthetic pathway of a compound associated with a 
tobacco-related disease is inhibited. The active form of a gene 
in the biosynthetic pathway of a compound associated with a 
tobacco-related disease can be inhibited by any of a variety of 
methods for inhibiting protein activity, including, but not 
limited to: knocking out part or all of a gene encoding the 
endogenous protein using, for example, homologous recom 
bination; and heterologous expression of a dominant negative 
protein that inhibits the activity of the endogenous protein. 
0181. By using the constructs described herein, the 
amount of harmful compounds in tobacco or the harmful 
effects thereof, such as alkaloids and sterols, can be reduced 
or removed and a tobacco product comprising this genetically 
modified tobacco, with or without exogenous nicotine, will 
have a reduced potential to contribute to a tobacco-related 
disease. That is, genetically modified tobacco comprising the 
constructs described herein can be used to manufacture 
“reduced risk” tobacco products (e.g., a tobacco product com 
prising a reduced endogenous nicotine, reduced endogenous 
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nornicotine, and/or reduced sterol tobacco). Such as a ciga 
rette, Snuff or pipe tobacco, which may have exogenous nico 
tine incorporated therein. 
0182. Accordingly, embodiments provided herein con 
cern genetically modified tobacco and tobacco products con 
taining a tobacco that comprises a genetic modification, 
which have a reduced amount or are substantially free of a 
harmful compound including, but not limited to, nicotine, 
nornicotine, a sterol, an acrolein, an aldehyde, a TSNA 
selected from the group consisting of N'-nitroSonornicotine 
(NNN), 4-(N-nitrosomethylamino)-1-(3-pyridyl)-1-bu 
tanone (NNK), N'-nitrosoanatabine (NAT), and/or N'-ni 
troSoanabasine (NAB) or generate a reduced amount of a 
PAH, a BAP, a heterocyclic hydrocarbon, an aromatic amine 
upon pyrolysis, wherein this reduced risk genetically modi 
fied tobacco is made by lowering the expression of a gene in 
said tobaccos with one of the constructs described herein. 
Preferred embodiments include a transgenic tobacco and a 
tobacco product (e.g., cigarette) that comprises a cured 
tobacco comprising a genetic modification and comprising or 
delivering by FTC method a reduced amount of nicotine or 
total alkaloid (e.g., below a conventional level of nicotine or 
total alkaloid typical for the strain of plant, preferably, less 
than or equal to 3,000 ppm, 2000 ppm, 1000 ppm, or 500 
ppm), wherein said genetic modification comprises an inhi 
bition of a gene that regulates the production of nicotine 
and/or nornicotine, such as arginine decarboxylase (ADC), 
methylputrescine oxidase (MPO), NADH dehydrogenase, 
ornithine decarboxylase (ODC), phosphoribosylanthranilate 
isomerase (PRAI), putrescine N-methyltransferase (PMT), 
quinolate phosphoribosyltransferase (QPT), S-adenosyl-me 
thionine synthetase (SAMS), or A622 or comprises an inhi 
bition of a gene that regulates the production of sterol bio 
synthesis include HMG-CoA reductase, 14alpha 
demethylase, squalene synthase, SMT2, SMT1, C14 sterol 
reductase, A8-A7-isomerase, or C4-demethylase, using one 
or more of the constructs described herein. 

0183 Preferred embodiments also include a transgenic 
tobacco and a tobacco product (e.g., cigarette, Snuff or pipe 
tobacco) that comprises a cured tobacco comprising a genetic 
modification and a reduced amount of a sterol (e.g., com 
prises an amount of sterol ordelivers and amount of sterol that 
is below a conventional level of said sterol typical for the 
strain of plant) wherein said genetic modification comprises 
an inhibition of a gene that regulates the production of a sterol 
in tobacco using one or more of the constructs described 
herein. Related embodiments include a transgenic tobacco 
and tobacco product made therefrom (e.g., a cigarette, Snuff 
or pipe tobacco) that upon pyrolysis generates a reduced 
amount of a PAH, BAP, a heterocyclic hydrocarbon, or an 
aromatic amine, as compared to that generated by a reference 
tobacco or reference tobacco product (e.g., IM16, 2R4F or 
1R5F), a commercially available tobacco product of the same 
class (e.g., full-flavor, lights, and ultra-lights), or, preferably, 
a tobacco of the same variety (e.g., Burley, Virginia Flue 
cured, or Oriental) or strain (e.g., LA Burley 21, K326, Tn.90, 
Djebel 174) as the transgenic tobacco prior to genetic modi 
fication). 
0184 Preferred embodiments also include a transgenic 
tobacco and a tobacco product (e.g., cigarette, Snuff or pipe 
tobacco) that comprises a cured tobacco comprising a genetic 
modification and a reduced amount of nicotine or total alka 
loid and a sterol (e.g., comprise or provides an amount of 
nicotine or total alkaloidan for sterols that is below a conven 
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tional level of nicotine, total alkaloid, or sterol typical for the 
strain of plant) wherein said genetic modification comprises 
an inhibition of a gene that regulates the production of both 
nicotine and sterols in tobacco. That is, embodiments pro 
vided herein concern isolated nucleic acids, isolated nucleic 
acid cassettes, and isolated nucleic acid constructs that inhibit 
the expression of a plurality of genes that regulate the pro 
duction of nicotine and TSNAs, isolated nucleic acids, iso 
lated nucleic acid cassettes, and isolated nucleic acid con 
structs that inhibit the expression of a plurality of genes that 
regulate the production of sterols and, thus PAHs, and iso 
lated nucleic acids, isolated nucleic acid cassettes, and iso 
lated nucleic acid constructs that inhibit the expression of a 
plurality of genes that regulate the production of nicotine and 
TSNAs and sterols and, thus, PAHs (e.g., a double knock-out 
of at least two different genes that regulate the production of 
at least two different harmful compounds in tobacco). 
0185. In some embodiments, the tobacco that is substan 
tially free or comprises a reduced amount of nicotine, norni 
cotine, TSNAs, sterols, and/or produces a reduced amount of 
PAHs upon pyrolysis is made by exposing at least one tobacco 
cell of a selected variety (e.g., Burley, Virginia Flue-cured, or 
Oriental) to an exogenous nucleic acid construct encoding an 
interfering RNA comprising an RNA duplex that comprises a 
first strand having a sequence that is substantially similar or 
identical to at least a portion of the coding sequence of a target 
gene and/or target gene product involved in nicotine biosyn 
thesis or sterol biosynthesis, and a second strand that is 
complementary or substantially complementary to the first 
Strand. In some embodiments, the nucleic acid construct fur 
ther comprises a nucleotide sequence encoding the interfer 
ing RNA operably linked to a promoter operable in a plant 
cell. The tobacco cell is transformed with the nucleic acid 
construct, transformed cells are selected and at least one 
transgenic tobacco plant is regenerated from the transformed 
cells. The transgenic tobacco plants described herein can 
contain a reduced amount of anyone of nicotine, nornicotine, 
TSNAs and/or a sterol as compared to a control tobacco plant 
of the same variety. In some embodiments, nucleic acid con 
structs encoding interfering RNAs (RNAi) comprising a first 
Strand having a sequence Substantially similar or identical to 
the entire coding sequence of a target gene and/or target gene 
product involved in nicotine or sterol biosynthesis, and a 
second strand that is complementary or Substantially comple 
mentary to the first strand, are contemplated. 
0186. In some embodiments, the genetically modified 
tobacco provided herein will be genetically stable for at least 
2, 3, 4, 5, 6, 8, 10, 12, 15, 20, 25, 30, 40 or 50, or more, 
generations. For example, the genetically modified tobacco 
produces a reduced amount of a compound associated with a 
tobacco related disease for at least 2, 3, 4, 5, 6, 8, 10, 12, 15, 
20, 25, 30, 40 or 50, or more, generations. It is contemplated, 
for example, that crossings of multiple tobaccos each having 
different genetic modifications that are stable over many gen 
erations can be performed so as to obtain a genetically modi 
fied tobacco having a reduced level of expression of a plural 
ity of genes that encode precursors for various tobacco related 
diseases. 

0187. In some embodiments, the genetically modified 
tobacco provided herein will have agronomic characteristics 
Suitable for commercial production. Although in some 
instances genetically modified tobacco can have agronomic 
characteristics that are different from conventional tobacco, 
Such a tobacco can be Suitable for commercial production 
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because these different agronomic characteristics can be 
compensated for by employing techniques common to those 
of skill in the art. That is, although the agronomic character 
istics for a genetically modified tobacco created as described 
herein may differ from those of conventional tobacco, such 
alterations may not necessarily yield a plant that is no longer 
Suitable for commercial production. For example, a geneti 
cally modified tobacco may have a reduced root mass, but 
tobacco plants having reduced root mass can nevertheless be 
Suitable for commercial production when such tobaccos are 
raised under conditions in which the plants are thoroughly 
irrigated and/or not subjected to drought conditions. Addi 
tional nutritional requirements (e.g., nitrogen) may be 
required. Any of a variety of conventional agronomic meth 
ods can be used to produce commercial quantities of a geneti 
cally modified tobacco, where such methods include, but are 
not limited to, irrigation, fertilization, providing nutrients for 
plant growth, and use of pesticides. As referred to herein, a 
genetically modified tobacco that is suitable for commercial 
production is a genetically modified tobacco that, under 
appropriate agronomic conditions will produce at least 25%, 
30%, 40%, 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 
100% or more, tobacco useful for creation of a tobacco prod 
uct relative to an unmodified or conventional tobacco, grown 
under its standard growing conditions. 
0188 1. Genes to Modify 
0189 In some embodiments, the gene product is one that 

is involved in nicotine biosynthesis. Such enzymes include, 
but are not necessarily limited to, putrescene N-methyltrans 
ferase (PMTase), N-methylputrescene oxidase, ornithine 
decarboxylase, S-adenosylmethionine synthetase, NADH 
dehydrogenase, phosphoribosylanthranilate isomerase and 
quinolate phosphoribosyltransferase (QPTase). In preferred 
embodiments, the gene product that is inhibited using a con 
struct described herein is QPTase, PMTase, and A622. In 
Some embodiments, the tobacco that is made Substantially 
free of nicotine and/or TSNAs (e.g., comprises or delivers less 
than or equal to 0.5 mg/g nicotine and/or less than or equal to 
0.5 g/g, collective content of NNN, NAT, NAB, and NNK) is 
prepared from a variety of Burley tobacco (e.g., Burley 21 or 
Tn90), Oriental tobacco (Djeball 174), or Virginia Flue-cured 
(K326) tobacco. It should be understood, however, that most 
tobacco varieties can be made to have reduced amounts of 
nicotine and/or TSNAS or can be made substantially free of 
nicotine and/or TSNAs by using the embodiments described 
herein. For example, plant cells of the variety Burley 21 are 
used as the host for the genetic engineering that results in the 
reduction of nicotine and/or TSNAs so that the resultant 
transgenic plants are a Burley 21 variety that has a reduced 
amount of nicotine and/or TSNAs. 

0190. Accordingly, some embodiments concern a tobacco 
that comprises a genetic modification comprising a reduced 
amount or a reduced level of expression of QPTase, PMTase, 
or A622, comprising or delivering a reduced amount of nico 
tine or total alkaloid and/or a collective content of TSNA 
(e.g., NNN, NAT, NAB, or NNK) of less than or equal to 0.5 
g/g (e.g., 0.05ug/g, 0.11g, 0.2 g/g, 0.3 g/g, 0.4 g/g, or 0.5 

Lig/g). 
0191 More embodiments concern a tobacco that com 
prises or delivers a reduced amount or a reduced level of 
expression of A622, a normal or conventional amount of 
nicotine (e.g., comprising or delivering by FTC methodology 
an amount of nicotine equal to, less than, or greater than 0.9 
mg/g, 1.0 mg/g, 1.1 mg/g, 1.2 mg/g, 1.3 mg/g, 1.4 mg/g, 1.5 
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mg/g, 1.6 mg/g, 1.7 mg/g, 1.8 mg/g, 1.9 mg/g, and 2.0 mg/g). 
and a reduced amount of nornicotine (e.g., comprising or 
delivering by FTC methodology an amount of nornicotine 
less than or equal to 0.5 ug/g), and/or a reduced amount of 
NNN (e.g., comprising or delivering by FTC methodology an 
amount of total TSNAS equal to or less than 0.05ug/g, 0.1 ug, 
0.2 Lugg, 0.4 ug/g, or 0.5 ug/g). That is, particular lines of 
transgenic tobacco containing the A622 inhibition cassette 
described herein were unexpectedly found to have a reduced 
level of nornicotine but conventional levels of nicotine. This 
finding is particularly important since nornicotine may be a 
more important precursor for NNN than nicotine. (See Car 
mella et al., Carcinogenesis, Vol. 21, No. 4, 839-843, (April 
2000), herein expressly incorporated by reference in its 
entirety). In other transgenic lines, wherein the A622 gene 
was inhibited using one of the constructs described herein, it 
was found that both nicotine and nornicotine were effectively 
reduced (e.g., total alkaloids were less than or equal to 7,000 
ppm, 5000 ppm, 3000 ppm, 1000 ppm, or 500 ppm). 
0.192 Some of the nucleic acid constructs provided herein 
employ interfering RNAs (e.g., siRNAs or dsRNAs) that 
comprise an RNA duplex wherein each RNA portion of the 
duplex is at least, greater than, or equal to 30, 40, 50, 60, 70. 
80, 90, 100,120, 140, 160, 180, 200, 220, 240,260,280, 300, 
320, 340,360, 380, 400, 420, 440, 460, 480, 500, 520, 540, 
560, 580, 600, 620, 640, 660, 680, 700, 750, 1000, 1500, 
2000, 2500, or 5000 consecutive nucleotides complementary 
or Substantially complementary to an mRNA that encodes a 
gene product or the entire coding sequence of the enzyme or 
complement thereof of an enzyme that regulates nicotine or 
sterol biosynthesis. In some embodiments, the RNA duplex 
comprises a first RNA strand that is complementary to an 
mRNA that encodes a gene product involved in nicotine or 
sterol biosynthesis and a second RNA stand that is comple 
mentary to said first strand. Some interfering RNAs provided 
herein can comprise two separate RNA strands hybridized to 
each other by hydrogen bonding. Other interfering RNAs 
comprise a single RNA strand comprising a first and second 
regions of nucleotide sequence that are complementary to 
each other. In Such embodiments, the first and second regions 
of nucleotide sequence are separated by a nucleotide 
sequence (e.g., a “linker') that permits or, in the case of the 
FAD2 intron described herein, facilitates formation of a hair 
pin structure upon hybridization of the first and second 
regions. This “linker that permits formation of a hairpin 
structure is preferably at least, greater than, or equal to 30, 40, 
50, 60, 70, 80,90, 100,120, 140, 160, 180, 200,220,240,260, 
280, 300, 320, 340, 360, 380, 400, 420, 440, 460, 480, 500, 
520, 540, 560, 580, 600, 620, 640, 660, 680, 700, 800, 900, 
1000 or more nucleotides in length. 
0193 A preferred method of producing tobacco having a 
reduced amount of nicotine and TSNAs, involves genetic 
engineering directed at reducing the levels of nicotine and/or 
nornicotine or other alkaloids. Any enzyme involved in the 
nicotine synthesis pathway can be a suitable target for genetic 
engineering to reduce levels of nicotine and, optionally, levels 
of other alkaloids including nornicotine. Suitable targets for 
genetic engineering to produce tobacco having a reduced 
amount of nicotine and/or nitrosamines, especially TSNAS, 
include but are not limited to putrescene N-methyltrans 
ferase, N-methylputrescene oxidase, ornithine decarboxy 
lase, 5-adenosylmethionine synthetase, NADH dehydroge 
nase, phosphoribosylanthranilate isomerase, quinolate 
phosphoribosyltransferase (QPTase) or a combination of any 
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of the above targets. Additionally, enzymes that regulate the 
flow of precursors into the nicotine or sterol synthesis path 
way are suitable targets for genetic engineering to produce 
tobacco with a reduced amount of nicotine and nitrosamines, 
especially TSNAs, and tobaccos with reduced amounts of 
sterols, which produce a reduced amount of PAHs upon 
pyrolysis. Suitable methods of genetic engineering are known 
in the art and include, for example, the use of antisense and 
sense Suppression technology to reduce or eliminate the pro 
duction of enzymes, the use of interfering RNA molecules 
(gene silencing) as described hereinto reduce or eliminate the 
expression of gene products, and the use of random or tar 
geted mutagenesis to disrupt gene function, for example, 
using T-DNA insertion or EMS mutagenesis. The next section 
provides more description of these techniques. 
0194 2. Modification Methods 
(0195 a) Knockouts 
0196. Inhibition of Gene Expression Using Nucleic Acids 
0.197 Inhibition of gene expression refers to the absence 
or observable reduction in the level of polypeptide and/or 
mRNA gene product. Some embodiments provided herein 
relate to inhibiting the expression of one or more genes 
involved in the biosynthesis of nicotine, nornicotine, and/or 
sterols by genetically modifying a plant cell. Such as a 
tobacco cell, by providing the cell with an inhibitory nucleic 
acid that reduces or eliminates the production of a gene prod 
uct involved in nicotine or sterol biosynthesis. Inhibitory 
nucleic acids include, but are not limited to, interfering 
RNAs, antisense nucleic acids and catalytic RNAs. Some 
preferred embodiments provided herein relate to interfering 
RNAs (RNAi). 
0198 RNA interference and gene silencing are terms that 
are used to describe a phenomenon by which the expression 
of a gene product is inhibited by an interfering RNA mol 
ecule. Interfering RNA molecules are double-stranded RNAs 
(dsRNA) that are expressed in or otherwise introduced into a 
cell. The dsRNA molecules may be of any length, however, 
short dsRNA constructs are commonly used. Such constructs 
are known as small interfering RNAs (siRNA), and are typi 
cally 21-23 bp in length. 
(0199 RNA interference is exhibited by nearly every 
eukaryote and is thought to function by a highly conserved 
mechanism (Dillin, A. PNAS, 100:6289-91). As with anti 
sense inhibition of gene expression, inhibition mediated by 
RNA interference is gene specific. However, in contrast to 
antisense-mediated inhibition, inhibition mediated by inter 
fering RNA appears to be inherited (Dillin, A. PNAS, 100: 
6289-91). Without being bound by theory, it is believed that 
specificity is achieved through nucleotide sequence interac 
tion between complementary portions of a target mRNA and 
the interfering RNA. The target mRNA is selected based on 
the specific gene to be silenced. In particular, the target 
mRNA, corresponds to the sense strand of the gene to be 
silenced. An interfering RNA, such as a dsRNA oran siRNA, 
comprises an RNA duplex, which includes a first strand that is 
substantially similar or identical to at least a portion of the 
nucleotide sequence of the target mRNA, and a second strand 
having a nucleotide sequence that is complementary or Sub 
stantially complementary to the first strand. 
(0200. When used herein with reference to an RNA duplex 
of the interfering RNA, it will be appreciated that the terms 
“first strand' and “second strand are used in a relative sense. 
For example, the first strandofan RNA duplex can be selected 
to comprise either a nucleotide sequence Substantially similar 
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or identical to at least a portion of the nucleotide sequence of 
the target mRNA or a nucleotide sequence that is comple 
mentary or Substantially complementary to at least a portion 
of the nucleotide sequence of the target mRNA. If the first 
strand is selected to be substantially similar or identical to at 
least a portion of the nucleotide sequence of the target mRNA, 
then the second strand will be complementary to at least a 
portion of the target mRNA because it is complementary to 
the first strand. If the first strand is selected to be complemen 
tary or Substantially complementary to at least a portion of the 
target mRNA, then the second strand will be substantially 
similar or identical to at least a portion of the nucleotide 
sequence of the target mRNA because it is complementary to 
the first strand. 

0201 As used herein with reference to nucleic acids, “por 
tion” means at least 5 consecutive nucleotides, at least 6 
consecutive nucleotides, at least 7 consecutive nucleotides, at 
least 8 consecutive nucleotides, at least 9 consecutive nucle 
otides, at least 10 consecutive nucleotides, at least 11 con 
secutive nucleotides, at least 12 consecutive nucleotides, at 
least 13 consecutive nucleotides, at least 14 consecutive 
nucleotides, at least 15 consecutive nucleotides, at least 16 
consecutive nucleotides, at least 17 consecutive nucleotides, 
at least 18 consecutive nucleotides, at least 19 consecutive 
nucleotides, at least 20 consecutive nucleotides, at least 21 
consecutive nucleotides, at least 22 consecutive nucleotides, 
at least 23 consecutive nucleotides, at least 24 consecutive 
nucleotides, at least 25 consecutive nucleotides, at least 30 
consecutive nucleotides, at least 35 consecutive nucleotides, 
at least 40 consecutive nucleotides, at least 45 consecutive 
nucleotides, at least 50 consecutive nucleotides, at least 60 
consecutive nucleotides, at least 70 consecutive nucleotides, 
at least 80 consecutive nucleotides, at least 90 consecutive 
nucleotides, at least 100 consecutive nucleotides, at least 125 
consecutive nucleotides, at least 150 consecutive nucleotides, 
at least 175 consecutive nucleotides, at least 200 consecutive 
nucleotides, at least 250 consecutive nucleotides, at least 300 
consecutive nucleotides, at least 350 consecutive nucleotides, 
at least 400 consecutive nucleotides, at least 450 consecutive 
nucleotides, at least 500 consecutive nucleotides, at least 600 
consecutive nucleotides, at least 700 consecutive nucleotides, 
at least 800 consecutive nucleotides, at least 900 consecutive 
nucleotides, at least 1000 consecutive nucleotides, at least 
1200 consecutive nucleotides, at least 1400 consecutive 
nucleotides, at least 1600 consecutive nucleotides, at least 
1800 consecutive nucleotides, at least 2000 consecutive 
nucleotides, at least 2500 consecutive nucleotides, at least 
3000 consecutive nucleotides, at least 4000 consecutive 
nucleotides, at least 5000 consecutive nucleotides or greater 
than at least 5000 consecutive nucleotides. In some preferred 
embodiments, a portion of a nucleotide sequence is between 
20 and 25 consecutive nucleotides. In other preferred 
embodiments, a portion of a nucleotide sequence is between 
21 and 23 consecutive nucleotides. In some embodiments 
provided herein, a portion of a nucleotide sequence includes 
the full-length coding sequence of the gene or the target 
mRNA. 

0202 Some preferred interfering RNAs that are described 
herein comprise an RNA duplex, which comprises a nucle 
otide sequence that is Substantially similar or identical to at 
least a portion of the coding strand of a gene involved in 
nicotine or sterol biosynthesis. Although nucleic acid 
sequences that are Substantially similar or identical to at least 
a portion of the coding strand of the target gene involved in 
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nicotine biosynthesis are preferred, it will be appreciated that 
nucleotide sequences with insertions, deletions, and single 
point mutations relative to the target sequence are also effec 
tive for inhibition of gene expression. Sequence identity may 
be determined by sequence comparison and alignment algo 
rithms known in the art (see Gribskov and Devereux, 
Sequence Analysis Primer, Stockton Press, 1991, and refer 
ences cited therein) and calculating the percent difference 
between the nucleotide sequences by, for example, the Smith 
Waterman algorithm as implemented in the BESTFIT soft 
ware program using default parameters (e.g., University of 
Wisconsin Genetic Computing Group). Greater than 90% 
sequence identity, or even 100% sequence identity, between 
the interfering RNA and a portion of the target gene is pre 
ferred. In especially preferred embodiments, at least about 21 
to about 23 contiguous nucleotides in the target gene are 
greater than 90% identical to a sequence present in the inter 
fering RNA. 
0203. In other embodiments provided herein, the duplex 
region of the RNA may be defined functionally as including a 
nucleotide sequence that is capable of hybridizing with a 
portion of the target gene transcript. Exemplary hybridization 
conditions are 400 mM. NaCl, 40 mM PIPES pH 6.4, 1 mM 
EDTA, 50° C. or 70° C. hybridization for 12-16 hours; fol 
lowed by washing. 
0204 The modification of nicotine levels in tobacco plants 
by antisense regulation of putrescene methyl transferase 
(PMTase) expression has been proposed in U.S. Pat. Nos. 
5,369,023 and 5,260,205, to Nakatani and Malik, and in PCT 
application WO 94/28142 and U.S. Pat. No. 5,668,295 to 
Wahad and Malik, which describe DNA encoding PMT and 
the use of sense and antisense PMT constructs, the entire 
disclosures of each of which are hereby expressly incorpo 
rated by reference in their entireties. Other genetic modifica 
tions proposed to reduce nicotine levels are described in PCT 
application WO 00/67558, to Timko, and WO 93/05646, to 
Davis and Marcum; the entire contents of each are hereby 
expressly incorporated by reference in their entireties. 
Although these investigators made significant contributions, 
there were significant drawbacks to their experimental 
design. 
0205 Provided herein are tobacco and tobacco products in 
which a plurality of genes involved in nicotine biosynthesis 
are inhibited. Most notably, it is presently revealed that there 
are several different PMT genes and each may play a role in 
nicotine biosynthesis. Knocking-out only one PMT gene can 
create a leaky system allowing the other PMT genes to com 
pensate for the reduction. Accordingly, each of the PMT 
constructs described herein were designed to inhibit a plural 
ity of different PMT genes with a single construct. That is, the 
PMT constructs described herein are designed to complement 
common regions to all five of the PMT genes so that inhibi 
tion of each of the PMT genes can be accomplished with one 
inhibitory fragment. Although many of the approaches 
described in this section have significant drawbacks, it should 
be understood that any or all of these techniques can be used 
with other techniques, as described herein, to make tobacco 
and tobacco products having reduced nicotine. 
0206. In some embodiments that employed the A622 inhi 
bition construct, it was found that transgenic tobacco that had 
conventional levels of nicotine but significantly reduced lev 
els of nornicotine were produced. This particular line of 
tobacco is particularly useful because nornicotine may be the 
most significant precursor for NNN in tobacco. Accordingly, 
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reduced risk conventional cigarettes and other tobacco prod 
ucts (e.g., Snuff) comprising the A622 inhibition construct are 
embodiments. 

0207 As described above, interfering RNAs disclosed 
herein comprise a sequence that is complementary to at least 
a portion of the sense Strand of a gene encoding a target 
mRNA, which produces a polypeptide that is involved in 
nicotine biosynthesis. Preferred targets are the products of the 
quinolate phosphoribosyltransferase (QTPase) gene, the 
putrescene N-methyltransferase (PMTase) gene, and the 
A622 gene. However, it will be appreciated that interfering 
RNAs specific for other gene products or combinations of 
gene products involved in nicotine and nornicotine biosyn 
thesis and/or sterol biosynthesis are contemplated. For 
example, additional gene products involved in nicotine bio 
synthesis include, but are not limited to, N-methylputrescene 
oxidase, ornithine decarboxylase, S-adenosylmethionine 
synthetase, NADH dehydrogenase, and phosphoribosylan 
thranilate isomerase. Additionally, it will be appreciated that 
interfering RNAs specific for other gene products or combi 
nations of gene products involved in in Sterol biosynthesis 
include HMG-CoA reductase, 14alpha demethylase, 
squalene synthase, SMT2, SMT1, C14 sterol reductase, 
A8-A7-isomerase, and C4-demethylase. 
0208. Additionally, the interfering RNAs described herein 
can comprise a plurality nucleotide sequences that are each 
complementary to different portions of the sense strand of a 
gene involved in nicotine and/or sterol biosynthesis. Alterna 
tively, the interfering RNAs described herein can comprise a 
plurality nucleotide sequences that are each complementary 
to at least a portion of the sense strands of different genes 
involved in nicotine and/or sterol biosynthesis. Still further, a 
single RNAi construct or inhibition cassette can be used to 
inhibit a plurality of genes involved in the regulation of the 
production of nicotine, nornicotine, or sterols. For example, 
as described below, it was found that the A622 inhibitory 
fragment and inhibition cassette (SEQ. ID. Nos. 5 and 26) 
efficiently reduced production of nicotine and nornicotine in 
Some lines of tobacco and in other lines of tobacco conven 
tional levels of nicotine were maintained but the amount of 
nornicotine in said tobacco was 0.00 mg/g. Still further, the 
PMTase inhibitory sequence and PMTase inhibition cassette 
(SEQ. ID. Nos. 4 and 25) were designed to complement 
common regions of a plurality of PMTase genes so that the 
production of multiple gene products can be inhibited or 
reduced with a single construct. 
0209. In still more embodiments, it is contemplated that a 
single T-DNA containing construct be used to overexpress 
one gene and, in the same construct, inhibiting expression of 
a second gene. That is, Some embodiments concern con 
structs, tobacco containing said constructs, and tobacco prod 
ucts containing said tobacco, wherein said constructs com 
prise an overexpression cassette that comprises a gene that 
regulates the production of a compound that improves the 
composition of the tobacco (e.g. overexpression of a gene 
encoding an antioxidant) and, on the same construct, an inhi 
bition cassette that comprises an inhibitory sequence that 
reduces the production of a compound that contributes to a 
tobacco related disease (e.g., nicotine, nornicotine, or a ste 
rol). 
0210. In preferred embodiments, the interfering RNAs 
described herein comprise at least one region of double 
stranded RNA (duplex RNA). This duplex RNA can range 
from about 10 bp in length to about 10,000 bp in length. In 
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some embodiments, the duplex RNA ranges from about 15bp 
in length to about 1500 bp in length. In other embodiments, 
the duplex RNA ranges from about 20 bp in length to about 
1200 bp in length. In still other embodiments, the duplex 
RNA ranges from about 21 bp in length to about 23 bp in 
length. In a preferred embodiment, the duplex RNA has a 
length of 22 bps. Short regions of duplex RNA are often 
designated siRNA, whereas longer regions of RNA duplex 
are often termed dsRNA. In some embodiments provided 
herein, the interfering RNA duplex region is a dsRNA. In 
other embodiments, the interfering RNA duplex region is an 
siRNA. In a preferred embodiment, the duplex region about 
the length of the coding sequence of a target mRNA encoding 
a polypeptide involved in nicotine biosynthesis. 
0211 Interfering RNAs described herein can be generated 
using a variety of techniques. For example, an interfering 
RNA can be generated in a host cell in vivo by providing the 
cell with one or more a nucleic acid constructs that comprise 
the nucleic acids necessary to encode the Strands of a double 
stranded RNA. Such constructs can be included in various 
types of vectors. Exemplary vectors contemplated herein 
include, but are not limited to, plasmids, viral vectors, Viroids, 
replicable and nonreplicable linear DNA molecules, repli 
cable and nonreplicable linear RNA molecules, replicable 
and nonreplicable circular DNA molecules and replicable 
and nonreplicable circular RNA molecules. Preferred vectors 
include plasmid vectors, especially vector Systems derived 
from the Agrobacterium Tiplasmid, such as pCambia vectors 
and derivatives thereof. 

0212. In some embodiments, both strands of the double 
stranded region of the interfering RNA can be encoded by a 
single vector. In Such cases, the vector comprises a first pro 
moter operably linked to a first nucleic acid which is substan 
tially similar or identical to at least a portion of the target 
mRNA. The vector also comprises a second promoter oper 
ably linked to a second nucleic acid, which is complementary 
or substantially to the first nucleic acid. 
0213 Another type of single vector construct, which can 
be used to generate interfering RNA, encodes a double 
stranded RNA hairpin. In such embodiments, the vector com 
prises a promoter operably linked to a nucleic acid that 
encodes both strands of the duplex RNA. The first nucleotide 
sequence, which encodes the strand that is Substantially simi 
lar or identical to at least a portion of the target mRNA, is 
separated from the second nucleotide sequence, which 
encodes a strand complementary or Substantially comple 
mentary to the first strand, by a region of nucleotide sequence 
that does not substantially hybridize with either of the strands. 
This nonhybridizing region permits the RNA sequence tran 
scribed from the vector promoter to fold back on itself, 
thereby permitting the complementary RNA sequences to 
hybridize so as to produce an RNA hairpin. Vectors compris 
ing a plurality of nucleic acids, each of which encode both 
strands of the duplex RNA are also contemplated. 
0214. Other embodiments provided herein relate to mul 

tiple vector systems for the production of interfering RNA. In 
one example, a multiple vector system is used to produce a 
single interfering RNA that is specific for a single gene prod 
uct involved in nicotine biosynthesis. In Such embodiments, 
at least two vectors are used. The first vector comprises a 
promoter operably linked to a first nucleic acid that encodes a 
first strand of the RNA duplex that is present in the interfering 
RNA. The second vector comprises a promoter operably 
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linked to a second nucleic acid that encodes the second strand 
of the RNA duplex, which is complementary to the first 
Strand. 
0215. Other multiple vector systems are combinations of 
vectors, wherein each vector in the system encodes a different 
interfering RNA. Each of the interfering RNAs is specific for 
different gene products involved in nicotine biosynthesis. In 
Some embodiments, the vectors in a multiple vector System 
can encode different interfering RNAs that are specific to 
different portions of a single gene product involved in nico 
tine biosynthesis. 
0216. It will be appreciated that the promoters used in the 
above-described vectors can either be constitutive or regu 
lated. Constitutive promoters are promoters that are always 
expressed. The constitutive promoters selected for use in the 
above-described vectors can range from weak promoters to 
strong promoters depending on the desired amount of inter 
fering RNA to be produced. Regulated promoters are promot 
ers for which the desired level of expression can be con 
trolled. An example of a regulated promoter is an inducible 
promoter. Using an inducible promoter in the above-de 
scribed vector constructs permits expression of a wide range 
of concentrations of interfering RNA inside a cell. 
0217. It will also be appreciated that there is no require 
ment that the same or same types of promoters be used in 
vectors or multiple vector systems that comprise a plurality of 
promoters. For example, in some vectors or vector systems, a 
first promoter, which controls the expression of the first inter 
fering RNA strand, can be an inducible promoter, whereas the 
second promoter, which controls the expression of the second 
RNA strand, can be a constitutive promoter. This same prin 
cipal can also be illustrated in a multiple vector system. For 
example, a multiple vector system may have three vectors 
each of which includes one or more different types of pro 
moters. Such a system can include, for example, a first vector 
having repressible promoter that controls the expression of an 
interfering RNA specific for a first gene product involved in 
nicotine biosynthesis, a second vector having a constitutive 
promoter that controls the expression of an interfering RNA 
specific for a second gene product involved in nicotine bio 
synthesis and a third vector having an inducible promoter that 
controls the expression of an interfering RNA specific for a 
third gene product involved in nicotine biosynthesis. 
0218. In other embodiments provided herein, interfering 
RNAs can be produced synthetically and introduced into a 
cell by methods known in the art. Synthetic interfering RNAs 
can include a variety of RNA molecules, which include, but 
are not limited to, nucleic acids having at least one region of 
duplex RNA. The duplex RNA in such molecules can com 
prise, for example, two antiparallel RNA strands that form a 
double-stranded RNA having flush ends, two antiparallel 
RNA strands that form a double-stranded RNA having at least 
one end that forms a hairpin structure, or two antiparallel 
RNA strands that forma double-stranded RNA, wherein both 
ends form a hairpin structure. In some embodiments, Syn 
thetic interfering RNAs comprise a plurality of RNA 
duplexes. 
0219. The regions of RNA duplex in synthetic interfering 
RNAs can range from about 10 bp in length to about 10,000 
bp in length. In some embodiments, the duplex RNA ranges 
from about 15bp in length to about 1500 bp in length. In other 
embodiments, the duplex RNA ranges from about 20 bp in 
length to about 1200 bp in length. In still other embodiments, 
the duplex RNA ranges from about 21 bp in length to about 23 
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bp in length. In a preferred embodiment, the duplex RNA has 
a length of 22 bps. In preferred embodiments, synthetic inter 
fering RNAs are siRNAs. In another preferred embodiment, 
the synthetic interfering RNA is an siRNA specific for the 
coding sequence of a target mRNA encoding a polypeptide 
involved in nicotine biosynthesis. In another preferred 
embodiment, the synthetic interfering RNA is an siRNA spe 
cific for the coding sequence of a target mRNA encoding a 
polypeptide involved in sterol biosynthesis. 
0220 Some embodiments provided herein relate to inter 
fering nucleic acids that are not comprised entirely of RNA. 
Still other aspects relate to interfering nucleic acids that do 
not comprise any RNA. Such interfering nucleic acids are 
synthetic interfering RNA analogs. These analogs Substan 
tially mimic the specificity and activity of interfering RNA 
from which they are modeled; however, they typically include 
additional properties which make their use desirable. For 
example, one or both Strands of the interfering nucleic acid 
may contain one or more normatural nucleotide bases that 
improve the stability of the molecule, enhance that affinity of 
the molecule for the target mRNA and/or enhance cellular 
uptake of the molecule. Other modifications are also contem 
plated. For example, an interfering nucleic acid can include 
one or more nucleic acid strands composed of naturally 
occurring nucleobases, Sugars and covalent internucleoside 
(backbone) linkages as well as non-naturally-occurring 
nucleobases, Sugars and covalent internucleoside linkages. 
0221 AS is known in the art, a nucleoside is a base-Sugar 
combination. The base portion of the nucleoside is normally 
a heterocyclic base. The two most common classes of Such 
heterocyclic bases are the purines and the pyrimidines. 
Nucleotides are nucleosides that further include a phosphate 
group covalently linked to the Sugar portion of the nucleoside. 
For those nucleosides that include a pentofuranosyl Sugar, the 
phosphate group can be linked to either the 2',3' or the 5' 
hydroxyl moiety of the Sugar. In forming nucleic acids, the 
phosphate groups covalently link adjacent nucleosides to one 
another to form a linear polymeric compound. In turn the 
respective ends of this linear polymeric structure can be fur 
ther joined to form a circular structure. Within the nucleic acid 
structure, the phosphate groups are commonly referred to as 
forming the internucleoside backbone of the oligonucleotide. 
The normal linkage or backbone of RNA and DNA is a 3' to 
5' phosphodiester linkage. 
0222 Specific examples of interfering nucleic acids useful 
in certain embodiments of provided herein include one or 
more nucleic acid strands containing modified backbones or 
non-natural internucleoside linkages. As used herein, nucleic 
acids having modified backbones include those that retain a 
phosphorus atom in the backbone and those that do not have 
a phosphorus atom in the backbone. 
0223. In some embodiments, modified nucleic acid back 
bones include, for example, phosphorothioates, chiral phos 
phorothioates, phosphorodithioates, phosphotriesters, ami 
noalkylphosphotriesters, methyl and other alkyl 
phosphonates including 3'-alkylene phosphonates, 5'-alky 
lene phosphonates and chiral phosphonates, phosphinates, 
phosphoramidates including 3'-amino phosphoramidate and 
aminoalkylphosphoramidates, thionophosphoramidates, 
thionoalkylphosphonates, thionoalkylphosphotriesters, sele 
nophosphates and borano-phosphates having normal 3'-5' 
linkages. 2'-5' linked analogs of these, and those having 
inverted polarity wherein one or more internucleotide link 
ages is a 3' to 3',5' to 5' or 2 to 2" linkage. Certain nucleic acids 
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having inverted polarity comprise a single 3' to 3' linkage at 
the 3'-most internucleotide linkage i.e. a single inverted 
nucleoside residue which may be abasic (the nucleobase is 
missing or has a hydroxyl group in place thereof). Various 
salts, mixed salts and free acid forms are also included. 
0224. In some embodiments, modified nucleic acid back 
bones that do not include a phosphorus atom therein have 
backbones that are formed by short chain alkyl or cycloalkyl 
internucleoside linkages, mixed heteroatom and alkyl or 
cycloalkyl internucleoside linkages, or one or more short 
chain heteroatomic or heterocyclic internucleoside linkages. 
These include those having morpholino linkages (formed in 
part from the Sugar portion of a nucleoside); siloxane back 
bones; sulfide, sulfoxide and sulfone backbones; formacetyl 
and thioformacetyl backbones; methylene formacetyl and 
thioformacetyl backbones; riboacetyl backbones; alkene 
containing backbones; Sulfamate backbones; methylene 
imino and methylenehydrazino backbones; Sulfonate and Sul 
fonamide backbones; amide backbones; and others having 
mixed N, O, S and CH component parts. 
0225. In other embodiments, the interfering nucleic acid 
can comprise one or more mimetic regions, wherein both the 
Sugar and the internucleoside linkage, i.e., the backbone, of 
the nucleotide units are replaced with novel groups. In Such 
embodiments, the base units are maintained for hybridization 
with an appropriate nucleic acid target compound. One Such 
compound, a mimetic that has been shown to have excellent 
hybridization properties, is referred to as a peptide nucleic 
acid (PNA). In PNA compounds, the sugar-backbone of an 
oligonucleotide is replaced with an amide containing back 
bone, in particular an aminoethylglycine backbone. The 
nucleobases are retained and are bound directly or indirectly 
to aza nitrogen atoms of the amide portion of the backbone. 
Representative United States patents that teach the prepara 
tion of PNA compounds include, but are not limited to, U.S. 
Pat. Nos. 5,539,082; 5,714,331; and 5,719,262, each of which 
is herein incorporated by reference in its entirety. Further 
teaching of PNA compounds can be found in Nielsen et al., 
Science, 1991, 254, 1497-1500. 
0226. In still other embodiments provided herein, interfer 
ing nucleic acids may include nucleic acid strands having 
phosphorothioate backbones and/or heteroatom backbones. 
Modified interfering nucleic acids may also contain one or 
more Substituted Sugar moieties. In some embodiments, the 
interfering nucleic acids comprise one of the following at the 
2 position: OH: F: O , S: , or N-alkyl: O S , or N-alk 
enyl: O S or N-alkynyl; or O-alkyl-O-alkyl, wherein the 
alkyl, alkenyl and alkynyl may be substituted or unsubstituted 
C to Co alkyl or C to Coalkenyl and alkynyl. Particularly 
preferred are O(CH), OCH, O(CH), OCH, O(CH) 
NH, O(CH2)CH, O(CH)ONH and O(CH)ON(CH) 
CH), wheren and mare from 1 to about 10. Other preferred 
oligonucleotides comprise one of the following at the 2' posi 
tion: C to Co lower alkyl, substituted lower alkyl, alkenyl, 
alkynyl, alkaryl, aralkyl, O-alkaryl or O-aralkyl, SH, SCH, 
OCN, Cl, Br, CN, CF. OCF, SOCH, SOCH, ONO, 
NO, N, NH, heterocycloalkyl, heterocycloalkaryl, amino 
alkylamino, polyalkylamino, Substituted silyl, an RNA cleav 
ing group, a reporter group, an intercalator, a group for 
improving the pharmacokinetic properties of an oligonucle 
otide, or a group for improving the pharmacodynamic prop 
erties of an oligonucleotide, and other substituents having 
similar properties. Another modification includes 2'-meth 



US 2011/0173721 A1 

oxyethoxy (2'OCH2CHOCH, also known as 2'-O-(2-meth 
oxyethyl) or 2-MOE) (Martin et al., Helv. Chim. Acta, 1995, 
78, 486-504). 
0227. An embodiment provided herein includes the use of 
Locked Nucleic Acids (LNAs) to generate interfering nucleic 
acids having enhanced affinity and specificity for the target 
polynucleotide. LNAs are nucleic acid in which the 2'-hy 
droxyl group is linked to the 3' or 4 carbon atom of the sugar 
ring thereby forming a bicyclic Sugar moiety. The linkage is 
preferably a methelyne (-CH )n group bridging the 2' 
oxygenatom and the 4' carbonatom whereinn is 1 or 2. LNAS 
and preparation thereof are described in WO 98/39352 and 
WO 99/14226, the disclosures of which are incorporated 
herein by reference in their entireties. 
0228. Other modifications include 2'-methoxy (2'-O- 
CH), 2-aminopropoxy (2'-OCH2CHCH-NH), 2-allyl (2'- 
CH=CH=CH-), 2'-O-allyl (2'-O CH-CH=CH-) and 
2'-fluoro (2'-F). The 2'-modification may be in the arabino 
(up) position or ribo (down) position. A preferred 2'-arabino 
modification is 2'-F. Similar modifications may also be made 
at other positions on the oligonucleotide, particularly the 3' 
position of the sugar on the 3' terminal nucleotide or in 2'-5' 
linked oligonucleotides and the 5' position of 5' terminal 
nucleotide. Interfering nucleic acids may also have Sugar 
mimetics such as cyclobutyl moieties in place of the pento 
furanosyl Sugar. 
0229. The interfering nucleic acids contemplated herein 
may also include nucleobase (often referred to in the art 
simply as “base') modifications or substitutions. As used 
herein, “unmodified’ or “natural nucleobases include the 
purine bases adenine (A) and guanine (G), and the pyrimidine 
bases thymine (T), cytosine (C) and uracil (U). Modified 
nucleobases include other synthetic and natural nucleobases 
Such as 5-methylcytosine, 5-hydroxymethyl cytosine, Xan 
thine, hypoxanthine, 2-aminoadenine, 6-methyl and other 
alkyl derivatives of adenine and guanine, 2-propyl and other 
alkyl derivatives of adenine and guanine, 2-thiouracil, 2-thio 
thymine and 2-thiocytosine, 5-halouracil and cytosine, 5-pro 
pynyl uracil and cytosine and other alkynyl derivatives of 
pyrimidine bases, 6-azouracil, cytosine and thymine, 5-uracil 
(pseudouracil), 4-thiouracil, 8-halo, 8-amino, 8-thiol, 8-thio 
alkyl, 8-hydroxyl and other 8-Substituted adenines and gua 
nines, 5-halo particularly 5-bromo, 5-trifluoromethyl and 
other 5-substituted uracils and cytosines, 7-methylguanine 
and 7-methyladenine, 2-F-adenine, 2-amino-adenine, 8-aza 
guanine and 8-azaadenine, 7-deazaguanine and 7-deaZaad 
enine and 3-deazaguanine and 3-deazaadenine. Further 
modified nucleobases include tricyclic pyrimidines such as 
phenoxazine cytidine (1H-pyrimido5,4-b1,4-benzoxazi-n- 
2(3H)-one), phenothiazine cytidine (1H-pyrimido5,4-b1, 
4benzothiazin-2(3H)-one), G-clamps such as a substituted 
phenoxazine cytidine (e.g. 9-(2-aminoethoxy)-H-pyrimido 
5,4-b1,4)benzoxazin-2(3H)-one), carbazole cytidine (2H 
pyrimido-4,5-bindol-2-one), pyridoindole cytidine (H-py 
rimido3'2':4.5 pyrrolo2,3-dipyrimidin-2-one). Modified 
nucleobases may also include those in which the purine or 
pyrimidine base is replaced with other heterocycles, for 
example 7-deaza-adenine, 7-deazaguanosine, 2-aminopyri 
dine and 2-pyridone. Further nucleobases include those dis 
closed in U.S. Pat. No. 3,687,808, those disclosed in The 
Concise Encyclopedia Of Polymer Science And Engineering, 
pages 858-859, Kroschwitz, J. I., ed. John Wiley & Sons, 
1990, those disclosed by Englisch et al., Angewandte Che 
mie, International Edition, 1991, 30, 613, and those disclosed 
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by Sanghvi, Y. S., Chapter 15, Antisense Research and Appli 
cations, pages 289-302, Crooke, S. T. and Lebleu, B. ed., 
CRC Press, 1993, the disclosures of which are incorporated 
herein by reference in their entireties. Certain of these nucleo 
bases are particularly useful for increasing the binding affin 
ity of the interfering nucleic acids described herein. These 
include 5-substituted pyrimidines, 6-azapyrimidines and 
N-2, N-6 and O-6 substituted purines, including 2-aminopro 
pyladenine, 5-propynyluracil and 5-propynylcytosine. 5-me 
thylcytosine Substitutions have been shown to increase 
nucleic acid duplex stability by 0.6-1.2°C. (Sanghvi, Y. S., 
Crooke, S. T. and Lebleu, B., eds., Antisense Research and 
Applications, CRC Press, Boca Raton, 1993, pp. 276-278) 
and are presently preferred base Substitutions, even more 
particularly when combined with 2'-O-methoxyethyl sugar 
modifications. 

0230. Another modification of the interfering nucleic 
acids described herein involves chemically linking to at least 
one of the nucleic acid strands one or more moieties or con 
jugates which enhance the activity, cellular distribution or 
cellular uptake of the of the interfering nucleic acid. The 
interfering nucleic acids can include conjugate groups 
covalently bound to functional groups such as primary or 
secondary hydroxyl groups. Conjugate groups include inter 
calators, reporter molecules, polyamines, polyamides, poly 
ethylene glycols, polyethers, groups that enhance the phar 
macodynamic properties of nucleic acids, and groups that 
enhance the pharmacokinetic properties of Such molecules. 
Typical conjugates groups include cholesterols, lipids, phos 
pholipids, biotin, phenazine, folate, phenanthridine, 
anthraquinone, acridine, fluoresceins, rhodamines, cou 
marins, and dyes. Groups that enhance the pharmacodynamic 
properties, in the context of this invention, include groups that 
improve interfering nucleic acid uptake, enhance its resis 
tance to degradation, and/or strengthen sequence-specific 
hybridization with target molecules. Groups that enhance the 
pharmacokinetic properties, in the context of this invention, 
include groups that improve the uptake, distribution, metabo 
lism or excretion of the interfering nucleic acid. Conjugate 
moieties include but are not limited to lipid moieties such as 
a cholesterol moiety (Letsinger et al., Proc. Natl. Acad. Sci. 
USA, 1989, 86, 6553-6556), cholic acid (Manoharan et al., 
Bioorg. Med. Chem. Let., 1994, 4, 1053-1060), a thioether, 
e.g., hexyl-5-tritylthiol (Manoharan et al., Ann. N.Y. Acad. 
Sci., 1992, 660, 306–309; Manoharan et al., Bioorg. Med. 
Chem. Let., 1993, 3, 2765-2770), a thiocholesterol (Ober 
hauser et al., Nucl. Acids Res., 1992, 20, 533-538), an ali 
phatic chain, e.g., dodecandiol or undecyl residues (Saison 
Behmoaras et al., EMBO.J., 1991, 10, 1111-1118; Kabanov et 
al., FEBS Lett., 1990, 259,327-330; Svinarchuk et al., Bio 
chimie, 1993, 75, 49-54), a phospholipid, e.g., dihexadecyl 
rac-glycerol or triethylammonium 1,2-di-O-hexadecyl-rac 
glycero-3-H-phosphonate (Manoharan et al., Tetrahedron 
Lett., 1995, 36, 3651-3654; Shea et al., Nucl. Acids Res., 
1990, 18, 3777-3783), a polyamine or a polyethylene glycol 
chain (Manoharan et al., Nucleosides & Nucleotides, 1995, 
14, 969-973), or adamantane acetic acid (Manoharan et al., 
Tetrahedron Lett., 1995, 36, 3651-3654), a palmityl moiety 
(Mishra et al., Biochim. Biophys. Acta, 1995, 1264. 229 
237), or an octadecylamine or hexylaminocarbonyloxycho 
lesterol moiety (Crooke et al., J. Pharmacol. Exp. Ther., 1996, 
277,923-937). 
0231. As described above, it is not necessary for all posi 
tions in a given compound to be uniformly modified, and in 
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fact, more than one of the aforementioned modifications may 
be incorporated in a single compound or even at a single 
nucleoside within a nucleic acid. The methods described 
herein also contemplate the use of interfering nucleic acids 
which are chimeric compounds. “Chimeric' interfering 
nucleic acid compounds or "chimeras, as used herein, are 
interfering nucleic acid compounds, which contain two or 
more chemically distinct regions, each made up of at least one 
monomer unit, i.e., a nucleotide in the case of a nucleic acid 
compound. These interfering nucleic acids typically contain 
at least one region wherein the nucleic acid is modified so as 
to confer upon the interfering nucleic acid increased resis 
tance to nuclease degradation, increased cellular uptake, and/ 
or increased binding affinity for the target nucleic acid. An 
additional region of the nucleic acid may serve as a substrate 
for enzymes capable of cleaving RNA:DNA or RNA:RNA 
hybrids. By way of example, RNase H is a cellular endonu 
clease which cleaves the RNA strand of an RNA:DNA 
duplex. Activation of RNase H, therefore, results in cleavage 
of the RNA target, thereby contributes further to the inhibi 
tion of gene expression by the interfering nucleic acid. 
0232. The above-described interfering nucleic acids may 
be conveniently and routinely made through the well-known 
technique of Solid phase synthesis. Equipment for Such syn 
thesis is sold by several vendors including, for example, 
Applied Biosystems (Foster City, Calif.). Any other means 
for Such synthesis known in the art may additionally or alter 
natively be employed. It is well known to use similar tech 
niques to prepare nucleic acids such as the phosphorothioates 
and alkylated derivatives. 
0233. The interfering nucleic acid compounds for use with 
the methods described herein encompass any pharmaceuti 
cally acceptable salts, esters, or salts of Such esters, or any 
other compound. 
0234 Although terms, such as interfering RNA, dsRNA 
and siRNA, are used throughout the remainder of the speci 
fication, it will be appreciated that in the context of syntheti 
cally produced interfering nucleic acids, that Such terms are 
meant to include interfering nucleic acids of all types, includ 
ing those which incorporate modifications, such as those 
described above. 

0235 Some embodiments provided herein relate to meth 
ods of reducing or eliminating the expression of one or more 
target genes involved in nicotine, nornicotine, and/or sterol 
biosynthesis. Target genes that are involved in nicotine, nor 
nicotine, and/or sterol biosynthesis are expressed through the 
transcription a first gene product, the target mRNA, which is 
then translated to produce a second gene product, the target 
polypeptide. Thus, reduction or elimination of the expression 
of one or more target genes results in the reduction or elimi 
nation of one or more target mRNAS and/or target polpypep 
tides. Target polypeptides involved in nicotine and nornico 
tine biosynthesis include, for example, putrescene 
N-methyltransferase, N-methylputrescene oxidase, ornithine 
decarboxylase, S-adenosylmethionine synthetase, NADH 
dehydrogenase, phosphoribosylanthranilate isomerase, and 
quinolate phosphoribosyl transferase (QPTase). In a pre 
ferred embodiment, the expression of the QPTase, PMTase, 
and A622 product is inhibited. Target polypeptides involved 
in sterol biosynthesis include, for example, HMG-CoA 
reductase, 14alpha demethylase, squalene synthase, SMT2, 
SMT1, C14 sterol reductase, A8-A7-isomerase, and C4-dem 
ethylase. 
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0236 Reduction of the expression of one or more target 
genes and/or target gene products that are involved in nico 
tine, nornicotine, and/or sterol biosynthesis leads to a reduc 
tion in the amount of nicotine, sterols, and TSNAs produced 
in tobacco and PAHs upon pyrolysis of the tobacco. In certain 
embodiments, the expression of one or more target gene 
products involved in nicotine, nornicotine, and/or sterol bio 
synthesis is eliminated. Elimination of such target gene prod 
ucts can result in the elimination of nicotine, nornicotine, 
and/or sterol biosynthesis, thereby reducing the amount of 
nicotine, nornicotine, and/or sterol present in tobacco to lev 
els below the detection limit of methods commonly used. 
Reduction of the amount of nicotine and nornicotine present 
in tobacco can lead to a reduction in the amount of TSNAs 
produced in the tobacco. In some embodiments, the amount 
of TSNA present in tobacco is reduced to levels below the 
detection limit of methods commonly used to detect TSNAs. 
Similarly, the reduction in the amount of sterol present in 
tobacco can lead to a reduction in the amount of PAH gener 
ated from the tobacco upon pyrolysis. In some embodiments, 
the amount of PAH present in tobacco is reduced to levels 
below the detection limit of methods commonly used to 
detect PAH. 

0237. The reduction in or elimination of the expression of 
target genes or target gene products involved in nicotine, 
nornicotine, and/or sterol biosynthesis is achieved by provid 
ing an interfering RNA specific to one or more such target 
genes to a tobacco cell, thereby producing a genetically modi 
fied tobacco cell. The interfering RNA can be provided as a 
synthetic double-stranded RNA, or alternatively, as a nucleic 
acid construct capable of encoding the interfering RNA. Syn 
thetic double-stranded interfering RNAs are taken up by the 
cell directly whereas interfering RNAs encoded by a nucleic 
acid construct are expressed from the construct Subsequent to 
the entry of the construct inside the cell. The reduction in or 
elimination of the expression of the target genes and/or the 
target gene products is mediated by the presence of the inter 
fering RNA inside the cell. 
0238. In general, the interfering RNAs that are produced 
inside the cell, whether expressed from a nucleic acid con 
struct or provided as synthetic double-stranded RNA mol 
ecules, include an RNA duplex having a first and second 
strand. At least a portion the first strand of the duplex is 
Substantially similar or identical to at least a portion of a target 
mRNA or a target gene involved in nicotine biosynthesis. 
Correspondingly, at least a portion of the second strand of the 
duplex is complementary or substantially complementary to 
the first strand, and thus, at least a portion of the second strand 
is complementary or Substantially complementary to at least 
a portion of the mRNA encoded by the target gene. In some 
embodiments provided herein, the interfering RNA can com 
prise a first strand that is substantially similar or identical to 
the entire coding sequence of the target gene or target mRNA 
involved in nicotine biosynthesis and a second strand comple 
mentary or Substantially complementary to the first strand. In 
some embodiments provided herein, the interfering RNA can 
comprise a first strand that is Substantially similar or identical 
to the entire coding sequence of the target gene or target 
mRNA involved in sterol biosynthesis and a second strand 
complementary or Substantially complementary to the first 
Strand. 

0239. The reduction in or elimination of the expression of 
genes and/or gene products involved in nicotine, nornicotine, 
and/or sterol biosynthesis can be characterized by comparing 
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the amount of nicotine, nornicotine, and/or sterol produced in 
genetically modified cells, with the amount of nicotine, nor 
nicotine, and/or sterol produced in cells that have not been 
genetically modified. Alternatively, Such reduction in or 
elimination of gene expression can be characterized by 
genetically analyzing plant cells so as to determine the level 
of mRNA present in the genetically modified plant cell as 
compared to a non-modified plant cell. Depending on the 
assay, quantitation of the amount of gene expression allows 
one to determine a degree of reduction in gene expression, 
which can be greater than 10%, 33%, 50%, 90%,95% or 99% 
as compared to an untreated cell. As with nicotine and norni 
cotine, the reduction in or elimination of TSNA production in 
tobacco can be characterized by comparing the amount of 
TSNAs produced in genetically modified cells, with the 
amount of TSNAs produced in cells that have not been geneti 
cally modified. The section below provides more description 
of the transgenic plants and cells provided herein. 
0240 b) Transgenics 
0241 Transgenic Plant Cells and Plants 
0242 Embodiments provided herein concern transgenic 
plant cells comprising one or more interfering RNAS that are 
capable of reducing or eliminating the expression of one or 
more target genes and/or target gene products involved in 
nicotine, nornicotine, and/or sterol biosynthesis. As 
described above, an appropriate interfering RNA comprises a 
duplex RNA that comprises a first strand that is substantially 
similar or identical to at least a portion of a target gene or 
target mRNA, which encodes a gene product involved in 
nicotine, nornicotine, and/or sterol biosynthesis. The RNA 
duplex also comprises a second strand that is complementary 
or Substantially complementary to the first Strand. 
0243 The interfering RNA or nucleic acid construct com 
prising the interfering RNA can be introduced into the plant 
cell in any Suitable manner. Plant cells possessing stable 
interfering RNA activity, for example, by having a nucleic 
acid construct stably integrated into a chromosome, can be 
used to regenerate whole plants using methods known in the 
art. As such, Some embodiments provided herein relate to 
plants, such as tobacco plants, transformed with one or more 
nucleic acid constructs and/or vectors which encode at least 
one interfering RNA that is capable of reducing or eliminat 
ing the expression of a gene product involved in nicotine 
biosynthesis. Transgenic tobacco cells and the plants 
described herein are characterized in that they have a reduced 
amount of nicotine, nornicotine, sterol and/or TSNA and/or 
generate a reduced amount of PAHs upon pyrolysis, as com 
pared to unmodified or control tobacco cells and plants. 
0244. The tobacco plants described herein are suitable for 
conventional growing and harvesting techniques (e.g. top 
ping or no topping, bagging the flowers or not bagging the 
flowers, cultivation in manure rich soil or without manure) 
and the harvested leaves and stems are Suitable for use in any 
traditional tobacco product including, but not limited to, pipe, 
cigar and cigarette tobacco and chewing tobacco in any form 
including leaf tobacco, shredded tobacco or cut tobacco. It is 
also contemplated that the low nicotine and/or TSNA tobacco 
described herein can be processed and blended with conven 
tional tobacco so as to create a wide-range of tobacco prod 
ucts with varying amounts of nicotine and/or TSNAs. These 
blended tobacco products can be used in tobacco product 
cessation programs so as to slowly move a consumer from a 
high nicotine and/or sterol product to a low nicotine and/or 
sterol product. Some embodiments provided herein comprise 

27 
Jul. 14, 2011 

a tobacco use cessation kit, comprising two or more tobacco 
products with different levels of nicotine. For example, a 
Smoker can begin the program Smoking blended cigarettes 
having or delivering 0.6 mg of nicotine, gradually move to 
Smoking cigarettes having or delivering 0.3 mg of nicotine, 
followed by cigarettes having or delivering less than 0.1 mg 
nicotine until the consumer decides to quit Smoking alto 
gether. Accordingly, the blended cigarettes described herein 
provide the basis for an approach to reduce the exposure of a 
tobacco consumer to a tobacco related disease in a step-wise 
fashion. The components of the tobacco use cessation kit 
described herein may include other tobacco products, includ 
ing but not limited to, Smoking materials (e.g., cigarettes, 
cigars, pipe tobacco), Snuff, chewing tobacco, gum, and loZ 
engeS. 

0245 Gene silencing has been employed in several labo 
ratories to create transgenic plants characterized by lower 
than normal amounts of specific gene products. As used 
herein, "exogenous” or "heterologous' nucleic acids, includ 
ing DNAs and/or RNAs, refer to nucleic acids that have been 
introduced into a cell (or the cell's ancestor) through the 
efforts of humans. The nucleic acid constructs that are used 
with the transgenic plants and the methods for producing the 
transgenic plants described herein encode one or more inter 
fering RNA constructs comprising regulatory sequences, 
which include, but are not limited to, a transcription initiation 
sequence (“promoter”) operable in the plant being trans 
formed, and a polyadenylation/transcription termination 
sequence. Typically, the promoter is located upstream of the 
5'-end of the nucleotide sequence to be expressed. The tran 
Scription termination sequence is generally located just 
downstream of the 3'-end of the nucleotide sequence to be 
transcribed. In some preferred embodiments, the nucleic acid 
encoding the exogenous interfering RNA, which is trans 
formed into a tobacco cell, comprises a first RNA strand that 
is identical to the an endogenous coding sequence of a gene 
encoding a gene product involved in nicotine biosynthesis. 
However, minor variations between the exogenous and 
endogenous sequences can be tolerated. It is preferred, but not 
necessarily required, that the exogenously-produced interfer 
ing RNA sequence, which is Substantially similar to the 
endogenous gene coding sequence, be of sufficient similarity 
to the endogenous gene coding sequence. Such that the 
complementary interfering RNA strand is capable of binding 
to the endogenous sequence in the cell to be regulated under 
stringent conditions as described below. 
0246. In some embodiments, the heterologous sequence 
utilized in the methods provided herein may be selected so as 
to produce an interfering RNA product comprising a first 
strand that is substantially similar or identical to the entire 
QTPase mRNA sequence, or to a portion thereof, and a sec 
ond strand that is complementary to the entire QPTase mRNA 
sequence, or to a portion thereof. The interfering RNA may be 
complementary to any contiguous sequence of the natural 
messenger RNA. For example, it may be complementary to 
the endogenous mRNA sequence proximal to the 5'-terminus 
or capping site, downstream from the capping site, between 
the capping site and the initiation codon and may cover all or 
only a portion of the non-coding region, may bridge the 
non-coding and coding region, be complementary to all or 
part of the coding region, complementary to the C-terminus 
of the coding region, or complementary to the 3'-untranslated 
region of the mRNA. 
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0247. As used herein, the term “gene’ refers to a DNA 
sequence that incorporates (1) upstream (5') regulatory sig 
nals including the promoter, (2) a coding region specifying 
the product, protein or RNA of the gene, (3) downstream 
regions including transcription termination and polyadenyla 
tion signals and (4) associated sequences required for effi 
cient and specific expression. The DNA sequence provided 
herein may consist essentially of the sequence provided 
herein, or equivalent nucleotide sequences representing alle 
les or polymorphic variants of these genes, or coding regions 
thereof. Use of the phrase “substantial sequence similarity” or 
“Substantially similar in the present specification and claims 
means that DNA, RNA or amino acid sequences which have 
slight and non-consequential sequence variations from the 
actual sequences disclosed and claimed herein are considered 
to be equivalent to the sequences provided herein. In this 
regard, “slight and non-consequential sequence variations' 
mean that "similar sequences (i.e., the sequences that have 
substantial sequence similarity with the DNA, RNA or pro 
teins disclosed and claimed herein) will be functionally 
equivalent to the sequences disclosed and claimed in the 
present invention. Functionally equivalent sequences will 
function in Substantially the same manner to produce Substan 
tially the same compositions as the nucleic acid and amino 
acid compositions disclosed and claimed herein. 
0248. As used herein, a “native nucleotide sequence' or 
“natural nucleotide sequence” means a nucleotide sequence 
that can be isolated from non-transgenic cells or tissue. Native 
nucleotide sequences are those which have not been artifi 
cially altered, such as by site-directed mutagenesis. Once 
native nucleotide sequences are identified, nucleic acid mol 
ecules having native nucleotide sequences may be chemically 
synthesized or produced using recombinant nucleic acid pro 
cedures as are known in the art. As used herein, a “native plant 
nucleotide sequence' is that which can be isolated from non 
transgenic plant cells or tissue. As used herein, a “native 
tobacco nucleotide sequence' is that which can be isolated 
from non-transgenic tobacco cells or tissue. Use of the phrase 
"isolated or “substantially pure' in the present specification 
and claims as a modifier of nucleic acids, polypeptides or 
proteins means that the nucleic acids, polypeptides or pro 
teins so designated have been separated from their in vivo 
cellular environments through the efforts of human beings. 
0249. The nucleotide sequences provided herein, such as 
interfering RNAS or nucleic acids encoding interfering 
RNAs, can be transformed into a variety of host cells. As used 
herein, “transformation” refers to the introduction of exog 
enous nucleic acid into cells so as to produce transgenic cells 
stably transformed with the exogenous nucleic acid. A variety 
of Suitable host cells, having desirable growth and handling 
properties, are readily available in the art. 
0250 Standard techniques, such as restriction mapping, 
Southern blot hybridization, polymerase chain reaction 
(PCR) and/or nucleotide sequence analysis can be employed 
to identify clones expressing the desired interfering RNA 
construct. Following the introduction and verification of the 
desired interfering RNA or nucleic acid construct encoding 
the desired interfering RNA, whole plants can be regenerated 
from Successfully transformed cells using conventional tech 
niques. 
0251 Nucleic acid constructs, or “transcription cassettes.” 
encoding the interfering RNAs that are used to produce the 
transgenic cells and plants provided herein include, 5' to 3' in 
the direction of transcription, a promoter as described herein, 
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a nucleotide sequence as described herein operatively asso 
ciated with the promoter, and, optionally, a termination 
sequence including stop signal for RNA polymerase and a 
polyadenylation signal. All of these regulatory regions should 
be capable of operating in the cells of the tissue to be trans 
formed. Any suitable termination signal may be employed in 
carrying out the present invention, examples thereof includ 
ing, but not limited to, the nopaline synthase (nos) terminator, 
the octapine synthase (ocs) terminator, the CaMV terminator 
or native termination signals, derived from the same gene as 
the transcriptional initiation region orderived from a different 
gene. (See, e.g., Rezian et al. (1988) supra, and Rodermel et 
al. (1988), supra). 
0252. The term “operatively associated as used herein, 
refers to nucleotide sequences on a single nucleic acid mol 
ecule that are associated so that the function of one sequence 
is affected by the other. Thus, a promoter is operatively asso 
ciated with a nucleotide sequence when it is capable of affect 
ing the transcription of that sequence (i.e., the nucleic acid is 
under the transcriptional control of the promoter). The pro 
moter is said to be “upstream” from the transcribed nucle 
otide sequence, which is in turn said to be “downstream” from 
the promoter. 
0253) In some embodiments, the transcription cassette 
may be provided in a DNA construct that also has at least one 
replication system. For convenience, it is common to have a 
replication system functional in Escherichia coli. Such as 
ColEl, pSC101, p.ACYC184, or the like. In this manner, at 
each stage after each manipulation, the resulting construct 
may be cloned, sequenced, and the correctness of the manipu 
lation determined. In addition, or in place of the E. coli 
replication system, abroad host range replication system may 
be employed, such as the replication systems of the P-1 
incompatibility plasmids, e.g., pRK290. In addition to the 
replication system, there will frequently be at least one 
marker present, which may be useful in one or more hosts, or 
different markers for individual hosts. That is, one marker 
may be employed for selection in a prokaryotic host, while 
another marker may be employed for selection in a eukaryotic 
host, particularly the plant host. The markers may be protec 
tion against a biocide (such as antibiotics, toxins, heavy met 
als or the like), provide complementation by imparting pro 
totrophy to an auxotrophic host and/or provide a visible 
phenotype through the production of a novel compound in the 
plant. 
0254 The various fragments comprising the various con 
structs, transcription cassettes, markers and the like may be 
introduced consecutively by restriction enzyme cleavage of 
an appropriate replication system and insertion of the particu 
lar construct or fragment into the available site. After ligation 
and cloning, the DNA construct may be isolated for further 
manipulation. All of these techniques are amply exemplified 
in the literature as demonstrated by J. Sambrook et al., 
Molecular Cloning, A Laboratory Manual (2d Ed. 1989) 
(Cold Spring Harbor Laboratory). 
0255 Vectors that may be used to transform plant tissue 
with nucleic acid constructs provided herein include Agro 
bacterium and Transbacter vectors and ballistic vectors, as 
well as vectors suitable for DNA-mediated transformation. In 
this particular embodiment, the promoter is a region of a DNA 
sequence that incorporates the necessary signals for the effi 
cient expression of the coding sequence. This region may 
include sequences to which an RNA polymerase binds, but is 
not limited to Such sequences, and may include sequences to 
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which other regulatory proteins bind along with sequences 
involved in the control of protein translation. Such regions 
may also include coding sequences. 
0256 Promoters employed in carrying out the invention 
may be constitutively active promoters. Numerous constitu 
tively active promoters that are operable in plants are avail 
able. A preferred example is the Cauliflower Mosaic Virus 
(CaMV) 35S promoter, which is expressed constitutively in 
most plant tissues. As an alternative, the promoter may be a 
root-specific promoter or root cortex specific promoter, as 
explained in greater detail below. 
0257 Nucleic acid sequences have been expressed in 
transgenic tobacco plants utilizing the Cauliflower Mosaic 
Virus (CaMV) 35S promoter. (See, e.g., Cornelissen et al., 
“Both RNA Level and Translation Efficiency are Reduced by 
Anti-Sense RNA in Transgenic Tobacco”. Nucleic Acids Res. 
17, pp. 833-43 (1989); Rezaian et al., “Anti-Sense RNAs of 
Cucumber Mosaic Virus in Transgenic Plants Assessed for 
Control of the Virus, Plant Molecular Biology 11, pp. 463-71 
(1988); Rodermel et al., “Nuclear-Organelle Interactions 
Nuclear Antisense Gene Inhibits Ribulose Bisphosphate Car 
boxylase Enzyme Levels in Transformed Tobacco Plants', 
Cell 55, pp. 673-81 (1988); Smith et al., “Antisense RNA 
Inhibition of Polygalacturonase Gene Expression in Trans 
genic Tomatoes', Nature 334, pp. 724-26 (1988); Van der 
Krolet al., “An Anti-Sense Chalcone Synthase Gene in Trans 
genic Plants Inhibits Flower Pigmentation, Nature 333, pp. 
866-69 (1988)). 
0258 Use of the CaMV 35S promoter for expression of 
interfering RNAs in the transformed tobacco cells and plants 
provided herein is preferred. Use of the CaMV promoter for 
expression of other recombinant genes in tobacco roots has 
been well described (Lam et al., “Site-Specific Mutations 
Alter In Vitro Factor Binding and Change Promoter Expres 
sion Pattern in Transgenic Plants'. Proc. Nat. Acad. Sci. USA 
86, pp. 7890-94 (1989); Poulsen et al. “Dissection of 5' 
Upstream Sequences for Selective Expression of the Nicoti 
ana plumbaginifolia rbcS-8B Gene'. Mol. Gen. Genet. 214, 
pp. 16-23 (1988)). Other promoters that are active only in root 
tissues (root specific promoters) are also particularly Suited to 
the methods provided herein. See, e.g., U.S. Pat. No. 5.459, 
252 to Conkling et al.:Yamamoto et al., The Plant Cell, 3:371 
(1991). The TobRD2 root-cortex specific promoter may also 
be utilized. All patents cited herein are intended to be incor 
porated herein by reference in their entirety. 
0259. The recombinant interfering nucleic acid molecules 
and vectors used to produce the transformed tobacco cells and 
plants provided herein may further comprise a dominant 
selectable marker gene. Suitable dominant selectable mark 
ers for use in tobacco include, interalia, antibiotic resistance 
genes encoding neomycin phosphotransferase (NPTII) and 
hygromycin phosphotransferase (HPT). Preferred selectable 
markers include the norfluraZone resistance genes described 
in this disclosure. Other well-known selectable markers that 
are suitable for use in tobacco include a mutant dihydrofolate 
reductase gene that encodes methotrexate-resistant dihydro 
folate reductase. DNA vectors containing suitable antibiotic 
resistance genes, and the corresponding antibiotics, are com 
mercially available. 
0260 Transformed tobacco cells are selected out of the 
Surrounding population of non-transformed cells by placing 
the mixed population of cells into a culture medium contain 
ing an appropriate concentration of the antibiotic (or other 
compound normally toxic to tobacco cells) against which the 
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chosen dominant selectable marker gene product confers 
resistance. Thus, only those tobacco cells that have been 
transformed will survive and multiply. Additionally, the posi 
tive selection techniques described by Jefferson (e.g., WO 
00055333; WO 09913085; U.S. Pat. Nos. 5,599,670: 5,432, 
081; and 5,268,463, hereby expressly incorporated by refer 
ence in their entireties) can be used. 
0261 Methods of making recombinant plants provided 
herein, in general, involve first providing a plant cell capable 
of regeneration (the plant cell typically residing in a tissue 
capable of regeneration). The plant cell is then transformed 
with an interfering RNA or a nucleic acid construct encoding 
an interfering RNA comprising a transcription cassette pro 
vided herein (as described above) and a recombinant plant is 
regenerated from the transformed plant cell. As explained 
below, the transforming step is carried out by techniques as 
are known in the art, including but not limited to bombarding 
the plant cell with microparticles carrying the transcription 
cassette, infecting the cell with an Agrobacterium tumefa 
ciens containing a Tiplasmid carrying the transcription cas 
sette or any other technique suitable for the production of a 
transgenic plant. 
0262) Numerous Agrobacterium vector systems useful in 
carrying out the present invention are known. For example, 
U.S. Pat. No. 4.459,355 discloses a method for transforming 
Susceptible plants, including dicots, with an Agrobacterium 
strain containing the Ti plasmid. The transformation of 
woody plants with an Agrobacterium vector is disclosed in 
U.S. Pat. No. 4,795,855. Further, U.S. Pat. No. 4,940,838 to 
Schilperoort et al. discloses a binary Agrobacterium vector 
(i.e., one in which the Agrobacterium contains one plasmid 
having the Vir region of a Tiplasmid but no Tregion, and a 
second plasmid having a T region but no vir region) useful in 
carrying out the present invention, all references are hereby 
expressly incorporated by reference in their entireties. 
0263 Microparticles suitable for the ballistic transforma 
tion of a plant cell, carrying a nucleic acid construct provided 
herein, are also useful for making the transformed plants 
described herein. The microparticle is propelled into a plant 
cell to produce a transformed plant cell and a plant is regen 
erated from the transformed plant cell. Any suitable ballistic 
cell transformation methodology and apparatus can be used 
in practicing the present invention. Exemplary apparatus and 
procedures are disclosed in Sanford and Wolf, U.S. Pat. No. 
4,945,050, and in Christou et al., U.S. Pat. No. 5,015,580. 
When using ballistic transformation procedures, the tran 
Scription cassette may be incorporated into a plasmid capable 
of replicating in or integrating into the cell to be transformed. 
Examples of microparticles Suitable for use in Such systems 
include 1 to 5 um gold spheres. The nucleic acid construct 
may be deposited on the microparticle by any Suitable tech 
nique. Such as by precipitation. 
0264 Plant species may be transformed with the interfer 
ing RNA or nucleic acid construct encoding an interfering 
RNA provided herein by the nucleic acid-mediated transfor 
mation of plant cell protoplasts. Plants may be Subsequently 
regenerated from the transformed protoplasts in accordance 
with procedures well known in the art. Fusion of tobacco 
protoplasts with nucleic acid-containing liposomes or with 
nucleic acid constructs via electroporation is known in the art. 
(Shillito et al., “Direct Gene Transfer to Protoplasts of 
Dicotyledonous and Monocotyledonous Plants by a Number 
of Methods, Including Electroporation'. Methods in Enzy 
mology 153, pp. 313-36 (1987)). 
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0265. These inhibition constructs or RNAi constructs can 
be transferred to plant cells by any known method in the art. 
Preferably, Agrobacterium-mediated or Biolistic-mediated 
transformation are used, according to well-established proto 
cols. It is also contemplated that Transbacter-mediated trans 
formation can be used, as described below. (See Broothaerts 
et al., Nature 433, 629 (2005), herein expressly incorporated 
by reference in its entirety). 
0266 By this approach, first bacteria are prepared as fol 
lows. YM plus antibiotic plates (see below) are streaked with 
bacteria and the plates are incubated for 2-3 days at 28°C. 
Transformation is accomplished by measuring about 20 mL 
Minimal A medium for each bacterial strain. Scrapping or 
washing the Scrape or wash bacteria from plate with sterile 
loop and then Suspending said bacteria in 20 mL of Minimal 
A medium. The cell density is adjusted to an OD600 0.9-1.0. 
0267 Next, the first healthy fully expanded leaves from 
4-5 week old tissue culture grown tobacco plants are cut into 
0.5 cm squares (or can use a cork borer, which is about 1.0 cm 
diameter) in deep petri dish, under sterile RMOP liquid 
medium. The tissue pieces are stored in RMOP in a deep petri 
dish. The leaf pieces (about 20 per transformation) are then 
transferred to a deep petri dish containing bacterial Suspen 
Sion. To ensure that the bacteria have contacted a cut edge of 
the leaf, the suspension with leafcutting is swirled and is left 
standing for 5 minutes. The leaf pieces are then removed from 
the Suspension and blotted dry on filter paper or on the edge of 
the container. The leaf pieces are then placed with adaxial side 
(upper leaf surface) on solid RMOP at about 10 pieces per 
plate. 
0268. The plates are then incubated in the dark at 28°C. 

for: 2-3 days, if A. tumefaciens is used, 5 days if S. melilotiis 
used, 5 days M. loti is used, and 5-11 days if Rhizobium sp. 
NGR234 is used. 
0269. Over the next week, selection is performed. For the 
purposes of this example, hygromycin Selction is performed. 
Accordingly, the leaf pieces are transferred onto Solid 
RMOP-TCH, with abaxial surface (lower surface of leaf) in 
contact with media. The plates are incubated for 2-3 weeks in 
the light at 28°C., with 16 hours daylight per day. Subculture 
occurs every 2 weeks. 
0270 Plantlet formation is accomplished as follows. Once 
shoots appear, the plantlet is transferred to MST-TCH pots. 
The plantlets are grown with 16 hours daylight for 1-2 weeks. 
Once roots form the plants appear, the plants can be trans 
ferred to soil in the greenhouse. 

Media and Solutions for Tobacco Transformation: 

YM Media (1 L) 
0271 

Mannitol 10 g 
Yeast extract 0.4 g 
K2HPO4 (10% w/v stock) 1 ml 
KH2PO4 (10% w/v stock) 4 ml 
NaCl (10% w/v stock) 1 ml 
MgSO4.7H2O (10% w/v stock) 2 ml 
pH 6.8 
Agar 15 g/L 
Autoclave 
*When ready to pour add antibiotic selection if required 
Keep poured plates for 2 days at room temperature to visualize any 
contamination, then store at 4°C. 
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RMOP+RMOP-TCH Media 

0272 (Svab, Z. et al., 1975. Transgenic tobacco plants by 
cocultivation of leaf disks with pPZP Agrobacterium binary 
vectors. In “Methods in Plant Molecular Biology—A Labo 
ratory Manual”. P. Maliga, D. Klessig, A. Cashmore, W. 
Gruissem and J. Varner, eds. Cold Spring Harbor Press: 
55-77), herein expressly incorporated by reference in its 
entirety). 

1 L. Final Conc. 

0273 

Sucrose 30 g (3%) 
Myo-inositol 100 mg (0.1%) 
MS Macro 10x100 mL. (1x) 
MS Micro 1000x 1 mL (1x) 
Fe2EDTA Iron 100x10 mL. (1x) 
Thiamine-HCl (10 mg/mL stock) 100LL (1 mg) 
NAA (1 mg/mL stock) 100 IL 0.1 mg) 
BAP (1 mg/mL stock) 1 mL (1 mg) 
pH 5.8 
Phytagel 2.5 g/L for solid 
autoclave 
* for RMOP-TCH, when ready to pour add: 
Timentin (200 mg/mL stock) 1 mL, Claforan (250 mg/mL stock) 1 mL, 
and Hygromycin (50 mg/mL stock) 1 mL. 

BAP (1 mg/ml) (6-Benzylaminopurine) 
Add 1N KOH drop wise to 100mg BAPuntil dissolved. Make 
up to 100 mL with Milli-Q H2O and store at 4°C. 
NAA (1 mg/ml) (Naphthalene Acetic Acid) 
0274 Dissolve 100 mg NAA in 1 mL absolute ethanol. 
Add 3 mL 1N KOH. Make up to 80 mL with Milli-Q H2O. 
Adjust pH to 6.0 with 1N HCl, make up to 100 mL with 
Milli-Q H2O, and store at 4°C. 
Cefotaxamine (250 mg/ml) 
Add 8 ml sterile Milli-Q H2O to 2 g Claforan and store at 4 
C. in dark 
Timentin (200 mg/ml) 
Add 15 ml sterile Milli-Q H2O to 3 g Timentin and store at 4 
C. 

MST-MST-TCH Media 

0275 (Svab, Z. et al., 1975. Transgenic tobacco plants by 
cocultivation of leaf disks with pPZP Agrobacterium binary 
vectors. In “Methods in Plant Molecular Biology—A Labo 
ratory Manual”. P. Maliga, D. Klessig, A., Cashmore, W. 
Gruissem and J. Varner, eds. Cold Spring Harbor Press: 
55-77), herein expressly incorporated by reference in its 
entirety). 

1 L. Final Concentration 

0276 

Sucrose 30 g (3%) 
MS Macro 10x 100 mL. (1x) 
MS Micro 1000x 1 mL (1x) 
Fe2EDTA Iron 100x10 mL. (1x) 
pH 5.8 
Phytagel 2.5 g/L 
Autoclave 



US 2011/0173721 A1 

-continued 

For MST-TCH, when ready to pour add: 

Timentin (200 mg/mL stock) (1 mL) 
Cefotaxamine (250 mg/mL stock) (1 mL) 
Hygromycin (50 mg/mL stock) (1 mL) 

MS Macro 10x ((Murashige and Skoog., Phys. Plant. 15: 
473-497 (1962), herein expressly incorporated by reference 
in its entirety)). 

Final Concentration 

(0277 

10x (gL) 

KNO3 19.0 
NH4NO3 16.5 
CaCl2O2H2O 4.4 
MgSO4·7H2O 3.7 
KH2PO4 1.7 
Store 4° C. 

Substituting Chemicals: 
CaCl-, 3.3 g/L 
MgSO41.8 g/L 
MS Micro 1000X 

(0278 (Murashige and Skoog., Phys. Plant. 15: 473-497 
(1962), herein expressly incorporated by reference in its 
entirety). 

Final Concentration 

0279 
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Substituting Chemicals: 

MnSO4·H2O 16.9/L 

FeSO4EDTA Iron 1 OOX 

0280 

(g 1 L) 

FeSO407E20 2.78 
Na2EDTA 3.72 
Store 4°C. in dark bottle 

0281. Once the transformed cells are selected, by any of 
the approaches described above, they are induced to regener 
ate intact tobacco plants through application of tobacco cell 
and tissue culture techniques that are well known in the art. 
The method of plant regeneration is chosen so as to be com 
patible with the method of transformation. The stable pres 
ence of an interfering RNA or a nucleic acid encoding an 
interfering RNA in transgenic tobacco plants can be verified 
by Mendelian inheritance of the interfering RNA or a nucleic 
acid encoding an interfering RNA sequence, as revealed by 
standard methods of nucleic acid analysis applied to progeny 
resulting from controlled crosses. After regeneration of trans 
genic tobacco plants from transformed cells, the introduced 
nucleic acid sequence can be readily transferred to other 
tobacco varieties through conventional plant breeding prac 
tices and without undue experimentation. 
0282 For example, to analyze the segregation of the trans 
gene, regenerated transformed plants (TO) may be grown to 
maturity, tested for nicotine and/or TSNA levels, and selfed to 
produce T plants. A percentage of T plants carrying the 
transgene are homozygous for the transgene. To identify 
homozygous T plants, transgenic T plants are grown to 
maturity and selfed. Homozygous T plants will produce T. 
progeny where each progeny plant carries the transgene; 

1OOOx (g/L) 

MISO404H2O 22.3 
ZiSO407E2O 8.6 
H3BO3 6.2 
KI O.83 
Na2MOO402H2O O.25 
CuSO40SH2O 25 mg 
COC206H2O 25 mg 
Store 4° C. 

Burley Dark 
Varieties Varieties 

KT 200 BLACK 
LC MAMMOTH 

KT 204 
LC DF 485 

progeny of heterozygous T, plants will segregate 3:1. 
(0283 Any plant tissue capable of Subsequent clonal 
propagation, whether by organogenesis or embryogenesis, 
may be transformed with a nucleic acid embodiment pro 
vided herein. Preferred plants for introduction of a nucleic 
acid embodiment, described herein, include Nicotiana. Pre 
ferred varieties of Nicotiana for introduction of a nucleic acid 
embodiment as described herein include the Nicotiana 
tabacum varieties provided in Table 1. 

TABLE 1. 

One Newest 
Flu Cured Other Virginia Hybrid Sucker Varieties Oriental 

BROWN 
K149 CU 748 LEAF NBH98 OS4OO GL3SO D174 

LIZARD MS 
TAIL 21xKY KY 

K326 GL 737 ORNOCO 10 160 Izmir 
LIZARD 
TAIL MS 
TURTLE 14xKY 
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TABLE 1-continued 

Burley Dark One Newest 
Varieties Varieties Flu Cured Other Virginia Hybrid Sucker Varieties Oriental 

KY DF 911 K346 OX 207 FOOT L8 
KY 10 DT 508 K394 PVHO3 M and N TN 97 
KY 14 DT 518 K730 PVH 09 SHIREY KT 200 

Coker 371 PVH WALKER 
KY 17 DT 592 Gold 2040 BROADLEAF 

GREEN 
KY 907 WOOD CU 748 RG 17 
KY 907 MPROVED 
LC MADOLE GL 737 RG 81 
KY 908 KT-D4 LC GL939 RGH 4 
KY 908 KY 160 GL 973 RGHS1 

RS 
KY 910 KY 171 K358 410 
MS 
Burley 21 Speigh 
XKY 10 KY 171 K399 68 

LITTLE 
MSKY14 CRITTENDE Speigh 
x L.8 N NC 102 79 

LITTLE Speigh 
N126 WOOD NC 291 90 

NARROW 
LEAF Speigh 

N 777 MADOLE NC 297 96 
NEWTONS Speigh 

N 88 VHMADOLE NCSS 2OOA 
Speigh 

NBH98 NL MADOLE NC 606 210 
Speigh 

TN 86 TN D94 NC 71 218 
Speigh 

TN 86 LC TND950 NC 72 220 
Speigh 

TN 90 TRMADOLE NC 810 H-2O 
Speigh 

TN 90 LC WA 309 RGH 4 H-6 
Speigh 

TN 97 LC WA312 RGHS1 NF-3 
VASO9 VA 355 VA 119 

NC 37 
LA21 VA 359 NF 

OX 414 
NF 
Sp. G 
172 

0284. The term “organogenesis.” as used herein, means a clonal propagation or classical breeding techniques. For 
process by which shoots and roots are developed sequentially 
from meristematic centers; the term "embryogenesis, as 
used herein, means a process by which shoots and roots 
develop together in a concerted fashion (not sequentially), 
whether from Somatic cells or gametes. The particular tissue 
chosen will vary depending on the clonal propagation sys 
tems available for, and best Suited to, the particular species 
being transformed. Exemplary tissue targets include leaf 
disks, pollen, embryos, cotyledons, hypocotyls, callus tissue, 
existing meristematic tissue (e.g., apical meristems, axillary 
buds, and root meristems) and induced meristem tissue (e.g., 
cotyledon meristem and hypocotyl meristem). 
0285 Plants provided herein may take a variety of forms. 
The plants may be chimeras of transformed cells and non 
transformed cells; the plants may be clonal transformants 
(e.g., all cells transformed to contain the transcription cas 
sette); the plants may comprise grafts of transformed and 
untransformed tissues (e.g., a transformed root stock grafted 
to an untransformed Scion in citrus species). The transformed 
plants may be propagated by a variety of means, such as by 

example, first generation (or T) transformed plants may be 
selfed to give homozygous second generation (or T) trans 
formed plants and the T plants further propagated through 
classical breeding techniques. A dominant selectable marker 
(such as nptII) can be associated with the transcription cas 
sette to assist in breeding. 
0286 As used herein, a crop comprises a plurality of 
plants provided herein, and of the same genus, planted 
together in an agricultural field. By "agricultural field is 
meant a common plot of Soil or a greenhouse. Thus, the 
present invention provides a method of producing a crop of 
plants having reduced amounts of nicotine, nornicotine, and/ 
or sterol, as compared to a similar crop of non-transformed 
plants of the same species and variety. 
0287. The modified tobacco plants described herein are 
Suitable for conventional growing and harvesting techniques 
(e.g. topping or no topping, bagging the flowers or not bag 
ging the flowers, cultivation in manure rich soil or without 
manure). The harvested tobacco leaves and stems are Suitable 
for conventional methods of processing Such as curing and 
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blending. The modified tobacco is suitable for use in any 
traditional tobacco product including, but not limited to, pipe, 
cigar and cigarette tobacco, and chewing tobacco in any form 
including leaf tobacco, shredded tobacco, or cut tobacco. 
0288. Some embodiments concern the production and 
identification of particular lines of a transgenic Burley variety 
(Vector 21-41), which have very low levels of nicotine and 
TSNAs. The constructs used to create these particular lines of 
transgenic Burley tobacco are provided in Conkling et al., 
WO98/56923: U.S. Pat. Nos. 6,586,661; 6,423,520; and U.S. 
patent application Ser. Nos. 09/963,340; 10/356,076; 09/941, 
042; 10/363,069; 10/729, 121; 10/943,346, all of which are 
hereby expressly incorporated by reference in their entireties. 
After the creation and analysis of nearly 2,000 lines of trans 
genic Burley tobacco, these particular lines of reduced nico 
tine and TSNA transgenic tobacco were identified. Tobacco 
harvested from these lines were incorporated into tobacco 
products (Quest 1(R), Quest 2R, and Quest 3(R) and were 
analyzed for their ability to reduce the potential to contribute 
to a tobacco-related disease, as described in the sections 
above. It was found that tobacco products comprising these 
lines of transgenic Burley tobacco, had a reduced potential to 
contribute to a tobacco-related disease (i.e., that these tobacco 
products are reduced risk tobacco products). 
0289. 3. Exemplary Constructs 
0290. Several embodiments concernisolated nucleic acids 
that comprise, consist, or consist essentially of the nucleic 
acids described in the sequence listing (SEQ. ID. NOS.: 2, 3, 
4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 
23, 24, 25, 26, 27, 28, 29, 30, 31, 32,33, 34,35, 36, 37,38, 39, 
40, 41, 42, 43, 44, 45, 46, 47, 48, 49 or 50) and fragments 
thereof at least 30 consecutive nucleotides in length. That is, 
embodiments provided herein include an isolated nucleic 
acid comprising, consisting of consisting essentially of any 
one or more of the sequences of SEQ. ID. NOS.: 2, 3, 4, 5, 6, 
7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 
25, 26, 27, 28, 29, 30, 31, 32,33, 34,35, 36, 37,38, 39, 40, 41, 
42, 43,44, 45,46, 47, 48, 49 or 50, or a fragment thereof (e.g., 
a fragment that is at least, less than or equal to or greater than 
30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 220, 
240, 260, 280, 300, 320, 340,360, 380, 400, 420, 440, 460, 
480, 500,520, 540, 560, 580, 600, 620, 640, 660, 680, 700, 
800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 
1800, 1900, 2000, 2100, 2200,2300, 2400, 2500, 2600, 2700, 
2800,2900, 3000, 3100,3200,3300,3400, 3500,3600,3700, 
3800, 3900, 4000, 4100, 4200, 4300, 4400, 4500, 4600, 4700, 
4800, 4900, 5000,5100,5200,5300,5400, 5500,5600,5700, 
5800, 5900, 6000, 6100, 6200, 6300, 6400, 6500, 6600, 6700, 
6800, 6900, 7000, 7100, 7200, 7300, 7400, 7500, 7600, 7700, 
7800, 7900, 8000, 8100, 8200,8300, 8400, 8500, 8600, 8700, 
8800, 8900, or 9000 consecutive nucleotides of SEQ. ID. 
NOS.: 2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,33, 34,35, 36, 
37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49 or 50. 
0291. In preferred embodiments, the target gene or target 
mRNA encodes QTPase, PMTase, or the A622 gene product. 
In preferred embodiments, an interfering RNA comprises, 
consists, or consists essentially of an RNA strand that is 
complementary to each least a portion (e.g., less than, greater 
than or equal to 30,35, 40, 45, 50, 60, 75, 100, 150,250, 500, 
750, or 1000 consecutive nucleotides) of SEQID NOS: 2, 3, 
4, 5, 39 or 40, and inhibits the production of QTPase, PMTase, 
A622, nicotine, nornicotine, NNN, NNK, NAT, or NAB in a 
tobacco. In related embodiments, the interfering RNA com 
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prises, consists, or consists essentially of an RNA strand that 
is complementary to each least a portion (e.g., less than, 
greater than or equal to 30, 35, 40, 45, 50, 60, 75, 100, 150, 
250, 500, 750, or 1000 consecutive nucleotides) of SEQ ID 
NO: 5, and inhibits production of nornicotine but not nicotine 
in a tobacco. In still more embodiments, the interfering RNA 
comprises, consists, or consists essentially of an RNA strand 
that is complementary to each least a portion (e.g., less than, 
greater than or equal to 30, 35, 40, 45, 50, 60, 75, 100, 150, 
250, 500, 750, or 1000 consecutive nucleotides) of SEQ ID 
NO: 6, 7, 8, or 9, and inhibits production of at least one sterol 
(e.g., squalene synthase, HMG-CoA reductase, SMT2, or 
14alpha demethylase) in a tobacco and at least one PAH upon 
pyrolysis of said tobacco. 
0292 Some of these nucleic acid embodiments comprise, 
consist, or consist essentially of fragments of the QPTase, 
PMTase, and A622 genes that were found to inhibit gene 
expression unexpectedly well in the RNAi constructs 
described herein, producing reduced alkaloid tobacco (below 
7,000 ppm, 1,000 ppm, or 500 ppm). Some of these nucleic 
acids concern fragments of genes involved in sterol biosyn 
thesis (e.g., squalene synthase, HMG-CoA reductase, SMT2, 
or 14alpha demethylase) and these fragments are particularly 
useful for inhibiting production of sterols in tobacco and 
PAHs when said tobacco undergoes pyrolysis. 
0293 Still more of the nucleic acid embodiments concern 
several phytoene desaturase (PDS) mutants (e.g., PDSM-1, 
PDSM-2, and PDSM-3, SEQ. ID. NOS.: 10, 11, or 12) that 
were developed to confer resistance to norfluraZone, which 
allows both tissue-culture selection of cells transformed with 
the construct, as well as, field-based selection, wherein weeds 
and tobacco, which do not contain an herbicide resistance 
gene, are removed from the field or crop by spraying the 
herbicide norflurazone or an herbicide of the same class or 
activity (e.g., herbicides that contain CHCIFNO (see 
U.S. Pat. No. 3,644,355, herein expressly incorporated by 
reference in its entirety), but plants expressing PDSM-1, 
PDSM-2, or PDSM-3 survive the herbicide contact). That is, 
Some embodiments include isolated nucleic acids that com 
prise, consist, or consist essentially of the PDS mutant 
sequences provided by SEQ. ID. NOS.: 10, 11, or 12 and 
fragments thereof at least 30 nucleotides in length (e.g., less 
than, greater than or equal to 30, 35, 40, 45, 50, 60, 75, 100, 
150, 250, 500, 750, 1000, 1100, 1200, 1300, 1400, 1500, 
1600, 1700, or 1729 consecutive nucleotides) that include a 
mutation (e.g., T 1478G, which encodes Val493Gly; G863C, 
which encodes Arg288Pro; and T1226C, which encodes 
Leu409Pro) that confers resistance to norflurazone). Prefer 
ably, the fragments of the PDS mutants described herein 
confer resistance to norfluraZone, although fragments that do 
not confer resistance to the herbicide are also useful in the 
field in assays designed to follow the retention of constructs 
described herein in Successive generations of transgenic 
plants. Approaches to develop more norfluraZone-resistance 
genes are also provided herein. 
0294. Additional embodiments include isolated nucleic 
acids that comprise, consist, or consist essentially of root 
specific promoters, constitutive promoters, and developmen 
tally regulated promoters, which can be used interchangeably 
with the nucleic acid sequences described herein. Some 
embodiments, for example, include a root-specific promoter 
such as the RD2 promotor (SEQ. ID NO. 37 or SEQ. ID NO. 
50), truncated RD2 promoter (SEQ. ID NO. 13) or the 
Putrescene methyl transferase promoter (PMT-1) (SEQ. ID 
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NO. 14). Constitutive promoters that can be used with 
embodiments described herein include the GapC promoter 
(SEQ. ID. NO. 15), Actin2 promoter (Act2P) (SEQ. ID NO. 
16), the tobacco alcohol dehydrogenase promoter (ADP) 
(SEQ. ID NO. 17), the Arabidopsis ribosomal protein L2 
promoter (RPL2P) (SEQ. ID NO. 18), and the nopaline syn 
thase promoter (NOSP) (SEQID NO. 46). Developmentally 
regulated promoters that can be used with the nucleic acid 
sequences described herein include the cinnamyl alcohol 
dehydrogenase promoter (SEQ. ID NO. 19) and the metal 
lothionein I promoter (SEQ. ID NO. 20). Additional embodi 
ments also include isolated nucleic acids that comprise, con 
sist, or consist essentially of the GAD2 terminator (SEQ. ID 
NO. 21), nopaline synthase terminator (NOST) (SEQID NO 
38), a FAD2 intron (provided by (SEQ. ID NO. 22), ACT11 
intron 3 (SEQ ID NO 41), which was used as a spacer in 
several of the RNAi constructs, and the PAP1 intron (pro 
vided by nucleotides 6446-7.625 of (SEQ. ID NO. 33). 
Because of the unique properties of the FAD2 intron, in 
particular the hair-pin secondary structure afforded by the 
interaction of splice sites in the sequence, it was found, unex 
pectedly, that transgenic tobacco could be made with various 
inhibitory sequences with nearly equivalent Success (e.g., 
approximately 50% of the reduced nicotine lines created by 
multiple constructs were found to have less than 1,000 ppm 
total alkaloid). Accordingly, significantly improved RNAi 
constructs were generated using this spacer. That is, embodi 
ments provided herein concern the use of an intronic 
sequence comprising splicing recognition sequences (prefer 
ably FAD2 or PAP1 intron) to link or join a first RNA 
sequence to a second RNA sequence that is complementary to 
said first RNA sequence, wherein said first or second RNA 
sequence is complementary to a target RNA, which, prefer 
ably, regulates the production of a harmful compound in 
tobacco (e.g., nicotine, nornicotine, or a sterol). 
0295 Embodiments provided herein also concern isolated 
nucleic acids that comprise, consist, or consist essentially of 
the inhibition and selection cassettes identified as SEQ. ID. 
Nos. 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,33, 34, 35, 36, 37, 
38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49 or 50 and 
fragments thereof (e.g., a fragment that is at least, less than or 
equal to or greater than 30, 40, 50, 60, 70, 80,90, 100, 120, 
140, 160, 180, 200, 220, 240, 260, 280, 300, 320, 340, 360, 
380, 400, 420, 440, 460, 480, 500, 520, 540, 560, 580, 600, 
620, 640, 660, 680, 700, 800, 900, 1000, 1100, 1200, 1300, 
1400, 1500, 1600, 1700, 1800, 1900, 2000, 2100,2200, 2300, 
2400, 2500, 2600,2700, 2800,2900, 3000, 3100,3200,3300, 
3400, 3500, 3600,3700, 3800, 3900, 4000, 4100, 4200, 4300, 
4400, 4500, 4600, 4700, 4800, 4900, 5000, 5100,5200,5300, 
5400, 5500, 5600,5700, 5800,5900, 6000, 6100,6200, 6300, 
6400, 6500, 6600,6700, 6800,6900, 7000, 7100,7200, 7300, 
7400, 7500, 7600, 7700, 7800, 7900, 8000, 8100,8200,8300, 
8400, 8500, 8600, 8700, 8800, 8900, or 9000 consecutive 
nucleotides) of SEQ. ID. Nos. 23, 24, 25, 26, 27, 28, 29, 30, 
31, 32,33, 34,35,36, 37,38, 39, 40, 41, 42,43, 44, 45, 46,47, 
48, 49 or 50). 
0296 Embodiments provided herein also concern isolated 
nucleic acids that comprise, consist, or consist essentially of 
a plurality of the nucleic acid sequences described herein. For 
example, a double knock-out construct comprising a portion 
of the A622 gene and a portion of the QPTase gene has been 
made and it is expected that this construct will efficiently 
reduce expression of at least two genes involved in the Syn 
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thesis or regulation of the production of nicotine (SEQ. ID. 
No. 27). Another double knock-out construct comprises, con 
sists of or consists essentially of a first isolated nucleic acid 
that inhibits nicotine biosynthesis (e.g., A622) and a second 
isolated nucleic acid that inhibits synthesis of at least one 
sterol (e.g., SMT2). (See (SEQ. ID. No. 33)). Accordingly, 
embodiments provided herein concern an isolated nucleic 
acid construct that inhibits the expression of a plurality of 
genes that regulate the production of more than one harmful 
compound in tobacco. In some aspects of these embodiments, 
said isolated nucleic acid construct inhibits the expression of 
at least two nicotine biosynthesis genes, a nicotine biosyn 
thesis gene and a sterol biosynthesis gene, or two sterol bio 
synthesis genes. It should also be understood that embodi 
ments provided herein concern tobacco generated by crossing 
the transgenic tobaccos described herein. For example, some 
embodiments concern progeny of a cross between a trans 
genic tobacco having a reduced amount of nicotine and a 
transgenic tobacco having a reduced amount of a sterol. 
Crossings of the transgenic tobacco described herein and 
wild-type tobacco are also embodiments provided herein. 
0297. The interfering RNAs used with the embodied 
nucleic acids can be expressed from nucleic acid construct 
that encodes one or more strands of the RNA duplex of the 
interfering RNA. In some embodiments, the nucleic acid 
construct is present on a vector. The vectors may be viral 
vectors, plasmids, or any other vehicles for nucleic acid deliv 
ery. In other embodiments, the interfering RNAs described 
herein can be generated synthetically by methods, such as 
direct synthesis or in vitro transcription. In some embodi 
ments, synthetic interfering nucleic acids comprising modi 
fied nucleic acids are contemplated. Other embodiments pro 
vided herein include multiple vector systems for producing 
an interfering RNA wherein a first vector encodes the first 
strand of the interfering RNA and a second vector encodes the 
second strand of the interfering RNA. 
0298 Still other embodiments provided herein relate to 
tobacco cells comprising one or more of the nucleic acid 
constructs described herein, which encode an interfering 
RNA that is specific for a gene product involved in nicotine or 
sterol biosynthesis. In Such embodiments, the interfering 
RNA reduces or eliminates the expression of Such gene prod 
uct. Additional embodiments relate to tobacco cells compris 
ing one or more interfering RNAS that are specific for a gene 
product involved in nicotine biosynthesis. In certain embodi 
ments, the interfering RNAs are synthetic interfering RNAs. 
0299 Certain embodiments provided herein relate to 
tobacco plants and cured tobacco products having a reduced 
amount or nicotine, nornicotine, TSNAS, and/or sterols. In 
Such embodiments, reduction in nicotine, nornicotine, 
TSNAs, and/or sterolamounts in the tobacco plants and cured 
tobacco products is mediated by an interfering RNA compris 
ing an RNA duplex wherein at least 30 consecutive nucle 
otides (e.g., at least or equal to 30, 40, 50, 60, 70,80,90, 100, 
120, 140, 160, 180, 200, 220, 240, 260, 280, 300, 320, 340, 
360, 380, 400, 420, 440, 460,480, 500, 520, 540, 560, 580, 
600, 620, 640, 660, 680, 700, 800, 900, 1000 consecutive 
nucleotides) of the RNA duplex are complementary or sub 
stantially complementary to a target mRNA that encodes a 
gene product involved in nicotine biosynthesis. Further 
aspects relate to a field or crop of tobacco plants comprising 
one or more of the constructs described herein. Still other 
aspects relate to a tobacco seed produced from one or more of 
the tobacco plants provided herein. 
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0300 Transgenic tobacco plants produced by the methods 
described herein can be cured by any of the tobacco curing 
techniques that are known in the art. As such, Some embodi 
ments provided herein relate to cured tobacco and cure 
tobacco products made from the transgenic plants described 
herein. In some embodiments, the cured tobacco product is a 
blended tobacco product. In some embodiments, the cured 
tobacco product is processed in a microbe-free environment. 
In other embodiments, the cured tobacco is contacted with 
sterilizing vapor, heat, or radiation so as to prevent the con 
version of alkaloid to TSNAs. 

0301 Some embodiments provided herein relate to meth 
ods of preparing a tobacco cell having a reduced nicotine 
and/or sterol content, wherein the method comprises provid 
ing a tobacco cell with one or more interfering RNAs or one 
or more nucleic acid constructs encoding an interfering RNA 
comprising an RNA duplex, which comprises a first strand 
having a sequence Substantially similar or identical to at least 
a portion of the coding sequence of a target gene and/or target 
gene product involved in nicotine and/or sterol biosynthesis, 
and a second strand that is complementary or Substantially 
complementary to the first strand. In a preferred embodiment, 
the target gene product involved in nicotine biosynthesis is 
QTPase, PMTase, or A622 and the target gene product 
involved in sterol biosynthesis is squalene synthase, HMG 
CoA reductase, SMT2, or 14alpha demethylase. 
0302. Other embodiments provided herein relate to meth 
ods of preparing a tobacco plant having a reduced nicotine 
and/or sterol content comprising obtaining a tobacco cell in 
culture; providing to the tobacco cell one or more interfering 
RNAS or one or more nucleic acid constructs encoding an 
interfering RNA comprising an RNA duplex, which com 
prises a first strand having a sequence Substantially similar or 
identical to at least a portion of the coding sequence of a target 
gene and/or target gene product involved in nicotine and/or 
sterol biosynthesis, and a second strand that is complemen 
tary or Substantially complementary to the first Strand; allow 
ing expression of the interfering RNA, thereby reducing cel 
lular nicotine and/or sterol content; and regenerating a 
tobacco plant from the tobacco cell. In some embodiments, 
the tobacco plants prepared by Such method also have a 
reduced TSNA content and/or produce a reduced amount of 
PAHs upon pyrolysis, as compared to a conventional tobacco 
product of the same class, a reference tobacco product (e.g., 
IM16), or the same strain of tobacco prior to genetic modifi 
cation. 

0303 As mentioned above, additional embodiments 
include tobacco products that have been carefully blended so 
that desired levels of nicotine, TSNAs, and/or sterols are 
obtained. For example, tobacco having a reduced level of 
nicotine and/or TSNAs, prepared as described above, can be 
blended with conventional tobacco so as to obtain virtually 
any amount of nicotine and/or sterols. Additionally, as men 
tioned above, exogenous nicotine can be added to the tobacco 
or tobacco product. Further, two or more varieties of tobacco 
(e.g., transgenic reduced alkaloid Burley, transgenic reduced 
alkaloid Flue-cured, and/or transgenic reduced alkaloid Ori 
ental) can be blended so as to achieve a desired taste while 
maintaining nicotine levels in or delivered by the product 
(e.g., as measured by FTC methodology) at less than 7,000 
ppm, 5,000 ppm, 3000 ppm, 2000 ppm, 1000 ppm, or 500 
ppm and TSNA levels at 0.5 g/g or less. Similarly, two or 
more varieties of transgenic tobacco having a reduced amount 
of sterols can be blended, as above, or varieties of sterol 
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reduced transgenic tobacco can be blended with varieties of 
nicotine reduced transgenic tobacco. In this manner, differ 
ences in variety, flavor, as well as amounts of nicotine and/or 
sterols can be incrementally adjusted. These blended tobac 
cos can be processed into tobacco products, which can be 
incorporated into tobacco use cessation kits (e.g., a multiple 
step nicotine reduction program, whereby a consumer's expo 
sure to nicotine, TSNA, or PAH is gradually reduced over 
time by consumption of tobacco products that have increas 
ingly smaller quantities of these compounds). Such kits and 
programs, are designed to reduce or eliminate nicotine depen 
dence and reduce the potential to contribute to a tobacco 
related disease. 

0304 More embodiments concern methods to reduce the 
carcinogenic potential of tobacco products, including ciga 
rettes, cigars, chewing tobacco, Snuff and tobacco-containing 
gum and lozenges. Some methods, for example involve the 
use of the constructs described herein to obtain transgenic 
tobacco that comprises a reduced amount of nicotine, TSNAs, 
and/or sterols and the manufacture of tobacco products con 
taining said tobacco. Accordingly, the transgenic tobacco 
plants, described above, are harvested, cured, and processed 
into tobacco products. These tobacco products have a reduced 
carcinogenic potential because they are prepared from 
tobacco that has a reduced amount of nicotine, TSNAs, and 
sterols. Smoke or Smoke condensate generated from these 
tobaccos and tobacco products can also be evaluated using the 
assays provided herein so as to confirm that said tobaccos and 
tobacco products have a reduced potential to contribute to a 
tobacco-related disease and that said tobaccos and tobacco 
products are reduced risk compositions. 
0305 Yet another aspect provided herein concerns the 
reduction of the amount of TSNAs, preferably NNN and 
NNIS, and polyaromatic hydrocarbons (PAHs), preferably, 
benzapyrene and metabolites thereof in humans who 
Smoke, consume or otherwise ingest tobacco. This method is 
practiced by providing a tobacco product comprising a trans 
genic tobacco that comprises a reduced amount of nicotine 
and/or a sterol to said humans, thereby lowering the amount 
of TSNAs and/or PAHs in said humans exposed to said 
tobacco product. By one approach, for example, the carcino 
genic potential of side stream or main stream tobacco Smoke 
in a human exposed to said side stream or main stream 
tobacco Smoke is reduced by providing the cured tobacco as 
described above in a product that undergoes pyrolysis, 
wherein pyrolysis of said product results in side stream or 
main stream Smoke comprising a reduced amount of TSNAS 
and/or PAHs. The section below describes several preferred 
approaches to develop genetically modified tobaccos and 
tobacco products containing genetically modified tobacco 
that have a reduced amount of a compound that contributes to 
a tobacco related disease. 
0306 Preparation of Preferred Transgenic Tobaccos 
0307 A first generation of transgenic Burley tobacco was 
created using a full-length antisense QPTase construct. 
Tobacco of the variety Burley 21 LA was transformed with 
the binary Agrobacterium vector pYTY32 to produce a low 
nicotine tobacco variety, Vector 21-41. The binary vector 
pYTY32 carried the 2.0 kb NtOPT1 root-cortex-specific pro 
moter driving antisense expression of the NtCRPT1 clNA 
(SEQ. ID. NO. 2) and the nopaline synthase (nos) 3' termi 
nation sequences from Agrobacterium tumefaciens T-DNA. 
The selectable marker for this construct was neomycin phos 
photransferase (nptII) from E. coli Tn5 which confers resis 
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tance to kanamycin, and the expression mpt was directed by 
the nos promoter from Agrobacterium tumefaciens T-DNA. 
Transformed cells, tissues, and seedlings were selected by 
their ability to grow on Murashige-Skoog (MS) medium con 
taining 300 g/ml kanamycin. Burley 21 LA is a variety of 
Burley 21 with substantially reduced levels of nicotine as 
compared with Burley 21 (i.e., Burley 21 LA has 8% the 
nicotine levels of Burley 21, see Legg et al., Can J Genet 
Cytol, 13:287-91 (1971); Legg et al., J Hered, 60:213-17 
(1969)). 
0308 One-hundred independent pYTY32 transformants 
of Burley 21 LA (To) were allowed to self. Progeny of the 
selfed plants (T) were germinated on medium containing 
kanamycin and the segregation of kanamycin resistance 
scored. T progeny segregating 3:1 resulted from transforma 
tion at a single locus and were Subjected to further analysis. 
0309 Nicotine levels of T progeny segregating 3:1 were 
measured qualitatively using a micro-assay technique. 
Approximately ~200 mg fresh tobacco leaves were collected 
and ground in 1 ml extraction Solution (Extraction Solution: 1 
ml Acetic acid in 100 ml H2O). Homogenate was centrifuged 
for 5 min at 14,000xg and supernatant removed to a clean 
tube, to which the following reagents were added: 100 L 
NHOAC (5 g/100 ml HO+50 uL Brij 35); 500 uL Cyanogen 
Bromide (Sigma C-6388, 0.5 g/100 ml HO+50 uL Brij 35); 
400 uLAniline (0.3 ml buffered Aniline in 100 ml NHOAC+ 
50LL Brij 35). A nicotine standardstock solution of 10 mg/ml 
in extraction solution was prepared and diluted to create a 
standard series for calibration. Absorbance at 460 nm was 
read and nicotine content of test samples were determined 
using the standard calibration curve. 
0310 T progeny that had less than 10% of the nicotine 
levels of the Burley 21 LA parent were allowed to self to 
produce T. progeny. Homozygous T. progeny were identified 
by germinating seeds on medium containing kanamycin and 
selecting clones in which 100% of the progeny were resistant 
to kanamycin (i.e., segregated 4:0; heterozygous progeny 
would segregate 3:1). Nicotine levels in homozygous and 
heterozygous T. progeny were qualitatively determined 
using the micro-assay and again showed levels less than 10% 
of the Burley 21 LA parent. Leaf samples of homozygous T. 
progeny were sent to the Southern Research and Testing 
Laboratory in Wilson, N.C. for quantitative analysis of nico 
tine levels using Gas Chromatography/Flame Ionization 
Detection (GC/FID). Homozygous T. progeny of transfor 
mant #41 gave the lowest nicotine levels (-70 ppm), and this 
transformant was designated as “Vector 21-41. 
0311 Vector 21-41 plants were allowed to self-cross, pro 
ducing T progeny. T. progeny were grown and nicotine lev 
els assayed qualitatively and quantitatively. T. progeny were 
allowed to self-cross, producing Ta progeny. Samples of the 
bulked seeds of the T progeny were grown and nicotine 
levels tested. 

0312. In general, Vector 21-41 is similar to Burley 21 LA 
in all assessed characteristics, with the exception of alkaloid 
content and total reducing Sugars (e.g., nicotine and nor 
nicotine). Vector 21-41 may be distinguished from the parent 
Burley 21 LA by its substantially reduced content of nicotine, 
nor-nicotine and total alkaloids. As shown below, total alka 
loid concentrations in Vector 21-41 are significantly reduced 
to approximately relative to the levels in the parent Burley 21 
LA, and nicotine and nor-nicotine concentrations show dra 
matic reductions in Vector 21-41 as compared with Burley 21 
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LA. Vector 21-41 also has significantly higher levels of reduc 
ing Sugars as compared with Burley 21 LA. 
0313 Field trials of Vector 21-41 T progeny were per 
formed at the Central Crops Research Station (Clayton, N.C.) 
and compared to the Burley 21 LA parent. The design was 
three treatments (Vector 21-41, a Burley 21 LA transformed 
line carrying only the NtCPTJ promoter Promoter-Control. 
and untransformed Burley 21 LA Wild-type), 15 replicates, 
10 plants per replicate. The following agronomic traits were 
measured and compared: days from transplant to flowering; 
height at flowering; leaf number at flowering; yield; percent 
nicotine; percent nor-nicotine; percent total nitrogen; and 
percent reducing Sugars. 
0314 Vector 21-41 was also grown on approximately 
5000 acres by greater than 600 farmers in five states (Penn 
Sylvania, Mississippi, Louisiana, Iowa, and Illinois). The US 
Department of Agriculture, Agriculture Marketing Service 
(USDA-AMS) quantified nicotine levels (expressed as per 
cent nicotine per dry weight) using the FTC method of 2.701 
samples taken from these farms. Nicotine levels ranged from 
0.01% to 0.57%. The average percent nicotine level for all 
these samples was 0.09%, with the median of 0.07%. Burley 
tobacco cultivars typically have nicotine levels between 2% 
and 4% dry weight (Tso, T.C., 1972, Physiology and Bioche 
mistiy of Tobacco Plants. Dowden, Hutchinson, and Ross, 
Inc. Stroudsbury). 
0315 A transgenic Flue-cured tobacco with a reduced 
amount of nicotine and TSNAs was created using an RNAi 
approach. FIG. 1 illustrates an RNAi construct that was used 
to create a reduced nicotine tobacco, wherein the root-specific 
promoter RD2 (Bp 1-2010) was used to drive expression of an 
RNAi cassette comprising an antisense full-length QPTase 
cDNA (Bp 2011-3409) linked to a 382 bp fragment of the 
cucumber aquaporin gene (Bp 3410-3792), which is linked to 
a sense full-length QPTase cDNA (Bp 3793–5191) and the 
GapC terminator (Bp5192-5688) (see SEQ. ID. No. 23). This 
first RNAi construct also comprises a GUS-selection cassette 
comprising the GapC promoter (Bp 1-1291), which drives 
expression of the GUS gene (Bp 1292-3103), linked to the 
GapC terminator (Bp 3104-3600) (see SEQ. ID. No.34). This 
first RNAi construct was ligated into a binary vector, pBin 19 
which was then introduced into Agrobacterium tumefaciens. 
Leaf disks from Flue-cured variety K326 were then trans 
formed with Agrobacterium that contained the RNAi con 
struct comprising the RNAi cassette and the GUS selection 
cassette. GUS-based selection was then employed to select 
positively transformed plantlets (buds), which were then 
regenerated to plants. Leaf samples were then harvested and 
the alkaloid content was then determined. The alkaloid con 
tent of samples obtained from Some of the transgenic lines 
created with this first RNAi construct was 6000 ppm. Since 
the total alkaloid content in tobacco is about 90% nicotine, it 
is understood by those skilled in the art that the transgenic 
Flue-cured tobacco created using the construct shown in FIG. 
1 has significantly reduced levels of nicotine and TSNA, as 
compared to a conventional tobacco, a reference tobacco, or 
the parental strain of tobacco prior to genetic modification. 
Accordingly, tobacco products (e.g., cigarettes), tobacco, 
tobacco plants, tobacco cells, tobacco seeds, in Burley, Flue 
cured or Oriental comprising this RNAi construct are 
embodiments provided herein. 
0316 FIG. 2 shows another RNAi construct that was used 
to generate several lines of reduced nicotine and TSNA 
tobacco. This RNAi construct has a QTPase inhibition cas 
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sette (SEQ. ID. No. 24) and a norflurazone selection cassette 
(SEQ. ID. No. 35). Starting from the right border (RB), the 
QPTase inhibition cassette comprises an RD2 promoter (Bp 
1-2010) operably linked to an antisense fragment (360 bp) 
(Bp 2011-2370) of the QTPase gene, joined to a FAD2 intron 
(Bp 2371-3501), which is joined to a sense fragment of the 
QTPase gene (360 bp) (Bp 3502-3861), which is joined to the 
GAD2 terminator (Bp. 3862-4134). The selection cassette 
comprises the Actin 2 promoter (Bp 1-1161) operably linked 
to a mutant phytoene desaturase gene (PDSM1) (Bp 1162 
2890) joined to the GapC terminator (Bp 2891-3387) at the 
left border (LB). Accordingly, tobacco products (e.g., ciga 
rettes), tobacco, tobacco plants, tobacco cells, tobacco seeds, 
in Burley, Flue-cured or Oriental comprising this RNAi con 
struct are embodiments provided herein. 
0317 Flue-cured tobacco was transformed with the con 
struct shown in FIG. 2 using Agrobacterium-mediated trans 
formation and 1,140 independent lines were selected, regen 
erated, and transplanted in the greenhouse. Of the 1, 140 
independent lines, 1,097 plants were harvested and tested for 
alkaloid content. A total of 608 lines were identified as having 
less than 1,000 ppm total alkaloid and 139 lines were identi 
fied as having less than 500 ppm total alkaloid. Accordingly, 
the transgenic Flue-cured tobacco created using the construct 
shown in FIG. 2 has significantly reduced levels of nicotine 
and TSNA, as compared to a conventional tobacco, a refer 
ence tobacco, or the parental strain of tobacco prior to genetic 
modification. 

0318 Burley tobacco was also transformed with the con 
struct shown in FIG. 2 using Agrobacterium-mediated trans 
formation and 385 independent lines were selected, regener 
ated, and transplanted in the greenhouse. Of the 385 
independent lines, 350 lines of plants were harvested and 
tested for alkaloid content. A total of 142 lines were identified 
as having less than 1,000 ppm total alkaloid and 10 lines were 
identified as having less than 500 ppm total alkaloid. Accord 
ingly, it is understood by those skilled in the art that the 
transgenic Burley tobacco created using the construct shown 
in FIG. 2 also has significantly reduced levels of nicotine and 
TSNA, as compared to a conventional tobacco, a reference 
tobacco, or the parental strain of tobacco prior to genetic 
modification. 

0319 Oriental tobacco will be transformed with the con 
struct shown in FIG. 2 using Agrobacterium-mediated, Trans 
bacter-mediated or biolistic transformation and independent 
lines will be selected, regenerated, and transplanted in the 
greenhouse. Most of the independent lines grown in the 
greenhouse will be harvested and tested for alkaloid content. 
It is expected that approximately 50% of the lines tested will 
have less than 1,000 ppm total alkaloid and approximately 
10% of the lines tested will have less than 500 ppm total 
alkaloid. Accordingly, it is expected that the transgenic Ori 
ental tobacco that will be created using the construct shown in 
FIG. 2 will have significantly reduced levels of nicotine and 
TSNA, as compared to a conventional tobacco, a reference 
tobacco, or the parental strain of tobacco prior to genetic 
modification. 

0320 FIG.3 illustrates another RNAi construct that can be 
used to create a reduced nicotine and TSNA transgenic 
tobacco. This RNAi construct has a PMTase inhibition cas 
sette (SEQ. ID. No. 25) and a norflurazone selection cassette 
(SEQ. ID. No. 35). Starting from the right border (RB), the 
PMTase inhibition cassette comprises an RD2 promoter (Bp 
1-2010) operably linked to an antisense nucleic acid (241 bp) 
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(Bp 2011-2251) of a PMTase gene, joined to a FAD2 intron 
(Bp 2252-3382), which is joined to a sense nucleic acid of the 
PMTase gene (241 bp) (Bp 3383-3623), which isjoined to the 
GAD2 terminator (Bp. 3624-3896). The selection cassette 
comprises the Actin 2 promoter (Bp 1-1161) operably linked 
to a mutant phytoene desaturase gene (PDSM1) (Bp 1162 
2890) joined to the GapC terminator (Bp 2891-3387) at the 
left border (LB). Accordingly, tobacco products (e.g., ciga 
rettes), tobacco, tobacco plants, tobacco cells, tobacco seeds, 
in Burley, Flue-cured or Oriental comprising this RNAi con 
struct are embodiments provided herein. 
0321 Flue-cured tobacco will be transformed with the 
construct shown in FIG. 3 using Agrobacterium-mediated, 
Transbacter-mediated or biolistic transformation and inde 
pendent lines will be selected, regenerated, and transplanted 
in the greenhouse. Most of the independent lines grown in the 
greenhouse will be harvested and tested for alkaloid content. 
It is expected that approximately 50% of the lines tested will 
have less than 1,000 ppm total alkaloid and approximately 
10% of the lines tested will have less than 500 ppm total 
alkaloid. Accordingly, it is expected that the transgenic Flue 
cured tobacco that will be created using the construct shown 
in FIG.3 will have significantly reduced levels of nicotine and 
TSNA, as compared to a conventional tobacco, a reference 
tobacco, or the parental strain of tobacco prior to genetic 
modification. 

0322 Burley tobacco will be transformed with the con 
struct shown in FIG.3 using Agrobacterium-mediated, Trans 
bacter-mediated (see e.g., Broothaerts et al., Nature 433:629 
(2005), herein expressly incorporated by reference in its 
entirety) or biolistic transformation and independent lines 
will be selected, regenerated, and transplanted in the green 
house. Most of the independent lines grown in the greenhouse 
will be harvested and tested for alkaloid content. It is expected 
that approximately 50% of the lines tested will have less than 
1,000 ppm total alkaloid and approximately 10% of the lines 
tested will have less than 500 ppm total alkaloid. Accordingly, 
it is expected that the transgenic Burley tobacco that will be 
created using the construct shown in FIG. 3 will have signifi 
cantly reduced levels of nicotine and TSNA, as compared to 
a conventional tobacco, a reference tobacco, or the parental 
strain of tobacco prior to genetic modification. 
0323 Oriental tobacco will also be transformed with the 
construct shown in FIG. 3 using Agrobacteium-mediated, 
Transbacter-mediated or biolistic transformation and inde 
pendent lines will be selected, regenerated, and transplanted 
in the greenhouse. Most of the independent lines grown in the 
greenhouse will be harvested and tested for alkaloid content. 
It is expected that approximately 50% of the lines tested will 
have less than 1,000 ppm total alkaloid and approximately 
10% of the lines tested will have less than 500 ppm total 
alkaloid. Accordingly, it is expected that the transgenic Ori 
ental tobacco that will be created using the construct shown in 
FIG. 3 will have significantly reduced levels of nicotine and 
TSNA, as compared to a conventional tobacco, a reference 
tobacco, or the parental strain of tobacco prior to genetic 
modification. 

0324 FIG. 4 illustrates another RNAi construct that was 
used to create a reduced nicotine and TSNA transgenic 
tobacco. This RNAi construct has a A622 inhibition cassette 
(SEQ. ID. No. 26) and a norflurazone selection cassette 
(SEQ. ID. No. 35). Starting from the right border (RB), the 
A622 inhibition cassette comprises an RD2 promoter (Bp 
1-2010) operably linked to an antisense nucleic acid (628 bp) 
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(Bp 2011-2638) of the A622 gene, joined to a FAD2 intron 
(Bp 2639-3769), which is joined to a sense nucleic acid of the 
A622 gene (628 bp) (Bp 3770-4397), which is joined to the 
GAD2 terminator (Bp 4398-4670). The selection cassette 
comprises the Actin 2 promoter (Bp 1-1161) operably linked 
to a mutant phytoene desaturase gene (PDSM1) (Bp 1162 
2890) joined to the GapC terminator (Bp 2891-3387) at the 
left border (LB). Accordingly, tobacco products (e.g., ciga 
rettes), tobacco, tobacco plants, tobacco cells, tobacco seeds, 
in Burley, Flue-cured or Oriental comprising this RNAi con 
struct are embodiments provided herein. 
0325 Flue-cured tobacco was transformed with the con 
struct shown in FIG. 4 using Agrobacterium-mediated trans 
formation and 270 independent lines were selected, regener 
ated, and transplanted in the greenhouse. Of the 270 
independent lines, 259 plants were harvested and tested for 
alkaloid content. A total of 131 lines were identified as having 
less than 1,000 ppm total alkaloid and 45 lines were identified 
as having less than 500 ppm total alkaloid. Accordingly, it is 
understood by those skilled in the art that the transgenic 
Flue-cured tobacco created using the construct shown in FIG. 
4 also has significantly reduced levels of nicotine and TSNA, 
as compared to a conventional tobacco, a reference tobacco, 
or the parental strain of tobacco prior to genetic modification. 
0326 Several lines that were transformed with this con 
struct were unexpectedly found to have conventional levels of 
nicotine but a significantly reduced amount of nornicotine. 
That is, 9 lines were found to have nicotine levels ranging 
from 2.17 mg/g to 3.99 mg/g and nornicotine levels less than 
or equal to 0.00 to 0.06 mg/g (see Table 2). 

TABLE 2 

Transgenic tobacco having reduced mornicotine 
and conventional amounts of nicotine 

Alkaloid Nornicotine Nicotine 
new I.D (ppm) (mg/g) (mg/g) 

WDG O2O 2486.53 O.OO 2.30 
WDG O32 4683.O1 O.OO 3.48 
WDG 045 4490.79 O.OO 3.94 
VDG 052 2855.58 O.OO 2.61 
WDG OS4 2291.89 O.OO 2.17 
VDG O77 4857.86 O.O6 3.99 
VDG 097 3072.40 O.OO 2.58 
VDG 107 4921.31 O.O3 3.59 
WDG116 4960.64 O.OO 3.56 
Control-8 SOOS.22 O.28 4.O2 
Control-20 5711.97 O.34 5.35 
Control-28 S196.25 O.24 4.52 

Highlighted entries show transgenic tobacco lines having a reduced amount of nornicotine 
and conventional amounts of nicotine, 

0327 Tobacco products containing the selectively 
reduced mornicotine transgenic tobacco described above are 
also embodiments provided herein. That is, tobacco products 
comprising a transgenic tobacco that comprises a conven 
tional amount of nicotine (e.g., comprise or delivers accord 
ing to FTC methodology at least, less than, greater than, or 
equal to 1.0, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, 2.0, 2.1, 
2.2, 2.3, 2.4, 2.5, 2.6, 2.7, 2.8, 2.9, 3.0, 3.1, 3.2, 3.3, 3.4, 3.5, 
3.6, 3.7, 3.8, 3.9, 4.0, 4.1, 4.2, 4.3, 4.4, 4.5, 4.6, 4.7, 4.8, 4.9, 
or 5.0 mg/g nicotine) and a reduced amount of nornicotine 
(e.g., 0.00, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 
0.1, 0.11, 0.12, 0.13, 0.14, 0.15, 0.16, 0.17, 0.18, 0.19, or 0.2 
mg/g), as compared to a conventional tobacco, a reference 
tobacco, or the parental strain of tobacco prior to genetic 
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modification, are embodiments provided herein. Particularly 
preferred are transgenic tobacco and tobacco products made 
therefrom, which comprise a conventional amount of nicotine 
(e.g., comprises or delivers by FTC methodology at least, less 
than, greater than, or equal to 1.0, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 
1.7, 1.8, 1.9, 2.0, 2.1, 2.2, 2.3, 2.4, 2.5, 2.6, 2.7, 2.8, 2.9, 3.0, 
3.1, 3.2, 3.3, 3.4, 3.5, 3.6, 3.7, 3.8, 3.9, 4.0, 4.1, 4.2, 4.3, 4.4, 
4.5, 4.6, 4.7, 4.8, 4.9, or 5.0 mg/g nicotine) and a reduced 
amount of nornicotine (e.g., 0.00, 0.01, 0.02, 0.03,0.04, 0.05, 
0.06, 0.07, 0.08, 0.09, 0.1, 0.11, 0.12, 0.13, 0.14, 0.15, 0.16, 
0.17, 0.18, 0.19, or 0.2 mg/g), as compared to a conventional 
tobacco, a reference tobacco, or the parental Strain of tobacco 
prior to genetic modification, and an isolated fragment of the 
A622 gene, in particular, comprising, consisting of, or con 
sisting essentially of an isolated nucleic acid of SEQ. ID. No. 
5, or the cassette of SEQ. ID. No. 26. 
0328 Burley tobacco will be transformed with the con 
struct shown in FIG. 4 using Agrobacterium-mediated, Trans 
bacter-mediated or biolistic transformation and independent 
lines will be selected, regenerated, and transplanted in the 
greenhouse. Most of the independent lines grown in the 
greenhouse will be harvested and tested for alkaloid content. 
It is expected that approximately 50% of the lines tested will 
have less than 1,000 ppm total alkaloid and approximately 
10% of the lines tested will have less than 500 ppm total 
alkaloid. Accordingly, it is expected that the transgenic Bur 
ley tobacco that will be created using the construct shown in 
FIG. 4 will have significantly reduced levels of nicotine and 
TSNA, as compared to a conventional tobacco, a reference 
tobacco, or the parental strain of tobacco prior to genetic 
modification. It is also expected that some lines of tobacco 
created with the afore-mentioned nucleic acid construct will 
retain conventional amounts of nicotine but will comprise a 
reduced amount of nornicotine, as compared to a conven 
tional tobacco, a reference tobacco, or the parental strain of 
tobacco prior to genetic modification. 
0329. Oriental tobacco will also be transformed with the 
construct shown in FIG. 4 using Agrobacterium-mediated, 
Transbacter-mediated, or biolistic transformation and inde 
pendent lines will be selected, regenerated, and transplanted 
in the greenhouse. Most of the independent lines grown in the 
greenhouse will be harvested and tested for alkaloid content. 
It is expected that approximately 50% of the lines tested will 
have less than 1,000 ppm total alkaloid and approximately 
10% of the lines tested will have less than 500 ppm total 
alkaloid. Accordingly, it is expected that the transgenic Ori 
ental tobacco that will be created using the construct shown in 
FIG. 4 will have significantly reduced levels of nicotine and 
TSNA, as compared to a conventional tobacco, a reference 
tobacco, or the parental strain of tobacco prior to genetic 
modification. It is also expected that some lines of tobacco 
created with the afore-mentioned nucleic acid construct will 
retain conventional amounts of nicotine but will comprise a 
reduced amount of nornicotine, as compared to a conven 
tional tobacco, a reference tobacco, or the parental strain of 
tobacco prior to genetic modification. 
0330 FIG. 5 illustrates a double-knock-out RNAi con 
struct, which has been created to develop a reduced nicotine 
and TSNA transgenic tobacco. This double-knock-out RNAi 
construct has a QPTase/A622 inhibition cassette (SEQ. ID. 
No. 27) and a norflurazone selection cassette (SEQ. ID. No. 
35). Starting from the right border (RB), the QPTase/A622 
inhibition cassette comprises an RD2 promoter (Bp 1-2010) 
operably linked to a QPTase antisense nucleic acid (360 bp) 
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(Bp 2011-2370) of a QPTase gene, which is joined to a A622 
antisense nucleic acid (628 bp) (Bp 2371-2998) of a A622 
gene, which is joined to a FAD2 intron (Bp 2999-4129), 
which is joined to a sense nucleic acid of the A622 gene (628 
bp) (Bp 4130-4757), which is joined to a sense nucleic acid of 
the QPTase gene (360 bp) (Bp 4758-5117), which is joined to 
the GAD2 terminator (Bp 5118-5390). The selection cassette 
comprises the Actin 2 promoter (Bp 1-1161) operably linked 
to a mutant phytoene desaturase gene (PDSM1) (Bp 1162 
2890) joined to the GapC terminator (Bp 2891-3387) at the 
left border (LB). Accordingly, tobacco products (e.g., ciga 
rettes), tobacco, tobacco plants, tobacco cells, tobacco seeds, 
in Burley, Flue-cured or Oriental comprising this RNAi con 
struct are embodiments provided herein. 
0331 Flue-cured tobacco will be transformed with the 
construct shown in FIG. 5 using Agrobacterium-mediated, 
Transbacter-mediated, or biolistic transformation and inde 
pendent lines will be selected, regenerated, and transplanted 
in the greenhouse. Most of the independent lines grown in the 
greenhouse will be harvested and tested for alkaloid content. 
It is expected that approximately 50% of the lines tested will 
have less than 1,000 ppm total alkaloid and approximately 
10% of the lines tested will have less than 500 ppm total 
alkaloid. Accordingly, it is expected that the transgenic Flue 
cured tobacco that will be created using the construct shown 
in FIG.5 will have significantly reduced levels of nicotine and 
TSNA, as compared to a conventional tobacco, a reference 
tobacco, or the parental strain of tobacco prior to genetic 
modification. 

0332 Burley tobacco will be transformed with the con 
struct shown in FIG.5using Agrobacterium-mediated, Trans 
bacter-mediated or biolistic transformation and independent 
lines will be selected, regenerated, and transplanted in the 
greenhouse. Most of the independent lines grown in the 
greenhouse will be harvested and tested for alkaloid content. 
It is expected that approximately 50% of the lines tested will 
have less than 1,000 ppm total alkaloid and approximately 
10% of the lines tested will have less than 500 ppm total 
alkaloid. Accordingly, it is expected that the transgenic Bur 
ley tobacco that will be created using the construct shown in 
FIG. 5 will have significantly reduced levels of nicotine and 
TSNA, as compared to a conventional tobacco, a reference 
tobacco, or the parental strain of tobacco prior to genetic 
modification. 

0333 Oriental tobacco will also be transformed with the 
construct shown in FIG. 5 using Agrobacterium-mediated, 
Transbacter-mediated, or biolistic transformation and inde 
pendent lines will be selected, regenerated, and transplanted 
in the greenhouse. Most of the independent lines grown in the 
greenhouse will be harvested and tested for alkaloid content. 
It is expected that approximately 50% of the lines tested will 
have less than 1,000 ppm total alkaloid and approximately 
10% of the lines tested will have less than 500 ppm total 
alkaloid. Accordingly, it is expected that the transgenic Ori 
ental tobacco that will be created using the construct shown in 
FIG. 5 will have significantly reduced levels of nicotine and 
TSNA, as compared to a conventional tobacco, a reference 
tobacco, or the parental strain of tobacco prior to genetic 
modification. 

0334 More embodiments concern an RNAi construct 
designed to reduce the amount of sterols in tobacco and 
thereby reduce production of a PAH upon pyrolysis of said 
transgenic tobacco. A first sterol-reducing RNAi construct 
has a 14-alpha demethylase inhibition cassette (SEQ. ID. No. 
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28). The 14alpha demethylase inhibition cassette comprises a 
double (two promoters in tandem) 35S promoter (Bp 1-618) 
operably linked to an antisense 14alpha demethylase nucleic 
acid (Bp 619-1503), which is joined to a FAD2 intron (Bp 
1504-2634), which is joined to a sense nucleic acid of the 
14alpha demethylase gene (Bp 2635-3519), which is joined 
to the Nos terminator (Bp 3520-3773). Accordingly, tobacco 
products (e.g., cigarettes), tobacco, tobacco plants, tobacco 
cells, tobacco seeds, in Burley, Flue-cured or Oriental com 
prising this RNAi construct are embodiments provided 
herein. 

0335 Flue-cured tobacco will be transformed with the 
14alpha demethylase inhibition cassette using Agrobacte 
rium-mediated, Transbacter-mediated, or biolistic transfor 
mation and independent lines will be selected, regenerated, 
and transplanted in the greenhouse. Most of the independent 
lines grown in the greenhouse will be harvested and tested for 
sterol content. It is expected that approximately 50% of the 
lines tested will have significantly less sterol than the parent 
strain of tobacco. Accordingly, it is expected that the trans 
genic Flue-cured tobacco that will be created using the con 
struct above will have significantly reduced levels of sterol 
and will generate significantly less PAHs upon pyrolysis, as 
compared to a conventional tobacco, a reference tobacco, or 
the parental strain of tobacco prior to genetic modification. 
0336 Burley tobacco will be transformed with the 
14alpha demethylase inhibition cassette using Agrobacte 
rium-mediated, Transbacter-mediated, or biolistic transfor 
mation and independent lines will be selected, regenerated, 
and transplanted in the greenhouse. Most of the independent 
lines grown in the greenhouse will be harvested and tested for 
sterol content. It is expected that approximately 50% of the 
lines tested will have significantly less sterol than the parent 
strain of tobacco. Accordingly, it is expected that the trans 
genic Burley tobacco that will be created using the construct 
above will have significantly reduced levels of sterol and will 
generate significantly less PAHs upon pyrolysis, as compared 
to a conventional tobacco, a reference tobacco, or the parental 
strain of tobacco prior to genetic modification. 
0337 Oriental tobacco will be transformed with the 
14alpha demethylase inhibition cassette using Agrobacte 
rium-mediated, Transbacter-mediated, or biolistic transfor 
mation and independent lines will be selected, regenerated, 
and transplanted in the greenhouse. Most of the independent 
lines grown in the greenhouse will be harvested and tested for 
sterol content. It is expected that approximately 50% of the 
lines tested will have significantly less sterol than the parent 
strain of tobacco. Accordingly, it is expected that the trans 
genic Oriental tobacco that will be created using the construct 
above will have significantly reduced levels of sterol and will 
generate significantly less PAHs upon pyrolysis, as compared 
to a conventional tobacco, a reference tobacco, or the parental 
strain of tobacco prior to genetic modification. 
0338 More embodiments concern another RNAi con 
struct designed to reduce the amount of a sterol in tobacco and 
thereby reduce production of a PAH upon pyrolysis of said 
transgenic tobacco. A second sterol-reducing RNAi construct 
has a SMT2 inhibition cassette (SEQ. ID. No. 29). The SMT2 
inhibition cassette comprises a double (two promoters in 
tandem) 35S promoter (Bp 1-618) operably linked to an anti 
sense SMT2 nucleic acid (Bp 619-1398), which is joined to a 
FAD2 intron (Bp 1399-2529), which is joined to a sense 
nucleic acid of the SMT2 gene (Bp 2530-3309), which is 
joined to the Nos terminator (Bp 3310-3563). Accordingly, 
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tobacco products (e.g., cigarettes), tobacco, tobacco plants, 
tobacco cells, tobacco seeds, in Burley, Flue-cured or Orien 
tal comprising this RNAi construct are embodiments pro 
vided herein. 

0339 Flue-cured tobacco will be transformed with the 
SMT2 inhibition cassette using Agrobacterium-mediated, 
Transbacter-mediated, or biolistic transformation and inde 
pendent lines will be selected, regenerated, and transplanted 
in the greenhouse. Most of the independent lines grown in the 
greenhouse will be harvested and tested for sterol content. It 
is expected that approximately 50% of the lines tested will 
have significantly less Sterol than the parent strain of tobacco. 
Accordingly, it is expected that the transgenic Flue-cured 
tobacco that will be created using the construct above will 
have significantly reduced levels of sterol and will generate 
significantly less PAHs upon pyrolysis, as compared to a 
conventional tobacco, a reference tobacco, or the parental 
strain of tobacco prior to genetic modification. 
(0340 Burley tobacco will be transformed with the SMT2 
inhibition cassette using Agrobacterium-mediated, Trans 
bacter-mediated, or biolistic transformation and independent 
lines will be selected, regenerated, and transplanted in the 
greenhouse. Most of the independent lines grown in the 
greenhouse will be harvested and tested for sterol content. It 
is expected that approximately 50% of the lines tested will 
have significantly less Sterol than the parent strain of tobacco. 
Accordingly, it is expected that the transgenic Burley tobacco 
that will be created using the construct above will have sig 
nificantly reduced levels of sterol and will generate signifi 
cantly less PAHs upon pyrolysis, as compared to a conven 
tional tobacco, a reference tobacco, or the parental strain of 
tobacco prior to genetic modification. 
0341 Oriental tobacco will be transformed with the SMT2 
inhibition cassette using Agrobacterium-mediated, Trans 
bacter-mediated, or biolistic transformation and independent 
lines will be selected, regenerated, and transplanted in the 
greenhouse. Most of the independent lines grown in the 
greenhouse will be harvested and tested for sterol content. It 
is expected that approximately 50% of the lines tested will 
have significantly less Sterol than the parent strain of tobacco. 
Accordingly, it is expected that the transgenic Oriental 
tobacco that will be created using the construct above will 
have significantly reduced levels of sterols and will generate 
significantly less PAHs upon pyrolysis, as compared to a 
conventional tobacco, a reference tobacco, or the parental 
strain of tobacco prior to genetic modification. 
0342. More embodiments concern another RNAi con 
struct designed to reduce the amount of a sterol in tobacco and 
thereby reduce production of a PAH upon pyrolysis of said 
transgenic tobacco. A third sterol-reducing RNAi construct 
has a squalene synthase inhibition cassette (SEQ. ID. No. 30). 
The squalene synthase inhibition cassette comprises a double 
(two promoters in tandem) 35S promoter (Bp 1-618) oper 
ably linked to an antisense squalene synthase nucleic acid (Bp 
619-1057), which isjoined to a FAD2 intron (Bp 1058-2188), 
which is joined to a sense nucleic acid of the squalene Syn 
thase gene (Bp 2189-2627), which is joined to the Nos termi 
nator (Bp 2628-2881). Accordingly, tobacco products (e.g., 
cigarettes), tobacco, tobacco plants, tobacco cells, tobacco 
seeds, in Burley, Flue-cured or Oriental comprising this 
RNAi construct are embodiments provided herein. 
0343 Flue-cured tobacco will be transformed with the 
squalene synthase inhibition cassette using Agrobacterium 
mediated, Transbacter-mediated, or biolistic transformation 
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and independent lines will be selected, regenerated, and 
transplanted in the greenhouse. Most of the independent lines 
grown in the greenhouse will be harvested and tested for 
sterol content. It is expected that approximately 50% of the 
lines tested will have significantly less sterol than the parent 
strain of tobacco. Accordingly, it is expected that the trans 
genic Flue-cured tobacco that will be created using the con 
struct above will have significantly reduced levels of sterol 
and will generate significantly less PAHs upon pyrolysis, as 
compared to a conventional tobacco, a reference tobacco, or 
the parental strain of tobacco prior to genetic modification. 
0344 Burley tobacco will be transformed with the 
squalene synthase inhibition cassette using Agrobacterium 
mediated, Transbacter-mediated, or biolistic transformation 
and independent lines will be selected, regenerated, and 
transplanted in the greenhouse. Most of the independent lines 
grown in the greenhouse will be harvested and tested for 
sterol content. It is expected that approximately 50% of the 
lines tested will have significantly less sterol than the parent 
strain of tobacco. Accordingly, it is expected that the trans 
genic Burley tobacco that will be created using the construct 
above will have significantly reduced levels of sterol and will 
generate significantly less PAHs upon pyrolysis, as compared 
to a conventional tobacco, a reference tobacco, or the parental 
strain of tobacco prior to genetic modification. 
(0345 Oriental tobacco will be transformed with the 
squalene synthase inhibition cassette using Agrobacterium 
mediated, Transbacter-mediated, or biolistic transformation 
and independent lines will be selected, regenerated, and 
transplanted in the greenhouse. Most of the independent lines 
grown in the greenhouse will be harvested and tested for 
sterol content. It is expected that approximately 50% of the 
lines tested will have significantly less sterol than the parent 
strain of tobacco. Accordingly, it is expected that the trans 
genic Oriental tobacco that will be created using the construct 
above will have significantly reduced levels of sterol and will 
generate significantly less PAHs upon pyrolysis, as compared 
to a conventional tobacco, a reference tobacco, or the parental 
strain of tobacco prior to genetic modification. 
0346 More embodiments concern yet another RNAi con 
struct designed to reduce the amount of a sterol in tobacco and 
thereby reduce production of a PAH upon pyrolysis of said 
transgenic tobacco. A fourth sterol-reducing RNAi construct 
has a HMG-CoA reductase inhibition cassette (SEQ. ID. No. 
31). The HMG-CoA reductase inhibition cassette comprises a 
double (two promoters in tandem) 35S promoter (Bp 1-618) 
operably linked to an antisense HMG-CoA reductase nucleic 
acid (Bp 619-1468), which is joined to a FAD2 intron (Bp 
1469-2599), which is joined to a sense nucleic acid of the 
HMG-CoA reductase gene (Bp 2600-3449), which is joined 
to the Nos terminator (Bp 3450-3703). Accordingly, tobacco 
products (e.g., cigarettes), tobacco, tobacco plants, tobacco 
cells, tobacco seeds, in Burley, Flue-cured or Oriental com 
prising this RNAi construct are embodiments provided 
herein. 

0347 Flue-cured tobacco (K326) was transformed with 
the HMG-CoA reductase inhibition cassette using Agrobac 
terium-mediated transformation and independent lines were 
selected, regenerated, and transplanted in the greenhouse. 
Several independent lines grown in the greenhouse were har 
vested and tested for the presence of various sterols (see Table 
3). As shown in the table, several lines (e.g., HMGIR 1. 
HMGIR 2, HMGIR 3-2, HMGIR4, HMGIR 7, HMGIR 11, 
HMGIR 13, HMGIR 16, HMGIR 18, HMGIR 19) were 
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found to have significantly reduced levels of sterols, as com 
pared to the parental Strain of tobacco (i.e., tobacco of the 
same variety prior to genetic modification). Accordingly, 
embodiments include transgenic tobacco and tobacco prod 
ucts made therefrom comprising a reduced amount of sterols, 
as compared to a tobacco of the same variety, parental strain 
or a tobacco that has not been genetically modified. It is 
expected that the transgenic Flue-cured tobacco that was 
created using the construct above will generate significantly 
less PAHs upon pyrolysis, as compared to a conventional 
tobacco, a reference tobacco, or the parental Strain of tobacco 
prior to genetic modification. 

TABLE 3 

HmgCoa Reductase inhibition 
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SMT2 nucleic acid (Bp 996-1775), which is joined to a PAP 
1 intron (Bp 1776-2955), which is joined to a sense nucleic 
acid of the SMT2 gene (Bp 2956-3735), which isjoined to the 
RuBisCo small subunit terminator (Bp 3736-4286). Accord 
ingly, tobacco products (e.g., cigarettes), tobacco, tobacco 
plants, tobacco cells, tobacco seeds, in barley, Flue-cured or 
Oriental comprising this RNAi construct are embodiments 
provided herein. 
0351 Flue-cured tobacco will be transformed with the 
developmentally regulated SMT2 inhibition cassette using 
Agrobacterium-mediated, Transbacter-mediated, or biolistic 
transformation and independent lines will be selected, regen 

K326 HMGIR HMGIR HMGIR HMGIR HMGIR HMGIR HMGIR HMGIR HMGIR HMGIR 
cont 1 2 3-2 4 7 11 13 16 18 19 

Squalene 1 1.47 O.90 1.96 2.64 1.OO 1.25 
Squalene 1 1.48 O.88 2.13 2.78 O.94 1.14 
Tocopherol 1 1.67 2.02 1.15 1.40 1.13 1.69 
Tocopherol 1 1.73 2.08 1.33 1.34 0.84 1.54 
Campesterol 1 1.13 
Stigmasterol 1 1.OO 
Sitosterol 1 

Highlighted entries indicate transgenic tobacco lines having a reduction in sterols 

0348 Burley tobacco will be transformed with the HMG 
CoA reductase cassette using Agrobacterium-mediated, 
Transbacter-mediated, or biolistic transformation and inde 
pendent lines will be selected, regenerated, and transplanted 
in the greenhouse. Most of the independent lines grown in the 
greenhouse will be harvested and tested for sterol content. It 
is expected that approximately 50% of the lines tested will 
have significantly less Sterol than the parent strain of tobacco. 
Accordingly, it is expected that the transgenic Burley tobacco 
that will be created using the construct above will have sig 
nificantly reduced levels of sterol and will generate signifi 
cantly less PAHs upon pyrolysis, as compared to a conven 
tional tobacco, a reference tobacco, or the parental strain of 
tobacco prior to genetic modification. 
0349 Oriental tobacco will be transformed with the 
HMG-CoA reductase inhibition cassette using Agrobacte 
rium-mediated, Transbacter-mediated, or biolistic transfor 
mation and independent lines will be selected, regenerated, 
and transplanted in the greenhouse. Most of the independent 
lines grown in the greenhouse will be harvested and tested for 
sterol content. It is expected that approximately 50% of the 
lines tested will have significantly less sterol than the parent 
strain of tobacco. Accordingly, it is expected that the trans 
genic Oriental tobacco that will be created using the construct 
above will have significantly reduced levels of sterol and will 
generate significantly less PAHs upon pyrolysis, as compared 
to a conventional tobacco, a reference tobacco, or the parental 
strain of tobacco prior to genetic modification. 
0350 More embodiments concern still another RNAi con 
struct designed to reduce the amount of a sterol in tobacco and 
thereby reduce production of a PAH upon pyrolysis of said 
transgenic tobacco. A fifth sterol-reducing RNAi construct 
has a developmentally regulated SMT2 inhibition cassette 
(SEQ. ID. No. 32). The developmentally regulated SMT2 
inhibition cassette comprises a cinnamyl alcohol dehydroge 
nase promoter (Bp 1-995) operably linked to an antisense 

1.21 0.72 O.90 ().75 
1.12 0.97 0.73 O.96 
1.15 1.36 1.48 1.13 
O.88 1.05 1.11 0.87 

1.20 1.21 
1.42 1.27 

erated, and transplanted in the greenhouse. Most of the inde 
pendent lines grown in the greenhouse will be harvested and 
tested for sterol content. It is expected that approximately 
50% of the lines tested will have significantly less sterol than 
the parent strain of tobacco. Accordingly, it is expected that 
the transgenic Flue-cured tobacco that will be created using 
the construct above will have significantly reduced levels of 
sterol and will generate significantly less PAHs upon pyroly 
sis, as compared to a conventional tobacco, a reference 
tobacco, or the parental strain of tobacco prior to genetic 
modification. 

0352 Burley tobacco will be transformed with the devel 
opmentally regulated SMT2 inhibition cassette using Agro 
bacterium-mediated, Transbacter-mediated, or biolistic 
transformation and independent lines will be selected, regen 
erated, and transplanted in the greenhouse. Most of the inde 
pendent lines grown in the greenhouse will be harvested and 
tested for sterol content. It is expected that approximately 
50% of the lines tested will have significantly less sterol than 
the parent strain of tobacco. Accordingly, it is expected that 
the transgenic Burley tobacco that will be created using the 
construct above will have significantly reduced levels of ste 
rol and will generate significantly less PAHs upon pyrolysis, 
as compared to a conventional tobacco, a reference tobacco, 
or the parental strain of tobacco prior to genetic modification. 
0353 Oriental tobacco will be transformed with the devel 
opmentally regulated SMT2 inhibition cassette using Agro 
bacterium-mediated, Transbacter-mediated, or biolistic 
transformation and independent lines will be selected, regen 
erated, and transplanted in the greenhouse. Most of the inde 
pendent lines grown in the greenhouse will be harvested and 
tested for sterol content. It is expected that approximately 
50% of the lines tested will have significantly less sterol than 
the parent strain of tobacco. Accordingly, it is expected that 
the transgenic Oriental tobacco that will be created using the 
construct above will have significantly reduced levels of ste 
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rol and will generate significantly less PAHs upon pyrolysis, 
as compared to a conventional tobacco, a reference tobacco, 
or the parental strain of tobacco prior to genetic modification. 
0354 FIG. 6 illustrates a double-knock-out RNAi con 
struct that can be used to create a reduced nicotine, TSNA, 
sterol transgenic tobacco that generates a reduced amount of 
PAH upon pyrolysis. This double-knock-out RNAi construct 
has a A622/SMT2 inhibition cassette (SEQ. ID. No. 33) and 
a norflurazone selection cassette (SEQ. ID. No. 35). Starting 
from the right border (RB), the A622/SMT2 inhibition cas 
sette comprises an RD2 promoter (Bp 1-2010) operably 
linked to a A622 antisense nucleic acid (628 bp) (Bp 2011 
2638) of a A622 gene, which is joined to a FAD2 intron (Bp 
2639-3769), which is joined to a sense nucleic acid of the 
A622 gene (628 bp) (Bp3770-4397), which is joined to the 
GAD2 terminator (Bp 4398-4670); which is joined to a cin 
namyl alcohol dehydrogenase promoter (Bp 4671-5665) 
operably linked to an antisense SMT2 nucleic acid (Bp 5666 
6445), which is joined to a PAP 1 intron (Bp 6446-7625), 
which is joined to a sense nucleic acid of the SMT2 gene (Bp 
7626-84.05), which is joined to the RuBisCo small subunit 
terminator (Bp 8406-8956). Accordingly, tobacco products 
(e.g., cigarettes), tobacco, tobacco plants, tobacco cells, 
tobacco seeds, in Burley, Flue-cured or Oriental comprising 
this RNAi construct are embodiments provided herein. 
0355 Flue-cured tobacco will be transformed with the 
construct shown in FIG. 6 using Agrobacterium-mediated, 
Transbacter-mediated, or biolistic transformation and inde 
pendent lines will be selected, regenerated, and transplanted 
in the greenhouse. Most of the independent lines grown in the 
greenhouse will be harvested and tested for alkaloid and 
sterol content. It is expected that approximately 50% of the 
lines tested will have less than 1,000 ppm total alkaloid and a 
reduced amount of sterols, as compared to the parental strain 
of tobacco, and approximately 10% of the lines tested will 
have less than 500 ppm total alkaloid and a reduced amount of 
sterols, as compared to the parental strain of tobacco. Accord 
ingly, it is expected that the transgenic Flue-cured tobacco 
that will be created using the construct shown in FIG. 6 will 
have significantly reduced levels of nicotine, TSNA, sterol, 
and will generate significantly less PAHs upon pyrolysis, as 
compared to a conventional tobacco, a reference tobacco, or 
the parental strain of tobacco prior to genetic modification. 
0356 Burley tobacco will be transformed with the con 
struct shown in FIG. 6 using Agrobacterium-mediated, Trans 
bacter-mediated or biolistic transformation and independent 
lines will be selected, regenerated, and transplanted in the 
greenhouse. Most of the independent lines grown in the 
greenhouse will be harvested and tested for alkaloid and 
sterol content. It is expected that approximately 50% of the 
lines tested will have less than 1,000 ppm total alkaloid and a 
reduced amount of sterols, as compared to the parental strain 
of tobacco, and approximately 10% of the lines tested will 
have less than 500 ppm total alkaloid and a reduced amount of 
sterols, as compared to the parental strain of tobacco. Accord 
ingly, it is expected that the transgenic Burley tobacco that 
will be created using the construct shown in FIG. 6 will have 
significantly reduced levels of nicotine, TSNA, sterol, and 
will generate significantly less PAHs upon pyrolysis, as com 
pared to a conventional tobacco, a reference tobacco, or the 
parental strain of tobacco prior to genetic modification. 
0357. Oriental tobacco will be transformed with the con 
struct shown in FIG. 6 using Agrobacterium-mediated, Trans 
bacter-mediated, or biolistic transformation and independent 
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lines will be selected, regenerated, and transplanted in the 
greenhouse. Most of the independent lines grown in the 
greenhouse will be harvested and tested for alkaloid and 
sterol content. It is expected that approximately 50% of the 
lines tested will have less than 1,000 ppm total alkaloid and a 
reduced amount of sterols, as compared to the parental strain 
of tobacco, and approximately 10% of the lines tested will 
have less than 500 ppm total alkaloid and a reduced amount of 
sterols, as compared to the parental strain of tobacco. Accord 
ingly, it is expected that the transgenic Oriental tobacco that 
will be created using the construct shown in FIG. 6 will have 
significantly reduced levels of nicotine, TSNA, sterol, and 
will generate significantly less PAHs upon pyrolysis, as com 
pared to a conventional tobacco, a reference tobacco, or the 
parental strain of tobacco prior to genetic modification. 
0358 FIG. 7 shows another RNAi construct that was used 
to generate several lines of reduced nicotine and TSNA 
tobacco. This RNAi construct has a QTPase inhibition cas 
sette (SEQ. ID. No. 42) and a norflurazone selection cassette 
(SEQ. ID. No. 35). Starting from the right border (RB), the 
QPTase inhibition cassette comprises an RD2 promoter (Bp 
1-2010) operably linked to an antisense fragment (360 bp) 
(Bp 2011-2370) of the QTPase gene, joined to a FAD2 intron 
(Bp 2371-3501), which is joined to a sense fragment of the 
QTPase gene (360 bp)(Bp 3502-3861), which is joined to the 
nopaline synthase (NOS) terminator (Bp. 3862-4115). The 
selection cassette comprises the Actin 2 promoter (Bp 
1-1161) operably linked to a mutant phytoene desaturase 
gene (PDSM1) (Bp 1162-2890) joined to the GapC termina 
tor (Bp 2891-3387) at the left border (LB). Accordingly, 
tobacco products (e.g., cigarettes), tobacco, tobacco plants, 
tobacco cells, tobacco seeds, in Burley, Flue-cured or Orien 
tal comprising this RNAi construct are embodiments pro 
vided herein. 

0359 Flue-cured tobacco will be transformed with the 
construct shown in FIG. 7 using Agrobacterium-mediated, 
Transbacter-mediated, or biolistic transformation and inde 
pendent lines will be selected, regenerated, and transplanted 
in the greenhouse. Most of the independent lines grown in the 
greenhouse will be harvested and tested for alkaloid content. 
It is expected that approximately 50% of the lines tested will 
have less than 1,000 ppm total alkaloid, as compared to the 
parental strain of tobacco, and approximately 10% of the lines 
tested will have less than 500 ppm total alkaloid, as compared 
to the parental strain of tobacco. Accordingly, it is expected 
that the transgenic Flue-cured tobacco that will be created 
using the construct shown in FIG. 7 will have significantly 
reduced levels of nicotine and TSNA, as compared to a con 
ventional tobacco, a reference tobacco, or the parental strain 
of tobacco prior to genetic modification. 
0360 Burley tobacco will be transformed with the con 
struct shown in FIG.7 using Agrobacterium-mediated, Trans 
bacter-mediated or biolistic transformation and independent 
lines will be selected, regenerated, and transplanted in the 
greenhouse. Most of the independent lines grown in the 
greenhouse will be harvested and tested for alkaloid content. 
It is expected that approximately 50% of the lines tested will 
have less than 1,000 ppm total alkaloid, as compared to the 
parental strain of tobacco, and approximately 10% of the lines 
tested will have less than 500 ppm total alkaloid, as compared 
to the parental strain of tobacco. Accordingly, it is expected 
that the transgenic Burley tobacco that will be created using 
the construct shown in FIG. 7 will have significantly reduced 
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levels of nicotine and TSNA, as compared to a conventional 
tobacco, a reference tobacco, or the parental Strain of tobacco 
prior to genetic modification. 
0361 Oriental tobacco will be transformed with the con 
struct shown in FIG.7 using Agrobacterium-mediated, Trans 
bacter-mediated or biolistic transformation and independent 
lines will be selected, regenerated, and transplanted in the 
greenhouse. Most of the independent lines grown in the 
greenhouse will be harvested and tested for alkaloid content. 
It is expected that approximately 50% of the lines tested will 
have less than 1,000 ppm total alkaloid and approximately 
10% of the lines tested will have less than 500 ppm total 
alkaloid. Accordingly, it is expected that the transgenic Ori 
ental tobacco that will be created using the construct shown in 
FIG. 7 will have significantly reduced levels of nicotine and 
TSNA, as compared to a conventional tobacco, a reference 
tobacco, or the parental strain of tobacco prior to genetic 
modification. 

0362 FIG. 8 shows another RNAi construct that was used 
to generate several lines of reduced nicotine and TSNA 
tobacco. This RNAi construct has a QTPase inhibition cas 
sette (SEQ. ID. No. 43) and a norflurazone selection cassette 
(SEQ. ID. No. 35). Starting from the right border (RB), the 
QPTase inhibition cassette comprises a PMTasel promoter 
(Bp 1-711) operably linked to an antisense fragment (360 bp) 
(Bp 712-1071) of the QTPase gene, joined to a FAD2 intron 
(Bp 1072-2202), which is joined to a sense fragment of the 
QTPase gene (360 bp)(Bp 2203-2562), which is joined to the 
Gad2 terminator (Bp 2563-2835). The selection cassette 
comprises the Actin 2 promoter (Bp 1-1161) operably linked 
to a mutant phytoene desaturase gene (PDSM1) (Bp 1162 
2890) joined to the GapC terminator (Bp 2891-3387) at the 
left border (LB). Accordingly, tobacco products (e.g., ciga 
rettes), tobacco, tobacco plants, tobacco cells, tobacco seeds, 
in Burley, Flue-cured or Oriental comprising this RNAi con 
struct are embodiments provided herein. 
0363 Flue-cured tobacco was transformed with the con 
struct shown in FIG.8 using Agrobacterium-mediated trans 
formation and more than about 98% of putative transformants 
were successfully transformed. Of the independent lines, 200 
plants were regenerated, transplanted in the greenhouse, har 
vested and tested for alkaloid content. A total of 75 lines were 
identified as having less than 1,000 ppm total alkaloid and no 
lines were identified as having less than 500 ppm total alka 
loid. Accordingly, the transgenic Flue-cured tobacco created 
using the construct shown in FIG. 8 has significantly reduced 
levels of nicotine and TSNA, as compared to a conventional 
tobacco, a reference tobacco, or the parental Strain of tobacco 
prior to genetic modification. 
0364 Burley tobacco was also transformed with the con 
struct shown in FIG.8 using Agrobacterium-mediated trans 
formation and more than about 98% of putative transformants 
were successfully transformed. Of the independent lines, 201 
plants were regenerated, transplanted in the greenhouse, har 
vested and tested for alkaloid content. A total of 86 lines were 
identified as having less than 3,000 ppm total alkaloid and 12 
lines were identified as having less than 1,000 ppm total 
alkaloid. Accordingly, it is understood by those skilled in the 
art that the transgenic Burley tobacco created using the con 
struct shown in FIG. 8 also has significantly reduced levels of 
nicotine and TSNA, as compared to a conventional tobacco, a 
reference tobacco, or the parental Strain of tobacco prior to 
genetic modification. 
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0365. Oriental tobacco will be transformed with the con 
struct shown in FIG.8 using Agrobacterium-mediated, Trans 
bacter-mediated or biolistic transformation and independent 
lines will be selected, regenerated, and transplanted in the 
greenhouse. Most of the independent lines grown in the 
greenhouse will be harvested and tested for alkaloid content. 
It is expected that approximately 50% of the lines tested will 
have less than 1,000 ppm total alkaloid and approximately 
10% of the lines tested will have less than 500 ppm total 
alkaloid. Accordingly, it is expected that the transgenic Ori 
ental tobacco that will be created using the construct shown in 
FIG.8 will have significantly reduced levels of nicotine and 
TSNA, as compared to a conventional tobacco, a reference 
tobacco, or the parental strain of tobacco prior to genetic 
modification. 

0366 FIG.9 shows another RNAi construct that was used 
to generate several lines of reduced nicotine and TSNA 
tobacco. This RNAi construct has a PMTase inhibition cas 
sette (SEQ. ID. No. 44) and a norflurazone selection cassette 
(SEQ. ID. No. 35). Starting from the right border (RB), the 
PMTase inhibition cassette comprises a truncated RD2 pro 
moter (Bp 1-1061) operably linked to an antisense fragment 
(202 bp) (Bp 1062-1263) of the PMTase gene, joined to an 
ActII intron (Bp 1264-1418), which is joined to a sense frag 
ment of the PMTase gene (262 bp) (Bp 1419-1620), which is 
joined to the Gad2 terminator (Bp 1621-1893). The selection 
cassette comprises the Actin 2 promoter (Bp 1-1161) oper 
ably linked to a mutant phytoene desaturase gene (PDSM1) 
(Bp 1162-2890) joined to the GapC terminator (Bp 2891 
3387) at the left border (LB). Accordingly, tobacco products 
(e.g., cigarettes), tobacco, tobacco plants, tobacco cells, 
tobacco seeds, in Burley, Flue-cured or Oriental comprising 
this RNAi construct are embodiments provided herein. 
0367 Flue-cured tobacco was transformed with the con 
struct shown in FIG.9 using Agrobacterium-mediated trans 
formation and more than about 98% of putative transformants 
were successfully transformed. Of the independent lines, 100 
plants were regenerated, transplanted in the greenhouse, har 
vested and tested for alkaloid content. A total of 86 lines were 
identified as having less than 1,000 ppm total alkaloid and 12 
lines were identified as having less than 500 ppm total alka 
loid. Accordingly, the transgenic Flue-cured tobacco created 
using the construct shown in FIG.9 has significantly reduced 
levels of nicotine and TSNA, as compared to a conventional 
tobacco, a reference tobacco, or the parental Strain of tobacco 
prior to genetic modification. 
0368 Burley tobacco was also transformed with the con 
struct shown in FIG.9 using Agrobacterium-mediated trans 
formation and more than about 98% of putative transformants 
were successfully transformed. Of the independent lines, 99 
plants were regenerated, transplanted in the greenhouse, har 
vested and tested for alkaloid content. A total of 29 lines were 
identified as having less than 3,000 ppm total alkaloid and no 
lines were identified as having less than 1,000 ppm total 
alkaloid. Accordingly, it is understood by those skilled in the 
art that the transgenic Burley tobacco created using the con 
struct shown in FIG.9 also has significantly reduced levels of 
nicotine and TSNA, as compared to a conventional tobacco, a 
reference tobacco, or the parental Strain of tobacco prior to 
genetic modification. 
0369 Oriental tobacco will be transformed with the con 
struct shown in FIG.9 using Agrobacterium-mediated, Trans 
bacter-mediated or biolistic transformation and independent 
lines will be selected, regenerated, and transplanted in the 
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greenhouse. Most of the independent lines grown in the 
greenhouse will be harvested and tested for alkaloid content. 
It is expected that approximately 50% of the lines tested will 
have less than 1,000 ppm total alkaloid and approximately 
10% of the lines tested will have less than 500 ppm total 
alkaloid. Accordingly, it is expected that the transgenic Ori 
ental tobacco that will be created using the construct shown in 
FIG. 9 will have significantly reduced levels of nicotine and 
TSNA, as compared to a conventional tobacco, a reference 
tobacco, or the parental strain of tobacco prior to genetic 
modification. 

0370 FIG. 10 shows another RNAi construct that was 
used to generate several lines of reduced nicotine and TSNA 
tobacco. This RNAi construct has a PMTase inhibition cas 
sette (SEQ. ID. No. 45) and a norflurazone selection cassette 
(SEQ. ID. No. 35). Starting from the right border (RB), the 
PMTase inhibition cassette comprises a RD2 promoter (Bp 
1-2006) operably linked to an antisense fragment (344 bp) 
(Bp 2007-2350) of the PMTase gene, joined to an Fad2 intron 
(Bp 2351-3481), which is joined to a sense fragment of the 
PMTase gene (344 bp) (Bp 3482-3825), which isjoined to the 
Gad2 terminator (Bp 3826-4098) at the left border (LB). The 
selection cassette comprises the Actin 2 promoter (Bp 
1-1161) operably linked to a mutant phytoene desaturase 
gene (PDSM1) (Bp 1162-2890) joined to the GapC termina 
tor (Bp 2891-3387) at the left border (LB). Accordingly, 
tobacco products (e.g., cigarettes), tobacco, tobacco plants, 
tobacco cells, tobacco seeds, in Burley, Flue-cured or Orien 
tal comprising this RNAi construct are embodiments pro 
vided herein. 

0371 Flue-cured tobacco was transformed with the con 
struct shown in FIG. 10 using Agrobacterium-mediated trans 
formation and more than about 98% of putative transformants 
were successfully transformed. Of the independent lines, 66 
plants were regenerated, transplanted in the greenhouse, har 
vested and tested for alkaloid content. A total of 44 lines were 
identified as having less than 1,000 ppm total alkaloid and 17 
lines were identified as having less than 500 ppm total alka 
loid. Accordingly, the transgenic Flue-cured tobacco created 
using the construct shown in FIG. 10 has significantly 
reduced levels of nicotine and TSNA, as compared to a con 
ventional tobacco, a reference tobacco, or the parental strain 
of tobacco prior to genetic modification. 
0372 Burley tobacco will be transformed with the con 
struct shown in FIG. 10 using Agrobacterium-mediated, 
Transbacter-mediated or biolistic transformation and inde 
pendent lines will be selected, regenerated, and transplanted 
in the greenhouse. Most of the independent lines grown in the 
greenhouse will be harvested and tested for alkaloid content. 
It is expected that approximately 50% of the lines tested will 
have less than 1,000 ppm total alkaloid, as compared to the 
parental strain of tobacco, and approximately 10% of the lines 
tested will have less than 500 ppm total alkaloid, as compared 
to the parental strain of tobacco. Accordingly, it is expected 
that the transgenic Burley tobacco that will be created using 
the construct shown in FIG. 10 will have significantly reduced 
levels of nicotine and TSNA, as compared to a conventional 
tobacco, a reference tobacco, or the parental Strain of tobacco 
prior to genetic modification. 
0373 Oriental tobacco will be transformed with the con 
struct shown in FIG. 10 using Agrobacterium-mediated, 
Transbacter-mediated or biolistic transformation and inde 
pendent lines will be selected, regenerated, and transplanted 
in the greenhouse. Most of the independent lines grown in the 
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greenhouse will be harvested and tested for alkaloid content. 
It is expected that approximately 50% of the lines tested will 
have less than 1,000 ppm total alkaloid and approximately 
10% of the lines tested will have less than 500 ppm total 
alkaloid. Accordingly, it is expected that the transgenic Ori 
ental tobacco that will be created using the construct shown in 
FIG. 10 will have significantly reduced levels of nicotine and 
TSNA, as compared to a conventional tobacco, a reference 
tobacco, or the parental strain of tobacco prior to genetic 
modification. 

0374 FIG. 11 shows another RNAi construct that was 
used to generate several lines of reduced nicotine and TSNA 
tobacco. This RNAi construct (SEQID No 49) has a QTPase 
inhibition cassette (SEQ. ID. No. 42) and a kanamycin selec 
tion cassette (SEQ. ID. No. 48). Starting from the right border 
(RB). The QPTase inhibition cassette comprises an RD2 pro 
moter (Bp 1-2010) operably linked to an antisense fragment 
(360 bp) (Bp 2011-2370) of the QTPase gene, joined to a 
FAD2 intron (Bp 2371-3501), which is joined to a sense 
fragment of the QPTase gene (360 bp) (Bp 3502-3861), 
which is joined to the NOS terminator (Bp 3862-4115). The 
selection cassette comprises the nopaline synthase (NOS) 
promoter (Bp 41 16-4422) operably linked to a neomycin 
phosphotransferase (NPTII) gene (Bp. 4435-5229) joined to 
the NOS terminator (Bp 5619-5872) at the left border (LB). 
Accordingly, tobacco products (e.g., cigarettes), tobacco, 
tobacco plants, tobacco cells, tobacco seeds, in Burley, Flue 
cured or Oriental comprising this RNAi construct are 
embodiments provided herein. 
0375 Flue-cured tobacco was transformed with the con 
struct shown in FIG. 11 using Agrobacterium-mediated trans 
formation and more than about 98% of putative transformants 
were successfully transformed. Of the independent lines, 99 
plants were regenerated, transplanted in the greenhouse, har 
vested and tested for alkaloid content. A total of 43 lines were 
identified as having less than 1,000 ppm total alkaloid and 15 
lines were identified as having less than 500 ppm total alka 
loid. Accordingly, the transgenic Flue-cured tobacco created 
using the construct shown in FIG. 11 has significantly 
reduced levels of nicotine and TSNA, as compared to a con 
ventional tobacco, a reference tobacco, or the parental strain 
of tobacco prior to genetic modification. 
0376 Burley tobacco will be transformed with the con 
struct shown in FIG. 11 using Agrobacterium-mediated, 
Transbacter-mediated or biolistic transformation and inde 
pendent lines will be selected, regenerated, and transplanted 
in the greenhouse. Most of the independent lines grown in the 
greenhouse will be harvested and tested for alkaloid content. 
It is expected that approximately 50% of the lines tested will 
have less than 1,000 ppm total alkaloid, as compared to the 
parental strain of tobacco, and approximately 10% of the lines 
tested will have less than 500 ppm total alkaloid, as compared 
to the parental strain of tobacco. Accordingly, it is expected 
that the transgenic Burley tobacco that will be created using 
the construct shown in FIG.11 will have significantly reduced 
levels of nicotine and TSNA, as compared to a conventional 
tobacco, a reference tobacco, or the parental Strain of tobacco 
prior to genetic modification. 
0377. Oriental tobacco was transformed with the construct 
shown in FIG. 11 using Agrobacterium-mediated transforma 
tion and more than about 98% of putative transformants were 
successfully transformed. Of the independent lines, 122 
plants were regenerated, transplanted in the greenhouse, har 
vested and tested for alkaloid content. A total of 22 lines were 
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identified as having less than 1,000 ppm total alkaloid and 6 
lines were identified as having less than 500 ppm total alka 
loid. Accordingly, the transgenic Flue-cured tobacco created 
using the construct shown in FIG. 11 has significantly 
reduced levels of nicotine and TSNA, as compared to a con 
ventional tobacco, a reference tobacco, or the parental strain 
of tobacco prior to genetic modification. 
0378. It should be emphasized that other promoters and 
terminators can be used with the nucleic acids provided 
herein interchangeably. Although RD2 (SEQ. ID. No. 13,37. 
or 50) is a preferred root-specific promoter, there are other 
root-specific promoters that can be used, as well. For 
example, the putrescene methyl transferase 1 promoter 
(PMT-1) (SEQ. ID. No. 14) is a root-specific promoter that 
can be used in place of the RD2 promoter in any of the 
constructs described above. Similarly, although the actin2 
promoter (SEQ. ID. No. 16) is preferred for driving expres 
sion of a norfluraZone resistance gene, other constitutive pro 
moters such as the GapC promoter (SEQ. ID. No. 15), the 
tobacco alcoholdehydrogenase (ADP) (SEQ. ID. No. 17) and 
the Arabidopsis ribosomal protein L2(RPL2P) (SEQ. ID. No. 
18) can be used to drive expression of the norflurazone resis 
tance gene. Additionally, developmentally regulated promot 
ers such as, cinnamyl alcohol dehydrogenase (SEQ. ID. No. 
19) and metallothionein I promoter (SEQ. ID. No. 20) can be 
used interchangeable with the cassettes described herein. 
0379 Further, in some embodiments, a plurality of con 
stitutive promoters, in tandem, can be used to drive expres 
sion of the norfluraZone resistance gene. Additionally, a plu 
rality of root-specific promoters can be used to drive 
expression one or more of the inhibition cassettes described 
above (e.g., the QTPase inhibition cassette, the PMTase inhi 
bition cassette, the A622 inhibition cassette, a sterol inhibi 
tion cassette, or a double-knockout inhibition cassette). 
Developmentally regulated promoters, a plurality of develop 
mentally regulated promoters, constitutive promoters, or a 
plurality of constitutive promoters can also be used to drive 
expression of one or more of the inhibition or selection cas 
settes described above. Accordingly, any promoter operable 
in tobacco can be used to drive expression of any of the 
inhibition cassettes or the selection cassette described herein 
(e.g., nos, 35S, or CAMV). Terminators, such as GAD2 ter 
minator (SEQ. ID. No. 21), NOS terminator (SEQID No.38) 
and the FAD 2 (SEQ. ID. No. 22) or PAP1 introns can be used 
interchangeably, as well. 
0380. Other embodiments provided herein concern the 
discovery of several mutants of the phytoene desaturase gene 
that confer resistance to the herbicide norfluraZone (e.g., 
SEQ. ID. Nos. 10, 11, and 12). These herbicide resistance 
genes were used as selectable markers in the transformations 
above. Typically, the selection was accomplished by intro 
ducing the transformed plant tissue to the norfluraZone (e.g., 
0.005 uM-0.1 uMconc.). That is, the concentration of norflu 
raZone that can be used to select positive transformants con 
taining a norfluraZone resistance gene, as described herein 
can beat least, less than, greater than, or equal to 0.005, 0.006, 
0.007, 0.008, 0.009, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 
0.08, 0.09, 0.1, 0.2,0.3, 0.4,0.5,0.6,0.7, 0.8, 0.9, or 1.0 uM. 
Preferably, less than or equal to 0.05 uM concentration of 
norfluraZone is used when selecting transformants with Flue 
cured tobacco and less than or equal to 0.0125 uM concen 
tration norfluraZone is used when selecting transformants 
with Burley tobacco. As the plantlet develops, selection was 
accomplished by differentiating the green shoots (positive 
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transformants) from the yellow or white shoots (negative 
transformants). Once selection was made, the herbicide was 
removed and the plantlet was allowed to develop in the green 
house. 

0381. The norflurazone resistant phytoene desaturase 
mutants (PDSM-1, PDSM-2, and PDSM-3) were generated 
by site-directed mutagenesis of particular regions of the gene 
believed to be involved in binding of the herbicide. Constructs 
carrying the various PDSM genes were then transferred to 
tobacco leaf disks by conventional Agrobacterium transfor 
mation and the resistance to norfluraZone was analyzed at 
various concentrations. After several iterations, the mutants 
described as SEQ. ID. Nos. 10, 11, and 12, were identified as 
sequences that confer resistance to norfluraZone. Accord 
ingly, embodiments provided herein concern the PDSM 
genes described herein, their use in plants as selectable mark 
ers to identify plant cells that contain a transformed gene, 
whether in tissue culture or in the field, and methods of 
identifying new PDSM genes that confer norflurazone resis 
tance. 

0382. In a first selection construct, the Arabidopsis phy 
toene desaturase gene (PDS) (SEQ. ID. No. 36) was mutated 
using site-directed mutagenesis, Such that a T to G mutation at 
position 1478, resulting in a Valine to Glycine change at 
amino acid residue 493 was created. To generate the norflu 
raZone resistance gene, the open reading frame of the Arabi 
dopsis phytoene desaturase gene was amplified and cloned 
into the TOPO vector (Invitrogen). A single base pair change 
from T-G at nucleotide position 1478, leading to a Valine to 
Glycine change at amino acid residue 493, was introduced 
using QuickChange Site-directed Mutagenisis Kit (Strat 
gene). The point mutation was verified by sequencing and the 
resultant mutant was named PDSM-1 (SEQ. ID. No. 10). The 
1.729 Kb PDSM 1 sequence was then amplified and ligated 
into the binary vector pWJO01, a pCambia derivative that 
contained the RNAi cassettes above, which was then intro 
duced into Agrobacterium tumefaciens. A similar approach 
was used to generate the PDSM-2 and PDSM-3 mutants 
described in the sequence listing as SEQ. ID. NOS. 11 and 12. 
0383. That is, in a second selection construct, the Arabi 
dopsis phytoene desaturase gene (PDS) (SEQ. ID. No. 36) 
was mutated using site-directed mutagenesis, such that a G to 
C mutation at position 863, resulting in a Arginine to Proline 
change atamino acid residue 288 was created. To generate the 
norfluraZone resistance gene, the open reading frame of the 
Arabidopsis phytoene desaturase gene was amplified and 
cloned into the TOPO vector (Invitrogen). A single base pair 
change was introduced using QuickChange Site-directed 
Mutagenisis Kit (Stratgene). The point mutation was verified 
by sequencing and the resultant mutant was named PDSM-2. 
The 1.729 Kb PDSM-2 sequence was then amplified and 
ligated into the binary vector pWJ001, a pCambia derivative 
that contained the RNAi cassettes above, which was then 
introduced into Agrobacterium tumefaciens 
0384 Further, in a third selection construct, the Arabidop 
sis phytoene desaturase gene (PDS) (SEQ. ID. No. 36) was 
mutated using site-directed mutagenesis, such that a T to C 
mutation at position 1226, resulting in a Leucine to Proline 
change atamino acid residue 409 was created. To generate the 
norfluraZone resistance gene, the open reading frame of the 
Arabidopsis phytoene desaturase gene was amplified and 
cloned into the TOPO vector (Invitrogen). A single base pair 
change was introduced using QuickChange Site-directed 
Mutagenisis Kit (Stratgene). The point mutation was verified 
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by sequencing and the resultant mutant was named PDSM-3. 
The 1.729 Kb PDSM-2 sequence was then amplified and 
ligated into the binary vector pWJ001, a pCambia derivative 
that contained the RNAi cassettes above, which was then 
introduced into Agrobacterium tumefaciens 
0385 Accordingly, embodiments provided herein con 
cern methods of identifying a mutation on a phytoene desatu 
rase gene that confers resistance to an herbicide, preferably 
norfluraZone. By one approach, a phytoene desaturase gene is 
provided, preferably SEQ. ID. No. 36, a nucleotide in said 
gene is mutated so as to generate a mutant phytoene desatu 
rase gene, said mutant phytoene desaturase gene is trans 
formed to a plant cell so as to generate a plant cell comprising 
said mutant phytoene desaturase gene, said plant cell com 
prising said mutant phytoene desaturase gene is then con 
tacted with an herbicide, preferably norflurazone, and the 
presence or absence of a resistance to said herbicide is iden 
tified, whereby the presence of a resistance to said herbicide 
identifies said mutation as one that confers resistance to said 
herbicide. By one approach, the entire sequence of a phytoene 
desaturase gene (e.g., SEQ. ID. NO. 36) is mutated one resi 
due at a time and each mutant is screened for resistance to the 
herbicide. Accordingly, embodiments provided herein 
include compositions (e.g., nucleic acid constructs or cas 
settes, plant cells, plants, tobacco, or tobacco products) that 
comprise, consist, consist essentially of a mutant phytoene 
desaturase nucleic acid of SEQ. ID. NO. 10, 11, or 12 or 
fragment thereof at least or equal to 30, 50, 100, 200, 400, 
500, 700, 900, 1000, 1200, 1400, 1600, or 1700 consecutive 
nucleotides of in length that confers resistance to an herbi 
cide, in particular norflurazone. Embodiments provided 
herein also include compositions (e.g., nucleic acid con 
structs or cassettes, plant cells, plants, tobacco, or tobacco 
products) comprising the mutant phytoene desaturase protein 
or fragments thereof (e.g., at least 15, 25, 50, 100, 200, 300, 
400, 500 consecutive amino acids of a protein encoded by 
SEQ. ID. Nos. 10, 11, or 12) that confer resistance to an 
herbicide, in particular norflurazone. 
0386 The nucleic acid sequences, cassettes, and con 
structs described herein can also be altered by mutation such 
as substitutions, additions, or deletions that provide for 
sequences encoding functionally equivalent molecules. Due 
to the degeneracy of nucleotide coding sequences, other DNA 
sequences that encode Substantially the same amino acid 
sequence can be used in Some embodiments provided herein. 
These include, but are not limited to, nucleic acid sequences 
comprising all or portions of the nucleic acid embodiments 
described herein that complement said sequences and have 
been altered by the substitution of different codons that 
encode a functionally equivalent amino acid residue within 
the sequence, thus producing a silent change. In some con 
texts, the phrase “substantial sequence similarity in the 
present specification and claims means that DNA, RNA or 
amino acid sequences which have slight and non-consequen 
tial sequence variations from the actual sequences disclosed 
and claimed herein are considered to be equivalent to the 
sequences provided herein. In this regard, “slight and non 
consequential sequence variations' mean that "similar 
sequences (i.e., the sequences that have Substantial sequence 
similarity with the DNA, RNA, or proteins disclosed and 
claimed herein) will be functionally equivalent to the 
sequences disclosed and claimed in the present invention. 
Functionally equivalent sequences will function in Substan 
tially the same manner to produce Substantially the same 
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compositions as the nucleic acid and amino acid composi 
tions disclosed and claimed herein. 

(0387 Additional nucleic acid embodiments include 
sequences that are at least 80%, 81%, 82%, 83%, 84%, 85%, 
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 
96%, 97%, 98%, 99%, and 100% identical to the nucleic 
acids, nucleic acid constructs, and nucleic acid cassettes pro 
vided herein. Preferably these sequences also perform the 
functions of the particular nucleic acid embodiment (e.g., 
inhibition of nicotine, nomicotine, or sterol production or 
confer resistance to norfluraZone). Determinations of 
sequence similarity are made with the two sequences aligned 
for maximum matching; gaps in either of the two sequences 
being matched are allowed in maximizing matching. Gap 
lengths of 10 or less are preferred, gap lengths of 5 or less are 
more preferred, and gap lengths of 2 or less still more pre 
ferred. 

0388. Additional nucleic acid embodiments also include 
nucleic acids that hybridize to the nucleic acid sequences 
disclosed herein under low, medium, and high Stringency, 
wherein said additional nucleic acid embodiments also per 
form the function of the particular embodiment (e.g., inhibit 
nicotine, nomicotine, or sterol production or conferresistance 
to norflurazone). Identification of nucleic acids that hybridize 
to the embodiments described herein can be determined in a 
routine manner. (See J. Sambrook et al., Molecular Cloning, 
A Laboratory Manual (2d Ed. 1989) (Cold Spring Harbor 
Laboratory)). For example, hybridization of Such sequences 
may be carried out under conditions of reduced stringency or 
even stringent conditions (e.g., conditions represented by a 
wash stringency of 0.3 MNaCl, 0.03 M sodium citrate, 0.1% 
SDS at 60 degrees C., or even 70 degrees C.). Preferably these 
sequences also perform the functions of the particular nucleic 
acid embodiment (e.g., inhibition of nicotine, nornicotine, or 
sterol production or confer resistance to norfluraZone). 
0389. Accordingly embodiments provided herein also 
include compositions comprising, consisting of, or consisting 
essentially of: (a) the nucleic acid sequences shown in the 
sequence listing (SEQ. ID. NOS. 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 
29, 30, 31, 32,33,34, 35,36, 37,38, 39, 40, 41,42, 43,44, 45, 
46, 47, 48, 49 or 50); (b) nucleotide sequences encoding the 
amino acid sequences encoded by the nucleic acids of the 
sequence listing (SEQ. ID. NOS. 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 
29, 30, 31, 32,33,34, 35,36, 37,38, 39, 40, 41,42, 43,44, 45, 
46, 47, 48, 49 or 50); (c) any nucleotide sequences that 
hybridizes to the complement of the sequences shown in the 
sequence listing (SEQ. ID. NOS. 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 
29, 30, 31, 32,33,34, 35,36, 37,38, 39, 40, 41,42, 43,44, 45, 
46, 47, 48, 49 or 50) under stringent conditions, e.g., hybrid 
ization to filter-bound DNA in 0.5 MNaHPO4, 7.0% sodium 
dodecyl sulfate (SDS), 1 mM EDTA at 50 degrees C. and 
washing in 0.2.times.SSC/0.2% SDS at 50 degrees C.; and (d) 
any nucleotide sequence that hybridizes to the complement of 
the sequences shown in the sequence listing (SEQ. ID. NOS. 
2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 
21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,33, 34,35, 36, 37, 
38, 39, 40, 41, 42, 43,44, 45, 46, 47, 48, 49 or 50) under less 
stringent conditions (e.g., hybridization in 0.5 M NaHPO4. 
7.0% sodium dodecyl sulfate (SDS), 1 mM EDTA at 37 
degrees C. and washing in 0.2.times. SSC/0.2% SDS at 37 
degrees C. Preferably these sequences also perform the func 




































































































































































































































































