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ABSTRACT 

The present invention provides cannabis plants, seeds, and 
pollen grains comprising a Y chromosome that comprises a 
marker gene. Methods of sorting cannabis seeds and pollen 
based on the presence of this marker gene are also provided. 

Specification includes a Sequence Listing. 
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METHOD TO ENRICH DESIRED TYPES IN 
SEED-DERIVED CROPS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

(0001] This application claims priority to U.S. Provisional 
Application No. 63/398,726 filed on Aug. 17, 2022, the 
contents of which are incorporated by reference in their 
entireties. 

SEQUENCE LISTING 

(0002] This application includes a sequence listing in 
XML format titled "2023-08-17 _960296.04427 _ WIPO_Se­
quence_listing_XML.xml", which is 21,830 bytes in size 
and was created on Aug. 17, 2023. The sequence listing is 
electronically submitted with this application via Patent 
Center and is incorporated herein by reference in its entirety. 

BACKGROUND 

(0003] The cannabis industry is one of the country's 
fastest-growing industries. Female cannabis plants produce 
flowers, which are the source of the lucrative cannabinoids 
tetrahydrocannabinol (THC) and cannabidiol (CBD), among 
many others. Male cannabis plants make pollen, which can 
be used to fertilize the female cannabis plants. However, 
when the female plants get fertilized , they use all their 
energy to produce seeds instead of making flowers, reducing 
their profitability. 
(0004] Accordingly, cannabis growers commonly attempt 
to sex their plants as early as they can, destroying all or most 
of the male plants to maximize flower production. Sexing 
can be accomplished using morphological differences that 
become apparent as the plants mature or by performing 
DNA sequencing or a polymerase chain reaction (PCR)­
based assay on a sample of plant tissue. While DNA 
sequencing and PCR can be performed on very young 
seedlings, these methods are expensive and time consuming, 
and are therefore only practical when applied to small 
numbers of plants. Alternatively, some growers use hormone 
treatments to produce male flowers on genetically female 
plants (masculinization) or to produce female flowers on 
genetically male plants (feminization). However, these 
methods are inefficient, difficult to scale, and can only 
produce progeny of a single sex. Thus, there is a growing 
need in the art for a higher throughput means of sexing 
cannabis. 

SUMMARY 

(0005] In a first aspect, the present invention provides 
cannabis plants, seeds, and pollen grains comprising a Y 
chromosome that comprises a promoter operably linked to a 
marker gene. 
(0006] In a second aspect, the present invention provides 
methods of sorting cannabis seeds or pollen. These methods 
allow one to control the sex of the plant or the relative 
proportions of male and female plants produced from the 
sorted seeds or pollen. 
(0007] In a first embodiment, the methods are for sorting 
cannabis seeds. These methods comprise: (a) obtaining a 
plurality of cannabis seeds comprising seeds that comprise 
a Y chromosome comprising a marker gene; and (b) sorting 
the seeds to separate the seeds that comprise the Y chromo­
some comprising the marker gene from seeds that do not 
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comprise the Y chromosome comprising the marker gene. In 
these methods, the marker gene must be expressed in seeds 
to allow for seed sorting. 
(0008] In a second embodiment, the methods are for 
sorting cannabis pollen. These methods comprise: (a) 
obtaining a plurality of cannabis pollen grains comprising 
pollen grains that comprise a Y chromosome comprising a 
marker gene; and (b) sorting the pollen grains to separate the 
pollen grains that comprise the Y chromosome comprising 
the marker gene from the pollen grains that do not comprise 
the Y chromosome comprising the marker gene. In these 
methods, the marker gene must be expressed in pollen to 
allow for pollen sorting. 

BRIEF DESCRIPTION OF THE DRAWINGS 

(0009] The patent or application file contains at least one 
drawing executed in color. Copies of this patent or patent 
application publication with color drawing(s) will be pro­
vided by the Office upon request and payment of the 
necessary fee. 
(0010] FIG. 1 shows photographs of mature crushed (FIG. 
lA) and intact (FIG. lB) cannabis seeds from transforma­
tion experiments outlined in Example 1. The seed(s) on the 
left in each photograph depict positive expression of the 
RUBY (SEQ ID NO: 1) marker, and the seed(s) on the right 
in each photograph depict control seeds that are negative for 
expression of the RUBY (SEQ ID NO: 1) marker. 
(0011] FIG. 2 shows a diagram of Plasmid RC6233A as 
outlined in Example 1. 

DETAILED DESCRIPTION 

(0012] The present invention provides cannabis plants, 
seeds, and pollen grains comprising a Y chromosome includ­
ing a marker gene. Methods of sorting cannabis seeds and 
pollen based on the presence of this marker gene are also 
provided. 
(0013] Cannabis is generally a dioecious plant in which 
the inheritance of sex chromosomes dictates the sex of the 
plant. Namely, cannabis plants that inherit two X chromo­
somes are female and cannabis plants that inherit one X 
chromosome and one Y chromosome are male. Thus, Y 
chromosomes are found only in male cannabis plants. 
Accordingly, the present inventors have designed methods 
for sexing cannabis seeds or pollen using a marker gene 
located on the Y chromosome. Their methods allow one to 
sort seeds/pollen into male and female pools, and then select 
an appropriate number of seeds/pollen grains from each of 
those pools to achieve the desired male to female ratio for a 
given application. 
(0014] The sexing methods of the present invention offer 
several advantages over the methods of the prior art. For 
example, these methods are inexpensive, efficient, and can 
be used to produce populations of cannabis plants having the 
desired male to female ratio. Importantly, sexing cannabis at 
the seed/pollen stage rather than at the seedling stage 
prevents growers from wasting resources growing and cull­
ing excess male plants. 

Cannabis Plants, Seeds, and Pollen Grains: 

(0015] In a first aspect, the present invention provides 
cannabis plants, seeds, and pollen grains comprising a Y 
chromosome that comprises a promoter operably linked to a 
marker gene. 



����������	
��
�� ��
��	������

US 2024/0065192 Al 

(0016] As used herein, the term "cannabis" refers to a 
genus of flowering plants in the family Cannabaceae, which 
includes the species Cannabis sativa and Cannabis indica. 
These plants are also known as "hemp," but this term is often 
used to refer only to varieties of cannabis that are cultivated 
for non-drug use. The terms "cannabis" and "hemp" are used 
interchangeably herein. The cannabis plant is used to pro­
duce cannabis fiber, cannabis seeds and their oils, cannabis 
leaves for use as vegetables and juice, and flowers (also 
known as buds), which are dried and used for medicinal and 
recreational purposes. 

(0017] The term "plant" is used broadly herein to refer to 
a plant at any stage of development or the part of a plant, 
including a plant cutting, a plant cell, a plant cell culture, a 
plant organ, a plant tissue, or a plantlet. Particularly useful 
parts of a plant include harvestable parts (e.g., flowers) and 
parts that can be used for propagation of progeny plants 
(e.g., cuttings, seeds, pollen). A "seed" is a mature fertilized 
plant ovule, consisting of an embryo and its food store 
surrounded by a protective seed coat. "Pollen" is a powdery 
substance produced by male or masculinized female plants. 
Pollen consists of "pollen grains", i.e. , highly reduced 
microgametophytes, which produce male gametes. Pollen 
grains have a hard coat made of sporopollenin that protects 
the gametophytes as they move from the stamens to the pistil 
of flowering plants. 

(0018] The cannabis plants, seeds, and pollen grains of the 
present invention comprise a marker gene on the Y chro­
mosome, which allows them to be sexed based on expres­
sion of the marker protein encoded by the marker gene. As 
used herein, the term "marker gene" refers to a gene that 
encodes a marker protein that has a detectable phenotype in 
seeds and/or pollen. The marker gene used with the present 
invention may be natively found in cannabis and may even 
be found on the cannabis Y chromosome or may be artifi­
cially introduced (e.g., via random or targeted insertion). 
The term "native marker gene" or "native marker" refers to 
a gene native to cannabis that encodes a marker protein that 
has a detectable phenotype. In some embodiments, the 
native marker gene is a regulatory element that affects gene 
expression, such as a transcription factor or enhancer. The 
regulatory element may regulate expression of a gene that, 
when increased or decreased, results in a detectable pheno­
type. Thus, changes in expression of the regulatory element 
may have pleiotropic effects, leading to changes in expres­
sion of additional downstream genes. The detectable phe­
notype may result from changes in expression of the regu­
latory element and/or changes in expression of the 
downstream gene(s). In other embodiments, the native 
marker gene is not a regulatory element. Examples of native 
marker genes are WRINKLED (WRII ); native marker genes 
in the flavonoid biosynthesis pathway (e.g. KNAT7, NAC2, 
TTG2, and STK); and regulatory genes/transcription factors 
in the flavonoid biosynthesis pathway (e.g. C2H2-like, 
bZIP44, SHPI, GBF6, PPO, CHS, P, Z, and Bip). 

(0019] In some embodiments, the artificially introduced 
marker gene or the artificially introduced native marker gene 
is inserted on the Y chromosome. In some embodiments, the 
artificially introduced marker gene or artificially introduced 
native marker gene is inserted on a chromosome other than 
the Y chromosome and is transposed onto the Y chromo­
some by transposable elements, such as Activator-Dissocia­
tion (Ac-Ds) transposable elements. 
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(0020] In embodiments where a native marker gene is 
artificially introduced, it may be necessary to significantly 
reduce or knock out the function of the endogenous native 
marker gene inherent to the plant because its expression may 
interfere with or confound the expression of, or the detection 
of the expression of, the artificially introduced native marker 
gene. In other embodiments, it may be desirable to simply 
reduce or knock out the function of the endogenous native 
marker gene even if no native marker gene is artificially 
introduced using genetic engineering techniques. Examples 
of methods to significantly reduce or knock out gene func­
tion are via methods known in the art, such as injection, 
particle bombardment, nanoparticles, encapsulation, or elec­
troporation, or delivered via another cell or a virus that is 
then fused with the cell. In some embodiments, genetic 
engineering involves altering the nuclear genome of the cell. 
When new genetic material is introduced to the nuclear 
genome, it can be inserted randomly or targeted to a specific 
location (e.g., via homologous recombination). Suitable 
gene-editing reagents include, without limitation, engi­
neered nucleases, such as meganucleases, zinc finger nucle­
ases (ZFN), transcription activator-like effector nucleases 
(TALENs), and nucleic-acid guided nucleases (e.g. , Cas9); 
guide nucleic acids; template nucleic acids; and reagents that 
facilitate the delivery of nucleases and nucleic acids to a cell 
(e.g. , recombinant viruses, nanoparticles) may also be 
included. If there is more than a single copy of the endog­
enous native marker gene, it may be necessary to knock out 
or significantly reduce (knock down) function of all gene 
copies. Those of skill in the art are able to develop plants 
with particular genes knocked out as noted above. Those of 
skill in the art are also able to design methods of knocking 
down expression of a protein, by inhibitory RNA techniques 
including RNAi, shRNA, microRNA and the like. 

(0021] Examples of detectable phenotypes include mor­
phological differences ( e.g., differences in length, width, 
volume, surface area, shape, surface texture, weight, viabil­
ity) and detectable signals (e.g. , color, luminescent signals, 
fluorescent signals, hyperspectral signals). In some embodi­
ments, the marker gene encodes a fluorescent protein (e.g., 
RFP, GFP, YFP, CFP), chromogenic protein ( e.g., mef!Red, 
eforRed, aasPink, spisPink, scOrange ), carotenoid protein 
(e.g. , crtB, crtI, crtE), anthocyanin protein (e.g. , PAL, CHS, 
F3H), or betalain protein (CYP76ADI , DODA, GT). The 
detectable phenotype of the marker protein should be detect­
able in seeds and/or pollen produced by the plant carrying 
the marker gene. 

(0022] In U.S. Patent Publication No. 2021/0254083, 
which is hereby incorporated by reference in its entirety, the 
present inventors demonstrate that tdTomato and betalains 
can be expressed in cannabis and provide methods of 
generating gene edited or transgenic cannabis plants. These 
methods can be used to generate and select for transgenic or 
gene edited cannabis plants for use with the present inven­
tion. TdTomato is an exceptionally bright red fluorescent 
protein with an emission wavelength of 581 nm. Betalains 
are red and yellow water-soluble plant pigments found in 
plants of the order Caryophyllales. For example, a plant can 
be made to express a vividly red betalain via introduction of 
the reporter gene RUBY (SEQ ID NO: 1 ), which encodes all 
the enzymes required for betalain biosynthesis. Thus, in 
some embodiments, the marker gene is RUBY (SEQ ID NO: 
1) or a gene encoding tdTomato. 
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(0023] The marker gene can be located anywhere on the 
cannabis Y chromosome so long as it is operably linked to 
a promoter. A "promoter" is a DNA sequence that defines 
where transcription of a gene begins. RNA polymerase and 
the necessary transcription factors bind to the promoter to 
initiate transcription. Promoters are typically located 
directly upstream (i.e. , at the 5' end) of the transcription 
initiation site of a gene. However, a promoter may also be 
located at the 3' end, within a coding region, or within an 
intron of a gene that it regulates. Promoters may be derived 
in their entirety from a native or heterologous gene, may be 
composed of elements derived from multiple regulatory 
sequences found in nature, or may comprise synthetic DNA. 
The term "heterologous promoter" is defined as a promoter 
that is heterologous to the marker gene. A promoter is 
"operably linked" to a gene if the promoter is connected to 
the gene such that it can affect transcription of the gene. 

(0024] It is understood by those skilled in the art that 
different promoters direct the expression of a gene in dif­
ferent tissues or cell types, at different stages of develop­
ment, or in response to different environmental conditions. 
To be of use in the sorting methods described below, the 
promoter used with the present invention must drive expres­
sion of the marker gene in cannabis seeds and/or pollen. 
Thus, the promoter may be a constitutive promoter or a 
tissue-specific promoter that drives expression in cannabis 
seeds and/or pollen. Suitable promoters for expression in 
plants include, without limitation, the 35S and 2x35S pro­
moter of the cauliflower mosaic virus, the ubiquitin pro­
moter, the tCUP cryptic constitutive promoter, the Rsyn7 
promoter, the maize In2-2 promoter, the tobacco PR-la 
promoter, the 7S seed-specific soybean promoter, the phas 
promoter, the SBP promoter, the USB promoter, the 2S 
promoter, the llS promoter, the leB4 promoter, the LECla 
promoter, the actin promoter, the soybean SSUla promoter, 
cannabis seed promoters (e.g. , Edel, Edelp, Ede3), and the 
lat52 promoter. 

Methods of Sorting Cannabis Seeds or Pollen: 

(0025] In a second aspect, the present invention provides 
methods of sorting cannabis seeds or pollen. These methods 
allow one to control the sex of the plants or the relative 
proportions of male and female plants produced from the 
sorted seeds or pollen. 

(0026] In a first embodiment, the methods are for sorting 
cannabis seeds. These methods comprise: (a) obtaining a 
plurality of cannabis seeds comprising seeds that comprise 
a Y chromosome comprising a marker gene; and (b) sorting 
the seeds to separate the seeds that comprise the Y chromo­
some comprising the marker gene from seeds that do not 
comprise the Y chromosome comprising the marker gene. In 
these methods, the marker gene encodes a marker protein 
that must be expressed in seeds to allow for seed sorting. 
Thus, the marker gene is operably linked to a promoter that 
drives expression of the marker protein. The seeds that 
express the marker protein (i.e., the seeds that comprise the 
Y chromosome comprising the marker gene) can be sepa­
rated from the seeds that do not express the marker protein 
(i.e. , the seeds that do not comprise the Y chromosome 
comprising the marker gene) as a means of sorting male 
seeds from female seeds. These methods may allow for male 
and female seeds to be separated with 70%, 75%, 80%, 85%, 
90%, 95% or even 100% accuracy. 
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(0027] In a second embodiment, the methods are for 
sorting cannabis pollen. These methods comprise: (a) 
obtaining a plurality of cannabis pollen grains comprising 
pollen grains that comprise a Y chromosome comprising a 
marker gene; and (b) sorting the pollen grains to separate the 
pollen grains that comprise the Y chromosome comprising 
the marker gene from the pollen grains that do not comprise 
the Y chromosome comprising the marker gene. In these 
methods, the marker gene encodes a marker protein that 
must be expressed in pollen to allow for pollen sorting. 
Thus, the marker gene is operably linked to a promoter that 
drives expression of the marker protein in pollen. The pollen 
grains that express the marker protein (i.e., the pollen grains 
that comprise the Y chromosome comprising the marker 
gene) can be separated from the pollen grains that do not 
express the marker protein (i.e., the pollen grains that do not 
comprise the Y chromosome comprising the marker gene) as 
a means of sorting male pollen grains from female pollen 
grains. These methods may allow for male and female pollen 
grains to be separated with 70%, 75%, 80%, 85%, 90%, 95% 
or even 100% accuracy. 
(0028] Any known method of sorting may be employed. 
In some embodiments, the cannabis seeds and/or pollen are 
sorted using a sorting machine. Examples of suitable seed 
sorting machines include the TOMRA 3C, which can detect 
subtle differences in color and shape, optimal sorters such as 
the SORTEX from the Baler Group, fluorescent sorters such 
as the COPAS Plus from Union Biometrica, and hyperspec­
tral sorters such as the SeQso iXeed. Example of suitable 
pollen sorting machines include the Cleanopollen device. In 
other embodiments, marker gene expression is evaluated 
using an imaging device, and the seeds or pollen are sorted 
by hand. The imaging device may use an LED light to 
activate fluorescent markers that can then be seen with a 
wide pass filter and used to sort the seeds/pollen. One 
example of such an imaging device is the NIGHTSEA ™ 
Dual Fluorescent Protein Flashlight. 
(0029] Only female cannabis plants produce buds and 
flowers, which are the most abundant source of the lucrative 
cannabinoids tetrahydrocannabinol (THC) and cannabidiol 
(CBD), among many others. THC is the main psychoactive 
compound found in marijuana; it produces the "high" sen­
sation. CBD has been touted for its ability to treat a wide 
variety of health issues. Thus, in some embodiments, the 
methods further comprise selecting only female seeds/pollen 
grains (i.e., seeds/pollen grains that do not comprise the Y 
chromosome). 
(0030] To produce cannabis seed (e.g., for propagation), 
male plants or masculinized female plants are required to 
provide pollen to fertilize the female plants. Thus, for some 
applications, it is advantageous to maintain a small number 
of male plants in the plant population. Therefore, in other 
embodiments, the methods further comprise selecting a 
mixture of (a) male seeds and/or pollen grains (i.e., seeds 
and/or pollen grains that comprise the Y chromosome) and 
(b) female seeds and/or pollen grains (i.e., seeds and/or 
pollen grains that do not comprise the Y chromosome). In 
these embodiments, the female seeds and/or pollen grains 
may make up at least 75%, at least 80%, at least 85%, at least 
90%, at least 95%, or at least 99% of the mixture. 
(0031] The present disclosure is not limited to the specific 
details of construction, arrangement of components, or 
method steps set forth herein. The compositions and meth­
ods disclosed herein are capable of being made, practiced, 
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used, carried out and/or formed in various ways that will be 
apparent to one of skill in the art in light of the disclosure 
that follows. The phraseology and terminology used herein 
is for the purpose of description only and should not be 
regarded as limiting to the scope of the claims. Ordinal 
indicators, such as first, second, and third, as used in the 
description and the claims to refer to various structures or 
method steps, are not meant to be construed to indicate any 
specific structures or steps, or any particular order or con­
figuration to such structures or steps. All methods described 
herein can be performed in any suitable order unless other­
wise indicated herein or otherwise clearly contradicted by 
context. The use of any and all examples, or exemplary 
language ( e.g., " such as") provided herein, is intended 
merely to facilitate the disclosure and does not imply any 
limitation on the scope of the disclosure unless otherwise 
claimed. No language in the specification, and no structures 
shown in the drawings, should be construed as indicating 
that any non-claimed element is essential to the practice of 
the disclosed subject matter. The use herein of the terms 
"including," "comprising," or "having," and variations 
thereof, is meant to encompass the elements listed thereafter 
and equivalents thereof, as well as additional elements. 
Embodiments recited as "including," "comprising," or "hav­
ing" certain elements are also contemplated as "consisting 
essentially of' and "consisting of' those certain elements. 

(0032] Recitation of ranges of values herein are merely 
intended to serve as a shorthand method of referring indi­
vidually to each separate value falling within the range, 
unless otherwise indicated herein, and each separate value is 
incorporated into the specification as if it were individually 
recited herein. For example, if a concentration range is 
stated as 1 % to 50%, it is intended that values such as 2% 
to 40%, 10% to 30%, or 1 % to 3%, etc., are expressly 
enumerated in this specification. These are only examples of 
what is specifically intended, and all possible combinations 
of numerical values between and including the lowest value 
and the highest value enumerated are to be considered to be 
expressly stated in this disclosure. Use of the word "about" 
to describe a particular recited amount or range of amounts 
is meant to indicate that values very near to the recited 
amount are included in that amount, such as values that 
could or naturally would be accounted for due to manufac­
turing tolerances, instrument and human error in forming 
measurements, and the like. All percentages referring to 
amounts are by weight unless indicated otherwise. 

(0033] No admission is made that any reference, including 
any non-patent or patent document cited in this specifica­
tion, constitutes prior art. In particular, it will be understood 
that, unless otherwise stated, reference to any document 
herein does not constitute an admission that any of these 
documents forms part of the common general knowledge in 
the art in the United States or in any other country. Any 
discussion of the references states what their authors assert, 
and the applicant reserves the right to challenge the accuracy 
and pertinence of any of the documents cited herein. All 
references cited herein are fully incorporated by reference, 
unless explicitly indicated otherwise. The present disclosure 
shall control in the event there are any disparities between 
any definitions and/or description found in the cited refer­
ences. 
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EXAMPLES 

Example 1 

[0034] The following proof of concept example describes 
the transformation of Cannabis with Plasmid RC6322A 
(SEQ ID NO: 2) comprising the 2x35S promoter of the 
cauliflower mosaic virus driving the RUBY marker cassette 
(SEQ ID NO: 1) gene expression, wherein the cassette is 
inserted onto the X chromosome. 

Results: 

(0035] RUBY (SEQ ID NO: 1) expression is visible in 
mature seeds (FIG. 1), appearing red in color in crushed 
seeds (FIG. lA) and visible through the seed coat of intact 
seeds (FIG. lB), causing the seed coat to appear darker in 
color, as compared to control seeds that are negative for 
expression of the RUBY (SEQ ID NO: 1) marker. 
[0036] An additional experiment could comprise transfor­
mation of a Cherry Wine line and/or different cannabis lines 
with a control plasmid comprising the 2x35S promoter of 
the cauliflower mosaic virus driving the RUBY (SEQ ID 
NO: 1) marker cassette gene expression, wherein the cas­
sette is inserted onto the Y chromosome. 

Materials and Methods: 

[0037] Plant Material: Badger (female) hemp seeds were 
imbibed overnight and embryos containing meristematic 
tissues were isolated (per U.S. Patent Publication No. 2021/ 
0254083). 
(0038] Construct Development: A plasmid, RC6322A 
(SEQ ID NO: 2), was constructed comprising the 2x35s 
promoter driving a RUBY gene cassette (SEQ ID NO:1). 

References 

(0039] 1. Peterson, M. W., Williams, E. J., Harnish, R., 
Kaeppler, H. F., Martinell, R. C., McFarland, F. , & 
Kaeppler, S. M. Methods of gene editing and transform­
ing cannabis (U. S. patent Ser. No. 11/512,320). U.S. 
Patent and Trademark Office. Issued Nov. 29, 2022. 

Example 2 

[0040] An additional experiment could comprise trans­
forming cannabis with a plasmid comprising the CsEdelp 
seed promoter driving the RUBY marker cassette (SEQ ID 
NO: 1) gene expression, wherein the plasmid may or may 
not comprise Ac-Ds transposable elements, which allow for 
transposition of the cassette to a location other than the 
original insertion site. A plasmid without an associated 
transposable element generally is fixed in its position once 
integrated into the plant genome. Cannabis has 10 pairs of 
chromosomes and only 1 of those pairs is XY, so the 
frequency of inserting a piece of DNA into the Y chromo­
some is low. Including a transposable element will allow the 
inserted DNA to move from its original location to poten­
tially into the Y chromosome. 

Materials and Methods: 

(0041] Badger (female) hemp seeds may be imbibed over­
night and embryos containing meristematic tissues were 
isolated (per U.S. Patent Publication No. 2021/0254083). 
[0042] Construct Development: A plasmid is being con­
structed with the CsEdelp seed promoter driving a RUBY 
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gene cassette (SEQ ID NO: 1 ). The plasmid also comprises 
Ac-Ds transposable elements. 
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Example 4 

References 

(0043] 1. Grevelding, C., Becker, D., Kunze, R., Von 
Menges, Fantes, V., Schell, J ., & Masterson, R. High rates 
of Ac/Ds germinal transposition in Arabidopsis suitable 
for gene isolation by insertional mutagenesis. Proc. Natl. 
Acad. Sci. USA. 89, 6085-6089 (1992). 

(0044] 2. Ipek, A., Masson, P. & Simon, P. W. Genetic 
Transformation of an Ac/Ds-based Transposon Tagging 
System in Carrot (Daucus carota L.). Europ. J. Hort. Sci., 
71 (6). S. 245-251 (2006). 

(0045] 3. Li, Y. , Segal, G., Wang, Q., & Dooner, H. K. 
2013. Gene Tagging with Engineered Ds Elements in 
Maize. Methods Mo! Biol. 1057, 83-89 (2013). 

(0046] 4. Peterson, M. W., Williams, E. J., Harnish, R., 
Kaeppler, H. F., Martinell, R. C., McFarland, F. , & 
Kaeppler, S. M. Methods of gene editing and transform­
ing cannabis (U.S. patent Ser. No. 11/51 2,320). U.S. 
Patent and Trademark Office. Issued Nov. 29, 2022. 

(0048] An additional experiment could comprise trans­
forming hemp with a gene editing construct (CRISPR/CAS 
system; CRISPR/Combo system; Talons; Prime editing; 
Base editing; Zinc Finger Nucleases (ZFNs); Homing endo­
nucleases or meganucleases, where the editing of an endog­
enous gene, promoter, or other expression element cause the 
endogenous gene to show a detectable phenotype. Examples 
could include knocking out genes such as WRil, KNAT7, 
NAC2, TTG2, STK, C2H2-like, bZIP44, SHPl, GBF6, 
PPO, CHS, P, Z, or Bip. Other examples would be to 
enhance WRil, KNAT7, NAC2, TTG2, STK, C2H2-like, 
bZIP414, SHPl, GBF6, PPO, CHS, P, Z, or Bip genes by 
altering their promoter element or other expression element 
through and editing system like CRiSPR Combo or others, 
to likewise cause this gene to show a detectable phenotype 
in the plant, seed, or pollen grain. 

References 

Example 3 

(0047] An additional experiment could comprise trans­
forming hemp pollen with a RUBY gene cassette (SEQ ID 
NO: 1). 

(0049] 1. Pan, C., Li, G., Malzahn, A. A., Cheng, Y., 
Leyson, B., Sretenovic, S., Gurel , F. , Coleman, G.D., & 
Qi , Y. Boosting plant genome editing with a versatile 
CRISPR-Combo system. Nat Plants. 2022 May; 8(5), 
513-525 . 

SEQUENCE LISTING 

Sequence total quantity, 2 
SEQ ID NO, 1 moltype = DNA length 3975 
FEATURE Lo cation/ Qualifiers 
source 1. .3 97 5 

mol type other DNA 
organism s y ntheti c construct 

SEQUENCE , 1 
atggatcatg cgaccctcgc catgatcct c gcgatctggt tcatcagctt ccactt c atc 6 0 
aagctgctgt tctcccagca gaccacc aag ctgcttc cgc caggaccaaa gc cgcttccg 1 20 
atcatcggca acatcct tga ggtgggcaag aagccgc at c ggtccttcgc caacct cgcc 1 80 
aagattcacg gcccactcat ttccctcaga ct c ggctctg tgaccac cat cgttgtgtcc 24 0 
tctgccgacg tggccaaaga gatgttcct c aagaaggat c ac ccg ctct c caaccgcacg 3 00 
atcccgaata gtgttacagc cgg cgaccac cac aagc tca ccatgt c ttg gctcccggtg 3 60 
tctccgaagt ggcgcaactt c cgcaagatt a ccgccgtgc atctg ctct c cc cacagaga 4 20 
ctcgatgcct gccagacatt caggcacgc c aaggtgc agc agctctacga gtacgttcaa 4 80 
gagtgcgccc agaaaggcca ggccgtggat attggcaagg ccgcctttac gaccagcc tc 54 0 
aacctcctca gcaagctgtt cttcagcgtc gagctggcgc accacaagt c ccatac c agc 600 
caagagttca aagagctgat ctggaacat c atggaag ata taggcaagc c gaactacgcc 6 60 
gactacttcc cgattctcgg ctgcgttgac ccatctggca ttagaagaag gctcgcctgc 720 
tccttcgaca agctgatcgc cgtgttccag ggc atcatct gcgagagact cgcc ccagat 7 80 
tcctccacca caactaccac caccaccgac gac gtgc tcg atgtgctcct ccagctgttc 84 0 
aagcagaacg agctgacgat gggcgagat c aac cacc tc c tcgtggacat cttcgacgcc 900 
ggcaccgata ccacatcctc cacattcgag tgggtgatga ccgagctgat ccgcaatcca 960 
gagatgatgg aaaaggccca agaggaaat c aagcaag tc c tcggcaagga caagcagatc 1 02 0 
caagagtccg acatcatcaa c ctcc cgtac ct c caggcga tcatcaaaga gacact ccgc 108 0 
ctccatccgc cgaccgtgtt cttgctccca agaaaggccg acaccgatgt cgagctgtac 1140 
ggctacatcg tgccgaagga tgcccagat c ct c gtgaac c tctgggc cat tggc agggac 1 20 0 
ccaaac gcct ggcagaacgc cgatatttt c agc ccag agc gcttcatcgg ctgcgagatc 1 26 0 
gatgttaagg gccgcgattt cggcctcctt c catttggcg ctggccgcag aatttgcc ca 1 32 0 
ggcatgaatc tcgccatcag gatgctcac c ct c atgc tcg ccacactcct ccagttct t c 1 38 0 
aactggaagc tcgaaggcga catctcc ccg aaggacc tcg acatggacga gaagtt cggc 1440 
attgcgctcc aaaagaccaa gccgctcaag ct c atcc cga tt ccgcgcta cggttcgggt 150 0 
tctggacagc tgttgaattt tgaccttctt aagcttgcgg gtgacgtcga gt cc aaccct 156 0 
gggccaggaa tgaagatgat gaacggcgag gac gccaacg ac c agatgat caaagagtcc 1 62 0 
ttcttcatca cccacggcaa c ccgatcct c acc gtcgagg atacacatc c gctcaggccg 1 68 0 
ttcttcgaga catggcgcga gaagatttt c t ccaagaagc cgaaggc cat cctcatcatc 1 74 0 
tccggccact gggagacagt gaagc caac c gtgaacgccg tgc acatcaa cgacac catc 1 80 0 
cacgac ttcg acgactaccc agccgccatg tac cagttca agtacccag c tc caggcgag 1 86 0 
ccagagcttg cgagaaaggt ggaagagat c ct c aagaagt ccgggttcga gacagc cgag 1 92 0 
acagaccaaa agaggggcct tgatcacggc gcc tgggtt c cactcatgct catgtatcca 1 98 0 
gaggcggaca tcccggtgtg c cagctctca gttcagc cac atctcgacgg cacctacc ac 2040 
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tacaatctcg g cagagccc t c gcgc cgc tc aagaa tgatg gcgtgctcat tattggctcc 21 0 0 
ggcagcgcca c ac a tccact c gatg agaca ccg cactac t tcgatggtgt tgccccttgg 21 6 0 
gccgctgcct tcgattcttg gcttaggaag gccctcatca acggccgctt cgaggaagtg 2 22 0 
aacatctacg agagcaaggc cccgaactgg aagctcgccc atccatttcc agagcacttc 2 28 0 
tacccgctcc acgttgtgct c ggcgctgct ggtgaaaagt ggaaggccga gctgatccac 23 4 0 
tcctcctggg atcatggcac actttgccac ggctcctaca agttcacctc cgccgg ttcg 24 0 0 
ggttctggag agggcagggg atctcttcta acatgcgggg acgtggagga aaatcccggc 24 6 0 
ccaggaatga c cgccatc aa gatgaacacc aacggcgagg gcgagacaca gcacatcctc 25 2 0 
atgatcccgt tcatggcgca gggccacctc aggccatttc tcgaactcgc catgttcctc 25 8 0 
tacaagcgct c ccacgtgat catcaccctg ctcac aactc cgctcaacgc cggcttcctc 26 4 0 
aggcacctcc ttcaccacca ttcctactcc tccagcggca tcaggatcgt cgagctgcca 2 70 0 
ttcaactcca c caaccacgg actcccaccg ggcatcgaga acaccgataa gctcacactc 27 6 0 
ccgctcgtgg tgtccctctt ccattccacc atcagcctcg atccgcacct ccgcgattac 28 2 0 
atctccaggc atttcagccc agccaggcca ccactctgc g tgatccatga tgtgttcctc 28 8 0 
ggctgggttg accaggtggc c aaggatgtg ggctctacag gcgtggtgtt cacaacaggc 29 4 0 
ggcgcttatg gcacatccgc c tacgtgtcc atctggaacg atctcccgca ccagaactac 30 0 0 
tccgacgacc aagagttccc gctgccaggc ttcccagaga accataagtt ccggaggtcc 30 6 0 
cagctccatc ggttcctcag atatgccgac ggctccgacg attggtccaa gtatttccag 31 2 0 
ccgcagctcc gccagtccat gaagtctttt ggctggctct gcaactccgt ggaagagatc 31 8 0 
gagacactcg gcttctccat cctccgcaac tacaccaagc tgccgatctg gggcatcggc 3 24 0 
ccacttattg c tt ccccagt gcagcactcc tcctccgaca acaattcaac aggcgccgag 33 0 0 
ttcgtgcagt ggctcagcct c aaagagccg gactccgtcc tctacatctc cttcggctcc 33 6 0 
cagaacacga tcagcccgac gcagatgatg gaactcgctg ctggccttga gtcctccgag 34 2 0 
aagccattcc tctgggtgat c agagccccg ttcggcttcg acatcaacga agagatgcgc 34 8 0 
ccagagtggc tgccagaggg c tttgaggaa cgcatgaagg tgaagaaaca gggcaagctc 35 4 0 
gtgtacaagc tcggcccgca gcttgagatc ctcaaccatg aatccatcgg cggctttctc 36 0 0 
acccactgcg gatggaacag c at cc ttgag tctcttcgcg agggcgttcc gatgcttgga 36 6 0 
tggccacttg c tgccgagca ggcctacaac ctcaagtac c tcgaagatga gatgggcgtc 37 2 0 
gcggttgagc ttgctagagg cctcgaaggc gagatctcca aagagaaggt caagcgcatc 37 8 0 
gtcgagatga tccttgagcg c aacgagggc tccaaaggct gggagatgaa gaatcgcgcc 38 4 0 
gtggaaatgg gcaaaaagct c aaggacgcc gtgaacgagg aaaaagagct gaagggctcc 3 90 0 
tccgtgaagg c gatcgacga tttcctcgac gccgtcatgc aggccaaact tgagccaagc 3 96 0 
ctccagggtt c gtaa 3 975 

SEQ ID NO, 2 moltype = DNA length 14993 
FEATURE Location/Qualifier s 
source 1. . 14 993 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 2 
gtgccgaatt e gg ate cage gatctggatt ttagtactgg attttggttt taggaattag 60 
aaattttatt gatagaagta ttttacaaat acaaatacat actaagggtt tcttatatgc 120 
tcaacacatg agcgaaaccc tataggaacc ctaattccc t tatctgggaa ctactcacac 180 
attattatgg agaaactcga gcttgtcgat cgactctagc tagagaagct cactttccaa 24 0 
caaccttagt aatttctccc ttaacataat gaacaaattc ttcaagttga tcagctctag 30 0 
aagcaagtct atcttcttct tgtccaagat aagcttgtct agcttcaaga ataactggtt 36 0 
gatattgagc tggaagtctt tccatagccc aatcagcagc aacatccttt ggagcaatct 420 
ttccagtaac agcagaatac c aaattctag aaagagtaag aacaacattt ctttcatctc 480 
cagcccaatc tggtggagaa ttccaaagag taagagtttc attaagagct tcaaaaagat 540 
cttgttctgg aactggatca aaaagttctt cagcagctgg tccaacaaga gcaacagaat 60 0 
gttctctagc c ttagtaaga agaatagcaa gatcaatatc aatagtagct ggttcaaaaa 66 0 
ttccagcaag aatatcattt ctttgccatt ctccaaattg aagttctctc ttagctggat 7 20 
atctccatgg aataatatca tcatgaacaa caatagtaac ttcaacagct ctaagaattt 78 0 
cagattctcc tggagaagca gaagtttcaa gaagatcatt aataagagct cttctagtag 84 0 
tttcatcaag tctaacagta acagtaacaa gaagatcaat atcagaatgt ggcttaagtc 90 0 
ctccatcaac agcagatcca taaagatgaa cagcaagaag agtaggttca agatgtcttt 96 0 
caataactcc aacaacttca gaaagttgag tagaaacttc agcaataaca gcttctctca 102 0 
ttcctggttc ggctttcttt ggcccggatg atgatatggc gggttcggtt gcgacggcga 108 0 
aaacggtact aaagccatga c gttgcctgg gccaaaattg tcttgtagga agatacacaa 1140 
aacggcgaag gctggaagtg aaggagctag gttttgacag gaaagaagaa gaaaaaagca 120 0 
gtgaatgact ggaagccatg gtatcgataa ttgtaaatgt aattgtaatg ttgtttgttg 126 0 
tttgttgttg ttggtaattg ttgtaaaaat gagctcttat acagtagcgt gtcctctcca 132 0 
aatgaaatga acttccttat atagaggaag ggtcttgcga aggatagtgg gattgtgcgt 138 0 
catcccttac gtcagtggag atgtcacatc aatccacttg ctttgtagac gtggttggaa 144 0 
cctcttcttt ttccacgatg c tcctcgtgg gtgggggtcc atctttggga ccactgtcgg 150 0 
cagagagatc ttgaatgata gcctttcctt tatcgcaatg atggcatttg taggagccac 156 0 
cttccttttc tactgtcctt tcgatgaagt gacagatagc tgggcaatgg aatccgagga 162 0 
ggtttcccga aattatcctt tgttgaaaag tctcaatagc cctttgatct tctgagactg 168 0 
tatctttgac atttttggag tagaccagag tgtcgtgctc caccatgtta tcacatcaat 174 0 
ccacttgctt tgtagacgtg gttggaacct cttctttttc cacgatgctc ctcgtgggtg 180 0 
ggggtccatc tttgggacca c tgtc ggcag agagatcttg aatgatagcc tttcctttat 186 0 
cgcaatgatg gcatttgtag gagccacctt ccttttctac tgtcctttcg atgaagtgac 192 0 
agatagctgg gcaatggaat c cgaggaggt ttcccgaaat tatcctttgt tgaaaagtct 198 0 
caatagccct ttgatcttct gagactgtat ctttgacatt tttggagtag accagagtgt 20 4 0 
cgtgctccac c atgttgacc tccgcaagga gaagttgtaa tgagttgctg gcctctcttg 21 0 0 
ggattgttca tcaaagtagc tgtccctaca c accacaac a gaatggtgtt gtggagagaa 21 6 0 
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agcacagaca c at ccttgag a tggc aaggg cacttaagtt tcagagtggt gtacctacca 2 22 0 
ggttttgggg agactgtgtc a agac tgttg tatacctgat caatagactc cctac tccaa 2 28 0 
tcttacaagg c aaatgtcca tatgaactac tctatcagaa acatgccaag cttgatcact 23 4 0 
tgagagtgtt tgggtgtctt gcttttgcag caacactgc c caaaggtgac aaacttgcac 24 0 0 
ctagagccaa gcgaaccatc ttcattggtt attctgagac tcaaaagggt tacaggttgt 24 6 0 
atgacttgga taataaggtg atcatagtga gcagggatgt agttttcaga gagtttcagt 25 2 0 
tccctttcaa agagtccatc tcccatgaac ctgatatgtt cactcgagc a ggttcactta 25 8 0 
gctctgaaga tacagctttg c agctagtgt ataatgatat ttttccttcc agctttcata 26 4 0 
ctgatgatga tgatactcca gttcttattc ctgac attgt agaggccaat gaggatatca 27 0 0 
ctttggggac tcattctacc caaaatcata tcacttcagc tgatgctgca ccttcaggcc 27 6 0 
acctgcatgc tcctgcagag tcagttgagt cagctgagc c tgacctagca aatgctgaat 28 2 0 
ttgagcacca tactgctgta gctgatccct ctctagttc c agcaaacctg cacac tagac 28 8 0 
ctaaacgcaa tgcaggtcct cccatctggc tcaaggactt tgtgacactg aacaaaggct 29 4 0 
ctagggatgt tccataccct atagccaact atgtttccta tgatcacttg cctgttcact 30 0 0 
atcaagctta tttgagtgct ttctccactt atactgaacc taaatccttc aaagaagcag 30 6 0 
ctcaagatga gaaatggatg gaggccatgt cccttgagat acaggctctt gaggataata 31 2 0 
acacctggga gattgtccct ttaccccctg gtaaacagcc tatagggtcc aaatgggtgt 31 8 0 
acaaaattaa atacaaagct aatggtgaag ttgacaggtt taaggcaagg ctagtggcca 3 24 0 
agggatacac tcagcaagaa ggccttgact accatgaaac tttttctcca gtggccaaaa 33 0 0 
tggtcactgt aaaagctgtc atatctgttg ctgcttccaa gggctggttc cttttccaga 33 6 0 
tggatgtcaa c aatgctttt c tacaaggtg acctcatgga agaagtttat atgtctctgc 34 2 0 
ctcagggttt tcacagccaa ggggaaacca aagtgtgcag gctgttgaat ccctctatgg 34 8 0 
tttaaagcaa gcatcaaggc agtggaacat caagcttacc actgtcctta tgcaggctgg 35 4 0 
ttttatgcaa agtgcttatg atcactcctt gtttaccaaa agagagggga ctgaccttgt 36 0 0 
cataatcctg atttatgtgg atgatctgtt aataacaggc agcagcaatg ttttgatttc 36 6 0 
agaagcaaag gcaaccctgc atcagcattt caagatgaaa gatttgggag aactaaaata 37 2 0 
cttcttaggc attgaggtgc tgagatcaga aaagggaatc ctactgaacc agaggaagta 3 78 0 
tgcactggaa c tgatatc ag gtgttggtct gggaggctgc agaccagtgt caaccccaat 38 4 0 
ggaacagaac c aaaggctga ctactgtaga atatgacaag cacttaggaa agactgatga 39 0 0 
tgcagagtta gaggatgtgg gatcctatca gagactggtg ggaaagcttc tctacttgac 39 6 0 
aatcacaagg c cagatatca gctttgcagt gcaggtgctg agtcaattca tgcagcaacc 4020 
caaacagtca c acctggaag cagcattgag ggttgtgaag tacataaaag gttctccagg 4080 
tgttaggaac gctactagaa ttcgagctcg gagttacgtg tgctgtgaga cattatcatc 4140 
aattgtgttg tatatgatat atagatatag atatataaat atatagattg agtgatataa 4200 
tatatttaaa atataaatta tatatatgtt ttaatatatt tttgcatata tatatatatt 4260 
tgtaaaaact agaagtattt tttcatgaga taattattat cgagttgaat aagtctatta 4320 
tttgtgagag c caaccatat ttatatatgt gattaaattt tatctttgtg aaattaaaaa 4380 
taataaaaaa taccttaaaa tcataataat agaaaaactt atatttataa tttaccatta 4440 
tacttaaaaa aaattaaata aatattataa atataaatac tatcgagtaa tggccgcgct 4500 
agggtttttg agaaaaaatc ttcccacgca ctcaactgc a ctgtacggcg tcgttttcac 4560 
agccgcataa tagaagccgc gttccccaac ccttc ct cac aacattctcg gaccctccag 4620 
caccgtcacc c aaacaaata tccacgcggt agtaggcgcg tgaaacaaac tctaatccga 4680 
actacgagtc gtgagaagca cgcgctttag cgagcgtttc aattgtcgct acgaaagcag 4740 
agaaggatac aaacggaact agggtaaatt agtaagggta atttcgtaaa cagaagaaaa 4800 
gagttgtagc tataaataaa c cctc taacc ctcgtcgcat tacttctctt cacacctttg 4860 
ttcactcttc ttctcttgcg gctagggttt tagcgcagct tcttctaggt tcgttatcta 4920 
ccaccgttct atggatttta ttccttctat tcgtgtttat tctattggtt tatgttgctt 4980 
gcaatatgtt ttttctgaat c tgtc gtcgt tgacttcaat tttatccatg tttcagagat 5040 
caattttgtt tgtgtagtat gtgcttattc ttcttctttt cgttcgagtt gttaataacg 5100 
gtgctatggt gttttcaaaa gtgttttttt tattactttt gatttaaagt ttttttggta 5160 
aggcttttat ttgcttgtta tattcaaatc tttggatcca gatcttatat aagtttttgg 5220 
ttcaagaaag tttttggtta ctgatgaata gatctattaa ctgttacttt aatcgattca 5280 
agctaaagtt ttttggttac tgatgaatag atctattatc tgttactttt aatcggttca 5340 
agctcaagtt ttttggttac tgatgaatag atctatatac gtcacagtgt gctaaacatg 5400 
cccttgtttt atctcgatct tatgtatggg agtgccataa attttgttat gtctattttt 5460 
ttatctgttg gaatcatact gagtttgatg cgttacgatt gagcatacct atttttgggc 5520 
ttgttgtatg gtgggtattt agatcttaat ctttttatgc ttatgaaagg ttttgtaatg 5580 
acaaaggtct taatgttgtt aaacttttat ttttacttta tatggtgtgt tgatgtgtta 5640 
tggttttgac aacttttttt ttttctggat ttttgcagat ttaaggaaga atggatcatg 5700 
cgaccctcgc c atgatcctc gcgatctggt tcatcagctt ccacttcatc aagctgctgt 5760 
tctcccagca gaccaccaag c tgct tccgc caggaccaaa gccgcttccg atcatcggca 5820 
acatccttga ggtgggcaag aagccgcatc ggtccttcgc caacctcgcc aagattcacg 5880 
gcccactcat ttccctcaga ctcggctctg tgaccaccat cgttgtgtcc tctgccgacg 5940 
tggccaaaga gatgttcctc aagaaggatc acccgctctc caaccgcacg atcccgaata 60 0 0 
gtgttacagc c ggcgaccac c acaagctca ccatgtcttg gctcccggtg tctccgaagt 60 6 0 
ggcgcaactt c cgcaagatt accgccgtgc atctgctctc cccacagaga ctcgatgcct 61 2 0 
gccagacatt c aggcacgcc aaggtgcagc agctctacga gtacgttcaa gagtgcgccc 61 8 0 
agaaaggcca ggccgtggat attggcaagg ccgcctttac gaccagcctc aacctcctca 6 24 0 
gcaagctgtt c ttcagcgtc gagctggcgc accacaagtc ccataccagc caagagttca 63 0 0 
aagagctgat c tggaacatc atggaagata taggcaagcc gaactacgcc gactacttcc 63 6 0 
cgattctcgg c tgcgttgac c catc tggca ttagaagaag gctcgcctgc tccttcgaca 64 2 0 
agctgatcgc c gtgttccag ggcatcatct gcgagagact cgccccagat tcctccacca 64 8 0 
caactaccac c ac caccgac gacgtgctcg atgtgctcct ccagctgttc aagcagaacg 65 4 0 
agctgacgat gggcgagatc aaccacctcc tcgtggacat cttcgacgcc ggcaccgata 66 0 0 
ccacatcctc c acattcgag tgggtgatga ccgagctgat ccgcaatcca gagatgatgg 66 6 0 
aaaaggccca agaggaaatc aagcaagtcc tcggcaagga caagcagatc caagagtccg 67 2 0 
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acatcatcaa c ct cccgtac c tc caggcga tcatcaaaga gacactccgc ctccatccgc 67 8 0 
cgaccgtgtt c ttgctccca a gaaaggccg acaccgatgt cgagctgtac ggctacatcg 68 4 0 
tgccgaagga tgcccagatc c tcgtgaacc tctgggccat tggcagggac ccaaacgcct 69 0 0 
ggcagaacgc c gatattttc agcccagagc gcttcatcgg ctgcgagatc gatgttaagg 69 6 0 
gccgcgattt c ggcctcct t c catttggcg ctggc cgcag aatttgccca ggcatgaatc 70 2 0 
tcgccatcag gatgctcacc c tcatgctcg ccacact cc t ccagttcttc aactggaagc 70 8 0 
tcgaaggcga c atctccccg aaggacctcg acatggacga gaagttcggc attgcgctcc 7140 
aaaagaccaa gccgctcaag c tcatcccga ttccgcgcta cggttcgggt tctggacagc 7 20 0 
tgttgaattt tgaccttctt aagcttgcgg gtgacgtcga gtccaaccct gggccaggaa 7 26 0 
tgaagatgat gaacggcgag gacgccaacg accagatgat caaagagtcc ttcttcatca 73 2 0 
cccacggcaa c ccgatcctc accgtcgagg atacacatcc gctcaggccg ttcttcgaga 73 8 0 
catggcgcga gaagattttc tccaagaagc cgaaggc cat cctcatcatc tccggccact 74 4 0 
gggagacagt gaagccaacc gtgaacgccg tgcacatcaa cgacaccatc cacgacttcg 75 0 0 
acgactaccc agccgccatg taccagttca agtacccagc tccaggcgag ccagagcttg 75 6 0 
cgagaaaggt ggaagagatc c tcaagaagt ccgggtt cga gacagccgag acagaccaaa 76 2 0 
agaggggcct tgatcacggc gcctgggttc cactc atgc t catgtatcc a gaggcggaca 76 8 0 
tcccggtgtg c cagctctca gttcagccac atctcgacgg cacctaccac tacaatctcg 7 74 0 
gcagagccct c gcgccgctc aagaatgatg gcgtgctcat tattggctcc ggcagcgcca 78 0 0 
cacatccact c gatgagaca c cgcactact tcgatggtgt tgccccttgg gccgctgcct 78 6 0 
tcgattcttg gcttaggaag gccctcatca acggccgctt cgaggaagtg aacatctacg 79 2 0 
agagcaaggc c ccgaactgg aagctcgccc atccatttcc agagcacttc tacccgctcc 79 8 0 
acgttgtgct c ggcgctgct ggtgaaaagt ggaaggccga gctgatccac tcctcctggg 80 4 0 
atcatggcac actttgccac ggctcctaca agttcacctc cgccggttcg ggttctggag 81 0 0 
agggcagggg atctcttcta acatgcgggg acgtggagga aaatcccggc ccaggaatga 81 6 0 
ccgccatcaa gatgaacacc aacggcgagg gcgagacaca gcacatcctc atgatcccgt 8 22 0 
tcatggcgca gggccacctc aggccatttc tcgaactcgc catgttcctc tacaagcgct 8 28 0 
cccacgtgat c at caccctg c tcac aac tc cgctc aacgc cggcttcctc aggcacctcc 83 4 0 
ttcaccacca ttcctactcc tccagcggca tcaggatcgt cgagctgcc a ttcaactcca 84 0 0 
ccaaccacgg actcccaccg ggcatcgaga acaccgataa gctcacactc ccgctcgtgg 84 6 0 
tgtccctctt c cattccacc atcagcctcg atccgcacct ccgcgattac atctccaggc 85 2 0 
atttcagccc agccaggcca c cactctgcg tgatccatga tgtgttcctc ggctgggttg 85 8 0 
accaggtggc c aaggatgtg ggctctacag gcgtggtgtt cacaacaggc ggcgcttatg 86 4 0 
gcacatccgc c tacgtgtcc atctggaacg atctcccgca ccagaactac tccgacgacc 8 70 0 
aagagttccc gctgccaggc ttcccagaga accataagtt ccggaggtcc cagctccatc 8760 
ggttcctcag atatgccgac ggctccgacg attggtccaa gtatttccag ccgcagctcc 88 2 0 
gccagtccat gaagtctttt ggctggctct gcaactccgt ggaagagatc gagacactcg 88 8 0 
gcttctccat c ct ccgcaac tacaccaagc tgccgatctg gggcatcggc ccacttattg 8940 
cttccccagt gcagcactcc tcctccgaca acaattcaac aggcgccgag ttcgtgcagt 90 0 0 
ggctcagcct c aaagagccg gactccgtcc tctacatctc cttcggctcc cagaacacga 90 6 0 
tcagcccgac gcagatgatg gaactcgctg ctggc cttga gtcctccgag aagccattcc 91 2 0 
tctgggtgat c agagccccg ttcggcttcg acatcaacga agagatgcgc ccagagtggc 91 8 0 
tgccagaggg c tttgaggaa c gcatgaagg tgaagaaaca gggcaagctc gtgtacaagc 9 24 0 
tcggcccgca gcttgagatc ctcaaccatg aatccatcgg cggctttctc acccactgcg 93 0 0 
gatggaacag c at ccttgag tctcttcgcg agggcgttcc gatgcttgga tggccacttg 93 6 0 
ctgccgagca ggcctacaac c tcaagtacc tcgaagatga gatgggcgtc gcggttgagc 94 2 0 
ttgctagagg c ct cgaaggc gagatctcca aagagaaggt caagcgcatc gtcgagatga 94 8 0 
tccttgagcg c aacgagggc tccaaaggct gggagatgaa gaatcgcgcc gtggaaatgg 95 4 0 
gcaaaaagct c aaggacgcc gtgaacgagg aaaaagagct gaagggctcc tccgtgaagg 96 0 0 
cgatcgacga tttcctcgac gccgtcatgc aggccaaact tgagccaagc ctccagggtt 96 6 0 
cgtaagctta tacagcattc c cagaaagag aaacagaaga aatatacaaa ctttcatttt 9 72 0 
gagagcagca c ctcgtctat tgattgcaga taatatgctt ctcatttgta tttccttttg 97 8 0 
attatttttg tttctatccc tttgtttgag tcaatctcaa atattcggtc attgttggta 98 4 0 
tgaaaaatca agcagttcat gttaagagtc aatttaaaat taatattttt atatagagtt 99 0 0 
gtatgtgaaa tgatgttgtg atttggtata tatggataaa gagcttgtca gttcattttg 99 6 0 
gactcatttt tttggtatcc aaataagaaa cacaaaaggg atatgtccct ctactatcaa 10020 
atattagtta taagtattca tgttatacta ttcgatattt tctaccccaa tcgttaccta 10080 
tttaaaagta tttacccctc c atctatcaa acccctggac ccagctttcc tattacatgt 1014 0 
ggcttcatct taagccccca aacctttttc ttatttttga tttttaaagg ctcatcttaa 102 00 
aatttattac tcaaattaat acctcttaat aacccacctc aaggacccag taattaaata 102 60 
tccaattagc tccagtaatt ggggttcata ttagctccag tcttaaattt taaaggcgat 10320 
gatcgtattc c tccacttgg ttcatttata ctcaaagaat actcaatgtc tttagtgttt 103 80 
agataacttt ttgtaaatca tatagattgt tttaacaaaa aacaattcaa tagtagattt 10440 
tcacatgaaa gttacataaa aattctttaa aattactttc tcaaaaaatt gttccaaaca 10500 
tattatccca c aattaaact c aatc tgttt ttcgaaacct aaatcaaaac caatccaact 10560 
acct ta ta ta atatataatc aatacattgt aaagaactgc atgttctttt aaattttggg 10620 
ggcaaagtta ttccgtacgt tcacacatgt actaatagga ggtaataaat gatatgtgaa 106 80 
acaatcgagg tgtaaacaag c tagc atcgc tttacgagga tgcacatgtg accgagggac 1074 0 
acgaagtgat c cgtttaaac tatcagtgtt tgacaggata tattggcggg taaacctaag 10800 
agaaaagagc gtttattaga ataatcggat atttaaaagg gcgtgaaaag gtttatccgt 10860 
tcgtccattt gtatgtgcca gccgcctttg cgacgct cac cgggctggtt gccctcgccg 10920 
ctgggctggc ggccgtctat ggccctgcaa acgcgccaga aacgccgtcg aagccgtgtg 10980 
cgagacaccg c ggccgccgg c gttgtggat acctcgcgga aaacttggcc ctcac tgaca 11040 
gatgaggggc ggacgttgac acttgagggg ccgac tcac c cggcgcggcg ttgacagatg 11100 
aggggcaggc tcgatttcgg ccggcgacgt ggagctggcc agcctcgcaa atcggcgaaa 11160 
acgcctgatt ttacgcgagt ttcccacaga tgatgtggac aagcctgggg ataagtgccc 11220 
tgcggtattg acacttgagg ggcgcgacta ctgac agatg aggggcgcga tccttgacac 11280 
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- continued 

ttgaggggca g agtgctgac a gatg agggg cgcacctatt gacatttgag gggctgtcca 11340 
caggcagaaa atccagcatt tgcaagggtt tccgcccgtt tttcggccac cgctaacctg 11400 
tcttttaacc tgcttttaaa c caatattta taaaccttgt ttttaaccag ggctgcgccc 11460 
tgtgcgcgtg accgcgcacg ccgaaggggg gtgccccccc ttctcgaacc ctcccggccc 11520 

gctaacgcgg gcctcccatc c cc cc agggg ctgcgcc cct cggccgcgaa cggcc tcacc 11580 
ccaaaaatgg c agcgctggc c aattcccga gtgcgcggaa cccctatttg tttatttttc 11640 
taaatacatt c aaatatgta tccgctcatg agacaataac cctgataaat gcttcaataa 11700 
tattgaaaaa ggaagagtat ggctaaaatg agaatatcac cggaattgaa aaaactgatc 11760 

gaaaaatacc gctgcgtaaa agatacggaa ggaatgtctc ctgctaaggt atataagctg 11820 
gtgggagaaa atgaaaacct atatttaaaa atgacggaca gccggtataa agggaccacc 11880 
tatgatgtgg aacgggaaaa ggacatgatg ctatggctgg aaggaaagct gcctgttcca 11940 
aaggtcctgc actttgaacg gcatgatggc tggagcaatc tgctcatgag tgaggccgat 12000 

ggcgtccttt gctcggaaga gtatgaagat gaacaaagcc ctgaaaagat tatcgagctg 12060 
tatgcggagt gcatcaggct c tttc actcc atcgacatat cggattgtcc ctatacgaat 12120 
agcttagaca gccgcttagc c gaattggat tacttactga ataacgatct ggccgatgtg 12180 
gattgcgaaa actgggaaga ggacactcca tttaaagatc cgcgcgagct gtatgatttt 12240 

ttaaagacgg aaaagcccga agaggaactt gtcttttccc acggcgacct gggagacagc 123 00 
aacatctttg tgaaagatgg c aaagtaagt ggctttattg atcttgggag aagcggcagg 123 60 
gcggacaagt ggtatgacat tgccttctgc gtccggtcgc tcagggagga tatcggggaa 12420 
gaacagtatg tcgagctatt ttttgactta ctggggatc a agcctgattg ggagaaaata 124 80 

aaatattata ttttactgga tgaattgttt tagctgtcag accaagttta ctcatatata 1254 0 
ctttagattg atttaaaact tcatttttaa tttaaaagga tctaggtgaa gatccttttt 126 00 
gataatctca tgaccaaaat cccttaacgt gagttttcgt tccactgagc gtcagacccc 126 60 

gtagaaaaga tcaaaggatc ttcttgagat cctttttttc tgcgcgtaat ctgctgcttg 12720 
caaacaaaaa aaccaccgct accagcggtg gtttgtttgc cggatcaaga gctaccaact 12780 
ctttttccga aggtaactgg cttcagcaga gcgcagatac caaatactgt ccttctagtg 12840 
tagccgtagt taggccacca c tt caagaac tctgtagcac cgcctacata cctcgctctg 12900 

ctaatcctgt taccagtggc tgctgccagt ggcgataagt cgtgtcttac cgggttggac 12960 
tcaagacgat agttaccgga taaggcgcag cggtcgggct gaacgggggg ttcgtgcaca 13020 
cagcccagct tggagcgaac gacctacacc gaactgagat acctacagcg tgagctatga 13080 
gaaagcgcca c gcttcccga agggagaaag gcggacaggt atccggtaag cggcagggtc 1314 0 

ggaacaggag agcgcacgag ggagcttcca gggggaaacg cctggtatct ttatagtcct 132 00 
gtcgggtttc gccacctctg acttgagcgt cgatttttgt gatgctcgtc aggggggcgg 132 60 
agcctatgga aaaacgccag c aacgcggcc tttttacggt tcctggcaga tcctagatgt 13320 
ggcgcaacga tgc cggcgac aagcaggagc gcaccgactt c ttccgcatc aagtgttttg 133 80 

gctctcaggc c gaggccc ac ggcaagtatt tgggcaaggg gtcgctggta ttcgtgcagg 13440 
gcaagattcg gaataccaag tacgagaagg acggccagac ggtctacggg accgacttca 13500 
ttgccgataa ggtggattat c tggacacca aggcaccagg cgggtcaaat caggaataag 13560 
ggcacattgc c ccggcgtga gtcggggcaa tcccgcaagg agggtgaatg aatcggacgt 13620 

ttgaccggaa ggcatacagg c aagaactga tcgacgcggg gttttccgcc gaggatgccg 136 80 
aaaccatcgc aagccgcacc gtcatgcgtg cgccc cgcga aaccttccag tccgtcggct 1374 0 
cgatggtcca gcaagctacg gccaagatcg agcgcgacag cgtgcaactg gctccccctg 13800 
ccctgcccgc gccatcggcc gccgtggagc gttcgcgtcg tcttgaacag gaggcggcag 13860 

gtttggcgaa gtcgatgacc atcgacacgc gaggaactat gacgaccaag aagcgaaaaa 13920 
ccgccggcga ggacctggca aaacaggtca gcgaggccaa gcaggccgcg ttgctgaaac 13980 
acacgaagca gcagatcaag gaaatgcagc tttccttgtt cgatattgcg ccgtggccgg 14040 
acacgatgcg agcgatgcca aacgacacgg cccgc tctgc cctgttcac c acgcgcaaca 14100 

agaaaatccc gcgcgaggcg c tgcaaaaca aggtcatttt ccacgtcaac aaggacgtga 14160 
agatcaccta c ac cggcgtc gagctgcggg ccgacgatga cgaactggtg tggcagcagg 14220 
tgttggagta c gcgaagcgc acccctatcg gcgagccgat caccttcacg ttctacgagc 142 80 

tttgccagga c ctgggctgg tcgatcaatg gccggtatta cacgaaggc c gaggaatgcc 14340 
tgtcgcgcct acaggcgacg gcgatgggct tcacgtccga ccgcgttggg cacctggaat 144 00 
cggtgtcgct gctgcaccgc ttccgcgtcc tggaccgtgg caagaaaacg tcccgttgcc 144 60 
aggtcctgat c gacgaggaa atcgtcgtgc tgtttgctgg cgaccactac acgaaattca 14520 

tatgggagaa gtaccgcaag ctgtcgccga cggcccgacg gatgttcgac tatttcagct 14580 
cgcaccggga gccgtacccg c tcaagctgg aaaccttccg cctcatgtgc ggatcggatt 1464 0 
ccacccgcgt gaagaagtgg c gcgagcagg tcggcgaagc c tgcgaagag ttgcgaggca 14700 
gcggcctggt ggaacacgcc tgggtcaatg atgacctggt gcattgcaaa cgctagggcc 14760 

ttgtggggtc agttccggct gggggttcag cagcc cctgc tcggatctgt tggaccggac 14820 
agtagtcatg gttgatgggc tgcctgtatc gagtggtgat tttgtgccga gctgccggtc 14880 
ggggagctgt tggctggctg gtggcaggat atattgtggt gtaaacaaat tgacgcttag 14940 
acaacttaat aacacattgc ggacgttttt aatgtactgg ggttgaacac tct 14993 

What is claimed: 3. The cannabis plant, seed, or pollen grain of claim 1, 
1. A cannabis plant, seed, or pollen grain comprising a Y wherein expression of the marker gene produces a morpho-

chromosome, wherein the Y chromosome comprises a het- logical difference or a detectable signal. 
erologous promoter operably linked to a marker gene and 4. The cannabis plant, seed, or pollen grain of claim 3, 
capable of expressing a marker or wherein a gene is altered wherein the marker gene is RUBY (SEQ ID NO: 1) or a gene through gene editing to generate a marker gene and the 
marker gene imparts a detectable phenotype in the plant, encoding tdTomato. 

seed, or pollen grain. 5. The cannabis plant, seed, or pollen grain of claim 1, 
2. The cannabis plant, seed, or pollen grain of claim 1, wherein the marker gene is selected from RFP, GFP, YFP, 

wherein the marker gene is expressed in seeds or pollen CFP, mefiRed, eforRed, aasPink, spisPink, scOrange, crtB, 
grains. crtl , crtE, CYP76AD1 , DODA, or GT. 
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6. The cannabis plant, seed, or pollen grain of claim 1, 
wherein the marker gene is selected from WRll, KNAT7, 
NAC2, TTG2, STK, C2H2-like, bZIP44, SHPl , GBF6, 
PPO, CHS, P, Z, or Bip, and optionally wherein the corre­
sponding native marker gene function is knocked out or 
knocked down to allow detection of the marker. 

7. The cannabis plant, seed, or pollen grain of claim 1, 
wherein the promoter is the ubiquitin promoter, 35S pro­
moter, 2x35S promoter, 7S seed-specific soybean promoter, 
Edel seed promoter, or the CsEdelp seed promoter. 

8. A method of sorting cannabis seeds, the method com­
prising: 

a) obtaining a plurality of cannabis seeds comprising the 
seed of any one of the preceding claims; and 

b) sorting the seeds to separate the seeds that comprise the 
Y chromosome comprising the marker gene from the 
seeds that do not comprise the Y chromosome com­
prising the marker gene; 

wherein the marker is expressed in seeds to allow sorting. 
9. The method of claim 8, further comprising selecting 

seeds that do not comprise the Y chromosome. 
10. The method of claim 8, further comprising selecting 

a mixture of (a) seeds that comprise the Y chromosome and 
(b) seeds that do not comprise the Y chromosome. 

11. The method of claim 10, wherein the seeds that do not 
comprise the Y chromosome make up at least 75% of the 
mixture. 

12. A method of sorting cannabis pollen, the method 
comprising: 

a) obtaining a plurality of cannabis pollen grains com­
prising the pollen grain of any one of claims 1-7; and 

b) sorting the pollen grains to separate the pollen grains 
that comprise the Y chromosome comprising the 
marker gene from the pollen grains that do not com­
prise the Y chromosome comprising the marker gene; 

wherein the marker is expressed in pollen grains to allow 
sorting. 
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13. The method of claim 12, further comprising selecting 
pollen grains that do not comprise the Y chromosome. 

14. The method of claim 12, further comprising selecting 
a mixture of pollen grains that comprise the Y chromosome 
and pollen grains that do not comprise the Y chromosome. 

15. The method of claim 14, wherein the pollen grains that 
do not comprise the Y chromosome make up at least 75% of 
the mixture. 

16. The method of claim 12, wherein the marker gene is 
selected from RFP, GFP, YFP, CFP, meflRed, eforRed, 
aasPink, spisPink, scOrange, crtB, crtl, crtE, CYP76AD1, 
DODA, or GT. 

17. The method of claim 12, wherein the marker gene is 
selected from WRil, KNAT7, NAC2, TTG2, STK, C2H2-
like, bZIP44, SHPl, GBF6, PPO, CHS, P, Z, or Bip, and 
optionally wherein the native gene function is knocked out 
or knocked down to allow detection of the marker. 

18. The method of claim 8, wherein expression of the 
marker gene produces a morphological difference or a 
detectable signal. 

19. The method of claim 18, wherein the marker gene is 
RUBY (SEQ ID NO: 1) or a gene encoding tdTomato. 

20. The method of claim 8, wherein the marker gene is 
RFP, GFP, YFP, CFP, meflRed, eforRed, aasPink, spisPink, 
scOrange, crtB, crtl, crtE, CYP76AD1 , DODA, or GT. 

21. The method of claim 8, wherein the marker gene is 
selected from WRil, KNAT7, NAC2, TTG2, STK, C2H2-
like, bZIP44, SHPl, GBF6, PPO, CHS, P, Z, or Bip, and 
optionally wherein the native gene function is knocked out 
if necessary to allow detection of the marker. 

22. The method of claim 8, wherein the promoter is the 
ubiquitin promoter, 35S promoter, 2x35S promoter, 7S 
seed-specific soybean promoter, Edel seed promoter, or the 
CsEdelp seed promoter. 

* * * * * 




