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METHODS AND COMPOSITIONS FOR MODULATING TRICHOME DENSITY ARD
FLAVOR MOLECULE SECRETION

CROSS-REFERENCE TO RELATED APPLICATION AND INCORPORATION OF

5 SEQUENCE LISTING
3661} This apphication clamms the benefit of U5, Provisional Application No. 63/617,923, filed
Fanvary 5. 2024, which is incorporated by reference hercin in #s entirety. A sequence listing
contained mn the file named “P3S0T0WO00_SE saul” which is 263,609 bytes {(measured in operating
system MS-Windows®), created on January 3, 2025, contaiming a total number of 90 SEQ 1D NQs,
10 starting from SEQ 1D NO:1 to SEQ ID NG90, s filed clectronically herewith and meorporated by

reference i its entivety.

FIELD

[3802] The present disclosure relates to methods for modulating secretion from glandular

trichomes and compositions compnsing altered trichome secretion of metabolites and their uses in
15 plants includiog tobacco and tea. Also provided are methods for modulating the profile of metabolites

secreted from glandular trichomes and composttions comprising altercd trichome secretion of

metabolites active as flavor molecules and their uses in plants including tobacco and tea.

BACKGROUND

(6803 Glandular trichomes are epidermal outgrowths in plants that are the site of metabolic
20 compound synthesis and storage. Thetr presence on stem, leaf, and floral tissues provides protection
for plants against various bictic and abiotic stresses. Glandular trichomes also play a role in the
biosynthesis, storage, and secretion of specialized or secondary metabolites. Other trichomes, such
as non-glandular trichomes, can protect plants from predators {e.g., by providing a physical barrier)

or ultraviolet hight. Trichomes can be found on adaxial (upper) and abaxial {lower) leaf surfaces,

]
(s

albert at different densitics m some plant species.

[6804] Metabolites produced and secreted by glandular trichomes are often hvdrophobic {e.g.,
fatty acid denivatives, Havonoids, terpenoids). Teorpenoids constitute the larpest and most diverse
class of plant metabolites. The olefinic backbone ofterpenoids 1s made of multiples of the five-carbon
(C) isoprene unit, with the major groups being monoterpenes (10C), sesquiterpenes (13C), and
30 diterpenes (200). These terpenoids are produced through the condensation of five-carbon isoprene
umnits {dimethyiallyl diphosphate [DMAPP] and 1sopentenvl diphosphate [TPP]) most often by the
sequential head-to-tail addition of BDMAPP to IPP.
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[0805] The amount of secondary metabolites produced s often tightly correlated to the glandular
trichome density present on the plant epidermis {Chalvin e of, Celi, 25:477-487 (2020}, One way
to increase the amount of secondary metaboliic production 1o plants is 1o increase the density of

trichomes present on the plant epidermis. Transcerptional reguiation of trichome initiation has been

W

shown to mvalve members of MYB and C2H?2 zine-finger family of transcription factors. Transgenic
overexpression of drremisia annua MYB] (AaMYBIY was shown to increase trichome density and
subseguently the production of artemisin {Matas-Hemandez of o/, Plant Journal, 90:520-534
{2017)).

[6806] Lipid transfor proteins (L'TPs) are important in the transport of specialized metabolites in
10 glandular trichomes. Studies have shown that overexpression of LTPs leads to an moerease of

exudates in plants glandular trichomes (Chot ef af |, Plant Journal, 70:480-491 (20123}

68077  Due to the important role of glandular trichomes in the biosynthesis and secretion of
terpenoids, there is a need for a greater understanding of the genes, regulatory factors, and signaling
mechanisms nvolved in the control of trichome mitiation and development in plants. It is also
15 wmportant to understand the mode of secretion of these specialized metabolites imto the cuticle of
trichomes. In this disclosure, candidate genes are provided that can be used to modify trichome
density as well as metabolite secretion profiles in plants. Modification of trichome density will also
improve transport of specialized metabolites m glandular trichomes. Altering metabolite secretion
profiles will provide the abnlity to modulate the flavor profile of cured tobacco and cured tobacco

20 products with the goal of increasing consumer satisfaction.

SUMMARY

[G008]  Inonc aspect, this disclosure provides a madified tobacco plant, or part thereof, comprising
at least one non-natural mutation in an endogenous nucleic acid sequence, wherein the endogenous

nucleie acid sequence encodes a polypeptide comprising an amino acid sequence at least 0%

[N
W

identical or similar to an amino acid sequence selected from the group consisting of SEQ ID NQOs:
2116 40

[0809]  In one aspect, this disclosure provides a modified tobacco plant, or part thergof, comprising
a recombinant DNA construct comprising a heterologous promoter operably linked to a nucleic acid
encoding at least one small RNA molecule capable of binding to and reducing the expression of an
30 endogenous nucleic acid sequence encoding a polypeptide at least 80% 1dentical or similar to an

amino acid sequence selected from the group consisting of SEQ ID NOs: 21 1o 40,

[\ ]
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{0818}  In one aspect, this disclosure provides a modified tobacco plant, or part thergof, comprising
a recombinant DNA construct comprising a heterologous promoter operably linked to a nucleic acid
sequence encoding a polvpeptide comprising an amino acid sequence at least 8095 identical or similar
to an aming acid sequence selected from the group consisting of SEQ 1D NOs: 21 to 40.

10611}  In one aspect, this disclosure provides a method of producmg a modified tobacco plant
comprising inducing a non-natural mutation in ai least one tobacco cell in an endogenous nucleic
acid sequence encoding a polvpeptide comprising an anuno acid sequence at least 80% identical or
similar to an amino acid seqaence selected from the group consisting of SEQ ID NQGs: 21 to 49;
sclecting at ieast one tobacco cell compusing said non-natural mutation; and regencrating at least one
modified tobacco plant from said at least one tobacco cell that was selected.

[B812]  In one aspect, this disclosure provides a method of producimg a modified tobacco plant
comprising: infroducing a recombinant DNA construct to at least one tobacco cell, wherein said
recombinant DNA construct comprises a heterologous promoter operably linked to a nucleic acid
encoding at least one small RNA molecule capable of binding to and reducing the expression of an
endogenous pucleic acid sequence encoding a polypeptide at least 80% wdentical or simiar to an
araino acid sequence selected from the group consisting of SEQ 1D NQGs: 21 to 40; selecting at least
one tobacco cell comprismg said recombinant DN A construct; and regenerating at least one modified
tobacco plant from said at least one selected tobacco cell.

10613]  In one aspect, this disclosure provides a method of producmg a modified tobacco plant
comprising: introducing a recombinant DNA construct fo at least onc tobacco cell, wherein said
recombimant DNA construct comprises a heterologous promoeter operably linked to a nucleic acid
sequence encoding a polypeptide comprising an aming acid sequence at least 80% identical or similar
to an amino acid sequence selected from the group consisting of SEQ D NOs: 21 to 40; selecting at
least one tobacco cell comprising said recombinant DNA consiruct; and regenerating at least one
modified tobacco plant from said at least selected one tobacco cell.

10614] In one aspect, this disclosure provides a method comprising preparing a tobaceo product
using cured tobacco matenal from a modified tobacco plant, wherein said modified tobacco plant
comprises a non-natural mutation in an endogenous nucleic acid sequence, wherein the endogenous
nucleic acid sequence encodes a polypeptide comprising an amino acid sequence at least 80%
identical or similar to an amino acid sequence selected from the group consisting of SEQ 1D NOs:
21 to 40,

[3815]  In one aspect, this disclosure provides a method comprising preparing a tobaceo product
using cured tobacco material from a modified tobacco plant, wherein said modified tobacco plant

comprises a recombinant BDNA construct, and wherein said recombinant DNA construct comprises a

~
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heterologous promoter operably hinked to a nucleic acid sequence encoding at least one small RNA
molecule capable of binding to and reducing the expression of an endogenous nucleic acid sequence
encoding a polvpeptide at least 80% identical or similar to an anuno acid sequence selected from the
group consisting of SEQ ID NGs: 21 t0 40.

10616]  In one aspect, this disclosure provides a method comprising preparing a tobaceo product
using cured tobacco material from a modified tobacco plant, wherein said modified tobacco plant
comprises a recombinant BDNA construct, and wherein said recombinant DNA construct comprises a
heterologous promoter operably linked to a nucleic acid sequence encoding a polypeptide comprising
an amine acid sequence at least 80% identical or similar to an amino acid sequence selected from the
group consisting of SEQ ID NGs: 21 10 40.

{3817}  In one aspect, this disclosure provides a method comprising transforming a tobacco cell
with a recombmant DNA construct, whergin said recombinant DNA construct comprises a
heterologous promaoter operably linked to a nucleie acid sequence encoding at least one small RNA
molecule capable of binding to and reducing the expression of an endogenous nucleic acid sequence
encoding a polypeptide at least 809% identical or similar to an amine acid sequence selected from the
group consisting of SEQ 1) NGs: 21 10 40.

[3018] In one aspect, this disclosure provides a method comprising transforming a tobacco cell
with a rccombimant DNA construct, wherein said recombinant DNA construct comprises a
heterclogous promoter operably linked to a nucieic acid sequence encoding a polvpeptide comprising
an amine acid sequence at least 80% identical or sunilar to an amino acid sequence selected from the
group consisting of SEQ 1D NGg: 21 to 40.

[B819] In one aspect, this disclosure provides a method for producing a modified tobacco plant
comprising: crossing at least one tobacco plant of a first tebacco vanety with at least one tobacco
plant of a second tobacco variety to produce at least one progeny tobaceo seed, wherein said at least
one tobacco plant of sad first tobacco varicty comprises a non-natural mutation in an endogenous
nucieic acid seguence, wherein the endogenous nucleic acid sequence encodes a polypeptide
comprising an amino acid sequence at least 809 identical or similar to an amino acid sequence
selected from the group consisting of SEQ ID NQOs: 21 fo 40, wherein said non-natural mutation is
not present in said endogenous nucleic acid sequence in a control tobacco plant of said first tobacco
variety; and selecting for at least one progeny tobaceo seed, or a plant gervunated therefrom, wherein
said at least one tobacco seed or plant gernmnated therefrom comprises said non-natural mutation.
[3628] In one aspect, this disclosure provides a method for producing a modified tobacco plant
comprising: crossing at least one tobacco plant of a first tobacco vanety with at least one tobacco

plant of a second tobaceo vanety to produce at least one progeny tobacco sced, wherein said at least
4
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one tobacco plant of said first tobacco variety comprises a recombinant DNA construct, wherein said
recombimant BNA construct comprises a heterologous promoter operably linked to a nucleic acid
sequence cncoding at lecast one small RNA molecule capable of binding to and reducing the
expression of an endogenous nucleic actd sequence encoding a polypeptide at least 86% wdentical or
similar to an aming acid sequence selected from the group consisting of SEQ 1D NOs: 21 to 40,
wherein said recornbinant DNA construct 15 not present 1o said endogenous nucleic acid sequence in
a control tobacco plant of the same variety: and selecting for at least one progeny tobaceo seed, ora
plant germinated therefrom, wherem said at least one tobacco seed or plant germinated therefrom
comprises said recontbinant DNA constrct.

[3821]  In one aspect, this disclosure provides a method for producing a modified tobacco plant
comprising: crossing at least one tobacco plant of a first tobacco variety with at least one tobacco
plant of a second tobacco variety to produce at least one progeny tobaceo seed, wherein said at least
one tobacco plant of said first tobacco variety comprises a recombinant DNA construct, wherein said
recombinant DNA construct comprises a heterologous promoter operably linked to a nucleic acid
sequence encoding a polypeptide comprising an amine acid sequence at least 80% identical or similar
o an amino acid sequence sclected from the group consisting of SEQ T NOs: 21 1o 40, wherein said
recombinant DNA construct 1s not present in said nucleic acid sequence in a control tobacco plant of
the first tobacco vanety; and selecting for at least one progeny tobacco seed, or a plant germinated
therefrom, wherein said at least one tobacco seed or plant gernunated therefrom comprises said
recombinant DNA construct.

{0622} In one aspect, this disclosure provides a modified tobacco plant, or part thereof, comprising
at least onc non-nmatural mmtation i an endogencus nucleic acid sequence that modulates the
expression or functional activity of a gene, wherein said gence encodes a polypeptide comprising an
amino acid sequence at least 80% identical or similar to an amino acid sequence selected from the
group consisting of SEQ ID NGs: 21 t0 40.

106231 In one aspect, this disclosure provides a modified tobacco plant, or part thereof,
comprising: {(a} a genetic modification i a gene; or (b} a genetic modification targeting said gene;
wherein said genetic modification downregulates the expression or activity of said gene, wherein said
gene encodes a nucleic acid sequence having at least 80% identity to a polynuclectide sequence
selected from the group consisting of SHQ 1D NOs: 110 20,

[3824] In one aspect, this disclosure provides a modified Camellic plant, or part thereof,
comprising at least one non-natural mutation in an endogenous nocleic acid sequence, wherein the

endogenous nucleic acid sequence encodes a polypeptide comprising an amino acid sequence at least

A
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80% identical or sinular to an ammg acid sequence selected from the group consisting of SEQ 1D
NGs: 21 to 40

[G025]  In onc aspect, this disclosure provides a modified Camellic plant, or part thereof,
comprising a recombinant DNA construct comprising a heterclogous promoter operably linked to a
nucleic acid encoding at least one small RNA molecule capable of binding to and reducing the
expression of an endogenous nucleic acid sequence encoding a polypeptide at least 80% identical or
similar to an amine acid sequence selected from the group consisting of SEQ 1D NOs: 21 10 40.
[0826] In one aspect, this disclosure provides a modified Camellio plant, or part thergof,
comprising a recombinant DNA constract comprising a heterologous promoter operably linked to a
nucleic acid sequence encoding a polypeptide comprising an amino acid sequence at least 80%
identical or similar to an amine acid sequence sclected from the group consisting of SE( ID NQOs:
21 t0 40

160271 In one aspect, this disclosure provides a method of producing a modified Camellia plant
comprising: inducing a non-natural nustation in at least one Camellia cell in an endogenous nucleic
acid sequence encoding a polvpeptide comprising an amino acid sequence at least 80% identical or
simular to an amino acid sequence selected from the group consisting of SEQ 1D NOs: 21 1o 44;
selecting at least one Camellia cell comprising said non-natural mutation; and regencrating at least
one modified tobacco plant from said at least one selected Cameliic cell.

10628]  In one aspect. this disclosure provides a method of producing a modified Camellio plant
comprising: indroducing a recombinant DNA construct to at least one Camellia cell, wherein said
recombimant DNA construct comprises a heterologous prometer operably linked to a nucleic acid
encoding at lcast one small RNA molecule capable of binding to and reducing the expression of an
endogenous nucleic acid sequence encoding a polypepiide at least 80% tdentical or sumiar fo an
amino acid sequence selected trom the group consisting of SEQ ID NQGs: 21 to 40; selecting at least
one Camellia cell comprising said recombinant DNA construct; and regencrating at least one
modified Camellic plant from said at least one selected tobacco cell.

68291  In one aspect, this disclosure provides a method of producing a modificd Camellic plant
comprising: introducing 8 recombinant DNA construet to at least one Camellia cell, wherein said
recombimnant BNA construct comprises a heterologous promoter operably linked to a nucleic acid
sequence encoding a polvpeptide comprising an amino acid sequence at least 8095 identical or similar
to an amino acid sequence selected from the group consisting of SEQ [D NOs: 21 to 40; selecting at
least one Camellia cell comprising sad recombinant DNA constract; and regencrating at least one

17

modified Camellic plant from said at least one selected tobacco cell.
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[0838]  In one aspect, this disclosure provides a method for producing a modified Camellia plant
compnsing: crossing at least one Camellia plant of a fust Camellia varicty with at least one Camellia
plant of a second Camellia vanety to produce at least one progeny Camellia sced, wherein said at
least one Camelliic plant of said first Comellic variety comprises a non-natural muotation in an
endogenous nucleic acid sequence, wherein the endogenous nucleic acid sequence encodes a
polvpeptide coraprising an amino acid sequence at least 80% identical or similar to an amimo acid
sequence selected from the group consisting of SEQ ID NOs: 21 1o 40, wherein said non-natural
mutation is not present in said endogenous nucleic acid sequence in a control Camellia plant of said
first Camellia variety; and selecting for at least one progeny Camellia seed, or a plant germinated
therefrom, wherein said at least one Cameliia sced or plant germinated therefrom comprises said non-
natural mutation.

10631}  In one aspect, this disclosure provides a method for producing a modified Camellia plant
comprising: crossing at teast one Camellic plant of a first Camelfia vanicty with at least one tobacco
plant of a second Camellia vanety 1o produce at least one progeny Camellic seed, wherein said at
least one Camellio plant of said first Camellia variety comprises a recombinant DNA constract,
wherein said recombmant DNA construct comprises a heterologous promoter operably linked to a
nucleic acid sequence encoding at feast one small RNA molecule capable of binding to and reducing
the expression of an endogenous nucieic acid sequence encoding a polypeptide at least 80% identical
or similar to an amino acid sequence sclected from the group consisting of SEG 1D NOs: 21 1o 44,
wherein said recornbinant DNA construct 1s not present 1o said endogenous nucleic acid sequence in
a control Camellia plant of the same variety, and selecting for at least one progeny Camellia seed, or
a plant germinated therefrom, wherein said at feast one Camellia seed or plant germinated therefrom
comprises said recombinant DNA construct.

[B832]  In one aspect, this disclosure provides a method for producing a modified Came/lia plant
comprising: crossing at keast one Camellia plant of a first Camellio variety with at least one Cameliia
plant of a second Camellia variety to produce at least one progeny Camellia seed, wherein said at
least one Camellia plant of said first Camellia variety comprises a recombinant DNA construct,
wherein said recombinant DBNA coostruct comprises 3 heterologous promoter operably linked to a
nucleic acid sequence encoding a polypeptide comprising an amino acid sequence at least 80%
identical or similar to an amino acid sequence selecied from the group consisting of SEQ 1D NOs:
21 to 40, wherein said recombinant DNA construct 1s not present in said nucleic acid sequence in a
control tobacco plant of the first Camellio vanety; and selecting for at least one progeny tobacco
seed, or a plant germinated therefrom, wherein said at least one tobacco seed or plant germinaied

theretrom comprises said recombinant DNA construct.
7
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BRIEF DESCRIPTION OF THE SEQUENCES

I6033]  SEQ D NOs: 1 1o 20 set forth sequences of examples of nucleotide coding sequences for

frichome density and flavor associated genes.

[B034] SEQ 1D NOs: 21 to 40 set forth sequences of examplies of amino acid sequences for

trichome density and flavor associated genes.

13635]  SEQ ID NOs: 41 to 60 set forth sequences of examples of genomic BNA sequences for

trichome density and flavor associated gencs.

[0836] SEQ ID NO: 61 sets forth the sequence of the ALCST binary genetic construct used plant
transformation. The construct comprises a pCSVMY promoter, multiple cloning site, NOS

termunator, ACTI promoter, NPTH resistance gene, and a NOS terminator.

106377 SEQ ID NOs 62 to 69 set forth nucleotide sequences of examples of promoters for

trichome specific or preferred expression.

[B838] SEQ D NOs: 70 to 30 sot forth sequences of examples of promoters for topping responsive

root specific or preferred expression.

[363%] SEQID NQGs: 81 to 90 set forth sequences of examples of promoters for topping responsive

{eaf specific or preforred expression.
BRIEF DESCRIPTION OF THE DRAWINGS

16046]  FIG. 1 depicts a Bight micrograph at 100x magnification of a Nicotiana tabacum leaf
highlighting the structures of a glandular trichome. Glandular tnchome measuroments are taken by
measiring the trichome gland width and the length of the trichome stalk.

(6841 KIG. 2 depicts selected trichome measurements from GRI139 Sceretor (8) Nicotiana
tabacum leaves compared to GRI39 — Non-Secrctor {NS) Nicotiana tabacum leaves. FIG. 2A
provides the total number of trichomes for both abaaal (Jower} and adaxial (upper) sides of the 5th
icaf. FIG. 2B provides the average inchome length i microus for both abaxial and adaxial sides of
the 5th leaf. FIG, 20 provides the average trichome width in microns for both abaxial and adaxial
sides of the 5th leaf. Standard deviations are shown as error bars.

[6042] FIG. 3 depicts a light micrograph at 100x magnification of a Nicotiana tabacum leaf. Both
the adaxial and abaxial surfaces can be scen with the adaxial sarface on the top. FIG. 3A depicts a
GR139 Sccretor (8) Nicotiana tabacumn 5th [eaf compared to FIG, 3B which depicts GR139 - Non-

Secretor (NS} Nicotiana tabacam Sth leaf
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[0843] FIG. 4 depicts a quantification of the nmumber of trichomes in GR139 §, KBH-960, Hoja
Parado {Galpfo ). KDH-959, KDH-926, and AA-37-1 tchacco varicties. F1G. 4A shows the average
number of adaxial trichomes. FIG. 4B shows the average number of abaxial trichomes. Standard
deviations are shown as error bars.

5 {3044] FIG. 5 depicts a volcano plot of the results of targeted RT-gPCR of the top 10 Candidate
genes in a GRI39 § Nicofiona tabacum background compared to a KDHY3Y Nicotiana tabacum
background. G82265, g58563, g58333, g58504, gS8508, 282264, and g58509 are significantly
apregulated. G82257 has a flat expression paticrn and 82268 shows an wnsignificant change.

{0845 KIG. 6 depicts a voleano plot of the results of targeted RT-gPCR of the top 10 Candidate
10 genes i a KDH926 Nicofiana tabacisn background compared to a KDHOSY Nicoriana fabacum
background. 82265, gS8563, g58333, 58504, 38308, g82264, and gS38309 arc significantly
upregulated. GB2257 is sigunificantly downregulated and 82268 shows an 1nsignificant change.
[6646]  FIG. 7 depicts a volcano plot of the resulis of targeted RT-gPCR of the top 10 Candidaie

genes in a KDHO60 Nicotiana tabacum background compared to a KDH939 Nicosiana tabacwum

Pt
(s

background. 82265, g58563, g5¥333, gS8304, pS8508, 282264, and ¢58509 are significantly

upregulated. G82257 is significantly downregulated and g82268 shows an insignificant change.

38471  FIG. 8 depicts the resulis of targeted RT-gPCR of 16 Candidate genes in a GRI3ONS GIS

overexpressing tobacco compared o the GRI39NS Control. Actin is the control and is set as zero.

Fold change compared to actin is shown according to the Y axis. FIG. 8A and FIG. 88 ropresent

20 independent experiments.

[6048] FIG. 9 depicts the results of targeted RT-gPCR of 16 Candidate genes i a GRI39NS
MY B86 overexpressing tobacco compared to the GRI39NS Control. Actin is the control and is set
as zero. Fold change compared to actin is shown according fo the Y axus. FIG. 94 and ¥FIG. 9B
represent mdependent experiments.

25 [8349]  FIG. 10 depicts the resulis of targeted RT-gPCR of 16 Candidate genes in a Galpdo
MYBE6 overexpressing tobacco compared to the Galpdc Control. Actin is the control and is set as
zero. Fold change compared to actin is shown according to the Y axis. FIG. 104, FIG. 18B, and
FIG. 18C represent independent expenments,

(08583 KFIG. 11 depicts the results of targeted RT-gPCR of 16 Candidate genes m a KDHS60

30 MYBS6 overcxpressing tobacco corapared to the KDH960 Control. Actin is the control and 1s set as

zero. Fold change compared to actin is shown according to the Y axis. FIG. 11A, FIG. 1B, and

FIG. 110 represent imdependent experiments.

6081} FIG. 12 depicts the results of targeted RT-gPCR of 16 Candidate genes ina TN9O GIS

overexpressing tobaceo compared to the TNOSG Control. Actin 1 the control and is set as zero. Fold
9
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change compared to actin is shown according to the Y axis. FIG, 124, FIG. 128, and FIG 12 C
represent independent experiments.

[G032]  FIG. 13 depicts the results of targeted RT-gPCR of 16 Candidate genes 1n a TN90 MY B8
overexpressing tobacco compared to the TN9G Control. Actin is the control and is set as zevo. Fold
change compared to actin is shown according to the Y axis. FIG. 13A, FIG, 13B, and FIG. 13 C
represent independent experirents.

[6033] FIG. 14 depicts a principal component analvsis (PCA) plot of 11 secretor and non-secretor
tohaceo varieties caleulated using only compounds associated with the following secondary
metabolites: Alkalowds and alkaloid denvatives, Benzenoids, Flavonoids, Phenvipropanoids, and
Terpenouds.

DETAILED BESCRIPTION

[6654] Unless defined otherwise, all technical and scientific terms used have the same meaning as
commonly understood by one of ordinary skill in the art to which this disclosure belongs. Where a
term 18 provided in the singular, the inventors also contemplate aspects of the disclosure descnbed
by the phural of that term. Where there are discrepancies 1n ferms and definitions used in references
that are mcorporated by reference, the terms used m this application shall have the definitions given
herein. Other technical terms ased have their ordimary meaning m the art in which they are used, as
exemplified by vanous art-specific dictionaries, for example, “The American Heritage® Science
Dnctionary” (Eduors of the American Hertage Dictionaries, 2011, Houghton Miffin Harcourt,
Boston and New York), the “MceGraw-Hill Dictionary of Scientific and Technical Terms” (6th
edition, 2002, McGraw-Hill, New York}, or the “Oxford Bictionary of Biology” (6th edition, 2008,
Oxford Urnaversity Press, Oxtford and New York).

[B883]  Anv references cited herein, mcluding, ¢ g, all patents, published patent applications, and
non-patent publications, are incorporated herein by reference in their entirety.

[B056] When a grouping of altematives is presented, any and ali combinations of the members that
make up that grouping of alternatives s specifically cnvisioned. For exampile, 1f an item 1s selected
from a group consisting of A, B, €, and D, the mventors specifically envision each alternative
individually {e.g.. A alone, B alone, etc.}, as well as combinations such as A, B, and D Aand C; B
and C; etc. The torm “and/or” when used in a list of two or more items means any one of the histed
items by itself or in combination with anv one or more of the other histed items. For example, the
expression “A and/or B” 1 intended to mean either orboth of A and B ~i¢., A alone, B alone, or A

and B m combination. The expression “A, B and/or C7 is intended to mean A alone, B alone, C alone,
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A and B in combmation, A and € i combinaton, B and € i combmation, or A, B, and C in
combination.
[B857] When a range of numbers is provided herein, the range 1s understood to mclusive of the

edges of the range as well as any number between the defined cdges of the range. For example,

W

“between | and 107 includes any number botween 1 and 10, as well as the nomber 1 and the nomber
19.

[0638]  When the term “about” is used in reference to a number, 1t is understood to mean plus or
minus 10%. For example, “about 1607 would mehude from 90 to 110,

<,

[B859]  As used herein, the singular form “a,” “an.” and “the” include plural references undess the
10 context clearly dictates otherwise. For example, the term “a compound™ or “at least one compound”
may include a plurakity of compounds, mchiding mixtures thereof.
[3068]  Any tobacco plant, or part thercof, provided herein is specifically envisioned for use with
any method provided herein. Similarly, any modified tobacco plard, or part thereof, s specificaliy

envisioned for use with any method provided herein. Any nucleic acid scquence, amino acid

Pt
(s

sequence, or other composition provided herein is specifically envisioned for use with any method

ot tobacco plant, modified or not modified, provided herein.

[3861]  This disclosure provides a seed obtained from any modified tobacco plant provided herein,

This disclosure provides a cel of any modified tobaceo plant provided herein.

10662 Trichomes, in gencral, are hair-like epidemmal outgrowths covering most aerial plant

26 ussues. Trnchomes tend to be multicellular, but unicellular trichomes are known as well, Muluiple
tvpes of trichomes can be found on an individual plant, and tnchomes vary i shape, size, and cellular
organization. An ndividual trichome can be classified as a glandular tnichome or a non-glandular
trichome.
[0863] Glandular trichomes are characterized by the presence of a head made of cells that can

25 sgcrete or store large quantitics of specialized metabolites {e.g., without being Hmiting, terpenoids,
phenvipropancids, flavonoids, methyl ketones, acylsugarsy. Within the group of glandular trichomes,
a {richome can be further characternized as being peliate or capitate. A capitate glandular tnchome
typically possesses a stalk with a length that is more than twice the height ofthe head. and the number
of cells in the trichome is highly variable. A peltate tichome 15 a short-stalked trichome with a large

30 bead made of between four and cighteen cells arranged in one or two concentric circles.

[3064] Non-glandular tnchomes typically provide physical protection for plants against bictic and

abiotic stresses. For example, they can form a physical barrier agamst low humudity, high light

mtensity (e g, ultraviolet light), high or low temperatures, and feeding and/or egg-laying by 1nsects

or arachnids {e.g., mites).
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[0865] In an aspect, a trichome is a glandudar trichome. In an aspect, a glandular trichome i3 a
capitate glandular trichome. In an aspect. a glandular trichome is a peltate glandular trichome. In an
aspect, a glandular trichome is selected from the group consisting of a capitate glandular trichome

and a peltate glandular trichome. In an aspect, a trichome 15 a non-glanduiar tnchome,

[6866] In some instances, it may be desirable to merease the total number of trichomes on a plant
or plant part. It may also be desirable to mercase the density of trichomes on a plant or plant part.
Without berng imited by any scientific theory, a plant comprismg an increased vumber of irichomes
can produce an increased amount of one or more desired compounds as compared to a control. See,
for example, U.S. Patent Apphication Publication Nos. 2022/0243214 Al, 2022/0243215 Al and
2022/0243216 A1

Entrogression

{66677 As used hercin, “introgression” refers to the transmission of a desired allele of a genetic
locus from one genetic background {(e.g., genotype} to another.

[B868] As used herein, a “trichome-associated single nucleotide polvmorphism™ refers o a
polymorphism that segregates with a trichome-associated QTL.

[3869]  As used herem, a “genotype” refers to the genetic constitution of a plant or cell. Two
tobacco plants from different tobacco Hnes or varicties would be understood to have differgnt
genotypes. Alternatively, plants of an inbred line tvpically comprise dentical genotypes. However,
without bemng lioiting, if the tnchome-associated QTL has been urogressed o a single TN 90
plant, the single TN 90 plant comprising the trichome-associated QTL would have a different

genotype than all TN 90 plants lacking the trichome-~associated QTL.

[3876]  Asused berein, a “genetic modification” refers to a change in the genetic makeup of a plant
or plant genome. A genetic modification can be introduced by methods including, but not limiuied to,
mutagencsis, genome editing, genetic transformation, or a combivation thereof A genetic
modification includes, for example, a mutation {¢.g., a non-natural mutation) in a gene o a fransgens
targeting a gene {¢.g., an arginine decarboxylase (ADC) transgene targets an ADC gene). As used
here, “targeting” refers to cither directly upregulating or duectly downregulating the expression or
activity of a gene. As used here, “directly”, m the context of a transgene mmpacting the expression or
activity of a gene, refers to the tmpact being exerted over the gene via a physical contact or chemical
interaction between the gene (e g., a promoter region or a UTR region) or a product encoded therein
{e.g., amRNA molecule or a polypeptide) and a product encoded by the transgene {e.g., asmall RNA

molecule or a protein such as a transcription factor or a dominant negative polvpeptide variant}. In
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an aspect, a transgens impacts the expression or activity of a target gene without 1nvolving a
transcription factor {e. g, the transgene dogs not encode a transcription factor and/or does not suppress

the expression or activity of a transcription factor that n turn regulaies the target gene).

Mutations

{3871} Asused berein, “modified,” i the context of a plant, refers to a plant comprising 3 genetic
alteration mtroduccd for certain purposes and beyond natural polymorphisms. Without being
limitting, a modified plant can comprise a non-natural muration or a recombinant DNA construct. In
an aspect, a modified tobacco plant comprises a non-natural mutation. In another aspect, a moditied
tobaceo plant comprises a recombinant DNA construct. In another aspect, a modified tobacco plant
comprises a genelic modification. Without being limiting, a modified plant, seed, or plant part
comprises a recombinant nucleic acid molecule. As used herein, a “recombmant nucleic acid
construct” refers to a nacleic acid molecule formed by laboratory methods of genctic recombination,
such as, withowt being limiting, molecular cloning. fn ancother aspect, a modified plant, seed, or plant
part comprises a genetic modification. In an aspect, amodified plant, seed, or plant part is a transgenic
plant, seed, or plant part.

{0872} As used herein, a “mutation” refers to an inheritable genetic modification introduced into
a gene to alier the expression or activity of a product encoded by a reference sequence of the gene.
A mutation in a ceriain gene, such as, for example, an arginine decarboxyiase (ADC) s referred to
as an ADC mutant. Such a modification can be in any sequence region of a gene, for example, in a
promaoter, S-untranslated region (UTR), exon, intron, 3-UTR, or terminator region. i an aspoct, a3
mutation reduces, inlubits, or chiminates the expression or activity of a gene product. In another
aspect, a mutation increases, elevates, strengthens, or augments the expression or activity of a gene
product.

[B673] In an aspect, mutations are not natural polymorphisms that exast in a particular tobacco
variety or cultivar. In an aspect, amutation 1s a “non-natural” or “non-naturally occurring” mutation.
As used heretn, a “non-natural” or “non-naturally occurring” mutation refers to a non-spontanecus
mutation generated via human intervention, and does not correspond to a spontaneous muiation
generated without human intervention. Non-limiting examples of human intervention mnclude
mutagenesis {¢.g., chemical mutagenesis, 1onizing radiation mutagenesis) and targeted genctic
modifications {¢.g., CRISPR-based methods, TALEN-based methods, zine finger-based methods).
Non-natural mutations and non-naturally occurnng mutations do not include spontaneous mutations

that anse naturally {e.g., via aberrant DNA replication m a germ line of a plant}.
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{0874} It will be appreciated that, when identifving a muotation, the reference DNA sequence
should be from the same vanety of tobaceo. For example, if a modified tobacco plant comprising a
guttation 1s from the vanety TNGO, then the endogenous reference sequence must be the endogenous

TNGO sequence, not a homologous sequence from a different tobacceo variety {e.g., K326}, Similasty,

W

if a modificd tobacco cell comprsing a mutation i1s a TN9G cell, then the cndogenous reference
seguence must be the endogenous TN90 sequence, not a homologous sequence from a tobacco cell
from a different tobacco variety {e.g., K326).

[0875] In an aspect, a tobacco plant, or part thereof, 1s homozygous for at least one non-natural
mutation. In ancther aspect, a tobacco plant, or part thereod, is heterozygous for at least one non-
10 natural mutation. In another aspect, a tobacco plant, or part thereof, 1s homozygous for an infroduced
recombinant DNA constract. In ancther aspect, a tobacco plant, or part thereof, 1s hemizygous for an
introduced recombinant DNA constract. In a further aspect, a tobacco plant, or part thereof, is
heterozygous for an miroduced recombinant DNA construct.

[6076] In an aspect, a mutation provided hercin creates a dominant allele of the mutated locus.

Dominant alleles are alleles that mask the contribution of a second allele at the same locus. A

Pt
(s

dominant allele can be a “dovunant negative allele” or a “domvnant positive allele.” Doromant
negative alleles, or antimorphs, are alleles that act in opposition to normal allehic function. A
dominant negative aliele tvpically does not function nomally and either directly inhibits the activity
of a wild-type protein {e.g., through dimerization} or inhibits the activity of a second protein that is
20 required for the normal function of the wild-type protein {e.g, an activator or a downstrearg
component of a pathway ). For example, a dominant negative allele abrogates or reduces the normal
function of an allele in a heterozygous or homozygous state. Dominant positive alleles can increase
normal gene function {e.g., a hypermorph) or provide new functions for a gene {¢.g., a neomorph).
A semi-dominant allele occurs when penctrance of a Iinked phenotype in individuals heterozygous
25 for the allele is less than that which 1s observed in individuals homozygous for the allele. In another
aspect, a mutation provided herein creates a dominant positive allele of a mutated locus,
160771  As used herein, “indueing”™ a mutation refors to generating a mutation in a polynucleotide
sequence via human mtervention. Many suitable methods for inducing mutations in tobacco are
known in the art. Non-limiting examples of such methods include use of chemical mutagens, use of
30 uradiation, use of nucleases, use of transposons, and use of Agrobacterium. In an aspect, inducing a
mutation compriscs the use of an agent selected from the group consisting of a chemical mutagen,
irtadiation, a transposon, Agrobacterivm, and a nuclease.
[6678] In an aspect, inducing a mutation comprises the use of a chemical mutagen. In an aspect, a

chemical mutagen comprnses ethyl methanesulfonate (EMS).
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{0879} In another aspect, inducing a mutation comprises the use of irradiation. In an aspect,
irradiation comprises gamma rays, X-rays, ionizing radiation, or fast noutrons,
[B086] In an aspect, inducing a mutation comprises the use of a transposon. In another aspect,

mducing a mutation comprises the use of dgrobacrerium.

W

106817 In a further aspect, inducing a sutation comprises the use of a nuclease. In an aspect, a
nuclcase 1s sclected from the group consisting of a meganuclease, a zinc-finger nuclease, a
franscription activator-like effector nuclease, a CRISPR/Cas® nuclease, a CRISPR/Cpft nuclease, a
CRISPR/C asX nuclease, a CRISPR/CasY nuclease, and a Ceml nuclease. In an aspect, inducing a
nyutation comprises the use of a CRISPR/CasY nuclease. In an aspect, inducing a mutation comprises
10 the use of a CRISPR/Cpf1 nuclease. In an aspect, inducing a mutation comprnses the use of a
CRISPR/CasX nuclease. In an aspect, inducing a mutation comprises the ase of a CRISPR/CasyY
nuciease. In an aspect, mducing a mutation comprises the use of a Ceml nuclease.

[6682]  Inanaspect, inducing a mutation comprises the use of a base editor. As used herein, a “base

cditor” refers to a catalvtically impaired Cas nuclease fused to a nucleotide deaminase. In some

Pt
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aspects, base editors further comprise DNA repair protems. o an aspect, a base editor 1s a cytosing
base editor. A cviosine base editor enables C-G to T-A transitions. In an aspect, a base edifor is an
adenine base editor. An ademine base editor enables A-T to G-C conversion. In an aspect, a base
editor 1s a C-to-(3 base editor.
106831  In an aspect, inducing a mutation comprises the use of a prime editor. As used horein, a
20 “puwme editor” refors to a Cas nickase fused to an engineered reverse transcriptase. Prime editors can
mtroduce all 12 transition and transversion mutations and small insertions or deletions, as well as
combinations thereof. Prime editors use a prime editing guide RNA (pegRNA) that specifies the
target site for editing and encodes the desired odit. In an aspect, a pegRNA 1s provided 1o atobacco
cell. In an aspect, a pegRNA comprises a nucleic acid scquence that binds to a nucleic acid sequence
25 sglected from the group consisting of SEQ 1D NQOs: 4 t0 9.
10684] Adduional information about base editors and prime editors, and their use in plants, can be
found m Molla et al | Nature Plants, 7:1166-1187 (2021}, Sce also Anzalone et al, Nature, 376:149-
157 (2019}, Komor et al., Nature, 533:420-424 (2016}, and Gaudelli ot al., Nature, 551:464-471
{2017).
30 [0085]  Several types of mutations are knowr in the art. In an aspect, a mutation COMpPrises an
msertion. An “msertion” refers o the addition of one or more nucleotides or amino acids 1o a given
polynuclectide or amino acid sequence, respectively, as compared to an endogenous reforence
polvnucleotide or anuno acid sequence. In another aspect, a mutation comprises a deletion. A

“deletion” refers to the removal of one or more nucleotides or amino acids to a given polvoucleotide
i3
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or amino ackd sequence, respectively, as compared to an endogenous reference polymucleotide or
amino acid sequence. In another aspect, a mutation comprises a substitution. A “substitution” refors
to the replacement of one or more nucleotides or anuno acids to a given polvnucieotide or amino acid
sequence, respectively, as compared to an endogenous reference polynucleotide or amine acid
sequence. In another aspect, a nmation comprises an mversion. An “laversion” refors to when a
segment of a polvoucleotide or amino acid sequence 18 reversed end-to-cnd. A “duplication” refers
to when a segment of a polynucleotide or amino acid sequence is repeated. The repeated segment can
mamediately follow the ongimal segment, or it can be separated from the onginal segment by one or
more nucleotides or amino acids. In an aspect, a mutation provided herein comprises a muutation
selected from the group consisting of an insertion, a deletion, a substifution, a duphcation, and an
inversion.

10686] In an aspect, a non-nahwral mutation comprises a mutation selected from the group
consisting of a substitution, a deletion, an 1usertion, a duplication, and an inversion of one or more
nucleotides relative to an endogenous nucleic acid sequence selected from the group consisting of
SEQID NOs: 10 20 and 41 10 60,

[GO87]  In an aspect, a non-natural mutation comprses a mutation selected from the group
consisting of a substitution, a deletion, an inseriion, a duplication, and an inversion of one or more
nucleotides relative to an endogenous nucleic acid sequence encoding an ammno acid sequence
selected from the group consisting of SEQ [ NOs: 21 to 40

IG088] I an aspect, a non-natural mutation comprises one oF more nurtation types selected from
the group consisting of a nonsense mutation, a missense mutation, a frameshift mutation, a splice-
site mutation, and any combmmations thereof As used hercin, a “nonsense mutation” refers to a
mutation to a nucleic acid sequence that introduces a premature stop codon 0 an anuno acid sequence
by the nucleic acid sequence. As used herein, a “missense mutation” refers to a mutation to a nucleic
acid sequence that causes a substitution within the amino acid sequence encoded by the nucleic acid
sequence. As used herewn, a “frameshift mutation™ refers to an insertion or deletion o a nucleic acid
sequence that shifts the frame for translating the nucleic acid sequence to an amino acid sequence. A
“splice-stte mutation” refers to a mutation in a nucleic acid seguence that causes an ntron to be
retained for protein translation, or, altematively, for an ¢xon to be excluded from protein translation.
Splice-site mutations can cause nonsense, missense, or frameshift mutations.

[B888] Mutanons in coding regions of genes {e.g., exomc mutalions) can result in a truncated
protein or polypeptide when a mutated messenger RNA (mRNA} is translated into a protein or
polvpeptide. In an aspect, this disclosure provides a mutation that results in the truncation of a protein

or polypeptide. As used herein, a “truncated” protein or polvpeptide comprises at least one fewer
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amine acid as compared to an endogenous control protein or polvpeptide. For example, if endogenous
Protein A compriscs 100 amine acids, a truncated version of Protein A can comprise between 1 and
99 amino acids. In an aspect, a non-natural mutation results in a truncation of a polypeptide.

[36906]  Without being limited by any scigntific theory, one way (o cause a protein or polypeptide
truncation is by the mtroduction of a premature stop codon in an mRNA transcript of an endogenous
gene. In an aspect, this disclosure provides a mutation that resulis in a premature stop codon i ag
mRNA transcript of an endogenous gene. As used herein, a “stop codon™ refers to a nucleotide triplet
within an mRNA transcript that signals a termination of protein translation. A “premature stop
codon™ refers to a stop codon positioned earlier {e.g., on the 37-side) than the normal stop codon
posttion in an endogenons mRNA transeript. Without being limitting, several stop codons are known
in the art, including “UAG,” “UAA " “UGA,” “TAG,” “TAA and “TGA”

10691}  In an aspect, a mutation provided herein comprises a null mutation. As used herein, a “null
mutation” refers to a mutation that confers a complete loss~of-function for a protein encoded by a
gene comprising the mutation, or, altematively, a mutation that confers a complete loss-of-function
for a small RNA encoded by a genomie locus. A null snutation can cause lack of mRNA transcript
production, a lack of small RNA transcript production, a lack of protem function, or a combination
thereof.

{3692 A mutation provided heremn can be positioned in any part of an endogencus gene. In an
aspect, a nutation provided herein is positioned within an exon of an endogenous gene. In ancther
aspect, a mutation provided herein is positioned within an intron of an endogenous gene. In a further
aspect, a mutation provided herein s positioned within a 3-UTR of an endogencus gene. In spll
another aspect. a mutation provided herein is positioned within a 3'-UTR of an endogenous gene. In
vet another aspect, a mutation provided herein ts positioned within a promoter of an endogenous
gene. In vet another aspect, & mutation provided herein is positioned within a terminator of an
endogenous gene. In an aspect, a non-patural mutation provided herein comprises 8 mutation in a
sequence region selected from the group consisting of a promoter, a S-UTR, a 3-UTR, an exon, an
mtron, and a termnator.

[0893] The screenming and selection of mutagenized tobacco plants can be through any
methodologies known to those having ordinary skill in the art. Exampies of screening and sclection
methodologies include, but are not hinvted to, Southern analvsis, PCR amplification for detection of
a polynucleotide, Northem blots, RNase protection, primer-exiension, RT-PCR amplification for
detecting RNA transcripts, Sanger sequencing, Next Generation sequencing technologies {eg,
Humina, PacBio, lon Torrent, 434) enzymatic assays for detecting enzyme or ribozyme activity of

polypeptides  and  polynucleotides, and protein  gel  clectrophoresis, Western  blots,
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tmmunoeprecipitation, and enzyme-linked tmmunoassays to detect polvpeptides. Gther techniques
such as im #7tu hybridization, enzyme staiming, and mmunostaining also can be used to deteet the
presence or oxpression of polvpeptides and/or polynucieotides. Methods for performing all of the
referenced techniques are known.

10694] In an aspect. a non-natural mutation comprises an insertion or deletion of at least |
nucleotide in a nucleic acid molecule as compared to a wildtype nucleic acid molecule. In an aspect,
a non-natural mutation comprises an nserfion or deletion of at least 2 nucleotides in a nucleic acid
molecule as compared to a wildtvpe mucleic acid molecole. In an aspect, a non-nataral mutation
comprises an insertion of deletion of at least 3 nucleotides in a nucleic acid molecule as compared to
a wildtype nucleic acid molecule. In an aspect, a non-natural mutation comprises an insertion or
deletion of at least 4 naclectides in a nucleic acid molecule as compared to a wildtype naocleic acid
molecule. In an aspect, a non-natural muation comprises an insertion or deletion of at least §
nucleotides 1n a nucleic acid molecule as compared to a wildtvpe nucleic acid molecule. Inan aspect,
a non-natural mutation comprises an nserfion or deletion of at least 6 nucleotides in a nucleic acid
molecule as compared to a wildtvpe mucleic acid molecole. In an aspect, a non-nataral mutation
comaprises an insertion or deletion of at least 7 nucleotides m a nucleic acid molecule as compared to
a wildtype nucleic acid molecule. In an aspect, a non-natural mutation comprises an insertion or
deletion of at least 8 nacleotides in a nucleic acid molecule as compared to a wildtype naocleic acid
molecule. fn an aspect, a non-natural rutation comprises an insertion or deiction of at least 9
nucleotides 1n a nucleic acid molecule as compared to a wildtvpe nucleic acid molecule. Inan aspect,
a non-natural mutation comprises an insertion or deletion of at least 10 nuclestides o a nucleic acid
molecule as compared to a wildtvpe nucleic acid molecule. In an aspect, a non-natural sutation
comprises an insertion or deletion of at least 15 nucleotides in a vucleic acid molecule as compared
to a wildtvpe nucleic acid molecule. In an aspect, a non-natural mutation comprises an insertion or
deletion of at least 20 nucleotides 1 a nucleic acid molecule as compared to a wildtype nucleic acid
molecule. In an aspect, a non-natural mmgation comprises an wnsertion or deletion of at least 30
nucleotides in a nucleic acid molecule as compared to a wildtvpe nucleic acid molecule. Inan aspect,
a non-natural mutation comprises an insertion or deletion of at least 40 nuclestides n a nucleic acid
molecule as compared to a wildtvpe nucleic acid molecule. In an aspect, a non-natural sutation
comprises an insertion or deletion of at least 30 nucleotides in a vucleic acid molecule as compared
to a wildtvpe nucleic acid molecule. In an aspect, a non-natural mutation comprises an insertion or
deletion of at least 75 nucleotides 1 a nucleic acid molecule as compared to a wildtype nucleie acid
molecule. In an aspect, a non-natural mutation comprises an msertion or deletion of at least 100

nucleotides in a nucleic acid molecule as compared to a wildtvpe nucleic acid molecule. Inan aspect,
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a non-natural mutation compnses an msertion or deletion of at keast 250 nucleotides in a nucleic acid
molecule as compared to a wildtvpe nucleic acid molecule. In an aspect, a non-natural sutation
comprises an mseriion or deletion of at least 500 nucleotides in a nuclewe acid molecule as compared
to a wildtype nucleic acid molecude. In an aspect, a non-nataral motation comprises an nsertion or
deletion of at least 1000 nucleotides in a nucleic acid molecule as compared to a wildtype nucleic
acid molecule.

[60%95] In an aspect, a non-natural mufation comprises an inserfion or deletion of between |
nucieotide and 1000 nucleotides in a nacleic acid molecule as compared to a wildtype nucleie acid
molecule. In an aspect. & non-natural mutation comprises an wnsertion or deletion of between 1
nucleotide and 750 nucleotides in a nucleic acid molecule as compared to a wildtype nucleic acid
molecule. In an aspect, a non-natural muiation comprises an insertion or deletion of between 1
nucieotide and 300 nuclectides in a nucleic acid molecule as compared to a wildtype nucleic acid
molecule. fn an aspect, a non-namural mutation comprises an jnsertion or deletion of between |
nucleotide and 250 nucleotides in a nucleie acid molecule as compared to a wildtype nucleic acid
molecule. In an aspect, a non-nabural mutation comprises an insertion or deletion of between |
sucleotide and 100 sucleotides in a nucieic acid molecule as compared to a wildtype mucleic acid
molecule. In an aspect, a non-natural mutation comprises an inseriion or deletion of between 1
nucleotide and 75 nuclectides 1n a nucleie acid molecule as compared to a wildtype nucleic acid
molecule. In an aspect, a non-natural mutation comprises an insertion or deletion of between |
nucleotide and 30 nucleotides 10 a nucleic acid molecule as compared to a wildtype nucleic acid
molecule. In an aspect, a non-nabural mutation comprises an insertion or deletion of between |
nucicotide and 25 nucleotides in a nucleic acid molecule as compared to a wildtype nucleic acid
mwolecule. I an aspect, a non-natural sudation comprises an insertion or deletion of between 1
nucleotide and 10 nucleotides in a nucleic acid molecule as compared to a wildivpe nucleic acid
molecule. In an aspect, a non-natural muiation comprises an insertion or deletion of between 1
nucieotide and 5 nucleotides in a nucleic acid molecule as compared to a wildtype nucleie acid
molccule.

[0896] In an aspect, a non-natural motation comprises an msertion or deletion of at least 1 amino
acid residue in an amino acid sequence as compared t0 a wildtype amino acid sequence. In an aspect,
anon-natural outation comprises an msertion or deletion of at least 2 amino acid residues in an amino
acid sequence as compared to a wildiype amino acid sequence. In an aspect, a non-natural mutation
comprises an insertion or deletion of at least 3 amuno acid residues in an amino acid sequence as
compared to a wildtype anuno acid scquence. In an aspect, a non-natural mutation comprises an

sertion or deletion of at least 4 anunoe acid residues in an amine acid sequence as compared (0 a
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wildtype amino acid sequence. In an aspect, a non-natural mutation comprises an insertion or deletion
of at least 5 amino acid residues in an amine acid sequence as comparad to a wildtype amino acid
scquence. In an aspect, a non-natural mutation comprises an mscrtion or deletion of at least 6 amino
acid residues in an amine acid sequence as compared fo a wildtype ammg acid sequence. In an aspect,
anon-natural mutation comprises an insertion or deletion of at keast 7 amino acid residues in an amino
acid sequence as compared to a wildtype amino acid sequence. In an aspect, a non-natural mutation
comprises an msertion or deletion of at least 8 amino acid residues in an amino acid sequence as
compared to a wildtyvpe aminoe acid sequence. In an aspect, a non-natural mutation comprises an
insertion or deletion of at least 9 amino acid residues in an amino acid sequence as compared (o a
wildtype amino acid sequence. In an aspect, a non-natural nnutation comprises an insertion or deletion
of at least 10 amino acid residues in an amino acid sequence as compared to a wildtype amino acid
sequence. In an aspect, a non-natural mutation comprises an tnsertion or deletion of at least 15 amine
acid residucs in an aming acid sequence as compared to a wildtype amino acid sequence. Inan aspect,
a non-natural mutation comprises an insertion or deletion of at least 20 amino acid residues in an
amine acid sequence as compared to a wildtype ammo acid sequence. In an aspect, 2 non-natural
gutation comprises an insertion or deletion of at least 30 amino acid residues in an andno acid
sequence as compared to a wildiype amino acid seguence. In an aspect, a non-natural mutation
comprises an nsertion or deletion of at least 40 amino acid residues 1n an ammo acid sequence as
compared to a wildiype amino acid sequence. In an aspect, a non-natural mutation comprises an
insertion or deletion of at least 30 amino acid residues m an amino acid sequence as compared to a
wildtype amino acid sequence. In an aspect, a non-natural mutation comprises an insertion or deletion
of at least 75 amino acid residues 1o an amino acid sequence as compared o a wildtype amino acid
scquence. In an aspect, a non-natural mutation comprises an inseriion or deletion of at least 100
amino acid residues i an amino acid sequence as compared to 3 wildtyvpe amino acid sequence. In
an aspect, a non-natural motation comprises an tosertion or deletion of at least 250 amino acid
residues in an amino acid sgquence as compared to a wildtype amino acid sequence. In an aspect, a
non-natural mutation compriscs an msertion or deletion of at least 500 amino acid residues n ap
amine acid sequence as compared to a wildtype ammo acid sequence. In an aspect, 2 non-natural
mutation comprises an insertion or deletion of at feast 1000 amino acid residues in an amino acid

sequence as compared to a wildtvpe amino acid sequence.

60971 In an aspect, a non-natural mutation comprises an insertion or deletion of between 1 amino
acid residue and 1000 amino acid residues 1o an aminoe acid sequence as compared o a wildtvpe
amine acid sequence. In an aspect, a non-natural mutation comprises an insertion or deletion of
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between 1 amino acid residac and 750 amino acid residaes in an amino acid sequence as compared
to a wildtype amino acid sequence. In an aspect, a non-natural mutation comprises an insertion or
delction of between 1 amino acid residue and 500 aroine acid residues 1 an anino acid scquence as
compared to a wildtype amino acid sequence. In an aspect, a non-natural mutation comprises an

insertion or deletion of between 1 aming acid residue and 250 amino acid residues in an amino acid

W

seguence as compared to a wildiype anino acid sequence. In an aspect, a non-natural mutation
comprises an insertion or deletion of between 1 amine acid residue and 100 amino acid residues
an amine actd sgquence as compared to a wildtype amine acid sequence. B an aspect, a non-natural
mutation comprises an msertion or deletion of between 1 amino acid residue and 75 amino acid
10 residues in an amuno acid sequence as compared 1o a wildtvpe amino acid sequence. In an aspect, a
non-natural mutation comprises an insertion or deletion of between 1 amino acid residue and 50
amino acid residues in an amino acid sequence as compared to a wildtype amino acid sequence. In
an aspect, a non-natural mutation comprises an msertion or deletion of between | amino acid residue

and 25 amino acid residues in an amino acid sequence as compared to a wildivpe amino acid

Pt
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sequence. In an aspect, a non-natural mutation comprises an wsertion or deletion ofbetween 1 amino
acid residue and 10 anuno acid residues in an anino acid sequence as compared to a wildtvpe amine
acid sequence. In an aspect, a non-natural mutation comprises an insertion or deletion of between |
amino acid residue and 5 amino acid residucs in an amino acid sequence as compared to a wildtvpe

amino acid sequence.

20 Nacletc Acids and Amino Acids

[6998] The terms “coding nucleic acid sequence” and “coding sequence” are used interchangeably
heremn. The terms “genomic nucleic acid sequence” and “genomic sequence” are used
interchangeably herein. Coding nucleic acid sequences provided herein include SEQ D NOs: 1 o
20, Endogenous nucleic acid sequences provided herein include SEQ 103 NOs: 4110 60.

25 [809%]  As used herein, an “endogenous” nucleie acid sequence refers to a nucleic acid sequence
that occurs naturally m the genome of an organism. Endogenous nucleic acid sequences do not
mclude heterologous scquences nserted 1nto a genorae via deliberate human tdervention. Simulardy,
endogenous aming acid sequences are sequences that exist naturally via translation of an endogenous
nucleic acid molecule. Inan aspect, a nucleic acid sequence provided herein 18 an endogenous nucleic

30 acud sequence.

[B8186] As used heremn, “heterologous™ refers to a sequence {nucleic acid or aming acid) that
originates from a foreign species, or, if from the same species, 18 substantially modified from s
native form in composition and/or genomic locus by deliberate human intervention. The term also is
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applicable to nocleic acid constructs, also referred to herein as “polymucleotide constructs” or
“nucleotide constructs.” In this manner, a “heterologous” nucleic acid construct is infended o mean
a construct that originates from a foreign species, or, if from the same species, is substantially
modified from its native form in composition and/or genomic locus by deliberate homan intervention.
Heterologous nucleie acid constructs include, but are not hmited to, recombinant nucleotide
constructs that have been rotroduced tdo a plant or plant part thereof, for example, via transformation
methods or subsequent breeding of a transgenic plant with another plant of interest.

[08161] Asused herein, a “gene” refers to a polynuclectide that can produce a functional unit {e.g.,
without being limiting, for example. a protein, or a small RNA molecule). A gene can comprise a
promotier, an enhancer sequence, a leader sequence, a transcriptional start site, a transcriptional stop
site, a polvadenvlation site, one or more exons, one or more mtrons, a 3-UTR, a 3-UTR, or any
contbination thereof A “gene sequence” can comprise a polyoucleotide sequence encoding a
promater, an enhancer sequence, a leader seguence, a transeriptional start site, a transcriptional stop
site, a polvadenviation sife, one or more exons, one or more mtrons, a 3-UTR, a 3-UTR, or any
combination thereof. In one aspect, a gene encodes a small RNA molecule or a precursor thereof. In
another aspect, a gene encodes a protein.

{30162}  The terms “percent wdentity” or “percent dentical” as used herem in reference to two or
more nucleotide or amino acid sequences 18 calculated by (1) comparing two optimally aligned
sequences {nucleotide or amino acid} over a window of comparison {the “alignable™ region or
regions), {11} determuning the sumber of positions at which the identical nucleic acid base (for
nucleotide sequences) or aming acid residue (for proteins and polypeptides) occurs in both sequences
to yvield the namber of matched positions, (i1} dividing the number of matched positions by the total
number of positions in the window of comparison, and then (v} multiplying this quotient by 100%
to vield the percent identity. I the “percent identity” is being calculated in relation 1o a reference
sequence without a particular comparnson window being specified, then the percent identity is
determined by dividing the number of matched positions over the region of alignment by the total
length of the reference sequence. Accordingly, for purposes of the present apphication, when two
sequences (query and sabject) are optimally aligned {with allowance for gaps in their alignment), the
“percent identity” for the query sequence is equal to the number of dentical positions between the
two sequences divided by the total number of positions in the query sequence over its length {or a
companson windows}, which is then multiplied by 100%.

361631 When percentage of sequence identity is used i reference to amino acids it 1s recognized
that residue positions which are not identical ofien differ by conservative amino acid substitutions,

where amino acid residues are substituted for other ammno acd residues with similar chemical
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properties {e.g, charge or hydrophobicity} and therefore do not change the functional properties of
the molecule. When sequences differ in conservative substitutions, the percent sequence identity can
be adjusted upwards to correct for the conservative nature of the substitution. Sequences that differ
by such conservative substitutions are said to have “sequence similarity” or “similarity.”

106104]  Without being linuting, two aliphatic (e.g., glveine, alanine, valine, leucine, isoleucine}
amino acid residues can be substituted for cach other 1o a conservative substitution; two hydroxyl
{e.g., serine, cystene, threonine, methionine} amino acid residues can be substituted for each other
in 8 conservative substitution; two aromatie {e.g., phenyvialanine, tyrosine, tryptophan} aminoe acid
residucs can be substituied for gach other in a conservative substitution; two basic {e.g., histiding,
tysine, arginme) amino acid residues can be substituied for cach other in a conservative substitution;
and two acd (e.g, aspartate, glutamate, asparagine, glutamine} amino acid residues can be
substituted for cach other in a conservative substitution.

I60168]  For optimal aligoment of sequences to calculate their percent identity, various patr-wise
or multiple sequence alignment algorithms and programs are known in the art, such as ClustalW or
Basic Local Alignment Search Tool® (BLAST™), ete., that can be used to compare the sequence
wdentity or simtlarity between two or more nucleotide or amino acid sequences. Although other
alignment and comparison methods are known in the art, the alignment and percent identity between
two sequences (including the percent identity ranges described above) can be as determined by the
Clustal W algorithm. see, e g.. Chenna ef o/ . “Multipie sequence alignment with the Clustal senes of
programs,” Nucleic Acids Research 31 3497-3500 (2003); Thompson ef af., “Clustal W: Improving
the sensitivity of progressive multiple sequence alignment through sequence weightimg, position-
spocific gap penalties and weight matrix choice,” Nucleic Acids Research 22: 4673-4680 (1994},
Ladan MA er o/, “Clustal W and Clustal X version 2.0, Bicinformaiics 23: 2947-4% (2007}, and
Altschul ef of. "Basic local alignment search tool" J Mol Biol 213:403-410 (1990), the entire
contents and disclosures of which are incorporated hergin by reference.

[30166] 'The terms “percent complementanity” or “percent compicmentary” as used herein in
reference to two nucleotide sequences s simiar to the concept of percent identity but refers to the
percentage of nuclectides of a query sequence that optimally base-pair or hybridize to nucleotides a
subject sequence when the query and subject sequences are lincarly arranged and optimally base
paired without secondary folding structures, such as loops, stems or hairpins. Such a percent
complementarity can be between two DNA strands, two RNA strands, or a DNA strand and a RNA
strand. The “percent complementarity” can be calculated by (1} optimally base-pairing or hybridizing
the two nucleotide sequences in g lincar and fully extended arrangement (i.c., without folding or

secondary structures) over a window of comparison, (1) determining the number of positions that
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base-pair between the two sequences over the window of comparison to yield the number of
complementary positions, (i) dividing the number of complementary positions by the total mumber
of positions n the window of comparison, and (1v) multiplving this quoticnt by 100% to vield the
percent complementarity of the two sequences. Optimal base pairing of two sequences can be
determined based on the known pairings of nucleotide bases, such as G-C, A-T, and A-U, through
hydrogen binding. If the “percent complomentarity” is being caleulated 1o relation to a reference
sequence without specitfving a parficular comparison window, then the percent identity 1s determined
by dividing the number of complementary positions between the two linear sequences by the total
length of the reforence sequence. Thus, for purposes of the present application, when two sequences
{querv and subject) are optimally basc-paired (with allowance for nusmatches or non-base-paired
nucleotides), the “percent complementarity” for the query sequence 18 equal to the number of base-
paired positions between the two sequences divided by the total number of positions in the query
sequence over its length, which is then multiphied by 100%.

[60187]  The use of the term “polymucleotide”™ or “nucleic acid molecule” is not mtended to limit
the present disclosure to polynaclootides comprising deoxyribonucleic acid {BNA). For example,
ribonucleic acid (RNA) molecules are also envisioned. Those of ordinary skill in the art will
recognize that polynucleofides and nucleic acid molecules can comprise nbonucleotides and
combinations of nbonucleotides and deoxyribonucleotides. Such deoxyribonuclestides and
ribonuclectides include both naturally occurring molecules and synthetic analogues. The
polvinucleotides of the present disclosure also encompass all forms of segquences including, but not
hinted to, single-stranded forms, double-stranded forms, hairpins, stem-and-loop structures, and the
like. In an aspect, a nucleic acid molecule provided herein is a DNA molecule. In another aspect. a
nucleic acid molecule provided herein 15 an RNA molecule. In an aspect, a nucleic acid molecule
provided herem is single-stranded. In another aspect, a nucleie acid molecule provided herewn is
double-stranded. A nucleie acid molecule can encode a polypeptide or a small RNA.

I06108]  As used herein, a “recombinant nucleic acid”™ refers to a nucleic acid molecule formed by
laboratory methods of genetic recombination, such as, without being limiting, molecular cloning.
Smilardy, a “recombinant DNA construct” refers to a BNA molecule formed by laboratory methods
of genetic recombination.

[B8169] Nucleic acids can be isolated using techniques routineg in the art. For example, nucleic
acids can be isolated using any method mchiding, without mitation, recombinant nucleic acid
technology, and/or the polymerase cham reaction {PCR). General PCR technigaes are described, for
example in PCR Pamer: A Laboratory Manual, Dieffenbach & Dveksler, Eds., Cold Spring Harbor

Laboratory Press, 1995, Recombimnant nucleic acid techmgues include, for example, restriction
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enzyme digestion and ligation, which can be used to isolate a nacleic acid. Isolated nucleic acids also
can be chemically synthesized, either as a single mucleic acid molecule or as a series of
oligonucleotides. Polypeptides can be purified from natural sources (e.g., a biological sample} by
known methods such as BEAE ion exchange, gel filtration, and hydroxyapatite chromatography. A
polypeptide also can be purified, for example, by expressing a nucleic acid i an expression vector.
In addwion, a purified polvpeptide can be obtaimed by chenucal synthesis. The extent of purity of a
polvpeptide can be measured using anv appropnate method, e.g., column chromatography,
polvacrylamide gel electrophoresis, or HPLC analysis.

{68118 o one aspect, this disclosare provides methods of detecting recombinant nucleic acids
and polvpeptides mn plant cells. Without being limiting, nucleic acids also can be detected using
hybridization. Hybridization between nucleic acids 1s discussed in detasl in Sambrook er af. (1989,
Muolecolar Cloning: A Laboratory Manual, Zad Ed., Cold Sprng Harbor Laboratory Press, Cold
Spring Harbor, NY).

™

[09111]  In an aspect, an oligonucleotide probe is a TagMan ™ probe. TagMan™ probes are often
used to increase the specificity of quantitative PCR. TagMan™ probes rely on the § to
37 exonuclease activity of Tug polymerase to cleave a dual-labeled probe duning hybndization to the
complementary target sequence and fhuorophore-based detection. As in other quantitative
PCRmethods, the resulting fluorescence signal permits quantifative measurements of the
accumulation of the product during the exponential stages of the PCR: however, the TagMan ™ probe
significantly increases the specificity of the detection.

[06112] In an aspect, an oligonucleotide probe compnises at nucleic acid sequence at least 30%
identical to a nucleic acid sequence selected from the group consisting of SEQ 1D NGQs: 1 t0 20 and
41 1o 60, In an aspect, an oligonucleotide probe comprses at nucleic acid sequence at least 83%
wdentical to a nucleic acid sequence selected from the group consisting of SEQ ID NGUs: 1 t0 20 and
41 to 60, In an aspect, an oligonucleotide probe comprises at nucleic acid sequence at least 90%
identical to a nucleic acid sequence selected from the group consisting of SEQ D NOs: 10 20 and
41 to 60. In an aspect, an oligonucleotide probe compnises at nucleic acid sequence at least 91%
wlentical to a nucleic acid sequence selected from the group consisting of SEQ 1D NOsg: 1 t0 20 and
41 to 60. In an aspect, an oligonuclestide probe compnses at nucleic acid sequence at least 92%
wdentical to a nucleic acid sequence selected from the group consisting of SEQ D NGOs: 1 to 20 and
41 1o 60, In an aspect, an ohigonucleotide probe comprses at nucleic acid sequence at least 93%
identical to a nucleic acid sequence selected from the group consisting of SEQ ID NOs: 1t0 20 and
41 to 60. In an aspect, an oligonuclectide probe comprises at nucleic acid sequence at least 94%

identical to a nucleic acid sequence selected from the group consisting of SEQ ID NOs: 1 1o 20 and
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41 to 60, In an aspect, an oligonaclestide probe compnses at nucleic acid sequence at least 95%
identical to a nucleic acid sequence selected from the group consisting of SEQ 1D NGQs: 1 t0 20 and
41 1o 60. In an aspect, an oligonucleotide probe compnses at nucleic acid sequence at least 96%

identical to a nucleic acid sequence selected from the group consisting of SEQ ID NOs: 1t0 20 and

W

41 o 60, In an aspect, an oligonucleotide probe comprises at nucleic acid sequence at least 97%
identical 1o a mucleic acid sequence sclected from the group consisting of SEQ ) NOs: 110 20 and
41 to 60. In an aspect, an oligonucleotide probe compnises at nucleic acid sequence at least 98%
wlentical to a nucleic acid sequence selected from the group consisting of SEQ 1D NOsg: 1 t0 20 and
41 to 60. In an aspect, an oligonuclestide probe compnses at nucleic acid sequence at east 99%
10 identical to a nucleic acid sequence selecied from the group consisting of SEQ ID NGUs: 1 t0 20 and
41 to 60. In another aspect, an oligonucleotide probe comprises at nucleic acid sequence at 106%
identical to a nucleic acid sequence selected from the group consisting of SEQ D NOs: 10 20 and
41 to 60,

[68113]  In an aspect, an oligonucleotide probe 13 adjacent to a polymorphic nucleotide position of

et
(s

ong or more marker loci. As used herein, “adjacent” refers to a distance of between § nucleotides to
50 nucleotides from the closest end (37 or 5% of the oligonucleotide probe and the polymorphic
nucleotide position. As used herein, a “polvmorphic nucleotide position” refers to a difference {e.g.,
insertion, deletion, substitution) between two or more alleles of a given marker locus. A polymorphic
nucleotide position can be found by generating a patrwise comparison batween allele sequences. For
20 example, if a first alicle comprises the vucleatide sequence ATTTG and a second alicle comprises
the nucleotide sequence TTTTG, the first nucleotide would be the “polymorphic nucleotids
position.”
[G0114] In an aspect, a vucleic acid sequence provided herein 18 at Jeast 70% identical or
complementary 10 a sequence selected from the group consisting of SEQ ID NOs: Tio 20 and 41 1o
25 60, In ancther aspect, a nucleic acid sequence provided hercin s at least 75% identical or
complementary to a sequence selected from the group consisting of SEQ 1D NOs: 1 t0c 20 and 41 to
60 . In another aspect, a nucleic acid sequence provided hereim is at least 30% identical or
complementary 1o a sequence selected from the group consisting of SEQ 1D NGOs: 1 to 20 and 41 to
60. In another aspect, a nucleic acid sequence provided herein is at least 853% identical or
30 complomentary to a scquence sclected from the group consisting of SEQ H3 NOs: 110 20 and 41 10
60, In ancther aspect, a nucleic acid sequence provided herein i3 at least 88% identical or
complementary {o a sequence sclected from the group consisting of SEQ ID NOs: 1 to 20 and 41 1o
60. In another aspect, a mucleic acid sequence provided hercin is at least 90% identical or

complementary to a sequence selected from the group consisting of SEQ ID NOs: 1 to 20 and 41 to
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60. In another aspect, a nucleic acid sequence provided herein is at least 91% identical or
complementary to a sequence selected from the group consisting of SEQ 1D NOs: Tto 20 and 41 to
60. o another aspect, a mucleic acid sequence provided hercin is at least 92% iwdentical or
complementary {o a sequence sclected from the group consisting of SEQ ID NOs: 1 to 20 and 41 1o
60, In another aspect, a nucleic acid sequence provided hercin is at least 93% identical or
complementary to a sequence selected from the group counsisting of SEQ 1D NOs: 1 to 20 and 41 to
60. In another aspect, a nucleic acid sequence provided herein s at least 94% identical or
complementary 1o a sequence selected from the group consisting of SEQ 1D NGOs: 1 to 20 and 41 to
60. In another aspect, a nucleic acid sequence provided herein is at least 95% identical or
complementary 10 a sequence selected from the group consisting of SEQ ID NOs: Tio 20 and 41 1o
60, In ancther aspect, a nucleic acid sequence provided herein i3 at least 96% identical or
complementary 10 a sequence selected from the group consisting of SEQ ID NGUs: Tto 20 and 41 to
60, In another aspect. a nucleic acid sequence provided herein is at least 97% identical or
complementary to a sequence selected from the group consisting of SEQ ID NOs: 1 to 20 and 41 to
60. In another aspect, a nucleic acid sequence provided herein is at least 98% identical or
complementary to a sequence selected from the group consisting of SEQ 1D NOs: 110 20 and 41 10
60, In ancther aspect, a nucleic acid sequence provided herein i3 at least 99% identical or
complementary {o a sequence sclected from the group consisting of SEQ ID NOs: 1 to 20 and 41 1o
60, In another aspect, a nucleic acid sequence provided herein is 100% identical or complementary
10 a sequence selected from the group consisting of SEQ 1D NOs: 1 to 20 and 41 to 60,

[08115] In an aspect, an endogenous nucleic acid sequence provided herein s at least 70%
identical or complementary to a sequence sclected from the group consisting of SEQ ID NOs: 1 o
20 and 41 1o 60. In another aspect, an endogenous nucleic acid sequence provided herein 15 at least
75% wdentical or complementary to a sequence selected from the group consisting of SEQ 1D NOs:
11 20 and 41 to 60. In ancther aspect, an endogenous nucleic aad sequence provided herein is at
fcast 80% identical or compiementary to a scquence selected from the group consisting of SEQ 1D
NOs: 110 20 and 41 to 60. In another aspect, an endogenous nucleic acid scquence provided herein
i3 at least 85% identical or complementary to a sequence selected from the group consisting of SEQ
I NOs: 1o 20 and 41 to 60 In another aspect, an endogenous nucleic acid sequence provided
herein is at least 88% 1dentical or complementary to a sequence selected from the group consisting
of SEQ ID NOs: 1 to 20 and 41 to 60. In ancther aspect, an endogenous nucleie acid sequence
provided herein is af least 90% identical or complementary (o a sequence selected from the group
consisting of SEQ HI NOs: 1 to 20 and 41 to 60, In another aspect, an cudogeonous nucleie acid

sequence provided herein is at least 919% wdentical or complementary 0 a sequence selected from the
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group consisting of SEQ D NOs: 110 20 and 41 to 60. In ancther aspect, an endogencus nucleic acid
sequence provided herein is at least 92% idengical or complementary to a sequence selected from the
group consisting of SEQ D NOs: 110 20 and 41 1o 60. In another aspect, an codogenous nucleic acid

sequence provided herein s at least 93% identical or complementary o a sequence selected from the

W

group consisting of SEQ 1D NOs: 110 20 and 41 10 60. I another aspect, an endogenous nucleic acid
sequence provided herein 1s at least 94% ideutical or coraplementary o a sequence selected from the
group consisting of SEQ ID NOs: 110 20 and 41 to 60. In another aspect, an endogenous nucleic acid
sequence provided herein is at least 95% identical or complementary {0 a sequence selected from the
group consisting of SEQ ID NOs: 110 20 and 41 1o 60. In another aspect, an endogenocus nucleic acid
10 sequence provided herein 1s at least 96% identical or complementary {o a sequence selected from the
group consisting of SEQ 1D NOs: 110 20 and 41 10 60. In another aspect, an endogenous nucleic acid
sequence provided herein s at least 97% wdentical or complementary o a sequence selected from the
group consisting of SEQ 1D NOs: 110 20 and 41 to 60. In another aspect, an endogenous mucleic acid

sequence provided herein is at least 98% wdentical or complementary 0 a sequence selected from the

Pt
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group consisting of SEQ D NOs: 110 20 and 41 to 60. In ancther aspect, an endogencus nucleic acid

sequence provided herein is at least 99% identical or complementary fo a sequence selected from the

group consisting of SEQ D NGs: 1o 20 and 41 1o 60. In another aspect, an endogenous nucleic acid
sequence provided herein 1s 100% 1dentical or complementary o a sequence selected from the group

consisting of SEQ 1D NGs: 1 to 20 and 41 to 60,

20 6061161 As used herein, the tere “polypeptide” refors to a chain of at least two covalently hinked
amine acids. Polypeptides can be encoded by polynuclestides provided herein. Proteins provided
herein can be encoded by nucleic acid molecules provided herein. Proteins can comprise polypeptides
provided herein. As used herein, a “protemn” refers to a chain of amino acid residues that is capable
of providing structure or enzymatic activity to a cell.

25 j88117]  Polvpeptides can be detected using antibodies. Technigues for detecting polypeptides
using antibodies include enzvme linked immumosorbent assays (ELISAs), Western blots,
immunoprecipitations and immunofluorescence. An antibody provided herein can be a polyclonal
antibody or 2 monoclonal antibody. An antibody having specific binding affinity for a polypeptide
provided hercin can be generated using methods welf known in the art. An antibody provided herein

30 can be attached to a solid support such as a maicrotiter plate using methods known 1o the art.

[B8118] Detecuon (e.g., of an amplification product, of a hvbridization complex, of a polvpeptide}

can be accomplished using detectable labels. The term “label™ is intended to encompass the use of

direct labels as well as ndirect labels. Detectable labels mclude enzymes, prosthetic groups,

fluorescent matenials, luminescent matenals, bioluminescent matenals, and radicactive materials.
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[60119] In am aspect, an amino acid sequence provided herein is at least 70% identical or similar
to an amino acid sequence selected from the group consisting of SEQ 1D NQOs: 21 13 40, In another
aspect, an amino acid sequence provided herein is at least 75% identical or similar to an amino acid
sequence selected from the group consisting of SEQ ID NQs: 21 to 40. In another aspect, an aming
acid sequence provided herein 1s at least §0% identical or similar to an amino acid sequence sclected
from the group consisting of SEQ 1D NOs: 21 to 40, In another aspect, an amino acid sequence
provided herein is at least 85% wdentical or simular to an ammo acid sequence selected from the group
congisting of SEQ 0 NOg: 21 to 40. In another aspect, an aming acid sequence provided herein is at
least 88% identical or similar to an amino acid sequence selected from the group consisting of SEQ
T2 NQs: 21 1o 40, In another aspect, an amino acid sequence provided herem 1s af least 90% identical
or similar to an amino acid sequence selected from the group consisting of SEQ [B NQGs: 21 to 40.
I another aspect. an amino acid sequence provided herein is at least 91% identical or similar {o an
amino acid sequence selected from the group consisting of SEQ D NOs: 21 1o 40, In another aspect,
an amino acid sequence provided herein 1s at least 92% 1dentical or similar to an amino acid sequence
selected from the group consisting of SEQ ID NQOs: 21 to 40. In ancther aspect, an aming acid
sequence provided herein 1s at least 93% wdentical or similar to an amino acid sequence selected from
the group consisting of SEQ ID NOs: 21 to 40, In another aspect, an amno acid sequence provided
herein 15 at least 94% identical or similar to an ammo actd sequence selected from the group
consisting of SEQ 1D NOs: 21 t0 40, In another aspect, an anino acid sequence provided herein is at
lcast 95% identical or smular to an amino acid sequence sclected from the group consisting of SEQ
1B NQs: 21 to 40. In ancther aspect, an amino acid sequence provided herein s at least 96% identical
or similar to an amino acid sequence selected from the group consisting of SEQ 1D NOs: 21 to 40.
In anocther aspect, an anuno acid sequence provided herein is at least 97% identical or similar to an
amino acid sequence selected from the group consisting of SEQ D NOs: 21 to 40. In another aspect,
an aming acid sequence provided herein is at least 98% identical or similar to an amino acid sequence
selected from the group consisting of SEQ ID NOs: 21 0 40, In another aspect, an amine acid
sequence provided herein 1s at least 99% identical or similar to an aming acid sequence selected from
the group consisting of SEQ 1D NOs: 21 1o 40. In another aspect, an amino acid sequence provided
herein is 100% identical or similar to an amino acid sequence selected from the group consisting of
SEQ ID NOs: 21 to 40,

[30126]  In an aspect, a nucleic acid sequence provided herein encodes a polypeptide comprising
an amine acid seqoence at least 70% 1dentical or similar to an aming acid sequence sclected from the
group consisting of SEQ 1D NOs: 21 to 40 In an aspect, a nucleic acid sequence provided herein

encodes a polypeptide comprising an annine acid sequence at least 75% identical or similar to an
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amine acid sequence selected from the group consisting of SEQ 1D NGOs: 21 to 40, In an aspect, a
nucleic acid sequence provided herein encodes a polypeptide comprising an amino acid sequence at
lcast 80% identical or similar to an amino acid sequence selected from the group consisting of SEQ
D NOs: 21 to 40, In an aspect, a nucleic acid sequence provided herein encodes a polvpeptide
comprising an amino acid sequence at least 85% identical or similar to an amino acid sequence
selected from the group consisting of SEQ 1D NOs: 21 to 40, In an aspect, a nucleic acid sequence
provided herem encodes a polvpeptide comprising an amuno acid sequence at least 88% identical or
similar to an amine acid sequence selected from the group consisting of SEQ ID NOs: 211040 In
an aspect, a nucleic acid sequence provided herein encodes a polypeptide comprising an amino acid
sequence at least 90% identical or similar to an amino acid sequence selected from the group
consisting of SEQ 1D NOs: 21 to 40, In an aspect, a nucleic acid sequence provided hercin encodes
a polypeptide comprising an aming acid sequence at least 91% identical or similar to an amino acid
sequence sclected from the group consisting of SEQ 1 NOs: 21 10 40. In an aspect, a nucleic acid
sequence provided herem encodes a polypeptide comprising an aming acid sequence at least 92%
wdentical or similar {o an amino acid sequence selected from the group consisting of SEQ 1D NQs:
21 to 40, In an aspect, a nucleic acid sequence provided herein encodes a polypeptide comprising an
amino acid sequence at least 93% wdentical or similar to an amino acid sequence selected from the
group consisting of SEQ ID NQGs: 21 to 40. In an aspect, a nucleic acid sequence provided herein
encodes a polypeptide comprising an anming acid sequence at least 94% identical or simular to an
amino acid sequence selected from the group consisting of SEQ 1D NOs: 21 1o 40. fo an aspect, a
nucleic actd sequence provided herein encodes a polypeptide comprising an amimg acid sequence at
least 95% identical or sinilar to an amino acid sequence selected from the group consisting of SEQ
1D NOs: 21 to 40 In an aspect, a nucleic acid sequence provided herein encodes a polypeptide
comprising an amino acid sequence at least 96% 1dentical or smmilar to an amino acid sequence
selected from the group consisting of SEQ 1D NOs: 21 1o 40, In an aspect, a nucleic acid seguence
provided herein encodes a polypeptide comprising an aming acid sequence at least 97% identical or
similar to an amino acid sequence selected from the group consisting of SEQ ID NOs: 210 40. In
an aspect, a nucleic acid sequence provided herein encodes a polypeptide comprising an amino acid
sequence at least 98% wdentical or similar to an amino acid sequence selected from the group
consisting of SEQ I3 NOs: 21 10 40. In an aspect, a nucleic acid sequence provided herein encodes
a polypeptide comprising an aming acid sequence at least 99% identical or similar to an amino acid
sequence selected from the group consisting of SEQ IR N(Os: 21 to 40, In an aspect, a nucleic acid
sequence provided herem encodes a polypeptide comprising an amino acid sequence 100% identical

or similar to an amino acid sequence selected from the group consisting of SEQ ID NOs: 21 to 40,
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[08121] In an aspect, an endogenous nucleic acid sequence provided herein encodes a polypeptide
comprising an aming acid sequence at least 70% identical or similar to an amine acid sequence
selected from the group consisting of SEQ 1D NOs: 21 10 40. In an aspect, an endogenous nucleic
acid sequence provided herein encodes a polypepiide comprising an amino acid sequence at least
75% identical or similar to an amino acid sequence sclected from the group counsisting of SEQ 1D
NOs: 21 1o 40. In an aspect, an endogenous nucleic acid sequence provided herein encodes a
polypeptide comprising an amino acid sequence at least 80% identical or similar (o an ammo acid
sequence selected from the group consisting of SEQ ID NOs: 21 10 40. In an aspect, an endogenous
nucleic acid sequence provided herein encodes a polypeptide comprising an amino acid sequence at
least 5% identical or similar to an amino acid sequence selected from the group consisting of SEQ
ID NQGs: 21 to 40, In an aspect, an endogenous nucleic acid sequence provided herein encodes a
polypeptide comprising an amuno acid sequence at feast 88% identical or sinular to an amine acid
sequence sclected from the group consisting of SEQ 1D NUs: 21 to 40, In an aspect, an ¢ndogenous
nucleic acid sequence provided herein encodes a polypeptide comprising an amino acid sequence at
least 90% identical or sinmlar to an amino acid sequence sclected from the group consisting of SEQ
1D NOs: 21 1o 40, In an aspect, an endogenous nucleic acid sequence provided herein encodes a
polypeptide comprising an amino acid sequence at least 91% identical or similar to an amino acid
sequence selected from the group conststing of SEQ 1D NGs: 21 to 40, In an aspect, an endogenous
nucleic acid sequence provided herein encodes a polvpeptide comprising an amingo acid sequence at
lcast 92% identical or smular to an amino acid sequence sclected from the group consisting of SEQ
1B NOs: 21 to 40. In an aspect, an endogenous mucleic acid sequence provided berein encodes a
polypeptide comprising an amino acid sequence at ieast 93% identical or simifar o an amino acid
sequence selecied from the group consisting of SEQ 1D NOs: 21 to 40. In an aspect, an endogenous
nucleic acid sequence provided herein encodes a polvpeptide comprising an amino acid sequence at
least 94% identical or similar to an amino acid sequence selected from the group consisting of SEQ
I NOs: 21 o 40, In an aspect, an endogenous nucleic acid sequence provided herein encodes a
polvpeptide comprising an amino acid sequence at least 95% identical or similar (o an ammo acid
sequence selected from the group consisting of SEQ ID NOs: 21 10 40. In an aspect, an endogenous
nucleic acid sequence provided herein encodes a polypeptide comprising an amino acid sequence at
lcast 96% identical or similar to an amino acid sequence selected from the group consisting of SEQ
TP NQOs: 21 to 40, In an aspect, an endogenous nucleic acid sequence provided herein encodes a
polypeptide comprising an amino actd sequence at feast 87% identical or sinular to an aming acid
sequence sclected from the group consisting of SEQ 1D NUs: 21 to 40, In an aspect, an ¢ndogenous

nucleic acid sequence provided herein encodes a polypeptide comprising an amino acid sequence at
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least 98% identical or sinmlar to an amino acid sequence sclected from the group consisting of SEQ
I NOs: 21 to 40, In an aspect, an endogenous mucleic acid sequence provided berein encodes a
polypeptide comprising an anino acid sequence at least 99% identical or simitlar to an amino acid
sequence selected from the group conststing of SEQ 1D NGs: 21 to 40, In an aspect, an endogenous
nucleic acid sequence provided heremn oncodes a polypeptide comprising an ammo acid sequence
100% identical or similar to an amino acid sequence selected from the group consisting of SEQ 1D

NOs: 21 to 40,

Promoters

[68122] As commonly understood in the art, the teom “promoter” refors to a BNA sequence that
contains an RNA polymerase binding site, a transcription start site, and/or a TATA box and assists
or promotes the transcription and expression of an associated transcribable polynucleotide sequence
and/or gene {or transgene). A promoter can be synthetically produced, varied, or derived from a
known or naturally oceurring promoter sequence or other promoter sequence. A promoter can also
mclude a chimeric promoter comprising a combination of two or more heterologous sequences. A
promoter of the present application can thus inclode variants of promoter sequences that are similar
in composition, but not wdentical to, other promoter sequence{s) known or provided hergin.

[B8123] Promoters that drive expression in all or most tissues of the plant are referred 1o as
“constitutive” promoters. fn an aspect, a constitutive promoter is selected from the group consisting
of a Cauliflower Mosaic Virus 358 promoter, a ubiguitin promoter, an actin promoter, an opine
promater, and an alcohol dehydrogenase promoter.

[08124] Promoters that dove expression during cerfain periods or stages of development are
reterred to as “developmental” promoters.

[B8125] Promoters that drive enhanced expression in certain tissues of an orgamism relative to
other tissucs of the organism are referred to as “tissue-preferred” promoters. Thus, a “tissue-
preferred” promoter causes relatively higher or preferential expression in a specitic tissue(s) of a
plant, but with lower levels of expression in other tissug{s) of the plant. Ag a non-limiting example,
a oot tissue-preferred promoter exhibits higher activity in root tissue, but may also exhibit activity,
atbett at lower levels, in additional tissues such as stem, leaves, and floral tissues. A “tssue-specific”
promoter canses expreasion only in a specific tissue. As a non-limiting example, a root tissue-specific
promoter drives expression only in root tissue. In an aspect, a tissue-specific promoter is a root tissug-
specific promoter. In another aspect, a tissue-preferred promoter 13 a root tissue~-preferred promoter,
In an aspect, a tissue-specific promoter is a leaf tissue-specific promoter. In anocther aspect, a tissue-
preferred promoter s a leaf tissue-preferred promoter. In an aspect, a tissue-specific promoter is 3
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trichome tissuc-specific promoter. In another aspect, a tissue-preferred promoter is atrichome fissue-
preferred promoter.

[B8126] In an aspect, a root tissue-preferred promoter 18 a cassava vein mosaic virus {CsVMVY)
promoier.

1361277  An “inducible”™ promoter 15 a promoter that initiates transcription in response o an
environmental stimulus such as heat, cold, drought, light, or other stimuli, such as wounding or
chemical application.

[08128] In an aspect, a promoter provided herein 18 a constitutive promoter. In another aspect, a
promoter provided herein 18 an inducible promoter. In a further aspect, a promoter provided herein is
a developmental promoter. In ancther aspect, a promoter s a tissue-preferred or tissue-~specific
promoter. In a further aspect, a promoter 1s selected from the group consisting of a constitutive
promater, a tissug-preferred promoter, a tissug-specific promoter, and an inducible promoter.
[66123]  In an aspect, this disclosure provides a heterologous promoter. In ancther aspect, this
disclosure provides a promoter that is operably linked to a heterologous polvnucleotide. In another
aspect, this disclosure provides a polynucleotide sequence that is operably linked to a heterologous
promotor.

[B8136] As used herein, “operably linked” refers to a functional linkage between two or more
elements. For example, an operable linkage between a polynucleotide of mterest and a regulatory
sequence {e.g., a promoter) is a functional link that allows for expression of the polynuclectide of
mnterest. Operably hinked clements mayv be contiguous or non-contiguous. In an aspect, a promoter
provided herein 1s operably hnked to a heterologous nucleie acid molecule.

[B8131] in an aspect, an inducible promoter provides trichome specific or preferred exprossion.
In one aspect, a trichome specific or prefered inducible promoter comprises a sequence selected
from the group consisting of SEQ 1D Nos: 62 to 69 and a functional fragment thereof. In an aspect,
a specific or preferred promoter can be an inducible promoter.

106132]  In an aspect, an inducible promoter provides root specific or preferred expression. In one
aspect, a root specific or preferred inducible promoter comprises a sequence selected from the group
congisting of SEQ 1D Nog: 70 to 80 and a functional fragment thereof. Table 1 provides a companison
of estimated leaf versas root specific expression lovel driven by SEQ ID Nos: 70 10 80,

[G0133]  In an aspect, an inducible promoter provides leaf specific or preferred expression. In one
aspect, a leaf specific or preferred inducible promoter compnises a sequence selected from the group
consisting of SE( 1D Noa: 81 to 90 and a fumctional fragment thereof. Table 2 provides a comparison

of estimated leaf versus root specific expression level doven by SEQ 1D Nos: 81 to 90,
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Small RNA molecules

[60134]  Inanaspect, anucleic acid molecule provided herein is a small RNA molecule (also
referred 1o as simply 2 “small RNA”). In another aspect, a nucleic acid molccule encodes a
small RNA molecule.

[B8135]  As used herein, a “small RNA molecule” refers to a non-coding RNA molecule of
between 16 nucleotides and 70 nucleotides i length. In an aspect, a small RNA molecule
comprises between 16 nucleotides and 40 nucleotides. In another aspect, a small RNA molecele
comprises between 16 nucleotides and 30 nucleotides. In another aspect, a small RNA molecule
comprises between 18 nucleotides and 50 nuclectides. In another aspect, a small RNA melecule
compnses between 18 nucleotides and 40 nucleotides. In another aspect, a small RNA molecule
comprises between 18 nucleotides and 30 nucleotides. In another aspect, a small RNA molecule
comprises between 18 nucleotides and 235 nucleotides. In another aspect, a small RNA molecule
comprises between 20 nucleotides and 28 nucleotides. In another aspect, a small RNA molecule
comprises between 20 nucleotides and 24 nucleotides. In another aspect, a small RNA molecele
comprises between 21 nucleotides and 23 nucleotides. In another aspect, a small RNA molecule
comprises 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, °

s

38,39, 40, 41, 42, 43, 44, 45,46, 47, 48,49, 50, 51, 52, 53, 34, 55, 536, 57, 58,59, 60, 61, 62,
63, 64, 65, 66, 6768, 69, or 70 nucleotides.

[B8136] In an aspect, a small RNA molocule 15 sclected from the group consisting of a
double-stranded RNA, a small imterfering RNA (siRNA), a frams-acting siRNA, and a
microRNA (muRNA).

106137] miRNAsg are generally of between about 19 o about 25 nuclectides {(comumonly
about 20-24 nucleotides 1n plants), that guwide cleavage in frans of target transcripis, negatively
regulating the expression of genes mvelved in vanous regulation and development pathways.
In some cases, miRNAs serve to guide in-phase processing of siRNA primary transcapts.
[GO138] It is appreciated in the art that, i plants, miRNAs and targeted nucleie acids ofien
do not share perfect complementanty {although nuRNAs and targeted nucleic acids can have
perfect complementarity). miRNAs and their targets can have several mismatches between
themn while still cnabling the miRNA to reduce the expression and/or function of the target
gene. See, for example, Liwer af., Plant Celi, 26:741-753 (2014} and Wang ef af., Curr. Opin.
Plani Biol. 27:118-124 (2015).

[B813%] in an aspect. a small RNA molecule comprises 100% complementarity with a

nucleic acid molecule comprising a sequence selected from the group consisting of SEQ 1D
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NOs: 1 to 20 and 41 to 60. In an aspect, a small RNA molecale comprises at least 95%
complementanty over 21 consecutive nucleotides of a nucleic acid molecule comprising a
sequence selected from the group consisting of SEQ T NOs: 110 20 and 41 1o 60, In an aspect,

a small RNA molecule comprises at least 90% complementarity over 21 consecutive

W

nucieotides of a nucleic acid molecule comprising a sequence selected from the group
consisting of SEQ ID NOs: 1to 20 and 41 to 60. In an aspect, a small RNA molecule comprises
at least 83% complementanty over 21 consecutive nucleotides of a nucleic acid molecule
comprising a sequence sciected from the group consisting of SEQ 1D NOs: 1 to 20 and 41 to
60. In an aspect, a small RNA molecule comprises at least 95% complementarity over 20
10 consecutive nucleotides of a nucleic acid molecule comprising a sequence selected from the
group consisting of SEQ ID NOs: 1 to 20 and 41 to 60. In an aspect, a small RNA molecele
comprises at least 90% complementarity over 20 consecutive nuclestides of a nucleic acid
molecule comprising a sequence selected from the group counsisting of SEQ 3 NGs: 1 10 20

and 41 to 60. In an aspect, a small RNA molecule compnises at least 5% complementanty

Pt
(s

over 20 consecutive nucleotides of a nucleic acid molecule compnsing a sequence selected

from the group consisting of SEQ 1D NOs: 1 to 20 and 41 to 60, To an aspect, a small RNA

molecule comprises at least 95% complementanity over 19 consecutive mucleotides of a nucleie
acid molecule comprising a sequence selected from the group consisting of SEQ ID NOs: 1 to

28 and 41 to 60, In an aspect, a small RNA molecule comprises at feast 90% complementarity

20 over 19 consecutive nucleotides of a nucleic acid molecule comprising a sequence selected
from the group consisting of SEQ 1D NQs: 1 to 20 and 41 to 60. In an aspect, a small RNA
molecule comprises at least §5% complementanty over 19 consecutive nucleotides of a nucleic
acid molecule compusing a sequence selected from the group consisting of SEQ D NOs: 1 to
20 and 41 to 60,

25 [00148] Many microRNA genes (MIR genes) have been identified and made pubhicly
available in a database (“miRBase”, available online at
micromaldotfsangeridotjacidotiuk/sequences; also see Griffiths-Jones et al. (2003) Nuclew
Acids Res., 31:439-441). MIR genes have been reported o oceur in intergenic regions, both
isolated and 1n clusters 1n the genome, but can also be located entirely or partially within introns

30 of other genes (both protein-coding and nowv-protein-coding}). For a review of miRNA

biogenesis, see Kim {2005} Nature Rev. Mol. Cell. Biol,, 6:376-385 Transcrption of MIR

genes can be, at least in some cases, under promotional control of 3 MIR gene's own promoter,

The pomary transcrpt, termed a “pri-miRNA”, can be quite large (several kilobases) and can

be polveistronic, containing one or more pre-miRNAs (fold-back structures contaiming a stem-
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loop arrangement that s processed to the maturg miRNA)Y as well as the usaal 5 "cap” and
polvadenylated tail of an mRNA.

[66141] Maturation of a mature miRNA from its corresponding precursors (pri-nuRNAsg and
pre-miRNAs} differs sigmficantly between animals and plants. For example, i plant cells,
microRNA precursor molecules are belicved to be largely processed to the mature miRNA
cutirely m the rmcleus, whereas 1o anumal cells, the pr-miBNA transcript 18 processed in the
nucleus by the animal-specific enzvme Drosha, followed by export of the pre-nuRNA 1o the
cvioplasm where 1t 1s farther processed to the mature miRNA. Matore miiRNAs n plants are
typically 21 nucleotides in length.

{30142}  Transgenic expression of miRNAs {whether a naturally occurring sequence or an
artificial sequence} can be employed to regulate expression of the miRNA's target gene or
genes. Inclusion of a miRNA recognition site 1n a transgenically expressed transcript 13 also
useful in regulating expression of the transcript. Recognition sites of miRNAs have been
validated wn all regions of an mRNA, including the 5" untranslated region, coding region, and
37 untranslated region, indicating that the position of the nuRNA target sife relative to the
coding sequence roay vot necessarily affect suppression. Because nuRNAs are important
regulatory elements i eukarvotes, transgenic suppression of muRNAg s useful for
manipulating biclogical pathwayvs and responses. Finally, promoters of MIR genes can have
very specific expression pattems {¢.g., celi-specific, tissue-specific, temporally specific, or
inducible), and thus are useful in recombinant constructs to mduce such specific transcription
of a DNA sequence to which they are operably hinked. Various utilities of suRNAg, theiwr
precursors, their recoguition sites, and their promoters are described in detail in U.S. Patent
Application Publication 2006/0200878 Al, incorporated by reference herein. Non-lumiting
examples of these utilities include: (1) the expression of a native miRNA or miRNA precursor
sequence to suppress a target gene; (2) the expression of an artificial miBRNA or nuRNA
procursor sequence 1o suppress a target gene; (3) expression of a transgene with a muBRNA
recognition site, where the transgene 1s suppressed when the mature miRNA 13 expressed; (4)
expression of a transgene driven by 3 miRNA promoter.

[68143] Designing an artificial miBNA sequence can be as simple as substituting sequence
that is complementary to the intended target for nucleotides in the miRNA stem region of the
miBNA precursor, as demonstrated by Zeng et al. (20023 Mol. Cell, 9:1327-1333. One non-
limiting example of a general method for determming nuclestide changes in the native miRNA
sequence to produce the engincered miRNA precursor includes the following steps: (a)
Selecting a unique target sequence of at least 18 nucleotides specific to the target gene, ¢ .g., by
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asing sequence alignment tools such as BLAST (see, for example, Altschul et al. (19903 ). Mol
Biol, 215:403-410; Altschul et al. (1997} Nucleic Acids Res , 25:3389-3402}, for example, of
both tobacco ¢cDNA and genomic DNA databases, to identify target transcnpt orthologues and
any potential matches to unrelated genes, thereby avoiding unitentional silencing of non-
target sequences; (b) Analyzing the target gene for undesirable sequences {e.g, matches to
sequences from non-target specics), and score cach potential 19-mer segment for GC content,
Reynolds score (sec Reynolds ot al. (2004) Nature Biotechnol., 22:326-330), and functional
asymmetry characierized by a negative difference i free encrgy (".DELTA BDELTA.G" or
“AAGTY {see Khvorova et al. {2003} Cell, 115:209-216}. Preferably 19-mers are selected that
have all or most of the following charactenstics: {1} a Revnolds score>4, (23 a GC content
between about 40% to about 60%, (33 a negative AAG, (4) a terminal adenosine, (53 lack of a
consecutive run of 4 or more of the same nuclectide; {6) a location near the 3' terminus of the
target gene; (7) muvmal differences from the raiRNA precursor transcryi. Positions at every
third nucleotide 1 an siRNA have been reported to be especially important in nfluencing
RNAt  efficacy and an  algorithm, “siExplorer” 15 publicly  available  at
mafdot]chemidotjt{dotju-tokyoldotjac{dotijp/sicxplorer htm (sec Katoh and Suzuki (2007}
Nucleic Acids Res., 10.1093/mar/gkl1120); (¢} Determuming the reverse complement of the
selected 19-mers to use in making a modified mature miRNA. The additional nucleotide at
position 20 is preferably matched to the selected target sequence, and the nuclectide at postiion
21 1s preferably chosen to cither be vnpaired to prevent spreading of silencing on the target
franscript or paired o the target scquence to promote spreading of siencing on the target
transcript; and {d} transforming the artificial miIRNA o a plant.

[G0144]  Without being hmited by any scicntific theory, U s appreciated 1 the art that an
RNA1 knockdown of a candidate gene {e.g., via the use of an artificial miRNA or an siRNA)
and a mutation {e.g., missense or ponsense mutations) in the same candidate gene can both
cause reduction of expression and/or decreased protein activity and can cause identical or
similar phenotypes in plants. See, for example, Agrawal er ol , Microbiology and Molecular
Bivlogy Reviews, 67.657-685 (2003}

[68145] in an aspect, inducing a mutation comprises the use of a prime editor. As used
herein, a “prime editor” refers to a Cas nickase fused to an cnginecred reverse transeriptase.
Prime editors can introduce all 12 transition and transversion mutations and small msertions or
deletions, as well as combinations thereof. Prime editors use a prime editing guide RNA
{pegRNA) that specitics the target site for editing and encodes the desired edit. In an aspect, a
pegRNA 15 provided to a tobacco cell. In an aspect, a pegRNA comprises a nucleic acid
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sequence that binds to a nucleic acid sequence selected from the group consisting of SEQ D
NGs: 150 20 or 41 to 60

[60146] Additional information about base editors and prime editors, and their use in plangs,
can be found m Molla e &/, Nature Plants, T1166-1187 (2021). See aiso Anzalone ef af
Nature, 576:149-157 (2019}, Komor ef af. |, Nature, 533:420-424 (2016}, and Gaudelli e7 of |
Nature, 351:464-471 (2017},

[66147] In an aspect, a small RNA provided herein comprises at nucleic acid sequence at
least 75% dentical or complementary 0 a oucleic acid sequence selected from the group
consisting of SEQ 1D NOs: 1 to 20 and 41 to 60. In an aspect, a small RNA provided herein
comprises at nucleic acid sequence at least 80% identical or complementary o a nucleie acid
sequence selected from the group consisting of SEQ 1D NQOs: 110 20 and 41 to 60, In an aspect,
a small RNA provided berein comprises af nucleic acid sequence at least 85% identical or
complementary to a nucleic acid sequence selected from the group consisting of SEQ 1D NOs:
1 to 20 and 41 to 60. In an aspect, a small RNA provided herein comprises at nucleic acid
sequence at feast 90% identical or complementary to a nucleic acid sequence selected from the
group consisting of SEQ 1D NOs: 1 to 20 and 41 to 60. In an aspect, a smali RNA provided
herein comprises at mucleic acid sequence at least 95% identical or complementary to a nucleic
acid sequence selected from the group consisting of SEQ ID NGs: 1to 20 and 41 to 60, In an
aspect, a small RNA provided herein comprises at nucleic acid sequence at least 96% identical
or complementary 1o a nucleic acid sequence selected from the group consisting of SEQ D
NOs: 1o 20 and 41 to 60, In an aspect, a small RNA provided herein comprises at nucleic acid
sequence at feast 97% identical or complementary 10 a nucleic acid sequence selected frony the
group consisting of SEQ 1D NOs: 1 to 20 and 41 to 60. In an aspect, a smali RNA provided
herein comprises at nucleic acid sequence af least Y8% identical or complementary to a nucleic
acid sequence selected from the group consisting of SEQ ID NGs: 1to 20 and 41 to 60, In an
aspect, a small RNA provided herein comprises at nucleic acid sequence at least 99% identical
or complementary 1o a nucleic acid sequence selected trom the group consisting of SEQ D
NOs: 1o 20 and 41 to 60, In an aspect, a small RNA provided herein comprises at nucleic acid
sequence 100% identical or complementary to a nucleic acid sequence selecied from the group
consisting of SEQ D NOs: 10 20 and 41 to 60

[30148] In an aspect, a small RNA provided hercin comprises at nucleic acid sequence at
least 75% complementary to a nucleie acid sequence selected from the group consisting of SEQ
I3 NGs: 11020 and 41 to 50, In an aspect, a small RNA provided herein comprises at nucleic
acid sequence at least 80% complementary 0 a nucleic acid sequence selected from the group
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consisting of SEQ 1D NOs: 1 to 20 and 41 to 60. In an aspect, a small RNA provided herein
comprises at nuclete acid sequence at least 85% wdentical or complementary to a nucleic acid
sequence selected from the group consisting of SEQ T NOs: 110 20 and 41 1o 60, In an aspect,
a small RNA provided herein comprises at nucleic acid sequence at least 90% dentical or
complementary to a nucleic acid sequence selected from the group consisting of SEQ 1D NQs:
1 to 20 and 41 to 60. In an aspect, a small RNA provided herein comprises at nucleic acid
sequence at teast 95% identical or complementary to a nucleic acid sequence selected from the
group consisting of SEQ ID NQGs: 1 to 20 and 41 to 66. In an aspect, a small RNA provided
herein comprises at nucleic acid sequence at least 96% identical or complementary o a nucleic
acid sequence selected from the group consisting of SEQ ID NQGs: 1 to 20 and 41 to 60. In an
aspect, a small RNA provided herein comprises at nucleic acid sequence at least 97% identies
or complementary to a nucleic acid sequence selected from the group consisting of SEQ 1D
NQOs: 1o 20 and 41 to 60. In an aspect, a small RNA provided hercin comprises at nucleic acid
sequence at feast 98% identical or complementary to a nucleic acid sequence selected from the
group consisting of SEQ ID NQGs: 1 to 20 and 41 to 66. In an aspect, a small RNA provided
herein comprises at nucleic acid sequence at least 9% wdentical or complementary to a nucieic
acid sequence selected from the group consisting of SEQ ID NQGs: 1 to 20 and 41 to 60. In an
aspect, a small RNA provided herein comprises at nuclete acid sequence 100% dentical or
complementary to a nucleic acid sequence selected from the group consisting of SEQ 1D NQs:
1to 20 and 41 to 60.

{06149 In an aspect, a small RNA provided herein comprises a nucleic acid sequence at
least 88.7% wdentical or complementary o at least 18 congiguous nucleotides of a nucleic acid
sequence selecied from the group consisting of SEQ 1D NOs: 110 20 and 41 to 60. In another
aspect, a small RNA provided herein comprises anucleic acid sequence at least 94 3% identical
or complementary to at least 18 contiguous nucleotides of a nucleic acid sequence selected
from the group consisting of SEQ 1D NOs: 1 t0 20 and 41 to 60. fn another aspect, a small
RNA provided herein comprises a nucleic acid sequence 100% identical or complementary to
at least 18 contiguous micleotides of a nucleie acid sequence selected from the group consisting
of SEQ 1D NOs: 1 to 20 and 41 to 60. In another aspect, a small RNA provided herein
comprises a nucleic acid sequence at least 3% 1dentical or complementary to at least 20
contiguous nucleotides of a nucleie acid sequence selected from the group consisting of SEQ
ID NOs: 1t 26 and 41 to 60. In ancther aspect, a small RNA provided hergin comprises a
nucleic acid sequence at least 90% identical or complementary to at least 20 contiguous
nucleotides of a nucleic acid sequence selected from the group consisting of SEQ 1D NOg: |
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to 20 and 41 to 60, In another aspect, a small RNA provided herein comprises a nucleic acid
sequence at feast 95% identical or complomentary to at least 20 contiguous nuclectides of a
sucleic acid sequence selected from the group consisting of SEQ I NOs: 1 to 20 and 41 to
60, In another aspect, a small RNA provided herem comprises a nucieic acid sequence 100%
identical or complementary to at least 20 contigucus nuclectides of a nucleic acid sequence
selected from the group consisting of SEQ 12 NOs: | to 20 and 41 to 60,

[B8133] In an aspect, a small RNA molecule provided herein 1s capable of binding to and
reducing the oxpression of a nucleic acid sequence encoding a polypeptide at keast 70%
wdentical or simifar to an amino acid sequence selected from the group consisting of SEQ 1D
N@Gs: 21 to 40, In an aspect, a small RNA molecule provided herein s capable of binding to
and reducing the expression of a nucleic acid sequence encodmg a polypeptide at least 75%
identical or similar to an amino acid sequence selected from the group consisting of SEQ ID
NQOs: 21 1o 40, In an aspect, a2 small RNA molecule provided herem is capable of binding to
and reducing the expression of a nucleic acid sequence encodmg a polvpeptide at least 80%
wdentical or similar {o an amino acid sequence selected from the group consisting of SEQ 1D
NGs: 21 to 40, fn an aspect, a small RNA molecule provided herein is capable of binding to
and reducing the expression of a nucleic acid sequence encoding a polypeptide at least 85%
identical or similar to an amino acid sequence sclected from the group consisting of SEQ 1D
NQGs: 21 1o 40, In an aspect, a small RNA molecule provided herein is capable of binding to
and reducing the expression of a nucleic acid sequence encodmg a polvpeptide at least 88%
wdentical or similar {o an amino acid sequence selected from the group consisting of SEQ 1D
NGs: 21 10 40, In an aspect, a small RNA molecule provided herein is capable of binding to
and reducing the expression of a nucleic acid sequence encoding a polypepiide at least 90%
wdentical or similar to an amino acid sequence selected from the group consisting of SEQ ID
N(s: 21 to 40, In an aspect, a small RNA molecule provided herein is capable of hinding to
and reducing the expression of a nucleic acid sequence encoding a polypeptide at least 91%
identical or similar {o an amino acid sequence selected trom the group consisting of SEQ 1D
NOs: 21 0 40, In an aspect, a small RNA molecule provided herein is capable of binding to
and reducing the exprossion of a mucleic acid sequence encoding a polypeptide at least 92%
wdentical or simifar fo an amino acid sequence sclected from the group consisting of SEQ 1D
N@Gs: 21 to 40, In an aspect, a small RNA molecule provided herein s capable of binding to
and reducing the expression of a nucleic acid sequence encodmg a polypeptide at least 93%
identical or sinular to an amine ackd sequence sclected from the group consisting of SEQ 1D
NOs: 21 to 40, In an aspect, a small RNA molecule provided herein is capable of binding to
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and reducing the expression of g nuelete acid sequence encoding a polvpeptide at least 94%
wdentical or simifar to an amino acid sequence selected from the group consisting of SEQ 1D
NGs: 21 to 40, fn an aspect, a small RNA molecule provided herein is capable of binding to

and reducing the expression of a nucleic acid sequence encodmg a polypeptide at least 95%

W

identical or similar to an amine acid sequence sclected from the group consisting of SEQ 1D
NQOs: 21 1o 40, In an aspect, a2 small RNA molecule provided herem is capable of binding to
and reducing the expression of a nucleic acid sequence encoding a polvpeptide at least 96%
wdentical or similar {o an amino acid sequence selected from the group consisting of SEQ 1D
NGs: 21 o 40. In an aspect, a small RNA molecele provided herein is capable of binding to
10 and reducing the expression of a nucleic acid sequence encoding a polvpeptide at least 97%
identical or similar to an amino acid sequence sclected from the group consisting of SEQ 1D
NQGs: 21 1o 40, In an aspect, a small RNA molecule provided herein is capable of binding to
and reducing the expression of a nucleic acid sequence encoding a polvpeptide at least 98%

identical or similar {o an amino acid sequence selected trom the group consisting of SEQ 1D
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NOs: 21 0 40, In an aspect, a small RNA molecule provided herein is capable of binding to
and reducing the expression of a nucleic acid sequence encoding a polypepiide at least 999%
wdentical or similar to an amino acid sequence selected from the group consisting of SEQ ID
N(s: 21 to 40, In an aspect, a small RNA molecule provided herein is capable of hinding to
and reducing the expression of a nucleic acid sequence encoding a polypeptide 100% identical
20 or svodar to an anuno acid sequence selected from the group consisting of SEQ 1D NGs: 21 10
40.
[B8151] o an aspect, a small RNA molecule provided herein is capable of binding to and
reducing the expression of a nucleic acid sequence at east 70% identical to nucleie acid
sequence selected from the group consisting of SEQ 1D NQs: 1 1o 20 and 41 to 60, or an RNA
25 transcribed therefrom. In am aspect, a small RNA molecule provided hercin is capable of
binding to and reducing the expression of a nucleic acid sequence at least 75% wdentical to
nucleic acid sequence selected from the group consisting of SEQ [D NGs: 110 20 and 41 10
60, or an RNA transcribed therefrom. In an aspect, a small RNA molecule provided herein is
capable of binding to and reducing the expression of a nucleic acid sequence at least 80%
30 wdentical to nucleic acid sequence selected from the group consisting of SEQ D NOs: 1 10 20
and 41 {0 60, or an RNA transcribed therefrom. In an aspect, a small RNA molecule provided
herein is capable of binding to and reducing the expression of a nucleic acid sequence at least
85% identical to nucleic acid sequence selected from the group consisting of SEQ 1D NOs: 1

to 20 and 41 to 60, or an RNA transcribed therefrom. In an aspect, a small RNA molecule
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provided herein is capable of binding to and reducing the expression of a nucleic acid seguence
at icast 88% identical to nucleic acid sequence sclected from the group consisting of SEQ 1D
NOs: 1 1o 20 and 41 to 60, or an RNA transcobed therefrom. In an aspect, a small RNA
molecude provided herein is capable of bmding to and reducing the expression of a mucleic acid
sequence at least 90% identical to nucleic acid scquence selected from the group consisting of
SEQ D NOs: 1 1o 20 and 41 to 60, or an RNA transcribed therefrom. Tn an aspect, a small
RNA molecule provided herein 1s capable of binding to and reducing the expression of a
nucleic acid sequence at least 91% identical to nucleic acid sequence selected from the group
consisting of SEQ ID NOs: 110 20 and 41 to 60, or an RNA transcribed therefrom. In an aspect,
a small RNA molecule provided herein 1s capable of bmding to and reducing the expression of
a nucleic acid sequence at least 92% identical to mucleic acid sequence selected from the group
consisting of SEQ 1D NOs: 1 t0 20 and 41 to 60, or an RNA transcribed therefrom. In an aspect,
a small RNA molecule provided herein s capable of binding to and reducing the expression of
a nucleic acid sequence at least 939% wdentical to nucleic acid sequence selected from the group
congisting of SEQ ID NGs: 11020 and 41 to 60, or an RNA transcribed therefrom. In an aspect,
a small RNA molecule provided herein 15 capable of binding to and reducing the expression of
anucleic acid sequence at least 94% identical to nucleic acid sequence selected from the group
consisting of SEQ 1D NOs: 1 to 20 and 41 to 60, or an RNA transcribed therefrom. In an aspect,
a small RNA molecuie provided herein is capable of binding to and reducing the expression of
a nucleic acid sequence at least 93% wdentical to nucleic acid sequence selected from the group
congisting of SEQ ID NQGs: 1 1020 and 41 to 60, or an RNA transcribed therefrom. In an aspect,
a small RNA molecuie provided herein is capable of binding to and reducing the expression of
a nucleic acid sequence at least 96% identical to nucleic acid sequence selected from the group
consisting of SEQ ID NOs: 110 20 and 41 to 60, or an RNA transcribed therefrom. In an aspeet,
a small RNA molecule provided herein is capable of binding to and reducing the expression of

% tdentical to nucleic acid sequence seiected from the group

a nucleic acid sequence at least 97
consisting of SEQ ID NOs: 1 to 20 and 41 1o 60, or an RNA transcribed therefrom. In an aspect,
a small RNA molecule provided herein 18 capable of binding to and reducing the expression of
a mucleic acid sequence at least 989% identical to nucleic acid sequence selected from the group
consisting of SEQ 1D NOs: 110 20 and 41 to 60, or an RNA transcnibed therefrom. In an aspect,
a small RNA molecule provided herein 1s capable of bmding to and reducing the expression of
a nucleic acid sequence at least 99% identical to mucleic acid sequence selected from the group
consisting of SEQ ID NOs: 1 to 20 and 41 1o 60, or an RNA transcrbed therefron. In an aspect,

a small RNA molecule provided herein is capable of binding to and reducing the expression of
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a nucleic acid sequence 100% identical to nucleie acid sequence sclected from the group
congisting of SEQ D NOs: 1 t0 20 and 41 to 60, or an RNA transcribed therefrom.

[B8152]  Asused herem, “capable of binding to” is synonymous with “capable of hyvbadizing
t0.” In an aspect, a first nucleic acid molecule that 1s capable of binding to a second nucleie
acid molecule binds to the second nucleic acid molecule. As used herein, a first nucleic acid
molecule can “hybridize” a second nucleic acid molecule via non-covalent micractions {e.g.,
Watson-Crick base-pairing) in a sequence-specific, antiparallel manner (7.e., a nucleic acid
spocifically binds to a complementary nmucleic acid) under the appropriate in vitro and/or in
vivo conditions of temperature and solution wnic strength. As is known in the art, standard
Watson-Crick base-pairing includes: adenine pairing with thymune, adenine painng with uracil,
and guanime (3) pairing with cytosine {C) |BNA, RNA]L In addition, 115 also known i the art
that for hvbridization between two RNA molecules (e g, dsRNA), guanine base pairs with
uracil. For example, (/U base-pairving 18 pamially responsible for the degeneracy {ie.,
redundancy) of the genetic code 1n the context of tRNA anti~codon base-painng with codons
m mRNA. In the context of this disclosore, a guanine of a protem-binding scgment (dsRNA
duplex) of a subject DNA-targeting RNA molecule is considered complementary to an uracid,
and vice versa. As such, when a /U base-pair can be made at a given nucleotide position a
protein-binding segment {dsRNA duplex) of a subject DNA-targeting RNA molecule, the
position 18 not considered to be non-complementary, but is imstead counsidered to be
complementary,

(60183} Hybridization and washing conditions are well known and exemplified in
Sambrook, § ., Fritsch, E F. and Maniatis, T. Molecular Cloning: A Laboratory Manual, Second
Edition, Cold Spring Harbor Laboratory Press, Cold Spring Harbor (1989}, particularly
Chapter 11 and Table 11.1 therein; and Sambrook, §. and Russell, W, Molecular Cloning: A
Laboratory Mamnual, Third Edition, Cold Spring Harbor Laboratory Press, Cold Spring Harbor
(2001}, The conditions of temperature and ionic strength determine the "stringency” of the
hybnidization.

[08154] Hyvbrndization requires that the two nucleic acids contain complementary sequences,
although mismatches between bases are possible. The conditions appropnate for hybndization
between two nucleic acids depend on the length of the nucleic acids and the degree of
complementation, variabies well known in the art. The greater the degree of complementation
between two naclectide sequences, the greater the value of the melting temperature (T} for
hybrids of nucleic acids having those scquences. For hybridizations between nucleic acids with
short stretches of complementarity {e.g. complementarity over 35 or fewer nmucleotides) the
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position of mismatches becomes important {see Sambrook ef o/} Tvpically, the length for a
hybridizable nucleic acid s at least about 10 nucleotides. Hlustrative minimum lengths for a
hybridizable nucleic acid are: at least about 15 nucleotides; at least about 20 nucleotides; at

feast about 22 nucleotides; at least about 23 nucleotides: and at least about 30 nucleotides).

W

Furthermore, the skilled artisan will recognize that the temperature and wash solution salt
concentration may be adjusied as necessary according to factors such as length of the region of
complementation and the degree of complementation.

[08155] K is understood in the art that the sequence of polvnuclestide need not be 100%
complementary to that of its target nucleic acid to be specifically hyvbridizable or hybridizable,
10 Moreover, a polynucleotide may hybridize over one or more segments such that mtervening or
adjacent segmenis are not involved in the hybrnidization event (e.g., a loop stracture or hairpin
structure}. For example, an antisense nucieic acid in which 18 of 20 nucleotides of the antisense
compound are complementary o a target region, and would therefore specifically hyvbnidize,

would represent 90 percent complementanity. In  this example, the remaming
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noncomplementary nucleotides may be clustered or interspersed with complementary
nucleotides and need not be contiguous to each other or to complementary nucleotides. Percent
complementarity between particular stretches of nucleic acid sequences within nucleic acids
can be determined routinely using BLAST® programs (basic local alignment search tools) and
PowerBLAST programs known 1 the art {(see Altschul er o/, §. Mol Biol, 1990, 215, 403-
20 410; Zhang and Madden, Genome Res., 1997, 7, 649-636) or by using the Gap program
{(Wisconsin Sequence Analvsis Package, Version 8 for Unix, Genetics Computer Group,
University Research Park, Madison Wis ), using default settings, which uses the algonthn of

Smith and Watcrman {Adv. Appl. Math,, 1981, 2, 482-48Y),

Reduced Expression/Activity

25 [8BISs]  In an aspect, a small RNA molecule reduces the expression of any nucleic acid
sequence to winch it is capable of binding. In another aspect, a non-natural mutation provided
herein reduces the oxpression of the mutated nucleic acid sequence as compared to the non-
mutated nucleic acid sequence 1n a control plant grown under similar growth conditions.
(60187}  Unless specified otherwise, all comparisons to control plants require similar growth

30 conditions or comparable growth conditions fior the two plants being compared. As used herein,
“orown under comparable conditions,” “similar growth condifions” or “comparable growth
conditions” refer to simular environmental conditions and/or agronomic practices for growing

and making meamingfil comparnisons between two or more plant genotypes so that neither
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environmental conditions nor agronomic practices would contribute to or oxplain any
differonce chbserved between the two or more plant genotypes. Environmental conditions
include, for example, light, temperature, water (humidity), and nutrition {e.g., mitrogen and
phosphonis). Agronomic practices inchude, for example, sceding, chipping, undercutting,
transplanting, topping, and suckering. See Chapters 4B and 4C of Tobacco, Production,
Chomitstry and Technology, Davis & Niclsen, eds., Blackwell Publishing, Oxford (1999), pp
70-103,

[08158] Reduced expression of an endogenocus nucleic acid sequence can be measured using
any suttable method known in the art. Non-limiting examples of measuring expression include
quantitative reverse transeripiase polvmerase chain reaction {gRT-PCR}, RNA blot {e.g, a
Northern blot), RNA sequencing. Differcnces in expression can be described as an absolaote
quantification or a relative quantification. See, for example, Livak and Schmitigen, Methods,
25:402-408 {2001). ¥ an endogenous nucleic acid sequence encodes a protein, changes in
expression can be inferred by examining the accumulation of the encoded protein. Non-limiting
examples of measuring protein accumulation include Westem blots and enzyme-linked
immunosorbent assays (ELISAs).

[B0158]  In an aspect, a reduction in expression 18 measured using gRT-PCR. In another
aspect, a reduction in expression is measured using an RNA blot, In another aspect, a reduction
in expression is measured using RNA sequencing. In a further aspect, a reduction in expression
is measured using a Western blot. In yet a further aspect, a reduction i expression 1s measured
using an ELISA

{68168  in an aspect, a non-natural nnxation 1o & nucleic acid sequence selected from the
group consisting of SEQ W NOs: 1 to 20 and 41 to 60 resulis in a reduced level of expression
ot the nucleic acid sequence as compared to the nucleic acid sequence lacking the non-natural
mutation in a confrol plant grown under similar growth conditions. In an aspect, a non-natoral
mutation in a pucleic acid sequence encoding an aming acid sequence selected from the group
consisting of SEQ 1D NOs: 21 to 40 resuits in a reduced level of expression of the nucleic acid
sequence as compared to the nucleic acid sequence lacking the non-natural mutation i a
control plant grown under simiiar growth conditions,

[B8161] In an aspect, a non-natural matation 1o a nucieic acid sequence selected from the
group consisting of SEQ 1D NQGs: 1 {0 20 and 41 1o 60 resulis m a reduced level of expression
of the corresponding amino acid sequence (SEQ ID NOs: 21 to 40) as compared to the nucleie
acid sequence lacking the non-natural mutation in a control plant grown vonder simiar growth

conditions. In an aspect, a non-nataral mutation in a nucleic acid sequence encoding an aming
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acid sequence selected from the group consisting of SEQ 1D NOs: 21 to 40 results i a reduced
level of expression of the corresponding amino acid sequence (SEQ D NOs: 21 to 40} as
compared to the nucleic acid sequence lacking the nov-natural mutation in a control plant

grown under similar growth conditions.

W

[06162] In an aspect, a reduction in expression comprises a reduction of at least 1% as
comparcd to expression in the same tissuc of a control plant grown under simiar growth
conditions. In another aspect, a reduction m expression comprises a reduction ot at least 5% as
compared to expression in the same tissue of a control plant grown under similar growth
conditions. In another aspect, a reduction n expression comprises a reduction of at keast 10%
10 as compared to expression n the same tissue of a control plant grown under similar growth
conditions. In another aspect, a reduction in expression comprises a reduction of at keast 25%
as compared o expression in the same tissue of a control plant grown under similar growth
conditions. fn another aspect, a reduction in expression comprises a reduction of at least 50%

as compared 1o expression m the same fissue of a control plant grown under similar growth
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conditions. In another aspect, a reduction in expression comprises a reduction of at least 75%

as compared to cxpression in the same tissue of a control plant grown under sunilar growth

conditions. In another aspect, a reduction i expression comprises a reduction of at least 90%

as compared to expression in the same tissue of a control plant grown under similar growth

conditions. fn another aspect, a reduction in expression comprises a reduction of at feast 95%

20 as compared to expression in the same tissue of a control plant grown under sigular growth
conditions.

[B8163] As used herein, when referring {0 a protein, “activity” refers to the ability to carry
out a protein function, such as, without bomng linvted by any scientific theory, binding nucleic
acids, binding other proteins, or enzymatic activity.

25 [83164]  In an aspect, a reduction in protein activity comprises a reduction of at least 1% as
compared to protein activity in the same tissue of a control plant grown under similar growth
conditions. In another aspect, a reduction in protein activity comprises a reduction of at least
5% as compared to protetn activity in the same tissue of a control plant grown ender similar
growth conditions. In ancther aspect, a reduction in protein activity comprises a reduction of

30 atlecast 10% as compared to protein activity in the same tissue of a control plant grown under

similar growth conditions. In another aspect, a reduction 1n protein activity comprises a

reduction of at least 25% as compared to protein activity in the same tissue of a control plant

grown under sipular growth conditions. In another aspect, a reduction in protein activity

compnses a reduction of at least 50% as compared to protem activity in the same tissue of a
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control plant grown under similar growth conditions. In another aspect, a reduction in protem
activity comprises a reduction of at least 75% as compared to protein activity in the same tissue
of a control plant grown under sunilar growth conditions. fo another aspect, a reduction m
protein activity comprises a reduction of at least 90% as compared to protein activity in the
same fissue of a control plant grown under similar growth conditions. In ancther aspect, a
reduction in protein activity comprises a reduction of at least 93% as compared fo protein
activity in the same fissue of a control plant grown under similar growth conditions.

[08165] In an aspect, a reduction in expression comprises a reduction of between 1% and
099% as compared to expression in the same tissue of a control plant grown under similar growth
conditions. In another aspect, a reduction n expression comprises a reduction of between 1%
and 90% as compared to expression in the same tissue of a control plant grown under similar
growth conditions. In ancther aspect, a reduction in expression comprises a reduction of
hetween 1% and 75% as compared to expression in the same tissuc of a control plant grown
under similar growth conditions. In another aspect, a reduction In expression comMprises a
reduction of between 1% and 50% as compared to expression in the same tissue of a control
plant grown under simular growth conditions. fo another aspect, a reduction in cxpression
comprises a reduction of between 1% and 25% as compared to expression in the same tissue
of a control plant grown under similar growth conditions. In another aspect, a redaction in
cxpression comprises a reduction of between 25% and 90% as comparced o expression in the
same tissue of a control plant grown under stimilar growth conditions. In another aspect, a
reduction m expression comprises a reduction of between 50% and 90% as compared to
expression in the same tissue of a control plant grown under sinular growth conditions. In
another aspect, a reduction 1 expression comprises a reduction of between 25% and 75% as
compared to expression in the same tissue of a control plant grown under similar growth
conditions.

106166]  In an aspect. a reduction in profein activity comprises a reduction of between 1%
and 99% as compared to protein activity 1n the same tissue of a control plant grown under
similar growth conditions. In ancther aspect, a reduction in protein activity comprises a
reduction of between 1% and 90% as compared to protein activity in the same tissue of a control
plant grown under similar growth conditions. In ancther aspect, a reduction in protom activity
comprises a reduction of between 1% and 75% as compared to proten activity in the same
tissue of a control plant grown under similar growth conditions. In another aspect, a reduction
i profein activity corapnises a reduction of between 1% and 50% as compared to protein
activity in the same tissue of a control plant grown under similar growth conditions. In another
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aspect, a reduction in protetn achivity comprises a reduction of between 1% and 25% as
compared to protein activity in the same tissue of a control plant grown under similar growth
conditions. In another aspect, a reduction in protein activity comprises a reduction of between
25% and 90% as compared to protein activity in the same tissue of a conirol plant grown voder
similar growth conditions. In another aspect, a reduction in protein activity COmprises a
reduction of between 30% and 90% as comparcd to protein activity in the same tissuc of a
control plant grown under similar growth conditions. In ancther aspect, a reduction in protein
activity comprises a reduction of between 23% and 75% as compared to protein activity in the
same tissue of a control plant grown under similar growth conditions,

[B8167] In an aspect, a reduction in expression comprises a statistically significant reduction
as compared to expression in the same tissue of a control plant grown under similar growth
conditions. Onc of ordinary skill in the art would recognize that any level of reduction is
cuvisioned, so long as the level of reduction has been deternvned to be statistically significant
using an accepted statistical hvpothesis test. As 3 non-limiting example, a Student’s est s
one statistical hypothesis test that can be used to determine if a reduction in expression between
a modificd plant and a control plant is statistically significant. As used herein, “statistically
significant” refers 1o a p-value of less than or equal to 0.05.

[36168]  Inan aspect, anon-natoral nnutation reselts in a redoced level of activity by a protein
or polypeptide encoded by a nucleic acid sequence provided herein as compared to the activity
of a control plant grown under similar growth conditions. In another aspect, a non-natural
mutation in an endogenous nucleic acid sequence selected from the groap consisting of SEQ
B NOs: 1o 20 and 41 to 60 reduces the level of activity by a protein or polypeptide encoded
by the nucleic acid sequence as compared to activity of a protein or polypeptide encoded by
the endogenous nucleic acid sequence in a control tobacco plant when grown under similar
growth conditions, where the nucleic acid sequence lacks the non-natural motation i the
control tobacco plant. In another aspect, a non-natural mutation in an endogenous nucleic acid
sequence, where the endogenous nucleic acid sequence encodes an amine acid sequence
selected from the group consisting of SEQ IR NOs: 21 to 40 reduces the level of activity by a
protein or polyvpeptide encoded by the nucleic acid sequence as compared to activity of a
protein or polypeptide encoded by the endogenous nucleic acid sequence in a control tobacco
plant when grown under similar growth conditions, where the nucleic acid sequence lacks the
non-natural puutation in the control tobacco plant,

I60169]  As used herein, when referring to a protein or polypeptide, “activity” refers to the

ability to carry out an enzymatic function,
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Increased Expression/Activity

60176 Inan aspect, a non-natural mutation results in increased expression of a nucleic acid
sequence. In an aspect, a non-natural mutation resulls in an mereased level of expression of
said nucleic acid sequence as compared to expression of said nucleie acid sequence in the same
tissue of a control tobacco plant when grown under sinmular growth conditions, wherein said
nucleie acid sequence lacks the at least one non-natural mutation in said control tobaceo plant.
[38171] In an aspect, an increased level of expression comprises an increase of at least 5%
as compared o expression in the same tissue of a control plant grown under similar growth
conditions. In another aspect, an ncreased level of expression comprises an mcrease of at feast
10% as compared to expression in the same tissue of a control plant grown under similar growth
conditions. In another aspect, an increased lovel of expression comprises an increase of at least
25% as compared to expression inthe same tissue of a control plant grown under simular growth
conditions. In another aspect, an increased level of expression comprises an increase of at least
50% as compared to expression in the same tissue of a control plant grown under similar growth
conditions. In another aspect, an increased level of expression comprises an increase of at feast
75% as compared to expression in the same tissue of a control plant grown under similar growth
conditions. In another aspect, an increased level of expression comprises an increase of at least
100% as compared to cxpression in the same tissue of a control plant grown under similar
growth conditions. In another aspect, an increased ievel of expression comprises an increase of
at least 200% as compared to expression in the same tissuc of a control plant grown under
similar growth conditions. In ancther aspect, an increased level of expression comprises an
increase of at least 500% as compared to expression in the same tissue of a control plant grown
under similar growth conditions.

[06172] In an aspect, a non-natural mutation results 1 an increased level of activity by a
protein or polypeptide encoded by said nucleic acid sequence as compared o activity of a
protein or polypeptide encoded by said nucleic acid sequence 1n a control tobacco plant when
grown under similar growth conditions, wheremn said nucleic acid sequence lacks the at least

one non-natural mutation n said control tobacco plant.

Plants

601731 As used berein, a “control plant” refers 1o a plant of identical, or nearly identical,
genetic makeup as the modified plant being compared, except for a modification {i.e. non-

natural mutation in an endogenous gene, small RNA, recombinant nucleic acid construct)
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provided herein that was introduced to the modified plant. A control plant 1s grown under the
same conditions and at the same time as the comparator plant.
[G0174]  As used berein, a tobacco plant can be from any plant from the Nicosiana geous
mclading, but not limited to Nicofiare tabacum, Nicotiona amplexicaulis PL271989; Nicotiana
benthamiana PU 355478, Nicoviana higelovii PV 5535485, Nicotiona debneyi, Nicotiana
excelsior P 224063, Nicotiona glutinosa P 355507, Nicotiana goodspeedii P 241012;
Nicotioma gossei PY 230953, Nicotiana hesperis PY 271991, Nicotiana knightiana P1 5558527,
Nicotiana maritima PY 5353333, Nicofiana megaiasiph-fm Pl 535536 Nicetiona nudicaulis PI
855540, Nicotiona paniculata Pl 555545, Nicotiana plumbaginifoliac P1 555548, Nicotiana
repanda PY SS3332; Nicotiana rustica; Nicotiona suaveolens PY 230960, Nicotiana sylvesitris
Pl 555569, Nicotiana tomentosa PL 266379, Nicotfiona fomentosiformis; and Nicotiana
trigonophviia PLS55572. In an aspect, a tobacco plant described here is a Nicotiana fabacum
plant,
[68175]  Other plant species swntable for use with the disclosures provided herein may
mclude members of the genera Abelmoschus, Abies, Acer, Agrostis, Allium, Alstroemeria,
Ananas, Andrographis, Andropogon, Artemisia, Arundo, Atropa, Berberis, Beia, Bixa,
Brassica, Calenduia, Camellia, Campiotheca, Cannabis, Capsicum, Carthamus,
Catharanthus, Cephalotaxus, Chrvsanthemum, Cinchona, Citrulius, Coffea, Colchicum,
Coleus, Cucumis, Cucurbiia, Cynodon, Datura, Dianthus, Digitalis, Dioscorea, Flaeis,
Ephedra, Frianmbus, Ervthroxylum, Eucalyptus, Festuca, Fragaria, Galanthus, Glycine,
Gossypinm, Helianthus, Hevea, Hordeum, Hyvoscyamus, Joiropha, Lactuca, Linum, Lolium,
Lupinus, Lycopersicon, Lycepodium, Manihot, Medicage, Mentha, Miscanihus, Musa,
Nicotiana, Oryza, Panicum, Papaver, Parthenium, Pennisetum, Petunia, Phalaris, Phleum,
Finus, Poa, Poinsettia, Populus, Rauwolfia, Ricinus, Rosa, Saccharum, Salix, Sanguinaria,
Scopolia, Secale, Solanum, Serghum, Sparting, Spinacea, Tonacetum, Toxus, Theobroma,
Triticosecale, Triticum, Uniola, Veratrum, Vinca, Vitis, and Zea. Additional suitable species
may include Panicum spp., Sorghum

spp., Miscantins spp., Saccharum spp., Evianthus spp., Populius spp., Andropogon

gerardii {big blucsteny), Penwisetum purpureum {clephant grass), Phalaris arundinacea (reed
canarygrass), Cynodon dactylon (bevoudagrass), Festuca arundinacea (tall fescue), Sparfina

pectinata (prairie cord-grass}, Medicago sativa (alfalta), Arundo donax (giant reed), Secale
cereale (xrve}, Salix spp. (willow), Fucalypius spp. (eucalyptus), Triticosecale (tritic wheat
times rve), bamboo, Helianthus armus {(sunflower), Carthamus

tinctorius (safflower), Jatropha curcas Gatropha), Ricinus communis {(castor), Flaeis
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guineensis (palm}, Linum usitatissimum (Hax), Brassica juncea, Beig

vilgaris {sugarbeet}, Manihiot esculenta (cassava), Lycopersicon

esculentum {tomato), Lactuca sativa (lettuce), Musyvelise alca (banana), Solanum
. K E Y "

tuberosum (potato), Brassica oleracea {broccol, cavlifliower, Brussels sprouts), Camellia

W

inensis {tea), Fragaria ananassa {strawberry), Theobroma
cacao {cocoay, Coffevoiiseca (coffee), Vifis vinifera (grape), Ananas
comosus {pineapple), Capsicum annum (hot & sweet pepper), Allium cepa (onion), Cucuniis
melo (melon), Cucumis sativus {cucumber), Cucurbita maxima (squashy, Cucurbita
maoschata (squash), Spinacea oleracea {spmach), Cirrullus
10 lanans (watermelon), Abelmoschius esculenius (okray, Solanum

mefongena {eggplant), Rosa spp. {rose), Dianthus caryophylius (camation}, Peiunia sop.
{(petunia), Poinsettia pulcherrima (pomsetta}, Lupinus aibus (upin), Uniola
paniculata (oats}, bentgrass {(Agrosiis spp.). Populus iremuloides {aspen), Finus spp.

{(pine), Abies spp. (fir), Acer spp. (maple), Hordewm vulgare (barley), Poa

Pt
(s

pratensis (bluegrass), Lofium spp. (ryegrass) and Phleum pratense (timothy), Panicum
virgatum {switchgrass), Sorghuyeliseor (sorghum, sudangrass), Miscanihus
Siganteus {miscanthus), Saccharum sp. {energyeane)}, Populus balsamifera {poplar), Zex
mays {com}, Glyeine max (soybean}, Brassica napus {canola), Triticum
aestivum {wheat}, Gossypium hirsutum {cotton), Oryza sativa {(tice}, Helianthus
26 annuus (sunflower), Medicago sativa (alfalfa), Beta vulgaris (sugarbeet), or Pennisetum
glancum {pearl millet}.
[B8176] in an aspect, preferred plants for use with the current disclosure include any plant
ot subspecies selected form the group consisting of plants genera of tobacco {Nicoriana spp ),
camnabis {Cannabis spp.), or tea (Comellia spp). Switably, the tobacco plant is a Nicotiana
25 itabacum tobacco plant, preferably, a Burley type Nicotiana tabacum tobacco plant. Other
plants suitable for use in the present disclosure include, but are not hmited to, Camelfia sinensis
and Canrnabis sativa.
[08177] In an aspect, tobacco parts provided include, but are not limited to, aleaf, astom, a
root, a tnchome, a seed, a flower, pollen, an anther, an ovule, a pedicel, a fruit, a meunstem, a
30 cotviedon, a hvpocotyl, a pod, an cmbryo, endosperm, an explant, a callus, a tissue culture, a
shoot, a cell, and a protoplast. In an aspect, tobacco part provided does not include seed. In an
aspect, this disclosure provides tobacco plant cells, tissues, and organs that are not reprodactive
material and do not mediate the natural reproduction of the plant. In another aspect, this

disclosure also provides tobacco plant cells, tissues, and organs that are reproductive material

>
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and mediate the natural reproduction of the plant. In ancther aspect, this disclosure provides
tobacco plant cells, tissues, and organs that cannot maintain themselves via photosvathesis. In
another aspect, this disclosure provides somatic tobacco plant cells. Somatic cells, contrary to

germiine cells, do not mediate plant reproduction.

W

[06178] Cells, tissues and organs can be from seed, fruit, leaf cotvledon, hypocotyl
meristem, embryos, endosperm, root, shoot, stem, irnchome, pod, flower, inflorescence, stalk,
pedicel, stvle, stigma, receptacle, petal, sepal, pollen, anther, filament, ovary, ovule, pericarp,
phloem, vascular tissue. In another aspect, this disclosure provides a tobacco plant chloroplast.
In a further aspect, this disclosure provides epidermal cells, stomata cell, leaf or root hairs, a
10 storage root, or a tuber. In another aspect, this disclosure provides a tobacco protoplast.
[36179]  Skilled artisans understand that tobacce plants naturally reproduce via seeds, not
via asgxual reproduction or vegetative propagation. In an aspect, this disclosure provides
tobacco endosperm.

[06183]  Thas disclosure provides cells from tobaceo plants provided heremn.

Pt
(s

[06181] As used herein, a “progeny tobacco plant” or “progeny tobacco seed”™ can be from

any filial generation, e.g., Fu, Fo, Fa, Fy, Fs, Fe, Fy cic.

[B8182] In an aspect, a tobacco plant, or part thereof, s of a tobaceo variety selected from

the group consisting of a flue-cured variety, a bright vanety, a Burley variety, a Virginia

variety, a Maryland varniety, a dark variety, a Galpdo vanety, an Oriental variety, and a Turkish

26 varety. In one aspect, a modified tobacco plant, or pari thereof, provided herein is of a tobacco
variety selected from the group consisting of a flue-cured variety, a bright vanety, a Burley
variety, a Virginia vadety, a Marviand variety. a dark variety, a Galp8o vadety, an Oriental
variety, and a Turkish variety.
[B8183] Inan aspect, atobacco cell 1s of atobacco varety selected from the group consisting

25 ofa flue cured varicty, a bright varicty, a Burdey variety, a Virginia vancty, a Maryland variety,
a dark vancty, a Galpdo variety, an Onental variety, and a Turkich vanety. In an aspect, a
modified tobaceo cell 1s of a tobacco variety selected from the group consisting of a flue cured
variety, a bright variety, a Burley variety, a Virginia vanety, a Maryland variety, a dark vanety,
a Galpéo variety, an Oriental variety, and a Turkish varniety.

30 [B0184] Inanaspect, atobacco leafis of a tobacco vanety selected from the group counsisting

ot a flue cured variety, a bright variety, a Burley variety, a Virgmia vanety, a Maryland vanety,

a dark variety, a Galpdo vardety, an Oriental variety, and a Tuarkish variety.

[66183] In an aspect, a cured tobacco leaf or plant part 1s of a tobacco variety selecied from

the group consisting of a flue cured variety, a bnght variety, a Burley vaniety, a Virgmia vanety,
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a Maryland variety, a dark variety, a Galpdo varniety, an Oriental vanety, and a Turkish vanety.
Skilled artisans further understand that cured tobacco does not constituie a living organism and
is not capable of growth or reproduction.

[38186] Flue-cured tobaccos {also called “Virgima” or “bnght” tchaccos) amount to
approximately 40% of world tobacco production. Flue-cured tobaccos are often also referred
1o as “bright tobacco” because of the golden-vellow to deep-orange color  reaches during
curing. Flue-cured tobaccos have a hght, bright aroma and taste. Flue-cured tobaccos are
generally high in sugar and low in oils. Maor flue-cured tobacco growing countries are
Argenting, Brazil, China, India, Tanzania and the United States of America. In one aspect,
tobacco plants or seeds or modified tobacco plants or seeds provided herein are of a flue-cured
tobacco variety selected from the group consisting of the vaneties listed in Table 3, and any
varicty essentially denved from any one of the foregoing vanctics. See WO 2004/041006 AL
In a further aspect, modified tobacco plants or seeds provided heren are in a flue-~cured vanety

selected from the group consisting of K326, K346, and NC196.

PCT/US2025/010305

Table 3. Flue-cured Tobacco Vaneties.

400 (TC 225 K 346 Reams 134

401 (TC 2263 K 346 (TC 369 Reams 158

401 Cherry Red (TC 2273 K. 358 Reams 713

401 Cherry Red Free (TC 228) | K 394 (TC 321 Reams 744
Cash (TC 250 K 399 Reams M1
Cash (T1278) ¥ 399 (TC 322) RG 11 {(TC 600)
CC 101 K 730 RG I3 (TC A0
CC 1063 Lonibow (TT 1373} RG 17 (7C 627
CC 13 Lonibow {TI 1613) RG 22 (TC 584y
CC 143 McNair 10 {TC 330) RG 8 (TC 385)
CC 200 McNair 133 (TC 337) RG 81 (TC 618
CC27 McNair 30 {TC 334) R{G H51

CC 301 McNair 373 (TC 338) RG4H 217
CC33 McNair 944 (TC 339 RGH 12

Ci 35 MK94 (T1 1312) RGH 4

CC 37 MS K 326 RGH 51

CC 400 MENC71 RGH 61

CC 500 MSNC 72 SC 38 {TC 400)
CC 600 NC 100 SC 72 (TC 403)
C 63 NC 102 Sp. G-168

CC o7 NC 1071 (TC 364 SPEIGHT 168
CC 700 NC 1i25-2 Speight 168 (TC 633)
CC 800 NC 12 (TC 346) Speight 172 (TC 634)
C 900 NC 1226 Speight 178
Coker 139 (TC 259) NC 196 Speight 179
Coker 139 vb1, vb2 NC 2326 (TC 363) Speight 190
Coker 140 (TC 260) NC 27 NF (TC 349) Speight 196
Coker 176 (TC 262) NC 291 SPEIGHT 220
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Coker 187 (TC 263) N 297 SPEIGHT 223
Coker 187-Hicks (TC 265) N 299 SPEIGHT 227
Coker 209 (TC 26T NC 37 NF (TC 350) SPEIGHT 236
Coker 238 (TC 270) NC 471 Speight G~10 (TC 4163
Coker 298 (TC 272) NC 355 Speight -102

Coker 316 (TC 273)

NC 567 (TC 362)

Speight G-108

Coker 319 (TC 2743

NC 60 (TC 352

Speight G-111

Coker 347 (TC 275) NC 606 Speight G~117

Coker 371-Gold (TC 276) NC 6140 sSpeight G-126

Coker 411 (TC 277 NC 71 Speight G-15 (TC 418)
Coler 48 (TC 253) NC 72 Speight G-23

Coker 51 (TC 254)

NC 729 (TC 357

Speight G-28 (TC 420)

Coker 86 (TC 256) NC 810 (TC 659 Speight 5-33
CU 263 (TC 619 N 82 (TC 356) Speight G-41
U 561 NC 8640 Speight G-3

DH95-1562-1 NC 89 (TC 359 Speight G-52
Dixie Bright 101 (TC 290} NC 92 Speight G-58

Dixic Bright 102 (TC 291)

NC 925

Speight G-70

Dixie Bright 244 (TC 292)

NC 95 (TC 360y

Speight G-70 (TC 426)

Dixic Bright 27 (TC 288)

NCOR(TC 361}

Speight G-50 (TC 427)

Dixie Bright 28 (TC 289) NC EX 24 Speight NE3 (TC 629)

GF 157 NCPY 10(TC 367) STNCB

GF 318 NC TG el VA 182

(L. 26H Oxford 1 (TC 369) VA 45 (TC 559)

GL 338 Oxford 1-181 (TC 376) Vesta 30 (TC 439

GL 350 Oxford 2 (TC37hH festa 33 (TC 440)

GL 368 Oxford 207 (TC 632} Vesta 5 (TC 438)

(L 393 Oxford 26 (TC 373) Vesta 62 (TC 44 1)

GL 600 Oxford 3 (TC 372 Virgina (T1 220)

GL 73 Oxford 414 NF Virgima (11 273)

GL 939 PD o1 (TC 387 Virginia (T1 877

GL 939 (TC 628) PVH 03 Virginia 115 (TC 444)

Hicks (TC 310) PVH 09 Virginia 21 (TC 443)

Hicks Broadicaf (TC 311 PVH 1118 Virginia Bright (T1964)

K 149 (TC 368) PVH 1452 Virginia Bright Leaf (TC 446)
k317 PVH 1600 Virginia Gold (TC 447)

K 326 PVH 2110 White Stem Orinoco {TC 451)
K326 (FC 319 PVH 2275

K 340 (TC 320)

R 83 (Line 256-1) (T1 1400}

[00157]

Awr-cured tobaccos nclude “Burey,” “Marvland,” and “dark” tobaccos. The

common factor linking air-cured tobaccos 1s that curing occurs primanly without artificial

sources of heat and humidity. Burley tobaccos are light to dark brown in color, high in ol and

low i sugar. Burley tobaccos are typically air-cured 10 bams. Major Burley growing countrics

nclude Argenting, Brazil, Haly, Malawi, and the United States of America.

[00188]

Marviand tobaccos are extremely fluffy, have good burning properties, low mcotine

and a neutral aroma. Major Maryland growing countries include the Uniied States of America

and Haly,
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[00159]
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In one aspect, tobacco plants or seeds or modified icbacco plants or seeds provided

herein are of a Burley tobacco variety selected from the group counsisting of the tobacco

varieties histed m Table 4, and any varniety essentially denived from any one of the foregoing

varieties. In a further aspect, modified tobaceo planis or seeds provided herein are 1n a Busley

varicty sclected from the group consisting of TN 90, KT 209, KT 206, KT212, and HB 4488,

Table 4. Burley Tobacco Vaneties.

$407 LC

HB 4108P

KYS4(OCT7hH

AA-37-1

HB 4i51p

KY 36 (IC 7%

Burlev 21 (TC 7

HB 4192p

KY 36 (TC72)

Burley 49 (1€ 10)

HB 41949

KY S57(TC73

Burdey 64 (TC 1

HE 4196

KY 58 (TC 74

Burdey Mammoth KY 16 (TC 12)

HE 4483

KY 8634 {TC 77y

Clay 402

HB 4488P

KY 8954

Clay 403 HBO4P KY 9 (TC 54)
Clay 502 HE 4488 LC K.Y 907 LC
Clays 403 HIb 21 KY 908 (TC 630)
GR 10 (TC 19) PR 21 NBH 98 (Screened)
GR 10 (TC 19) Y 403 NC 1206
GR_10A (TC 20) Hybrid 403 LC NC 129

GR 13 (TC 21) Hybrid 404 LC NC 2000 LC

GR 14 (TC 22) Hybad 501 LC NC 2002 L.C

GR 149 LC KDH-950 (TC 576) NC3LC

GR 153 KDH-960 (TC 377) NCSLC

GR 17 (1€ 23) KT 200 LC NC6LC

GR 178 (TC 24) KT 204 LC NC7LC

GR 18 (TC 25) KT 206 LC NCBH 120LC
GR 19 (TC 26) KT 209 LC NC03-42-2

GR 2 (TC 15) KT 210 LC Newton 98

GR 24 (TC 27) KT 212LC RO1OLC

GR 36 (1C 28) KT215LC R630LC

GR 38 (TC 29) KY L(TC 52 7-11

GR 38A (1€ 30) K'Y 10 (IC 53) R359-116 LC

GR 40 (TC 31) KY 12 (TC 56) RG 17

GR 42 (TC 323

KY 4 (TC 57

TKF 1801 L.C

GR 42C (TC 33)

KY 4xI8LC

TKF 2002 LC

GR43(TC 34 KY 15{TC 58) TKF 4024 LC
GR 44 (TC 353 KY 16 (TC 59 TKEF 4028 LC
GR 45 (TC 36) KY 17(7C 60 TKF 6400 L.C

GR 46 (TC 37)

KY 19(ICs1)

TKF 7002 LC

GR 48 (TC 38)

KY 21 (1C 62)

TKS 2002 LC

GR S (TC 16)

KY 22 (TC 63)

TN 86 (TC 82)

GR 33 (TC 39) XY 24 (TC 64) TN 90 LC

GR 6 (TC 17} KY 26 (TC 63) TN 97 Hybrid LC

GR 9 (TC 18) KY 33 (1€ 66) TN 97 LC

GRI39 NS KY 34 (TC 673 VA 116

GR139 S K.Y 35 (TC 68) VA 119

HB 04P KY 41A (TC 69 Virgin A Mutante (11 1406)

HB04P LC

KY 5 (TC 53

Virginia 509 (TC 24)

[
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| HB 3307P LC | KY 32 (TC 70) |

[06196] In another aspect, tobacco plants or seeds or modified tobacco plants or sceds
provided herein are of a Marviand tobacco variety selected from the group consisting of the
tobacco varieties histed m Table 3, and anv vanety essentially denived from any one of the

foregoing varictics.

Table 5. Maryland Tobacco Varieties.

Marviand 10 (TC 498)
Maryland 14 D2 (TC 499
Maryland 201 (TC 503)
Maryland 21 (TC 300)
Marviand 341 (FC 564
Marviand 40

Maryland 402

Maryland 539 (TC 501)
Marvland 601

Maryland 609 (TC 505)
Maryland 64 (7€ 502)
Maryland 872 (TC 506)
Marviaad Mammoth (TC 507)

[60191]  Dark air-cured tobaccos are distingunished from other tobacco types primanly by its
curing process, which gives dark arr-cured tobacco s medium-brown to dark-brown color and
a distinet aroma. Dark air-cured tobaccos are mamly used in the production of chewing tobacco
and snoff In one aspect. modified tobacco plants or seeds provided herein are of a dark air-
cured tobacco vanety selected from the group consisting of Sumatra, Jatim, Domtucan
Cubano, Besuk:, One sucker, Green River, Virginia sun-cured, and Paraguayan Passado, and
any variety essentially derived from any one of the foregoing vareties.

[06192] Dark fire-cured tobaccos are generally cured with low-burning wood fires on the
floors of closed curing bams. Dark fire-cured tobaccos are typically used for making pipe
blends, cigarettes, chewing tobacco, snuff, and strong-tasting cigars. Major growing regions
for dark fire-cured tobaccos are Tennessee, Kentucky, and Virginia in the United States of
Amernca. In one aspect, tobacco plants or sceds or modified tobacco plants or seeds provided
herein are of a dark fire-cured tobacco vanety selected from the group consisting of the tobacco
varieties listed in Table 6, and any vanety essentially derived from any one of the foregoing

varneties,
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Table 6. Dark Tobacco Vaneties.

PCT/US2025/010305

Black Mammoth (TC 461)

KY 171 (TC 475

PD 7309 LC

Black Mamunoth Small Statk (TC 641)

EY 171 LC

PD7312LC

Certified Madole (TC 463)

KY 71 NS

PD 738 LC

D-534-A-1 (YC 464

KY 180 (TC 573

PD73i8LC

DAC ULT 302

KY 190 (TC 574)

Petico M PGO4

DAC ULT 303

Little Crittenden

PYKY 160 (TC o1y

DACULT 306

Little Crittenden {TC 476)

PYEY 17TH(TC613)

Little Crittenden LC
DACULT 308 {cerufied) Shirey
DACULT 312 Little Crttenden PhPh 111372
DF 300 (TC 465) Lizard Tail Turtle Foot TN D94
DIF 485 (TC 466) Madale (TC 4783 TN D4 (TC 621)
DF 516 (TC 467) Madole (TC 479) TN D950
DF 911 (TC 468) MSKY 171 TN D950 (PhPhy
DT 308 MS NL Madole LC TN DO50
DT 518 (Screened) MS TN D950 LC TN DO3G (TC 622)
DT 538 LC Nance (TC 616) TR Madole (TC 486)
Narrow Leaf Madole LC
DT 592 (certified) VA 309

Improved Madole (TC 471

Neal Smith Madole (TC 646)

VA 300 (TC 5609

Jernigan's Madole (TC 4723

Newtons VH Madole

VA 309 LC (certified)

KT 14L.C NL Madole YA 310 (TC 487)
ETDI7LC NL Madole (PhPh) VA 331 (TC 592}
KTD4LC NL Madole (TC 484) VA 355 (TC 638)
KTD6 LC NL Madole LC VA3S9
KTDELC NL Madole LC (PhPhy YA 359 (Sereened)

KY i35 (TC 216}

NL Madole NS

VA 339 (TC 639)

KY 157{TC 217

One Sucker (TC 224)

VA 359 L (cerified)

KY 160 0S 400 VA 403 (TC 380)
KY 160 (TC 218) PD 302H VA 405 (TC 581)
KLY 163 (TC 2193 FD 3128 VA 409 (TC 562)
KY 165 (TC 220) FD 3184 VA 310 (TC 572)
KY 170 (TC 474) B0 7302 LC

KY 171 (PhPh) PD 7303

[06153]

Onental tobaccos are also referred to as Greek, aroma and Turkish tobaccos due to

the fact that they are typically grown in eastern Mediterranean regions such as Turkey, Greece,

Bulgaria, Macedonia, Syria, Lebanon, ltaly, and Romania. The small plant size, smali leaf size,

and unique aroma propertics of Uriental tobacco varietics are a result of their adapiation to the

poor soil and stressful chimatic conditions in which they have been developed. In one aspect,

tobacco plants or seeds or modified tobacco plants or seeds provided herein are of an Oriental

tobacco variety selected from the group consisting of the tobacco vaneties listed i Table 7,

and any variety essentiatly derived from anv one of the foregoing varicties.
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Table 7. Oriental Tobacco Varieties.

PCT/US2025/010305

Bafra (T1 1641)

Edirne (T1 1671)

Samsun (TC 536)

Bahce (T 1730}

Ege (T1 1642)

Samsun 959 (T1 1570)

Bahia (71 1416)

Hge-64 (T1 1672

Samsun BEvkaf (T 1723)

Balua (T1 1435)

Tzroie { Alchisar) (TT 1729

Samsun Holimes NN (TC 540)

Baiano (T1 128)

Izmir (Gavarkoy) (TT 1727)

Samsun Maden (T1 1647}

Basma Izmir Ege 64 Samson NO 15 (TC 341)
Basma (T1 1666) Tzmie-Incekara (T1 1674) Samsun-BLEK SHK Tol (TC 542)
Basma Drama Iznur-Ozbas (T11675) Samsun-Canik (TT 1678)

Basma Hybrid (PhPh)

Jaka Dzebel (TT1 1326}

Samsun-Maden (T1 1679

Basma Zilma {

Kaba-Kulak

Saribaptar 407 - [zmir Region

Bitlis (TT 1667)

Kagoshima Maruba (T 158)

Smyma (TC 543)

Bitlis (T1 1725)

Katerini

Smyvima No. 23 (TC 545)

Bubalovac (TT 1282

Katenm 833

Smvrna No. 9 (TC 544)

Buarsa (T1 1650)

Krumovgrad 58

Smyrna~Blk Shik Tol (TC 5346

Bursa (T1 1668)

MS Basna

Trabzon (T 1649)

Canmk (71 1644)

MS Katerini 553

Trabzon (T 1682)

Diebel 174 (TT 1492)

Nevrokop 1146

Trapezuod 161 (71 1407}

Dicbel 359 (11 1493)

Ozbas (T1 1645)

Turkish (TC 348)

Dhchel 81

Perustitza (T1 980)

Turkish Angshit (TT 90}

Dubec 566 (T1 1409

Prilep (11 1291)

Turkish Samsum (T 92)

Dubec 7 (T 1410}

Prilep (TT 1325}

Turkish Tropizoid (T1 93)

Drabek 566 (T1 1567}

Prilep 12-2/1

Turkish Varotic (T1 89)

Dazee (T11670)

Prilep 23

XKanthi (TT 1662)

[00194]

In an aspect, tobacco plants or seeds or modified tobacco plants or seeds provided

herein are of an cigar tobacco variety selected from the group consisting of the tobacco varicties

listed in Table ¥, and anvy vaniety essentially derived from any one of the foregoing vaneties.

Table 8. Cigar Tobacco Vareties.

Bahai (T162)

Castillo Negro, Blanco, Pina (T1449)

Foshu (1] 1526)

Beinhart 1000

Caujare (T1893)

Flonda 301

Beinbart 1000 (T1 1562) Chocoa (11 289 Florida 361 (TC 185)
Beinhart 1000-1 (T1 1561y | Chocoa (T1313) PA Broadieal (TC 119

Bergerac C

Comnecticut 15 (TC 183)

Pennsylvania Broadleaf

Bergerac C (T 1329

Comnecticut Broadleaf

Pennsylvania Broadleal (TC 119)

Big Cuban (TI 1565)

Connecticot Broadleaf (TC 186)

Petite Havana SR1

Castillo  Negro, Blanco,
Pina (T7 448} Connecticut Shade (TC 188) Petite Havana SR1 (TC 105
Castillo  Negro, Blanco.
Pina (T] 448A) Criollp, Colorado (T1 1093}
[38185]  In an aspect, tobacco plants or sgeds or modified tobacco plants or seeds provided

herein are of a tobacco vanety selected from the group consisting of the tobacco varicties listed

i Table 9, and any vanety essentiatly derived from any one of the foregoing varicties.

60
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Table 9. Other Tobacco Varieties.

Chocoa (T1319)

Hoja Parada (T1 1089

Hoia Parado (Galpdo ) (T11068)
Perique (St. James Parrish)
Perique {TC 536)

Perque {T1 1374)

Sylvestris {(TI 984)

1179

[08196] In an aspect, a tobacco plant, or part thereof, 18 from a variety selected from the
group consisting of the tobacco varietics listed 1n Tables 3 to 9. In anather aspect, a tobacco
plant, or part thereof, 1s from a vanety listed in Table 3. In another aspect, a tobacco plant, or
part thereof, is from a vanety histed in Table 4. In another aspect, a tobacco plant, or part
thereof, is from a variety listed in Table 5. In ancther aspect, a tobacco plant, or part thereof, is
from a variety listed 10 Table 6. In another aspect, a tobacco plant, or part thereof, is from a
variety histed i Table 7. In another aspect, a tobacco plant, or part thereof, 15 from a variety
Listed in Table 8. In another aspect, a tobacco plant, or part thereof, is from a variety histed m
Table 9.

[B8197] In an aspect, a modified tobacco plant, or part theweof, s from a vadety selecied
from the group consisting of the tobacco varieties listed i Tables 3 to 9. In an aspect, a
modified tobacco plant, or part thereot is from a variety listed in Table 3. In another aspect. a
modified tobacco plant, or part thereot, 1s from a varety listed in Table 4. In another aspect, a
modified tobacco plant, or part thereof, 13 from a variety listed in Table 3. In another aspect, a
modified tobacco plant, or part thereof, 18 from a variety listed in Table 6. In another aspect, a
modified tobacco plant, or part thereof, is from a variety listed m Table 7. o another aspect, a
modified tobacco plant, or part thereof, 1s from a variety listed in Table 8. In another aspect, a
modified tobacco plant, or part thereof, is from a variety listed i Table 9.

106198]  In an aspect, a tobacco seed 15 from a variety selected from the group consisting of
the tobacco varieties histed in Tables 3 to 9. In another aspect, a tobacco seed is from a varnicty
histed in Table 3. In another aspect, atobaceo seed is from a variety listed in Table 4. In ancther
aspect, a tobacco seed 1s from a variety listed 1o Table 5. In another aspect, a tobacco seed is
from a varicty listed in Table 6. In another aspect, a tobacco seed is from a variety listed n
Table 7. In another aspect, a tobacco seed 1s from a variety listed i Table & In another aspect,

a tobacco seed is from a variety listed in Table 9.
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{08199  In an aspect, a tobaceo cell is from a variety selected from the group consisting of
the tobacco varieties fisted in Tables 3 to 9. In another aspect, a tobacco cell is from a variety
listed i Fable 3. In another aspect, atobacco cell is from a variety listed in Table 4. In another
aspect, a tobacco cell s from a variety listed 1in Table 5. In another aspect, a tobacco cell is
from a variety listed in Table 6. In ancther aspect. a tobacco cell is from a variety listed in
Table 7. In ancther aspect, atobacco cell is from a vanety listed in Table 8. In another aspect,
a tobacco cell is from a variety listed m Table 9.

160286  All foregoing mentioned specific vaneties of flue-cored, dark air-cured, Burley,
Marviand, dark fire-cured, cigar, or Onental type are listed only for exemplary purposes. Any
additional fluc-cured, dark air-cured, Burlev, Maryland, dark fire-cured, cigar, or Oriental
varieties are also contemplated in the present application.

106201]  As used heorein, a “Secreior” {8] is a plant with a phenotype comprising at least
secreting glandular trichomes.

[66202]  As used herein, a “non-secretor” NS is a plant with a phenotype comprising non-
secreting glandular trichomes.

[G0203]  In an aspect, a tobacco plant or vanety provided herein is an inbred tobacco plant
or vanety. As used herein, an “inbred” tobacco variety 1s a vanety that has been bred for genetic
homogeneity.

106204]  As used herein, a “hybrid” is created by crossing two plants from different varieties
or species, such that the progeny coraprises genetic material from each parent. Skilled artisans
recognize that higher order hybrnids can be generated as well. For example, a first hybnd can
be made by crossing Variety € with Variety I to create 2 € x D hybad, and a second hybnid
can be made by crossing Variety E with Vanety F to create an E x F bvbrd. The first and
second hybrids can be further crossed to create the higher order hybrnd (C x DYy x (Ex F)
comprising genetic information from all four parent varieties. In an aspect, a modified tobacco
plant provided herein is a hybrid tobacco plant. In another aspect, a modified tobacco seed
provided herein 1s a hyvbnd tobacco seed. In an aspect, a tobacco plant or varety provided
herein is a hybnd tobaceo plant or variety . In another aspect, a modified tobacco plant provided
herein is a hybrid tobacco plant.

[B8265]  In an aspect, this disclosure provides a method for producing a modified tobacco
plant comprising: {(a) crossing at least one tobacco plant of a first tobacco vanety with at least
one tobacco plant of a second tobacco varety to produce at least one progeny tobaceo seed,
where the at least one tobacco plant of the first tobacco vancty comprises a non-natural
mutation in an endogenous nucleic acid sequence, where the endogenous nucleic acid sequence
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encodes a polypepiide comprising an amino acid sequence at least 80% identical or similar to
an amino acid sequence selected from the group consisting of SEQ 1D NOs: 21 1o 40, where
the non-natural mutation is not present in the endogenous nucleic acid sequence in a control
tobacco plant of the first tobaces variety, and (b} selecting for at least one progeny iobacco
seed, or a plant germinated therefrom, wherein the at least one tobacco sced or plant germinated
therefrom compnses the non-natural mutation. In another aspect, this disclosure provides a
method for producing a modified tobacco plant comprising: {a) crossing at least one tobacco
plant of a first tobacco vanety with at least one tobaceo plant of a second tobacco variety to
produce at least one progeny tobacco seed, where the at least one tobacco plant of the first
tobacco variety comprises a non-natural mutation i an endogenous nucleic acid sequence at
least 80% identical to a nucleic acid sequence selected from the group consisting of SEQ 1D
NOs: 41 to 60, where the non-natural mutation s not present 1 the endogenous nucleic acid
sequence n a control tobacco plant of the first tobacco vanety; and (b) sclecting for at least
one progeny tobacco seed, or a plant germmated therefrom, wherem the at least one tobacco
seed or plant germinated therefrom comprises the non-natural matation. In another aspect, this
disclosure provides a method for producing a modified tobacco plant comprising: (a) crossmg
at jeast one tobacco plant of a first tobacco varnety with at least one tobacco plant of a second
tobacco variety to produce at least one progeny tobaceo sced, where the at least one iobacco
plant of the fust tobacco vanety comprises a non-natural puation in an endogenous nucleie
acid sequence at icast 80% identical to a nucleic acid sequence selected from the group
consisting of SEQ 1D NQs: 41 to 60, where the non-natural mutation 18 not present in the
endogenous nucleic acid sequence in a control tobacco plant of the first tobacco vanety; and
(b} sclecting for at least one progeny tobacco sced, or a plant genonated therefrom, wherein
the at least one tobacco seed or plant germinated therefrom comprises the non-natural mutation.
In another aspect, this disclosure provides a method for producing a modified tobaceo plant
comprising: {a} crossing at least one tohacco plant of a first tchacco variety with at least ong
tobacco plant of a second tobacco variety to produce at least one progeny tobacco seed, where
the at least one tobacco plant of the first tobacco variety comprises a non-natural mutation in
an endogenous nucleic acid sequence selected from the group consisting of SEQ 1B NQOs: 41
to 60, where the non-natural mutation 18 not preseut in the endogenous rucleie acid sequence
in a control tobacco plant of the first tobacco variety; and (b) selecting for at least one progeny
tobacco seed, or a plant germinated therefrom, wherein the at least one tobacco seed or plant
geominated therefrom comaprises the non-natural watation. In an aspect, in any of the forcgoing
methods, the first tobacco variety and second tobacco vancty are the same tobacco variety. In
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another aspect, m any of the foregoing methoeds, the first tobacco variety and second tobacco
variety are two different tobacco varieties.

[B0206]  In an aspect, this disclosure provides a method for producing a modified tobacco
plant comprising: {a} crossing at least one tobacco plant of a first tobacco vanety with at least
one tobacco plant of a second tobacco variety to produce at least one progeny tobaceo seed,
where the at least one tobacco plant of the first tobacco variety comprises a recornbinant DNA
construct, where the recombinant DNA construct comprises a heterologous promoter operably
hinked to a nucleic acid sequence encoding at least one small RNA molecule capable of binding
to and reducing the expression of an endogenous nucleic acid sequence encoding a polypeptide
at least 80% identical or similar to an amino acid sequence selected from the group consisting
of SEQ ID NOs: 21 to 40, were the recombmant DNA construct 1s not present m a control
tobacco plant of the first tobaceo variety; and (b} selecting for at least one progeny iobacco
seed, or a plant germinated theretrom, wherein the at least one progeny tobacco seed or plant
genmunated therefrom comprises the recombinant DNA construct. Tn another aspect, this
disclosure provides a method for producing a modified tobacco plant comprising: (a) crossing
at feast one tobacco plant of a first tobacco varety with at least one tobacco plant of a sccond
tobacco variety to produce at least one progeny tobacco seed, where the at least one fobacco
plant of the first tobacco variety comprises a recombimant DNA construct, where the
recombinant DMNA construct comprises a heterologous promoter operably linked to a nucleic
acid sequence encoding at least one small RNA molecule capable of binding to and reducing
the expression of an endogenous nucleic acid sequence at least 80% identical or similar to a
nucieic acid sequence sclected from the group consisting of SEQ 1D NOs: 1 to 20, were the
recombinant DNA construct 1s not present in a conirol tobaceo plant of the first tobacco varniety,
and (b) selecting for at leasti one progeny tobacco seed, or a plant germinated thercfrom,
wherein the at least one progeny tobacco sced or plant germinated therefrom comprises the
recombinant DNA construct. In another aspect, this disclosure provides amethod for producing
a modified tobacco plant comprising: (a) crossing at least one tobacco plant of a first tobacco
variety with at least one tobacco plant of a second tobacco variety to produce at least onc
progeny tobacco seed, where the at least one tobacco plant of the first tobacco variety comprises
a recombinant DNA construct, where the recombinant DNA  construct comprises a
heterologous promoter operably linked to a nucleie acid sequence encoding at least one small
RNA molecule capable of binding 1o and redacing the expression of an endogenous nucleic
acid sequence at least 80% identical or similar to a nucleic acid sequence selected from the

group consisting of SEQ ID NOa: 41 to 60, were the recombinant DNA construct is not present
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in a control tobacco plant of the first tobaceo variety; and (b) selecting for at least one progeny
tobacco seed, or a plant germminated therefrom, where the at least one progeny tobacco seed or
plant gerounated therefrom comprises the recombinant DNA construct. fu an aspect, in any of

the foregoing methods, the first tobacco varnety and second tobacco variety are the same

W

tobacco variety. fn another aspect. in any of the foregoing methods, the first tobacco vanety
and seccond tobacco variety are two different tobacco varicties. In a further aspect. a
recombinant DNA construct of cach of the above aspects comprises a promoier sequenes
selected from the group consisting of SEQ 1D NQOs: 62 1o 90.

[B8267] o an aspect, this disclosure provides a method for producing a modified tobacco
10 plant comprising: (a) crossmg at least one tobacco plant of a first tobacco variety with at least
one tobacco plant of a second tobacco varety to produce at least one progeny tobaceo seed,
where the at feast one tohacco plant of the first tobacoo variety comprises a recombinant DNA
construct, where the recombinant DNA construct comprises a heterologous promoicr operably

hinked to a nucleic acid sequence encoding a polypeptide comprising an aniine acid sequence
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at least 80% identical or similar to an amino acid seqoence selected from the group consisting
of SEQ ID NOs: 21 to 40, where the recombinant DNA construct 15 not present in a control
tobacco plant of the first tobaceo vanety; and (b} selecting for at least one progeny tobacco
seed, or a plant germinated therefrom, where the at least one progeny tobacco seed or plant
germinated therefromy comprises the rocombinant BNA construct. In another aspect, this
20 disclosure provides a method for producing a raodified tobacco plant comprising: {a} crossing
at feast one tobacco plant of a first tobacco vartety with at least one tobacco plant of a second
tobaceo variety to produce at least one progeny tobacco seed, where the at least ong tobaceo
plant of the first tobacco vanety comprises a recombinant DNA construct, where the
recombimant DNA construct comprises a heterologous promoter operably hinked to a nucleic
25 acd sequence at least 80% identical to a nucleic acid sequence selected from the group
consisting of SE} 1D NOs: 1 to 20, where the recombinant DNA construct is not present in a
control tobaceo plant of the first tobaceo vanety; and (b) selecting for at least one progeny
tohaceo seed, or a plant germimnated therefrom, where the at least one progeny tobacco seed or
plant germinated therefrom comprises the recombinant DNA coustruct. In another aspect, this
30 disclosure provides a method for producing a modified tobacco plant comprising: {a) crossing
at jeast one tobacco plant of a first tobacco varnety with at least one tobacco plant of a second
tobacco variety to produce at least one progeny tobaceo sced, where the at least one iobacco
plant of the first tobacco variety comprises a recombinant DNA construct, where the

recombimant DNA construct comprises a heterologous promoter operably Tinked to a nucleic
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acid sequence at lsast 80% identical 1o a nucleic acid sequence selected from the group
consisting of SEQ 13 NOs: 1 to 20, where the recombinant DNA construct is not present in a
control tobacco plant of the fust tobacco vanety; and (b) sclecting for at least one progeny
tobacco seed, or a plant germunated therefrom, where the at least one progeny tobacco sced or
plant germinated therefrom comprises the recombinant DNA constract, In an aspect, in any of
the foregoing mcthods, the first tobacco vanety and second tobacco vancty are the same
tobaceo variety. In another aspect, in any of the foregoing methods, the first tobacco variety
and second tobacco variety are two different tobacco vaneties. In a further aspect, a
recombimant BNA construct of cach of the above aspects comprises a promoter seguence
selected from the group consisting of SEQ [ NOs: 62 10 90.

[38208]  As used herein, the term “crossing” refers to the debiberate mating of two plants. In
an aspect, crossing comprises pollination and/or fertilization of a first tobacco plant by a second
tobacco plant. The two tobacco plants being crossed can be distantly related, closely related,
or identical. In an aspect, the two tobacco plants being crossed are both moedified tobacco
plants. In an aspect, the two tobacco plants bemng crossed are of the same tobacco varigty. In
an aspect, the two tobacco plants being crossed are of two different tobacco vareties. In an
aspect, one of the two tobacco planis being crossed 1s male sterile. In an aspect, one of the two
tobacco plants being crossed s female sterile. In an aspect, at least one of the two iobacco
plants being crossed is a hybrid tobacco plant. In an aspect, at least one of the two tobacco
plants being crossed is a modified tobacco plant.

[60289]  In an aspect, a tobacco plant or variety provided herein is male steriie. In another
aspect, a tobacco plant or variety provided herein is oytoplasmic male sterile ({CMS), In an
aspect, a modified tobacco plant or variety provided herein is male stenle. In another aspect, a
modified tobacco plant or variety provided herem is evtoplasnue male sterile ({CMS). Male
sterile tobacco plants can be produced by any method known m the art. Methods of producing
male sterile tobacco are described m Wernsman, E. A, and Rufty, R C 1987 Chapter
Seventeen. Tobacco. Pages 669-698 In: Cultivar Development. Crop Species. W.H. Fehr{ed ),
MacMiilan Publishing Go., Inc., New York, N.Y. 761 pp.

{68216  in another aspect, a tobacco plant or variety provided herein is female sterile. In
another aspect, a modified tobacco plant or vanety provided herein 1s female sterile. As a non-
limiting example, female stenle plants can be made by mutating the ST/ gene. See, for
example, Goldman ef of. 1994, FMBO Journal 13:2976-2984  In an aspect, a modified tobacco

plant provided herein is female stenile.
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[06211] In ap aspect, a modified tobacco plant desceribed herein 1s a low-alkalowd variety or
low-alkaloid plant. As a non-imiting example, LA Burdey 21 (LA BU21} is a low-alkaloid
variety of tobacco. LA BUZ1Y is produced by incorporation of a low alkaloid geneds) from a
Cuban cigar variety mito Burley 21 through several backcrosses. It has approxmmately 0.2%
total alkaloids {dry weight} compared to the about 3.5% (dry weight} of its parent, Burley 21
LA BUZ1 has a leaf grade well below commercially acceptable standards. LA BU2I also
exhibits other unfavorable leaf phenotypes characterized by lower yields, delayed ripening and
senescence, higher susceptibility to msect herbivory, and poor end-product quality after caring.
A BUZ1 leaves further exbibit traits such as higher polyamine coutent, higher chlorophvil
content and more mesophyil cells per unit leal area. See US2019/0271000 for more
characterization of LA BU21 leaf phenotypes.
[06212] In an aspect, the present disclosure provides tobacco plants or parts thereof,
exhibiting a comparable insect berbivory susceptibility relative to a comparable leaf of a
control plant not comprising the same mutation or transgene. In one aspect, a comparable insect
herbivory susceptibibity 1s within 20%, 17.5%, 15%, 12.5%, 10%, 7.5%, 5%, 2.5%, or 1% of
the level in a comparable leaf of a control plant not comprising the same mutation or transgene.
In an aspect, a comparable insect herbivory susceptibibity 1s between 0.5% and 1%, between
% and 2%, between 2% and 3%, between 3% and 4%, between 4% and 5%, between 5% and
6%, between 6% and 7%. between 7% and 8%, between 8% and 9%, between 9% and 10%,
between 11% and 129%, between 129 and 13%, between 3% and 14%, between 14% and
5%, between 13% and 16%, between 16% and 17%, between 17% and 18%, between 18%
and 19%, or between 19% and 20% of the level in 3 comparable leaf of a control plant not
comprising the same mutation or transgene. In a further aspect, a comparable msect herbivory
susceptibility 1s between 0.5% and 3%, between 5% and 10%, or between 10% and 20% of the
level in a comparable leaf of a control plant not comprising the same mutation of transgene.
106213] Insect herbivory suscepiibility level can be assayed by methods konown in the art,
for example, n an insect feeding assay. In short, a quarter mch laver of 0.7% agar in water s
added to a 100 mm Peiri dish and allowed to solidify. Leaf discs are cut from the petri dish hid,
placed in the plates and pushed gently into the agar. Leaf discs are taken from plants at the 4-
5 leafstage. Discs were taken from lasuna only to exclude major mudnibs. A single discistaken
from each of the four largest leaves of the plant generating 4 replicates per plant. Four plants
are sampled for a total of 16 biclogical replicates test bine. A single budworm {e.g., Heliothis

sp., Helicoverpa sp .} at the second 1ostar stage 1s added 1o the leat and allowed 1o feed for 48
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howrs at ambient temperature. Afier 48 hours the budworm larvae are weighed and final larval
weights are recorded.

[G0214] In an aspect, a tobacco plant, ot part thereof, compnses relative 1o a control tobacco
plant: a first genome modification providing a lower level of nicotine or total alkaloid {(e.g.. 1n
or targeting ong or more NICH NICZ, QFT, PMT, ADC, AG, or ODC genes). and a second
genome modification providing a comparable level of one or more traits selected from the
group consisting of total leat polyamine level, total root polvanune level, total feaf chlorophyil
level, mesophyll cell number per leaf arca onit, and leaf epidermal cell size; and where the
control plant does not have both the first and the second genome modifications. In one aspect,
a tobacco plant, or part thereof, comprises relative to a control tobacco plant: a first genome
modification providing a lower level of nicotine or total alkaloid {e.g., in or targeting one or
more NICH, NIC2 QPT, PMT, ADC, AQ, or OBC genes), and a second genome modification
providing a comparablc level of total leat polvanune level, where the control plant does not
have both the first and the second genome modifications. In an aspect, a tobacco plant, or part
thereof, comprises relative o a control tobacco plant: a first genome modification providing a
lower level of nicotine or total alkaloid (o.g., 1 or fargeting one or more NIC1H, NIC2, QPT,
PMT, ADC, AQ, or ODC genes), and a second genome modification providing a comparable
level of total root polvamine level, where the control plant does not have both the first and the
second genome modifications. In one aspect, atobacco plant, or part thereof, comprises relative
1o & control tobacco plant: a first genome modification providing a lower level of nicotine or
total alkaloid (e.g., in or targeting one or more NICH, NIC2, QPT, BMT, ADBC, AD, or OBC
genesy, and a second genome modification providing a comparable level of total leaf
chlorophvll level, where the condrol plant does not have both the first and the second genome
modifications. In an aspect, a tobacco plant, or part thereof, comprises relative o a control
tobacco plant: a first genome modification providing a lower level of nicotine or total alkaloid
{c.g.. 10 or targeting ong or morg NIC1, NICZ, QPT, PMT, ADC, AQ, or ODC gooes), and a
second genome modification providing a comparable level of mesophyll cell nurnber per leaf
area unit, where the conirol plant docs not have both the first and the second genome
modifications. In one aspect, a tobacco plant, or part thereof, comprises relative to a control
tobacco plant: a first genome modification providing a lower level of nicotine or total alkalowd
{e.g.. m or targeting one or more NICI, NIC2, QPT, PMT, ADC, AQ, or ODC genes), and a
second genome modification providing a comparable level of leaf epidermal cell size, where

the control plant docs not have both the first and the second genome modifications. In an aspect,
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a second genome modification 18 i or targeting an NICH, NIC2, QPT, PMT, ADC, AG, or
ODC gene.
[G0215]  In an aspect, a first genome modification, a second genome modification, or both
comprise a transgene, a mutation, or both. In one aspect, a genome meodification, a second
genome modification, or both comprise a transgene. In an aspect, a first genome modification,
a second genome modification, or both comprise a mutation. fo one aspect, a first genome
modification, a second genome modification, or both are not transgene-based. In an aspect, a
first genome modification, a second genome modification, or both are not mutation-based.
[B8216] in an aspect, tobacco plants provided herein comprise a reduced amount of total
conjugated polvamines in leaves relative to the control tobacco plant. In one aspect, tobacco
plants provided herein comprise a reduced amount of total conjugated polvamines i roois
relative to the control tobaceo plant. Used here, conjugated polvamings include, but are not
limitted to, soluble conjugated polvamines such as phenolamides contaming a backbone
consisting of a frec polvamine (e.g., putrescine, spermine, and/or spermidme) conjugated with
one or more phenvlpropanoids sauch as ferolic, caffeic and cowrmaric acids. Comungated
polyamines also include, but are not imited 1o, msoluble conjugated polyvamines teorporated
nto structural polymers such as hignin. In an aspect, tobacco plants provided herein comprise
a reduced amount of total free polvamimes (e.g., putrescine, sperming, and spermidineg) n
feaves relative to the control tobacco plant. In one aspect, tobacco plants provided herein
comprise a reduced amount of total conjugated polvamines in roots relative to the control
tohaceo plant. In an aspect, tobacco plants provided herein comprise a reduced amount of total
conjugated form of one or more polvamines selected from the group cousisting of putrescing,
spermidine and spermine i leaves relative to the control tobacco plant. In one aspect, tobacco
plants provided herein comprise a reduced amount of total conjugated form of one or more
polyamines selected from the group consisting of putreseine, spermidine and spermine i roots
relative to the conirol tobacco plant. o an aspect, tobacco plants provided herein comprise a
reduced amount of total fice form of one or more polvamines selected from the group
consisting of patrescine, spermidine and spenmine in leaves relative to the control tobacco
plant. In one aspect, tobacco plants provided herein comprise a reduced amount of total
conjugated form of one or more polyamines selected from the group conststing of putrescine,
spermidine and spermine in roots relative to the control iobacco plant.
[36217]  Inan aspect, a characternstic or atrait of atobacco plant described here are measured
at a time sclected from the group consisting of immediately before flowenng, at topping, 1
week-post-topping (WPT), 2 WPT, 3 WPT, 4 WPT, 5 WPT, 6 WPT, 7 WPT, 8 WPT, and at
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harvest. In one aspect, tobaceo plants provided herein comprising a first and 3 second genome
modification are capable of producing a leaf with a leaf grade comparable o that of a feaf from
a control plant. In an aspect, tobacco plants provided herein comprising a first and a second
genome modification have a total leaf yield comparable to a control plant.

106218]  In one aspect, a tobacco plant of the present disclosure comprises a nic/ mutation,
a nicZ mutation, or both.

[68219]  Inanaspect, amodified tobacco plant provided herem further comprises a transgene
or mnitation divectly suppressing the expression or activity of one or more, two or more, three
or more, four or more, five or more, 8iX Of MOYe, soven oF more, gight or more, nine or Moreg,
ten or more, eleven or more, twelve or more, thiricen or more, fourteen or more, fifteen or
morg, sixtesn Of morg, or seventeen or more genes ofr loci encoding a protein selected from the
group consisting of agmatine deiminase (AI(), arginase, diamine oxidase, methylpuirescing
oxidase (MPO), NADH dchydrogenase, phosphonbosylantbraniate isomerase (PRAI),
putrescine  Nemethyliransferase (PMT), quinolate phosphoribosyl  transferase  (QPT),
S-adenosyi-methionine synthetase {SAMS), A622, NBB1, berberine bridge enzvme-hke
(BBL), MYCZ, Nicl ERF, Nic2 ERF, ethvlene response factor (ERF) transcription factor,
nicotine uptake permease (NUP), and MATE transporter. See Dewey and Xie, Molecular
geneties of alkaloid biosynthesis in Nicofiana tabacum, Phytochemistry 94 (2013) 10-27.
106228]  In an aspect. a modified tobacco plant provided herem further comprises a nmutation
in an BERF gene of Nic2 locus (NicZ ERF). In an aspect, a modified tobacco plant provided
herein further comprises one or more mutations 1 one or more, two or more, three or morg,
four or more, five or more, six or Mmore, seven or more, cight or more, nine or morg, or all ten
genes sclected foorn the group consisting of FREZZ, ERF34, ERF39, ERFISY, ERFIIS,
FRE22], ERFIG4, ERFIT9, FRET7, and ERFI68. See Shoji et al., Plont Cell, (103:3390-409
(2010}, and Kajikawa ef of., Plant physiol. 2017, 174:999-1011. In one aspect, a modified
tobacco plant provided herein further comprises one or more muations in ARFT8Y, EREFLIS,
or both, In an aspect, a modified tobacco plant provided herein further comprnises one or more
transgenes targeting and suppressing a gene encoding one or more, two or more, three or more,
four or more, five or more, six or Mmore, seven or more, cight or more, nine or morg, or all ten
proteing selected from the group consisting of FRF32, ERF34, ERF39, ERFISEY, ERFIIS,
FRE22],ERFI04, ERFI79, ERFI7, and ERFI65.

[36221]  Inan aspect, a modified tobacco plant provided herem further comprises a mutation
in an ERF geoe of Nicl locus (Nicl _ERF) {or Niclb locus as in WO/2019/140297). See aflso
WO/2018/237107. In an aspect, a modified tobacco plant provided heremn further comprises
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ong or more mutations in two or more, three or more, four or more, five or more, Six or More,
or seven or more genes sclected from the group consisting of FRFIGI, FRFIIG HRFnew,
ERFIO9 ERFIG, ERFI30, ERFIC, ERFZ9, FRF210, and ERFOIL2. See WO/2(19/140297 and

Kajikawa er al., Plant physiol. 2017, 174:999-1011. In an aspect, a modified tobacco plant

W

provided herein further comprises one or morg mutations 1o on¢ or more, two or more, three or
more, four or more, five or more, or all six genes sclected fronthe group consisting of ERFrew,
BRI, KRFIG, BRFIZ29, ERF2I0, and FRF9/LZ. In an aspect, a modified tobacco plant
provided herein further compnses one or more transgenes fargeting and suppressing a genc
encoding one or more, two or more, three or more, four or more, five or more, Six or more, or
10 seven or more genes sclected from the group consisting of FRFIOI, ERFIIO, ERFnew,
ERFIO9, ERFI9, ERFI30, ERFIG, ERF29, ERI2I0, and ERFOII2.

1062221 In an aspect, a modified tobacco plant provided hercin further comprise a first
genetic modification comprising a mutation m a gene ot locus encoding a protein selected from

the group consisting of aspartate oxadase, agmatine deminase (AIC), arginase, diamine
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oxidase, argimine decarboxylase (ADC), methylputrescine oxidase {(MP(), NADH
dehydrogenase, ornithing decarboxviase (ODC), phosphonbosvlianthramlate  1somerase
(PRAI), putrescine N-methvltransferase (PMT), quinolate phosphoribosyl transferase (QPT),
and S-adenosyl-methionine synthetase (SAMS), A622, NBBI1, BBL, MY(2, Nicl ERF,
NicZ ERF. cthylene response factor (ERF} trapscription factor, micotine uptake permease
20 (NUP), and MATE transporter, and further comprises a sccond genetic modification targeting
one or more aming acid seguences at least 30% 1dentical or similar {o an amino acid sequence
selected from the group consisting of SEQ 1D NOs: 117-174. In one aspect, a modified tobacco
plant provided herein comprises a first genetic modification comprises a fransgene fargeting
and suppressing a gene or locus encoding a protein selected from the group consisting of
25 aspartate oxidase, agmatine deiminase (AIC), argmase, diamnne oxidase, arginme
decarboxylase (ADRC), methylputrescine oxidase (MP(O), NADH dehvdrogenase, omithing
decarboxylase {ODC), phosphonbosvianthranilate isomerase (PRAI},  putrescime N-
methyvliransferase (PMT), quinclate phosphoribosyl transferase (QPT) and S-adenosyvi-
methionine synthetase (SAMS), A622, NBB1, BBL, MY(C2, Nicl, Nic2, cthylene response
30 factor (ERF) transcription factor, nicotine uptake permease {(NUP), and MATE transporicr, and
further comprises a second genetic modification targeting one or more amine acid sequences
at least 80% identical or similar to an amino acid sequence selected from the group consisting

of SEQ 1 NOs: 117-174,

71



[

W

[

WO 2025/147663 PCT/US2025/010305

Cured Tobacco/Tobaces Products

1602231 In an aspect, this disclosure provides a method comprising preparing a tobacco
product using cured tobacco material from a moditied tobacco plant, where the modified
tohaceo plant comprises a non-natural muation in an endogenous nucleic acd seguence
encoding a polypeptide comprising an ammo acid sequence at feast 80% identical or similar to
an amino acid sequence selected from the group consisting of SEQ 1D NQs: 21 o 40, In another
aspect, this disclosure provides a method comprising preparing a tobaceo prodact using cured
tobacco material from a modified obacco plant, where the modified tobacco plant comprises
a non-natural mutation in an endogenous nucleic acid sequence at least 80% wdentical to a
nucleic acid sequence selected from the group consisting of SEQ ID NOs: 41 1o 60. In another
aspect, this disclosure provides a method comprising preparing a tobacco product using cured
tobacco material from a modified tobacco plant, where the modified tobacco plant comprises
a non-natural mutation in an endogenous nucleic acid sequence at least 30% identical to a
nucleic acid sequence selected from the group consisting of SEQ ID NGs: 41 to 60.

[06224]  In an aspect, this disclosure provides a method comprising preparing a fobacco
product using cured tobacco maaterial from a moedified tobacco plant, where the modified
tohaceo plant comprises a recombinant DNA construct, where the recombinant DNA construct
comprises a heterologous promoter operably linked 0 a nucleic acid sequence encoding at least
one small RNA molecule capable of binding to and reducing the expression of an endogenous
nucleic acid sequence encoding a polypeptide at teast 80% identical or similar to an aming acid
sequence selected from the group consisting of SEQ 1D NGs: 21 t0 40, In another aspect, this
disciosure provides a method comprising preparing a tobacco produdt using cured tobacco
material from a modified tobacco plant, where the modified tobaceo plant comprises a
recombimant DNA construct, and where the recombinant DNA construct comprises a
heterologous promoter operably linked to a nucleic acid sequence encoding at least one small
RNA molecule capable of binding to and reducing the expression of an endogenous sucleic
acid sequence at least 30% identical fo a nucleic acid sequence selected from the group
consisting of SEQ 1D NOs: 1 1o 20 and 41 to 60, In another aspect. this disclosure provides a
method comprising prepanng a tobacco product using cured tobacco material from a modified
tobaceo plant, where the modified tobacco plant comprises a recombinant DNA construct, and
where the recombinant DNA construct comprises a heterclogous promoter operably linked to
a nucleic acid sequence encoding at least one small RNA molecule capable of binding to and

reducing the expression of an endogenous nucleie acid sequence at least 80% iwdeutical to a
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nucleic acid sequence selected from the group consisting of SEQ ID NGs: 1t 20 and 41 1o
60.

[B0225]  Inan aspect, this disclosure provides a method comprising proparing a tobacco plant
using cured tobacco material from a modificd tobacco plant, where the modified tobacco plant
comprises a recombinant DNA consiruct, and where the recombinant DNA construct
comprises a heterologous promoter operably hinked to a nucleic acid sequence encoding a
polypeptide comprising an anmino acid sequence at least 80% identical or similar to an amino
acid sequence selected from the group consisting of SEQ 1D NGs: 21 to 40, In ancther aspect,
this disclosure provides a method comprising preparing a tobacco plant using cured tobacco
matenal from a modified tobacco plant, where the modified tobacco plant comprises a
recombmant DNA construct, and where the recombinant DNA construct comprises a
heterclogous promaoter operably linked o a nuclete acid sequence at feast 86% identical to a
nucleie acid sequence selected from the group consisting of SEQ 1D NOs: 10 20 and 41 10
60. In another aspect, this disclosure provides a method comprising preparing a tobacco plant
using cured tobacco material from a modified tobacco plant, where the modified tobacco plant
comprises a recombinant DNA construct, and where the recombinant DNA  construct
compnises a heterologous promoter operably hinked to a nucleic acid sequence at least 50%
identical to a nucleic acid sequence selected from the group consisting of SEQ 1D NGs: 1 0
28 and 41 to 60.

160226]  “Curing” is the aging process that reduces moisture and brings about the destraction
of chlorophyl giving tobacco leaves a golden color and by which starch 1s converted to sugar.
Cured tobacco therefore has a higher reducing sugar content and a lower starch content
compared to harvested green ieaf. In one aspect, tobacco plants or plant components provided
herein can be cured using conventional means, ¢.g., flue-cured, bam-cured, fire-cured, air-
cured or sun-cured. See, for example, Tso (1999, Chapter 1 in Tobacco, Production, Chemistry
and Technology, Davis & Nielsen, eds., Blackwell Publishing, Oxford} for a description of
different types of curing methods. Cured tobaceo 18 usually aged v a wooden drum (e.g., a
hogshead) or cardboard cartons in compressed conditions for several years (e.g., two to five
years), at a moisture content ranging from 10% to about 25%. See, U.S. Patent Nos. 4,516,590
and 5,372,149, Cured and aged tobacco then can be further processed. Further processmg
inclades conditioning the tobacco under vacoum with or without the mitroduction of steam at
various temperatures, pasteurization, and fermentation.

1602277 Information regarding the harvesting of burley and dark tobacco varicties can be
found in the 2079-2020 Burley and Dark Tobacco Production Guide {(December 2018)
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published by the University of Kentucky, The University of Tenpessce, Virginia Tech, and
North Carolina State University. which is mcorporated herein by reference in its entirety.
[G0228]  In anaspect, this disclosure provides cured tobaceo matenial from any tobacco plant,
or part thereof, provided herein. In an aspect, this disclosure provides cured tobacco material
from any modified tobacco plant, or part thereof, provided herein.

160229]  In an aspect, cured tobacco material comprises tobacco matenial sclected from the
group selected from cured leaf material, cured stemn matenal, cured bud material, cured flower
material, and cured root material. In another aspect, cured tobacco matenial comprises cured
leaf matenial, cured stem material, or both. In a further aspect, cured tobacco material comprises
cured leaf material. In vet ancther aspect, cured tobacco material comprnses cured stem
matenal.

106238] In an aspect, cured tobacco matenial comprises flue-cured tobacco materal. In
another aspect, cured tobacco material comprises air-cured tobacco material. Tn another aspect,
cured tobacco material comprises tire~cured tobacco matenial. In ancther aspect, cured tobacco
material comprises sun-cured tobacco material. In another aspect, cured tobacco material
provided hercin is selected from the group counsisting of aur-cured tobacco matenal, fire-cured
tobacco material, sun~cured (obacco matenal, and flue-cured tobacco matenal. In another
aspect, cored tobacco material i3 from a tobacco variety selected from the group consisting of
a flue-cured variety, a bright variety, a Burley variety, a Virgimia variety, a Maryland variety,
a dark variety, an Oriental vaniety, and a Turkish vanety.

[06231] In an aspect, cured tobacco leaf provided hercin is sclected from the group
consisting of air-cured tobacco leaf, fire-cured tobacco leaf, sun-cured tobacco leaf, and flue-
cured tobacco leaf. In an aspect, cured tobacco leaf is from a tobacco variety selected from the
group consisiing of a flue-cured vanety, a bright varniety, a Burley variety, a Virgima variely, a
Marvland variety, a dark vanety, an Oriental variety, and a Turkish variety.

106232] Formentation fvpically is characterized by high initial moisture content, heat
generation, and a 10 to 209 loss of dry weight. See, for example, U.S. Patent Nos. 4,528,993,
4,660,577 4,848,373, 5,372,149, U.S. Publication No. 20605/0178398; and Tso (1999, Chapter
1 in Tobacco, Production, Chemistry and Techuology. Davis & Niclsen, eds., Blackwell
Publishing, Oxford). Cured, aged. and formented tobacco can be further processed (e.g., cut,
shredded, expanded, or blended). See, tor example, U5, Patent Nos. 4,528,993, 4,660,577, and
4,987 907 In an aspect, this disclosure provides fermented tobacco material from any tobacco
plant, or part thereof, provided herem. In avother aspect, this disclosure provides fermented
tobacco matenial from any modified tobacco plant, or part thereof, provided herein.
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[06233] Tobacco material obtained from the tobacco hines, varieties or hybrids of the present
disclosure can be used to make tobacco products. As used herein, “tobacco product” is defined
as any product made or derived from tobaceo that is intended for human use or consumption.
In an aspect, this disclosure provides a tobacco product comprising plant material from a
tobacco plant provided herein. In another aspect, this disclosure provides a tobacco product
comprising plant matenal frome a modified tobacco plant provided heremn. In another aspect,
this disclosure provides a tobacco product comprising cured tobacco matenal. In another
aspect, this disclosure provides a tobacco product comprising fermented tobacco material. I
another aspect, this disclosure provides a tobacco product comprising a tobacco blead.
[38234] Tobacco products include, without hmitation, cigarette products {e. g., cigarettes and
bids cigareties), cigar products {e.g, cigar wrapping tobacco and cigantos), pipe tobacco
products, products derived from tobacco, tobacco-derived nicotine products, smokeless
tobacco products {e.g., moist snuff, drv snuff, and chewing tobacco), films, chewables, tabs,
shaped parts, gels, consumable units, insoluble matrices, hollow shapes, reconstituted tobacco,
expanded tobacco, and the like. See, e.g., U5, Patent Publication No. US 2006/191548.
[B0235]  Asusced herein, “cigarctie” refers a tobacco product having a “rod” and “filler”. The
cigaretie “rod” mcludes the cigareite paper, filier, plug wrap (used to contain fliration
materials), ipping paper that holds the cigarette paper (including the filler) to the filter, and all
glues that hold these components together. The “filler” includes {1} all tobhaccos, including but
not limited to reconstituted and expanded tobacco, (2) non-tobacco substitutes {including but
not limited to herbs, non-tobacco plant materials and other spices that may accompany tobaccos
rolled within the cigarctie paper), (3} casings, (4) flavorings, and (5} all other additives {that
are mixed into tobaccos and substitutes and rolled 1nto the cigaretic).

[38236] In an aspect, a tobaceo product comprises reconstituted tobacco. In another aspect,
this disclosure provides reconstitated tobacco comprising cured tobacco matenal. As used
herein, “reconstituted tobacco” refers to a part of tobacce filler made from tobacco dust and
other tobacco scrap material, processed mto sheet form and cut into strips to resemble tobacco.
In addition to the cost savings, reconstituted tobacco 1s very mmportant for its contribution to
cigaretie taste from processing flavor development using reactions between ammonia and
SUQArs.

[38237] In an aspect, a tobacco product comprises expanded tobacco. As used herein,
“expanded tobacco” refers to a part of tobacco filler which s processed through expansion of
suitable gases so that the tobacco 15 “putfed” resulting in reduced density and greater filling
capacity. It reduces the weight of tobacco used 1n cigarettes.
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[06238] Tobacco products dertved from plants of the present disclosure also include
cigarctics and other smoking articles, particularly those smoking articles mcluding filter
clements, where the rod of smokable material includes cured tobacco within a tobacco blend.
In an aspect, a tobacco product of the present disclosure 1s selected from the group consisting
of a cigarillo, a non-ventilated recess filter cigarette, a vented recess filter cigarette, a cigar,
snuff, pipe tobacco, cigar tobacco, cigarette tobacco, chewing tobacco, leaf tobacco, hookah
tobaceo, shredded tobacco, and cut tobacco. In another aspect, a tobacco product of the present
disclosure 18 selected from the group consisting of a cigarette, a heated tobacco product, a
kretek, a bidi cigarette, a cigar, a cigarillo, a non-ventilated cigarette, a vented recess filter
cigarette, pipe tobacco, snuff, snus, chewing tobacco, moist smokeless tobacco, fine cut
chewing tobacco, long cut chewing tobacco, pouched chewing tobacco product, gum, a tablet,
alozenge, and a dissolving strip.

[66239]  In another aspect, a tobacco product of the present disclosure 1s a smokeless tobacco
product. In an aspect, a smokeless tobacco produet is selected from the group consisting of
loose leaf chewing tobacco, plug chewing tobacco, motst snuff, nasal snuft, dry snuff, and snus.
[60246] Smokeless tobacco products are not combusied and include, but not limited 1o,
chewing tobacco, moist smokeless tobacco, snus, and dry snuff. Chewing tobacco 1s coarsely
divided tobacco leaf that is typically packaged  a large pouch-like package and used in aplug
or twist. Moist smokeless tobacco is 3 moist, more finely divided tobacco that s provided in
loose form or in pouch form and is typically packaged in round cans and used as a pinch or in
a pouch placed between an adult tobacco consumer’s cheek and gam. Snus is a heat-treated
smokeless tobacco. Dry souff is finely ground tobacco that is placed in the mouth or used
nasally.

[38241] In vet another aspect, a tobacco product of the present disclosure is selected from
the group consisting of an electronically heated cigarctte, an g-cigarette, an clectronic vaporing
device.

[66242] In an aspect, 3 tobacco product is g heated tobacco product. As used herein, a
“heated tobacco prodact” 18 a tobacco product that 1s heated to a lower temperature (2.2, about
600°C) than a conventional cigaretie. Heated tobacco products generate an aerosol or smoke
that can be mhaled upon heating to an appropriate feraperature. Heated tobacco products are
also referred to as “heat-not-bum” tobacco products. Heated tobacco products are often used
in electronic devices that use a battery to heat the heated tobacco product or a it carbon ember
that heats the heated tobacco product. In an aspect, a heated tobacco product 1s a film. fn an
aspect, a heated fobacco product does not combust when heated.

76



W

10

Pt
(s

26

WO 2025/147663 PCT/US2025/010305

[08243] In anaspect, a tobacco product comprises a reconstituted tobacco film. In an aspect,
a tobaceo product comprises a humectant. In an aspect, a humeciant is glycenin.

[606244] In an aspect, a tobacco product of the present disclosure can be a blended tobacco
product.

106245]  In an aspect, atobacco product of the present disclosure can comprise a freeze daed,
uncured tobacco leaf or part thereof. In a further aspect, freeze dried, uncured tobacco can be
blended with cured tobacco as part of a tobacco product of the present disclosure.

[06246] In another aspect, this disclosure provides a tobacco blend comprising cured
tobaceo material. A tobacco blend can comprise any combination of cured tobacco, uncured
tobacco, fermented tobacco, unfermented tobacco, expanded tobacco, and reconstituted
tobacco.

106247]  In an aspect, a tobacco blend comprises at least 5% cured tobacco by weight. In an
aspect, atobacco biend comprises at least 10% cured tobacco by weight. In an aspect, a tobacco
blend comprises at least 15% cured tobacco by weight. In an aspect, atobacco blend comprises
at least 20% cured tobacco by weight. In an aspect, 3 tobacco blend comprises at least 25%
cured tobacco by weight. In an aspect, a tobacco blend comprises at least 30% cured tobacco
by weight. In an aspect, a tobacco blend comprises at least 353% cured tobacco by weight. In
an aspect, a tobacco blend comprises at least 40% cured tobacco by weight. In an aspect, a
tobacco biend comprises at least 45% cured tobacco by weight. In an aspect, a tobacco blend
comprises at least 50% cured tobacco by weight. In an aspect, a tobacco blend comprises at
least 559% cared tobacco by weight. In an aspect, a tobacco blend comprises at least 66% cured
tobaceo by weight. In an aspect, a tobacco blend comprises at least 65% cured tohaceo by
weight. In an aspect, a tobacco blend comprises at least 70% cured tobacco by weight. Inan
aspect, a tobacco blend comprises at least 75% cured tobacco by weight. In an aspect, a obacco
blend comprises at least 80% cared tobacco by weight. In an aspect, atobacco blend comprises
at least 85% cured tobacco by weight. In an aspect, a tobacco blend comprises at least 90%
cured tobacco by weight. In an aspect, a tobacco blend comprises at least 953% cured tobacco
by weight.

[68248] in an aspect, a tobacco blend comprises at least 5% cured tobaceo by volume. In an
aspect, a tobacco blend comprises at least 10% cured tobacco by volume. In an aspect, a
tobacco blend comprises at least 15% cured tobaceo by volume. In an aspect, a tobacco blend
comprises at least 20% cured tobacco by volume. In an aspect, a tobacco blend comprises at
least 25% cured tobacco by volume. In an aspect, a tobacco blend comprises at feast 30% cured
tobaceo by volume. In an aspect, a tobacco blend comprises at least 33% cured tobaceo by
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volume. In an aspect, a tobacco blend comprises at least 40% cured tobacco by volume. In an
aspect, a tobacco blend comprises at least 45% cured tobacco by volume. In an aspect, a
tobacco blend comprises at least 50% cured tobacco by volume. In an aspect, a tobacco blend
comprises at least 35% cured tobacco by volume. In an aspect, a tobacco blend comprises at
cast 50% cured tobacco by volume. In an aspect, a tobacco blend comprises at least 65% cured
tobacco by volume. In an aspect, a tobacco blend comprises at least 70% cured tobacco by
volume. In an aspect, a tobacco blend comprises at least 75% cured tobacco by volume. In an
aspect, a tobacco blend comprises at least 80% cured tobacco by volume. In an aspect, a
tobaceo blend comprises at least 85% cured tobacco by volume. In an aspect. a tobacceo blend
comprises at least 90% cured tobacco by volume. In an aspect, a tobacco blend comprnises at

least 95% cured tobacco by volume.

Transformation

106249]  In an aspect, this disclosure provides a method of producing a modified fobacco
plant comprising: {a) inducing a non-natural mutation in at least one tobacco cell in an
endogenous nucleic acid sequence encoding a polypeptide comprising an aming acid sequence
at least 80% identical or similar to an amino acid seqoence selected from the group consisting
of SEQ 1D NOs: 21 to 40; (b) sclecting at least one tobacco cell compnsing the non-natural
mutation from step (a); and {¢} regenerating at least one modified tobacco plant from the at
least one tobaceo cell selected in step (b}, In another aspect, this disclosure provides a method
of producing a modified tobacco plant comprising: {(a) inducing a non-natural mutation in at
least one tobacco cell in an endogenous nucleic acid sequence at least 80% identical 1o anucleic
acid sequence selected from the group consisting of SEQ 1D NOg: 41 to 60; (b) selecting at
least one tobacco cell comprising the nou-natural mutation from step {a); and (¢} regenerating
at least one modified tobacco plant from the at least one tobacco celi selected 1 step (b). In
another aspect, this disclosure provides a method of producing a moedified tobacco plant
comprising: {8} imnducing a non-natural matation in at least one tobacco cell in an endogenous
nucleic acid sequence at least 80% 1dentical to a nucleic acid sequence selected from the group
consisting of SEQ 1D NOs: 1 to 20 and 41 to 60; (b} selecting at least one tobacco cell
comprising the non-natural motation from step (a); and (¢} regenerating at least one modified
tobaceo plant from the at feast ong tobacco celf selected in step (b). In another aspect, this
disclosure provides a method of producing a modified tobacco plant comprising: (a) inducmg
a non-natural mutation m at least one tobacco cell in an endogenocus nucleic acid sequence

selected from the group consisting of SEQ 1D NOs: 1 to 20 and 41 1o 64; (b} selecting at least
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ong tobacco cell compnising the non-natural mutation from step {a};, and {¢) regenerating at
least one modified tobacco plant from the at least one tobacco cell selected in step (b)) Inan
aspect, any of the foregoing methods further comprises (d) growing the modified tobacco plant
regencrated 0 step (¢). In another aspect, any of the foregoing methods further comprises: {g)
crossing the modified tobacco plant grown m step {d) with a second tohacce plant; and (f)
obtaining at least one seed from the crossing 1o step (e).

[68233] In an aspect, thus disclosure provides a method of producing a medified tobacco
plant comprising: (2} introducing a recombinant DNA construct to at least one tobacco cell,
where the recombinant DNA construct comprises a heterclogous promoter operably linked to
a nucleic acid encoding at least one small RNA molecule capable of binding to and reducing
the expression of an endogenous nucleic acid sequence encoding a polypeptide at least 809%
identical or similar to an amino acid sequence selected from the group consisting of SEQ ID
NQOs: 21-40; (b} selecting at feast one tobacco cell comprising the recombinant DNA construct;
and {¢) regenerating at least one modified tobacco plant from the at least one tobacco cell
selected in step (b). In ancther aspect, this disclosure provides a method of producing a
modified tobacco plant coraprsing: (a) introducing a recombinant DNA construct to at least
one tobacco cell, where the recombinant DNA construct comprises a heterologous promoter
operably linked to a nucleic acid encoding at least one smali RNA molecule capable of binding
to and reducing the expression of an endogencus nucleic acid sequence at least 80% identical
to a nucieic acid sequence sciected frora the group consisting of SEQ D NOs: 110 20 and 41
1o 60; (b} selecting at least one tobaceo cell comprising the recombinant DNA construct; and
{c) regenerating at least one modified tobacco plant from the at least one tobacco cell selected
in step {b). In another aspect, this disclosure provides a method of producing a modified
tobacco plant compnising: (a) introducing a recombinant DNA construct to at least one fobacco
cell, where the recombinant DNA construct comprises a heterologous promoter operably hnked
to a nucleic acid encoding at least one small RNA molecule capable of binding to and reducing
the expression of an endogenous nucleic acid sequence at least 80% identical to a nucleic acid
sequence selected from the group consisting of SEQ [D NGs: 110 20 and 41 to 60; (b) selecting
at least ong tobacco cell comprising the recombinant DNA construct; and {c) regenerating at
least one moditied tobacco plant from the at least one tobacco cell selected in step (b). Inan
aspect, any of the foregoeing methods further comprises (d) growing the modificd tobacco plant
regencrated 0 step (¢). In another aspect, any of the foregoing methods further comprises: {g)
crossing the modified tobacco plant grown in step (d) with a second tobacco plant; and (f)
obtaming at least one seed from the crossing in step {(e).
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[06251] In an aspect, this disclosure provides a method of producing a medified tobacco
plant comprising: (2} introducing a recombinant DNA construct to at least one tobacco cell,
where the recombinant DNA construct comprises a heterologous promoter operably linked to

a nucleic acid sequence encoding a polypeptide comprising an amino acid sequence at feast

W

#0% identical or similar to an amino acid scquence selected from the group consisting of SEQ
I NOs: 21 to 40; {b) sclecting at lcast one tobacco cell comprising the recombinant DNA
construct; and (¢} regenerating at least one modified tobacco plant from the at least one tobacco
cell selected in step (b). In another aspect, this disclosure provides a method of producing a
modified tobacco plant comprising: {a) introducing a recombinant DNA construct to at least
10 one tobacco cell, where the recombinant DNA construct comprises a heterologous promoter
operably linked {0 a nucleic acid sequence at least 80% identical to a nucleic acid sequence
selected from the group consisting of SEQ 1D NOs: 1 to 20 and 41 1o 64; (b} selecting at least
one tobacco cell comprising the recombinant DNA construct; and {c) regencrating at least one

modified tobacco plant from the at teast one tobacco cell selected in step (b}, In another aspect,

Pt
(s

this disclosure provides a method of producing a modified tobacco plant comprising: {a}
introducing a recombinant DNA construct to at least one tobacco cell, where the recombinant
DINA construct comprises a heterologous promoter operably linked to a nucleic acid sequence
at least 80% identical to a nucleic acid sequence selected from the group consisting of SEQ 1D
NOs: 1to 20 and 41 to 60; (b} selecting at least one tobacco cell comprising the recombinant
26 DNA construct; and (¢} regeneraning at icast one modified tobacco plant from the at least one
tobacco cell selecied in step (b). In an aspect, any of the foregoing methods further comprises
{d} growing the modified tobacco plant regencrated in step (). fn another aspect. any of the
foregoing methods further comprises: (¢} crossing the modified tobacco plant grown in siep {(d)
with a second tobacco plant; and {f) obtaining at least one seed from the crossing in step (¢},
25 jB88252] In an aspect, this disclosare provides a method comprising transforming a tobacco
cefl with a recombinant BDNA construct, where the recombinant DNA construct comprises a
heterologous promoter operably Iinked to a nucleic acid sequence encoding at least one small
RNA meiecule capable of binding to and reducing the expression of an endogenous nucleic
acid sequence encoding a polypeptide at least 80% identical or similar to an amino acid
30 sequence selected from the group consisting of SEQ [ NOs: 21 to 60. {n another aspect, this
disclosure provides a method comprising transforming a fobacco cell with a recombimant BNA
construct, where the recombinant BNA construct comprises a heterologous promoter operably
linked to a nucleic acid sequence encoding at least one small KNA molecule capable of binding
to and reducing the expression of an endogenous nucleic acid sequence at least 80% identical
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a nucleic acid sequence selected from the group consisting of SEQ 1D NGs: 1 to 20 and 41 o
690, In another aspect, this disclosure provides a method compusing transforming a tobacco cell
with a recombinant DNA counstruct, where the recombinant BNA construct comprises a
heterologous promoter operably linked to a nucleic acid sequence encoding at least one small
RNA moiecule capable of binding to and reducing the expression of an endogencus nucleic
acid sequence at least 80% identical a nucleic acid sequence sclecied from the group consisting
of SEQ D NOs: 110 20 and 41 to 60. In another aspect, the foregoing methods further comprise
regenerating a modified tohacco plant from the transformed tobacco cell.

[B8253] in an aspect, this disclosure provides a method comprising transforming a tobacco
cell with a recombinant DNA construct, where the recombinant DNA construct comprises a
heterologous prometer operably linked to a nucleic acid sequence encoding a polvpeptide
comprising an amine acid sequence at least 80% identical or similar to an amino acid sequence
selected from the group consisting of SEQ 1D NOs: 21 10 40. In another aspect, this disclosure
provides a method comprising transtorming a tobacco cell with a recombinant DNA construct,
where the recombinant DNA construct comprises a heterclogous promoter operably linked to
a nucleic acid sequence at feast 80% identical to a nucleic acid scquence sclected from the
group consisting of SEQ ID NOs: 1 to 20 and 41 to 60. In another aspect, this disclosure
provides a method comprising transforming a iobacco cell with a recombinant DNA construct,
where the recombinant DNA construct comprises a heterologous promoter operably linked to
a nucleic acid sequence at teast 80% wdentical to a nucleie acid sequence selected from the
group consisting of SEQG IDNQOs: 1 to 20 and 41 to 60. In another aspect, the foregoing methods
further comprise regenerating a modified tobaceo plant from the transformed tobaceo cell.
[G0254] In one aspect, plants sutable for use i geoetic modification nclude
monocotviedonous and dicotyledonous plants and plant cell systems, mcluding species from
one of the following families: Acanthaceas, Alhacecae, Alstrosmeriaceac, Amarvihidaceae,
Apocynaceae, Arecaceas, Asteraceae, Berberidaceae, Bixaceae, Brassicaceas, Bromeliaceae,
Cannabaceae, Caryophvlaceae, Cephalotaxaceae, Chenopodiaceae,  Colchicaceae,
Cucurbitaccae, Dioscorcaceae, Ephedraceae, Erythroxylaceae, Euphorbiaceae, Fabaceae,
Lamuaceae, Linaceae, Lycopodiaceas, Malvaceae, Melanthiaceae, Musaceae, Myrtaceag,
Nvssaccac, Papaveraccae, Pinaccae, Plantagmaceae, Poacecae, Rosaceac, Rubiaceae,
Salicaceae, Sapimdaceae, Solanaceae, Taxaceae, Theaceae, or Vitaccae. In another aspect,
Suttable species may include members of the genera 4belmoschus, Abies, Acer, Agrostis,
Allivm, Alstroemeric, Ananas, Andrographis, Andropogon, Artemisia, Arundo, Atropa,
Berberis, Beta, Bixa, Brassica, Calendula, Camellia, Campiotheca, Cannabis, Capsicum,
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Carthamus, Catharanthus, Cephalotaxus, Chrvsanthemum, Cinchona, Citrulius, Coffea,
Colchicum, Coleus, Cucumis, Cucurbita, Cynodon, Datura, Dianthus, Digitalis, Dioscorea,
Flaeis, Ephedra, FErianthus, Eryihroxylum, FEucafvpus, Festuca, Fragaria, Galanthus,
Glyeine, Gossvpium, Helionthus, Hevea, Hordenm, Hyoscyamus, Jotropha, Lactuca, Linum,
Lolium, Lupinus, {ycopersicon, {vcopodium, Manifiot, Medicago, Mentha, Miscavthus, Musa,
Nicotiona, Orvza, Panicum, Papaver, Partheniuum, Pennisetum, Petunia, Phalaris, Phleum,
Pinus, Poa, Poinsettia, Populus, Rauwolfia, Ricinus, Rosa, Saccharum, Salix, Sanguinaria,
Scopolia, Secale, Solanum, Sorghum, Sparting, Spinaceq, Tanacetum, Taxus, Theobroma,
Triticosecale, Triticum, Uniola, Veratrum, Vinca, Vitis, and Zea.

[B8255]  Numerous methods for introducing a recombinant DNA construct (o a plant cell are
known in the art, which can be used according (o methods of the present application to produce
atransgenic plant cell and plant. Any suitable method or technique for fransformation of a plant
cell known in the art can be used according to present methods. Effective methods for
transformation of plants include bactenally mediated transformation, such as Agrobacterinm-
mediated or Rhizobium-mediated transformation and microprojectile bombardment-mediated
transformation. A vanety of methods are known in the art for transforming explants with a
transformation vector via bactenially mediated transformation or microprojectiie bombardment
and then subsequently culturing, ete., those explants to regencrate or develop transgenic plants.
Other methods for plant transformation, such as microinjection, clectroporation, vacuum
mfiltration, pressure, sonication, silicon carbide fiber agitation, polvethviene glycol (PEG)-
mediated transformation, etc., are also known in the art. Transgenic plants produced by these
transformation methods can be chimeric or non-chimeric for the transformation event
depending on the methods and explants used.

[382586] Mothods of transformung plant cells are well known by persons of ordinary skill in
the art. For instance, specific mnstructions for transforming plant cells by microprojectile
bombardment with particles coated with recombinant BNA {e.g., biclistic transformation) are
found 1n U.S. Patent Nos. 5,550,318, 5,538,880 6,160,208, 6309861 and 6,153,812 and
Agrobacterium-mediated transformation s described in UK. Patent Nos. 5,159,135, 5,824 877,
5,391,616, 6,384 301; 5750,871; 5463174, and 51889358 | all of which are incorporated
herein by reference. Additional methods for transforming plants can be found in, for exanmple,
Compendium  of Transgenic Crop Plants (2009} Blackwell Publishing. Methods of
transfornung tea plants, (Camellic ssp ) are also known in the art, for example tn Mondal ef o/,
Plant Cell Rep. 200T12-720 (2001}, Any appropriate method known to those skilled in the art

can be used to transform a tobacco cell with any of the nucleic acid molecules provided herem.

82



W

10

Pt
(s

26

WO 2025/147663 PCT/US2025/010305

[06257] In an aspect, a method of ntroducing a nucleic acid molecule to a tobacco cell
compnses Agrobacterium-mediated transformation. o ancther aspect. a method of introducing
a nucleic acid molecule to a cell comprises PEG~mediated transformation. In another aspect, a
method of ntroducing a nucleic acid molecule to a cell comprises biohstic transformation. In
another aspect, a method of introducing a nuclkeic acid molecule to a cell comprises liposome-
mediated transfoction (hipofection). In another aspect, a method of introducing a nucleie acid
molecule to a cell comprises lentiviral transfection.

[06258] Lipofection is described m eg, US Pat Nos. 5049386, 4946787, and
4,897 355y and lipofection reagents are sold commercially {(o.g. Transfectam™ and
Lipotectin™). Cationic and neutral lipids that are suitable for efficient receptor-recognition
lipofection of polynucleotides mehude those of WO 91/17424 and WO 91/16024. Delivery can
be to colls {e.g. in vitro or ex vivo admunistration) or target tissues {e.g2. 7 vive administration},
160258] Aoy plant cell from which a fertile plant can be regenerated is contemplated as a
useful recipient cell for practice of this disclosure. Any tobacco cell from which a fertile
tohaceo plant can be regenerated s contemplated as a useful recipient cell for practice of this
disclosure. Any Cammabis cell from which a fertile Cannabis plant can be regencrated s
contemplated as a useful recipient cell for practice of this disclosure. Any Camellic cell from
which a fertile Camellia plant can be regencrated is contemplated as a useful recipient cell for
practice of this disclosure. In an aspect, a recombinant BNA construct is introduced to a
tobacco cell. In an aspect, a recombinant DNA construct 5 miroduced to a tobacco protoplast
cell. In another aspect, a recombinant DNA constract is introduced to a tobacco callus cell. In
an aspect, a recombinant DNA construct is introduced to a tobacco ceH selected from the group
consisting of a seed cell, a fruit cell, a leaf cell, a cotyledon cell, a hypocotyl cell, a meristem
cell, an embrvo cell, an endosperm cell, a root cell, a shoot cell, a stem cell, a flower cell, an
inflorescence cell, a stalk cell, a pedicel cell, a stvle oell, a stigma cell, a receptacle cell, a petal
cell, a sepal cell, a pollen cell, an anther cell, a filament cell, an ovary cell, an ovele cell, a
pericarp cell, and a phloem cell.

{08268  Callus can be mtated from various tissue scurces, mchiding, but not lmited to,
immature embryos or parts of ecmbryos. scedling apical meristerus, microspores, and the like.
Those cclis which arc capable of proliferating as callus can serve as recipient cells for
transformation. Practical transformation methods and materials for making transgenic plants
of this disclosure {e. g, various media and recipient target cells, transformation of immature

embryos, and subscquent regeneration of fertile transgenic plants} are disclosed, for example,
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m U, 8. Patents 6,194,636 and 6232326 and U. 5 Patent Application Publication

2004/0216189, all of which are incorporated berein by reference.

Leaf Grade

[G0261]  As used herem, “USDA lcaf grade index” refers to a subdivision of a leaf type

(]

according to group, quality, and color. In one aspect, a USDA grade guality score 1s quantified
as a 0-100 numerical representation of the grade as determined by a certified tobacco feaf
grader, and 15 a weighted average of all stalk positions. A higher grade index mdicates higher
quality. As used below, a “point” refers to each whole number numerical representation of the
USDA keaf grade score. For example, the difference between a USDA leaf grade index score
10 of 90 and a score of 85 15 5 points.

[38262] Alternatively, leaf grade can be determined via hvperspectral imagmg. See e g,
WO 2011/027315 (published on March 10, 2011, and incorporated by reference in its entirety ).
106263]  As used herein, a “certified tobacco leaf grader™ refers to a person tramed to grade
tobacco leaves m accordance with USDA Official Standards Grades defined by the United

y

States Department of Agricnlture (USDA), Agricultural Marketing Sysiems as published in 7
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CFR § 29. A USDA leaf grade index scorg may be assigned by an employee, a past employee,
or a person otherwise iraimed to grade tobacco leaves in accordance with USDA Official
Standards Grades. Exemplary steps of a standard operation for commercial mspection service
begins with a grower delivering tobacco to market after which the tobacco 13 arranged on flat

20 baskeis as lots. Each lot is weighed and then inspected by a certified tobacco leaf grader. After
examination, the grader assigns a grade to each lot which becomes a certificate of grade
mdicating group, quality, and color. The steps for grading expenmental lots 15 similar;
however, experimental tobacco is not taken to market or otherwise used for conmumercial
PUIPOSes.

25 [8B264] Tobacco grades are evaluated based on factors including, but not limited to, the leaf
stalk position, leaf size, leaf color, leaf umformity and integrity, ripeness, texture, clasticity,
sheen (related with the mienstty and the depth of coloration of the leaf as well as the shine},
hygroscopicity (the faculty of the tobacco leaves to absorb and to retam the ambient moisture),
and green nuance or cast. Leaf grade can be determined, for example, using an Official

30 Standard Grade published by the Agncultural Marketing Service of the US Department of
Agriculture (7T US.C. 3311} See, e.g, Offical Standard Grades for Burley Tobacco (1.5, Type
31 and Foreign Tyvpe 93), effective November 5, 1990 (85 F R 40645}, Official Standard
Grades for Fhue-Cured Tobacco (US. Types 11, 12, 13, 14 and Foreign Type 92, effective

84



W

10

Pt
(s

26

WO 2025/147663 PCT/US2025/010305

March 27, 1989 {54 F R, 7925}, Official Standard Grades for Pennsyvivania Seedleaf Tobacco
(.8 Type 41), effective January 8, 1963 (29 F R 16854); Official Standard Grades for Ohio
Cigar-Leaf Tobacco (1.8, Types 42, 43, and 44), cffective December 8, 1963 (28 FR. 11719
and 28 FR. 11926y Official Standard Grades for Wisconsin Cigar-Binder Tobacco (U.S.
Types 54 and 533), effective November 20, 1969 (34 F R, 17061); Official Standard Grades for
Wisconsin Cigar-Binder Tobacco (U8, Types 54 and 53), effective November 20, 1969 (34
FR. 17061}, Official Standard Grades for Georgia and Flonda Shade-Grown Cigar-Wrapper
Tobacco (U.S. Type 62}, Effective April 1971, A USDA grade index value can be determined
according to an industry accepted grade index. See, e.g., Bowman ef al. Tobacco Science,
32:39-40(1988); Legacy Tobacco Document Library (Bates Document #523267326-
523267833, July 1, 1988, Memorandom on the Proposed Barley Tobacco Grade Index); and
Miller ef af., 1990, Pobacco intern., 192:35-57 (all foregoing references are incorporated by
reference m their entirety).

[06265] Unless specified otherwise, measurements of leaf grade index values, alkaloid, or
nicoting levels mentioned herein for a tobacco plant, vadety, cultivar, or line refer to average
measurements, including, for example, an average of multiple leaves of a single plant or an
average measurement from a population of tobacco plants from a single vanety, caltivar, or
line. A population of tobaceo plants or a collection of tobacco leaves for determining an average
measurement (e.g., leaf grading or alkaloid or nicotine level} can be of any size, for example,
2,5, 10, 13, 20, 25, 30, 35, 40, 50, or more. A population of at least 5 or more tobacco plants
i3 used to determine standard deviation. Industry-accepted standard protocols are followed for
determining average measurements or grade index values.

[G0266]  As used herem, “USDA graded leaf group”, “leaf group”, or “group” is a division
of a tvpe covering closely related grades based on certain characteristics which are related to
stalk position, body, or general quality. Group 1s the first factor of a USDA grade. Group
determunation i part of the grading procedure and is assigned by a certified tobacco leaf grader.
[68267] In anaspect, a modified tobacco plant comprising a non-natural mutation comprises
a comparable or higher USDA leaf grade index as compared to a control tobacco plant lacking
the non-natural muutation when grown under similar growth conditions. In ancther aspect, a
modified tobacco plant comprising a recombinant DNA construct comprises a comparable or
higher USDIA Jeaf grade index as compared to a control tobacco plant lacking the recombinant

DNA construct when grown under similar growth conditions.
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[06268] As used herein, a “comparable” USDA leaf grade index refers to within 13%. For
example, if a control plant has a USDA leaf grade index of 100, a comparable USDA leafgrade
index would be between 85 and 100

[38269] In an aspect, a modified tobacco plant comprises a USDA leaf grade index at least

W

1% higherthan the USDA leaf grade index of a control tobacco plant when grown voder similar
growth conditions. In ancther aspect, a modified tobacco plant compuses a USDA leaf grade
mdex at least 3% higher than the USDA leaf grade index of a control tobaceo plant when grown
under stomiar growth conditions. In another aspect, a modified tobacco plant comprises a
USDA leaf grade index at least 10% bigher than the USDA leaf grade index of a control
10 tobacco plant when grown under similar growth conditions. In another aspect, a modified
tobacco plant comprises a USDA leaf grade index at least 20% higher than the USDA leaf
grade index of a control tobacco plant when grown under simiiar growth conditions. In another
aspect, a modified tobacco plant comprises a USDA leaf grade index at least 30% higher than

the USDA leaf grade index of a control tobaceo plant when grown under similar growth
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conditions. In another aspect, a modified tobacco plant comprises a USDA leaf grade index at
least 40% hugher than the USDA leaf grade index of a control tobacco plant when grown under
stmular growth conditions. In another aspect, a modified tobacco plant comprises a USDA leaf
grade imdex at least 50% higher than the USDA leaf grade index of a control tobaceo plant
when grown under similar growth conditions. In ancther aspect, a modified tobacco plant
20 compnses a USDA leaf grade index at least 75% higher than the USDA leaf grade index of 2
control tobacco plant when grown under simular growth conditions. In another aspect, a
modified tobacco plant comprises a USDA leat grade index at least 100% higher than the
USDA leaf grade index of a control tobacco plant when grows under sinular growth conditions.
[38276] In an aspect, a modified tobacco plant comprnises a USDA leaf grade index between
25 1% higher and 100% higher than the USDA leaf grade index of a control tobacco plant when
grown under similar growth conditions. fn an aspect, a modified tobacco plant comprises a
USPA leaf grade index between 19 higher and 75% higher than the USDA leaf grade mdex
of a control tobacco plant when grown under similar growth conditions. In an aspect, a
modified tobacco plant comprises a USDA leaf grade index between 1% higher and 50% higher
30 than the USDA lcaf grade index of a control tobacco plant when grown under similar growth
conditions. In an aspect, a modified tobacco plant cornprises a USDA leaf grade mdex between
1% higher and 40% higher than the USDA leaf grade index of a control tobaceo plant when
grown under similar growth conditions. fn an aspect, a modified tobacco plant comprises a
USPA leaf grade index between 19 higher and 30% higher than the USDA leaf grade mdex
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of a control tobacco plant when grown under similar growth conditions. In an aspect, a
modified tobacco plant comprises a USDA leaf grade index between 1% higher and 20% higher
than the USDA leaf grade index of a control tobacco plant when grown under similar growth
conditions. In an aspect, a modified tobaceo plant comprises a USDA leaf grade mdex between
1% higher and 10% higher than the USDA Ieaf grade index of a control tobacco plant when
grown under similar growth conditions. fn an aspect, a modified tobacco plant comprises a
USDA leaf grade index between 109 higher and 73% higher than the USDA leaf grade mdex
of a control tobacco plant when grown under similar growth conditions. In an aspect, a
modified tobacco plant comprises a USDA lcaf grade index between 10% higher and 50%
higher than the USDA leaf grade index of a control tobacco plant when grown under similar
growth conditions. In an aspect, a modified tobacco plant comprises a USDA leaf grade index
between 1% higher and 30% higher than the USDA lcaf grade index of a control tobacco plant
when grown under similar growth conditions.

[66271] In an aspect, a modified tobaceo plant comprnises a USDA leaf grade index at least
1 point higher than the USDA leaf grade index of a control tobacco plant when grown under
simular growth conditions. In another aspect, a modified tobacco plant comprises a USDA leaf
grade mdex at least 2 points lugher than the USDA leaf grade mndex of a control tobacco plant
when grown under sumilar growth conditions. In another aspect, a modified tobacco plant
comprises a USDA leaf grade tndex at least 3 points higher than the USDA leaf grade index of
a control tobacco plant when grown under similar growth conditions. fn another aspect, a
modified tobacco plant compnses a USDA leaf grade index at least 4 points higher than the
USDA leaf grade index of a control tobacce plant when grown under similar growth conditions.
Ir another aspect, amodified tobacco plant comprises a USDA leaf grade index at least 5 points
higher than the USDA leaf grade index of a control tobacco plant when grown under similar
growth conditions. In ancther aspect, a modified tobacco plant comprises a USDA leaf grade
index at ieast 6 points higher than the USDA leaf grade index of a control tobacco plant when
grown under simtlar growth conditions. In another aspect, a modified tobacco plant comprises
a USDA leaf grade index at least 7 points higher than the USDA leaf grade index of a control
tobaceo plant when grown under similar growth conditions. In another aspect, a modified
tobacco plant corapnises a USDA leaf grade index at least 8 points higher than the USDA leaf
grade index of a control tobacco plant when grown under similar growth conditions. In another
aspect, a modified tobacco plant comprises a USDA leaf grade index at least 9 pomnts higher
than the USDA leaf grade mdex of a control tobacco plant when grown under simiar growth
conditions. In another aspect, a modified tobacco plant comprises a USDA leaf grade index at
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least 10 points higher than the USDA leaf grade index of a control tobacco plant when grown
under siolar growth conditions. In another aspect, a modified tobacco plant comprises a
USDA leat grade index at least 11 points higher than the USDA leaf grade index of a control
tobacco plant when grown under similar growth conditions. In another aspect, a modified
tobacco plant comprises a USDA leaf grade index at least 12 points higher than the USDA leaf
grade index of a control tobaceo plant when grown under similar growth conditions. In another
aspect, a modified tobacco plant comprises a USDA leaf grade index at least 13 points higher
than the USDA leaf grade index of a control tobacco plant when grown under similar growth
conditions. In another aspect, a modified tobacco plant comprises a USDA leaf grade index at
least 14 points higher than the USDA leaf grade index of a control tobacco plant when grown
under smmilar growth conditions. In another aspect, a modified tobacco plant comprises a
USDA lecaf grade index at least 15 poinds higher than the USDA leaf grade index of a control
tobacco plant when grown under similar growth conditions. o anocther aspect, a modificd
tobaceo plant comprises a USDA leat grade index at least 16 poinits higher than the USDA leaf
grade index of a control tobaceo plant when grown under similar growth conditions. In another
aspect, a modified tobacco plant comprises a USDA leaf grade jndex at least 17 points higher
than the USDA leaf grade index of a control tobacco plant when grown under similar growth
conditions. In another aspect, a modified tobacco plant compnses a USDA leaf grade index at
cast 18 points higher than the USDA leaf grade index of a control tobacco plant when grown
under similar growth conditions. In another aspect, a modified tobacco plant comprises a
USDA leaf grade index at least 19 points higher than the USDA Jeaf grade index of a control
tobaceo plant when grown under similar growth conditions. In another aspect, a modified
tobacco plant comprises a USDA leaf grade index at least 20 points higher than the USDA leaf
grade index of a control tobacco plant when grown under similar growth conditions. In another
aspect, a modified tobacco plant comprises a USDA leaf grade mdex at least 25 points higher
than the USDA leaf grade index of a control tobacco plant when grown under similar growth
conditions. In another aspect, a modified tobacco plant comprises a USDA leaf grade index at
least 30 points higher than the USDA leaf grade index of a control tobacco plant when grown
under siolar growth conditions. In another aspect, a modified tobacco plant comprises a
USDA leat grade index at least 35 points higher than the USDA leaf grade index of a control
tobacco plant when grown under similar growth conditions. In ancther aspect, a modified
tobacco plant comprises a USDA leaf grade index at least 40 points higher than the USDA leaf
grade index of a control tobaceo plant when grown under similar growth conditions. In another
aspect, a modified tobacco plant comprises a USDA leaf grade index at least 30 points higher
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than the USDA leaf grade index of a control tobacco plant when grown under similar growth
conditions.

[G0272]  In an aspect, a modified tobacco plant comprises a USDA leaf grade radex between
1 point higher and 100 points higher than the USDA leaf grade index of a control tobacco plant
when grown under similar growth conditions. In ancther aspect, a modified tobacco plant
comprises a USDA leaf grade index between 1 point higher and 75 pownts higher thao the
USDPA leaf grade index of a control tobacco plant when grown under similar growth conditions.
In another aspect, a modified tobacco plant comprises a USDA leaf grade index between 1
point higher and 50 points higher than the USDA leaf grade index of a control tobacco plant
when grown under stmilar growth conditions. In another aspect, a modified tobacco plant
comprises a USDA leaf grade index between 1 point higher and 25 points higher than the
USDA leaf grade index of a control tobacco plant when grown under similar growth conditions.
In another aspect, a modified tobacco plant comprises a USDA leaf grade mdex between 1
pomnt higher and 10 points higher than the USDA leaf grade index of a control tobacco plant
when grown under similar growth conditions. In another aspect, a modified tobaceo plant
comprses a USDA leaf grade mndex between 1 poiot higher and 3 points bigher than the USDA
leaf grade index of a control tobaceo plant when grown under somilar growth conditions. In
another aspect, a modified tobaceo plant comprises a USDA leaf grade index between 10 points
higher and 50 points higher than the USDA leaf grade index of a countrol tobacco plant when
grown under similar growth conditions. In ancther aspect, a modified tobacco plant comprises
a USDA lcaf grade index between 10 points higher and 25 points higher than the USDA leaf
grade index of a control tobacco plant when grown under similar growth conditions.

[B6273] In an aspect, a comparable USDA leaf grade index between a modified tobacco
plant and a control {obacco plant grown under similar growth conditions 1s within 1 point. In
another aspect, a comparable USDA leaf grade index between a modified tobacco plant and a
control tobacco plant grown under similar growth conditions 18 within 2 points. In another
aspect, a comparable USDA leaf grade index between a modified tobacco plant and a control
tohaceo plant grown under similar growth conditions 1s within 3 points. In another aspect, a
comparable USDA leaf grade mdex botween a modified tobacco plant and a controf tobacco
plant grown under similar growth conditions 1s within 4 points. In another aspect, a comparable
USDA leaf grade index between a modified tobacco plant and a control tobacco plant grown
under simnilar growth conditions is within 5 points. In ancther aspect, a comparable USDA leaf
grade index between a modified tobacco plant and a control tobacco plant grown under sinutar
growth conditions is within 6 points. In another aspect, a comparable USDA leaf grade index
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between a modified tobacco plant and a control tobaceo plant grown under similar growth
conditions i1s within 7 pomts. In another aspect, a comparable USDA leaf grade index between
a modificd tobacco plant and a control tobacco plant grown under similar growth conditions is
within 8 points. In another aspect, a comparable USDA leaf grade index between a modified
tobacco plant and a control tobacco plant grown under similar growth conditions 1s within 9
pomts. In ancother aspect, a comparable USDA [eaf grade index between a moditied tobacco
plant and a control tobacco plant grown under simular growth conditions 13 within 10 poinis. In
another aspect, a comparable USDA leaf grade mdex between a modified tobacco plant and a
control tobaceo plant grown under sinular growth conditions s within 11 points. In ancther
aspect, a comparable USDA leaf grade mdex between a modified tobacco plant and a control
tobacco plant grown under similar growth conditions 1s within 12 points. In another aspect, a
comparable USDA leaf erade index between a modified tobacco plant and a control fobacco
plant grown under svodar growth conditions 15 within 13 pouds. In avother aspect, a
comparable USDIA leaf grade index between a modified tobacco plant and a control tobacco
plant grown under similar growth conditions 1s within 14 points. In another aspect, a
comparable USDA leaf grade mdex between a modified tobacco plant and a control tobacco

plant grown under similar growth conditions 18 within 15 points.

Aromal/Flaver

[36274]  Unless otherwise noted, when companng trichome number, trichome metabolite
profiles, and/or trichome density between a leaf from a modified tobacco plant and a leaf from
a control tobacco plant, it shall be undersiood that the comparison must be performed between
leaves of the same age/growth stage. Any age or growth stage of leaves can be compared, so
long as thev are the same. For exampie, a V3 leaf of a modified tobacco plant should be
compared to a V3 leaf from a control tobacco plant. As a point of clanfication, it would be
iproper fo compare trichome number and/or trichome density between a newly emerged leaf
with a mature, senescing leaf for the purposes of this disclosure.

160278 Density of trichomes can be measured by counting the number of trichomes present
in a unit of area. Deternunation of trichome density can be performed using tools melading,
but not limited to, a stereomicroscope, an image capture device {e. g, a camera}, and computer
software. See, for example, Mimnezand ef af , App! Plant Sci., 8{7ye11375 (2020). The nuniber
of trichomes on a leaf can be measured by counting the total number of trichomes present on
an entire leaf, including all surfaces of its petiole and blade (lamina), unless otherwise noted.

Determination of the number of trichomes on a leaf can be performed using tools meluding,
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but not limited to, a stereomicroscope, an image capture device {e. g, a camera}, and computer
software. See, for example, Mimezami ef af , Appl Plant Sci., 3(Tye 11375 (2020).

[B0276] In an aspect, at least one leaf of a modified plant comprises a greater average
trichome density as compared to a leaf of a control plant grown under comparable conditions.
In an aspect, at least one leaf of a modified plant comprises a greater average trichome density
on the abaxial side of the leaf as compared to the abaxial side of a leaf of a conirol plant grown
under comparable conditions. In an aspect, at least one leaf of a modified plant comprnises a
greater average trichome density on the adawial side of the leaf as compared to the adamaal side
of a leaf of a control plant grown under comparable conditions.

[B8277]  In an aspect, at least two leaves of a modified plant comprise a greaier average
trichome density as compared to two Ieaves of a control plant grown under comparable
conditions. In an aspect, a majority of the leaves of a modified plant comprise a greater average
trichome density as compared to the same sumber of leaves of a control plant grown under
comparable conditions. In an aspect, all of the leaves of a modified plant comprise a greater
average trichome density as compared to all of the leaves of a control plant grown under
comparable conditions.

[38278] In an aspect, at least one stem of a modified plant comprises a greater average
trichome density as compared to a stem of a control plant grown under comparable conditions.
In an aspect, at least one flower of a modified plant comprises a greater average trichome
density as compared to a flower of a control plant grows under comparable conditions. In an
aspect, at least one root of a modified plant comprises a greater average trichome density as
compared to a root of a control plant grown under comparable conditions.

[B827¢] In an aspect, a modified plant comprises a greater average density of glandular
trichomes as compared to a control plant. In an aspect, a modified plant comprises a greater
average density of non-glandular tnchomes as compared to a control plant.

106286] In an aspect, a modified tobacco plant provided herein comprises a similar level of
ong or more tobacco aroma compounds selected from the group consisting of 3-methvivalene
acid, valeric acid, isovalenic acid, a labdenoid, a cembrencid, a sugar ester, and a reducing
sugar, compared to a control tobacco pland when grown under similar growth conditions. As
used herein, a “similar” level refers to within 209

El

[38281]  As used herein, “tobacco aroma compounds” are compounds associated with the
Havor and aroma of tobacco smoke. These compounds include, but are not lmited to, 3-
methylvalernic acid, valeric acid, tsovalenic acid, cembrenoid and labdenoid diterpenss, and
sugar esters. Concentrations of tobacco aroma compounds can be measured by any known
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metabolite profiling methods i the art inchiding, without limitation, gas chromatography mass
spectrometry (GC-MS), Nuclear Magnetic Resonance Spectroscopy, higuid chromatography-
linked mass spectrometry. Sec The Handbook of Plant Metabolomics, edited by Weckwerth
and Kahl, (Wiley-Blackwell} (May 28, 2013},

106282]  As used herein, “roducing sugar(s)” are any sugar {moncsaccharde or
polvsacchande) that has a free or poientially free aldchyde or ketone group. Glucose and
fructose act as micotine buffers in cigarette smoke by reducing smoke pH and effectively
reducing the amount of “free”™ unprotonated nicotine. Reducing sugars balances smoke flavor,
for example, by modifying the sensory mmpact of nicotinge and other tobacco alkaloids. An
mverse relationship between sugar content and alkaloid content has been reported across
tobacco varicties, within the same variety, and within the same plant line caused by planting
conditions. Reducing sugar levels can be measured using a segmented-flow colorimetric
method developed for analysis of tobacco samples as adapted by Skalar Instrument Co (West
Chester, PA) and described by Dawvis, Tobacco Science 20:139-144 (1976}, For example, a
sample is dialyzed against a sodium carbonate solution. Copper neocuprom is added to the
sample and the solution 1s heated. The copper neocupmin chelate 15 reduced 1n the presence of

sugars resulting in a colored complex which ts measured at 460 nm.

Leaf surface biochemicals: Terpenes, Alkaleids, alkaloid derivatives, benzenoids,
flavonoids, and phenyipropanoids

[06283] Terpenes are a class of aromatic organic compound produced by plants and some
insects. Terpenes are members of a group of volatile ansaturated hydrocarboons found in the
cssential oils of plants, based on a cyclic molecule having the formula CieHis; and related
structures such as, but not hmuted to, compounds such as sesquiterpene with the formula
CisHos, or a simple derivative of such a compound. Terpenes are hvdrocarbon molecules that
are often used by plants to either directly deter herbivory or o attract predators or parasites of
plant herbivores. Non-hmiting examples of terpenes mclude citral, menthol, camphor,
salvinorin A, cannabinoids, and curcuminoids.

[08284] Several classes of terpenes have been identified in cannabis, ncluding, but not
limited to, myreene, pinene, hmonene, carvophylicne, hinalool, terpinclene, camphene,
terpingol, phellandrene, carene, humulene, pulegone, and geramiol. Myrcene, specifically beta-
myreene, 18 a moncterpene and the most common terpene produced by cannabis, Pinenc s a
hicyclic monoterpenoid. Two naturally occurring structural isomers of pmene are known

alpha~pinene and beta-pinene.  Limonenc is a monocyelic monoterpenoid and one of the two
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major compounds formed from pinene. Caryophyleng, specifically beta caryophyliene, is a
sesquiterpene common to many plants besides cannabis, inchuding cloves, cinnamon leaves,
and black pepper.  Cawvophvliene s the only terpene known to iuteract with the
endocannabinoid svstem, as beta-caryophyliene 1s a functional cannabingd-2 receptor (CB2)
agonist. Linalool 13 a non-cyclic monoterpenoid, a critical precursor in the formation of
Vitamin E, and has been isolated from many different plants. Delta-3-carene is a bicvelic
monoterpene.  Alpha-Terpineol, terpinen-4-ol, and 4-terpineol are three closely related
monoterpenocids. Humulene i3 a sesquiterpene also known as aipha-humulene. Pulegone, a
monocyclic monoterpenoid, is a minor component of cannabis.

[38285] In an aspect, a terpene s 3 terpencid. Terpenoids (also referred to as isoprencids)
are modified torpenes that contain additional functional groups, which often include oxygen.
Terpenaids, which can be cyelic or acyclic, vary in size from five-carbon hemiterpenes to long
complex molecules containing thousands of isoprene units. Terpenoids are produced through
the condensation of five-carbon 1soprene units {e.g., dimethviallyl diphosphate (DMAPP) and
isopenteny! diphosphate (JPP}), most ofien by the sequential head-to-tail addition of DMAPP
to PP, The watial cyclization processes are catalvzed by different terpene synthases and
enzyme variation leads to vanation in monoterpene structure.

[36286] Terpencids are classified according to the number of tsoprene units that comprise
the parent terpene. A hemiterpenoid comprises onc isoprene unmt. A monoterpenoud comprises
two isoprene units. A sesquitcrpenoid comprises three isoprene units. A diterpenoid comprises
four 1soprene wmits. A sesterterpencid comprises five isoprene units. A iriterpencid comprises
six isoprene units. A tetraterpenoid comprises gight isoprene units. A polvierpencid comprisgs
more than cight isoprenc untis.

[30287]  In an aspect, a polypeptide 1s involved in the biosynthesis of at least one terpenc. In
an aspect, a polypeptide 1s involved in the hiosynthesis of at least one tempenoid. In an aspect,
a polypeptide is involved in the biosynthesis of at least one terpencid selected from the group
consisting of a hemiterpenoid, a monoterpencid, a sesquitcrpenoid, a diterpenoid, a
sesterterpenoid, a triterpenotd, a tetraterpenctd, and a polyierpencid. In an aspect, a polypeptide
is mvolved in the biosynthesis of at least ong terpene selected from the group consisting of a
hemiferpene, a monoferpene, a sgsquiicrpene, a diterpene, a sesterterpene, a triterpene, a
tetraterpene, and a polyierpene.

[36288] Inan aspect, atobacco plant of instant disclosare comprises an mcrease level of one
or more ferpenes sclected from the group consisting of 3-hydroxy-3-methylglutarate,
mevalonate, cis-trans-famesol, carotene diol (1}, carotene diol (2}, carotene diol (3}, beta-
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cryptoxanthin, and geranyllinalool. In an aspect, a tobacco plant of instant disclosure comprises
an increase level of one or more, two or more, three or more, four or more, five or more, SIX or
more, seven or more, or Qight or more terpenes selected from the group consisting of 3-

hydroxy-3-methyiglutarate, mevalonate, cis-trans-farnesol, carotensg diol (1}, carotene diol {23,

W

carotene diol (3}, beta-crvptoxanthin, and geranvilinalool. In an aspect, a tobacco plang of
mnstant disclosure comprses an decreased level of one ormore terpenes sclected from the group
consisting of 3-hydroxy-3-methylglutarate, mevalonate, cis-trans-famesol, carotene diol (1),
carotene diol (2), carotene diol (3}, beta-cryptoxanthin, and geranvilinalool. In an aspect, a
tobaceo plant of instant disclosure comprises an decreased level of one or more, two or more,
10 three or more, four or more, five or more, SIX OF NOTE, Seven oF 1uoTe, or eight or more terpenes
selected from the growp consisting of 3-hydroxy-3-methyiglatarate, mevalonate, cis-trans-
famesol, carotene diol (1), carctene diol (2), carctene diol {3}, beta-cryptoxanthin, and
geranyllinalond.

[06289] In anaspect, a tobacco plant of instant disclosure comprnges an increase level of one

Pt
(s

or more alkaloids sclected from the group consisting of cotinine, 2-hydroxypyridine,
nomicoting, anatabine, nicotine, tvrosol, and salidroside. Tn an aspect, atobacco plant of instant
disclosure comprises an increase level of one or more, two or more, three or more, four or
more, five or more, six or more, or seven or more alkaloids selected from the group consisting
of cotinime, Z-hydroxypyridine, nomicoting, anatabine, nicoting, tyrosol, and salidroside. Inan
20 aspect, a tobacco plant of instant disclosure comprises an decreased level of one or more
alkaloids selected from the group consisting of cotinine, 2-hydroxypyndine, nomicoting,
anatabine, nicoting, tyrosol, and salidroside. fn an aspect, a tobacco plant of instant disclosure
comprises an decreased tevel of one or more, two or more, three or more, four or more, five or
more, $ix or more, or seven or more alkalowds selected from the group consisting of cotiming,
25 Z-hydroxypyridine, nomicotine, anatabine, nicotine, tyrosol, and salidroside.
[06296] In an aspect. atobacco plant of instant disclosure comprises an increase level of ong
or more alkalowd denvatives selected from the group consisting of 3-pyndylacetate, nicotine-
N-gxide, norcotining, 6-hyvdroxynicotine {13, and 6-hydroxynicoting (2). In an aspect, atobacco
plant of instand disclosure comprises an increase level of once or more, two or more, thiee or
30 wmaore, four or more, or five or more alkaloid denvatives sclecied from the group consisting of
3-pyridvlacetate, nicotine-N-oxide, noreotinine, S-hydroxyvnicotine (1), and 6-hydroxynicotine
(2). In an aspect, a tobaceo plant of mstant disclosure comprises an decreased level of one or
more alkaloid denvatives selected from the group consisting of 3-pynidylacetate, nicotine-N-
oxide, norcotinine, 6-hydroxynicotine (1), and 6-hydroxynicotine (2}, In an aspect, a tobacco
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plant of instant disclosure comprises an decreased level of one or more, two or more, three or
more, four or more, or five or more alkaloid derivatives selected from the group consisting of
3-pyridvlacetate, nicoting-N-oxide, noreotinine, 6-hydroxyuicotine (1), and 6-hydroxynicotine
(2).

1062911  In an aspect. atobacco plant of instant disclosure comprises an increase level of ong
or more Benzenoids selected from the group consisting of 2.4, 6-tnhvdroxybenzoate, 2,6-
dihydroxybenzoic acid, 3 4-dihydroxybenzoate, 4-hvdroxybenzoate, benzoate, gentisic acid-5-
glucoside, hydroquinone beta-glucopyranoside, protocatechuic acid-3-glucoside, salicylate,
salicvluric glucuronide, and salicvlate-ghucoside. In an aspect, a tobacco plant of instant
disclosure comprises an increase level of one or more, two or more, three or more, four or
more, five or more, six of More, seven or more, eight of more, ning or more, ten or More, or
cleven or more Benzenoids selected from the group consisting of 2.4,6-trhydroxybenzoate,
2, 6~-dihydroxybenzoic acid, 3 4-dihvdroxvbenzoate, 4-bvdroxybenzoate, benzoate, gentisic
acid-3-glucoside, hyvdroguinone beta-glucopyranoside, protocatechuic  acid-3-glucoside,
salicviate, salicviuric glucwronide, and salicviate-glucoside. In an aspect, a tobacco plant of
instant disclosure comprises an decreased level of one or more Benzenoids selected from the
group consisting  of 24 6-nhvdroxybenzoate, 2,6-dihvdroxybenzoic  acid, 3.4-
dihydroxybenzoate, 4-hydroxybenzoate, benzoate, gentisic acid-S-ghucoside, hydroguinone
beta-glucopyranoside, protocatechuie acid-3-ghicoside, salicylate, salicylunc glucuronide, and
salicvlate-glucoside. In an aspect, a tobacco plant of instant disclosure comprises an decreased
level of one or more, two or more, three or more, four or more, five or more, $ix oF more, seven
or more, eight or more, nine or more, ton or more, or eleven or more Benzenoids selected from
the group comsisting of 2.4.6-mhvdroxvbenzoate, 2.6-dihyvdroxybenzoic acid, 3.,4-
dihydroxvbenzoate, 4-hydroxybenzoate, benzoate, gentisic acid-3-glucoside, hydroguinone
beta~glucopyranoside, protocatechwie acid-3-ghicoside, salicylate, salicyviunic glucuronide, and
salicylate-glucoside.

[66292] In anaspect, a tobacco plant of instant disclosure comprnges an increase level of one
or more Flavonoids selected from the group consisting of dihydrokaempferel, enodictyol,
dihydroguercetin, naringenin, quercetin, quercetin 3-glucoside, rufin {quercetin 3-rutinoside),
I-methoxyapigenin, kaempierol 3-O-glucoside/galactoside, and isorhamoetm 3-rutimoside. In
an aspect, atobacco plant of instant disclosure comprises an increase level of one or more, two
or more, three or morg, four or morg, five or more, six or more, seven or more, gight or more,
mne or more, or ten or more Flavonoids sclected from the group consisting of
dihydrokacmpferol, erodictyol, dihvdrogquercetin, nadngenin, quercetin, quercetin 3-
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glucoside, rutin  {(quercetin  3-mutinoside),  3-methoxyapigenin,  kaempferol  3-0O-
glucoside/galactoside, and isorhamnetin 3-rutinoside. In an aspect, a tobacco plant of 1nstant
disclosure comprises an decreased level of one or more Flavonoids selected from the group
consisting of dihvdrokaempferol, enodictyol, dikvdroguercetin, nparingenin, guercetin,
quercetin 3-glucoside, rutin {quercetin 3-nufinoside), 3-methoxyapigenin, kacmpferol 3-G-
glucoside/zalactoside, and tsorhammpetin 3-rutinoside. In an aspect, a tobacco plant of instant
disclosure comprises an decreased level of one or more, two or more, three or more, four or
more, five or more, six or more, seven or more, eight or MOre, NN OF MOTe, O e Of MOre
Flavoncids selected from the group consisting of dihyvdrokacmpferol, erodictyol,
dihydroguercetin, naringenin, quercetin, quercetin 3-glucoside, rutin {(guercetin 3-rutinoside),
3-methoxyapigenin, kaempferol 3-O-glucoside/galactoside, and isorhammnetin 3-rutinoside.
1302937  As used herein, the term “biosynthesis™ refers to the production of a complex
molecule {e.g., without being limiting, a terpene or terpenoid) within a plant or plant cell. To
be “involved” with the biosynthesis of a compound, a polvpeptide can directly mteract with a
substrate during the biosynthesis of the compound, or the polypeptide can affect the expression
{positively or negatively) of a polypeptide that directly interacts with a substrate (e.g, a
transeription factor that promotes the expression of an enzyme that converts a substrate to a
new form or a ropressor that inhibits expression of an enzvme that converts a substrate to a new
formj}.

[60254]  In an aspect, a polypeptide is involved 1o the biosvnthesis of a hemiterpene. In an
aspect, a polypeptide 18 mvolved in the bicsynthesis of a hemiterpencid. In an aspect, a
polypeptide s involved 1n the biosyathesis of a monoterpene. In an aspect, a polypeptide is
nvolved in the biosyothesis of a monoterpenoid. In an aspect, a polypeptide 1s involved m the
biosyuthesis of a sesquiterpene. In an aspect, a polypeptide 1s involved m the biosynthesis of a
sesquiterpenoid. In an aspect, a polypeptide is involved in the bicsynthesis of a diterpene. In
an aspect, a polypeptide is fnvolved in the biosynthesis of a diterpenocid. o an aspect, a
polypeptide 18 mvolved in the biosynthesis of a sesterterpene. In an aspect, a polypeptide is
mvolved in the biosynthesis of 3 sesterterpenoid. In an aspect, a polypeptide is involved 1o the
biosynthesis of a triterpene. In an aspect, a polypeptide s involved in the biosynthesis of a
triterpenotd. I an aspect, a polvpeptide is involved in the biosynthesis of a tetraterpene. In an
aspect, a polypepiide s mvolved m the biosynthesis of a polyvierpenoid. In an aspect, a
polypeptide is mmvolved in the biosynthesis of a moncterpene. In an aspect, a polypeptide is

mvolved m the biosvnthesis of a polyterpenod.
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[08295] Terpene synthase (TPS) genes can be grouped 1nto seven clades: TPS-a, TPS-h,
TPS-c, TPS-d, TPS~¢/f TPS-g, and TPS-h. TPS-a, TPS-b, and TPS-g are restricted o
angiosperms, and TPS-d and TPS-b are spectfic to gymnosperms and the lycopod Selaginalia
moellendorffii. The TPS-a clade comprises mostly sesquiterpene synthases and diterpene

synthases, while the TPS-b and TPS-g clades comprise mostly monoterpens synthases.

Terpene synthase-like genes

I60296]  In an aspect, a polypeptide involved 1o the biosynthesis of at Jeast one terpenoid is
a TPS-a clade member. In an aspect, a polvpeptide involved n the biosynthesis of at least one
terpenoid 15 a TPS-b clade member. In an aspect, a polypeptide involved in the biosynthesis of
at least one terpenoid is a TPS-¢ clade member. In an aspect. a polypeptide involved in the
biosyuthesis of at least one terpenoid 1s a TPS-e/f clade member. In an aspect, a polvpeptide
involved in the bicsynthesis of at least one terpenoid 1s a TPS-g clade member. In an aspect, a
polvpeptide involved in the biosynthesis of at least one terpenoid is a member of a clade
selected from the group consisting of TPS-a, TPS-b, TPS-c, TPS-¢/f, and TPS-¢.

[06297] In an aspect, a terpene 1s menthol. In an aspect, a terpene 18 menthol or a related
compound. In an aspect, a terpene is a labdanoid. In an aspect, a terpene 18 combrainienediol.
Ir an aspect, a terpene 1s levoprmanc acid. o an aspect, a terpene is L-leucine. In an aspect, a
terpene 1s neophyviadiene. In an aspect, a labdanoid 1s cis-abienol. In an aspect, a labdanoid is
labdane-diol. In an aspect, a terpene s selected from the group consisting of menthol or a
related compound. a labdanoid, combratricnediol, levopimanye acid, and L-leucine. fn an
agpect, a terpene 1s selected from the group consisting of menthol or a related compound, a
labdanoid, cembratrienediol, levopimanc acid, L-leucine, and neophytadiene. In an aspect, a
terpene 1s selected from the group consisting of menthol, a labdancid, cembratrienedich,
levopimaric acid, and L-leucine. In an aspect. a terpene is selected from the group consisting
of menthol, a labdanoid, cembratnenediol, levopimaric acid, L-leucine, and neophytadienc.
[36288] In an aspect, a ferpene 1s myreene. In aon aspect, a terpenc is pingne. In an aspect,
a terpene is limonene. In an aspect, a terpene is carvophyllene. In an aspect, a terpene is
linalool. In an aspect, a terpene is terpimolene.  In an aspect, a terpene is camphene. Tn an
aspect, a terpenc 1s terpineol. In an aspect, a terpene 1s phellandrene. In an aspect, a terpene 1s
carenie. fu an aspect, a terpene 1s humulene. In an aspeet, a terpene is pulcgone. In an aspect,
a terpene 1s geramol.

[38289]  As used herein, “menthol” refers to the organic compound having a chemucal
formuda of CioHoe( and the International Union of Pure and Applied Chenustry (IUPAC) name
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5-Methyl-2-(propan-2-vljeyclohexan-1-ol. Menthol is also referred to as “(-}-Menthol.”
Related compounds of menthol include, but are not limited to, {+)-Menthol, (+}-Isomenthol,
{(+}-Neomenthol, {(+)-Neotsomenthol, (-)-Isomenthol, (-}-MNeomethol, and (-)-Neoisomenthol.
In an aspect, a related compound of menthol 13 selected from the group consisting of ¢+)-
5 Menthol, (+)-dsomenthol,  {(+)}-Neomenthol, {+)}-Neoisomenthol, ({(-}-Isomenthol. (-}~
Neomethol, and (-}-Neoisomenthol,
[08308]  As used herein, “neophyiadiene” refers to the organic compound having a chemical
formula of Coolss and the IUPALC name of 7,11, 15-tnmethyl-3-methyhdenchexadec-1-ene.
[B83631]  As used herein, “cembratrienediol” refers to the organic compound having a
10 chenncal formula of CxHzeOr and the TUPAC name (18,3842 87 125 1373-1,5 9-trimethyi-
12-propan-2-yleyveloictradeca-4.8, 1 3-tricne-1.3-diol. Cembratrienediol 15 also referred to as
“beta~-LCembrenediol.”
[06302]  As used herein, “levopimarc acid” refers to the organmic compound having a

chemical formula of CooHo(: and the WPAC name (1R 4aR 4565,10ai)-1 4a-dimethyl-7-

Pt
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propan-2-vi-2.3 4,45 5 9,10, 10a-octahydrophenanthrene- 1-carboxylic acid. Levopimaric acid

is also referred to as “L-Pimaric acid.” In an aspect, levopimarnic acid 1s involved m diterpence

resin acid production.

[38303]  As used berein, “L-loucine” refers to the amino acid having the chemical formula

CeHpNG: and the FUPAC name (25)-2-amino-4-methyipentanoic acid.

26 |60304]  As used herein, a “labdanoid” refers to a terpenoid derivative of the fundamental
parent labdane, a diterpens. A labdane has the chemical formula CooHzs and the IUPAC name
(15,25 405 8aRy-2 5,5 So-tetramethyl-1-{{(3R}-3-methylpentyl §-1.2.3 4,40.6,7 8-
octahydronaphthalene.

[30365] A non-limiting example of a labdanoid 1s cis-abicnol. As ased heren, “cis-abienol”

25 refers to the organic compound having a chemical formuala of Coptsa0 and the TUPAC name
(1R.2R 4a5,8a8)-2,5,5 8o-tetramethyl-1-{(2Z)-3-methylpenta-2 4 -dienyl}-3,4,40.6,7 8-
hexahydro-1H-naphthalen-2-ol.

[08386]  As used heremn, “myrcene” refers to the compound having a chemical formala of
CioHis and the FUPAC name 7-Methyi-3-methylenc-octa-1.6-diene. Myrcene, also known as

30 beta-myvreene or alpha-mvreene, belongs to the class of arganic compounds known as acyclic

monoterpenocids. Thus, myreene is considered to be an isoprenoid ipid molecule.

1363677  As used herein, “pinene” refers to the compound having a chemucal formaula of

CioHis and the TUPAC name (18,55)-2,6,6-Trimethylbicyelof 3.1 1thept-2-ene ({(—)-o-Pinenc).

{(+}-a-Pinene, also known as 2-pinene or acintenc a, belongs to the class of organic compounds
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known as bicyclic monoterpencids. These are monoterpenoids containing exactly 2 nngs,
which are fused to each other. Alpha-pinene is a pmene that is bicyclof3.1.1 jhept-2-ene
substituted by methyl groups at posttions 2, 6 and 6 respectively. It has a role as a plant
metabolite.

106308]  As used beretn, “hmonene” refers 1o the compound having a chemical formula of
CiolHis and the JUPAC name I-methyl-4-(-methylethenyli-cyclohexene. Limoneue, (+/-}- 18
a racenuc mixture of limonene, a natural cvehic monoterpene.

[0838%]  As used hereimn, “caryophyllens” or “beta caryophyliene™ refers to the organic
compound having a chemical formula of CisHu and the IUPAC name (IR 4E 95)-4,11.11-
trimethyl-8~-methvlidenebicvelof7.2 Oundec-4-ene.  Beta-Carvophyllene 1s classified as a
sesquiterpenocid. {-)-beta-caryophyllene is a beta-carvophyllene m which the stercocenter
adjacent to the exocyclic double bond has S configuration, while the remaining stercocenter
has R configuration. It s the most commonly occurring form of beta-carvophvilene, occurring
n many cssential oils.

{08318 As used berein, “linalool” refers to the compound baving a chemical formula of
CI0H180 and the IWPAC name 3,7-dimethylocia-1,6-dien-3-0l. Beta-linalool, also known as
3, 7-Dimethyi-1, 6-octadien-3-0l or 2, 6-dimethvlocta-2, 7-dien-6-0l, is classified as an acyclic
monoterpencid,

[06311]  As used herein, “terpinclene” refers to the organic compound having a chemical
foromda of CiHis and the TUPAC npamc 1-methyl-4-propan-2-viidenecyeichexene.
Terpinolene, also known as alpha-terpinciene or isoterpinene, is classified as a menthane
monocterpenocid. These are monoterpenoids with a structure based on an o-, m-~, or p-menthane
backbone.

[38312]  As used herein, “camphene” refers to the organic compound having a chemical
formula of CigHis and the IUPAC name 2 2-dimethyl-3-methyhdenebicycloi2 2 1heptane.
Camphene is classified as a bicyclic monoterpencid, containing two rings which are fused to
cach other. Camphene is a monoterpene with a bicvelic skeleton that 1s bicyelo2.2 1iheptanc
substituted by gemmal methyl groups at position 2 and a methylidene group at position 3.
[B8313] As used herein, “terpineol” refers to the monoterpene alcohol of which there are
four isomers: alpha-terpineol, beta-terpinen], gamma-terpineol, and terpinen-4-ol. Beta-
terpineol and gamma-terpineot differ only by the location of the double bond. Terpineol is
usually a mixture of these isomers with alpha-terpimeo! as the major constituent. As used
herein, “alpha terpineol” refers to the organic compound having a chemical formula of CioHisO
and the IUPAC name 2-(4-methyleyelohex-3-en-1-ypropan-2-ol.
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[08314] As used herein, “phellandrene” refers to the coyclic monoterpenes “alpha-
phellandrene” or “beta-phellandrene.”  As used hercin, “alpha-pheliandrene”™ refers to the
organic corapound having a chemical forowla of CioHis and the TUPAC vame 2-methyl-3-
propan-2-yicyclohexa-1,3-dicne. Alpha-phellandrene is also known as alpha-pheliandren or
dihvdro-p-cvimene.  As used herein, “beta-phellandrene” refers to the organic compound
having a chemical formula of CioHis and the IUPAC name 3-methviidene-6-propan-2-
vicyclohexene., Beta-phellandrene is also known as beta-phellandren or 2-p-menthadiene.
[08315]  As used herein, “carene”™ or “alpha carene” refers to the organic compound having
a chemical formula of CigHis and the FUPAC name 3.7 7-trimethylbicyclof4.1 Othept-3-eng.
Alpha-Carene, also known as 3-carene or delta~car-3-ene, 1s classified as a bicvclic
monoterpencid,

106316]  As used herein, “humuiens” refers to the organic compound having a chemical
formula of CisHas and the TWWPAC name (1E.4E 8E)-2.6,6,9-etramethyvicvcloundeca-1,4.8-
fricne.

[08317] As used herein, “pulegone” refers to the organic compound having a chemical
formula of CipHisO and the TUPAC name (SR}-5-methvl-2-propan-2-ylidenecyclohexan-1-
one. {+)}-Pulegone, also known as D-pulegone or cis-isopulegone, is classified as a menthane
monoterpencid,

106318]  As used herein, “geraniol” refers to the organic compound having a chemical
formula of CioHi:0 and the IUPAC name (2E)-3.7-dimethylocta-2,6~-dien-1-ol. Geraniol is an
acvelic monoterpenoid, and 1s also referred {0 as 2E-Geraniol, {¢}-geranicl, or geranyl alcchol.
[B8319] in an aspect, a polypeptide is geranvigeranyt diphosphate syothase. In an aspect, a
polypeptide 15 8-hvdroxy-copaly! diphosphate synthase. In an aspect, a polypeptide is cis-
abienol synthase. In an aspect, a polypeptide is cembrainienol synthase 2a. In an aspect, a
polypeptide 1s levopimaradiene synthase. In an aspect, a polvpeptide is Z-isopropyvimalate
synthetase. In an aspect, a polypeptide 15 2-oxecisovalerate debydrogenase. In an aspect. a
polypeptide is geranyl diphosphate synthase. In an aspect, a polypeptide is imonene synthase.
In an aspect, a polypeptide 18 limonene 3-hvdroxylase. In an aspect, a polypeptide 1s
isopiperitenol dehydrogenase. In an aspect, a polypeptide is pulegone reductase. In an aspect,
a polvpeptide 15 monthofuran svnthase.  In an aspect, a polypeptide is neomenthol
dehydrogenase. In an aspect, a polvpeptide 18 geranyigeranyl pyrophosphate synthase. In an
aspect, a polvpeptide 15 kolavenyi diphosphate synthase. In an aspect, a polypeptide is
solancsyl diphosphate synthase. In an aspect, a polvpeptide s terpene synthase. In an aspect,
a polvpeptide is 2-alkenal reductase. In an aspect, a polvpeptide is germacrene synthase. In

100



W

10

Pt
(s

26

WO 2025/147663 PCT/US2025/010305

an aspect, a polypeptide is cytochrome P450. In an aspect, a polypeptide is a carveol
dehydrogenase. In an aspect. a polypeptide is a MY B61 transcription factor.

[B8326] In an aspect. a polypeptide is selected from the group consisting of geranvl
diphosphate synthase (GDP), limonene synthase (L5}, limonene 3-hydroxylase (L3(H),
isopiperitenol debydrogenase (IPD). pulegone reductase, menthofuran synthase, and GGPPS
neomenthol dehydrogenase (NINMD).

60321}  In an aspect, a polypeptide is selected from the group consisting of geranylgeranyl
diphosphate synthase (GGPPS2), &-hydroxy-copalyvl diphosphate synthase, and cis-abienol
synthase.

3063221  In an aspect, a polypeptide 1s selected from the group consisting of geranvigeranyl
diphosphate  synthase, S-hydroxyv-copalyl diphosphate synthase, cis-abienol  synthase,
cembratrienc! synthase 2a, levopimaradiene synthetase, 2-isopropyimalate synthetase, 2-
oxotsovalerate dehvdrogenase, geranyl diphosphate syothase, lumonene synthase, limonene 3-
hydroxvlase, isopiperiienol dehvdrogenase, pulegone reductase, menthofuran gynthase,
neomenthol dehydrogenase, phylloplanin, and premnaspirediene oxygenase.

[G0323]  In an aspect, a polypeptide 15 selected from the group consisting of geranvigeranyl
pyrophosphate synthase, kolavenyl diphosphate synthase, solanesyl diphosphate synthase,
terpene synthase, Limonens synthase, isopiperitenol dehydrogenase, Z-alkenal reductase,
genmacrene synthase, 2-isopropyimalate synthase, and MYB61L

160324]  In an aspect, a polypeptide 15 selected from the group consisting of geranvigeranyl
diphosphate synthase, &-hydroxy-copalyl diphosphate synthase, cisz-abienol synthase,
cembratrienol synthase 2a, levopimaradiens synthetase, 2-isopropyimalate synthetase, 2-
oxoisovalerate debydrogenase, geranyl diphosphate synthase, imonene svnthase, limonene 3-
hydroxvlase, isopiperitencl dehvdrogenase, pulegone reductase, menthofuran synthase,
neomenthol dehydrogenase, phylloplanin, premmaspirodicne oxygenase, geranvigeranyl
pyrophosphate svathase, kolavenyl diphosphate synthase, solangsyl diphosphate synthase,
terpene synthase, 2-alkenal reductase, germacrene synthase, and MY B61.

[06325] Inan aspect, a modified plant, seed, or plant part comprising a recombinant nucleic
acid provided herein comprises an wncreased amount of at least ong terpene as compared to a
control plant, seed. or plant part lacking the recombinant nucleic acid molecule when grown
under similar growth conditions. In an aspect, a modified tobacco or Camelia plant, tobacco or
Camelia seed, or tobaceo plant part comprising a recombinant mucleic acid provided herein

comprises an increased amount of at least one terpene as compared to a control tobaceo or
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Camelic plant, tobacco or Comelia sced, or tobacco or Camelia plant part lacking the
recombimant mucleic acid molecule when grown under similar growth conditions.
[B8326]  In an aspect, an mncreased amount of at least one terpene comprises an increase of
at feast 0.5%. In an aspect, an increased amount of at least one terpene comprises an increase
of at least 1%. In an aspect, an increased amount of af least one terpene comprises an 1ncrease
of at least 2%, In an aspect, an increased amount of at least one terpene comprises an 1ncreass
of at least 3%. In an aspect, an increased amount of at least one terpene comprises an INCreass
of at least 4%. In an aspect, an ncreased amount of at least one terpene CoOmMpPrises an NCrease
of at least 5%. In an aspect, an increased amount of at least one terpene comprises an NCrease
of at least 10%. In an aspect, an mcreased amount of at least one ferpene comprises an Increase
of at least 12.5%. In an aspect, an increased amoont of at least one ierpene comprises an
increase of at least 15%. In an aspect, an increased amount of at least one terpene comprises an
increase of at least 17.5%. In an aspect, an increased amount of at least one icrpenc comprises
an merease of at least 20%. In an aspect, an increased amount of at least one terpene comprises
an increase of at least 25%. In an aspect, an increased amount of at least one terpene comprises
an mcrease of at least 30%. In an aspect, an increased amount of at least one ferpene comprises
an mcrease of at least 40%. Tn an aspect, an increased amount of at least one ferpene comprises
an merease of at least 30%. In an aspect, an mereased amount of at least one terpene comprises
an marease of at least 0%, In an aspect, an increased amount of at least one terpene comprises
an merease of at least 70%. In an aspect, an increased amount of at least one terpene comprises
an increase of at least 80%. In an aspect, an increased amount of at least one terpene comprises
an increase of at least 90%. In an aspect, an increased amount of at least one ferpens comprises
anincrease of at least 100%. In an aspect, an increased amount of at least one terpene comprises
an increase of at least 150%. In an aspect, an increased amount of at least one terpene comprises
an imerease of at least 200%. In an aspect, an moreased amount of at least one terpene comprises
an increase of at least 2530%. In an aspect, an increased amount of at least one terpene comprises
an increase of at least 500%,.
[08327] In an aspect, an mcreased amount of at least one terpene comprises an ncrease of
betwesn .53% and 500%. In an aspect, an increased amount of at least one torpene comprise
an increase of between 0.3% and 230%. In an aspect, an increased amount of at least one
terpene comprises an increase of between 0.5% and 100%. In an aspect, an increased amount
of at least one terpene comprises an mcrease of between 0.5% and 75%. In an aspect, an
mcreased amount of at least one terpene comprises an increase of between 0.5% and 50%. In
an aspect, an increased amount of at least one terpene comprises an increase of between 0.5%
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and 25%. In an aspect, an increased amount of at least one terpene comprises an increase of
betweon 0.5% and 10%. In an aspect, an increased amount of at least one terpone comprises an
increase of between 0.5% and 53%. In an aspect, an increased amount of at least one terpene
comprises an increase of between (.5% and 500%. In an aspect, an increased amount of at feast
one terpene comprises an increase of botween 5% and 250%. fn an aspect, an increased amount
of at least one ferpene comprises an increase of between 3% and 100%. In an aspect, an
mcreased amount of at least one terpenc comprises an increase of between 5% and 50%. Inan
aspect, an increased amount of at least one terpene comprises an increase of between 23% and
500%. In an aspect. an ncreased amount of at least one terpene comprises an increase of
between 25% and 250%. In an aspect, an increased amount of at least one terpene comprises
an imerease of between 50% and 100%. In an aspect, an increased amount of at least one terpene
comprises an wncrease of between 100% and 506%

I60328]  Terpencs may be extracted using anv method known in the art, for exarple, solvent
extraction.  See, for example, Jiang e af., Curr Protoc FPlant Biol., 1.345-358 (2016).
Solventless extraction methods are also known in the art. See, for example, Yang and Xie,
Science D¥rect, 162 135-139 (2006).

[38329]  The amount of terpenes in a plant can be measured using any method known in the
art, including, without being hmiting, gas chromatography mass spectrometry (GC-MS),
Nuclear Magnetic Resonance Spectroscopy, and liquid chromatography-linked mass
spectrometry. See The Handbook of Plant Metabolomics, edited by Weckwerth and Kahl,
{(Wiley-Blackwell) (May 28, 2013}, In an agpect, an amount of at least one terpene refers to the
concentration of that terpene in the tissue sampled.

[B8336] In an aspect, a modified tobacco plant or cannabis plant provided herein further
comprises g recombinant nucleic acid molecule comprisimg a nucleic acid sequence encoding
a polypeptide operably linked to a heterologous promoter, where the polypeptide causes an
increase in average trichome density as compared 0 a conirol tobacco plant or cannabis plant
lacking the transgene or modification when grown under similar growth conditions. Non-
himting examples of genes that can be overexpressed to increase average trichome density
include MiGES, NIMYBS6, Nb(GIS, cannabis MYBS 1, cannabis GES3, and cannabis non-specific

ipid-transfer profein {-like.
lipid-transfer profein [-like

TSNAs

[38331] In an aspect, a modified tobacco plant provided further comprises one or more

mutations in one or more loci encoding a nicotine demethylase {e.g., CYPE2ES, CYPRIES,
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CYPE2EI0)Y that confer reduced amounts of nomucotine {(See U.S. Pat. Nos. 8319011,
8. 124,851, 6,187,759, 9228,194; 9,228 195; 9,247 706} compared to a control tobacco plant
lacking onc or more mutations in onc or more loci encoding a nicotine demethylase when
grown under sinilar growth conditions. In an aspect, a modified tobacco plant described further
comprises reduced nicotine demethylase activity compared to a control plant when grown and
cured uoder similar growth conditions. In a further aspect, a tobacco plant provided further
cComprises oneg or more mutations or transgenes providing an elevated level of one or more
antioxidants {See U.S. Patent Application Publication No. 2018/0119163 and WQO
2018/067945). In another aspect, a tobacco plant provided further comprises one or more
mutations or transgenes providing a reduced level of one or more tobacco-specific nitrosamines
{(TSNAs}. In an aspect, a TSNA 1s selected from the group consisting of N'-nitrosonomicotine
(NNN3, 4-methyinitrogsoammo--3-pyridyl}-l-butanone (NNK}, N'-nitrgsoanatabine {(NAT),

and N'-nitrosoanabasine (NAB).
TSNA Reduction

[66332]  “Alkalods” are complex, mitrogen-~-containing compounds that naturally occur
plants, and have phammacological effects in humans and animals. “Nicotine” 1s the prmary
natural alkaloid in commercialized cigarette tobacco and accounts for about 90 percent of the
alkaloid content i Nicotiana tabacum. Other major alkaloids in tobacco include cotimine,
nomicoting, myosming, nicotyring, anabasine and anatabine. Minor tobacco alkaloids include
nicotine-n-oxide, N-methyl anatabine, N-methyl anabasine, pseudooxynicoting, 2,3 dipyridyl
and others.

1603331 Modified tobacco plant, or past thereof, comprising a recombinant DNA construct
comprising a heterologous promoter operably linked to an Alkaloid levels can be assayed by
methods known in the art, for example by quantification based on gas-liquid chromatography,
high performance liquid chromatography, radio-inununoassays, and enzyme-linked
mmmunosorbent assays. For example, nicotinic alkaloid levels can be measured by a GC-FID
method based on CORESTA Recommended Method No. 7, 1987 and 15O Standards SO TC
126N 394 B See also Hibt ef al., Plant Physiology 100: 826-35 (1992) for a method using gas-
higuid chromatography equipped with a capillary column and an FID detector.

[08334] Alternatively, tobacco total alkaleoids can be measured using a segmented-flow
colonmetnc method developed for analysis of tobacco samples as adapted by Skalar
Iestrument Co. (West Chester, PA) and described by Collims er al., Tobacce Science 13:79-81

{19693, In short, samples of tobacco are dried, ground, and extracted prior to analvsis of fotal
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alkaloids and reducing sugars. The method then emplovs an acetic acid/methanol/water
exiraction and charcoal for decolorization. Determination of total atkaloids was based on the
reaction of cvanogen chloride with nicotine alkaloids 1 the presence of an aromatic amine to
form a colored complex which is measured at 460 nm.

106335]  In an aspect, the level of total TSNAs or an individual TSNA 1s measured based on
a freeze-~dried cured leaf sample using liguid chromatography with tandem mass spectrometry
{(LC/MS/MS).

[08336] As used herein, “marker assay”™ means a method for detecting a marker at a locus
using a method, e g measurement of at least one phenotype (such as a visually detectable trait,
including red flesh and earliness), restriction fragment length polymorphism (RFLP), single
base oxtension, electrophoresis, sequence abgnment, allelic specific oligo-nuclestide
hvbridization (ASQO}, random amplified polymorphic DNA (RAPD), microarray-based
techuologies, PCR-based technologies, and nucleic acid sequencing technologies, cic.

160337 As vsed heremn, “polymorphism™ means the presence of one or more varnations in a
population. A polymorphism may manifest as a vanation in the nucleotide sequence of a
sucleic acid or as a variation i the amino acid sequence of a protein. Polyvmorphisms include
the presence of one or more vanations of a nucleic acid sequence or nucleie acid feature at one
or more loct 1 a population of one or more individuals, The varation may comprise but 1s not
fimited to one or more nucleotide base changes, the msertion of ong or more mucleotides or the
deletion of one or more nucleotides. A polymorphism may arise from random processes in
nucleic acid replication, through mutagenesis, as a result of mobile genomic elements, from
copy number vanation and during the process of meiosis, such as unegual crossing over,
genome duplication and chromosome breaks and fusions. The vanation can be commonly
found or may exist at low frequency within a population, the former having greater utility n
general plant breeding and the latter may be associated with rare but important phenotypic
variation. Useful polymorphisms may ioclode single nuclestide polymorphisms (SNPs),
msertions or deletions in DNA sequence (Indels), simple scquence repeats of DNA sequence
{5§S8Rs), arestriction fragment length polymorphism (RFLP), and a tag SNP. A genetic marker,
a gene, a DNA-denved sequence, a BNA-denved sequence, a promoter, a 57 untranslated
region of a gene, a 37 untranslated region of a gene, microRNA, siRNA, a tolerance locus, a
satellite marker, a transgene, mRNA, ds mRNA, a transcriptional profile, and a methviation
pattern may also comprise polyvmorphisms. In addition, the presence, absence, or variation in

copy sumber ot the preceding may comprise polymorphisms.
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[08338] As used herein, “SNP” or “ungle nucleotide polymorphism”™ means a sequence
variation that occurs when a single nuclectide (A, T, C, or G} in the genome sequence s altered
or vaniable. “SNP markers” exist wher SNPs are mapped to sites on the genome.

1363351  As used herem, “germplasm”™ refers to living sources of genctic material. The
germplasm can be part of an organism or cell, or can be separate from the organism or cell. In
general, gerraplasm provides genctic material with a specific molecular makeup that provides
a physical foundation for some or all of the hereditary gqualities of an orgamsm or cell culture.
As used herem, germplasm includes cells, seed, or tissues from which new plants may be
grown, or plant parts, such as leaves, stems, polien, ovules, or cells that can be culiured intc a
whole plant.

[36340] As used herein, a contimorgan ("cM7} 18 a unit of measure of recombination
frequency and genetic distance between two loct. One cM is equal to a 1% chance that a marker
at one genetic locus will be separated from a marker at a second locus due to crossing over in
a single generation. Genetic distances can be calculated from experimentally derived
recombmation values using the Kosambi function (Kosambi, The cstimation of map distances
from recombination values. dnnals of Fugenics, 12:172-75 (1944)).

303411  As used herem, “linked” or “genetically hinked” means that the marker or locus is
within about 20 ¢M, 19 cM, 18 ¢M, 17 ¢M, 16 cM, 15 cM, 14 ¢M, 13 ¢M, 12 cM, 11 ¢M, 10
cM, 9cM, 8cM, 7cM, 6cM, 5cM. 4 cM, 3 cM. 2 cM, 1 cM, 6.5 cM, or less than 0.5 cM of
another marker or locus on the same chromosorse.  For example, 10 cM means that
recombimation occurs between the marker and the locus with a highly predictable
recombimation frequency of equal to or less than about 10%.

[G0342] The genetic linkage of marker molecules can be established by a gene mapping
model such as, without limitation, the flanking marker model reported by Lander and Botstein,
Genetics, 121:185-199 (1989), and interval mapping, based on maximam hikelihood methods
described by Lander and Botstein, Genctics, 121:185-199 (19%9), and implemented in the
software package MAPMAKER/QTL (Lincoln and Lander, Mapping Genes Controliing
Cuantitative Trants Using MAPMAKER/QTL, Whitchead Institote for Biomedical Research,
Massachusetts, (1990}, Additional software includes Qgeone, Version 2.23 (1996}, Department
of Plant Breeding and Biometry, 266 Emerson Hall, Comell University, lthaca, N.Y ), JoinMap
(Kyvazma B.V., Wageningen, Netherlands), and mapQTL (Kyazma BV, Wageningen,
Netherlands}.

[66343]  As used herein, the phrase “associated with” or “linked to” refers to a recognizable
and/or assayable relationship between two entifies.  As such, a marker is “associated with™ a
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trait when it is hoked to or co-segregates with it and when the presence of the marker 1s an
indicator of whether and/or to what extent the desired trait or trait forma will occur in a
plant/germplasn comprising the marker. Sinularly, a marker 15 “associated with” or “linked
to” an allele when it 1 linked to or co-segregates with it and when the presence of the marker
ig an mdicator of whether the allele is present in a plant/germplasm comprising the marker. For
example, “a marker is hinked to red flesh”™ when that marker 15 10 ¢M or less away from an
allele that co-segregates with red flesh.

[08344] Asused herein, “crossed” or “cross” means to produce progeny via fertilization (e.g.
celis, seeds or plants} and includes crosses between plants (sexual) and seif-fertidization
(selfing}.

136345]  As used herein, “backeross™ and “backerossing” refer to the process wherchy a
progeny plant is repeatedly crossed back to one of its parents. In a backcrossing scheme, the
“donor” parent refers to the parental plant with the desived gene or locus o be introgressed.
The “recipient” parent (used one or more times) or “recurrent” parent (used two or more {imes)
refers to the parental plant into which the gene or locus is being ntrogressed. {(Ragot ef of,
Marker-assisted Backcrossing: A Practical Exaraple. Techmigues Er Utilisations Des
Margueurs Moleculaives Les Collogues, 72:45-56 (1993); and Openshaw er af, Marker-
assisted Selection i Backcross Breeding, in Proceedings Of The Svmposium “Analysis of
Molecular Marker Data,” pp. 41-43 (19943, The mitial cross gives rise to the Fi generation.
The term “BC1" refers to the second use of the recurrent parent, “BC” refers to the third use
of the recurrent parent, and so on. In an aspect, a backeross s performed repeatedly, with a
progeny individual of cach successive backeross generation being itself backcrossed to the
same parental genotype.

[38346]  As used herein, “genetic element” or “gene” refers to a heritable sequence of DNA,
e.g.. a genomic sequence, with functional significance. The term “gene” can also be used to
referto, e.g., a cDNA or an mRNA encoded by a genomic sequence, as well as to that genomic
sequence.

(603477  As osed herein, “genotype” is the genetic constitution of an dividual {or group of
individuals) at one or more genetic loci, as contrasted with the observable trait (phenotype).
Genotype is defined by the allele{s} of one or more known loct that the individual has inherited
from its parents. The term genotvpe can be used to refer to an individual’s genetic constitution
at a single locus, at multiple loct, or, more generally, the term genotype can be used to refer to

an mdividual’s genctic make-up for all its genome.
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[06348] As used herein, a “haplotype” i8 the genotype of an individual at a pherabity of
genetic foci. Typically, the genetic loci described by a haplotype are physically and genctically
linked, e.g., in the same chromosome tderval. Selection based upon a haplotype can be more
effective than selection based upon a single marker focus.

106349] A “Quantitative Trait Locus {QTL}Y" is a chromosomal location that encodes for
allcles that affect the exprossivity of a phenotype.

[60356]  As used herein, the term “phenotype” means the detectable charactenistics of a cell
or organism that can be influenced by gene expression.

[B8351] As used herein, the term “introgressed,” when used in reference 10 a genetic locus,
refers to a genetic locus that has been introduced into a new genetic background. Introgression
of a genetic locus can thus be achieved through plant breeding methods and/or by molecular
genetic methods. Such molecolar genetic methods include, but are not limited to, various plant
transformation techniques or methods that provide for homologous recombination, non-
homologous recombination, site-specific recombination, or genomic modifications that
provide for locus substitution or locus conversion.

[B0352]  As used bherem, “mapping” is the process of defining the linkage relationships of
loct through the use of genetic markers, populations segregating for the markers, and standard
genetic principles of recombination frequency.

1363537  As used herein, “genetic mapping” is the process of defining the linkage
relationships of loci through the use of genetic markers, populations segregating for the
markers, and standard genetic principles of recombination frequency. A “genetic map
location” is a location on a genetic map relative to surrounding genetic markers on the same
linkage group where a specified marker can be found within a given species. o contrast, a
“physical map” of the genome refers to absolute distances {for example, measured 1n base pairs
or isolated and overlapping contiguous genetic fragments, e g, contigs). In geoneral, the closer
two markers or genomic loci are on the geonetic map, the closer they lic {0 one another on the
physical map. A physical map of the genome does not take into account the genctic behavior
{¢.g., recombination frequencies} between different points on the physical map. A lack of
precise proportionality between geuetic distances and physical distances can exist duc to the
fact that the hikelthood of genetic recombination 1s not uniform throughout the genome; some
chromosome regions are cross-over “hot spots,” while other regions demonstrate only rare
recombmation events, if any. Genetic mapping variability can also be observed between
different populations of the same crop species. In spite of this vanahility in the genetic map
that may occur behween populations, genetic map and marker information denved from one
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population generally remain useful across multiple populations in identification of plants with
desired traits, counter-sefection of plants with undesirable traits and in MAS breeding. Asone
of skill in the art will recognize, recombination frequencies (and as a result, genetic map
posttions} m any further populations are not statie.  The genetic distances separating two
markers {or a marker and a QTL} can vary depeunding on how the map positions are determined.
For example, vanables such as the parental mapping populations used, the sofiware used n
marker mapping or QTL mappmg, and the parameters input by the uscr of the mapping
software can conirtbute to the QTL marker genetic map relationships. However, it is not
intended that the disclosure be himited 1o any further mapping populations, use of any further
software, or any further set of software parameters to determine linkage of a further marker or
chromosome interval with a desired phenotype. It is well within the ability of one of ordinary
skill in the art to extrapolate the novel features described herein to any gene pool or population
of interest, and using any further software and software parameters. Indeed, observations
regarding genetic markers and chromosome intervals in populations in addition to those
described heremn are readily made using the teaching of the present disclosure.

[B0354]  As used herein, the tonms “coupled”, “coupled loct™ or “coupling event” refersto a
genetic condition m which the alleles of two different loci occur together on one chromosome.
In a further aspect, two different loct that are coupled occur within about 20 ¢M, 19 ¢M, 18
oM, 17 cM. 16 cM, 15 cM, 14 cM, 13 cM, 12cM, 11 cM, 10 cM, 9 cM, 8 cM, 7cM, 6 ¢M, 3
cM, 4 cM, 3cM, 2 cM, 1 cM, 0.5 cM, or less than 0.5 ¢M from cach other.

[08355] Asused herein, “co-segregates” means inherited together during meiosis more often
than random assortment would predict.  In example, during meiosis in the course of plant
breeding, two marker alleles or two phenotypes or a marker allele and a phenotype that are
wnherited together in the same progeny are said to co-segregate. This typically means that the
two marker alleles, two phenotypes, or marker allele and phenotype are bnked. For example,
two genes coupled on the same chromosome will be inherited together and therefore co-
segregate . A marker allele that is linked to a phenotype will tend to co-segregate with that
phenctype.

[B0356]  As used berein, “flanking”, “flanking markers”, or an “interval flanked by™ is used
to describe the boundarncs of a chromosome interval or region by designated genetic markers.
As used herein, flanking markers designating the boundanies of a given region are included
within that region.

160357 Asused herein, the term “chromosoroe interval” designates a contiguous Jincar span
of genomic DNA that restdes on a single chromosome.
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[06358] As used herein, “locus™ is a chromosome region where a polymorphic nucleic acid,
tratt determinant, gene, or marker is located. The loci of this disclosure comprise one or more
polymorphisms 1 a population; e.g., altemative alleles are present in some individuals. A

“sene tocus™ 18 a specific chromosome location i the genome of a species where a specific

W

gene can be found. A “trait locus™ 1s a specific chromosome location 1n the genome of a spacies
where a gene conferring a specific trait can be found.

[68339]  As used heremn, “allele” refers 1o an alternabive nucleic acid sequence at a further
locus. The length of an allele can be as small as 1 nucleotide base, but is typically larger. For
example, a first allele can oocur on one chromosome, while a second allele oocurs on a second
10 homologous chromosome, ¢.g., as occurs for different chromosomes of a heterozyvgous
ndividual, or between different homozygous or heterozygous individuals in a population.
106368]  As used herein, the terms “recombinant” or “recombination event” refers to a plant
having a new genctic make-up arising as a result of crossing over between homologous

chromosomes during meiosis.

Pt
(s

[08361]  As used herein, a “detectable level” refers to a concentration or absclute count of a
protein that can be objectively observed using standard techniques in the art. In an aspect, a
method of measunng for a detectable level comprnises protein sequencing, In an aspect, a
method of measuring for a detectable level comprises a Wesiern blot. In an aspect, a method
of measuring for a detectable level comprises an ELISA . In an aspect, a method of measunng
20 for a detectable level comprises enzyme kinetics experiments.
[08362] Non-hmiting examples of plant tissue tvpes mchude ground tissue, epidermal tissug,
and vascular tissue. Further non-hinvting examples of plant tissue include leaf tissue, stem
tissue, floral tissue, meristem fissue, rooi tissue, and sced tissue. Additional non-limiting
examples of plant tissue types include embryo tissue, endosperm tissue, seed coat tissue,
25 asillary menstem tissue, shoot apical meristem tissae, and root apical meristem tHssue.
Embodiments
[38363] Below are non-limiting embodiments of the instant disclosure:
[06364] Embodiment 1. A modified tobacco plant, or part thereof, comprising at least one
non-natural mutation in an endogenous nucleic acid sequence, wherein the endogenous nucleic
30 acid sequence encodes a polypeptide comprising an amino acid scquence of SEQ 1D NQa: 21
1o 40,
[68365] Embodiment 2. A modified tobacco plant, or part thereof, comprising a recombinant

DNA construct comprising a heterologous promoter operably linked to a nucleic acid encoding
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at least one small RNA molecule capable of binding to and reducing the expression of an
endogenous nucleic acid sequence encodmg a polypeptide at least 80%, 83%, 90%. S1%, 92%,
03%, 94%, 93%, 96%, 97%, 98%, 99%, or 100% identical or similar to an amino acid sequence
of SEQ ID NG 21
106366] Embodiment 3. A modified tobacco plant, or part thereof, comprising a recombinant
DNA construct comprising a heterologous promeater operably Hoked to a nucleic acid encoding
at least one small RNA molecule capable of binding to and reducing the expression of an
endogenous nucleic acid sequence encoding a polypeptide at least 80%, 853%, 90%, 1%, 92%,

93%, 94%, 95%, 96%, 97%. 98%, 99%. or 100% identical or similar to an amino acid seguence
of SEQ ID NG: 22
[36367] Embodiment 4. A modified tobacco plant, or part thereof, compnsing a recombinant
DNA construct comprising a heterologous promaoter operably linked o a mucleic acid encoding
at least onc small RNA molecule capable of binding to and reducing the expression of an
endogenous nucleic acid sequence encodimg a polvpeptide at least 80%, 85%, 90%, 919%, 92%
O3%, 84%, 85%, 96%, 97%, 98%, 99%. or 160% identical or similar to an amino acid sequence
of SEQ ID NG 23
[38368] Embodiment 5. A modified tobacco plant, or part thereof, comprising a recombinant
DINA constract comprising a heterologous promoter operably linked to a nucleic acid encoding
at lecast onc small RNA molecule capable of binding to and reducing the expression of an
endogenous nucleic acid sequence encodimg a polvpeptide at least 80%, 853%, 90%, 919, 92%,
O3%, 84%, 85%, 96%, 97%, 98%, 99%. or 160% identical or similar to an amino acid sequence
of SEQ ID NO: 24
(30369  Embodimernt 6. A modified tobacco plant, or part thereof, comprising a recombinant
DNA construct comprising a heterologous prometer operably linked to a nucleic acid encoding
at least onc small RNA molecule capable of binding to and reducing the expression of an
endogenous nucleic acid sequence encoding a polypeptide at least 8G%, 85%, 90%, 91%, 92%,
3%, 94%, 85%, 96%, 97%, 98%, 99%, or 100% 1dentical or similar to an amino acid sequence
of SEQ ID NO: 25.
[6837¢] Embodiment 7. A modified tobacco plant, or part thereof, comprising a recombinant
DNA construct comprising a heterologous promoter operably Hinked to a nucleic acid encoding
at least one small RNA molecule capable of binding 1o and reducing the expression of an
endogenous nucleic acid sequence encoding a polypeptide at least 80%, 85%, 90%, 919, 92%,

93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical or ssmilar to an amino acid sequence
of SEQ ID NO: 26.
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[06371] Embodiment 8. A modified tobaceo plant, or part thereof, comprising a recombinant
DNA construct comprising a heterclogous promoter operably linked to a nucleic acid encoding
at least onc small KNA molecule capablie of binding to and reducing the expression of an
endogenous nucleic acid sequence encoding a polypeptide at least 80%, 85%, 90%, 91%, 92%,
3%, 94%, 93%, 96%, 97%, 98%, 99%, or 100% identical or similar to an aming actd sequence
of SEQ 1D NG 27

[68372] Embodiment 8. A moditied tobacco plant, or part thereof, comprising a recombinant
DNA construct comprising a heterclogous promoter operably linked to a nucleic acid encoding
at least one small RNA molecule capable of binding to and reducing the expression of an
endogenous nucleic acid sequence eng odmg a polypeptide at least 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 989, 99%, or 100% identical or similar to an amine acid sequence
of SEQ ID NG 28

[66373] Embodiment 10, A modified tobacco plant, or part thereof, comprsing a
recombinant DNA consiruct comprising a heterologous promoter operably linked to a nuclew
acid encoding at least one small RNA molecule capable of binding to and reducing the
expression of an endogenous nucleic acid sequence encoding a polypeptide at least 80%, 85%,
0%, 91%, 929, 93%, 94%, Y5%, 96%, 97%, 98%, 99%, or 100% identical or stmilar to an
amino acid sequence of SEQ 1D NO: 29.

[06374] Embodiment 11, A modified tobacco plant, or part thereof, comprising a
recombinant DNA construct comprising a heterologous promoter operably linked to a nucleic
acid encoding at least one small RNA molecule capable of binding to and reducing the
expression of an endogenous nucleic acid sequence encoding a polypeptide at least 80%, 85%
D0%, 91%. 92%,. 93%, 94%, 93%, 96%. 97%. 98%, 99%, or 100% identical or similar to an
amino acid sequence of SEQ D NO: 30

[38375] Embodiment 12, A modified tobacco plant, or part thereof, comprising a
recombinant DNA construct comprising a heterologous promoter operably linked to a nucleie
acid encoding at least one small RNA molecule capable of binding to and reducing the
expression of an endogenous nucleic acid sequence encoding a polvpeptide at least 80%, 85%,
90%, 91%, 92%, 93%, 94%. 959%, 96%, 97%., 989%, 99%, or 100% identical or similar to an
araino acid sequence of SEQ D NO: 31

[38376] Embodiment 13, A modified tobacco plant, or part thereof, comprising a
recombinant DNA construct comprising a heterologous promoter operably linked to a nucleie
acid encoding at least one small RNA molecule capable of binding to and reducing the

expression of an endogenous nucleic acid sequence encoding a polypeptide at least 80%, 85%,
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0%, G1%, 92%, 93%, 94%, 95%, 96%, 97%. 98Y%, 99%, or 100% identical or simlar to an
amino acid sequence of SEQ 1D NO: 32
[68377] Embodiment 14, A modified tobacco plant, or part thercof, comprising a

recombinant DNA construct comprising a heterologous promoter operably linked to a nucleie

W

acid encoding at least ong small RNA molecule capable of binding to and reducing the
cxpression of an endogenous nucleic acid sequence encoding a polypeptide at least 80%, 85%,
0%, Y1%, 92%. 939, 94%, 05%, 96%, 97%. 8%, 99%, or 100% dentical or simlar 1o an
amine acid sequence of SEQ 1D NG: 33
[68378] Embodiment 15, A modified tobacco plant, or part thereof, comprising a
10 recombmant DNA construct comprising a heterologous promoter operably linked to a nucleic
acid encoding at least one small RNA molecule capable of binding to and reducing the
expression of an mdogmous nucleic acid sequence encoding a polypeptide at least 80%, 85%.
G0%, 91%, 92%. 93%, 94%, 95%. 96%, 97%. 8%, 99%, or 100% identical or sunilar to an

amino acid sequence of SEQ 1D NQO: 34,

Pt
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[0637%] Embodiment 16, A modified tobacco plant, or part thercof, comprising a
recombinant DNA consiruct comprising a heterologous prometer operably linked to a nucleic
acid encoding at least one small RNA molecule capable of binding to and reducing the
expression of an endogencus nucleic acid sequence encoding a polypeptide at least 80%, 85%,
90%, 91%. 92%, 93%. 94%, 93%, 96%, 97%, 8%, 99%, or 100% identical or similar to an
20 avuvno acid sequence of SEQ 1D NO: 35.
[06383] Embodiment 17, A modified tobacco plant, or part thercof, comprising a
recombimant DNA construct comprising a heterclogous promoter operably linked to a nucleic
acid encoding at least onc small RNA molecule capable of binding to and reducing the
expression of an endogenous nucleic acid sequence encoding a polypeptide at least 80%, 85%,
25 80%, %1%, 2%, 93%. 94%, 93%, 96%, 97%, 98%, 99%, or 100% identical or similar to an
amino acid sequence of SEQ D NO: 36
[66381] Embodiment 18, A modified tobacco plant, or part thereof, comprising a
recombmant DNA construct comprising a heterologous promoter operably linked to a nucleic
acid encoding at least one small RNA molecule capable of binding to and reducing the
30 expression of an endogenous nucleic acid sequence encoding a polypeptide at least 80%, 85%,
0%, 91%, 929, 93%, 94%, Y5%, 96%, 97%, 98%, 99%, or 100% identical or stmilar to an
amino acid sequence of SEQ 1B NO: 37
[66382] Embodiment 19, A modified tobacco plant, or part thereof, comprsing a
recombinant DNA consiruct comprising a heterologous promoter operably linked to a nuclew
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acid encoding at least one small RNA molecule capable of binding to and reducing the
expression of an endogenous nucleic acid sequence encoding a polypeptide at least 80%, 85%
D0%, 91%. 92%,. 93%, 94%, 93%, 96%. 97%. 98%, 99%, or 100% identical or similar to an

amino acid sequence of SEQ 1B NO: 38,

W

106383] Embodiment 20, A modified tobacco plant, or part thereof, comprising a
recombinant DNA construct comprising a heterologous promoter operably linked to a nucleic
acid encoding at least one small RNA molecule capable of binding to and reducing the
expression of an endogenous nucleic acid sequence encoding a polvpeptide at least 80%, 85%,
90%, 91%, 92%, 93%, 94%. 959%, 96%, 97%., 989%, 99%, or 100% identical or similar to an
10 amno acid sequence of SEQ ID NG 39

j36384] Embodiment 21, A modified tobacco plant, or part thereof, comprising a
recombinant DNA construct comprising a heterologous promoter operably linked to a nucleie
acid encoding at least one small RNA molecule capable of binding to and reducing the
expression of an endogenous nucleic acid sequence encoding a polypeptide at least 80%, 85%,
0%, G1%, 92%, 93%, 94%, 95%, 96%, 97%. 98Y%, 99%, or 100% identical or simlar to an

araino acid sequence of SEQ [ NO: 40

Pt
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[38385] Embodiment 22, A modified tobacco plant, or part thereof, comprising a
recombinant DNA construct comprising a heterologous promoter operably linked to a nucleie
acid sequence encoding a pelypeptide comprising an amino acid sequence at feast at least 0%,
20 83%, 90%, 91%, 92%. 93%. 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical or similarto
an amine acid sequence of SEQ ID NG: 21,
[68386] Embodiment 23. A modified tobacco plant, or part thereof, comprising a
recombinant DNA consiruct comprising a heterologous prometer operably linked to a nucleic
acid sequence encoding a polyvpeptide comprising an amino acid sequence at least at least 80%,
25 B3%, S0%6, 9196, 92%, 93%, 94%, 9596, 96%, 97%, 98%, 99%, or 1009 1dentical or smnlar to
an amino acid scquence of SEQ D NG: 22
[66387] Embodiment 24, A modified tobacco plant, or part thereof, comprising a
recombmant DNA construct comprising a heterologous promoter operably linked to a nucleic
acid sequence encoding a polypeptide comprising an amino acid sequence at least at least 80%,
30 85%, 909, 91%. 92%, 93%, 94%, 95%%, 96%, 97%, 98%, 99%, or 100% 1dentical or similar to
an amino acid sequence of SEQ 1D NO: 23,
j36388] Embodiment 25, A modified tobacco plant, or part thereof, comprising a
recombinant DNA construct comprising a heterologous promoter operably linked to a nucleic

acid sequence encoding a polypeptide comprising an amino acid sequence at least at least 86%
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85%0, 90%, 91%, 92%, 9396, 94%, 95%, 96%, 7%, 9896, 89%, or 100% identical or simtlar to
an amino acid sequence of SEQ ID NG 24,
[6638¢] Embodiment 26. A modified tobacco plant, or part thercof, comprising a
recombinant DNA construct comprising a heterologous promoter operably linked to a nucleie
acid sequence encoding a polypeptide comprising an amino acid sequence at least at least 80%.
B5%, 90%, 919, 925, 939, 94%, 95%, 96%, 7%, 98%. 99%, or 100% 1dentical or similar to
an amine acid sequence of SEQ ID NG: 25,
[0639¢] Embodiment 27 A modified tobacco plant, or part thercof, comprising a
recombimant DNA construct comprising a heterclogous promoter operably linked to a nucleic
acid sequence encoding a polyvpeptide comprising an amino acid sequence at least at least 80%,
83%, 9096, 9196, 92%, 93%, 94%, 9596, 96%, 97%, 98%, 99%, or 10096 1identical or snular to
an aming acid sequence of SEG ID NG 26
[66391] Embodiment 28, A modified tobacco plant, or part thereof, comprsing a
recombinant DNA consiruct comprising a heterologous promoter operably linked to a nuclew
acid sequence encoding a polypeptide comprising an amino acid sequence at least at least 80%,
8596, 90%. 919, 92%, 93%, 945, 95%. 96%, 97%, 98%, 99%, or 100% identical or smmular to
an amino acid sequence of SEQ 1D NO: 27,
[363%2] Embodiment 29 A modified tobacco plant, or part thereof, comprising a
recombinant DNA construct comprising a heterologous promoter operably linked to a nucleie
acid sequence encoding a polypeptide comprising an amino acid scquence at feast at least 80%,
85%0, 90%, 91%, 92%, 9396, 94%, 95%, 96%, 7%, 9896, 89%, or 100% identical or simtlar to
an amino acid sequence of SEQ ID NG 28,
[68393] Embodiment 30. A modified tobacco plant, or part thercof, comprising a
recombinant DNA construct comprising a heterologous promoter operably linked to a nucleic
acid sequence encading a polypeptide comprising an amino acid sequence at least at least 80%,
B3%, 90%, 91%, 92%, 93%. 94%, 95%, 86%, 97%. 98%, 99%, or 100°% identical or simular to
an anuno acid sequence of SEQ ID NG: 29,
[06394] Embodiment 31, A modified tobacco plant, or part thercof, comprising a
recombimant DNA construct comprising a heterclogous promoter operably linked to a nucleic

acid sequence encoding a polypeptide comprising an amino acid sequence at least at least 80%,

ol
(]

%, 909%, 9156, 92%, 93%, 94%, 959, 96%, 97%, 98%, 99%, or 1009 identical or simular to
an aming acid sequence of SEQ 1D NG: 306,

[66393] Embodiment 32, A modified tobacco plant, or part thereof, comprsing a
recombinant DNA consiruct comprising a heterologous promoter operably linked to a nuclew

113



WO 2025/147663 PCT/US2025/010305

acid sequence encoding a pelypepﬁde comprising an aming acid sequence at least at least 30%
85%, 90%, 91%. 92%, 93%, 94%, 93%, 96%. 97%, 98%, 99%, or 100% identical or similar to
an amino acid sequence of SEQ D NG 31,

[383%6] Embodiment 33, A modified tobacco plant, or part thereof, comprising a

W

recombinant DNA construct comprising a heterologous promoter operably linked to a nucleie
acid sequence encoding a polypeptide comprising an amino acid sequence at least at least 80%,
8S%, 90%, 91%%, B2%, 9356, 84%, 95%, 96%, 97%, 9856, 89%, or 100% 1dentical or similarto
an amine acid sequence OfSEQ IDNG: 32

[68397] Embodiment 34, A modified tobacco plant, or part thereof, comprising a
10 recombmant DNA construct comprising a heterologous promoter operably linked to a nucleic
acid sequence encading a polypeptide comprising an amine acid sequence at least at feast 80%,
B5%, 80%, 9196, 92%., 93%. 94%, 95%, 96%, 97%. 98%. 99%, or 100% 1dentical or similar to
an anuno acid sequence of SEQ 1D NG: 33,

[66398] Embodiment 35, A modified tobacco plant, or part thereof, comprising a

et
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recombmant DNA construct comprising a heterologous promoter operably linked to a nucleic
acid sequence encoding a polypeptide comprising an amino acid sequence at least at least 80%,

9%, 91%, 92%, 93%, 94%, 95

ol
(]

%%, 96%, 97%, 38%, 99%. or 100% identical or sinular to
an aming acid sequence of SEQG 1D NO: 3
[063%%] Embodiment 36, A modified tobacco plant, or part thereof, comprising a
20 recombinant DNA construct comprismg a beterologous promoter operably linked to a nucleic
acid sequence encoding a pelypepﬁde comprising an aming acid sequence at least at least 30%,
85%, 90%, 91%. 92%, 93%, 94%, 93%, 96%. 97%, 98%, 99%, or 100% identical or similar to
an amino acid sequence of SEQ 1D NO: 35
[30466] Embodiment 37. A nucleic acid sequence enc odmg a polypeptide comprising an
25 amino acid sequence at least at least 80%, 85%, 90%, 919, 92%, 93%, 94%, 95%, 96%, 97%,
989%, 99%, or 100% identical or similar to an amine acid sequence of SEQ 1B NO: 36,
[08401] Embodiment 38, A modified tobacco plant, or part thereof, comprising a
recombmant DNA construct comprising a heterologous promoter operably linked to a nucleic
acid sequence encoding a polypeptide comprising an aming acid sequence at least at least 80%,
30 859%,

an amino acid sequence of SEQ 1D NO: 37,

G095, 91%, 92%, 93%, 94%, 9595, 96%, 97%, 98%, 99%, or 100% 1dentical or similar to

[38402] Embodiment 39 A modified tobacco plant, or part thereof, comprising a
recombinant DNA construct comprising a heterologous promoter operably linked to a nucleic
acid sequence encoding a polypeptide comprising an amino acid sequence at least at least 86%
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85%0, 90%, 91%, 92%, 9396, 94%, 95%, 96%, 7%, 9896, 89%, or 100% identical or simtlar to
an amino acid sequence of SEQ ID NG 38,
[00463] Embodiment 40. A modified tobacco plant, or part thercof, comprising a
recombinant DNA construct comprising a heterologous promoter operably linked to a nucleie
acid sequence encoding a polypeptide comprising an amino acid sequence at least at least 80%.
B5%, 90%, 919, 925, 939, 94%, 95%, 96%, 7%, 98%. 99%, or 100% 1dentical or similar to
an anuno acid sequence of SEQ ID NG: 39
[084834] Embodiment 41, A modified tobacco plant, or part thercof, comprising a
recombimant DNA construct comprising a heterclogous promoter operably linked to a nucleic
acid sequence encoding a polyvpeptide comprising an amino acid sequence at least at least 80%,
83%, 9096, 9196, 92%, 93%, 94%, 9596, 96%, 97%, 98%, 99%, or 10096 1identical or snular to
an anming acid sequence of SEG 1D NG: 40,
[66405] Embodiment 42, The modified tobacco plant, or part thereof, of any one of
embodiments I to 41, wherein a leaf on said modified tobacco plant comprises an equivalent
number trichomes as compared to an equivalent leaf of a controd tobacco plant.
[00406] Embodiment 43, The modified tobacco plant, or part thercof, of any one of
embodiments | to 41, wherein said modified tobacco plant produces at least one leaf
comprising a reduced amount of at least one metabolite as compared to the amount of said
metabolite in a controd tobacco plant.
[66407] Embodiment 44. The modified tobacco plant, or part thereof, of any one of
cmbodiments 1 ioc 41, wherein said tobacco plant produces at least one leaf comprising a
reduced amount of at least one metabolite selected from the group consisting of an alkaloid,
alkaloid denivative, Benzenoids, Flavonoids, Phenyipropanowds, and Terpenoids, compared to
the amount of said metabolite in a control tobaceo plant lacking smid recombinant DNA
construct when grown under similar growth conditions.
[06408] Embodiment 45 The modified tobacco plant, or part thereof, of any one of
embodiments 1 to 41, wherem said tobacco plant produces at least one leat’ comprising an
moreased amount of at least one metabolite selected from the group consisting of an alkaloid,
alkaloid derivative, Benzenoids, Flavonoids, Phenylpropanoids, and Terpenoids, compared to
the amount of said metabolite in a control tobacco plant lacking said recombimant DNA
construct when grown under similar growth conditions.
[36402] Embodiment 46, The modified tobacco plant, or part thereof, of any one of
embodiments 1 to 43, wherein said tobacco plant is homozygous for said at least one non-

natural mutation.
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{08418 Embodiment 47. The modified tobacco plant, or part thereof, of any one of
cmbodiments 1 to 45, wherein said fobacco plant is heterozygous for said at least one non-
natural mutation.

36411} Embodiment 48, The modified tobacco plant, or part thereof, of any one of

W

embodiments 43, 44, or 45, wherein said at least one metabolite is selected from the group
consisting of an alkaloid, alkaloid derivative, Benzenoids, Flavonotds, Phenyvipropanoids, and
Terpenoids.

[06412] Embodiment 49. The modified tobacco plant, or part thereof, of any one of
cmbodiments 43, 44, or 45, wherein said reduced amount of at least one metabolite comprises
10 areduction of at least 1%.

364131 Embodiment 30, The modified tobacco plant, or part thereof, of any one of
embodiments 43, 44, or 45, whergin said increased amount of at least one metabolite comprises
a reduction of at least 1%.

[68414] Embodiment 51, The modified tobacco plant, or part thereof, of embodiment |,

Pt
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wherein said at least one non-natural mutation comprises a mutation sclected from the group

consisting of an insertion, a deletion, a substitution, a duplication, and an inversion.

[38415] Embodiment 52. The modified tobacco plani, or part thereof, of embodiment 1,

wherein said at least one non-natural muitation comprises at least one mutation selected from

the group consisting of a nonsense mutation, a missense mutation, a frameshift mutation, and

20 a splice~site mutation.

[08416] Embodiment 53 The modified tobacco plant, or part thergof, of embodiment 1,
wherein said at least one non-natural ontation comprises a null mutation,

[66417] Embodiment 54, The modified tobacco plant, or part thereof, of embodiment 1,
wherein said at least one non-natural mutation results 1n a truncation of said polyvpepiide.

25 [83418] Embodiment 55 The modified tobacco plant, or part thereof, of embodiment 1,
wherein said at least one non-natural mutation comprises a muation in a sequence region
selected from the group consisting of a promoter, a 5'- untranslated region (UTR), an exon, an
miron, a 3’ -UTR, and a terminator.

[68419] Embodiment 56 The modified tobacco plant, or part thereof, or part thereof, of

30 ombodiment 1, wherein said at least one non-natural mutation results 1o a reduced level of

expression of said nucleic acid sequence as compared to expression of said nucleic aad

sequence in the same fissue of a control tobacco plant when grown under similar growth
conditions, wherein said nucleic acid sequence lacks the at least one non-natural mutation in

said control tobacco plant.
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{08428 Embodiment 57 The modified tobacco plant, or part thergof, of embodiment 1,
wherein said at least one non-natural mutation results in a reduced level of activity by a protein
ot polvpeptide encoded by said nucieic acid sequence as compared to activity of a protein or
polypeptide encoded by said nucleic acid sequence m a control tobacco plant when grown
under similar growth conditions, wherein said nucleic acid sequence lacks the at least one non-
natural mutation 1o said control tobacco plant.

[68421] Embodiment S8, The modified tobacco plant, or part thereof, of any one of
cmbodiments 2 to 41, wherein said promoter comprises a promoter selected from the group
consisting of a constitutive promoter, a tissue-preferred promoter, a tissue-specific promoter,
and an inducible promoter.

[36422] Embodiment 39, The modified tobacco plant, or part thereof, of embodiment 58,
wherein said tissue-preferred promoter comprises a leaf-preferred promoter or a trichome-
preferred promoter.

[68423] Embodiment 60, The modified tobacco plant, or part thereof, of embodiment 38,
wherein said tissue-specific promoter comprises a leaf~specific promoter or a trichome-specific
promotor.

[38424] Embodiment 61. The modified tobacco plant, or part thereof, of embodiment 358,
wherein said constitutive promoter i3 selected from the group consisting of a Cashiflower
Mosaic Virus (CaMV) 338 promoter, a obiguitin promoter, an actin promoter, an oping
promoter, and an alcohol dehydrogenase promoter.,

[08425] Embodiment 62, The modified tobacco plant, or part thereof, of any one of
crabodiments 2 to 21, wherein the at lcast onc small RNA molecule is selected from the group
consisting of a double-stranded RNA, a small interfering RNA (siRNA), atrans-acting siRNA,
and a microRNA.

136426] Embodiment 63, The modified tobacco plant, or part thereof, of any one of
embodiments 2 to 21, wherein said at least one small RNA molecule comprises between 18
nucleotides and 30 nucleotides.

[08427] Embodiment 64. The modified tobacco plant, or part thereof, of any one of
cmbodiments 2 to 21, wherein said at least one small RNA molecuole comprises a nucleic acid
sequence at least Y0% complemerdary 1o a sequence sclected from the group consisting of SEQ
B NQOs: | to 20 or4l 1o 60.

136428] Embodiment 65, The modified tobacco plant, or part thereof, of any one of
embodiments 1 to 41, wherein the modified tobacco plant s of a tobacco variety sclected from
the group consisting of a flug-cured vanety, a brnight variety, a Burley vancty, a Virgima
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variety, a Maryland variety, a dark variety, a Galpdo variety, an Ortental variety, and a Turkish
Variety.
[60429] Embodiment 66. The modified tobacco plant, or part thercof, of anv one of the

preceding embodiments, wherein the modified tobacco plant is of a variety selected from the

W

group consisting of the tobacco varieties listed in Tables 2-8.

[66438] Embodiment 67. The modified tobacco plant, or part thercof, of any one of the
preceding embodiments, wherein the modified tobacco plant 18 a hybnid.

[08431] Embodiment 68 The modified tobacco plant, or part thereof, of any one of the
preceding embodiments, wherein the modified tobacco plant is male sterile or cytoplasmically
10 male stenle.

[38432] Embodiment 69. The modified tobacco plant, or part thereof, of any one of
embodiments 1 to 67, whergin the modified tobacco plant is female sterile.

[66433] Embodiment 70. Cured tobacco matenal from the modified tobacco plant, or part

thereof, of any one of the preceding embodiments.
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[08434] Embodiment 71, The cured tobacco matenal of embodiment 70, wherein said cured
tobacco matenal comprises cured leaf material, cured stem maternial, or both.
[38435] Embodiment 72. The cured tobacco matenial ofembodiments 70 or 71, wherein said
cured tobacco material comprises flue cured tobacco matenial, air cured tobacco matenal, fire
cured tobacco matenal, and sun cured tobacco matenal.
26 |60436]  Embodiment 73, A tobacco blend comprising the cured tobacco material of any one
of embodiments 70 to 71
[68437] Embodiment 74. The tobacco biend of embodiment 73, wherein said tobacco blend
comprises at least 10% cured tobacco by weight.
[38438] Embodiment 75. The tobacco biend of embodiment 73, wherein said tobacco blend
25 comprises at least 10% cured tobacco by volume.
10643%] Embodiment 76, A tobacco product comprising the tobacco blend of any one of
embodiments 73 to 75.
{08443 Embodiment 77, A tobacco prodact comprising the cured tobaceo material of any
ong of embodiments 70 10 72
30 [00441] Embodiment 78 The tobacco product of embodiment 76 or 77, wherem said
tobacco product 1s selected from the group consisting of a cigarette, heated tobacco product,
kretek, bidi cigarette, cigar, ciganllo, non-ventilated cigarctte, vented reccss filter cigarette,
pipe tobacco, snuff, snus, chewing tobacco, moist smokeless tobacco, fine cut chewmg
tobaceo, long cut chewing tobacco, pouched chewing fobacco product, gum, tablet, lozenge,
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and dissolving strip.
[68442] Embodiment 79, The tobacco product of embodiment 76 or 77, wheremn said
tobacco product is a smokeless tobacco product.

[36443] Embodiment 80. The tobacco product of embodiment 79, wherein said smokeless

W

tobacco product is selected from the group consisting of loose leaf chewing tobacco, plug
chewing tobacco, motist snutt, nasal souf¥, dry snuff, and snus.

[06444] Embodiment 81, A reconstituted tobacco comprising the cured fobacco matenal of
any one of emrbodiments 70 to 72

[68445] Embodument 82, A method of producing a modified tobacco plant comprising:

16 mducing a non-natural mutation in at least one tobacco cell in an endogenous nucleic
acid sequence gncoding a polypeptide compnsing an amino acid sequence at least 30%
identical or similar to an aming acid sequence selected from the group consisting of
SEQ D NOs: 21 10 40;

selecting at least one tobacco cell comprising said non-natural mutation from step (a);

Pt
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and
regenerating at least one modified tobacco plant from said at least one tobacco cell
selected in step (b).
[38446] Embodiment 83, A method of producing a modified tobaceo plant comprising:
inducing a non-natural mutation in at least one tobacco cell in an endogenous nucleic
26 acid sequence encoding a polypeptide comprsing an amino acid scquence at least 85%
identical or similar o an amino acid sequence selected from the group consisting of
SEQ D NQOs: 21 t0 406,
selecting at least one tobacco cell comprising said non-natural mutation from step (a);
and
23 regencrating at least one modified tobacco plant from said at least one tobacco cell
selected in step (b
[68447] Embodiment 84. A method of producing a modified tobacco plant comprising:
mducing a non-natural mutation in at least one tobacco cell in an endogenous nocleic

aci
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sequence encoding a polypeptide comprising an aming acid sequence at least 90%
30 wdentical or similar to an amino acid sequence selected from the group consisting of
SECQ I NOs: 21 to 40,
selecting af least one tobaceo cell compnsing said non-natural mutation from step (a),
and

regenerating at least one modified tobacco plant from said at least one tobacco cell
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selected in step (b).
[68448] Embodument 83, A method of producing a modified tobacco plant comprising:
mducing a non-natural mutation n at least one tobacco cell i an endogenous nucleic

acid sequence encoding a polypeptide comprising an amino acid sequence at least

W

92 5% 1dentical or similar to an amine acid sequence selected from the group consisting

of SEQ ID NOs: 21 10 40;

selecting at least one tobacco cell comprising said non-natural mutation from step (a);

and

regenerating at least one modificd tobacco plant from said at ieast one tobacco cell

10 selected in step (b).

[38449] Embodiment 86, A method of producing a modified tobaceo plant comprising:
inducing a non-natural mutation in at least one tobacco cell in an endogenous nucleic
acid sequence encoding a polypeptide comprsing an amino acid scquence at least 95%
identical or simular to an amine acid sequence selected from the group consisting of

SEQ ID NOs: 21 10 40;

Pt
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selecting at least one tobacco cell comprising said non-natural mutation from step (a);
and

regencrating at least one modified tobacco plant from said at least one tobacco cell
selected in step (b

26 |60438]  Embodiment 87, A method of producing a modified tobacco plant compusing:
mducing a non-natural mutation in at least one tobacco cell in an endogenous nocleic
acid sequence encoding a polypeptide comprising an amino acid sequence at least
97 5% wentical or stailarto an amno acid sequence selected from the group consisting
of SEQ ID NGs: 21 1o 40,

23 selecting af least one tobaceo cell compnsing said non-natural mutation from step (a),
and
regenerating at least one modified tobacco plant from said at least one tobacco cell
selected in step {(b).

[68451] Embodument #8. A method of producing a modified tobacco plant comprising:

30 mducing a non-natural mutation n at least one tobacco cell i an endogenous nucleic
acid sequence encoding a polypeptide comprising an amino acid sequence identical or
similar to an amino acid sequence sclected from the group consisting of SEQ 1D NOs:
21 1o 40;
selecting at least one tobacco cell comprising said non-natural mutation from step (a);

1
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and
regenerating at least one modified tobacco plant from said at least one tobacco cell
selocted in step (b).

[38452] Embodiment 89, A method of producing a modified tobaceo plant comprising:

W

ntroducing a recombinant BDNA construct to at Ieast one tobacco cell, wherein said
recombimant DNA construct comprises a heterologous promoter operably linked 1o a
nucleic acid encoding at least one small RNA molecule capable of binding to and
reducing the expression of an endogenous mucleic acid sequence encoding a
polypeptide at lcast 80% identical or similar to an amino acid sequence selected from
10 the group consisting of SEQ 1D NOs: 21 to 44

selecting at least one tobacco cell comprising said recombinant DNA construct, and
regencrating at least one modified tobacco plant from said at least one tobaceo cell
selected 1n step (b).

[68433] Embodiment 90. A method of producing a modified tobacco plant comprising:

Pt
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mtroducing a recombinant DNA construct to at feast one tobacco cell, wherein said

recombinant DNA counstruct comprises a heterologous promoter operably linked to a

nucleic acid encoding at least one small RNA molecule capable of binding to and

reducing the expression of an endogenous nucleic acid sequence encoding a

polvpeptide at least 839 identical or simidar to an amine acid sequence seiected from

26 the group consisting of SEQ 1D NOs: 21 10 40;
selecting at least one tobacco cell comprising sard recombinant DNA construct; and
regenerating at least one modified tobacco plant from said at least one tobacco cell
selocted in step (b).

[38454] Embodiment 91. A method of producing a modified tobaceo plant comprising:
23 mtroducing a recombinant DNA construct to at least one tobacco cell, wherein said
recombinant DNA construct comprises a heterslogous promoter operably linked to a
nucleic acid encoding at least one small RNA molecule capable of binding to and
reducing the expression of an endogenous mucleic acid sequence encoding a
polvpeptide at least 909% identical or similar to an amino acid sequence selected from
30 the group consisting of SEQ 1D NOs: 21 10 40;
selecting at least one tobacco cell comprising said recombinant DNA construct; and
regencrating at least one modified tobacco plant from said at least one tobacco cell
selected 1n step (b).

[08435] Embodiment 92. A method of producing a modified tobacco plant comprising:
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mtroducing a recombinant DNA construct to at feast one tobacco cell, wherein said
recombmant DNA construct comprises a heterologous promoter operably linked to a
nucieic acid encoding at least one small RNA mwolecule capable of binding to and
reducing the expression of an endogenous nucleic acid sequence encoding a
polvpeptide at least 92 5% identical or sinvilar £0 an amino acid sequence selected from
the group consisting of SEQ 1D NOs: 21 10 40;

selecting at least one tobacco cell comprising said recombinant DNA construct; and
regenerating at least one modified tobacco plant from said at least one tobacco cell
selected in step (b).

[38456] Embodiment 93, A method of producing a modified tobaceo plant comprising:
mtroducing a recombinant DNA construct to at least one tobacco cell, wherein said
recombinant DNA construct comprises a heterslogous promoter operably linked to a
nucleic acid encoding at least one small RNA molecule capable of hinding to and
reducing the expression of an endogenous nucleic acid sequence encoding a
polvpeptide at least 95% 1dentical or similar to an amine acid sequence selected from
the group consisting of SEQ D NOs: 21 to 40;
selecting at least one tobacco cell comprising said recombinant DNA construct; and
regencrating at least one modified tobacco plant from said at least one tobacco cell
selected in step (b

[66437] Embodiment 94. A method of producing a modified tobacco plant compusing:
mtroducing a recombinant DNA construct to at feast one tobacco cell, wherein said
recombinant DNA construct comprises a heterologous promoter operably linked to a
nucieic acid encoding at least one small RNA mwolecule capable of binding to and
reducing the expression of an endogenous nucleic acid sequence encoding a
polypeptide at least 97 5% wlentical or similar to an amino acid sequence selected from
the group consisting of SEQ 1D NOs: 21 10 40;
selecting at least one tobacco cell comprising said recombinant DNA construct; and
regenerating at least one modified tobacco plant from said at least one tobacco cell
selected in step (b).

[60458] Embodument 95, A method of producing a modified tobacco plant comprising:
miroducing a recombinant DNA construct to at least one tobacco cell, wherein said
recombinant DNA construct comprises a heterologous promoter operably linked to a
nucleic acid encoding at least one small RNA molecule capable of hinding to and
reducing the expression of an endogenous nucleic acid sequence encoding a
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polvpeptide identical or similar to an amme acid sequence selected from the group
consisting of SEQ ID NOs: 21 to 40;
selocting at least one tobacco cell comprising said recombinant DNA construct; and

regencrating at least one modified tobacco plant from said at least one tobacco cell

W

selected in step (b

[66433] Embodiment 96. A method of producing a modified tobacco plant compusing:
mtroducing a recombinant DNA construct {o at least one tobacco cell, wherein said
recombinant DNA construct comprises a heterologous promoter operably linked to a
nucleic acid sequence encoding a polvpeptide comprising an aming acid sequence at

10 least 80% identical or similar to an ammo acd sequence selected from the group
consisting of SEQ 1D NOs: 21 10 40;
selecting at least one tobacco ccll comprising said recombinant DNA construct; and
regencrating at least one modificd tobacco plant from said at teast one tobacco cell
selected 1n step (b).

15 [060468] Embodiment 97. A method of producing a modified tobacco plant comprising:
ntroducing a recombinant DNA construct to at feast one tobacco cell, wherein said
recombmant DNA construct comprises a heterologous promoter operably linked to a
nucleie acid sequence encoding a polvpeptide comprising an amine acid sequence at
least 85% identical or similar to an amino acid sequence selected from the group

26 consisting of SEQ 1D NOs: 21 10 40;
selecting at least one tobacco cell comprising sard recombinant DNA construct; and
regenerating at least one modificd tobacco plant from said at ieast one tobacco cell
selocted in step (b).

[38461] Embodiment 98, A method of producing a modified tobaceo plant comprising:

23 mtroducing a recombinant DNA construct to at least one tobacco cell, wherein said
recombinant DNA construct comprises a heterslogous promoter operably linked to a
nucleic acid sequence encoding a polvpeptide comprising an aminge acid sequence at
least 80% identical or simular to an aming acid sequence selected from the group
consisting of SEQ ID NOs: 21 to 40;

30 selocting at least one tobacco cell comprising said recombinant DNA construct; and
regenerating at least one modified tobaceo plant from said at least one tobacco cell
selected in step (b).

[66462] Embodiment 99. A method of producing a modified tobacco plant compusing:
mtroducing a recombinant DNA construct {o at least one tobacco cell, wherein said
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recombmant DNA construct comprises 3 heterologous promoter operably linked to a
nucleic acid sequence encoding a polvpeptide comprising an aming acid sequence at
least 92.5% identical or similar to an amino acid sequence selected from the group

consisting of SEQ 1D NOs: 21 10 40;

W

selecting at least one tobacco ccll comprising said recombinant DNA construct; and
regencrating at least one modified tobacco plant from said at least one tobacco cell
selected 1n step (b).
[60463] Embodiment 100, A method of producing 2 modified tobacco plant comprising:
introducing a recombinant DNA construct to at least one tobacco cell, wherein said
10 recombmant DNA construct comprises a heterologous promoter operably linked to a
nucleie acid sequence encoding a polvpeptide comprising an amine acid sequence at
feast 95% identical or similar to an amino acid sequence selected from the group
consisting of SEQ 1D NOs: 21 10 40;

selecting at least one tobacco cell comprising said recombinant DNA construct; and
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regenerating at least one modified tobacco plant from said at least one tobacco cell
selocted in step (b).

[38464] Embodiment 101, A method of producing a modified tobacco plant comprising:
mtroducing a recombinant DNA construct to at least one tobacco cell, wherein said
recombinant DNA construct comprises a heterslogous promoter operably linked to a

20 nucleic acid sequence encoding a polvpeptide comprising an amino acid sequence at

least 97.5% 1dentical or similar to an amino acid sequence selected from the group
consisting of SEQ ID NOs: 21 to 40;

selocting at least one tobacco cell comprising said recombinant DNA construct; and
regenerating at least one modified tobacco plant from said at least one fobacco cell

253 selected in step (b).

[06465] Embodiment 102, A method of producing a modified tobacco plant comprising:
mtroducing a recombinant DNA construct {o at least one tobacco cell, wherein said
recombinant DNA construct comprises a heterologous promoter operably linked to a
nucleic acid sequence encoding a polypeptide comprising an aming acid sequence

30 wdentical or similar to an amino acid sequence selected from the group consisting of

SECQ I NOs: 21 to 40,

selecting at least one tobacco ccll comprising said recombinant BNA construct; and

regencrating at least one modified tobacco plant from said at least one tobacco cell

selected 1n step (b).
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[08466] Embodiment 103, The method of any one of embodiments 82 to 102, wherein a leaf
on a iobacco plant produced by said method comprises an equivalent mumber trichomes as
compared to an equivalent leaf of a control tobacco plant when grown under similar growth

conditions.

W

[06467] Embodiment 104, The method of any one of embodiments 82 to 103, wherein said
at least one modified tobacco plant comprises a reduced amount of at least one metabolite as
compared to a control tobacco plant when grown under sinular growth conditions.

[08468] Embodiment 105, The method of any one of embodiments 82 {0 103, wherein said
at feast one modified tobacco plant comprises an increased amount of at least one metabolite
10 as compared to a control tobacco plant when grown under similar growth conditions.

[38469] Embodiment 106, The method of any one of embodiments 82 to 95, wherein said
endogenous nucleic acid sequence is at least 80% identical to 3 sequence selected from the
group consisting of SEQ 1D NOs: 1 10 20 and 41 to 60,

[6847¢] Embodiment 107, The method of any one of embodiments 82 to 95, wherein said

et
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endogenous nucleic acid sequence 18 at least 83% identical to a sequence selected from the
group consisting of SEQ 1D NOs: 1 to 20 and 41 1o 60.
[38471] Embodiment 108, The method of any one of embodiments 82 o 95, wherein saxd
endogenous nucleie acid sequence is at least 90% identical to a sequence sclected from the
group consisting of SEQ ID NOs: 1 to 20 and 41 to 60
26 |60472]  Embodiment 109, The method of any one of embodiments 82 {0 95, wherein said
endogenous nucleic acid sequence 1 at east 92 3% 1dentical to a sequence selected from the
group consisting of SEQ 1D NOs: 1 to 20 and 41 to 0.
[G0473] Embodument 110, The method of any one of embodiments 82 to 95, wherein sand
endogenous nucleic acid sequence is at least 95% identical to a sequence sclected from the
25 groap consisting of SEQ ID NQGs: 1 to 20 and 41 to 60.
[06474] Embodiment 111, The method of any one of embodiments 82 to 95, wherein said
endogenous nucleic acid sequence 1 at least 97 3% wdentical 1o a sequence selected from the
group consisting of SEQ 1D NOg: 1 t0 20 and 41 to 60
[68475] Embodiment 112, The method of any one of embodiments 82 to 95, wherein said
30 endogenous nucleic acid sequence s wdontical to a sequence sclected from the group consisting
of SEQ D NOs: 1 1o 20 and 41 1o 60,
[38476] Embodiment 113, The method of any one of embodiments 96 to 102, wherein said
nucleic acid sequence is at least 80% identical 10 a sequence selected from the group consisting

of SEQ ID NOs: 1 1o 20 and 41 10 60,
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[08477] Embodiment 114, The method of any one of embodiments 96 {0 102, wherein said
nucleic acid sequence is at least 85% identical to a sequence selected from the group consisting
of SEQ 1D NOs: 110 20 and 41 1o 50,

[36478] Embodiment 115, The method of any one of embodiments 96 to 102, wherein said

W

nucleic acid sequence is at least 90% wdentical 1o a sequence selected from the group consisting
of SEQ ID NOs: 1 to 20 and 41 1o 60,

[68479] Embodiment 116, The method of any one of embodiments 96 {o 102, wherein said
nucleic acid sequence 18 at least 92.5% identical to a sequence sclected from the group
consisting of SEQ D NOGs: 1 to 20 and 41 0 60,

10 [B0486] Embodiment 117, The method of any one of embodiments 96 to 102, wherein said
nucleie acid sequence is at least 93% identical to a sequence selected from the group consisting
of SEQ ID NOs: 1 to 20 and 41 1o 60

[66481] Embodiment 118, The method of any one of embodiments 96 1o 102, wherein said
nucleic acid sequence 1s at least 97.5% wdentical to a sequence selected from the group

consisting of SEQ 1D NOs: T to 20 and 41 to 60,
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[60482] Embodiment 119, The method of any one of embodiments 96 to 102, wherein said
nucleic acid sequence 1s identical to a sequence selected from the group consisting of SEQ 1D
NOs: 1o 20 and 41 1o 60,
[06483] Embodiment 120, The method of embodument 104 or 105, wherein said at least ong
20 metabolue s selected from the group consisting of an alkaloid, alkaloid dervative, Benzenotds,
Flavoncids, Phenvipropanoids, and Terpenoids.
[68484] Embodiment 121, The method of embodiment 104 or 105, wherein said reduced
amount of at least one metabolite comprises a reduction of at least 1%.
[38485] Embodiment 122, The method of any one of embodiments 82 o 95, wherein saxd
25 non-natural mutation comprises a mutation selected from the group consisting of an nsertion,
a deletion, a substitution, a duplication, and an mversion.
[06486] Embodiment 123, The method of any one of embodiments 82 to 95, wherein said
non-natural mutation comprises a nutation selected from the group consisting of a nonsense
myutation, a nussense mmtation, a frameshift ovutation, and a sphice-site mutation.
30 [00487] Embodiment 124, The method of any one of embodiments 82 to 95, wherein said
non-natural mutation comprises a nul mutation,
[38488] The method of any one of embodiments 82 to 95, wherein said non-natural mutation
resulis 1o a truncation of said polypeptide.
[06489] Embodiment 125, The method of any one of embodiments 82 to 95, wherein said
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non-natural motation comprises a prutation m a sequence region selected from the group
consisting of a promoter, a 3'- untranslated region (UTR), an ¢xon, an intron, a3’ -UTR and a
terminator,

[3849¢] Embodiment 126, The method of any one of embodiments 96 to 102, wherein said
nducing comprises the use of an agent selected from the group consisting of a chemical
mutagen, tradiation, a transposon, Agrobacterum, and a nuclcase.

[68491] Embodiment 127, The method of embodiment 126, wherein said nuclease is
selected from the group consisting of a meganuclease, a zinc-finger nuclease, a transcription
activator-itke effector nuclease, a CRISPR/Cas® nuclease, a CRISPR/Cpft nuclease, a
CRISPR/CasX nuclease, a CRISPR/CasY nuclease, a Caml nuclease, or any combination
thereof.

[06492] Embodiment 128 The method of embodiment 126, wherein said chemical mutagen
comprises cthyvl methancsulfonate.

[68493] Embodiment 129 The method of embodiment 126, wherein said irradiation
COmMprISes gamma rays, A-ravs, ionizing radiation, or fast neutrons.

[30494] Embodument 130, The method of any one of embodiments 89 to 95, wherein sand
small RNA molecule 1s selected from the group consisting ot a double-stranded RNA, a small
mterfering RNA (siRNA), a trans-acting siRNA, and a microRNA.

[06495] Embodiment 131, The method of any one of embodiments 89 to 95, wherein said
at least one small RNA molecule comprises between 18 nucleotides and 30 nucleotides.
[08496] Embodiment 132, The method of any one of embodiments 89 o 93, wherein said
at least one small BRNA molecule comprises a mucleic acid sequence at least 90%
complementary to a sequence selected from the group consisting of SEQ D NOs: 110 20 and
41 to 60.

[36487] Embodiment 133, The method of any one of embodiments 96 to 102, wherein said
promoter comprises a promater selected from the group consisting of a constitutive promoter,
a tissue-preferred promoter, a tissue-specific promoter, and an mducible promoter.

[06498] Embodiment 134, The method of embodiment 133, wherein said promoter
comprises a sequenee selected from the group consistimg of SEQ 1D Nos: 62 to 90,

[6049¢] Embodiment 135, The method of embodiment 133, wherein said tissuc-preferred
promeoler comprises a root-preferred promoter.

[36508] Embodiment 136, The method of embodiment 133, wheremn said tissae-specific
promater Comprises a root-specific promoter,

[66301] Embodiment 137, The method of any one of embodiments 133 1o 136, wherem said

129



W

10

Pt
(s

26

WO 2025/147663 PCT/US2025/010305

promoter comprises a sequence selected from the group consisting of SEQ 1D Nos: 76 to 80,
[08562] Embodiment 138, The method of embodiment 133, wherein said promoter
regulates leaf specific or preforred expression.
[36503] Embodiment 139, The method of embodiment 133, wherein said inducible
promoter comprises a sequence selected from the group consisting of SEQ ID Nos: 81 10 90,
[66504] Embodiment 140, The method of embodiment 133, wherein said counstitutive
promoter 15 selected from the group consisting of a Cauhiflower Mosaic Virus {(CaMV) 358
promoter, 8 ubiguitin promoter, an actin promoter, an opine promoter, and an alcohol
dehydrogenase promoter,
[38505] Embodiment 141, The method of any one of embodiments 82 to 102, wherein said
at least one tobacco cell is a tobacco protoplast cell.
[06506] Embodiment 142, The method of any one of embodiments 82 to 102, wherein said
at least one tobaceo cell is atobacco calius cchl.
[66307] Embodiment 143, The method o of any one of embodiments 82 to 102, wherein
said at least one tobacco cell is selected from the group consisting of a seed cell, a fruit cell, a
leaf cell, a cotviedon cell, a hypocotyl cell, a menistem cell, an embryo cell, an endosperm cell,
a root cell, a shoot cell, a stem cell, a Hower cell, an mflorescence cell, a stalk cell, a pedicel
cell, astvle cell, a stigma cell, a receptacie cell, a petal cell, asepal cell, a pollen cell, an anther
cell, a filament celf, an ovary cell, an ovule cell, a pericarp cell, and a phloem cell.
[66508] Embodiment 144, The method of any one of embodiments 82 1o 102, wherein said
method further comprises:
growing said modified tobacco plant regenerated in step {¢).
[B0506¢] Embodiment 145, The method of embodiment 144, wherein said method further
COMPTISES:
crossing sard modified tobacco plant grown in step (d) with a second tobacco plant; and
obiaining at least one sced from said crossing in step (¢}
(68313 Embodiment 146, The method of any one of embodiments 82 to 95, wherein said
at feast one non-natural mutation results in a reduced level of expression of said nucleic acid
sequence as compared o expression of said nucleic acid sequence 1o the same tissue of a control
tobacco plant when grown under similar growth conditions, wherein said nucleic acid sequence
lacks the at least one non-natural mutation in said control tobacco plant.
[36511] Embodiment 147, The method of embodiment 146, wherein said reduced level of
oxpression comprises a reduction of at least 5%.
[68812] Embodiment 148, The method of any one of embodiments 82 to 95, wherein said
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at least ong non-natural mutation results 1n an mcreased level of expression of sard nucleic acid
sequence as compared o expression of said nucleic acid sequence 1o the same tissue of a control
tobacco plant when grown under similar growth conditions, wherein said nucleic acid sequence
lacks the at least one non-natural mutation 0 said control tobacco plant.

[06513] Embodiment 149, The method of embodiment 148, wherein said increased level of
CXPICSSion comprises an increase of at least 5%.

[66514] Embodiment 150, The method of any one of embodiments 82 to 95, wherein said
at least one nosm-natural muotation results i a reduced level of activity by a protein or
polypeptide encoded by said nucleic acid sequence as compared o activity of a protein or
polypeptide encoded by said nucleic acid sequence m a control tobacco plant when grown
under similar growth conditions, wherein said nucleic acid sequence lacks the at least oneg non-
natural mutation in said control tobacco plant.

[66515] Embodiment 151, The method of any one of embodiments 82 to 95, wherein said
at least one non-natural mutation results m an increased level of activity by a protein or
polypeptide encoded by said necleic acid sequence as compared to activity of a protein or
polypeptide encoded by said nucleic acid sequence v a control tobacco plant when grown
under similar growth conditions, wherein said nucleic acid sequence lacks the at least one non-
natural mutation in said control tobacco plant.

[06516] Embodiment 152, The method of any one of embodiments 82 to 102, wherein said
modified tobacco plant is of a tobacco variety selected from the group consisting of a flue-
cured variety, a bnight variety, a Burley variety, a Virgimia variety, a Marviand variety, a dark
variety, a Galpdo variety, an Oriental variety, and a Turkish variety.

[66517] Embodiment 153, The method of any one of embodiments 82 {0 102, wherein said
modified tobacco plant 1s of a vanety selected from the group consisting of the varieties listed
in Tables 2-8.

[06518] Embodiment 154, The method of any one of embodiments 82 to 102, wherein said
modified tobacco plant s a hybnid,

[06519] Embodiment 155, The method of any one of embodiments 82 {0 102, wherein said
modified tobaceo plant is male sterile or cytoplasmically male stenle,

[B0526] Embodiment 156, The method of any one of embodiments 82 to 102, wherein said
modified tobacco plant is fomale stenle.

[36521] Embodiment 157, The method of any one of embodiments 82 to 102, wherein sard
modified tobacco plant comprises a comparable or higher USDA leaf grade mndex as compared
1o a control fobacco plant when grown under simular growth conditions.

131



WO 2025/147663 PCT/US2025/010305

[06522] Embodiment 138, A method comprising preparing a tobacco product using cured
tobaceo material from a modified tobaceo plant, wherein said modified tobacco plant comprises
a non-natural mutation in an endogenous nucleic acid sequence, wherein the endogenous

nucleic acid sequence gncodes a polypeptide comprising an amino acid sequence at least 80%

W

identical or similar to an amino acid sequence selected from the group consisting of SEQ ID
NQOs: 21 to 40,

[66523] Embodiment 159 A method comprising preparing a tobacco product using cured
tohaceo material from a modified tobaceo plant, wherein said modified tobacco plant comprises
a non-natural mutation in an endogencus nucleic acid sequence, wherein the endogenous
10 nucleic acid sequence encodes a polypeptide comprising an amino acid sequence at least 85%
identical or similar to an amino acid sequence sclected from the group consisting of SEQ 1D
NQOs: 21 to 40,

[66524] Embodiment 160, A method comprising proparing a tobacco product using cured

tobacco matenal from a modified tobaceo plant, wherem said modified tobacco plant comprises

Pt
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a non-natural moetation 1 an endogencus nucleic acid sequence, wherein the endogenous

nucleic acid sequence encodes a polypeptide comprising an amino acid sequence at least Y0%

wdentical or similar to an amino acid sequence selected from the group consisting of SEQ ID

NOs: 21 to 40,

[06525] Embodiment 161, A method comprising preparing a tobacco product using cured

26 tobacco matenal from a modified tobacco plant, wherein said modified tobaceo plant comprises
a non-natural moetation 1 an endogencus nucleic acid sequence, wherein the endogenous
nucleic acid sequence encodes a polypeptide comprising an amino acid sequence at least 92.5%
wdentical or simifar fo an amino acid sequence sclected from the group consisting of SEQ 1D
N(s: 21 10 40.

25 [83526] Embodiment 162 A method comprising preparing a tobacco product using cured
tobacco material from a modified tobacco plant, wherem said modified tobacco plant comprises
a non-natural mutation i an endogencus nucleic acid sequence, wherein the endogenous
nucleic actd sequence encodes a polvpeptide comprising an amino acid sequence at least 5%
wdentical or simifar to an amino acid sequence selected from the group consisting of SEQ 1D

30 NOs: 211040

[B8527] Embodiment 163, A method comprising preparing a tobacco product using cured

tobacco material from amodified tobacco plant, wherein said modified tobacco plant comprises

a non-natural mwoutation i an endogenous nucleic acd sequence, wherein the endogenous

nucleic acid sequence encodes a polypeptide comprising an anuno acid sequence at least 97.5%
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wdentical or similar {o an amino acid sequence selected from the group consisting of SEQ 1D
NGs: 21 to 40

[66528] Embodiment 164, A method comprising proparing a tobacco product using cured
tobacco material from amodified tobacco plant, wherein said modified tobacco plant comprises
a non-natural mutation in an endogenous nucleic acid sequence, wherein the endogenous
nucleie acid sequence encodes a polypeptide comprising an aming acid sequence selected from
the group consisting of SEQ 1D NQs: 21 10 40.

[60329] Embodiment 165. A method comprising preparing a tobacco product using cured
tobaceo material from a modified tobaceo plant, wherein said modified tobacco plant comprises
a recombmant DNA construct, and wherem said recombinant DNA construct comprises a
heterologous promoter operably linked to a nucleic acid sequence encoding at least one small
RNA moiecule capable of binding to and reducing the expression of an endogencus nucleic
acid sequence encoding a polvpeptide at least 80% identical or similar to an amino acid
sequence selected from the group consisting of SEQ 1D NOs: 21 to 40

[603308] Embodiment 166. A method comprising preparing a tobacco product using cured
tobacco material from a modified tobacco plant, wherein said modified tobacco plant comprises
a recombmant DNA construct, and wherem said recombinant DNA construct comprises a
heterologous promoter operably linked to a nucleic acid sequence encoding at least one small
RNA moiecule capable of binding to and reducing the expression of an endogencus nucleic
acid sequence encoding a polvpeptide at lcast 83% identical or similar to an amino acid
sequence selected from the group consisting of SEQ I NGs: 21 1o 40

[68531] Embodiment 167, A method comprising proparing a tobacco product using cured
tobacco material from a modified tobacco plant, wherein said modified tobacco plant comprises
a recombmant DNA construct, and wherem said recombinant DNA construct comprises a
heterologous promoter operably linked to a nucleic acid sequence encoding at least one small
RNA moiecule capable of binding to and reducing the expression of an endogencus nucleic
acid sequence encoding a polvpeptide at least 90% identical or similar to an amino acid
sequence selected from the group consisting of SEQ I NGs: 21 1o 40

[66532] Embodiment 168, A method comprising proparing a tobacco product using cured
tobacco material from a modified tobacco plant, wherein said modified tobacco plant comprises
a recombmant DNA construct, and wherem said recombinant DNA construct comprises a
heterologous promoter operably linked to a nucleic acid sequence encoding at least one small
RNA molecule capable of bindmg to and reducing the expression of an codogenous nucleic
acid sequence encoding a polypeptide at least 92.5% identical or simular to an amino acid
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sequence selected from the group consisting of SEQ I NGs: 21 1o 40
[B8533] Embodiment 169, A method comprising proparing a tobacco product using cured
tobacco material from a modified tobacco plant, wherein said modified tobacco plant comprises
a recombinant DNA construct, and wherein said recombinant BDNA construct comprises a
heterclogous promoter operably linked to a nucleic acid sequence encoding at least one small
RNA molecule capable of bindmg to and reducing the expression of an codogenous nucleic
acid sequence encoding a polvpeptide at least 95% identical or similar to an amino acid
sequence selected from the group consisting of SEQ I NGs: 21 1o 40
[68534] Embodiment 170, A method comprising proparing a tobacco product using cured
tobacco material from amodified tobacco plant, wherein said modified tobacco plant comprises
a recombinant DNA construct, and wherein said recombinant BDNA construct comprises a
heterclogous promoter operably linked to a nucleic acid sequence encoding at least one small
RNA molecule capable of bindmg to and reducing the expression of an codogenous nucleic
acid sequence encoding a polypeptide at least 97.5% identical or simular to an amino acid
sequence selected from the group consisting of SEQ I NGs: 21 1o 40
[B6535] Embodiment 171, A method comprising proparing a tobacco product using cured
tobacco material from amodified tobacco plant, wherein said modified tobacco plant comprises
a recombinant DNA construct, and wherein said recombinant BDNA construct comprises a
heterclogous promoter operably linked to a nucleic acid sequence encoding at least one small
RNA molecule capable of bindmg to and reducing the expression of an codogenous nucleic
acid sequence encoding a polvpeptide selected from the group consisting of SEG 1D NOs: 21
to 40
[G0536]  Embodunent 172, A method comprising preparing a tobacco product using cured
tobacco material from amodified tobacco plant, wherein said modified tobacco plant comprises
a recombinant DNA construct, and wheremn said recombinant DNA construct comprises a
heterologous promoter operably linked to a nucleic acid sequence encoding a polypeptide
comprising an amino acid sequence at least 80% identical or similar to an amine acid sequence
selected from the group consisting of SEQ 1D NQOs: 21 10 40.
[68537] Embodiment 173, A method comprising proparing a tobacco product using cured
tobacco material from a modified tobacco plant, wherein said modified tobacco plant comprises
a recombmant DNA construct, and wherem said recombinant DNA construct comprises a
heterologous prometer operably linked to a nucleic acid sequence encoding a polvpeptide
comprising an anmmno acid seguence at least 85% identical or similar to an arono acid sequence
selected from the group consisting of SEQ D NOs: 21 to 40
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[60338] Embodiment 174. A method comprising preparing a tobacco product using cured
tobaceo material from a modified tobaceo plant, wherein said modified tobacco plant comprises
a recombinant DNA construct, and wherein said recombinant DNA construct comprises a

heterologous prometer operably hnked to a nucleic acid sequence encoding a polvpeptide

W

comprising an amine acid sequence at least 90% identical or similar to an amino acid sequence
selected from the group consisting of SEQ 12 NOs: 21 10 40

[68%39] Embodiment 175, A method comprising preparing a tobacco product using cured
tohaceo material from a modified tobaceo plant, wherein said modified tobacco plant comprises
a recombinant DNA construct, and wherein said recombinant DNA construct comprises a
10 heterologous promoter operably linked o a nucleic acid sequence encoding a polypeptide
comprising an amino acid sequence at least 92.5% identical or similar fo an amino acid
sequence selectod from the group consisting of SEQ 1D NOs: 21 10 40.

[603468]  Embodiment 176, A method comprising preparing a tobacco product using cured

tobacco matenal from a modified tobaceo plant, wherem said modified tobacco plant comprises

Pt
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a recombinant DNA construct, and wherein said recombinant DNA construct comprises a

heterologous promoier operably linked to a nucleic acid sequence encoding a polypeptide

comprising an amino acid sequence at least 93% identical or similar to an amino acid sequence

selected from the group consisting of SEQ B NOs: 21 to 40,

[06541] Embodiment 177, A method comprising preparing a tobacco product using cured

26 tobacco matenal from a modified tobacco plant, wherein said modified tobaceo plant comprises
a recombinant DNA construct, and wherein said recombinant DNA construct comprises a
heterologous promoter operably linked to a nucleic acid sequence encoding a polypeptide
comprsing an anmine acid sequence at least 97.5% identical or sinular to an amino acd
sequence selected from the group consmsting of SEQ ID NGs: 21 10 40

25 j88542] Embodiment 178 A method comprising preparing a tobacco product using cured
tobacco material from a modified tobacco plant, wherem said modified tobacco plant comprises
a recombinant DNA construct, and wherein said recombinant DNA construct comprises a
heterologous promoter operably linked to a nucleic acid sequence encoding a polypeptide
compnsing an amino acid sequence sclected from the group consisting of SEQ D NOs: 21 to

36 40

[38543] Embodiment 179, The method of any one of embodiments 158 to 178, wherein saxd

cured tobacco material comprises cured leaf material, cured stem material, or both,

[66544] Embodiment 180, The method of any one of crabodiments 138 to 178, wherem said

cured tobacco material comprises tlue-~cured tobacco material, air-cured tobacco matenial, fire-
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cured tobaceo material, and sun-cured tobacco matenal.
[68545] Embodiment 181, The method of any one of embodiments 1538 to0 178, wherein said
tobacco product is selected from the group consisting of a cigarette, a kretek, a bidi cigarcite,
a cigar, a ¢igarillo, a non-ventilated cigarette, a vented recess filter cigaretie, pipe tobacco,
snuff, snus, chowing tobacco, moist smokeless tohacco, fine aut chewing tobacco, long cut
chewing tobacco, pouched chewing tobacco product, gum, a tablet, a lozenge, and a dissolving
Strip.
[08546] Embodiment 182, The method of any one of embodiments 138 to 17¢, wherein said
tobaceo product is a smokeless tobaceo product.
[38547] Embodiment 183, The method of embodiment 182, wherein said smokeless
tobacco product is selected from the group consisting of loose leaf chewing tobacco, plug
chewing tobacco, moist snaff, nasal souff, dry snuff, and snus.
[66548] Embodiment 184, The method of any one of crabodiments 138 to 178, wherem said
cured tobacco material is of a tobacco variety selected from the group consisting of a flue-cured
variety, a bright variety, a Burley variety, a Virginia vaniety, a Maryland variety, a dark vanety,
a Galpio vaniety, an Orniental variety, and a Turkish variety.
[38549] Embodiment 185, The method of any one of embodiments 158 to 171, wherein saxd
endogenous nucleic acid sequence comprises a sequence at least 80% 1dentical to a sequence
selected from the group consisting of SEQ [D NUs: 110 20 and 41 to 60,
[66538] Embodiment 186, The method of any one of crabodiments 138 to 171, wherem said
endogenous nucleic acid sequence comprises a sequence at least 85% wdentical {0 a sequence
selected from the group consisting of SEQ I3 NOs: 1 to 20 and 41 10 60,
[66551] Embodiment 187, The method of any one of embodiments 158 to 171, wherein said
endogenous nucleic acid sequence comprises a sequence at least 90% wdentical fo a sequence
selected from the group consisting of SEQ 1D NOs: 1 to 20 and 41 1o 60,
[06552] Embodiment 1838, The method of any one of cmbodiments 158 to 171, wherein said
endogenous nucleic acid sequence comprises a sequence at least 92.5% identical to a sequence
selected from the group consisting of SEQ D NOs: 1 to 20 and 41 to 60,
[B8553] Embodiment 189, The method of any one of embodiments 153810 171, wherein said
endogenous nucleic acid sequence comprises a sequence at least 95% wdentical to a sequence
selected from the group consisting of SEQ [D NOs: 110 20 and 41 to 60,
[386554] Embodiment 190, The method of any one of embodiments 158 to 171, wherein said
endogenous nucleic acid sequence comprises a sequence at least 97.5% identical to a sequence
selected from the group consisting of SEQ D NOs: 1 to 20 and 41 to 60.
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[08555] Embodiment 191, The method of any one of embodiments 138 1o 171, wherein said
endogenous nucleic acid sequence comprises a sequence selected from the group consisting of
SEQ D NOs: Lo 20 and 41 to 60,
[38556] Embodiment 192, The method of any one of embodiments 172 to 178, wherein said
53 nucleic acid sequence comprises a sequence at keast 80% identical to a sequence selected from
the group consisting of SEQ 1D NOs: 1 to 20 and 41 1o 6.
[68837] Embodiment 193, The method of any one of embodiments 172 1o 178, wheremn said
nucleic acid sequence compnses a sequence at least 85% identical to a sequence selected from
the group consisting of SEQ 1D NOs: 1 to 20 and 41 o 60,
10 [B05S8] Embodiment 194, The method of anv one of embodiments 172 to 178, wherein saxd
nucleic acid sequence comprises a sequence at keast 90% identical to a sequence selected from
the group consisting of SEQ 1D NOs: 1 to 20 and 41 1o 60.
[66538] Embodiment 195, The method of any one of crabodiments 172 to 178, wherem said

nucleic acid sequence comprises a sequence at least 92.5% dentical 1o a sequence selected

et
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from the group consisting of SEQ 1D NOs: 1 to 20 and 41 10 60.

[B0568] Embodiment 196, The method of any one of embodiments 172 to 178, wherein said

nucleic acid sequence comprises a sequence at least 3% identical to a sequence selected from

the group consisting of SEQ 1D NOs: 1 to 20 and 41 to 60

[06561] Embodiment 197, The method of any one of cmbodiments 172 to 178, wherein said

20 nuclete acid sequence comprises a sequence at least 97.5% identical to a sequence selected
from the group consisting of SEQ 1D NOs: 1 to 20 and 41 10 60.

[68562] Embodiment 198, The method of any one of embodiments 17210 178, wherein said
sucleic acid sequence comprises a sequence selocted from the group consisting of SEQ 1D
NQOs: 110 20 and 41 1o 60.

25 j88563] Embodiment 199 A method comprising transforming a tobacco cell with a
recombinant DNA construct, wherein said recombinant DNA construct comprises a
heterologous promoter operably Iinked to a nucleic acid sequence encoding at least one small
RNA meiecule capable of binding to and reducing the expression of an endogenous nucleic
acid sequence encoding a polypeptide at least 80% identical or similar to an amino acid

30 sequence selected from the group consisting of SEQ 1 NOs: 21 10 40,

[30564] Embodiment 200, A method comprismg transformung a tobacco cell with a

recombmant DNA  construct, wherein said recombinani DNA construct comprises a

heterologous promoter operably linked to a nucleic acid sequence encoding at least one small

RNA molecule capable of binding to and reducing the expression of an endogenous nucle
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7

acid sequence encoding a polypeptide at least 85% identical or similar to an amino acid
sequence selected from the group consisting of SEQ 1D NOs: 21 10 40

[G0565]  Embodumernt 201, A method comprsing transformung a tobacco ccll with a
recombmant DNA  construct, wherein said recombinani DNA construct comprises a
heterclogous promoter operably linked to a nucleic acid sequence encoding at least one small
RNA molecule capable of bindmg to and reducing the expression of an codogenous nucleic
acid sequence encoding a polvpeptide at least 90% identical or similar to an amino acid
sequence selected from the group consisting of SEQ I NGs: 21 1o 40

[08566] Embodiment 202, A method comprising transforming a tcbacce cell with a
recombimant DNA construct, wherein said recombinant DNA construct comprises a
heterologous promoter operably linked to a nucleic acid sequence encoding at least one small
RNA moiecule capable of binding to and reducing the expression of an endogencus nucleic
acid sequence encoding a polypeptide at least 92.5% identical or similar to an amino acid
sequence selected from the group consisting of SEQ 1D NOs: 21 to 40

[08567] Embodiment 203, A method comprising transforming a tobacco ccl with a
recombinant DMNA  construct, wherein said recombinant DNA  construct comprises a
heterologous promoter operably linked to a nucleie acid sequence encoding at least one small
RNA molecule capable of binding 1o and redacing the expression of an endogenous nucleic
acid sequence encoding a polypeptide af least 95% identical or similar to an amino acid
sequence sclected from the group consisting of SEQ 1D NOs: 21 to 40,

[08568] Embodiment 204, A method comprising transforming a tobacco ccl with a
recombimant DNA  construct, wherein said recombinant DNA  construct comprises a
heterologous promoter operably linked to a nucleic acid sequence encoding at least one sroall
RNA molecule capable of binding to and reducing the expression of an endogenous nucleie
acid sequence encoding a polvpeptide at feast 97.5% identical or similar to an aming acd
sequence selectod from the group consisting of SEQ 1D NOs: 21 10 40.

[08369] Embodiment 205, A method comprising transforming a tobacco coll with a
recombimant DNA construct, wherein said recombinant DNA  construct comprises a
heterologous promoter operably linked to a nucleic acid sequence encoding at least onc small
RNA molecule capable of binding to and reducing the expression of an endogenous sucleic
acid sequence encoding a polypeptide selected from the group consisting of SEQ 1D NQOs: 21
to 40.

I60876]  Embodiment 206, A method comprising transtorming a tobacco cell with a
recombimant DNA  construct, wherein said recombinant DNA  construct comprises a
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heterologous promoter operably linked to a nucleic acid sequence encoding a polypeptide
comprising an anino acid sequence at least 80% identical or similar to an amine acid sequence
sclected from the group consisting of SEQ 113 NOs: 21 1o 40,

365711 Embodiment 207. A method comprising transforming a tobacco cell with a

W

recombinant DNA construct, wherein said recombinant DNA construct comprises a
heterologous promoter operably linked to a nucleic acid sequence encoding a polypeptide
comprising an anuno acid sequence at least 85% identical or similar to an amino acid sequence
selected from the group consisting of SEQ 1D NQOs: 21 10 40.

[68572] Embodiment 208, A method comprising transforming a tobacco cell with a
10 recombmant DNA construct, wherein said recombinant DNA  construct comprises a
heterologous prometer operably linked to a nucleic acid sequence encoding a polvpeptide
comprising an amine acid sequence at least 90% identical or similar to an amino acid sequence
selected from the group consisting of SEQ 12 NOs: 21 10 40

[66873] Embodiment 209 A method compnising transforming a tobacco cell with a

Pt
(s

recombimant DNA construct, wherein said recombinant DNA  construct comprises a
heterologous promoier operably linked to a nucleic acid sequence encoding a polypeptide
comprising an amino actd sequence at least 92.5% identical or sinular to an amimo aad
sequence selected from the group consisting of SEQ ID NOs: 21 16 40.
[06574] Embodiment 210, A method comprising transtforming a tobacco cell with a
26 recombinant DNA  construct, wherein said recombinant DNA  construct comprises a
heterologous promoter operably linked to a nucleic acid sequence encoding a polypeptide
comprising an anino acid sequence at least 95% identical or similar to an amine acid sequence
selected from the group consisting of SEQ 1 NOs: 2110 40.
{30575 Embodiment 211, A method comprismg transformung a tobacco cell with a
25 recombmant DNA construct, whercin said recombinant DNA construct comprisgs a
heterologous promoter operably linked to a nucleic acid sequence encoding a polypeptide
comprising an amino acid sequence at least 97.5% identical or similar (0 an amino acid
sequence selected from the group consisting of SEQ I NGs: 21 1o 40
[B8576] Embodiment 212, A method comprising transforming a tobacce cell with a
30 recombinant DNA  construct, wherein said recombinant DNA  construct comprises a
heterologous promoter operably linked 1o a nucleic acid sequence encoding a polypeptide
comprising an amino acid sequence at least 106% 1dentical or stnilar to an aming acid sequence
selected from the group consisting of SEQ 12 NOs: 21 10 40
[68877] Embodiment 213, A method for producing a modified tobacco plant comprising:
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crossing at feast one tobacco plant of a first tobaceo variety with at least one tobacco
plant of a second tobacco variety to produce at least ong progeny tobacco seed, wherein
said at least one tobacco plant of said first tobacco vanety comprises a noun-natural

mutation in an endogenous nucleic acid sequence, wherein the endogenous nuecleic acid

W

sequence encodes a polvpeptide comprising an amino acid sequence at least 80%

identical or similar to an anuno acid sequence selected from the group consisting of

SEGQ ID NOs: 21 o 40, wherein said non-natural mutation is not present in said

endogenous nmucleic acid sequence i a control tobacco plant of said first tobacco

variety, and

10 selecting for at least one progeny tobacco seed, or a plant gemmnated therefrom,
wheretn said at least one tobacco seed or plant germinated therefrom comprises said
non-natoral mutation.

[66578] Embodiment 214, A method for producing a modified tobacco plant comprising:

crossing at least one tobacco plant of a first tobaceo varety with at least one fobacco

Pt
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plant of a second tobacco variety to produce at least ong progeny tobacco seed, wherein
said at least one tobacco plant of said first tobacco vanety comprises a noun-natural
mutation in an endogenous nucleic acid sequence, wherem the endogenous nucleic acid
sequence encodes a polypeptide comprising an amino acid sequence at least 85%
identical or similar to an anino acid sequence selected from the group consisting of
26 SEQ D NOs: 21 1o 40, wherein said non-natural mwutation 1s not prescut in said
endogenous nmucleic acid sequence i a control tobacco plant of said first tobacco
variety, and
selecting for at least one progeny tobacco seed, or a plant geominated therefrom,
wherein said at least one tobacco seed or plant germinated therefrom comprises said
23 non-nataral puutation.

106579] Embodiment 215, A method for producing a modified tobacco plant comprising:
crossing at least one tobacco plant of a first tobacco vanety with at least one fobacco
plant of a second tobacco variety to produce at least ong progeny tobacco seed, wherein
said at least one tobacco plant of said first tobacco variety comprises a non-natural

30 mutation in an endogenous nucleic acid sequence, wheremn the endogenous nucleic acid
sequence encodes a polypeptide comprsing an anmino acid sequence at least 90%
identical or similar to an amino acid sequence selected from the group consisting of
SEQ D NOs: 21 1o 40, wherein said non-natural mwutation 1s not prescut in said

endogenous nucleic acid sequence in a control tobacco plant of said first fobacco
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variety; and
selecting for at least one progeny tobacco sced, or a plant gemminated therefrom,
wherein said at least one tobacco seed or plant genminated therefrom comprises said

non-nataral mutation.

W

10658¢] Embodiment 216, A method for producing a modified tobacco plant comprising:
crossing at least one tobacco plant of a first tobacco varnety with at least one fobacco
plant of a second tobacco variety to produce at least one progeny tobacco seed, wheremn
said at least one tobacco plant of sard first tobacco variety comprises a non-natural
smtation in an endogencus nucleic acid sequence, wherein the endogenous nucleic acid
10 sequence encodes a polypeptide comprising an amino acid sequence at least 92.5%
wdentical or similar to an aming acid sequence selected from the group consisting of
SEQ ID NOs: 21 to 40, wherein said non-natural mutation is not present in said
endogenous nucleic acid sequence in a control tobacco plant of said first tobacco

variety; and

Pt
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selecting for at least one progeny tobacco seed, or a plant genminated therefrom,
wherein said at least one tobacco seed or plant geominated therefrom comprises said
non-natural mutation.

[36581] Embodiment 217, A method for producing a modified tobacco plant comprising:
crossing at least one tobacco plant of a first tobacco variety with at least one fobacco

26 plant of a second tobacco variety to produce at least one progeny tobacco seed, wherein

said at least one tobacco plant of sard first tobacco variety comprises a non-natural
smtation in an endogencus nucleic acid sequence, wherein the endogenous nucleic acid
sequence encodes a polypeptide compnsing an aming acid sequence at least 939%
identical or similar to an amino acid sequence selected from the group consisting of

23 SEQ ID NOs: 21 to 40, wheremn said non-natural motation 1s not present in sad

endogenous nucleic acid sequence in a control tobacco plant of said first tobacco
variety; and

selecting for at least one progeny tobacco seed, or a plant genminated therefrom,
wherein said at least one tobaceo seed or plant germinated therefrom comprises said

30 non~-natural mutation.

[38582] Embodiment 218, A method for producing a modified tobacco plant comprising:
crossing at least one tebacco plant of a first tobacco variety with at least one fobacco
plant of a second tobacco variety to produce at least one progeny tobacco seed, wherein
said at least one tobacco plant of smd first tobacco variety comprises a non-natural
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mutation n an endogenous nucleic acid sequence, wherein the endogenous nucleie acid
sequence cncodes a polypeptide comprising an amino acid sequence at least 97.5%
wdentical or similar to an amino acid sequence selected from the group consisting of

SEQ ID NOs: 21 to 40, wheremn said non-natural motation 1s not present in sad

W

endogenous nucleic acid sequence in a control tobacco plant of said first tobacco
varigty; and

selecting for at least one progeny tobacco seed, or a plant germinated therefrom,
wherein said at least one tobacco seed or plant germinated therefrom comprises said
non-natural mutation,

10 [B03583] Embodiment 219, A method for producing a moditied tobacco plant comprising:
crossing at least one tebacco plant of a first tobacco variety with at least one fobacco
plant of a second tobacco variety to produce at least one progeny tobacco seed, wheremn
said at least one tobacco plant of said first tobacco varety comprises a non-natural

mutation in an endogenous nucleic acid sequence, wherein the endogenous nucleie acid

Pt
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sequence encodes a polypeptide comprising an aming acid seguence selected from the

group consisting of SEQ ) NOs: 21 to 40, wherein said non-natural mutation is not

present in said endogenous nucleic acid sequenes in a control tobacco plant of said first

tobacco variety; and

selecting for at least one progeny tobacco seed, or a plant germunated therefrom,

20 wherein said at least one tobacco seed or plant germinated therefrom comprises said
non-natural muotation.

[08584] Embodiment 220, A method for producing a modified tohacco plant comprising:
crossing at feast one tobaceo plant of a first tobacco vanety with at least one tobacco
plant of a second tobacco variety to produce at least one progeny tobacco seed, wherein

23 said at least one tobacco plant of said first tobacco variety comprises a recombinant
DNA construct, wherein said recombinant DNA construct comprises a heterclogous
promoter operably hinked to a nucleic acid sequence encoding at least one small RNA
molecole capable of binding to and redacing the expression of an endogenous nucleic
acid sequence eneoding a polypeptide at feast 80% identical or sinular to an amino acid

30 sequence selected from the group consisting of SEQ 1D NOs: 21 to 40, wherein said

recombmant DNA construct is not present 1n said endogenous nucleic acid sequence in

a control tobacco plant of the same variety; and

selecting for at least one progeny tobacco seed, or a plant germinated thercfrom,

wherein said at least one tobacco seed or plant germinated therefrom comprises said
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recombinant DNA consinuct.
[68585] Embodiment 221, A method for producing a modified tohacco plant comprising:
crossing at feast one tobaceo plant of a first tobacco vanety with at least one tobacco

plant of a second tobacco variety to produce at least one progeny tobacco seed, wherem

W

said at least one tobacco plant of said first tobacco variety comprises a recombinant
DNA construct, wherein said recombinant DNA constract comprises a heterologous
promoter operably hinked to a nucleic acid sequence encoding at least one small RNA
molecole capable of binding to and redacing the expression of an endogenous nucleic
acid sequence eneoding a polypeptide at feast 3% identical or sinular to an amino acid
16 sequence selected from the group consisting of SEQ 1D NOs: 21 to 40, wherem said
recombinant DNA constract 1s not present in said endogenous nucleic acid sequence in
a countrol tobacco plant of the same vanety, and

selecting for at least one progeny tobacco seed, or a plant germinated thercfrom,

wherein said at least one tobacco seed or plant germinated therefrom comprises said

Pt
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recombinant DNA construct.

[60586] Embodiment 222, A method for producing a modified tobacco plant comprising:
crossing at least one tobacco plant of a first tobacco variety with at least one fobacco
plant of a second tobacco variety to produce at least one progeny tobacco seed, wherem
said at least one tobacco plant of said first tobacco variety comprises a recombinant

20 DNA construct, wherein said recombinant DNA constract comprises a heterologous

promoter operably hinked to a nucleic acid sequence encoding at least one small RNA
molecuole capable of binding to and reducing the expression of an endogenous nucleic
acid sequence encoding a polypeptide at feast $0% identical or sinular to an anuno acid
sequence selected from the group consisting of SEQ 1D NOs: 21 to 40, wherem said

23 recombinant DNA constract 1s not present in said endogenous nucleic acid sequence in

a countrol tobacco plant of the same vanety, and

selecting for at least one progeny tobacco seed, or a plant germinated therefrom,
wherein said at least one tobacco seed or plant germinated therefrom comprises said
recombimant DNA construct.

30 [00587] Embodiment 223, A method for producing a modified tobacco plant comprising:

crossing at least one tobacco plant of a first tobacco variety with at least one fobacco

plant of a second tobacco variety to produce at least one progeny tobacco seed, wherem
said at least one tobacco plant of said first tobacco varicty comprises a recombinant

DNA construct, wherein said recombinant DNA construct comprises a heterologous
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promoter operably hinked to a nucleic acid sequence encoding at least one small RNA
molecuole capable of binding to and reducing the expression of an endogenous nucleic
acid sequence encoding a polypeptide at least 92.59% identical or similar to an amuno

acid sequence selected from the group consisting of SEQ 1B NQs: 21 to 40, wherein

W

said recombinant DNA coustruct is not present in said endogenous nucleic acid
sequence n a contral iobacco plant of the same variety; and

selecting for at least one progeny tobacco seed, or a plant germinated therefrom,
wherein said at least one tobacco seed or plant germinated therefrom comprises said
recombinant DNA consiruct.

10 [B0388] Embodiment 224, A method for producing a moditied tobacco plant comprising:
crossing at least one tebacco plant of a first tobacco variety with at least one fobacco
plant of a second tobacco variety to produce at least one progeny tobacco seed, wheremn
said at least one tobacco plant of said first tobacco varicty comprises a recombinant

DNA construct, wherein said recombinant DNA construct comprises a heterologous

Pt
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promoter operably hinked to a nucleic acid sequence encoding at least one small RNA
molecule capable of binding to and reducing the expression of an endogenous nucleic
acid sequence encoding a polypeptide at least 95% wdentical or simular to an aming acid
sequence selected from the group consisting of SEQ I3 NOs: 21 to 40, wherein said
recombinant DNA constract is not present in said endogenous mucleic acid sequence in
26 a countrol tohacco plant of the sarse vanety: and
selecting for at least one progeny tobacco seed, or a plant genminated therefrom,
wherein said at least one tobaceo seed or plant germinated therefrom comprises said
recombmant DNA construct.
[38589] Embodiment 225, A method for producing a modified tobacco plant comprising:
23 crossing at least one tebacco plant of a first tobacco variety with at least one fobacco
plant of a second tobacco variety to produce at least one progeny tobacco seed, wheremn
said at least one tobacco plant of said first tobacco variety comprises a recombinant
DNA construct, wherein said recombinant DNA construct comprises a heterologous
promoter operably linked to a nucleic acid sequence encoding at least one small RNA
30 molecule capable of binding to and reducing the expression of an endogenous nucleic
acid sequence encoding a polypeptide at least 97.5% identical or similar to an amino
acid sequence selected from the group consisting of SEQ 1B NQs: 21 to 40, wherein
said recombinant DNA counstruct 1s vot present in said endogenous nucleic acid
sequence in a control fobacco plant of the same variety; and
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selecting for at least one progeny tobacco seed, or a plant genminated therefrom,
wherein said at least one tobaceo seed or plant germinated therefrom comprises said
recombmant DNA construct.

[3658¢] Embodiment 226, A method for producing a modified tobacco plant comprising:

W

crossing at least one tobacco plant of a first tobacco variety with at least one tobacco
plant of a second tobacco varicty to produce at least one progeny tobacco sced, wherein
said at least one tobacco plant of said first tobacco variety comprises a recombinant
DNA construct, wherein said recombinant DNA construct comprises a heterologous
promoter operably linked to a nucleic acid sequence encoding at least one small RNA
10 molecule capable of binding to and reducing the expression of an endogenous nucleic
acid sequence encoding a polvpeptide sequence selected from the group consisting of
SEQ I NQUs: 21 to 40, wherein said recombinant DNA construct is not present in said
endogenous nucleic acid sequence in a control tobacco plant of the same variety; and

selecting for at least one progeny tobacco seed, or a plant germinated therefrom,

Pt
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wherein said at least one tobacco seed or plant germinated therefrom comprises said
recombmant DNA constouct.

[38581] Embodiment 227, A method for producing a modified tobacco plant comprising:
crossing at least one tebacco plant of a first tobacco variety with at least one fobacco
plant of a second tobacco variety to produce at least one progeny tobacco seed, wheremn

26 said at least one tobacco plant of said first tobacco variety comprises a recombinant

DNA construct, wherein said recombinant DNA construct comprises a heterologous
promoter operably Hinked to a nucleic acid sequence encoding a polypeptide comprising
an anuno acid sequence at least 80% identical or similar to an amine acid sequence
selected from the group consisting of SEQ 1D NQOs: 21 to 40, wherein said recombinant

23 DNA construct is not present in said nucleic acid sequence i a control tohaceo plant

of the first tobacceo variety; and

selecting for at least one progeny tobacco seed, or a plant germinated therefrom,
wherein said at least one tobacco seed or plant germinated therefrom comprises said
recombimant DNA construct.

30 00593 Embodument 228, A method for producing a moditied tobacco plant compusing:

crossing at least one tobacco plant of a first tobacco variety with at least one fobacco

plant of a second tobacco variety to produce at least one progeny tobacco seed, wherem
said at least one tobacco plant of said first tobacco varicty comprises a recombinant

DNA construct, wherein said recombinant DNA construct comprises a heterologous
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promoter operably Hnked to a nucleic acid sequence encoding a polypeptide comprising
an amino acid sequence at least 85% identical or similar to an amino acid sequence
selected trom the group consisting of SEQ 1D NOs: 21 to 40, wherein said recombinant

DNA construct is not present in said nucleic acid sequence i a control tohaceo plant

W

of the first tobacceo variety; and
selecting for at least one progeny tobacco seed, or a plant germinated thercfrom,
wherein said at least one tobacco seed or plant germinated therefrom comprises said
recombinant DNA construct.
[68593] Embodiment 229, A method for producing a modified tohacco plant comprising:
10 crossing at least one tobacco plant of a first tobacco variety with at least one fobacco
plant of a second tobacco variety to produce at least one progeny tobacco seed, wherem
said at least one tobacco plant of said first tobacco variety comprises a recombinant
DNA construct, wherein said recombinant DNA constract comprises a heterologous

promoter operably linked to a nucleic acid sequence encoding a polypeptide comprising

et
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an amino acid sequence at least 90% identical or similar to an amino acid sequence

selected trom the group consisting of SEQ 1D NOs: 21 to 40, wherein said recombinant

DINA construet is not present i said nucleic acid sequence in g control tobacco plant

of the first tobacco variety; and

selecting for at least one progeny tobacco seed, or a plant germunated therefrom,

20 wherein said at least one tobacco seed or plant germinated therefrom comprises said
recombinant DNA consinuct.

[68594] Embodiment 230, A method for producing a modified tohacco plant comprising:
crossing at feast one tobaceo plant of a first tobacco vanety with at least one tobacco
plant of a second tobacco variety to produce at least one progeny tobacco seed, wherein

23 said at least one tobacco plant of said first tobacco variety comprises a recombinant
DNA construct, wherein said recombinant DNA construct comprises a heterclogous
promoter operably linked to a nucleic acid sequence encoding a polvpeptide comprising
an amino acid sequence at least 92.5% 1dentical or similar to an amino acid sequence
selected from the group consisting of SEQ 1B NOs: 21 to 40, wherein said recombinant

30 IINA construct 15 not present in said mucleic acid scquence in a control tobacco plant

of the first tobacco variety; and

selecting for at least one progeny tobacco seed, or a plant gemmunated therefrom,

wherein said at least one tobacco seed or plant germinated therefrom comprises said
recombinant DMNA construct.
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[08595] Embodiment 231, A method for producing a modified tobacco plant comprising:
crossing at feast one tobacco plant of a first tobaceo variety with at least one tobacco
plant of a second tobacco variety to produce at least one progeny tobacco seed, wheren

said at least one tobacco plant of said first tobacco variety comprises a recombinant

W

DNA construct, wherein said recombinant DNA construct comprises a heterclogous
promoter operably linked to a nucleie acid sequence encoding a polypeptide comprising
an amino acid sequence at least 95% identical or simular to an amino acid sequence
selected from the group consisting of SEQ 1D NQOs: 21 to 40, wherein said recombinant
DNA construct is not present in said nucleic acid sequence 1n a control tobacco plant
10 of the first tobacco variety; and

selecting for at least one progeny tobacco seed, or a plant germunated therefrom,
wheretn said at least one tobacco seed or plant germinated therefrom comprises said
recombinant DNA construct.

[68896] Embodiment 232, A method for producing a modified tobacco plant comprising:

et
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crossing at feast one tobacco plant of a first tobaceo variety with at least one tobacco
plant of a second tobacco variety to produce at least one progeny tobacco seed, wheren
said at least one tobacco plant of said first tobacco vanety comprises a recombinant
DNA construct, wherein said recombmant DNA construct comprises a heterologous
promoter operably Hnked to a nucleie acid sequence encoding a polypeptide comprising
26 an amino acid sequence at least 97 3% identical or similar to an amine acid sequence
selected from the group consisting of SEQ 1D NQOs: 21 to 40, wherein said recombinant
DNA construct is not present in said nucleic acid sequence 1n a control tobacco plant
of the first tobacco vaniety; and
selecting for at least one progeny tobacco seed, or a plant gemmnated therefrom,
23 wheretn said at least one tobacco seed or plant germinated therefrom comprises said
recombinant DNA construct.

[68597] Embodiment 233, A method for producing a modified tobacco plant comprising:
crossing at feast one tobacco plant of a first tobaceo variety with at least one tobacco
plant of a second tobacco variety to produce at least ong progeny tobacco seed, wherein

30 said at least one tobacco plant of said first tobacco varicty comprises a recombinant
DINA construct, wherein said recombinant DNA construct comprises a heterologous
promoter operably linked to a nucleie acid sequence encoding a polypeptide comprising
an amino acid sequence sclected from the group consisting of SEQ 1D NOs: 21 to 40,
wherein said recombinant BNA construct 18 nof present in said nucleic acid sequence
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int a control tobacco plant of the first tobacco vartety; and
selecting for at least one progeny tobacco sced, or a plant gemminated therefrom,
wherein said at least one tobacco seed or plant geominated therefrom comprises said
recombinant DINA construct.
[06598] Embodiment 234, The method of any one of embodiments 213 to 233, wherein a
leaf on said tobacco plant comprises an equivalent number trichomes as compared to an
cquivalent leaf of a control tobacco plant.
[0659%] Embodiment 235, The method of any one of embodiments 213 1o 233, wherein said
plant gernyinated 1o step (b) comprises a reduced amount of at least one metabolite as compared
to said control tobacco plant when grown under similar growth conditions,
[36608] Embodiment 236, The method of embodiment 235, wherein said at least ong
metabolite is selected from the group consisting of an alkaloid, alkaloid derivative, Benzenoids,
Flavonowds, Phenylpropanoids, and Terpenoids.
[68661] Embodiment 237, The method of embodmment 235 or 236, wherein said reduced
amount of at least one metabolite comprises a redaction of at least 1%,
[00662] Embodiment 238, The method of any one of embodiments 213 to 233, wherein said
plant germinated in step (b) comprises an ncreased amount of at least one metabolite as
compared to said control tobacco plant when grown vader similar growth conditions.
[06603] Embodiment 239, The method of embodiment 238, wherein said at feast one
metaboliie is selected from the group consisting of an alkaloid, alkaloid derivative, Benzenoids,
Flavoncids, Phenvipropanoids, and Terpenoids.
[086834] Embodiment 240, The method of embodiment 238 or 239, wherein said inercased
amount of at least one metabolite comprises an increase of at least 1%,
[38665] Embodiment 241, The method of any one of embodiments 213 to 233, wherein saxd
endogenous nucleic acid sequence comprises a sequence at least 80% 1dentical to a sequence
selected from the group consisting of SEQ [D NUs: 110 20 and 41 to 60,
[086066] Embodiment 242, The method of any one of embodiments 213 1o 233, wherem said
endogenous nucleic acid sequence comprises a sequence at least 85% wdentical {0 a sequence
selected from the group consisting of SEQ I3 NOs: 1 to 20 and 41 10 60,
[60667] Embodiment 243, The method of any one of embodiments 213 to 233, wherein said
endogenous nucleic acid sequence comprises a sequence at least 90% wdentical fo a sequence
selected from the group consisting of SEQ 1D NOs: 1 to 20 and 41 1o 60,
[66608] Embodiment 244, The method of any one of crabodiments 213 to 233, wherem said
endogenous nucleic acid sequence comprises a sequence at least 92.5% identical to a sequence
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selected from the group consisting of SEQ 1D NOs: 1 to 20 and 41 to 60,

[B868¢] Embodiment 245, The method of any one of embodiments 213 10 233, wherein said
endogenous nucleic acid sequence comprises a sequence at least 95% wdentical to a sequence
selected from the group consisting of SEQ 1D NOs: 1 to 20 and 41 1o 60,

[06616] Embodiment 246, The method of any one of cmbodiments 213 to 233, wherein said
endogenous nucleic acid sequence comprises a sequence at least 97.5% identical to a sequence
selected from the group consisting of SEQ D NOs: 1 to 20 and 41 to 60.

[08611] Embodiment 247, The method of any one of embodiments 213 to 233, wherein said
endogenous nucleic acid sequence comprises a sequence selected from the group consisting of
SEQ D NOs: Hio 20 and 41 to 60,

[36612] Embodiment 248, A modified Camellia plant, or part thereof, comprising at feast
one non-natoral mutation in an endogenous nucleic acid sequence, wherein the endogenous
nucleie acid sequence encodes a polypeptide compnising an anmmo acid sequence at feast 80%
identical or similar {o an amino acid sequence selected trom the group consisting of SEQ 1D
NOs: 21 to 40

[B0613] Embodiment 249, A modified Camellia plant, or part thereof, comprising at least
one non-natural mutation in an endogenous nucleic acid sequence, wheren the endogenous
nucleic acid sequence gncodes a polypeptide comprising an amino acid sequence at least 85%
identical or similar to an amino acid sequence selected from the group consisting of SEQ ID
NQOs: 21 to 40,

[08614] Embodiment 250, A modified Camellia plant, or part thereof, comprising at least
ong non-natural mutation in an endogenous mucleic acid sequence, wherein the endogenous
nucleic acid sequence encodes a polypeptide comprising an amino acid sequence at least Y0%
wdentical or similar to an amino acid sequence selected from the group consisting of SEQ ID
NOs: 21 to 40,

[06615] Embodiment 251, A modified Camellia plant, or part thereof, comprising at feast
one non-natural mutation in an endogenous nucleic acid sequence, wherein the endogenous
nucleic acid sequence encodes a polypeptide comprising an amine acid sequence at least 92.5%
wdentical or simifar to an amino acid sequence selected from the group consisting of SEQ 1D
NGs: 21 10 40,

[38616] Embodiment 252, A modified Camellia plant, or part thereof, comprising at least
one non-pataral mutation in an endogenous nucleic acid sequence, wherein the endogenous
nucleie acid sequence encodes a polypeptide compnising an anmmo acid sequence at feast 95%
identical or similar {o an amino acid sequence selected trom the group consisting of SEQ 1D
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NQGs: 21 to 40.

[68617] Embodiment 253, A modified Camellia plant, or part thereof, comprising at least
one non-natural mutation in an cndogenous nucleic acid sequence, wherein the endogenous
nucleic acid sequence encodes a polypeptide compnsing an amino acid sequence at least 97.5%
identical or similar to an amino acid sequence selected from the group consisting of SEQ ID
NQOs: 21 to 40,

[68618] Embodiment 254, A modified Camellia plant, or part thereof, comprising at least
ong non-natural mutation in an endogenous nuecleic acid sequence, wherein the endogenous
nucieic acid sequence encodes a polypeptide comprising an amino acid sequence selected from
the group consiating of SEQ 1D NOs: 21 to 40,

[38619] Embodiment 255, A modified Camellia plant, or pant thercof, comprising a
recombinant DNA construct comprising a heterologous promoter operably linked to a nucleie
acid encoding at least one small RNA molecule capable of binding to and reducing the
expression of an endogenous nucleic acid sequence encoding a polvpeptide at least 86%
wdentical or similar {o an amino acid sequence selected from the group consisting of SEQ 1D
NGs: 21 10 40,

[38626] Embodiment 256, A modified Camellia plant, or pamt thereof, comprising a
recombinant DNA construct comprising a heterologous promoter operably linked to a nucleie
acid encoding at least one small RNA molecule capable of binding to and reducing the
cxpression of an endogenous nucleic acid sequence encoding a polvpeptide at least 85%
wdentical or similar {o an amino acid sequence selected from the group consisting of SEQ 1D
NGs: 21 to 40

[00621] Embodiment 257, A modified Camecllia plant, or pant thereof, comprising a
recombinant DNA construct comprising a heterologous promoter operably linked to a nucleic
acid encoding at least ong small RNA molecule capable of binding to and reducing the
expression of an endogenous nucleic acid sequence encoding a polypeptide at least 90%
identical or similar {o an amino acid sequence selected trom the group consisting of SEQ 1D
NQGs: 21 to 40.

[68622] Embodiment 258 A modified Camellia plant, or pant thereof, comprising a
recombinant DNA consiruct comprising a heterologous prometer operably linked to a nucleic
acid encoding at least one small RNA molecule capable of binding to and reducing the
expression of an endogenous nucleic acid sequence encoding a polypeptide at least 92.5%
identical or sinular to an amine ackd sequence sclected from the group consisting of SEQ 1D

NOs: 21 to 40,
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[06623] Embodiment 259 A modified Camellia plant, or past thereof, comprising a
recombimant DNA construct comprising a heterclogous promoter operably linked to a nucleic
acid encoding at least onc small RNA molecule capable of binding to and reducing the
expression of an endogenous nucleic acid sequence encoding a polypeptide at least 95%
identical or similar to an amino acid sequence selected from the group consisting of SEQ ID
NQOs: 21 to 40,

[06624] Embodiment 260. A modified Camellia plant, or pant thereof, comprising a
recombmant DNA construct comprising a heterologous promoter operably linked to a nucleic
acid encoding at least one small RNA molecule capable of binding to and reducing the
expression of an endogenous nucleic acid sequence encoding a polvpeptide at least 97.5%
identical or similar to an amino acid sequence sclected from the group consisting of SEQ 1D
NQGs: 21 to 40

[666253] Embodiment 261, A modified Camellia plant, or pat thereof, comprising a
recombinant DNA consiruct comprising a heterologous promoter operably linked to a nuclew
acid encoding at least one small RNA molecule capable of binding to and reducing the
expression of an endogenous nucleic acid sequence encoding a polvpeptide scquence selected
from the group consisting of SEQ 1D NOs: 21 10 40,

[38626] Embodiment 262, A modified Camellia plant, or pant thercof, comprising a
recombinant DNA construct comprising a heterologous promoter operably linked to a nucleie
acid sequence encoding a polypeptide comprsing an avuno acid scquence at least 80%
wlentical or similar to an amino acid sequence selected from the group consisting of SEQ 1D
NGs: 21 to 40

[60627] Embodiment 263, A modified Camecllia plant, or pant thereof, comprising a
recombinant DNA construct comprising a heterologous promoter operably linked to a nucleic
acid sequence encoding a polvpeptide comprising an amino acid sequence at least 35%
identical or similar to an amino acid sequence selected from the group consisting of SEQ ID
NOs: 21 to 40.

[06628] Embodiment 264 A modified Camellia plant, or past thereof, comprising a
recombimant DNA construct comprising a heterclogous promoter operably linked to a nucleic
acid sequence encoding a polypeptide comprising an aming acid sequence at least 90%
wdentical or similar to an amino acid sequence selected from the group consisting of SEQ ID
NOs: 21 to 40,

[66629] Embodiment 265. A modified Camellia plant, or pat thercof, comprising a
recombinant DNA consiruct comprising a heterologous promoter operably linked to a nuclew
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acid sequence encoding 2 polypeptide comprising an amine acid sequence at least 92.5%
wdentical or simifar to an amino acid sequence selected from the group consisting of SEQ 1D
NGs: 21 10 40,

[386636] Embodiment 266, A modified Camellia plant, or pant thercof, comprising a

W

recombinant DNA construct comprising a heterologous promoter operably linked to a nucleie
acid sequence encoding a polypeptide comprsing an avuno acid scquence at least 95%
identical or similar {o an amino acid sequence selected trom the group consisting of SEQ 1D
NQGs: 21 to 40.

[68631] Embodiment 267 A modified Camellia plant, or pant thereof, comprising a
10 recombmant DNA construct comprising a heterologous promoter operably linked to a nucleic
acid sequence encoding a polypeptide comprising an amine acid sequence at least 97.3%
identical or similar to an amino acid sequence selected from the group consisting of SEQ ID
NQOs: 21 to 40,

[68632] Embodiment 268, A modified Camellia plant, or pant thereof, comprising a

Pt
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recombmant DNA construct comprising a heterologous promoter operably linked to a nucleic
acid sequence encoding a polypeptide comprising an anuno acid sequence selected from the
group consisting of SEQ ID NGs: 21 10 40.
[36633] Embodiment 269, Cured leaf matenial from the modified Camellia plant, or part
thereof, of any one of embodiments 248 to 268,
26 |60634]  Embodiment 270. A method of producing a modified Camelhia plant comprising:
{a} inducing a non-natural mudation in at least one Camellia cell in an endogenous
micleic acid sequence encoding a polypeptide comprising an amino acid sequence
at least 80% identical or similar to an arsino acid sequence selected from the group
consisting of SEQ 1D NOs: 21 10 40;
23 (b} selecting at least one Camellia cell comprising said non-natural matation from step
{a); and
{c} regenerating at least one modified tobacco plant from said at least one Camellia cell
sclected 1n step {b).
[68635] Embodiment 271, A method of producing a modified Camellia plant comprising:
30 {a} mnducing a non-natural mutation m at least one Camellia cell in an endogenous
nucleic acid sequence encoding a polypeptide compnsing an amino acid sequence
at least 853% identical or similar to an amingo acid sequence selected from the group
consisting of SEQ 1D NOs: 21 10 440;

(b sclecting at least one Camellia cell compnising said non-natural mutation from step
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{a); and
{c} regenerating at least one modified tobacco plant from said at least one Camelliacell
sclected 10 step (b).

[38636] Embodiment 272, A method of producing a modified Camellia plant comprising:

W

{a} mnducing a son-natural mutation i at least one Camellia cell 1 an endogenous
nucleic acid sequence encoding a polypeptide comprising an anuno acid sequence
at least 80% 1dentical or similar to an anuno acid sequence selected from the group

consisting of SEQ 1D NDs: 21 10 40;
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selecting at least one Camellia cell comprising said non-natural mutation from step
10 {ay. and
{c} regenerating at least one modified tobacco plant from said at least one Camelba cell
selected in stop (b).
[66637] Embodiment 273, A method of producing a modified Camelhia plant comprising:

{a} mducing a non-natural mutation m at least one Camellia cell in an endogenous

Pt
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nucleic acid sequence encoding a polvpepiide comprising an amine acid sequence
at least 92.5% dentical or stmiar to an amino acid sequence selected from the group
consisting of SEQ 1D NOs: 21 10 40;
(b} selecting at least one Camellia cell comprising said non-natural matation from step
{a); and
26 {c} regenerating at least one modificd tobacco plant from said at least one Camellia cell
sclected 1n step {b).
[68638] Embodiment 274, A method of producing a modified Camellia plant comprising:
{a} mducing a non-natural mutation m at least one Camellia celi in an endogenous
nucleic acid sequence encoding a polypeptide compnsing an amino acid sequence
23 at least 93% identical or similar to an amine acid sequence selected from the group

consisting of SEQ 1D NOs: 21 10 40;
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selecting at least one Camellia cell comprising saird non-natural mutation from step
{a); and
{c} regenerating at least one modified tobacco plant from said at least one Camelliacell
30 selected 10 step (b
[3863%] Embodiment 275, A method of producing a modified Camellia plant comprising:
(2} mducing a non-natural motation i at least one Camellia celi 1 an endogenous
nucleic acid sequence encoding a polypeptide comprising an anuno acid sequence
atleast 97 5% identical or similar to an amino acid sequence selected from the group
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106640]

{a}

[00641]
{a}

{c}

[00642]
(a}

(&)

{c}

consisting of SEQ 1D NDs: 21 10 40;

3 selecting at least one Camellia cell comprising said non-nataral mutation from step

{a); and

regenerating at least one modified tobacco plant from said at least one Camellia cell
selected in stop (b).

Embodiment 276, A mcthod of producing a modified Camelhia plant comprising:
mducing a non-natural mutation m at least one Camellia cell m an endogenous
nucleic acid sequence encoding a polvpepiide comprising an amine acid sequence
selected from the group consisting of SEQ ID NOs: 21 (o 40;

selecting at least one Camellia cell comprising said non-natural mutation from step
{a) and

regenerating at least one modified tobacco plant from said at least one Camellia cell
selected i step (b).

Embodiment 277, A method of producing a modified Camelhia plant comprising:
introducing a recombinant DNA construct to at least one Camellia cell, wherein
said recombinant DNA construct comprises a heterologous promoter operably
Iinked to a nucleic acid encoding at least one small RNA molecule capable of
binding to and reducing the expression of an endogenous nucleic acid sequence
encoding a polypeptide at least 80% identical or similar to an amino acid sequence
selected from the group consisting of SEQ 1D NOs: 21 10 40;

selecting at least one Camecllia cell comprising said recombinant DNA constract;
and

regencrating at least one modified Camellia pland from said at least one tobacco cell
selected 1n step (b).

Embodiment 278, A method of producing a modified Camellia plant comprising:
miroducing a recombinant DNA constract to at least one Camellia cell, wherein
said recombinant DNA construct comprises a heterologous promoter operably
linked to a nucleic acid encoding at least one small RNA molecule capable of
binding to and reducing the expression of an endogenous nucleic acid sequence
encoding a polypeptide at least 85% identical or simular o an amino acid sequence
selected from the group consisting of SEQ 1D NOs: 21 to 40;

selecting at least one Camellia cell comprising said recombinant DNA construet;
and

regenerating at least one modified Camellia plant from said at least one tobacco cell
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[00643]

(a)

S

{c}

[00644]

{a}

(b

)

{c}

[00645]

(a}

(b

)

sclected 1n step {b).

Embodiment 279, A method of producing a modified Camellia plant comprising:
mtroducing a recombinant DNA construct 1o at least one Camellia cell, wherein
said recombinant BNA construct comprises a heterologous promoter operably
linked to a nucleic acid encoding at least one small RNA molecule capable of
binding to and reducing the expression of an endogenous nucleic acid sequence
encoding a polvpeptide at least 90% 1dentical or similar {o an amino acid sequence
selected from the group consisting of SEQ ID NOs: 21 to 40;

selecting at least one Camellia cell comprising said recombinant DNA constract;
and

regenerating at least one modified Camellia plant from said at least one tobacco cell
selected in stop (b).

Embodiment 280, A mcthod of producing a modificd Camelhia plant comprising:
miroducing a recombinant DNA construct to at least one Camellia cell, wherein
said recombinant DNA construct comprises a heterologons promoter operably
linked to a nucleic acid encoding at least one small RNA molecuie capable of
binding to and reducing the expression of an endogenous nucleic acid sequence
encoding a polypeptide at least 92.5% 1dentical or stmilar to an amino acid sequence
selected from the group consisting of SEG 1D NOs: 21 to 40;

sclecting at least one Camellia cell comprising said recombinant DNA construct;
and

regenerating at least one modified Camellia plant from said at least ong tobacco cell
sclected 10 step (b).

Embodiment 281, A method of producing a modificd Camellia plant comprising:
mtroducing a recombinant DNA construct to at least one Camellia cell, wherein
satd recombinant DNA construct comprises a heterologous promoter operably
linked to a nucleic acid encoding at least one small RNA molecule capable of
binding to and reducing the expression of an endogenous nucleic acid sequence
encoding a polypeptide at least 95% identical or similar o an amino acid sequence
sclected from the group consisting of SEQ 1D NOs: 21 to 4¢;

selecting at least one Camellia cell comprising said recombinant DNA construct;

and

{c) regenerating at least one modificd Camellia plant from said at least one tobacco cell

selected in step (b).

PCT/US2025/010305
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[00646] Embodiment 282, A method of producing a modified Camelhia plant comprising:
{a} introducing a recombinant DNA construct to at keast one Camellia cell, whergin
said recombinant DNA construct comprises a heterologous promoter operably

hinked to a nucleic acid encoding at least one small RNA molecule capable of

W

binding to and reducing the expression of an cndogenous nucleic acid sequence
encoding a polypeptide at least 97.5% 1dentical or similar to an anuno acid sequence
selected trom the group consisting of SEQ ID NQs: 21 1o 40;

{b} selecting at least one Camelia cell comprising said recombinant BNA construct;
and

10 {c} regenerating at least one modified Camellia plant from said at feast one tobacco cell

selected in step (b).
106647 Embodiment 283, A method of producing a modified Camellia plant comprising:
{a) mtroducing a rccombinant DNA construct to at least one Camellia cell, wherein

said recombinant DNA construct comprises a heterologous promoter operably

Pt
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linked to a nucleic acid encoding at least one small RNA molecule capable of
binding to and reducing the expression of an endogenous nucleic acid sequence
encoding a polvpeptide sequence selecied from the group consisting of SEQ ID
NOs: 21 to 40;
{b) selecting at least one Camellia cell comprising said recombinant BNA construct;
20 and
{c} regenerating at least one modified Camellia plant from said at least ong tobacco cell
selected in step (b).
[60648] Embodiment 284, A method of producing a modified Camellia plant comprising:
{a} introducing a recombinant BNA construct to at least one Camellia celi, wherein
23 satd recombinant DNA oconstruct comprises a heterologous promoter operably
linked to a nucleic acid sequence encoding a polypeptide comprising an amino acid
sequenee at least 80% identical or similar to an anmuno acid sequence selected from

the group consisting of SEQ 1D NOg: 21 to 40,
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selecting at least one Camellia cell comprising said recombinant DNA constract;
30 and
{c} regenerating at least one modified Camellia plant from said at feast one tobacco cell
selected in step (b).
[66649] Embodiment 285, A method of producing a modified Camelhia plant comprising:
{a} mtroducing a recombinant DNA construct to at least one Camellia cell, wherein
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{b)

[00650]
{a}

(b}

{c}

100651
{a}

[00652]
{a}

said recombinant DNA construct comprises a heterologons promoter operably
finked to anucleic acid sequence encoding a polypeptide comprising an aming acid
sequence at least 85% identical or similar to an amino acid sequence selected from
the group consisting of SEQ 1D NOs: 21 10 40;
selecting at least one Camellia cell comprising said recombinant DNA construct;
and
regenerating at least one modified Camellia plant from said at least one tobacco cell
sclected 1n step {b).
Embodiment 286, A method of producing a modified Camellia plant comprising:
mtroducing a recombinant BNA construct to at least one Camellia cell, wherein
said recombinant BNA construct comprises a heterologous promoter operably
linked to a nucleic acid sequence encoding a polypeptide comprising an amino acid
sequence at least 90% identical or similar 1o an amino acid sequence selected from
the group consisting of SEQ 1D NOs: 21 to 44
selecting at least one Camcllia cell comprising said recombinant BDNA constract;
and
regenerating at least one modified Camellia plant from said at feast one fobacco cell
selected in step (b).
Embodiment 287, A method of producing a modified Camellia plant comprising:
miroducing a recombinant DNA construct to at least one Camellia cell, wherein
said recombinant DNA construct comprises a heterologons promoter operably
finked to anucleic acid sequence encoding a polypeptide comprising an aming acid
sequenee at least 92.5% identical or simular to an amine acid sequence selected from
the group consisting of SEQ ID NGs: 21 10 40;
selecting at least one Camellia cell comprising said recombinant DNA construct;
and
regenerating at least one modified Camellia plant from said at least one tobacco cell
sclected 1n step {b).
Embodiment 288. A method of producing a modified Camellia plant comprising:
mtroducing a recombinant DNA construct 1o at least one Camellia cell, wherein
said recombinant DNA construct comprises a heterologous promoter operably
hinked to a nucleic acid sequence encoding a polvpeptide comprising an amino acid
sequence at least 953% dentical or similar 1o an amuno acid sequence selected from
the group consisting of SEQ 1D NOs: 21 to 44
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{b} sclecting at least one Camellia cell comprising said recombinant BNA constract;
and
{c} regencrating at least one modified Camelhia plant from said at least one tobacco cell

selected in step (b).

W

106653] Embodiment 289, A method of producing a modified Camellia plant comprising:
{a) mtroducing a rccombinant DNA construct to at least one Camellia cell, wherein
said recombinant DNA construct comprises a heterologous promoter operably
finked to a nucleic acid sequence encodimg a polypeptide comprising an amino acid
sequenec at least 97.5% identical or similar to an amino acid sequence selected from
10 the group consisting of SEQ ID NGs: 21 10 40;
{b) selecting at least one Camellia cell comprising said recombmant BNA construct;
and
{c) regenerating at least one modificd Camellia plant from said at least one tobacco cell
selected in step (b).
15 [060634] Embodiment 290, A method of producing a modified Camelhia plant comprising:
{a}) mtroducing a recombinant DNA construct to at least one Camellia cell, wherein
said recombinant DNA construct comprises a heterologous promoter operably
hinked to a nucleic acid sequence encoding a polvpeptide comprising an amino acid
sequence selected from the group consisting of SEQ 1D NOs: 21 10 40,
26 (b sclecting at lcast one Camellia cell comprising said recombinant BNA construct;
and
{c} regenerating at least one modified Camellia plant from said at least one tobacco cell
sclected 10 step (b).
[38655] Embodiment 291, Cured leaf matenial from the modified Camellia plant, or part
25 thereof, of any one of embodiments 270 to 290.
[06656] Embodiment 292, A method for producing a modificd Camelhia plant comprising:
{a} crossing at least one Camellia plant of a first Camellia variety with at least one
Camellia plant of a second Camellia varigty to produce at least one progeny
Camellia seed, wherein said at least one Camelhia plant of said first Camellia variety
30 compTises a non-natural mutation m an endogenous nucleic acid sequence, whercin
the endogenous nucleic acid sequence encodes a polypeptide comprising an amuno
acid sequence at least 80% identical or similar to an amino acid sequence sclected
from the group consisting of SEQ 1D NOs: 21 to 40, wherein said non-natural
mutation 1s not present i said endogenous nucleic acid sequence in a control
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Camellia plant of said first Camellia variety; and
{b} sclecting for at least one progeny Camellia seed, or a plant germmated therefrom,
wherein said at least one Camellia sced or plant gerounated therefrom comprises

said non-nataral mutation.

W

106657 Embodiment 293, A method for producing a modificd Camelhia plant comprising:
{a} crossing at least one Camcllia plant of a first Camcllia vanety with at lcast one
Camellia plant of a second Camellia variety to produce at least one progeny

Camellia seed, wherein said at least one Camelhia plant of said first Camelhia variety

comprises a non-natural mutation m an endogencus nucleic acid sequence, wherein

10 the endogenous nucleic acid sequence encodes a polypeptide comprising an amuno
acid sequence at least 85% identical or similar to an amino acid sequence sclected
from the group consisting of SEQ 1D NOs: 21 to 40, whercin said non-natural
nurtation 1s not present in said endogenous nucieic acid sequence i a control

Camellia plant of said first Camellia variety; and
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b} selecting for at least one progeny Camellia seed, or a plant germmated therefrom,
wherein said at least one Camellia seed or plant gerovnated therefrom comprises
said non-natural mutation.

[36658] Embodiment 294, A method for producing a modificd Camellia plant comprising:

{a} crossing at least ong Camecllia plant of a first Camelhia variety with at least one

20 Camcllia plang of a sccond Camellia vaniety to produce at least one progeny
Camellia seed, wherein said at least one Camelhia plant of said first Camelhia variety

comprises a non-natural mutation m an endogencus nucleic acid sequence, wherein

the cndogenous nucleic acid sequence encodes a polypeptide comprising an anuno

acid sequence at least 90% wdentical or similar (0 an amino acid sequence selected

23 from the group consisting of SEQ ID NOs: 21 to 40, wherein said non-natural

mutation 5 not present m said endogenous nucleic acid sequence in a control
Camellia plant of said first Camellia vaniety; and

{b} selecting for at least one progeny Camellia seed, or a plant germmated therefrom,
wherein said at least one Camellia seed or plant germinated therefrom comprises

30 said non-natural mutation.

[30658] Embodiment 295, A method for producing a moditied Camellia plant comprising:

{a} crossing at least ong Camellia plant of 3 fist Camelba variety with at least one

Camcllia plang of a sccond Camellia vaniety to produce at least one progeny
Camellia seed, wherein said at least one Camelha plant of said first Camelha variety
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comprises a non-natural mutation m an endogenous nucleic acid sequence, wherein
the cndogenous nucleic acid scquence encodes a polypeptide comprising an aming
acid scquence at least 92.5% dentical or similar to an amino acid sequence selected

from the group consisting of SEQ ID NOs: 21 to 40, wherein said non-natural

W

mutation 5 not present m said endogenous nucleic acid sequence in a control

Camcllia plant of said first Camellia variety; and
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selecting for at least one progeny Camelha seed, or a plant germinated therefrom,

wherem saird at least one Camellia sced or plant germinated thercfrom comprises

said non-natural mutation.

10 [006606] Embodiment 296, A method for producing a moditied Camellia plant comprising:
(a} crossing at least one Camellia plant of a first Camcllia variety with at least one

Camcllia pland of a sccond Camellia vaniety to produce at least one progeny

Camellia seed, wherein said at least one Camelhia plant of said first Camelha varicty

comprises a non-natural mufation in an endogenocus nucleic acid sequence, wherein

Pt
(s

the endogenous nucleic acid seguence encodes a polypeptide comprising an aming
acid sequence at least 93% identical or similar to an amino acid sequence sclected
from the group consisting of SEQ ID NOs: 21 to 40, wheren said noun-natural
mutation i3 not present m said endogenous nucleic acid sequence i a control
{Camellia plant of said first Camellia variety; and
26 (b sclecting for at least one progeny Camelhia seed, or a plant germinated thercfrom,
wherem saird at least one Camellia sced or plant germinated thercfrom comprises
said non-natural mutation.
[B0661] Embodiment 297, A method for producing a modified Camclhia plant comprising:
(a} crossing at least one Camellia plant of a first Camelhia vanety with at least one
23 Camellia plant of a second Camellia variety to produce at least one progeny
{Camellia seed, wherein said at least one Camellia plant of said first Camellia vanety
comprises a non-natural mutation in an endogenous nucleic acid sequence, wherein
the endogenous nucleic acid seguence encodes a polypeptide comprising an aming
acid sequence at least 97 5% identical or similar to an amino acid sequence selected
30 from the group comsisting of SEQ 1D NOs: 21 to 40, wherein said nou-natural
mutation 13 not present mn said endogenous nucleic acid sequence m a control
Camellia plant of said first Camellia variety; and
{b) sclecting for at least one progeny Camellia seed, or a plant gernunated therefrom,
wheremn said at least one Camellia sced or plant germinated therefrom comprises
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[00662]
{a}

(&)

{b)

[00664]
{a}

said non-natural mutation.

Embodiment 298, A method for producing a modified Camelhia plant comprising:
crossing at least one Camellia plard of a first Camelhia vanety with at least one
Camellia plant of a second Camellia variety to produce at least one progeny
{Camellia seed, wherein said at least one Camellia plant of said first Camellia vanety
comprises a non-natural mutation m an endogenous nucleic acid sequence, wherein
the endogenous nucleic acid sequence encodes a polypeptide comprising an aming
acid sequence selected from the group consisting of SEQ ID NQs: 21 to 40, wherein
said non-natural mutation is not present in said endogenous nucleic acid sequence
i a control Camellia plant of said first Camelhia vanety; and

selecting for at least one progeny Camellia seed, or a plant gernuinated therefrom,
wherein said at least one Camellia seed or plant germinated therefrom compnses
said non-natural routation.

Embodiment 299, A method for producing a modified Camelha plant comprising:
crossing at least one Camellia plant of a first Camellia vaniety with at least one
tobacco plant of a second Camellia variety to produce at least one progeny Camellia
seed, wheremn said at least one Camellia plant of said first Camellia vanety
comprises a recombinant DNA construct, wherein said recombinant DNA construct
comprises a heterologous promoter operably linked to a nucleic acid sequence
encoding at lcast one small RNA molecule capable of binding to and reducing the
gxpression of an endogencus nucleic acid sequence encoding a polypeptide at least
80% identical or smmilar to an aming acid sequence selected from the group
consisting of SEQ 3 NOs: 21 to 40, wherein said recombinant DNA construct 1s
not present i said endogenous nucleic acid sequence in a control Camellia plant of
the same variety, and

selecting for at least one progeny Camellia seed, or a plant germinated therefrom,
wheremn said at least one Camellia sced or plant germinated therefrom comprises
said recombinant BDNA constract.

Embodiment 300, A method for producing a modified Camelhia plant comprising:
crossing at least one Camellia plard of a first Camelhia vanety with at least one
tobaceo plant of a second Camellia variety 1o produce at least one progeny Camellia
seed, wherein said at least one Camellia plant of said first Camellia vanety
compuses a recombinant DNA construct, wherein said recombinant DNA construct
comprises a heterologous promoter operably linked 1o a nucleic acid sequence
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encoding at least one small RNA molecule capable of binding to and reducing the
expression of an endogencus nucleic acid sequence encoding a polvpeptide at least
85% identical or smular to an amino acid sequence selected from the group

consisting of SEQ ID NGs: 21 to 40, wherein said recombinant DNA construct is

W

not present in said endogenous nucleic acid sequence 1o a control Camellia plant of

the same variety; and

-~
=2
N

selecting for at least one progeny Camelha seed, or a plant germinated therefrom,

wherem saird at least one Camellia sced or plant germinated thercfrom comprises

said recombinant BNA constract.

10 [00665]  Embodiment 301, A method for producing a moditied Camellia plant comprising:
(a} crossing at least one Camellia plant of a first Camcllia variety with at least one

tobacco plant of a second Camcllia variety to produce at least one progeny Camellia

sced, wherein said at least one Cameillia plant of said first Camellia vanety

comprises a recombinant DNA construct, wherein said recombinant DNA construct

Pt
(s

comprises a heteroclogous promoter operably linked to a mucleic acid sequence
encoding at least one small RNA molecule capable of binding to and reducing the
expression of an endogenous nucleie acid sequence encoding a polypeptide at least
90% 1dentical or similar to an amino acid sequence selected from the group
consisting of SEQ 1D NOs: 21 1o 40, wherein said recombinant DNA coustruct is
26 not present in said endogenous mucleic acid sequence in a control Camelha plant of

the same variety; and

-~
<
R

selecting for at least one progeny Camelhia seed, or a plant germnated therefrom,
wherein said at least one Camellia sced or plant gerounated therefrom comprises

said recombinant DNA construct.

[\]
)

[36666] Embodiment 302, A method for producing a modificd Camellia plant comprising:
{a} crossing at least ong Camecllia plant of a first Camelhia variety with at least one
tobacco plant of a seccond Camellia variety to produce at least one progeny Camelhia

sced, wherein said at least one Camellia plant of said first Camellia vaniety

comprises a recombinant DNA construct, wherein said recombinant DNA construct

30 comprises a heterologous promoter operably linked to a nucleic acid sequence
encoding at least one small RNA molecule capable of binding to and reducing the
expression of an endogenocus nucleic acid sequence encoding a polypeptide at least
92 5% identical or similar to an amino acid sequence selected from the group
consisting of SEQ 1D NOs: 21 to 40, wherein said recombinant DNA constract 18
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not present in said endogenous nucleic acid sequence in a control Camelhia plant of
the same variety; and

(b} sclecting for at least one progeny Camellia seed, or a plant gemminated thercfrom,
wherein said at least one Camellia seed or plant germinated therefrom compnses

satd recombinant DNA construct.

W

[66667] Embodiment 303, A method for producing a modified Camelha plant comprising:
{a} crossing at least one Camellia plant of a first Camellia variety with at least one

tobacco plant of a second Camellia variety to produce at least one progeny Camellia

seed, wherein said at least one Camellia plant of said first Camellia variety

16 comprises a recornbinant DNA construct, wherein said recombinant DNA construct
comprises a heterologous promoter operably linked fo a nucleic acid sequence

encoding at least one small RNA molecule capable of binding to and reducing the

expression of an endogenous mucieic acid sequence encoding a polvpeptide at feast

95% identical or similar to an amino acid sequence selected from the group

Pt
(s

consisting of SEQ 1D NOs: 21 to 40, wherein said recombinant DNA constroct 18
not present in said endogenous nucleic acid sequence in a control Camellia plant of

the same variety; and
(b} selecting for at least one progeny Camellia seed, or a plant germinated therefrom,
wherein said at least one Camellia seed or plant germinated therefrom compnses

20 said recornbinant DNA counstruct.
[08668] Embodiment 304, A method for producing a modified Camelha plant comprising:

{a} crossing at least one Camellia plant of a first Camelhia variety with at least one
tobacco plant of a second Camellia variety to produce at least one progeny Camellia
seed, wheremn said at least one Camellia plant of said first Camellia vanety
23 comprises a recombinant DNA construct, wherein said recombinant DNA construct
comprises a heterologous promoter operably linked o a nucleic acid sequence
encoding at least one small RNA molecule capable of binding to and reducing the
gxpression of an endogencus nucleic acid sequence encoding a polypeptide at least
97.5% identical or similar to an aming acid sequence selected from the group
30 consisting of SEQ 3 NOs: 21 to 40, wherein said recombinant DNA construct 1s
not present i said endogenous nucleic acid sequence in a control Camellia plant of

the same variety: and
{b) sclecting for at least one progeny Camellia seed, or a plant gernunated therefrom,
wheremn said at least one Camellia sced or plant germinated therefrom comprises
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[00669]
{a}

{b)

(00670}
{a}

{b)

[00671]
{a}

said recombinant BDNA constract.

Embodiment 305, A method for producing a modified Camelhia plant comprising:
crossing at least one Camellia plard of a first Camelhia vanety with at least one
tobaceo plant of a second Camellia variety to produce at least one progeny Camellia
seed, wherein said at least one Camellia plant of said first Camellia vanecty
compuses a recombinant DNA construct, wherein said recombinant DNA construct
comprises a heterologous promoter operably linked 1o a nucleic acid sequence
encoding at least one small RNA molecule capable of binding to and reducing the
expression of an endogenous nucleic acid sequence encoding a polvpeptide
sequence selected from the group consisting of SEQ ID NOs: 21 10 40, wherein said
recombinant BNA construct is not present in said endogenous nucleic acid sequence
in a controf Camellia plant of the same varnety; and

sclecting for at least one progeny Camelha seed, or a plant gernunated therefrom,
wheremn said at least one Camellia sced or plant germinated therefrom comprises
said recombinant BDNA constract.

Embodiment 306. A method for producing a moditfied Camelhia plant comprising:
crossing af least one Camellia plant of a first Camelhia vanety with at least one
Camellia plant of a second Camellia variety to produce at least one progeny
{Camellia seed, wherein said at least one Camellia plant of said first Camellia vanety
compuses a recombinant DNA construct, wherein said recombinant DNA construct
comprises a heteroclogous promoter operably linked to a mucleic acid sequence
encoding a polypeptide compnising an anuno acid sequence at least 80% identical
or simifar to an amino acid sequence selected from the group consisting of SEQ 1D
NOs: 21 to 40, wherein said recombinant DNA construct is not present in said
nucleic acid sequence in a conirol tobacco plant of the first Camelha variety; and
selecting for at least one progeny tobacco seed, or a plant germinated therefrom,
wheremn said at least one tobacco sced or plant germinated therefrom comprises said
recombinant DNA construct.

Embodiment 307, A method for producing a modified Camelhia plant comprising:
crossing at least one Camellia plard of a first Camelhia vanety with at least one
Camellia plant of a second Camellia variety fo produce at least one progeny
Camellia seed, wherein said at least one Camellia plant of said first Camellia vanety
compuses a recombinant DNA construct, wherein said recombinant DNA construct
comprises a heterologous promoter operably linked to a nucleic acid sequence
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encoding a polypeptide compnsing an amino acid sequence at least 85% identical
or simifar to an amino acid sequence selected from the group consisting of SEQ 1D
NQs: 21 to 40, wherein said recombinant DNA construct is not present in said

nucleic acid sequence in a conirol tobacco plant of the first Camelha variety; and

W

{b) selecting for at least one progeny tobacco seed, or a plant germinated therefrom,
wheretin said at least one tobacco seed or plard germinated therefrom comprises said
recombinant DNA construct.

[08672] Embodiment 308. A method for producing a modified Camelha plant comprising:

{a} crossing at least one Camellia plant of a first Camellia variety with at least one

10 Camelhia plant of a second Camelha varety to produce at least one progeny
Camellia seed, wherein said at least one Camellia plant of said first Camellia vanety
comprises a recombinant DNA construct, wherein said recombinant DNA construct
compuses a heterologous promoter operably linked 1o a nucleic acid sequence

encoding a polypeptide comprising an amino acid sequence at least 90% identical

et
(s

or simnilar to an amino acid sequence selected from the group consisting of SEQ 1D
NQs: 21 to 40, wherein said recombinant DNA construct is not present in said
nucleic acid sequence in a control tobacco plant of the first Camelha vanety; and

(b

g

selecting for at least one progeny tobaceo sced, or a plant germinated therefrom,
wherein said at least ong tobacco seed or plant germinated therefrom comprises said
26 recombinant DNA construct,
[08673] Embodiment 309, A method for producing a modified Camelha plant comprising:
{a} crossing at least one Camellia plant of a first Camellia variety with at least one
Camellia plant of a second Camellia variety to produce at least one progeny
Camelhia seed, wherein said at least one Camellia plant of said first Camellia vanety
23 comprises a recombinant DNA construct, wherein said recombinant DNA construct
comprises a heterologous promoter operably linked to a nucleic acid sequence
encoding a polypeptide comprising an amino acid sequence at least 82.5% identical
or similar to an amine acid sequence selected from the group consisting of SEG 1D
NQs: 21 to 40, wherein said recombinant DNA construct is not present in said
30 nucleic acid seguence in a control tobacco plant of the fust Camellia vadety; and

(b

s’

selecting for at least one progeny tobaceo sced, or a plant germinated therefrom,
wherein said at least ong tobacco seed or plant germinated therefrom comprises sad
recombinant DNA construct,

[68674] Embodiment 310, A method for producing a modified Camelha plant comprising:
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{a)

&)

[066735]

{a}

(b}

(60676}
{a}

crossing at least one Camellia plant of a first Camellia vaniety with at least one
Camellia plant of a second Camellia varicty to produce at least one progeny
Camellia seed, wherein said at least one Camellia plant of said first Camcllia varniety
comprises a recombinant DNA construct, wherein said recombinant DNA construct
comprises a heterologous promoter operably linked to a nucleic acid sequence
encoding a polypeptide comprising an amino acid sequence at least 95% identical
or similar to an amino acid sequence selected from the group consisting of SEQ 1D
NOs: 21 to 40, wherein said recombinant BNA construct is not present in said
micleic acid sequence in a control tobacco plant of the first Camellia variety; and
selecting for at least one progeny tobacco seed, or a plant germinated therefrom,
wherein said at least ong tobacco seed or plant germinated therefrom comprises sad
rocombinant DNA construct.

Embodiment 311, A method for producing a modified Camelhia plant comprising:
crossing at least one Camellia plant of a first Camellia vanety with at least one
Camellia plant of a second Camellia variety to prodoce at least one progeny
Camellia seed, wherein said at least one Camellia plant of said first Camcllia varniety
comprises a recornbinant DNA construct, wherein said recombinant DNA construct
comprises a heterologous promoter operably linked fo a nucleic acid sequence
encoding a polypeptide comprising an amino acid sequence at least 97.5% dentical
ot similar to an amino acid sequenee selected from the group consisting of SEQ 1D
NOs: 21 to 40, wherein said recombinant BNA construct is not present in said
micleic acid sequence in a control tobacco plant of the first Camellia variety; and
sclecting for at least one progeny tobacco seed, or a plant germinated therefrom,
wherein said at least one tobacco seed or plant germinated therefrom comprises said
recombinant DNA construct.

Embodiment 312, A method for producing a modified Camelhia plant comprising:
crossing at least one Camellia plant of a first Camellia vanety with at least one
Camellia plant of a second Camellia variety to prodoce at least one progeny
Camellia seed, wherein said at least one Camelhia plant of said first Camellia variety
comprises a recombinant DNA construct, wherein said recombinant DNA construct
comprises a heterologous promoter operably linked fo a nucleic acid sequence
encoding a polvpeptide comprising an amino acid sequence selected from the group
consisting of SEQ 1D NOs: 21 10 40, whercin said recombinant DNA construct 18

not present 1n said nucleic acid sequence m a control tobacco plant of the first
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Camellia variety; and
{b} selecting for at least one progeny tobacco seed, or a plant germinated therefrom,
wherein said at least one tobacco seed or plant germunated therefrom comprises said
recombinant DNA construct,
106677 Embodiment 313, Cured leal matenial from the modified Camellia plant, or part
thereof, of any one of embodiments 292 10 312,
[68678] Having now generally described the disclosure, the same will be more readily
understood through reference to the followmg examples that are provided by way of

iflustration, and are not intended to be himiting of the present disclosure, uniess specified.

Example 1. Phenotypic evaluation of Secretor and Non-secretor fines

[38679] Known and suspected secretor and non-secretor tobacco lines are evaluated
phenotypically. The tobacco plants are grown in 10 tnch pots. At flowering time, 5 uniform
plants per line were selected and the 10th leat from the bottom of each plant was chosen. The
middle portion of the lammna where the veins were minimal was cut using a scalpel and
observed with a microscope in a glass Petn plate. Trichome number, ength, and gland width
was measured on a VHX-7000 Series fullv-automated digital microscope system (Keyence
Company, Osaka, Japan}. The number of trichomes within a 1 rom radius (an arca of 3. 14 nun %)
were analvzed, the length of trichome and diameter of the gland were measured. The data from
5 plants is averaged. See FIGS. 1and 2A to 2C.

106686] Four seoretor {8) lines, KDH-960, KDH-626, GRI3GS, and T1 1062 (Hoja Parado)
are tested. Two non-secreting (NS) hines, Gen0¥ (also known as GR-193NS) and KDH-939,
are tested. One novel hine 15 also analyzed (AA-37-1). Trichome density 13 measured on the 5th
leat from the top at topping and two weeks aficr topping of the plant. See FIGS. 3A and B
Trichome number is counted on both the adaxial and abaxial surface of the leaves. Five plants
are evaluated and the data is presented in FIG. 4 with error bars showing standard deviation.
[36681] GRIZY S and GR 139 NS are sister hines derived from TT 1406 with S phenotype
denoctation signifving secreting trichomes while the NS phenotype denotation signifies non-
secreting glandular trichomes. The KDH lines are a series of double haploids that have varving
leaf surface phenotypes from secretion to leaf surface compound makeap and trichome density.
These BH lines were dertved from T1 1068, These limes are described in detail in, for example,
M.T. Nielsen, G.A Jones and G.B Coliing 1982, Inhentance Pattern for Secreting and
Nonsecreting Glandular Trichomes in Tobacco, Crop Science Vol. 22, Sept ~Oct 1982, p. 1051~
1053; J.C Johnson, M.T. Niclsen and G.B Collins 1988, Inheritance of Glandular Trichomes
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in Tobaceo, Crop Science Vol 28, No. 2 March-Apnl 1988; M.T. Nielsen, C.P. Akers, UE
Jarifors, G.J. Wagner, and 5. Berger 1991, Comparative Ultrastructural Features of Secreting
and Nonsecreting Glandular Trichomes of Two Genotypes of Nicotiana Tabacum, 507 GAZ
1521 13-22. 1991, M.T. Niclsen and R F Severson 1990, Varnation of Flavor Components
on Leaf Surfaces of Tobacco Genotypes Differing in Trichome Density, J. Agric. #ood Chem.
1990, 38, 467-471; M.T. Niclsen and RF Scverson 1992 Inheritance of a Diterpenc
Constituent in Tobaceo tnchome Exudate, Crop Soience, Vol 32, No. 3: 1148-1150, 1992 and
M.T Nieisen 1991, Altering Flavor and Aroma Constituents of Burley Tobacco. Tob. Sci. 35:
69-73, 1991,

[38682] Multiple himes are mvestigated and are classed nto different groups depending on
high or low secretion status, trichome structure, and normal or divergent chemistry. Clasg {
includes non-secretor varigties. Class I mncludes heavy secreting varieties. Class U contained
all the normal scoreting vaneties gven though they exbibit differences 1o leaf surface chemistry
based on previous hiterature. Class IV consisted of varieties which have divergent trichome

structures along with the different leaf surface chemistry attuibutes. See Table 10

Table 18: Sclected tobacco varieties classed according {o secretion and leat swrface chenustry
attributes.
Line Code | PUA Class Notes
KDH-960 Class 11 High
{(TC 5877y V1 Secretion
T 1269 Vie Class IV Divergent trichome structure
11223 Class IV Divergent
Vil trichome
structure
KDH-959 V3 Class TH Nommal  secretion —
(TC 376} - Divergent Chemistry
KDH-926 V3 Clags i Normal Secretion
(TC 575) - Dvergent Chemistry
GRIZY S , Clags TH Normmal  Seorction  —
A\ . :
MNomal Chemistry
GRIZONS V& Class | Low
- secretion
AA-37-1 . Class Hi Normal secretion,
Ve o \
Divergent chemistry
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Huoja Class [l Nomual secretion,
Parado - Dhvergent chemistry
(Galpdo 3}
{T1 1068}

Lonibow Vs Class IV Divergent

(T 1573) trichome structure
Lombow Ve Class IV Divergent  trichome
(T11613) stracture

Example 2. RNA sequencing

[06683] RNA is ssolated from various tobaceo leaves at two time points: before topping (6~
8 leaf stage}, and at flowering. Three technical replicates from three biclogical replicates are
collected for cach time point. The 1solated RNA 15 sequenced using Blununa® technology. The
secretor and non-secretor hines that were phenotypically screened in Example 1 are evaluated
here.

[06684]  Sequenced reads are assessed for guality, and then mapped to a proprictary fobacco
reference genome using CLC Genomics Workbench version 11.0.1 software (QIAGEN} using
default parameter settings. A read couwnt matrix inchuding all samples is generating by
aggregating the raw counts of the mapped reads for cach gene m each sample against a total of
98,752 tobacco genes using the Expression Browser Tool in CLC Genomics Workbench.
[36685] RNA sequences are mapped to 98,752 tobacco genes. Genes that do not exhibit
cxpression are removed from further consideration. For the fobacco genes that exhubit
CXpression, gene expression values are normalized by library size in terms of reads mapped per
kilobase per million reads (RPKM). Two different pairwise comparnsons were made to
determine the most relevant genes. GRI39S, a seoreting line, vs. GRI39NS, a non-secreting
line, and KDH-960, a scoreting line, vs KDH-959. Dhfferentially expressed gencs were
determined based on a FDR p-value less than .001. In order to reduce noise from tobaceo genes
with consistent expression across both time points, or that have consistently low expression,
tobacco genes that exhibit a fold change 1 expression across all saraples of less than two log
are removed. The companson of KDH-960 vs KI3H-959 identified 2775 geves that were
differentially expressed. The comparison of GRI39S vs GRI39NS identified 2501 genes that
were differentially expressed. Common genes (578 genes) were then manually curated and a
top 20 gene list was determuned.  Selection was based on highest fold change, either up or
down, first and then gene annotations were used that may link to known metabolic pathways

that may be voived.
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Example 3, Candidate gene expression

[00686]
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The top 20 candidate genes are wdentified due to differential expression pattorns

from the RNAseq experiments deseribed i Example 2. A list of the top 20 differentially

expressed candidate genes s provided o Table 11

Table 11: Top 20 differentially expressed candidates, gene 1D numbers, Automated Human
Readable Descriptions {AHRD) annotation, chromosome location, SEQ I3 NO of genomic
DNA {(gPBNA) sequence, SEQ 1D NO of cDNA sequence, and SEQ 1D NG of amine acid (AA)

sequence.
SE) 1D NOGs.

Gene 1D | AHRD asnotation Chr. # gBNA <DNA AA
282261 | Isoleucine~-tRNA ligase 21 47 7 27
282257 | ATP-dependent dethiobiotin synthetase BioD 21 46 6 26
282264 | Transport inhibitor response 1 protein 21 44 8 28
982272 | 4-coumarate CoA ligase 21 53 i3 33
282265 Transpont inhibitor response 1-like protein 21 49 9 28
282280 | Cystinosin-like protein 21 56 16 36
282270 | Protoporphyrinogen oxidase 2 52 2 32
282300 | ADP-ribosylation factor, putative 21 58 14 38
282269 | Glucose-}-phosphate cytidylyliransicrase 21 51 3] 31
©82274 | Ankyrin repeat-coniaining protein, putative 21 35 £5 35

Acyl-CoA N-acyltransferase with 57 17 37

RINGAYVERHD-type zinc finger  protein,
282284 | putative 21
282303 | AT-rich interactive domain-containing protein 2 21 39 9 39
282268 | nucleclar protein gar2-related 21 50 10 36
082273 | EmblCAB62340.1 21 54 14 34
g58504 | Math domain-comntaining protein 14 41 i 21
238509 | Protein transport protein sec23. putative i4 43 3 23
g58363 | Cembratricnol synthase 3 14 43 5 25
258508 | Magnesium transporter MRS2-like protein 14 42 2 22
258533 | Cembratricnol synthase 24 14 44 4 24
21641 Cembratricniol synthase 3 ¢ 60 20 46

[68687] To validate the RNA sequencing data from Example [, RNA is extracted from leaf

samples at the lavby stage, and ¢DINA transcripts are generated from the RNA samples, using

methods standard in the art. The resulting ¢BNA 15 used 1o measure the relative expression of

cach candidate gene with quantitative RT-PCR (gRT-PCR} using gene-specific primers.

Relative expression of the candidate genes is tested for the secrotor backgrounds KDHO960,
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KDH926 and GRI39S. The non-secretor line tested is GRIU3NS. Testing lines Galpio and
AA-37-1 are also analvzed and KDHOS59 1s the wild-type control.

[60688] Relative expression of cach candidate gene is measured and displaved as fold
change, as compared to a control plant. Relative gene expression for selected candidate genes
1s various tested tobacco lines is presented in Table 12, Volcano plots are presented idicating
the fold change for cxeraplary secretor lines GRI398, KDHY26, and KDHY60 compared to
the non-secretor hine KDHY39. See FIGS. 5 to 7. Candidate genes showing greater than 1.5-
fold expression changes are shown in Table 13, Here, fold changes are measured in GRIZONS,
GRI3ONS MYBE6, Galpdo MYBES, KDHO60 MYBES, TNOO GIS, and TN9G MYBR6.
GRIZONS MYBS6, Galpio MYBR6, KDH60 MYBSB6, and N90 MYBS6 plants oxpress
NtMYB86 from a CaMV 358 promoter. TNSO GIS express NiGIS  from a CaMV 338
promoter. Relative gene expression for candidate genes in the various Non-secretor and
secretor lines, as compared to appropriate condrols are shown in FIGS. 810 13,

Table 12: Summary of relative gene expression, detected by gPCR, for selected candidates

genes at Layby stage for the secretor lines: KDH960, KDH926, GR139s, non-secretor line:
GRIZONS, and novel test lines: Galpdo and AA-37-1, baseline 15 KDHY59 (non-secretor}.

PCT/US2025/010305

{ene KDH9sG KDHS2s GRISSS GRIINS | Galpae AA-3T-1
D\ Variety
58504 28711 22.034 12.973 1460 11.794 3023
__gSSS(Pg 6.504 6,587 6.017 0,944 19.156 2.639
258549 2.565 3.465 2.9158 0.722 5.024 1.455
o38563 42.964.008 | 30688191 16.184.739 | 0.241 12.764.680 | 36378
g&822587 0.173 0.370 {.486 6206 4.497 4792
;g82261 1.019 1.176 {.700 N/A 0.096 N/A
81264 3.321 4.090 2.623 4375 17610 5781
oR2265 126,087.650 | 192,321,900 § 159,944 360 | 26.199 715654600 | 11,352.516
o82768 50.343 100.408 74.940 1721 11.941 11.099

Table 13: Summary of relative gene expression, detected by gPCR, for selected candidates
genes at Lavby stage for the non-secretor GRI3YNS compared to MYBS6 and GIS
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overexpressing lines. Fold change greater than 1.5x as compared o a TNS0 control plant are

shown.
Gene 1D GRIIBNS | GRIIOINS | Galpas KDH0 TG TNGG
MYBS6 MYBS86 MYBS6 GIS MYBS8s

o38563 3.248 5517

82268 2.337

82257 1.718 1.789 1874
558504 1.693

oSB508 3873 2.012
82264 1.656

282263 1.873 2.008 1.581
s82300 1.649

ol641 2.594 3.594

g82272 1.581

982274 1579

s82280 2.128 1784
o82284 1.705

£S8333 3.433 5.665

582273 2.049 6.363

Example 4. Transformation and regeneration of modified tobacco plants

5 06831 Aan ALCS1 exprossion vector is used as a backbone to gencrate multiple
transformation vectors comprising recombinant DNA constructs (SEQ 1D NO: 61). The
cxpression vector contains a Cassava Vein Mosaic Virus (CsVMV)Y promoter, 3 NOS
terounator, and a cassette comprising a kanamvein selection marker (NPT 1) operably linked
to an Actin? promoter and a NOS teoninator. Nucleic acid vectors comprising transgenes of

10 nterest {e.g., SEQ ID NOs: | to 20} are introduced into tobacco leaf discs via dgrobacierium

transformation with dgrobacrerium strain LBA4404. See, for example, Mavo ef ol | 2006, Nat.

Protoc. 1:1105-11 and Horsch er o/, 1985, Science 227:1229-1231. Candidate genes are

inserted into the Xbal BamH restriction sites using standard recombination.

[0869%] KDHY59 and TN9O tobacco plants are grown in Magenta™ GA-7 boxes and leaf

Pt
(s

dises are cat and placed into Petri plates. dgrobacrerinm tumefaciens cells comprising a
transformation vector are coliccted by centrifuging a 20 ol cell suspension 1o a 50 mL
centrifuge tube at 3300 RPM for 10 nunutes. The supernatant is removed and the
Agrobacterium tumefaciens cell pellet is re-suspended n 40 mE hiqund re-suspension medium.
Tobacco leaves, avoiding the midrib, are out 1010 cight 0.6 cm discs with a #15 razor blade and
20 placed upside down in a Petri plate. A thin laver of Murashige & Skoog (MS) with BS vitamin
higuid re~suspension medium is added to the Petri plate and the leaf discs are poked wniformly
with a fine point ncedle. About 25 mb of the Agrobactenium tumefacions suspension is added
o the Petri plate and the leaf discs are tncubated in the suspension for 10 punutes,

[38681]  Leaf discs are transferred o co-cultivation Petn plates (1/2 MS medium) and discs

172
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are placed upside down in contact with filter paper overlaid on the co-cultivation TOM medium
(M5 medivm with 20 g/L secrose; 1 mg/L indole-3-acctic acid, and 2.5 mg/L 6-benzyl
amainopurine (BAP})). The Petn plate s sealed with parafilm pror to mcubation in dim hight
(60-80 mE/ms) with 18 hours on, 6 hours off photoperiods at 24°C for three days. After
incubation, leat discs are transferred to regencration/sclection TOM K medium Petri plates
(TOM medino plus 300 mg/l. kanamyein). Leaf discs are sub-cultured bi-weckly to tresh
TOM K medium in dim hght with 18 hours on, 6 hours off photopeniods at 24°C unti] shoots
become excisable. Shoots from leaves are removed with forceps and inserted in MS basal
medium with 100 me/L kanamycin. Shoots on M5 basal medium with 100 mg/L kanamyein
are incobated at 24°C with 18 hours on, 6 hours off photoperiods with high intensity lighting
(6080 mE/ms) to mnduce rooting.

106692]  When plantlets comprising both shoots and roots grow large enough {¢.g., over half
the height of a Magemta™ (GA-7 box), they are transferred to soil for acchimatization. Once
cstablished, seedlings are transferred to a greenhouse for further growth, breeding, and
analysis,

Exampie 3, Measuring metabolite levels in tobacco

[60693] Tobacco varieties are grown and leaves are harvested i order to measare metabolite
levels. Samples are prepared using the automated MicroLab STAR®R system from Hamilton
Company {Reno, NV} Samples are extracted with methanol under vigorous shaking for 2 min
{Glen Mills, Inc., GenoGrinder 2000, Chifion, NI o precipitate protein and dissociate small
molecules bound to protein or trapped in the precipitated protein matrix, followed by
centrifugation to recover chemically diverse metabolites. The resulting extract is analyzed
using 4 methods: two separate reverse phase (RPYUPLC-MS/MS methods using positive ion
mode electrospray tonization (ESI), one by RP/UPLC-MS/MS using negative 1on mode ESE
and one for analysis by HILIC/UPLC-MS/MS using negative ion mode ESE  Proprictary
software was used to match ions to anin-house fibrary of standards for metabolite dentification

and for metabolite quantitation by peak area mtegration.

Example 6. Metabolome analysis of secrefor and non-secretor lines

[38694]  Each of the secretor and non-secretor lines evaluated in Examples 1 1o 4 are grown
and analvzed for metabolitc composition according to the methods of Example 5. The cleven
varigties tested are shown i Table 10 above. A total of 759 biochemicals are identified in this

screen 581 compounds of known identity (named biochemicals) and 178 compounds of
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anknown structural identity. A principal component analysis {(PCA} plot is calculated uvsing
ounly compounds associated with the following secondary metabolism: Alkaloids and alkaloid
dertvatives, Benzenoids, Flavonoids, Phenvipropanoids, and Terpenoids. See FIG. 14, The
resulting PCA illustrates the dramatic first component distinction between Class IV varieties
(8 through 11) and the remaining varietics owing exclusively to variation in sccondary
metabolism. It also highlights the differcntiation of several other varnieties, especialty Class |
(variety 3} and Class I {vanety 1) along Component 2. Class I did show a broader
distribution than the other classes. Varieties 3, 6, and 7 were relatively sumilar to cach other,
whife variety 4 trended toward the varniety  cluster and vanety 2 trended toward the vanety 5

cluster.

Example 7. Overexpression of candidate genes in tobacceo plants

[3868S]  Separate transformation vectors comprising ong each of SEQ ID NOs: 1 to 20 ander
the control of a CsVYMV promater are constracted using the vecior described in Example 4.
The vectors arc used to generate modified tobacco plants as described in Example 4. Control
modified tobacco plants are transformed with an “empty” vector that lacks the overexpressed
gene (termed “vector controls” or V7). Non-secretor tobacco wvariety KDH959 s
transformed using standard Agrodbacrerium transtormation methods known in the art and
described above. Transformed plantlets are regencrated and grown using standard procedures.

PCR and gPCR are used to wdenttfy putative transformants,

Example 8; Metabolome analysis in {ransformed tobacco overexpressing candidate genes

(3246} Transgenic tobacco plants overexpressing candidate genes are generated
according fo Example 7. Metabolome analvais 13 conducted on these plants according to
Example 5. Transgenic overexpression plants demonstrate increased and decreased amounts of
metabolites selected from the group consisting of Alkaloids and Alkeloid derivatives,
Benzenoids, Flavonoids, Phenvipropanowds, and Terpenoids. Specific metabolites n cach of

these groups are histed in Table 14,

Example 8, Knockdown of candidate genes using small RNA molecules in tobaceo

106696] Kuoockdown of the candidate genes identified in Table 11 is conducted to test for
their effect on the levels of scerction of various metabolites involved in flavor and aroma of

cured tobaceo.
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[60697]  Separate transformation vectors comprising an artificial miRNA designed to reduce
the transcription or trapslation of one cach of SEQ ID NQOs: 1t 21 and 41 to 60 driven by
CsVMV are construcied using the vector described in Example 4. Tobacco hnes expressmg
these RNAI constriscts can be collectively referred to as “knockdown lines.”

106698]  The vectors are used to generate modified tobacco plants as described in Example
4. The miRNA vectors are transformed in Izmur varicty tobacco plants. Condrol moodified
tobacco plants are transformed with an “empty” vector that lacks the miRNA constructs
{referred to as “vector controls” or “VC7). Metabolite measurements and phenotypic analysis
of trichome composition are carred out in cach line. Knockdown plants demonstrate increased
and decreased amounts of metabolites selected from the group consisting of Alkaloids and
Alkalowd  denvatives, Benzenods, Flavonoids, Phenyipropancids, and Terpenotds.
Knockdown plants demonstrate increased and decreased amounts of metabolites identified in
Table 14. Metabolites higher in high sccretor plants {class Il plants) are shown in Table 15,

Metabolites higher in low secretor plants (class I planis) are shown in Table 16.

Example 18, Generating mutations in candidate genes

{08699 Mutations are produced n gach of the genes identified m Table 10 by specifically
editing SEQ 1D NOs: 110 20 and 41 to 60, separately and individually, in the tobacco genome.
Tobacco protoplasts are transfected using polyethvlene glyeol (PEG) with plasmids encoding
a CRISPR protein or a CRISPR protein and specific guide RNA (gRNA) targeting individual
genes at desired positions. These mutations are produced in TN9G, NLM. and K326 tobacco
vareties.

[68708]  Transtected protoplasts are then immobilized 0 19 agarose beads and subjected to
tissue culture. When calli grow to approximately | millimeter in diameter, they are spread on
TOM?2 plates. Calli are screened for mutations (e.g., wmsertions or deletions {indels)) at the
target positions using fragment analysis. Candidates, showing target position size shifls
compared to wildtype control, are selected for further caltore and the consequent shoots are
tested by fragment analysis again to confirm the prosence of mutations,

Moditied tobacco plants (TU generation} are grown as described in Example 4. Then, plants
are topped, and alkaloid levels are measared as described in Example 5. Modified tobacco
plants demonsirate increased and decreased amounts of metabolites selected from the group
consisting of Alkaloids and Alkalowd denvatives, Benzenowds, Flavonoids, Phenylpropanoids,
and Terpencids. Modified tobacco plants demonstrate mcereased and decreased amounts of

metabolites identified in Table 14.
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Metabolite Class

Metabolite

cotinine

2-hydroxypyridine

nornicotine

anatabine

nicotine

tyrosol

salidroside

Alkaloid denivative

3-pyridylacetate

nicotine N-oxide

norcotinine

O-hydroxynicotine (1)

6-hydroxynicotine (2)

Benzenoids

2.4 6-trihvdroxybenzoate

2,6-dihvdroxybenzoic acid

3 4-dihydroxybenzoate

4-hydroxybenzoate

benzoate

gentisic acid-S-ghicoside

hydroquinone beta-glicopyranoside

salicviate

salicviuric ghucuronide®

salicviate-glucoside

Flavonoids

dihvdmokasmpierol

eriodictyol

dihydroquercetin

naringenin

quercetin

quercetin 3-glocoside

rutin (quercetin 3-rulinoside)

3-methoxyapigenin

kaempterol 3-O-glucoside/galactoside

isorhannetin 3-rutinoside

Phenyipropanods

aesculetin

chlorogenate

4-hydroxycinnamate

cryvptochiorogenic acid

lariciresinol 4-O-ghicoside

hrtodendon

caffeate

vamniliate

1

couUmMaroviqg

vinate (2}

coumaroyiquinate (4)

4
coumaroylquinate (5)
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coumarcyiquinate (3)

PCT/US2025/010305

feruloylquinate (1)

feruloylquinate (2)

feruloylquinate (3)

fernloylquinate (4)

fernloylquinate (5)

meliletoside (1)

scopeletin

Terpenoids

3-hydroxy-3-methylgiutarate

mevalonate

cis-frans-{ameso]

carctene diol (1}

carctene diol (2}

carotene diol {3}

beta-cryptoxanthin

J

gerany thualool

Table 15 Metabolites higher in class H (high secretors). Terpenoids and Flavonoids are
higher in the heavy secreter clags. Fold change is calculated by the normalized mean value of
the compound detected in Class I divided by the normalized mean value detected in Class 1L
Al values have a p-value less than 0.05,

Fold change (MNon Secreter vs Heavy
Class Metabolite secreter)
cis-trans-farmesol 0
carotene diof (1) 6.77
Terpenoids | carotene diof 2) .68
beta~cryptoxanthin 0.27
geranyllinalool 0.02
dihvdrokacmpferol 0.08
eriodictyol 8.06
dilivdroguercetin 0.1
maringenin 0.15
Flavoncids quercetin 0.15
quercetin 3~ghicoside (.39
rotin {(quercetin 3-rotinoside) 0.37
3-methoxyapigenin 0.2
kaempferol 3-0O-
glucoside/galactoside 0.69

Table 16 Metabolites higher 1n Class | (low secretors). Benzenoids are higher in the low
secreter class. Fold change s calculated by the normabized mean value of the compound

detected in Class 1 divided by the normalized mean value detected m Class . All values
have a p-value less than 0.05,

Class

Metaboltte

Fold change (Non Secreter vs Heavy
secreter)

Benzenoids

2,6-diby droxybenzoic acid

3.28
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3 4-dihydroxybenzoate 221
4-hydroxybenzoate 1.3
benzoate 1.27
genlisic acid-S-glacoside 4 45
hydroquinone beta-

clucopyranoside 1.24
protocatechuic acid-3-

glucoside 4.28
salicylate 2.96
sahicyturic glucaronide® 307
salicylate-glucoside 734
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CLAIMS

I

A modified tobaceo plant, or part thereof, comprising at least one non-natural mutation
i an endogenous nucleic acid sequence, wherein the endogenous nucleic acid sequence
encodes a polypeptide comprising an ammo acid sequence at feast 959 identical or
similar to an amino acid sequence selected from the group consisting of SEQ 1D NQs:

21 t0 40.

The modified tobacco plant, or part thereof, of claim 1, wheren the modified tobacco
plant produces at least one leaf comprising a reduced amount of at least one metabolite
as compared to the amount of the at icast one metabolite in a control tobacco plant
lacking the at least one non-natural mutation m the endogenous nucleic acid sequence

when grown under suntar growth conditions.

The modified tobacco plant, or part thereof, of claim 1, wherein the modified tobacco
plant is of a tobacco vanety selected from the group consisting of a flue-cured variety,
a bright varniety, a Burley variety, a Virginia vanety, a Marvland variety, a dark vaniety,

a Galpdo vanety, an Oriental variety, and a Turkish variety.
Cured tobacco matenal from the modified tobacco plant, or part thereof, of claim 1.

The cured tobacco material of claim 4, wherein the cured tobaceo matenial comprises
flue-cured tobacco matenal, air-cured tobaceo matenal, fire-cured tobacco matenal, or

sun~cured tobacco matenal.
A tobacco product comprising the cured tobacco matenal of claim 5.

The tobacco product of claim 6, wherein the tobacco product is a smokeless tobacco

product.

A modified tobacco plant, or part thereof, comprising a recombinani BDNA construct
comprising a heterologous promoter operably linked to a nucleic acid encoding at ieast
one small RNA molecule capable of binding to and reducing the expression of an
endogenons nucleic acid sequence encoding a polypeptide at least 93% dentical or
similar to an aming acid sequence selected from the group consisting of SEQ ID NOs:

211040

The modified tobacco plant, or part thereof, of claim 8, wherein the modified tobacco

plant produces at least one leaf comaprising a reduced amount of at least one metabolite

179
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16.

17.

18

as compared to the amount of the at least one metabolite 1 a control tobacco plant

lacking the recombinant BNA construct when grown under similar growth conditions.

. The modified tobacco plant, or part thereof, of claim 8, wheremn the modified tobacco

plant 1s of a tobacco varnety selected from the group consisting of a flue-cured variety,
a bright vaniety, a Burley variety, a Virginia varicty, a Marvland vanety, a dark vanety,

a Galpio variety, an Orniental variety, and a Turkish vanety.

Cured tobacco matenial from the modified tobacco plant, or part thercof, of claim 8.

2. The cured tobacco material of claim 11, wherein the cured tobacco material comprises

flue-cured tobacco matenal, air-cured tobacco matenal, fire-cured tobacco maternial, or

sun-cured tobacco matenal.

3. A tobacco product comprising the cured tobacco material of claim 12,

. The tobacco product of claim 12, wherein the tobacco product 1s a smokeless tobaceo

product.

. A modified tobacco plant, or part thereof, comprising a recombinant DNA construct

comprising a heterologous promoter operably linked to a nucleic acid sequence
encoding a polvpeptide comprising an amino acid sequence at least 95% identical or
sinilar to an anuno acid sequence sclecied from the group consisting of SEQ ID NOs:

21 to 40,

The modified tobacco plant, or part thereof, of ¢laim 15, wherein the modified tobacco
plant produces at least one leaf comprising an increased amount of at least one
metabolite as compared to the amount of the at least one metabolite in a control tobacco
plant lacking the recombinant DNA construct when grown under simifar growth
conditions.

The modified tobacco plant, or part thereof, of ¢laim 15, wherein the modified tobacco
plant 1s of a tobacco varnety selected from the group consisting of a flue-cured variety,
a bright vaniety, a Burley varniety, a Virginia variety, a Marvland vanety, a dark vanety,

a Galpfo variety, an Oriental variety, and a Turkish variety.

Cured tobacco material from the modified tobacco plant, or part thercof, of claim 15

. The cured tobacco material of claim 18, wherein the cured tobacco matenial comprises

flue~cured tobacco matenal, air-cured tobacco matenal, fire~cured tobacco matenal, or

sun-cured tobacco matenal.

180
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28 A tobacco product comprising the cured tobacco material of claim 18,

21. The tobacco product of claim 20, wherein the tobacco product 1s a smokeless tobacco

product.

181
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FIG. 9
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FIG. 10
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FIG. 11
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