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The present technology is in the field of plant breeding and genetics, particularly as it pertains to the genus Cannabis. More
specifically, there are provided methods and compositions for producing a population of Cannabis plants with enhanced resistance
to powdery mildew. The methods use the detection of molecular genetic markers linked to powdery mildew resistance loci to select
for plants displaying an enhanced powdery mildew resistance phenotype.
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Abstract:

The present technology is in the field of plant breeding and genetics, particularly as it pertains to the
genus Cannabis. More specifically, there are provided methods and compositions for producing a
population of Cannabis plants with enhanced resistance to powdery mildew. The methods use the
detection of molecular genetic markers linked to powdery mildew resistance loci to select for plants
displaying an enhanced powdery mildew resistance phenotype.
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CANNABIS PLANTS EXHIBITING POWDERY MILDEW RESISTANCE AND METHODS
FOR OBTAINING SAME

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of and priority to U.S. provisional patent application No.
63/185,752, filed on May 7, 2021; and to U.S. provisional patent application No. 63/304,169, filed on
January 28, 2022; the content of both of which is herein incorporated in entirety by reference.

FIELD OF TECHNOLOGY

[0002] The present technology gencrally relates to Cannabis plants exhibiting powdery mildew

resistance as well as molecular markers for same and methods of producing same.
BACKGROUND

[0003] Cannabis sativa L. is a diploid (2n=20) annual species belonging to the genus Cannabis in
the Cannabaccac family. Cannabis sativa is commonly known as cannabis, hemp, Indian hemp, marithuana,
and marijuana. Cannabis has been cultivated throughout the centuries as a source of fiber and food, and for
its therapeutic and recreational properties (Farnsworth, N.R., 1969). The pharmaceutical and recreational
properties of this unique plant are associated with a unique class of terpenophenolic compounds known as
cannabinoids. Cannabinoids interact with receptors of human and animal endocannabinoid systems and can
lead to a plethora of potential medical and therapeutic effects (Di Marzo & Piscitelli, 2015). Cannabinoids
are produced and stored in the glandular trichomes present on the surfaces of female inflorescences. Over
500 phytocannabinoids and non-cannabinoid constituents have been identified and/or isolated from C.
sativa L, including the well-known psychoactive compound AS-tetrahydro- cannabinol (A9-THC) and non-
psychoactive compounds such as cannabidiol (CBD) (an isomer of THC), cannabichromene (CBC) and

cannabigerol (CBG) (ElSohly et al., 2017).

[0004] As the legal cannabis market size continues to grow, a consistent supply of high-quality
cannabis products remains a priority. Of the many factors affcct the yicld, quality, and markctability of
cannabis products, the levels of infection by destructive pathogens such as powdery mildew and
contamination by agrochemicals uscd to control discascs arc among thc most important. Genceral
susceptibility of the commercial material, the pathogenicity of the fungus, large seasonal spore loads, and
the lack of effective and approved disease management strategies make powdery mildew a major concern

for commercial cannabis cultivation.
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[0005] Cannabis powdery mildew is caused by biotrophic parasitic fungi such as the Golovinomyces
species (Thompson et al., 2017; Pépin et al., 2018). Powdery mildew develops on leaves, stems, and flower
buds at any stage of development. Early stages of infection can be observed on young leaves as white
mycelium on the leaf surface, whereas in advanced stages of infection, profuse sporulation results in a
powdery appearance on the leaf surface (Punjactal., 2019). Powdery mildew infection can severely damage
a plant by limiting photosynthetic activities and reducing nutrient availability to the plant, causing

premature leaf fall, and reducing overall vigor and potential yield (Scott and Punja, 2020).

[0006] Powdery mildew disease is largelv managed by applications of chemical products or bio-
control agents. However, development and growth of resistant cultivars will be a more sustainable,
effective, and economical strategy against this disease. Similar approaches have been used successfully for
a wide range of crops such as wheat, barley, and tomato (Ren et al., 2017; Bengtsson et al., 2017; Nekrasov
et al., 2017). One of the major hurdles for using this approach in cannabis is a lack of natural resistance
against the powdery mildew in cannabis, as well as a lack of knowledge of the genctic mechanisms for

regulating powdery mildew disease resistance in cannabis.

[0007] Both qualitative and quantitative resistance against the powdery mildew disease has been
reported in many plant species. In some plants, such as tomato nine monogenic resistance genes (O/-genes)
have been identified confirming resistance to Tomato powdery mildew (Seifi et al 2014), while in other
species, such in wheat over 100 powdery mildew resistance quantitative trait loci (QTL) have been
identified (Ren et al 2017). Resistance to powdery mildew in Hop (Humulus lupulus L. var lupulus) another
member of the Cannabaceae plant family, has been reported as controlled by both qualitative and
quantitative genetic control (Henning et al. 2017). Recently, Padgitt-Cobb and others (2020) identified a
narrow genomic region mapped to hop linkage group 10. This region contained several putative R-genes
and putative peroxidase-3 genes as a potential candidate for genes involved in resistance for powdery

mildew in the hop.

[0008] Attempts to breed powdery mildew resistant cannabis cultivars have been greatly impeded
by the lack of a natural source of resistance and a poor understanding of the inheritance of disease resistance,
as well as the unavailability of robust genetic markers linked to the trait. The use of markers in cannabis
breeding could not only reduce the cost of developing new varicties but may also increase the precision and
cfficicney of sclection of powdery mildew resistant breeding lines in the breeding program, as well as

rcducc the number of ycars required to develop new and improved resistant varictics.
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[0009] There is a need to identify genetic markers in Cannabis for powdery mildew resistance and

to develop Cannabis strains exhibiting such resistance.
SUMMARY

[0010] According to various aspects, the present technology relates to a Cannabis plant, plant part,
5 tissue or cell thereof, wherein the Cannabis plant, plant part, tissue or cell therecof has an enhanced resistance

to powdery mildew, as well as molecular markers for same and methods of producing same.

[0011] According to various aspects, the present disclosure provides a method for creating a
population of Cannabis plants with enhanced powdery mildew resistance, the method comprising:
providing a first population of Cannabis plants; detecting the presence of a genetic marker that is genetically
10 linked to a powdery mildew resistance locus in a defined linkage group, as described herein, by about 20
¢M or less in the first population; selecting one or more Cannabis plants containing said marker from the
first population of Cannabis plants; and producing a population of offspring from at least one of said

selected Cannabis plants.

[0012] The present disclosure further provides a method wherein the genetic marker detected is
15  genetically linked to the powdery mildew resistance locus on the defined linkage group by less than about

15 ¢cM, or less than about 10 ¢M, or less than about 5 ¢cM.

[0013] In some embodiments of the present technology, the powdery mildew resistance locus is

located within a chromosome interval on Chromosome 2.

[0014] In some embodiments of the present technology, the powdery mildew resistance locus is

20 located within a chromosome interval on Chromosome 2 at 83660977-84353662 bp.

[0015] In some embodiments of the present technology, the genetic marker for powdery mildew

resistance 1s located within a chromosome interval on Chromosome 2.

[0016] In some embodiments of the present technology, the genetic marker for powdery mildew

resistance is located within a chromosome interval on Chromosome 2 at 83660977-84353662 bp.

25 [0017] In some embodiments of the present technology, the genetic marker is selected from the

markers set forth in FIGs. 4A-4E.

[0018] In some embodiments of the present technology, the genetic marker has a sequence sclected

from the sequences set forth in FIGs. 5A-5M. In some embodiments, the genetic marker has a sequence
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selected from sequences having at least, greater than or about 75%, about 80%, about 85%, about 90%,
about 95%, about 96%, about 97%, about 98% or about 99% sequence identity to sequences set forth in
FIGs. 5A-5M.

[0019] In another embodiment, the present disclosure provides detecting a genetic marker located
within a chromosomc intcrval comprising and flankcd by a first genctic marker and a sccond genctic
marker, as described herein. In another embodiment, the present disclosure provides detecting a genetic
marker located within a chromosome interval comprising and/or flanked by one or more genetic marker as
described herein, e.g., by a DNA sequence comprising or consisting of the genctic marker. In some
embodiments of the present technology, the powdery mildew resistance chromosome interval is located on

Chromosome 2.

[0020] In some embodiments of the present technology, the powdery mildew resistance
chromosome interval is located on Chromosome 2 at 83660977-84353662 bp.

[0021] In some embodiments of the present technology, the genctic marker is selected from the

markers set forth in FIGs. 4A-4E.

[0022] In some embodiments of the present technology, the genetic marker has a sequence selected
from the sequences set forth in FIGs. 5A-5M. In some embodiments, the genetic marker has a sequence
selected from sequences having at least, greater than or about 75%, about 80%, about 85%, about 90%,
about 95%, about 96%, about 97%, about 98% or about 99% scqucnce identity to scquences sct forth in
FIGs. 5A-5M.

[0023] The present disclosure also provides a method of creating a population of Cannabis plants
comprising at least one allele associated with enhanced powdery mildew resistance comprising at least one
sequence selected from the group of genetic markers described herein, the method comprising the steps of:
genotyping a first population of Cannabis plants, said population containing at least one allele associated
with enhanced powdery mildew resistance, the at least one allele associated with enhanced powdery mildew
resistance comprising at least one sequence selected from the group consisting of sequences of genctic
markers described herein; selecting from said first population one or more identified Cannabis plants
containing said at least one allele associated with enhanced powdery mildew resistance comprising at least
one sequence selected from the group consisting of sequences of genetic markers described herein; and
producing from said selected Cannabis plants a second population, thereby creating a population of

Cannabis plants comprising at least one allele associated with enhanced powdery mildew resistance
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comprising at least one sequence selected from the group consisting of sequences of genetic markers

described herein.

[0024] The present disclosure further provides a method for creating a population of Cannabis plants

with enhanced powdery mildew resistance comprising: providing a first population of Cannabis plants;

5 concurrcntly dctecting the presencc of at Icast onc genctic markcer that 1s genctically linked to onc or morc
of the genetic markers for powdery mildew resistance described herein by about 20 ¢M or less in the first
population; selecting one or more Cannabis plants containing said at least one markers from the first
population of Cannabis plants; and producing a population of offspring from at least one of said selected
Cannabis plants. In one embodiment, the at least one genetic marker detected is genetically linked to at

10 least one of the genetic markers for powdery mildew resistance described herein by less than about 15 ¢cM.
In another embodiment, the at least one genetic marker detected is genetically linked to at least one of the
genetic markers for powdery mildew resistance described herein by less than about 10 cM. In another
embodiment, the at least one genctic marker detected 1s genetically linked to at least one of the genectic

markers for powdery mildew resistance described herein by less than about 5 ¢M.

15 [0025] According to various aspects, the present disclosure provides a population of Cannabis plants

with enhanced powdery mildew resistance.

[0026] According to various aspects, the present disclosure provides a population of Cannabis plants

with one or more genetic markers for powdery mildew resistance described herein.

[0027] According to various aspects, the present disclosure provides a molecular marker, ¢.g., a
20 genetic marker, for use in breeding and/or selecting Cannabis plants with enhanced powdery mildew
resistance. In an embodiment, the molecular marker comprises or consists of a genetic marker as described
herein, ¢.g., having the sequence thercof, or a portion of the sequence thereof. In an embodiment, the
molecular marker comprises or consists of an isolated nucleic acid molecule having the sequence of a
genetic marker as described herein, or a portion thereof, or a nucleotide sequence having at least, greater
25 than or about 75% sequence identity thereto. or greater than or about 85% sequence identity to the

complementary sequence thereto.

10028] According to various aspects, the present technology relates to an isolated nucleic acid

molecule for identifying a genetic marker for powdery mildew resistance as described herein.

[0029] According to various aspccts, the present technology rclatcs to an isolated polypeptide

30 encoded by the isolated nucleic acid molecule as described herein.
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[0030] According to various aspects, the present technology relates to an antibody that specifically

binds the 1solated polypeptide described herein.

[0031] According to various aspects, the present technology relates to an organism, tissue or cell
comprising the isolated nucleic molecule or the isolated polypeptide or the genetic marker as described
5 hcrein. In some instanccs, the organism, tissuc or ccll 1s a plant, a plant tissuc, or a plant ccll. In somc¢

further instances, the organism, tissue or cell is a Cannabis plant, a Cannabis tissue, or a Cannabis cell.

[0032] Other aspects and features of the present disclosure will become apparent to those ordinarily

skilled in the art upon review of the following description of specific embodiments.
BRIEF DESCRIPTION OF THE DRAWINGS

10 [0033] All features of embodiments which are described in this disclosure are not mutually exclusive
and can be combined with one another. For example, ¢lements of one embodiment can be utilized in the
other embodiments without further mention. A detailed description of specific embodiments is provided

hercin below with reference to the accompanying drawings in which:

[0034] FIG. 1 shows results from a genome-wide scan (Chromosomes 1-9) for each of 4 related

15 pedigrees (P1, P2, P3, P4) sharing thc samc powdcry mildew resistance/susceptibility phenotype.

10035] F1G. 2 is a chart of LOD score vs. Mbp, which shows an enlarged view of a QTL region
identified on Chromosome 2 for each of the 4 pedigrees (P1, P2, P3, P4).

[0036] F1G. 3 is a chart of phenotype (AUDPC) vs. genotype (Phasc A or B on P5) at the QTL for
each of the 4 pedigrees (P1, P2, P3, P4).

20 [0037] FIGs. 4A-4F show SNP positions and alleles for the two phases (Phase A and Phase B) for

powdery mildew resistance genetic markers in the QTL region on Chromosome 2.

[0038] FIGs. 5A-5M shows the sequences of powdery mildew resistance genetic markers in the
QTL region on Chromosome 2; sequences are shown in the 5° to 3™ orientation from left to right, with the

Phase A and Phase B alleles shown in square brackets in the center of the sequence as |A/B].

25 [0039] FIG. 6 1is a graph showing the results of allele specific T-ARMS for the
91K.chr2ZAp83851294|T/C|] SNP. Agarosc gcl analysis of 91K .chr2Ap83851294|'T/C| SNIP marker. The
203 and 150 bp amplicons corresponds to C and T allele of the 91K.chr2Ap83851294 SNP. All the PCR
reactions except the no template control (NTC) showed a 302 bp PCR control amplicon. The resistant parent
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(in duplicate 1 and 2) and seven F: plants shows heterozygous genotype (both 203 and 150bp amplicon
corresponding to C and T allele), while the susceptible parent (in duplicate 1 and 2) and seven F; shows

homozygous CC genotype corresponds to a 203 bp amplicon.

[0040] FIG. 7 is a graph illustrating representative result (allele description plot) of KASP/PACE
genotype assay for SNP marker 91kv2Chr2Ap84275859. Hctcrozygous individuals with allcle 1/2 arc

represented in green, while the homozygous individual with allele 1 are represented in red
DETAILED DESCRIPTION

[0041] The present technology is explained in greater detail below. This description is not intended
to be a detailed catalog of all the different ways in which the technology may be implemented, or all the
features that may be added to the instant technology. For example, features illustrated with respect to one
embodiment may be incorporated into other embodiments, and features illustrated with respect to a
particular embodiment may be deleted from that embodiment. In addition, numerous variations and
additions to the various embodiments suggested herein will be apparent to those skilled in the art in light
of the instant disclosure in which variations and additions do not depart from the present technology. Hence,
the following description is intended to illustrate some particular embodiments of the technology, and not

to exhaustively specity all permutations, combinations and variations thereot.

Definitions
[0042] As used herein, the singular form “a.” *“an” and “the” include plural referents unless the

context clearly dictates otherwise.

[0043] The recitation herein of numerical ranges by endpoints is intended to include all numbers
subsumed within that range (e.g., a recitation of 1 to 5 includes 1, 1.25, 1.5, 1.75, 2, 2.45, 2.75, 3, 3.80, 4,
432, and 5).

[0044] The term “about” is used herein explicitly or not. Every quantity given herein is meant to
refer to the actual given value, and it is also meant to refer to the approximation to such given value that
would reasonably be inferred based on the ordinary skill in the art, including ecquivalents and
approximations duc to thc cxpcerimental and/or measurcment conditions for such given valuc. For examplc,
the term “about™ in the context of a given valuc or range refers to a valuc or rangce that 1s within 20%,

preferably within 15%, more preferably within 10%, more preferably within 9%, more preferably within
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8%, more preferably within 7%, more preferably within 6%, and more preferably within 5% of the given

value or range.

[0045] The expression “and/or” where used herein is to be taken as specific disclosure of each of the
two specified features or components with or without the other. For example, “A and/or B” is to be taken
as spccific disclosurc of cach of (1) A, (1) B and (i11) A and B, just as if cach 1s sct out individually hcrein.
The term “or” as used herein should in general be construed non-exclusively. For example, an embodiment
of “a composition comprising A or B” would typically present an aspect with a composition comprising
both A and B. “Or” should, however, be construed to exclude those aspects presented that cannot be

combined without contradiction (e.g., a composition pH that is between 9 and 10 or between 7 and 8).

[00406] As used herein, the term “comprise™ is used in its non-limiting sense to mean that items

following the word are included, but items not specifically mentioned are not excluded.

[0047] As used herein, the term “Cannabis” refers to the genus of flowering plants in the family
Cannabaceac regardless of species, subspecies, or subspecies varicty classification. At present, there is no
general consensus whether plants of genus Cannabis are comprised of a single or multiple species
(McPartland & Guy, 2017). For example some describe Cannabis plants as a single species, C. sativa L.,
with multiple subspecies (Small & Cronquist, 1976)(McPartland & Small, 2020) while others classify
Cannabis plants into multiple species, most commonly as C. sativa L. and C. indica Lam. and sometimes
additionally as . ruderalis Jamisch. (Schultes et al., 1974), depending on multiple criteria including
morphology, geographic origin, chemical content, and genetic measurements. Regardless, all plants of

genus Cannabis can interbreed and produce fertile offspring (Small, 1972).

[0048] As used herein, the expression “powdery mildew” refers to a disease which affects a wide
range of plants and is characterized by development of white mycelium or a powdery appearance on the
leaf surface. Powdery mildew (also referred to as “PM”) can be caused by many different fungal species in
the genera Irrysiphe, Microsphaera, Phyllactinia, Podosphaera, Sphaerotheca, and Uncinula (Braun and
Cook, 2012). At present, there is no consensus on the species and races of powdery mildew pathogen
affecting the Cannabis plant. Powdery mildew on cannabis has been reported to be caused by Podosphaera
macularis (formcerly Sphaerotheca macularis), Leveillula taurica (McPartland 1996), and Golovinomyces
species including G. cichoracearum (Pépin et al 2018), G. ambrosiae (Wiseman et al., 2021) and G.

spadiceus (Farinas and Peduto Hand 2020).

[0049] The term “‘strain” as used herein refers to different varieties of the plant genus Cannabis. For

example, the term “strain” can refer to different pure or hybrid varieties of Cannabis plants. In some
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instances, the Cannabis strain of the present technology can by a hybrid of two strains. Different Cannabis
strains often exhibit distinct chemical compositions with characteristic levels of cannabinoids and terpenes,
as well as other components. Differing cannabinoid and terpene profiles associated with different Cannabis
strains can be useful e.g. for the treatment of different diseases, or for treating different subjects with the

same discase.

gl

[0050] As used herein, the term “cannabinoid” refers to a chemical compound belonging to a class
of secondary compounds commonly found in plants of genus Cannabis, but also encompasses synthetic and
semi-synthetic cannabinoids and any enantiomers thereof. In an embodiment, the cannabinoid is a
compound found in a plant, e.g., a plant of genus Cannabis, and is sometimes referred to as a
10 phytocannabinoid. In one embodiment, the cannabinoid 1s a compound found in a mammal, sometimes
called an endocannabinoid. In one embodiment, the cannabinoid is made in a laboratory setting, sometimes
called a synthetic cannabinoid. In one embodiment, the cannabinoid is derived or obtained from a natural
source (c.g. plant) but is subsequently modified or derivatized in one or more different ways in a laboratory

setting, sometimes called a semi-synthetic cannabinoid.

15 [0051] Synthetic cannabinoids and semi-synthetic cannabinoids encompass a vanety of distinct
chemical classes, for example and without limitation: the classical cannabinoids structurally related to THC,
the non-classical cannabinoids (cannabimimetics) including the aminoalkylindoles, 1,5 diarylpyrazoles,

quinolines, and arylsulfonamides as well as eicosanoids related to endocannabinoids.

[0052] In another embodiment, a cannabinoid is one of a class of diverse chemical compounds that
20  may act on cannabinoid receptors such as CB; and CB: in cells that alter neurotransmitter release in the

brain.

[0053] In many cases, a cannabinoid can be identified because its chemical name will include the
text string “*cannabi*”. However, there are a number of cannabinoids that do not use this nomenclature,

such as for example those described herem.

25 [0054] As used herein, the expression “% by weight” is calculated based on dry weight of the total
material.
[0055] Within the context of this disclosure, where reference 1s made to a particular cannabinoid,

each of the acid and/or decarboxylated forms are contemplated as both single molecules and mixtures. In
addition, salts of cannabinoids arc also cncompasscd, such as salts of cannabinoid carboxylic acids. As

30 well, any and all isomeric, enantiomeric, or optically active derivatives are also encompassed. In particular,
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where appropriate, reference to a particular cannabinoid incudes both the “A Form™ and the “B Form”. For
example, it is known that THCA has two isomers, THCA-A in which the carboxylic acid group is in the 1
position between the hydroxyl group and the carbon chain (A Form) and THCA-B 1n which the carboxylic

acid group is in the 3 position following the carbon chain (B Form). Further, in some embodiments of the

gl

present disclosure, the cannabinoid is a cannabinoid dimer. The cannabinoid may be a dimer of the same
cannabinoid (e.g. THC-THC) or different cannabinoids. In an embodiment of the present disclosure, the

cannabinoid may be a dimer of THC, including for example Cannabisol.

[0056] In an embodiment, a cannabinoid may occur 1n its free form, or in the form of a salt; an acid
addition salt of an ester; an amide; an enantiomer; an isomer; a tautomer; a prodrug; a derivative of an active
10 agent of the present technology; different isomeric forms (for example, enantiomers and diastercoisomers),

both in pure form and in admixture, including racemic mixtures; enol forms.

°9 ¢

[0057] As used herein, the expressions “nucleic acid,” “nucleic acid molecule,” “oligonucleotide,”
and “polynucleotide” are each used herein to refer to a polymer of at least three nucleotides. In some
embodiments, a nucleic acid comprises deoxyribonucleic acid (DNA). In some embodiments, a nucleic

15 acid comprises ribonucleic acid (RNA). In some embodiments, a nucleic acid is single stranded. In some
embodiments, a nucleic acid is double stranded. In some embodiments, a nucleic acid comprises both single
and double stranded portions. Unless otherwise stated, the terms encompass nucleic acid-like structures
with synthetic backbones, as well as amplification products. In some embodiments, nucleic acids of the

present disclosure are lincar nucleic acids.

20 [0058] As used herein, the term “gene” refers to a part of the genome that codes for a product (e.g.,
an RNA product and/or a polypeptide product). A “gene sequence” is a sequence that includes at least a
portion of a gene (e.g.. all or part of a gene) and/or regulatory elements associated with a gene. In some
embodiments, a gene includes coding sequence; in some embodiments, a gene includes non-coding
sequence. In some particular embodiments, a gene may include both coding (¢.g., exonic) and non-coding

25 (c.g., intronic) sequences. In some embodiments, a gene may include one or more regulatory elements (e.g.,
a promoter) that, for example, may control or impact one or more aspects of gene expression (e.g., cell-

type-specific expression, inducible expression, etc.).

[0059] As used herein, the expression “coding sequence™ refers to a sequence of a nucleic acid or
its complement, or a part thereof, that: 1) can be transcribed to an mRNA sequence that can be translated to

30 produce a polypeptide or a fragment thercof; or 11) an mRNA sequence that can be translated to produce a

10
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polypeptide or a fragment thereof. Coding sequences include exons in genomic DNA or immature primary

RNA transcripts, which are joined together by the cell's biochemical machinery to provide a mature mRNA.

[0060] As used herein, the term “mutation” refers to a change introduced into a parental sequence,
including, but not limited to, substitutions, insertions, deletions (including truncations). The consequences
5 of a mutation includc, but arc not limitcd to, the crcation of a ncw character, property, function, phenotype
or trait not found in the protein encoded by the parental sequence, or the increase or reduction/climination
of an existing character, property, function, phenotype or trait not found in the protein encoded by the

parental sequence.

[0061] The expression “degree or percentage of sequence identity™ refers herein to the degree or
10 percentage of sequence identity between two sequences after optimal alignment. Percentage of sequence
identity (or degree of identity) is determined by comparing two aligned sequences over a comparison
window, where the portion of the peptide or polvnucleotide sequence in the comparison window may
comprise additions or deletions (i.¢., gaps) as compared to the reference sequence (which does not comprise
additions or deletions) for optimal alignment of the two sequences. The percentage is calculated by
15  determining the number of positions at which the identical amino-acid residue or nucleic acid base occurs
in both sequences to yield the number of matched positions, dividing the number of matched positions by
the total number of positions in the window of comparison and multiplying the result by 100 to yield the

percentage of sequence identity.

[0062] As used herein, the term “isolated™ refers to nucleic acids or polypeptides that have been
20 separated from their native environment, including but not limited to virus, proteins, glycoproteins, peptide
derivatives or fragments or polynucleotides. For example, the expression “isolated nucleic acid molecule™
as used herein refers to a nucleic acid substantially free of cellular material or culture medium when
produced by recombinant DNA techniques, or chemical precursors, or other chemicals when chemically
synthesized. An isolated nucleic acid is also substantially free of sequences, which naturally flank the
25 nucleic acid (i.e. sequences located at the 5’ and 3’ ends of the nucleic acid) from which the nucleic acid is

derived.

[0063] Two nuclcotide scquences or amino-acids arc said to be “identical” if the scquence of
nucleotide residues or amino-acids in the two sequences is the same when aligned for maximum
correspondence as described below. Sequence comparisons between two (or more) peptides or
30 polynucleotides are typically performed by comparing sequences of two optimally aligned sequences over

a segment or “comparison window” to identify and compare local regions of sequence similarity. Optimal
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alignment of sequences for comparison may be conducted by the local homology algorithm of Smith and
Waterman, Ad. App. Math 2: 482 (1981), by the homology alignment algorithm of Needleman and Wunsch,
J. Mol. Biol. 48: 443 (1970), by the search for similarity method of Pearson and Lipman, Proc. Natl. Acad.
Sci. (U.S.A)) 85: 2444 (1988), by computerized implementation of these algorithms (GAP, BESTFIT,
FASTA, and TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group (GCG),
575 Science Dr., Madison, Wis.), or by visual inspection. Other alignment programs may also be used such
as: "Multiple sequence alignment with hierarchical clustering”, F. CORPET, 1988, Nucl. Acids Res., 16
(22), 10881-10890.

[0064] As used herein, the expression “conservative substitutions™ refers to a substitution made in
an amino acid sequence of a polypeptide without disrupting the structure or function of the polypeptide.
Conservative amino acid substitutions may be accomplished by substituting amino acids with similar
hydrophobicity, polarity, and R-chain length for one another. Additionally, by comparing aligned
sequences of homologous proteins from different species, conservative amino acid substitutions may be
identified by locating amino acid residues that have been mutated between species without altering the
basic functions of the encoded proteins. Amino acid substitutions that are conservative are typically as
follows: 1) hydrophilic: Alanine (Ala) (A), Proline (Pro) (P), Glycine (Gly) (G), Glutamic acid (Glu) (E),
Aspartic acid (Asp) (D), Glutamine (Gln) (Q). Asparagine (Asn) (N), Serine (Ser) (S), Threonine (Thr) (T);
11) Sulphydryl: Cysteinc (Cys) (C); 111) Aliphatic: Valine (Val) (V), Isolcucine (Ilc) (I), Leucine (Leu) (L),
Mgcthionine (Mct) (M); 1v) Basic: Lysinc (Lys) (K), Argininc (Arg) (R), Histidine (His) (H); and v)
Aromatic: Phenylalanine (Phe) (F), Tyrosine (Tyr) (Y), Tryptophan (Trp) (W).

[0065] An “expression system” as used herein refers to reagents and components (e.g. in a kit) and/or
solutions comprising said reagents and components for recombinant protein expression, wherein the
expression system is cell free and includes optionally translation competent extracts of whole cells and/or
other translation machinery reagents or components optionally 1n a solution, said reagents and components
optionally including RNA polymerase, one or more regulatory protein factors, one or more transcription
factors, ribosomes, and tRNA, optionally supplemented with cofactors and nucleotides, and the specific
gene template of interest. Chemical based expression systems are also included, optionally using
unnaturally occurring amino acids. In some instances, the expression systems of the present technology are

in vitro expression systems.

10066 The cxpressions “transtormced with”, “transfcected with”, “transformation™ and “transfcction”™
are intended to encompass introduction of nucleic acid (¢.g. a construct) into a cell by one of many possible

techniques known in the art.
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[0067] The term “primer” as used herein, typically refers to oligonucleotides that hybridize in a
sequence specific manner to a complementary nucleic acid molecule (e.g., a nucleic acid molecule
comprising a target sequence). In some embodiments, a primer will comprise a region of nucleotide

sequence that hybridizes to at least 8, e.g., at least 10, at least 15, at least 20, at least 25, or 20 to 60

gl

nucleotides of a target nucleic acid (i.¢., will hybridize to a sequence of the target nucleic acid). In general,
a primer sequence is identified as being either “complementary”™ (i.e., complementary to the coding or sense
strand (+)), or “reverse complementary” (i.e., complementary to the anti-sense strand (—)). In some
cmbodimcents, the term “primer” may rcter to an oligonuclcotide that acts as a point of initiation of a
template-directed synthesis using methods such as PCR (polymerase chain reaction) under appropriate
10 conditions (e.g., in the presence of four different nucleotide triphosphates and a polvmerization agent, such
as DNA polymerase in an appropriate buffer solution containing any necessary reagents and at suitable
temperature(s)). Such a template directed synthesis is also called “primer extension.” For example, a primer
pair may be designed to amplify a region of DNA using PCR. Such a pair will include a “forward primer”
and a “reverse primer’ that hybridize to complementary strands of a DNA molecule and that delimit a

15  region to be synthesized and/or amplified.

[0068] As used herein, the expression “wild-type” refers to a typical or common form existing in

nature; in some embodiments it is the most common form.

[0069] Asused herein, “allele” generally refers to an alternative nucleic acid sequence at a particular
locus; the length of an allele can be as small as 1 nucleotide base but is tvpically larger. For example, a first
20 allele can occur on one chromosome, while a second allele occurs on a second homologous chromosome,
e.g., as occurs for different chromosomes of a heterozygous individual, or between different homozygous
or heterozygous individuals in a population. A “favorable allele” is the allele at a particular locus that
confers, or contributes to, an agronomically desirable phenotype, or alternatively, is an allele that allows
the identification of susceptible plants that can be removed from a breeding program or planting. A
25 favorable allele of a marker is a marker allele that segregates with the favorable phenotype, or altematively,
segregates with susceptible plant phenotype, therefore providing the benefit of identifying disease prone
plants. A favorable allelic form of a chromosome interval is a chromosome interval that includes a
nucleotide sequence that contributes to superior agronomic performance at one or more genetic loci

physically located on the chromosome interval.

30 [0070] “Allcle frequency” refers to the frequency (proportion or percentage) at which an allcle 1s
present at a locus within an individual, within a line, or within a population of lines. For example, for an

allele “A”, diploid individuals of genotype “AA”, “Aa”, or “aa” have allele frequencies of 1.0, 0.5, or 0.0,

13

CA 03212318 2023-9-15



gl

10

15

20

25

30

WO 2022/232946 PCT/CA2022/050716

respectively. One can estimate the allele frequency within a line by averaging the allele frequencies of a
sample of individuals from that line. Similarly, one can calculate the allele frequency within a population
of lines by averaging the allele frequencies of lines that make up the population. For a population with a
finite number of individuals or lines, an allele frequency can be expressed as a count of individuals or lines
(or any other specified grouping) containing the allele. An allele positively correlates with a trait when it is
linked to it and when presence of the allele is an indicator that the desired trait or trait form will occurin a
plant comprising the allele. An allele negatively correlates with a trait when it is linked to 1t and when
presencce of the allcle 1s an indicator that a desired trait or trait form will not occur 1n a plant comprising the

allele.

[0071] "Crossed" or "cross" means to produce progeny via fertilization (e.g. cells, seeds or plants)

and includes crosses between plants (sexual) and self fertilization (selfing).

[0072] "Gene" refers to a heritable sequence of DNA, ie., a genomic sequence, with functional
significance. The term "gene" can also be used to refer to, e.g., a cDNA and/or a mRNA encoded by a

genomic sequence, as well as to that genomic sequence.

[0073] "Genotype" is the genetic constitution of an individual (or group of individuals) at one or
more genctic loci, as contrasted with the observable trait (the phenotype). Genotype i1s defined by the
allele(s) of one or more known loci that the individual has inherited from its parents. The term genotype
can be used to refer to an individual's genetic constitution at a single locus, at multiple loci, or, more
generally, the term genotype can be used to refer to an individual's genetic make-up for all the genes 1n its
genome. A "haplotype" is the genotype of an individual at a plurality of genetic loci. Typically, the genetic
loci described by a haplotype are physically and genetically linked, 1.¢., on the same chromosome interval.
The terms "phenotype," or "phenotypic trait" or "trait" refers to one or more trait of an organism, i.e., the
detectable characteristics of a cell or organism which can be influenced by genotype. The phenotype can
be observable to the naked eye, or by any other means of evaluation known in the art, e.g., microscopy,
biochemical analysis, genomic analysis, an assay for a particular disease resistance, ¢tc. In some cases, a
phenotype is directly controlled by a single gene or genetic locus, i.e., a "single gene trait." In other cases,

a phenotype is the result of several genes.

[0074] "Germplasm" refers to genetic material of or from an individual (¢.g., a plant), a group of
individuals (e.g., a plant line, variety or family), or a clone derived from a line, variety, species, or culture.
The germplasm can be part of an organism or cell, or can be separate from the organism or cell. In general,

germplasm provides genetic material with a specific molecular makeup that provides a physical foundation
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for some or all of the hereditary qualities of an organism or cell culture. As used herein, germplasm includes
cells, seed or tissues from which new plants may be grown, or plant parts, such as leaves, stems, pollen, or

cells that can be cultured into a whole plant.

[0075] "Plant" refers to a whole plant or any part thercof, such as a cell or tissue culture derived
trom a plant, comprising any ot: wholc plants, plant componcnts or organs (c.g., lcavcs, stems, roots, ctc,),
plant tissues, seeds, plant cells, and/or progeny of the same. A plant cell is a biological cell of a plant, taken
from a plant or derived through culture fram a cell taken from a plant. Asused herein, the expressian “plant
part” refers to any part of a plant including but not limited to the embryo, shoot, root, stem, seed, stipule,
leaf, petal, flower bud, flower, ovule, bract, trichome, branch, petiole, internode, bark, pubescence, tiller,
rhizome, frond, blade, ovule, pollen, stamen, and the like. The two main parts of plants grown in some sort
of media, such as soil or vermiculite, are often referred to as the “above-ground™ part, also often referred
to as the “shoots™, and the “below-ground™ part, also often referred to as the “roots.” Plant part may also

include certain extracts such as kief or hash which includes Cannabis trichomes or glands.

[0076] "Polymorphism" means the presence of onc or more variations in a population. A
polymorphism may manifest as a vanation in the nucleotide sequence of a nucleic acid or as a variation in
the amino acid sequence of a protein. Polymorphisms include the presence of one or more variations of a
nucleic acid sequence or nucleic acid feature at one or more loci in a population of one or more individuals.
The variation may comprise but is not limited to one or more nucleotide base changes, the insertion of one
or more nucleotides 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 variation and during the process of meiosis, such as unequal crossing over, genome
duplication and chromosome breaks and fusions. The variation can be commonly found or may exist at low
frequency within a population, the former having greater utility in general plant breeding and the latter may
be associated with rare but important phenotypic variation. Useful polymorphisms may include single
nucleotide polymorphisms (SNPs), insertions or deletions in DNA sequence (Indels), simple sequence
repeats of DNA sequence (SSRs), a restriction fragment length polymorphism, and a tag SNP. A genetic
marker, a gene, a DNA-derived sequence, a RNA-derived sequence, a promoter, a 5' untranslated region of
a gene, a 3' untranslated region of a gene, microRNA, siRNA, a tolerance locus, a satellite marker, a
transgene, mMRNA, ds mRNA, a transcriptional profile, and a methylation pattern may also comprise
polymorphisms. In addition, the presence, absence, or variation in copy number of the preceding may

comprise polymorphisms.
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[0077] A "population of plants" or "plant population" means a set comprising any number, generally
more than one, of individuals, objects, or data from which samples are taken for evaluation, ¢.g. estimating
QTL effects. Most commonly, the terms relate to a breeding population of plants from which members are
selected and crossed to produce progeny in a breeding program. A population of plants can include the
progeny of a single breeding cross or a plurality of breeding crosses, and can be either actual plants or plant
derived material, or in silica representations of the plants. The population members need not be identical
to the population members selected for use in subsequent cycles of analyses or those ultimately selected to
obtain tinal progceny plants. Often, a plant population is derived from a singlc biparcntal cross, but may also
derive from two or more crosses between the same or different parents. Although a population of plants
may comprise any number of individuals, those of skill in the art will recognize that plant breeders
commonly use population sizes ranging from one or two hundred individuals to several thousand, and that
the highest performing 5-20% of a population is what is commonly selected to be used in subsequent crosses

in order to improve the performance of subsequent generations of the population.

[0078] "Resistance allele” means the nucleic acid sequence associated with powdery mildew
resistance or enhanced resistance to powdery mildew. Similarly, "resistance marker" or “resistance loci™
means respectively the marker or loci associated with powdery mildew resistance or enhanced resistance

to powdery mildew.

[0079] "Recombinant" in reference to a nucleic acid or polypeptide indicates that the material (e.g.,
arecombinant nucleic acid, gene, polynucleotide, polvpeptide, etc.) has been altered by human intervention.
The term recombinant can also refer to an organism that harbors recombinant material, ¢.g., a plant that

comprises a recombinant nucleic acid 1s considered a recombinant plant.

[0080] "Resistance" or "enhanced resistance” in a plant to discase conditions (such as powdery
mildew) is an indication that the plant is less affected by disease conditions with respect to yield,
survivability and/or other relevant agronomic measures, compared to a less resistant, more "susceptible”
plant. The terms “enhanced resistance™ and “improved resistance™ are used interchangeably. Resistance is
arelative term, indicating that a "resistant" plant survives and/or produces better yields in disease conditions
(c.g., powdery mildew conditions) compared to a different (less resistant) plant (e.g., a different Cannabis
strain) grown in similar conditions. As used in the art, disease '"resistance" is sometimes used
intcrchangcably with discasc "tolcrance." Onc of skill in the art will appreciate that plant resistance to
discasc conditions varics widcly, and can rcpresent a spectrum of morc-resistant or Icss-resistant
phenotypes. However, by simple observation, one of skill in the art can generally determine the relative

resistance or susceptibility of different plants, plant lines or plant families under disease conditions, and
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furthermore, will also recognize the phenotypic gradations of "resistant." In an embodiment, a Cannabis
plant with enhanced resistance to powdery mildew is a plant having enhanced powdery mildew resistance
compared to a wild-type Cannabis plant. In another embodiment, a Cannabis plant with enhanced resistance
to powdery mildew is a plant having enhanced powdery mildew resistance compared to a different, less

resistant or more susceptible plant (e.g., a different Cannabis strain) grown in similar conditions.

gl

[0081] As used herein, the term “chromosome interval" designates a contiguous linear span of
genomic DNA that resides in planta on a single chromosome. The term also designates any and all genomic
intervals defined by any of the markers set forth in this disclosure. The genetic elements located on a single
chromosome interval are physically linked and the size of a chromosome interval is not particularly limited.
10 In some aspects, the genetic elements located within a single chromosome interval are genetically linked,
typically with a genetic recombination distance of, for example, less than or equal to 20 cM, or alternatively,
less than or equal to 15 cM, or alternatively, less than or equal to 10 cM, or alteratively, less than or equal
to 5 ¢cM. That is, two genetic elements within a single chromosome interval undergo meiotic recombination
at a frequency of less than or equal to about 20%, or less than or equal to13%, or less than or equal to 10%,

15 or less than or equal to 5%, respectively.

[0082] The boundarics of a chromosome interval can be defined by genetic recombination distance
or by markers. In one embodiment, the boundaries of a chromosome interval comprise markers. In another
embodiment, the boundaries of a chromosome interval comprise markers that will be linked to the gene
controlling the trait of interest, 1.¢., any marker that lies within a given interval, including the terminal
20 markers that define the boundaries of the interval, and that can be used as a marker for the presence or
absence of powdery mildew resistance. In one embodiment, the intervals described herein encompass
marker clusters that co-segregate with powdery mildew resistance. The clustering of markers generally
occurs in relatively small domains on the chromosomes, indicating the presence of a genetic locus
controlling the trait of interest in those chromosome regions. The interval encompasses markers that map

25 within the interval as well as the markers that define the terminal.

[0083] An interval described by the terminal markers that define the endpoints of the interval will
include the terminal markers and any marker localizing within that chromosome domain, whether those
markers are currently known or unknown. Although it is anticipated that one skilled in the art may describe
additional polymorphic sitcs at marker loci in and around the markers identificd hercin, any marker within
30 thc chromosome intcrvals described herein that arc associated with powdery mildew resistance fall within

the scope of the present disclosure.
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[0084] "Quantitative trait loci" or a "quantitative trait locus" (QTL) is a genetic domain that effects
a phenotype that can be described in quantitative terms and can be assigned a "phenotypic value" which
corresponds to a quantitative value for the phenotypic trait. A QTL can act through a single gene mechanism

or by a polygenic mechanism. In some aspects, the disclosure provides QTL chromosome intervals, where

gl

a QTL (or multiple QTLs) that segregates with powdery mildew resistance is contained in those intervals.
In one embodiment, the boundaries of chromosome intervals are drawn to encompass markers that will be
linked to one or more QTL. In other words, the chromosome interval is drawn such that any marker that
lics within that intcrval (including the tcrminal markcers that dctine the boundarics of the intcrval) is
genetically linked to the QTL. Each interval comprises at least one QTL, and furthermore, may indeed
10 comprise more than one QTL. Close proximity of multiple QTL in the same interval may obfuscate the
correlation of a particular marker with a particular QTL, as one marker may demonstrate linkage to more
than one QTL. Conversely, e.g., if two markers in close proximity show co-segregation with the desired
phenotypic trait, it is sometimes unclear if each of those markers identifies the same QTL or two different
QTL. Regardless, knowledge of how many QTL are in a particular interval is not necessary to make or

15 practice the present technology.

Chromosome intervals, QTLs and molecular markers associated with powdery mildew resistance

[0085] The present disclosure identifies QTLs and molecular markers linked to powdery mildew
resistance. The present disclosure provides for strains with powdery mildew resistance. The present
disclosure includes and provides for methods to introduce resistance into existing Cannabis strains as part
20 of a powdery mildew management strategy. The present disclosure identifies loci associated with powdery
mildew resistance, provides tightly linked single nucleotide polymorphisms (SNPs) and demonstrates that

certain genetic markers are important for powdery mildew resistance.

[0086] As provided herein, powdery mildew resistance can be obtained using markers described
herein, which tag certain genetic markers identified as linked to powdery mildew resistance. Such markers
25 can be used in early generations to select for populations with resistance or used in later generations to
characterize and prioritize which material to advance into vield testing trials. The markers provided herein
also provide for the breeding of plants incorporating all known powdery mildew resistance alleles into a
single strain. The present disclosure provides an expanded base of powdery mildew resistant material for
breeding programs, and this larger basc allows agronomically acceptable and high-yiclding varictics with

30 powdecry mildew resistance.
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[0087] In one embodiment, the present disclosure provides a plant comprising a nucleic acid
molecule selected from the group consisting of sequences of genetic markers described herein and
fragments thereof, and complements of both. In another embodiment, the present disclosure also provides
a plant comprising the allele of at least one chromosome interval or genetic marker described herein, or
fragments and complements thercof. The present disclosure also provides for any plant comprising any
combination of one or more powdery mildew resistance loci linked to at least one marker selected from the

group consisting of sequences of genetic markers described herein.

[0088] Locations in the Cannabis genome of QTLs and the chromosome intervals comprising
markers closely linked to it are described herein. Genetic and physical map positions of markers and
chromosome intervals associated with QTLs are described herein. In some embodiments, genetic map loci
are represented in cM, with position zero being the first (most distal) marker known at the beginning of the
chromosome on a Cannabis genetic map. As used herein, “cM™ refers to the classical definition of a
centimorgan (Edwards. J.H., 1919) wherein one cM is equal to a 1 % chance that a trait at one genetic locus
will be separated from a trait at another locus due to crossing over in a single meiosis (meaning the traits
cosegregate 99% of the time), and this definition is used herein to delineate map locations pertaining to this

technology.

[0089] Thus, onc skilled in the art can use the present technology to improve the efficiency of
breeding for improved powdery mildew resistance in Cannabis by associating resistance phenotypes with
genotypes at previously unknown resistance loci in the cannabis genome. Disclosed herein are chromosome
intervals that comprise alleles responsible for phenotypic differences between powdery mildew resistant
and powdery mildew susceptible cannabis lines. Example chromosome intervals are characterized by the
genomic regions including and flanked by and including the markers described herein and comprise
markers within or closely linked to (e.g., within 20 cM of) the loci described herein. The present technology
also comprises other intervals whose borders fall between, or any interval closely linked to those intervals.
Examples of markers useful for this purpose comprise the SNP markers described herein, or any marker
that maps within the chromosome intervals described herein (including the termini of the intervals), or any
marker linked to those markers. Such markers can be assayed simultancously or sequentially in a single
sample or population of samples. Accordingly, the markers and methods of the present disclosure can be
utilized to guide the breeding of cannabis varieties with the desired complement (set) of allelic forms of
chromosome intervals associated with superior agronomic performance (powdery mildew resistance, along
with any other available markers for yield, other disease resistance, etc.). Any of the disclosed marker
allcles can be introducced into a cannabis linc using standard mcthods such as, without limitation, via

introgression, by traditional breeding {or introduced via transformation, or both) to yicld a Cannabis plant
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with superior agronomic performance. The number of alleles associated with powdery mildew resistance
that can be introduced or be present in a Cannabis plant of the present disclosure ranges from one to the

number of alleles disclosed herein, cach integer of which is incorporated hercin as if explicitly recited.

[0090] In some embodiments, marker-assisted selection (MAS) using additional markers flanking
cithcr side of thc QTLs dcscribed hercin can provide further cfficicncy becausc an unlikcly double
recombination event would be needed to simultancously break linkage between the locus and both markers.
Moreover, using markers tightly flanking a locus, one skilled in the art of MAS can reduce linkage drag by
more accurately selecting individuals that have less of the potentially deleterious donor parent DNA. Any
marker linked to or among the chromosome intervals described herein could be useful and within the scope

of the present technology.

[0091] Similarly, by identifying plants lacking the desired marker locus, susceptible or less resistant
plants can be identified, and, e.g., eliminated from subsequent crosses. Similarly, these marker loci can be
introgressed into any desired genomic background, germplasm, plant, line, variety, etc., as part of an overall
MAS breeding program designed to enhance vield. The present disclosure also provides chromosome QTL
intervals that find equal use in MAS to select plants that demonstrate powdery mildew resistance or
enhanced powdery mildew resistance. Similarly, the QTL intervals can also be used to counterselect plants

that are susceptible or have reduced resistance to powdery mildew.

[0092] In some embodiments, the present disclosure provides methods for selecting a Cannabis plant
with enhanced powdery mildew resistance. These methods comprise detecting a powdery mildew resistant
allele at a polymorphic locus in a chromosomal segment flanked by any two of marker loci described herein.
In other embodiments, these methods comprise detecting a powdery mildew resistant allele at a
polymorphic locus in a chromosomal segment flanked by any two of marker loci having the sequence of
genetic markers described herein. In further embodiments, these methods comprise detecting a powdery
mildew resistant haplotype in a chromosomal segment flanked by any two of marker loci described herein.
In other embodiments, these methods comprise detecting a powdery mildew resistant allele at a
polymorphic locus in a chromosomal segment flanked by any two of marker loci described herein. In further
embodiments, these methods comprise detecting a powdery mildew resistant haplotype in a chromosomal
segment flanked by any two of marker loci described herein. In other embodiments, these methods comprise
dctecting a powdery mildew resistant allcle at a polymorphic locus in a chromosomal scgment flanked by
any two of markcr loci described hercin. In further cmbodiments, these mcthods comprisc detecting a
powdery mildew resistant haplotype in a chromosomal segment flanked by any two of marker loci

described herein.
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[0093] The present disclosure also extends to a method of making a progeny Cannabis plant. The
method comprises crossing a first parent Cannabis plant with a second Cannabis plant and growing the
female Cannabis plant under plant growth conditions to yield Cannabis plant progeny. Methods of crossing
and growing Cannabis plants are well within the ability of those of ordinary skill in the art. Such Cannabis
plant progeny can be assayed for alleles associated with powdery mildew resistance and, thereby, the
desired progeny selected. Such progeny plants or seed can be sold commercially, used to provide cannabis
for medicinal or recreational use, processed to obtain a desired constituent of the cannabis, or further
utilizcd in subscquent rounds of breeding. At lcast onc ot the first or sccond Cannabis plants is a Cannabis
plant of the present disclosure in that it comprises at least one of the allelic forms of the markers of the

present disclosure, such that the progeny are capable of inheriting the allele.

[0094] In some embodiments, a method of the present disclosure is applied to at least one related
Cannabis plant such as from progenitor or descendant lines in the subject Cannabis plants' pedigree such
that inheritance of the desired resistance allele can be traced. The number of generations separating the
Cannabis plants being subject to the methods of the present disclosure will generally be from 1 to 20,
commonly 1 to 5, and typically 1, 2, or 3 generations of separation, and quite often a direct descendant or
parent of the Cannabis plant will be subject to the method (i.¢., one generation of separation). Thus, with
this technology, one skilled in the art can detect the presence or absence of powdery mildew resistance
genotypes in the genomes of Cannabis plants as part of a marker assisted sclecction program. In onc
cmbodiment, a breeder ascertains the genotype at onc or morc markers for a resistant parcnt, which contains
apowdery mildew resistance allele, and the genotype at onc or more markers for a susceptible parent, which
lacks the resistance allele. For example, the markers of the present disclosure can be used in MAS in crosses
by subjecting the segregating progeny to MAS to maintain resistance alleles. A breeder can then reliably
track the inheritance of the resistance alleles through subsequent populations derived from crosses between
the two parents by genotyping offspring with the markers used on the parents and comparing the genotypes
at those markers with those of the parents. Depending on how tightly linked the marker alleles are with the
trait, progeny that share genotypes with the resistant parent can be reliably predicted to express the resistant
phenotype; progeny that share genotypes with the susceptible parent can be reliably predicted to express
the susceptible phenotype. Thus, the laborious and inefficient process of manually phenotyping the progeny

for powdery mildew resistance is avoided.

[0095] By providing the positions in the Cannabis genome of the intervals and the powdery mildew
resistance associated markers within, this technology also allows one skilled in the art to identify other

markcrs within the intervals discloscd hercin or linked to the chromosome intervals discloscd hercin.
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[0096] Closely linked markers flanking the locus of interest that have alleles in linkage
disequilibrium with a resistance allele at that locus may be effectively used to select for progeny plants with
enhanced powdery mildew resistance. Thus, the markers described herein, as well as other markers

genetically or physically mapped to the same chromosome interval, may be used to select for Cannabis

gl

plants with enhanced powdery mildew resistance. Typically, a set of these markers will be used (e.g., 2 or
more, 3 or more, 4 or more, 5 or more, 6 or more, 7 or more, 8 or more, 9 or more, 10 or more) in the
flanking region above the gene and a similar set in the flanking region below the gene. Optionally, as
described above, a marker within the actual gene and/or locus may also be uscd. The parcents and their
progeny may be screened for these sets of markers, and the markers that are polymorphic between the two
10 parents may be used for selection. In an introgression program, this allows for selection of the gene or locus
genotype at the more proximal polymorphic markers and selection for the recurrent parent genotype at the
more distal polymorphic markers. The choice of markers actually used to practice this technology is not
particularly limited and can be any marker that maps within the chromosome intervals described herein,
any marker closely linked (e.g., within 20 ¢cM) to a marker in such chromosome intervals, or any marker
15 selected from the markers described herein. Furthermore, since there are many different types of marker
detection assays known 1n the art, it is not intended that the type of marker detection assay (e.g. RAPDs,

RFLPs, SNPs, AFLPs, ctc.) used to practice this technology be limited in any way.

[0097] Additional genctic markers can be used cither in conjunction with the markers described
herein or independently of the markcers described herein to practice the methods of the present disclosurc.

20 Publicly available marker databases from which useful markers can be obtained can also be used.

Molecular (Genetic Markers

[0098] As used herein, "marker," "genetic marker," "molecular marker," "marker nucleic acid," and
"marker locus" refer to a nucleotide sequence or encoded product thereof (e.g., a protein) used as a point
of reference when identifying a linked locus. A marker can be derived from genomic nucleotide sequence

25 or from expressed nucleotide sequences (¢.g.. from a spliced RNA, a ¢cDNA, etc.), or from an encoded
polypeptide, and can be represented by one or more particular variant sequences, or by a consensus
sequence. In another sense, a marker is an isolated variant or consensus of such a sequence. The term also
refers to nucleic acid sequences complementary to or flanking the marker sequences, such as nucleic acids
uscd as probes or primer pairs capable of amplifying the marker scquence. A "markcer probe" 1s a nucleic

30 acid scquence or molccule that can be uscd to identify the presence of a marker locus, ¢.g., a nuclcic acid
probe that is complementary to a marker locus sequence. Alternatively, in some aspects, a marker probe

refers to a probe of any type that is able to distinguish (i.e., genotype) the particular allele that is present at
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amarker locus. A "marker locus" is a locus that can be used to track the presence of a second linked locus,
e.g., a linked locus that encodes or contributes to expression of a phenotypic trait. For example, a marker
locus can be used to monitor segregation of alleles at a locus, such as a QTL, that are genetically or
physically linked to the marker locus. Thus, a "marker allele." alternatively an "allele of a marker locus" is
one of a plurality of polymorphic nucleotide sequences found at a marker locus in a population that is

polymorphic for the marker locus.

[0099] Asused herein, "marker" also refers to nucleic acid sequences complementary to the genomic
sequences, such as nucleic acids used as probes. Markers corresponding to genetic polymorphisms between
members of a population can be detected by methods well-established in the art. These include, for example
and without limitation, PCR-based sequence specific amplification methods, detection of restriction
fragment length polymorphisms (RFLP), detection of isozyme markers, detection of polynucleotide
polymorphisms by allele specific hybridization (ASH), detection of amplified variable sequences of the
plant genome, detection of self-sustained sequence replication, detection of simple sequence repeats (SSRs
), detection of single nucleotide polymorphisms (SNPs ). or detection of amplified fragment length
polymorphisms (AFLPs). Well established methods are also known for the detection of expressed sequence
tags (ESTs) and SSR markers derived from EST sequences and randomly amplified polymorphic DNA
(RAPD).

[00100] A favorable allele of a marker is the allele of the marker that co-segregates with a desired
phenotype (¢.g., powdery mildew resistance). As used herein, a Q1L marker has a minimum of one
favorable allele, although it is possible that the marker might have two or more favorable alleles found in
the population. Any favorable allele of that marker can be used advantageously for the identification and
construction of powdery mildew resistant plant lines. Optionally, one, two, three or more favorable allele(s)
of different markers are identified in, or introgressed into a plant, and can be selected for or against during
MAS. Desirably, plants or germplasm are identified that have at least one such favorable allele that
positively correlates with discase tolerance or improved disease tolerance. Alternatively, a marker allele
that co-segregates with powdery mildew susceptibility also finds use with the technology, since that allele
can be used to identify and counter select susceptible plants. Such an allele can be used for exclusionary
purposes during breeding to identify alleles that negatively correlate with powdery mildew resistance, to
eliminate susceptible plants or germplasm from subsequent rounds of breeding. In the present disclosure,
favorable alleles confer powdery mildew resistance. The favorable alleles conferring resistance to powdery

mildew may be referred to as "resistance alleles."
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[00101] The more tightly linked a marker is with a DNA locus influencing a phenotype, the more
reliable the marker is in MAS, as the likelihood of a recombination event unlinking the marker and the
locus decreases. Markers containing the causal mutation for a trait, or that are within the coding sequence

of a causative gene, are ideal as no recombination is expected between them and the sequence of DNA

gl

responsible for the phenotype.

[00102] Genetic markers are distinguishable from each other (as well as from the plurality of alleles
of any one particular marker) on the basis of polynucleotide length and/or sequence. A number of Cannabis
molecular markers are known in the art and are published or available from various sources. In general, any
differentially inherited polymorphic trait (including a nucleic acid polymorphism) that segregates among

10 progeny is a potential genetic marker.

[00103] In some embodiments of the disclosure, one or more marker alleles are selected for in a single
plant or a population of plants. In these methods, plants are selected that contain favorable alleles from
more than one powdery mildew resistance marker, or alternatively, favorable alleles from more than one
powdery mildew resistance marker are introgressed into a desired germplasm. One of skill in the art
15 recognizes that the identification of favorable marker alleles is germplasm-specific. The determination of
which marker alleles correlate with powdery mildew resistance (or susceptibility) is determined for the
particular germplasm under study. One of skill in the art recognizes that methods for identifying the
favorable alleles are known in the art. Identification and use of such favorable alleles is within the scope of
this disclosure. Furthermore, identification of favorable marker alleles in plant populations other than the

20  populations used or described herein is within the scope of this disclosure.
Marker Detection

[00104] In some aspects, methods of the disclosure utilize an amplification step to detect/genotype a
marker locus, but amplification 1s not always a requirement for marker detection (e.g., Southern blotting
and RFLP detection may be used). Separate detection probes can also be omitted in amplification/detection
25 methods, e.g., by performing a real time amplification reaction that detects product formation by
modification of the relevant amplification primer upon incorporation into a product, incorporation of
labecled nucleotides mmto an amplicon, or by monitoring changes in molccular rotation propcrtics of

amplicons as compared to unamplified precursors (¢.g., by fluorescence polarization).

[00105] "Amplifying." in the context of nucleic acid amplification, is any process whereby additional
30 copics of a sclected nucleic acid (or a transcribed form thereof) are produced. In some embodiments, an

amplification based marker technology is used wherein a primer or amplification primer pair is admixed
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with genomic nucleic acid isolated from the first plant or germplasm, and wherein the primer or primer pair
1s complementary or partially complementary to at least a portion of the marker locus, and is capable of
initiating DNA polymerization by a DNA polymerase using the plant genomic nucleic acid as a template.
The primer or primer pair is extended in a DNA polymerization reaction having a DNA polymerase and a
template genomic nucleic acid to generate at least one amplicon. In other embodiments, plant RNA 1is the
template for the amplification reaction. In some embodiments, the QTL marker is an SNP type marker, and

the detected allele is a SNP allele, and the method of detection is allele specific hybridization (ASH).

[00106] In general, the majority of genetic markers rely on one or more property of nucleic acids for
their detection. Typical amplification methods include various polymerase-based replication methods,
including the polymerase chain reaction (PCR), ligase mediated methods such as the ligase chain reaction

(LCR) and RNA polymerase based amplification (¢.g., by transcription) methods.

[00107] As used herein, an "amplicon" is an amplified nucleic acid, e.g., a nucleic acid that is
produced by amplifying a template nucleic acid by any available amplification method (e.g., PCR, LCR,

transcription, or the like).

[00108] As used herein, a "genomic nucleic acid" is a nucleic acid that corresponds in sequence to a
heritable nucleic acid in a cell. Common examples include nuclear genomic DNA and amplicons thercof.
A genomic nucleic acid is, in some cases, different from a spliced RNA, or a corresponding ¢cDNA, in that
the spliced RNA or cDNA is processed, e g, by the splicing machinery, to remove introns. Genomic nucleic
acids optionally comprise non-transcribed (e.g.. chromosome structural sequences, promoter regions,
enhancer regions, etc.) and/or non-translated sequences (e.g., introns), whereas spliced RNA/cDNA

typically do not have non-transcribed sequences or introns.

[00109] As used herein, a "template nucleic acid" is a nucleic acid that serves as a template in an
amplification reaction (e.g., a polymerase-based amplification reaction such as PCR, a ligase mediated
amplification reaction such as LCR, a transcription reaction, or the like). A template nucleic acid can be
genomic in origin, or alteratively, can be derived from expressed sequences, ¢.g., a cDNA or an EST.
Details regarding the use of these and other amplification methods can be found in any of a variety of
standard tcxts. Many available biology texts also have cxtended discussions regarding PCR and rclated
amplification methods and one of skill in the art will appreciate that essentially any RNA can be converted
into a double stranded DNA suitable for restriction digestion, PCR expansion and sequencing using reverse

transcriptase and a polymerase.
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[00110] PCR detection and quantification using dual-labeled fluorogenic oligonucleotide probes,
commonly referred to as "TagMan™" probes, can also be performed according to the present disclosure.
These probes are typically composed of short (e.g., 20-25 base) oligodeoxynucleotides that are labeled with
two different fluorescent dyes. On the 5' terminus of each probe is a reporter dye, and on the 3' terminus of
cach probe a quenching dye is found. The oligonucleotide probe sequence is complementary to an internal
target sequence present in a PCR amplicon. When the probe is intact, energy transfer occurs between the
two fluorophores and emission from the reporter is quenched by the quencher by FRET. During the
cxtension phasc of PCR, the probc 1s clcaved by 5' nuclcasc activity of the polymcerasc uscd in the rcaction,
thereby releasing the reporter from the oligonucleotide-quencher and producing an increase in reporter
emission intensity. TagMan™ probes are oligonucleotides that have a label and a quencher, where the label
is released during amplification by the exonuclease action of the polymerase used in amplification,
providing a real time measure of amplification during synthesis. A variety of TagMan™ reagents are

commercially available, ¢.g., from Applied Biosystems as well as from a variety of other vendors.

[00111] In one embodiment, the presence or absence of a molecular marker is determined simply
through nucleotide sequencing of the polymorphic marker region. This method is readily adapted to high
throughput analysis as are the other methods noted above, ¢.g., using available high throughput sequencing

methods such as sequencing by hybridization.

[00112] In alternative embodiments, in silica methods can be used to detect the marker loci of interest.
For example, the sequence of a nucleic acid comprising the marker locus of interest can be stored in a
computer. The desired marker locus sequence or its homolog can be identified using an appropriate nucleic
acid search algorithm as provided by, for example, in such readily available programs as BLAST, or even

simple word processors.

[00113] While the exemplary markers provided in the figures and tables herein are SNP markers, any
of the aforementioned marker types can be employed in the context of the disclosure to identify
chromosome intervals encompassing genctic clement(s) that contribute to superior agronomic performance

(e.g., powdery mildew resistance or enhanced powdery mildew resistance).
Primers and Probes

[00114] In general, synthetic methods for making oligonucleotides, including probes, primers,
molecular beacons, PNAs (peptide nucleic acids), T.NAs (locked nucleic acids), etc., are known. For

example, oligonucleotides can be synthesized chemically according to a solid phase phosphoramidite
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triester method. Oligonucleotides, including modified oligonucleotides, can also be ordered from a variety

of commercial sources.

[001135] Nucleic acid probes to the marker loci can be cloned and/or synthesized. Any suitable label
can be used with a probe of the disclosure. Detectable labels suitable for use with nucleic acid probes
includc, for cxamplc, any composition dctcctablec by spcctroscopic, radioisotopic, photochcemical,
biochemical, immunochemical, electrical, optical or chemical means. Useful labels include biotin for
staining with labeled streptavidin conjugate, magnetic beads, fluorescent dves, radio labels, enzymes, and
colorimetric labels. Other labels include ligands which bind to antibodies labeled with fluorophores,
chemiluminescent agents, and enzymes. A probe can also constitute radio labeled PCR primers that are

used to generate a radio labeled amplicon.

[00116] It is not intended that the nucleic acid probes of the disclosure be limited to any particular
size. In some embodiments, the molecular markers of the disclosure are detected using a suitable PCR-
based detection method, where the size or sequence of the PCR amplicon is indicative of the absence or
presence of the marker (e.g., a particular marker allele). In these types of methods, PCR primers are
hybridized to the conserved regions flanking the polymorphic marker region. As used in the art, PCR
primers used to amplify a molecular marker are sometimes termed "PCR markers" or simply "markers." It
will be appreciated that suitable primers to be used with the technology can be designed using any suitable
method. It is not intended that the technology be limited to any particular primer or primer pair. In some
embodiments, the primers of the disclosure are radiolabelled, or labeled by any suitable means (e.g.. using
a non-radioactive fluorescent tag), to allow for rapid visualization of the different size amplicons following
an amplification reaction without any additional labeling step or visualization step. In some embodiments,
the primers are not labeled. and the amplicons are visualized following their size resolution, ¢.g., following
agarose gel electrophoresis. In some embodiments, ethidium bromide staining of the PCR amplicons
following size resolution allows visualization of the different size amplicons. It is not intended that the
primers of the disclosure be limited to generating an amplicon of any particular size. For example, the
primers used to amplify the marker loci and alleles herein are not limited to amplifying the entire region of
the relevant locus. The primers can generate an amplicon of any suitable length that is longer or shorter
than those disclosed herein. In some embodiments, marker amplification produces an amplicon at least 20
nucleotides in length, or altematively, at least 50 nucleotides in length, or altematively, at least 100
nucleotides in length, or alternatively, at least 200 nucleotides in length, or alternatively at least 500
nucleotides in length. Marker alleles in addition to those recited herein also find use with the present

disclosurc.
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Linkage Analysis and QTL

[00117] As used herein, "linkage" or "genctic linkage" describes the degree with which one marker

locus is "associated with" another marker locus or some other locus (for example, a powdery mildew
resistance locus). For example, if locus A has genes "A" or "a" and locus B has genes "B" or "b" then a
cross between parcnt 1 with AABB and parcent 2 with aabb will producc four possiblc gamctcs where the
genes are segregated into AB, Ab, aB and ab. The null expectation is that there will be independent equal
segregation into each of the four possible genotypes, 1. e. with no linkage 1/4 of the gametes will be of each
genotype. Segregation of gametes into genotypes differing from 1/4 1s attributed to linkage. As used herein,
linkage can be between two markers, or alternatively between a marker and a phenotype. A marker locus
can be associated with (linked to) a trait, ¢.g., a marker locus can be associated with powdery mildew
resistance or enhanced powdery mildew resistance when the marker locus is in linkage disequilibrium (LD)

with the resistance trait. The degree of linkage of a molecular marker to a phenotypic trait (e.g., a QTL) is

measured, e¢.g., as a statistical probability of cosegregation of that molecular marker with the phenotype.

[00118] Asused herein, the linkage relationship between a molecular marker and a phenotype is given
as the statistical likelihood that the particular combination of a phenotype and the presence or absence of a
particular marker allele is random. Thus, the lower the probability score, the greater the likelihood that a
phenotype and a particular marker will cosegregate. In some embodiments, a probability score of 0.05
(p=0.05, or a 5% probability) of random assortment is considered a significant indication of co-segregation.
However, the present disclosure 1s not limited to this particular standard, and an acceptable probability can
be any probability of less than 50% (p < 0.5). For example, a significant probability can be less than 0.25,
less than 0.20, less than 0.15, or less than 0.1. The phrase "closely linked," in the present disclosure, means
that recombination between two linked loci occurs with a frequency of equal to or less than about 10% (i.c.,
they are separated on a genetic map by not more than 10 cM). In one embodiment, anv marker of the
disclosure is linked (genctically and physically) to any other marker that is at or less than 50 ¢cM distant. In
another embodiment, any marker of the disclosure is closely linked (genetically and physically) to any other
marker that is in close proximity, €.g., at or less than 10 cM distant. Two closely linked markers on the
same chromosome can be positioned 20, 19, 18, 17, 16, 15, 14, 13, 12,11, 10,9,8,7,6,5.4,3.2. 1, 0.75,

0.5 or 0.25 ¢cM or less from each other.

[00119] Classical linkagc analysis can be thought of as a statistical description of the relative
frequencics of co-scgregation of different traits. Linkage analysis is the well characterized descriptive
framework of how traits are grouped together based upon the frequency with which they segregate together.

That is, if two non-allelic traits are inherited together with a greater than random frequency, they are said
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to be "linked." The frequency with which the traits are inherited together is the primary measure of how
tightly the traits are linked, 1.¢., traits which are inherited together with a higher frequency are more closely
linked than traits which are inherited together with lower (but still above random) frequency. The further
apart on a chromosome the genes reside, the less likely they are to segregate together, because homologous
chromosomes recombine during meiosis. Thus, the further apart on a chromosome the genes reside, the
more likely it is that there will be a crossing over event during meiosis that will result in the marker and the
DNA sequence responsible for the trait the marker is designed to track segregating separately into progeny.
A common mcasurc of linkagc 1s the frequency with which traits coscgregate. This can be cxpressed as a

percentage of cosegregation (recombination frequency) or, also commonly, in centiMorgans (cM).

[00120] Linkage analysis is used to determine which polymorphic marker allele demonstrates a
statistical likelihood of co-segregation with the powdery mildew resistance phenotype (thus, a "resistance
marker allele"). Following identification of a marker allele for co-segregation with the powdery mildew
resistance phenotype, it is possible to use this marker for rapid, accurate screening of plant lines for the
resistance allele without the need to grow the plants through their life cycle and await phenotypic
evaluations, and furthermore, permits genetic selection for the particular resistance allele even when the
molecular identity of the actual resistance QTL 1s unknown. Tissue samples can be taken, for example,
from the endosperm, embryo, or mature/developing plant and screened with the appropriate molecular
marker to rapidly determine which progeny contain the desired genctics. Linked markers also remove the
impact of cnvironmental factors that can often influcnce phenotypic cxpression. Because chromosomal
distance is approximately proportional to the frequency of crossing over events between traits, there is an
approximate physical distance that correlates with recombination frequency. Marker loci are themselves
traits and can be assessed according to standard linkage analysis by tracking the marker loci during
segregation. Thus, in the context of the present disclosure, one ¢cM is equal to a 1 % chance that a marker
locus will be separated from another locus (which can be any other trait, e.g., another marker locus, or

another trait locus that encodes a QTL), due to crossing over in a single generation.

[00121] When referring to the relationship between two genetic elements, such as a genetic element
contributing to resistance and a proximal marker, "coupling" phase linkage indicates the state where the
"favorable" allele at the resistance locus is physically associated on the same chromosome strand as the
"favorable" allele of the respective linked marker locus. In coupling phase, both favorable alleles are
inherited together by progeny that inherit that chromosome strand. In "repulsion" phase linkage, the
"favorable" allele at the locus of interest (e.g., a QTL for resistance) is physically linked with an
"unfavorablc" allcle at the proximal marker locus, and the two "favorablc" allcles arc not inherited together

(1.c., the two loci arc "out of phasc" with cach othcr).
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Quantitative Trait Loci

[00122] An allele of a QTL can comprise multiple genes or other genetic factors even within a
contiguous genomic region or linkage group, such as a haplotype. As used herein, an allele of a powdery
mildew resistance locus can encompass more than one gene or nucleotide sequence where each individual
gene or nuclcotide scquence is also capablc of cxhibiting allclic variation and where cach genc or nuclcotidc
sequence is also capable of eliciting a phenotypic effect on the quantitative trait in question. In an aspect of
the present disclosure the allele of a QTL comprises one or more genes or nucleic acid sequences that are
also capable of exhibiting allelic variation. The use of the term "an allele of a QTL" is thus not intended to
exclude a QTL that comprises more than one gene or other genetic factors. Specifically, an "allele of a
QTL" in the present technology can denote a haplotype within a haplotype window wherein a phenotype
can be powdery mildew resistance. A haplotype window is a contiguous genomic region that can be defined,
and tracked, with a set of one or more polymorphic markers wherein the polymorphisms indicate identity
by descent. A haplotype within that window can be defined by the unique fingerprint of alleles at each
marker. When all the alleles present at a given locus on a chromosome are the same, that plant is
homozygous at that locus. If the alleles present at a given locus on a chromosome differ, that plant is
heterozygous at that locus. Plants of the present disclosure may be homozygous or heterozygous at any

particular resistance locus or for a particular polymorphic marker.

[00123] The principles of QTL analysis and statistical methods for calculating linkage between
markers and useful Q1L, or between any loci in a genome are well known in the art. Exemplary methods
include penalized regression analysis, ridge regression, single point marker analysis, complex pedigree
analysis, Bayesian MCMC, identity-by-descent analysis, interval mapping, composite interval mapping,
and Haseman-Elston regression. QTL analyses are often performed with the help of a computer and
specialized software available from a variety of public and commercial sources known to those of skill in

the art.

[00124] In some embodiments of the present disclosure, a "LOD score" is used to indicate the
likelihood that a marker is associated with a QTL. The LOD score essentially expresses how much more
likely the data are to have arisen assuming the presence of a QTL than in its absence. The LOD threshold
value for avoiding a false positive with a given confidence, say 95%, depends on the number of markers
and the length of the genome. Graphs indicating LOD thresholds arc sct forth in Lander and Botstein,
Gencetics, 121:185-199 (1989), and furthcr described by Arus and Morcno-Gonzalcz, Plant Breeding,
Hayward, Bosemark, Romagosa (¢ds.) Chapman & Hall, London, pp. 314-331 (1993). A logis of an odds
ratio (LOD) is calculated as: LOD=logio MLE for the presence of a QTL (MLE given no linked QTL),
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where MLE is a maximum likelihood estimate. As used herein, a nucleic acid marker is genetically linked
to a QTL, where the marker nucleic acid molecule exhibits a LOD score of greater than 2.0, as judged by
interval mapping, for powdery mildew resistance or partial resistance, preferably where the marker nucleic
acid molecule exhibits a LOD score of greater than 3.0, as judged by interval mapping, for powdery mildew
resistance or partial resistance, more preferably where the marker nucleic acid molecule exhibits a LOD
score of greater than 3.5, as judged by interval mapping, for powdery mildew resistance or partial resistance,
and even more preferably where the marker nucleic acid molecule exhibits a LOD score of about 4.0, as
judged by intcrval mapping, for powdcry mildew rcsistance or partial rcsistance bascd on maximum
likelihood methods described by Lander and Botstein, Genetics, 121 :185-199 (1989), and implemented in
the software package MAPMAKER/QTL (default parameters) (Lincoln and Lander, Mapping Genes
Controlling Quantitative Traits Using MAPMAKER/QTL, Whitehead Institute for Biomedical Research,
Massachusetts ( 1990)).

Genetic Mapping

[00125] A '"genctic map" is the relationship of genetic linkage among loci on one or more
chromosomes (or linkage groups) within a given species, generally depicted in a diagrammatic or tabular
form. "Genetic mapping" is the process of defining the linkage relationships of loci through the use of
genctic 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. In contrast, a
physical map of the genome refers to absolute distances (for example, measured in base pairs or isolated
and overlapping contiguous genetic fragments, e.g., contigs). A physical map of the genome does not take
into account the genetic behavior (e.g., recombination frequencics) between different points on the physical
map. A "genetic recombination frequency" is the frequency of a crossing over event (recombination)
between two genetic loci. Recombination frequency can be observed by following the segregation of
markers and/or traits following meiosis. A genctic recombination frequency can be expressed in
centimorgans (cM). In some cases, two different markers can have the same genetic map coordinates. In
that case, the two markers are in such close proximity to each other that recombination occurs between

them with such low frequency that it is undetected.

[00126] Genctic maps arc graphical representations of gecnomes (or a portion of a genome such as a
singlc chromosomc) where the distances between markers arc mceasurcd by the recombination frequencics
between them. Plant breeders use genetic maps of molecular markers to increase breeding efficiency

through Marker assisted selection (MAS), a process where selection for a trait of interest is not based on
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the trait itself but rather on the genotype of a marker linked to the trait. A molecular marker that
demonstrates reliable linkage with a phenotypic trait provides a useful tool for indirectly selecting the trait

in a plant population, especially when accurate phenotyping is difficult, slow, or expensive.

[00127] In general, the closer two markers or genomic loci are on the genetic map, the closer they lie
to onc anothcr on thc physical map. A lack of prceisc proportionality between ¢M distances and physical
distances can exist due to the fact that the likelihood of genctic recombination is not uniform throughout
the genome; some chromosome regions are cross-over "hot spots," while other regions demonstrate only

rare recombination events, if any.

[00128] Genetic mapping variability can also be observed between different populations of the same
crop species. In spite of this variability in the genetic map that may occur between populations, genetic map
and marker information derived from one population generally remains useful across multiple populations
in identification of plants with desired traits, counter-selection of plants with undesirable traits and in
guiding MAS. As one of skill in the art will recognize, recombination frequencies (and as a result, genetic
map positions) in any particular population are not static. The genetic distances separating two markers (or
amarker and a QTL) can vary depending on how the map positions are determined. For example, variables
such as the parental mapping populations used, the software used in the marker mapping or QTL mapping,
and the parameters input by the user of the mapping software can contribute to the QTL marker genetic
map relationships. However, it is not intended that the technology be limited to any particular mapping
populations, use of any particular software, or any particular sct of software parameters to determine linkage
of a particular marker or chromosome interval with the disease tolerance 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 particular software and software parameters. Indeed, observations
regarding genetic markers and chromosome intervals in populations in addition to those described herein

are readily made using the teaching of the present disclosure.

Association Mapping

[00129] In one aspect, the present disclosure provides chromosome intervals, marker loci, germplasm
for conducting genome-widce association mapping for powdcry mildew resistance. Excmplary chromosome
intervals and marker loci are provided herein. Smaller intervals defined by any two marker loci disclosed
herein are also contemplated. Association or LD mapping techniques aim to identify genotype-phenotype
associations that are significant. It is effective for fine mapping in outcrossing species where frequent

recombination among heterozygotes can result in rapid LD decay. LD is non-random association of alleles
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in a collection of individuals, reflecting the recombinational history of that region. Thus, LD decay averages
can help determine the number of markers necessary for a genome-wide association study to generate a

genetic map with a desired level of resolution.

[00130] Large populations are generally better for detecting recombination, while older populations
arc gencrally associated with higher Ievcels of polymorphism, both of which contributc to accelcrated LD
decay. However, smaller effective population sizes tend to show slower LD decay, which can result in more
extensive haplotype conservation. Understanding of the relationships between polymorphism and
recombination is useful in developing strategies for efficiently extracting information from these resources.
Association analyses compare the plants' phenotypic score with the genotypes at the various loci.
Subsequently, any suitable Cannabis genctic map (for example, a composite map) can be used to help
observe distribution of the identified QTL markers and/or QTL marker clustering using previously

determined map locations of the markers.
Marker-Assisted Selection

[00131] "Introgression” refers to the transmission of a desired allele of a genctic locus from one
genetic background to another. For example, introgression of a desired allele at a specified locus can be
transmitted to at least one progeny via a sexual cross between two parents of the same specics, where at
least one of the parents has the desired allele in its genome. Alternatively, for example, transmission of an
allele can occur by recombination between two donor genomes_ e g . in a fused protoplast, where at least
one of the donor protoplasts has the desired allele in its genome. The desired allele can be, e.g., a selected
allele of a marker, a QTL, a trans gene, or the like. In any case, offspring comprising the desired allele can
be repeatedly backcrossed to a line having a desired genetic background and selected for the desired allele,

to result in the allele becoming fixed in a selected genetic background.

[00132] A primary motivation for development of molecular markers in plant species is the potential
for increased efficiency in plant breeding through marker assisted selection (MAS). Genetic markers are
used to identify plants that contain a desired genotype at one or more loci, and that are expected to transfer
the desired genotype, along with a desired phenotype to their progeny. Genetic markers can be used to
identify plants containing a desired genotype at onc locus, or at scveral unlinked or linked loci (c.g., a
haplotype), and that would be expected to transfer the desired genotype, along with a desired phenotype to
their progeny. The present disclosure provides the means to identify plants that are powdery mildew

resistant, exhibit enhanced powdery mildew resistance or are susceptible to powdery mildew by identitying
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plants having a specified allele that is linked to the phenotype or to one or more of the molecular markers

described herein.

[00133] In general, MAS uses polymorphic markers that have been identified as having a significant
likelihood of co-segregation with a resistance trait. Such markers are presumed to map near a gene or genes
that give the plant its resistancc phenotypc, and arc considered indicators for the desired trait, and arc tcrmed

QTL markers. Plants are tested for the presence or absence of a desired allele in the QTL marker.

[00134] Identification of plants or germplasm that include a marker locus or marker loci linked to a
resistance trait or traits provides a basis for performing marker assisted selection. Plants that comprise
favorable markers or favorable alleles are selected for, while plants that comprise markers or alleles that
are negatively correlated with tolerance can be selected against. Desired markers and/or alleles can be
introgressed into plants having a desired genetic background to produce an introgressed resistance plant or
germplasm. In some embodiments, it is contemplated that a plurality of resistance markers are sequentially
or simultaneous selected and/or introgressed. The combinations of tolerance markers that are selected for
in a single plant is not limited, and can include any combination of markers disclosed herein or any marker

linked to the markers disclosed herein, or any markers located within the QTL intervals disclosed herein.

1001335] In some embodiments, the allele that is detected 1s a favorable allele that positively correlates
with disease tolerance or improved disease tolerance. In the case where more than one marker is selected,
an allele is selected for each of the markers; thus, two or more alleles are selected. ITn some embodiments,
it can be the case that a marker locus will have more than one advantageous allele, and in that case, either
allele can be selected. It will be appreciated that the ability to identify QTL marker loci alleles that correlate
with powdery mildew resistance, enhanced powdery mildew resistance or susceptibility of a Cannabis plant
to powdery mildew provides a method for selecting plants that have favorable marker loci as well. That is,
any plant that is identified as comprising a desired marker locus (e.g.. a marker allele that positively
correlates with resistance) can be selected for, while plants that lack the locus, or that have a locus that

negatively correlates with tolerance, can be selected against.

[00136] In some embodiments, a powdery mildew resistant first Cannabis plant or germplasm (the
donor) can bc crosscd with a sccond Cannabis plant or germplasm (the rccipient, depending on
characteristics that are desired in the progeny) to create an introgressed Cannabis plant or germplasm as
part of a breeding program designed to improve powdery mildew resistance of the recipient Cannabis plant
or germplasm. In some aspects, the recipient plant can also contain one or more disease resistant loci, which

can be qualitative or quantitative trait loci. In another aspect, the recipient plant can contain a transgene.
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[00137] In some embodiments, the recipient Cannabis plant or germplasm will typically display
increased resistance to powdery mildew conditions as compared to the first Cannabis plant or germplasm,
while the introgressed Cannabis plant or germplasm will display an increased resistance to powdery mildew
conditions as compared to the second plant or germplasm. An introgressed Cannabis plant or germplasm

produced by these methods are also a feature of this technology.

[00138] MAS is a powerful shortcut to sclecting for desired phenotypes and for introgressing desired
traits into cultivars (e g, introgressing desired traits into plant lines). MAS is easily adapted to high
throughput molecular analysis methods that can quickly screen large numbers of plant or germplasm genctic
material for the markers of interest and is much more cost effective than raising and observing plants for

visible traits.

[00139] When a population is segregating for multiple loci affecting one or multiple traits, e.g.,
multiple loci involved in tolerance, or multiple loci each involved in tolerance or resistance to different
diseases, the efficiency of MAS compared to phenotypic screening becomes even greater, because all of

the loci can be evaluated in the lab together from a single sample of DNA.
Marker-Assisted Backcrossing

[00140] One application of MAS is to use the resistance or enhanced resistance markers to increase
the efficiency of an introgression effort aimed at introducing a resistance QTL into a desired background.
If the nucleic acids from a plant arc positive for a desired genctic marker allele, the plant can be sclf-
fertilized to create a true breeding line with the same genotype, or it can be crossed with a plant with the

same marker or with other characteristics to create a sexually crossed hybrid generation.

[00141] Another use of MAS in plant breeding is to assist the recovery of the recurrent parent
genotype by backcross breeding. Backcross breeding is the process of crossing a progeny back to one of its
parents or parent lines. Backcrossing is usually done for the purpose of introgressing one or a few loci from
a donor parent (c.g., a parent comprising desirable resistance marker loci) into an otherwise desirable
genetic background from the recurrent parent. The more cycles of back crossing that are done, the greater
the genetic contribution of the recurrent parent to the resulting introgressed variety. This is often necessary,
because resistance plants may be otherwise undesirable, €.g., due to low yield, low fecundity, undesired
chemotype, or the like. In contrast, strains which are the result of intensive breeding programs may have
excellent yield, fecundity, favorable chemotype (e.g , THC and/or CBD levels) or the like, merely being

deficient in one desired trait such as powdery mildew resistance.
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[00142] Moreover, in another aspect, while maintaining the introduced markers associated with
resistance, the genetic contribution of the plant providing resistance can be reduced by back-crossing or
other suitable approaches. In one aspect, the nuclear genctic material derived from the donor material in
the plant can be less than or about 50%, or less than or about 25%, or less than or about 13%, or less than
or about 10%, or less than or about 7%, or less than or about 5%, or less than or about 3%, or less than or

about 2% or less than or about 1%, as long as the recipient remains resistant to powdery mildew.

[00143] Genetic diversity is important for long term genetic gain in any breeding program. With
limited diversity, genetic gain will eventually plateau when all of the favorable alleles have been fixed
within the population. One objective is to incorporate diversity into a pool without losing the genetic gain
that has already been made and with the mimmimum possible investment. MAS provides an indication of
which genomic regions and which favorable alleles from the original ancestors have been selected for and

conserved over time, facilitating efforts to incorporate favorable variation from other germplasm sources.
Methods of producing Cannabis plants resistant to powdery mildew

[00144] The present disclosure includes and provides for a method of producing Cannabis plants
resistant to powdery mildew using molecular markers to select for one or more Cannabis plants containing
at least one resistance loci described herein. Markers that are genctically linked to and can be used for

selection of the resistance loci described herein are described in the present disclosure.

[00145] In somc cmbodiments, the present disclosure provides mcthods for crecating a population of
Cannabis plants that are resistant or moderately resistant to powdery mildew, which methods comprise: (a)
detecting in a first population of Cannabis plants or seeds the presence of at least one marker allele that is
genetically linked to and within about 20, 15, 10, 5, 2.5, 1, 0.5, or 0.25 ¢M of at least on¢ resistance loci
described herein; (b) selecting a Cannabis plant or seed containing the genetically linked marker allele(s);
and (c¢) producing a population of offspring from the selected Cannabis plant or seed. In some embodiments,
the detection of the marker allele genetically linked to one or more powdery mildew resistance loci is
performed concurrently, ¢.g., in a multiplexed reaction. In other embodiments, the detection of the marker
allele genetically linked to one or more powdery mildew resistance loci is performed separately, e.g., in

scparatc rcaction.

[00146] In some embodiments of the disclosure, the method enables production of plants resistant to
powdery mildew or having enhanced powdery mildew resistance, e g , enhanced compared to a wild-type
Cannabis plant. Systems, including automated systems for sclecting plants that comprise a marker of

interest, as described herein, and/or for correlating presence of the marker with powdery mildew resistance
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are also a feature of the disclosure. These systems can include e.g. probes relevant to marker locus detection,
detectors for detecting labels on the probes, appropriate fluid handling elements and temperature controllers
that mix probes and templates and/or amplify templates and systems instructions that correlate label

detection to the presence of a particular marker locus or allele.

100147] In somc cmbodiments, this tcchnology could be uscd on any plant sclccted from the genus

Cannabis. In one embodiment, the plant is selected from the species Cannabis sativa.

[00148] In some embodiments, the present disclosure provides a Cannabis plant to be assayed for
resistance or susceptibility to powdery mildew by any method to determine whether a plant is resistant,
susceptible, or whether it exhibits some degree of resistance or susceptibility. Populations of plants can be
similarly characterized in this manner, or further characterized as segregating for the trait of powdery

mildew resistance.

[00149] It is further understood that a Cannabis plant of the present disclosure may exhibit the
characteristics of any chemotype. As used herein, the term “chemotype™ refers to the cannabinoid chemical
phenotype in individual Cannabis strains. In general, chemotype is primarily determined by, but not limited
to, chemical ratios or predominance of CBD, THC, and CBG and/or their acid counterparts CBDA, THCA,
and CBGA present in mature or semi-mature Cannabis flower. For example, Small and Beckstead assigned
chemotypes based on ratios of THCA and CBDA: plants producing primarily THCA (Type I). CBDA
(Type M) or both THCA and CBDA (Type 1) (Small & Beckstead, 1973) Much rarer CBGA-dominant
hemp plants were later 1dentified as a new chemotype (Tvpe IV) (Fournier ct al., 1987). Cannabis with less
than 0.3% total THC by dry weight is recognized as hemp. In some embodiments of the present technology,
the Cannabis strain has a low-THC/high-CBD chemotype, ¢.g., having a tetrahydrocannabinol (THC)
content of between about 0.05% and about 0.5% by weight, or between about 0.05% and about 0.25% by
weight, or between 0.05% and about 0.1% by weight, and/or a cannabidiol (CBD) content of between about
0.01% and about 30% by weight, or between about 0.01% and about 25% by weight, or between about
0.01% and about 20% by weight, or between about 0,01% and about 15% by weight, or between about
0.01% and about 10% by weight, or between about 1% and about 30% by weight, or between about 1%
and about 25% by weight, or between about 1% and about 20% by weight, or between about 1% and about
15% by weight, or between about 1% and about 10% by weight.

[00150] The present disclosure also provides for parts of the Cannabis plants of the present disclosure.

Plant parts, without limitation, include seed, endosperm, ovule and pollen. In one embodiment of the present
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disclosure, the plant part is a seed. In another embodiment of the present disclosure, the plant part is a plant

cell.

[00151] In some embodiments, the Cannabis seed can be subjected to various treatments. For
example, the seeds can be treated to improve germination by priming the seeds or by disinfection to protect
against sccd-born pathogcens. In anothcr cmbodiment, sccds can be coated with any available coating to
improve, for example, plantability, sced emergence, and protection against seed-born pathogens. Seed
coating can be any form of seed coating including, but not limited to, pelleting, film coating, and

encrustments.

[00152] In another embodiment, the Cannabis plant can show a comparative powdery mildew
resistance compared to a non-resistant control Cannabis plant. In this aspect, a control Cannabis plant will
generally be genetically similar except for the powdery mildew resistance allele or alleles in question. Such
plants can be grown under similar conditions with equivalent or near equivalent exposure to the powdery

mildew.

[00153] In a further aspect, this disclosure provides processed products made from the disclosed
Cannabis plants. Such products include, but are not limited to, meal, oil, plant extract, starch, or

tfermentation or digestion product.

[00154] In some embodiments, the present technology relates to an isolated nucleic acid molecule
having at Icast about 75%, or at lcast about 80%, or at Icast about 85%, at Icast about 86%, or at Icast about
87%, or at least about 88%, or at least about 89%, or at least about 90%, or at least about 91%, or at least
about 92%, or at least about 93%, or at least about 94%, or at least about 95%, or at least about 96%, or at
least about 97%, or at least about 98 %o, or at least about 99% sequence identity to the sequence of a powdery

mildew resistance marker described herein.

[00155] In some embodiments, the present technology relates to nucleic acid molecules that hybridize
to the above disclosed sequences. Hybridization conditions may be stringent in that hybridization will occur
if there is at least about a 96% or about a 97% sequence identity with the nucleic acid molecule described
herein. The stringent conditions may include those used for known Southern hybridizations such as, for
example, incubation overnight at 42°C. in a solution having 50% tformamide, 5= SSC (150 mM NaCl, 15
mM trisodium citrate), 50 mM sodium phosphate (pH 7.6), 5x Denhardt's solution, 10% dextran sulfate,
and 20 mg/ml. denatured, sheared salmon sperm DNA | following by washing the hybridization support in

0.1x SSC at about 65°C. Other known hybridization conditions are well known and are described in
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Sambrook et al., Molecular Cloning: A Laboratory Manual, Third Edition, Cold Spring Harbor, N.Y.
(2001).

[00156] In some embodiments, the isolated nucleic acid of the present technology comprises a nucleic

acid sequence as set forth herein or a fragment thereof.

[00157] Fragments contemplated by the present technology, but are not limited to, fragments having
anucleic acid sequence as set forth in any one of the sequences described herein, as well as sequences with

at least or about 85% or more sequence identity thereto.

[00158] In some embodiments, the isolated nucleic acid molecule of the present technology
comprises at least and/or up to or about 15, at least and/or up to or about 20 at least and/or up to or about
25, at least and/or up to or about 30, at least and/or up to or about 40 at least and/or up to or about 50, at
least and/or up to or about 60, at least and/or up to or about 70, at least and/or up to or about 80, at least
and/or up to or about 90, at least and/or up to 100, at least or up to or about 200, at least or up to or about
300, at least or up or about 400, at least or up to or about 500, at least or up to or about 600, at least or up
to or about 700, at least or up to or about 800, at least or up to or about 900, at least or up to or about 1000,
at least or up to or about 1100, at least or up to or about 1200, at least or up to ar about 1300, at least or up
to or about 1400 or at least or up to or about 1500 or about 1600 contiguous nucleotides of a powdery
mildew resistance marker described herein. For example, the nucleic acid molecule can be from 15
contiguous nucleaotides up to 1500 contiguous nucleotides or any range or number of nucleotides there

between.

[00159] The length of the nucleic acid molecule described above will depend on the intended use.
For example, if the intended use is as a primer or probe, for example, for PCR amplification or for screening
a library, the length of the nucleic acid molecule will be less than the full length sequence, such as a
fragment of for example, about 15 to about 50 nucleotides, or at least about 15 nucleotides of the sequences
described herein and/or its complement. In these embodiments, the primers or probes may be substantially
identical to a highly conserved region of the nucleic acid sequence or may be substantially identical to
either the 5' or 3’ end of the DNA sequence. In some cases, these primers or probes may use universal bases
in somg positions so as to be “substantially identical” but still provide flexibility in scquence recognition.

Suitable primer and probe hybridization conditions are well known in the art.

[00160] In an embodiment, the nucleic acid molecule can be used as a primer and for example

comprises the nucleic acid sequence as described herein.
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[00161] In an embodiment, the nucleic acid is conjugated to and/or comprises a heterologous moiety,
such as a unique tail, purification tag or detectable label. The unique tail can be a specific nucleic acid
sequence. The nucleic acid can for example be end labelled (5 or 3") or the label can be incorporated

randomly during synthesis.

100162] In onc cmbodimcent, the present technology provides an isolated nuclcic acid that cncodcs for

the polypeptide having an amino acid sequence of a powdery mildew resistance marker described herein.

[00163] In some embodiments, the present technology relates to an isolated polypeptide having at
Icast about 85%, at least about 86%, at least about 87%, at least about 88%, at least about 89%, at least
about 90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least about
95%, at least about 96%, at least about 97%, at least about 98% or at least about 99% identity to an amino

acid sequence of a powdery mildew resistance marker described herein.

[00164] In some embodiments, the present technology relates to a construct or an ix vitro expression
system having an isolated nucleic acid molecule having at least, greater than or about 75% sequence identity
to a powdery mildew resistance marker described herein. Accordingly, the present technology further
relates to a method for preparing a construct or in vitro expression system including such a sequence, or a
tragment thereof, for introduction of the sequence or partial sequence in a sense or anti-sense orientation,

or a complement thereof, into a cell.

[00165] In somc cmbodiments, the present technology also provides for organisms, tissucs or cclls
such as Cannabis plants, Cannabis tissue and Cannabis cells having at least one powdery mildew resistance

loci or genetic marker described herein.

[00166] In some embodiments, the present technology also provides for organisms, tissucs or cells
that comprise the nucleic acids and/or the polypeptides as defined herein. In some embodiments, the
organisms, tissues or cells are plants, plant tissues or plant cells that exhibit enhanced powdery mildew
resistance. In some instances, such plants are Cannabis plants and such plant tissues and plant cells are

Cannabis tissue and Cannabis cells.
EXAMPLES

[00167] The examples below are given so as to illustrate the practice of various embodiments of the
present disclosure. They are not intended to limit or define the entire scope of this disclosure. It should be

appreciated that the disclosure is not limited to the particular embodiments described and illustrated herein
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but includes all modifications and variations falling within the scope of the disclosure as defined in the

appended embodiments.

Example 1 — Identification of novel sources of genetic resistance to powdery mildew from Cannabis

strains and development of a segregaiing F1 population.

5 [00168] Initially, 40 commercial cannabis strains (Canopy Growth Corporation, Smiths Falls, ON,
Canada) were screened to evaluate level of resistance against natural levels of powdery mildew infection.

These cannabis strains were naturally inoculated by placing plants that were heavily infected with powdery
mildew into the growth room and allowing the air circulation to disperse the spores. Plants were evaluated
weekly starting in the 2°¢ week after plantlets were transferred to the room using a 0-4 scale, where 0 was

10 no visible symptoms, 1= 1-10 percent, 2= 11-30 percent, 3= 31 to 60 percent, and 4= 61 to 100 percent of
total leaf area of a whole plant was infected with powdery mildew. This initial screening identified twelve
strains as susceptible (score = 4) and three strains with no visible PM symptoms (score = 0). Results of the

initial PM screenings were further confirmed in a second replicated trial using artificial inoculations.

[00169] Based on the results of the two screenings, five strains were selected as parents for the
15  development of mapping populations. A nested association mapping (NAM) population design was used
to develop an F1 mapping population with the resistant strain as a common parent and pollen accepter, and
the remaining four strains as susceptible parents and pollen donors. Parental strains were treated with Silver
Thiosulfate (STS) to induce male flowers to generate the above indicated crosses. Over 200 seeds from
each cross were germinated to develop a 200 F1 population, and altogether 800 F1 from all four crosses

20  were generated. Five clones from each set of 800 F1 seedlings were generated for phenotyping.
Ixample 2 — Phenotyping the I'l population

[00170] Around 800 healthv F1 clones were grown using standard cannabis cultivation practices.
Briefly, rooted clones were transferred to 67X6” rockwool blocks and grown under non-inductive
vegetative growth conditions (16 hours light, 8 hours night) for three weeks. Plants were then inoculated
25 with powdery mildew spores and grown under 12 hours light and night for inductive reproductive growth
conditions. After the initial visible symptoms of powdery mildew growth were detected (around two weeks
after the inoculation), plants were scored for PM symptoms using the above 0-4 scale. A total of seven
weekly observations were recorded on flowering stage plants. In addition, the Arca Under the Disease
Progress Curve (AUDPC) over 7 weeks was calculated as a measure of PM disease severity and used for

30 QTL analysis along with the 0-4 PM rating.
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Example 3 — Whole genome sequencing of Parental genomes

[00171] Genomic DNA of all five parental strains was sequenced using Illumina™ short reads
sequencing technology and Pair-End (PE) and Mate-Pair (MP) and Linked-reads sequencing libraries (10X
Genomics™ Chromium™7). All five strains were sequenced with total depth (coverage) in the range of 190-

204X (calculatcd bascd on cstimatcd genomce sizc of 1.6 Gbp).

[00172] The sequencing data was processed and assembled using NRGene’s DeNovoMAGICT™
assembler application version 3.0. The resultant analysis generated fully assembled, unphased and fully
phased genome of the five parental strains. The scaffold N50 for the genome assemblies ranged from 8.2-

18.5 Mb for unphased and 0.8-3.4 Mb for the phased genome assemblies.
Iixample 4 — SNP genotyping

[00173] The bi-parental F1 mapping population was genotyped using skim-based genotyping by
sequencing (skim GBS) which uses alow coverage, whole genome sequencing approach for whole genome
gcenotyping (Golicz ct al., 2015). Genomic DNA from the 800 F1 was cxtractcd using NuclcoSpin'™ Plant
II (Macherey-Nagel™), NGS libraries were preparcd using RIPTIDE™ kit (iGenomX) and sequencing was
done on Tlumina™ NovaSeq6000 using 150 PE sequencing. Approximately 200 progenies from each of
the four populations were sequenced to around 2.1X coverage of the diploid cannabis genome size of 1.6

Gbp.

[00174] SNP genotyping and genetic maps were constructed using NRGene’s GenoMAGIC™ big-
data toolkit. Briefly, for SNP calling, unique k-mers were extracted from the assembled scaffolds of the
parental lines of each population. The k-mers were filtered according to their coverage in the sequencing
data of the parental lines and the F1 population data. These k-mers were then detected in the data of the
population samples. For imputation of the missing data, a HMM-based imputation model was used to fill
in the missing data for each of the progeny samples using the available skim-sequencing data of the F1
population. Further inheritance pattern in the F1 population was determined and genctic maps were

generated.
FExample 5 - Linkage map creation and QTI. identification

[00175] A QTL mapping study is performed to identify the genetic region associated with
resistance/susceptibility to powdery mildew using the NRGene's GenoMAGIC™ software. The haplotype
marker (SNP) segregation patterns in the nested population lines are used to construct a high resolution

genctic linkage map in collaboration with NRGene, based on the Genetic Analysis of Clonal F1 and Double
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cross (GACD) program described by Zhang and others (2015) or the Heterozygous Mapping Strategyv
(HetMappS) of Hyma and others (2015). Quantitative trait locus (QTL) analyses of powdery mildew
resistance/susceptibility, vield and cannabinoid content is performed using MapQTL 6 (Kyazma,
Wageningen, The Netherlands) using the multiple-QTL-mapping (MQM) approach (Jansen, 1993), which
tests the presence of a QTL every 1 ¢M between pairs of adjacent markers. A genome-wide LOD score is
estimated using 1000 permutations (Doerge and Churchill, 1996) at a significance level of a=0.05. In order
to control background variation caused by genetic variation in other regions of the genome and detect QTL
with highcr resolution, automatcd cofactor sclcction 1s conductcd, by which a sct of markcrs throughout the
linkage map are used as cofactors. The percentage of phenotypic variation explained by QTL (% Explained)
and the additive effects of loci are calculated with the maximum likelihood method (Kao, 2000). Marker
patterns in the parents and individuals in the mapping population are aligned and visualized by NRGene’s
proprietary software (the haplotype-based marker approach was presented at PAG2018 by Dr Ruth Wagner
(Monsanto), https://pag.confex.com/pag/xxvi/meetingapp.cgi/Paper/31991).

[00176] QTL analysis was conducted for 4 related pedigrees (P1, P2, P3, P4) sharing the same
phenotype (powdery mildew resistance/susceptibility score). All pedigrees shared a single parent
designated as P5. The phenotype (powdery mildew resistance score) was a resistance score transformed to
AUDPC (Arca Under the Disease Progress Curve) over 7 weeks. A genome-wide AUDPC QTL scan for
cach of the 4 pedigrees identified a single QTL on Chromosome 2/Phasc B of P5 (78892031-79717276 bp)
responsible for an increasc in the discasc scorc (which mcans highcer susceptibility). The associated allcle
was inherited from the P35 parent and corresponds to genome Phase B as defined by the genome assembly.
Results of the AUDPC QTL scan are shown in FIGs. 1-3, as follows: FIG. 1 shows results from the genome-
wide scan for cach of the 4 pedigrees; FIG. 2 shows an enlarged view of the QTL region identified on
Chromosome 2; and FIG. 3 shows a chart of phenotype vs. genotype at the QTL for each of the 4 pedigrees.
The coordinates of the identified QTL chromosome intervals associated with powdery mildew

susceptibility (on Phase B of P5) and powdery mildew resistance (on Phase A of P5) are given in Table 1.

Table 1. QTL chromosome intervals associated with powdery mildew resistance/susceptibility on
Chromosome 2.

Phenotype Associated QTL chromosome CI start Cl end Size (bp)
interval
Powdery mildew On PS5 Phase A 83660977 84353662 6926385
resistance
Powdery mildew On P35 Phase B 78892031 79717276 825245
susceplibility
43
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Example 6 - Gene-based marker development: SNP marker associated with the QTL for resistance to

cannabis powdery mildew

[00177] Haplotype-markers in the linkage map and phvsical map created by the de novo genome

assembly are used to align both maps and identify candidate genes underlying the QTLs for discase

5 resistance, vicld and cannabinoid content in cannabis. Amplicon scquencing is uscd to confirm or identity

polymorphic regions, including SNPs, in candidate genes falling into the QTL regions. Gene-specific

markers are developed for the genes using a three-primer temperature switch PCR (TSP) technique (Tabone

et al., 2009; Hayden ¢t al., 2009). The assay consists of a pair of a gene (locus)-specific primers (GS) and

anested allele-specific primer (AS) that is designed to assay for SNP. Forward and reverse GS primers are

10 designed with melting temperature between 60-65°C (63°C optimum), to produce s PCR product size

greater than 400 bp and located at least 100 bp from the SNP. A single allele-specific primer (forward) will

be designed with the melting temperature between 43-48°C (45°C optimum) with its 3' end ending at the
SNP.

[00178] SNP markers in the QTL region on Chromosome 2 identified in Example 5 above were
15 extracted. 328 SNP markers were identified. The SNP positions and alleles for the two phases (Phase A and
Phase B) arc shown in FIGs. 4A-4E. The SNP sequences are shown in FIGs. 5A-5M, in which sequences
are shown in the 5° to 3” orientation from left to right, with the A and B alleles shown in square brackets in

the center of the sequence as [A/B].

Example 7 - Validation of powdery mildew linked SNP markers and Molecular market development for
20 breeding

[00179] Molecular markers are developed to screen plants at an carly stage in development for
powdery mildew resistance. Validation of developed molecular markers is initiated. Marker assisted

selection of resistance to powdery mildew using SNP markers is conducted.

Example 8 — Haplotype-based marker development: SNP marker associated with the QTL for resistance

25 to cannabis powdery mildew

Gel based allele-specific PCR assays
[00180] To tag and select the QTL region in the F; gencration, SNPs for marker development were
selected if they are heterozygous (ab) in the maternal genome (in our cross resistant parent) and
homozygous (aa) in the patcrmal genome (in our cross the susceptible parcnt). Allcle-specific PCR primer

30 were designed to genotype the SNPs located within the PM resistant QTL region on the chromosome 2.
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Markers in the QTL interval, and related sequences are described in table/list of sequences. Primers were
designed from the SNP flanking sequences using tetra primer-amplification refractory mutation system-
based polymerase chain reaction (T-ARMS-PCR; see Table 2) based approach (Medrano and Oliveira et

al., 2014). Briefly, primers are designed in a such a way that two allele-specific amplicons are generated

gl

using two pairs of primers, one pair (outer forward and inner reverse) producing an amplicon representing
the allele 1 and the other pair (inner forward and outer reverse) producing an amplicon representing the
allele 2. The two outer primers (outer forward and outer reverse) generate the outer fragment of the SNP
locus and acts as an intcrnal PCR control. The inncr PCR primer pair was dcsigned with a dcliberate
mismatch at position -2 from the 3’ end to increase allele specificity of inner primers. PCR amplification
10 was carried out at 95°C for 2 min, followed by 35 cycles of denaturation at 95°C for 30 sec, annealing at
55-60°C for 30 and extension at 72°C for 1 min, and a final extension at 72°C for 5 min. The anncaling
temperature was optimised for each marker separately. The resulted PCR products are visualized on 1.5%

agarose gel.

Table 2: T-ATMS-PCR primer sequences of 91K.chr2 Ap83851294 |'T/C| SNP

SNP primer Id Primer sequences Genolype pattern

(bp)
91K.chr2Ap83851294.C.IF 5'- CCATATTTACCGAATGTATCGCTC -3' 302 bp (outcr)
91K.chr2Ap83851294.T.IR 5'- TTAGACAGACAAATTTACAATAGTCTA -3' 203 bp (C allele)
91K.chr2 Ap83851294.0OF 5'- CTTACAATGCCACATTATTAGAGAA -3' 150 bp (T allele)
91K.chr2Ap83851294.0R 5'- ATGATACTTGGTCTGTAATCAATGA -3'

T-ATMS-PCR primer sequences of 91K.chr2Ap83929791 |C/T| SNP

91K.chr2Ap83929791.C.IF 5'-TTTACAACTTCCATAACTGTCATGTC -3’ 316 bp (outer)
91K.chr2 Ap83929791.T.IR 5'- CTTAGAAGGGTACTCTCTACTCAAACA -3’ 200 bp (C allele)
91K.chr2Ap83929791.0F 5'-TGTTATTCTAATGAAATCTGATCCG -3' 169 bp (T allele)
91K.chr2Ap83929791.0R 5'- GAACTTTAGTAGCAATGTGAGTTGG -3'

15 [00181] To confirm the utility of the PCR primer identifving the PM resistant and susceptible plants
in the F, generation, known PM resistant and susceptible plants/cultivars along with the segregating F,
progenies from the cross were genotyped using the 91K.chr2Ap83851294[T/C] and
91K.chr2Ap83929791[C/T] primers. Figure 6 shows the results of 91K.chr2Ap83851294[T/C] SNP
markers on known PM resistant and susceptible lines along with a few segregating Fi progenics.

20
[00182] Prediction of disease response was made based on PCR product analysis whether or not the
F: plant contains a heterozygous genotype similar to PM resistant parent or a homozygous genotype similar

to susceptible parent. The predicted phenotypes (PM response) were confirmed with the observed response
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of Fi plants in an artificially inoculated PM trial. The results are as below (Table 3). All the predicted

resistant F; plants had the resistant genotype while the all the susceptible Fi plants had the susceptible
genotype. Table 1: Results of the PM resistant QTL linked SNP markers using agarose gel-based T-ARMS

marker assays along with their predicted and observed responses in a PM inoculation trial.

Table 3: Confirmation of Predicted phenotype

Observed

Marker genotype for | Marker genotype for | Predicted l::ﬁ(::se of
91K.chr2Ap83851294[T/ | 91K.chr2Ap$3929791[C/T] | phenotype based on | ! .

Plant Id . . . . (phenotype) in
C] [Amplicon size and | [Amplicon size and SNP | genotype of PM
SNP genotype] enotype] QTL SNP markers a control PM

g yp g yp inoculation
trial

El‘;i;ftf‘" Parent 355 203 and 150bp; TC | 316, 200 and 169bp; CT R R

Resistant Parent | 35 563 and 150bp: TC | 316, 200 and 169bp: CT R R

plant 2

Susceplible 302 and 203bp; CC 316, and 169bp; TT S S

Parent plant 1 ’ 2op: 4 T p:

Susceptible 302 and 203bp; CC 316, and 169bp; TT S S

Parent plant 2 ) e T i

F;-1902 302, 203 and 150bp; TC 316, 200 and 169bp; CT R R

F1-1913 302, 203 and 150bp; TC 316, 200 and 16%9bp; CT R R

F;-1923 302, 203 and 150bp; TC 316, 200 and 169bp; CT R R

Fi-1936 302 and 203bp; CC 316, and 169bp; TT S S

Fi-1951 302, 203 and 150bp; TC 316, 200 and 169bp: CT R R

F1-1958 302 and 203bp; CC 316, and 169bp; TT S S

F1-1962 302, 203 and 150bp; TC 316, 200 and 16%9bp; CT R R

Fi-1972 302 and 203bp; CC 316, and 169bp; TT S S

Fi-1981 302 and 203bp; CC 316, and 169bp; TT S S

CA 03212318 2023-9-15
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F1-1990 302,203 and 150bp; TC 316, 200 and 169bp; CT R R
Fi-1991 302,203 and 150bp; TC 316, 200 and 169bp; CT R R
F1-2033 302 and 203bp; CC 316, and 169bp; TT S S
F,-2083 302 and 203bp; CC 316, and 169bp; TT S S
Fi1-2091 302 and 203bp; CC 316, and 169bp; TT S S

R: PM Resistant (average PM score 0-1, S: PM Susceptible (mean PM score 3-4) based on the 0-4 disease scoring scale.

Fluorescent-based allele-specific SNP genotyping assays
[00183] Competitive allele specific PCR for SNP genotyping assay based on dual FRET (Fluorescent
Resonance Energy Transfer) including KASP (Kompetitive Allele Specific PCR (LGC, Biosearch), and/or
PACE (PCR Allclc Compctitive Extcnsion, (3CR Bioscicnce, UK) assays were developed as per the
manufacturer guidelines. Briefly, for each genotyping assay, two allele-specific primers, one primer for
each allele of the SNP and one common genome specific primer was designed. The allele specific primers
were designed with the melting temperature between 60-67 °C (64 °C optimum) with its 3' end ending at
thc SNP. The common reverse primers were designed with the melting temperaturc between 60-67 °C (66
°C optimum) and min and max length of 18-30 bp. The two allele-specific primers contain universal tail
sequences on their 5° ends correspond with a universal FRET cassctte: one labelled with FAM™ dye and
the other with HEX™ dye. The reaction master mix contains all the components required for PCR and
universal FRET reporting casscttes, which binds to the corresponding tail sequences and emits fluorescence
(https://www bioscarchtech.com/how-does-kasp-work). If the genotype at a given SNP 1s homozygous,
only one of the two possible fluorescent signals will be generated, and a mixed fluorescent signal will be
generated If the genotype is heterozygous. PCR reactions were optimized with both high-quality genomic
DNA using commercial DNA extraction kits as well as crud DNA extracts using alkaline lysis solutions.
Genotyping reactions were carried out in a volume of 10 pL (96 well plate) or 5 pL. volume (384 well plate).
Gcenotyping reactions were carricd out using cnzyme activation (94°C for 15 min), 10 cycles of tcmplatc
denaturation at 94°C for 20 secs and annealing and extension at 65°C to 57°C for 60 secs (with 0.8 °C drop
per cycle), followed by 30 cycles of denaturation at 94°C for 20 secs and annealing and extension at 57°C
for 60 secs. Finally, read the plate at 30 °C for 1 minute. Additional one or two recycling was performed
with three cycles of 94 °C for 20 secs and 37 °C for 60 secs. Fluorescence detection of the reactions was

performed using a QuantStudio™ 6 Flex real-time PCR system (Thermo Fisher) and the data analysed
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using the genotyping tool in the QuantStudio™ Design and Analysis Software Version 2.6. This generates
allelic discrimination plot, with VIC or HEX as X-axis and FAM as Y-axis. PACE/KASP primer sequences
linked with the QTL for PM resistance are listed in Table 4.

Table 4: PACE/KASP primer sequences

PACE/KASP primer Id

Primer Sequences

91Kv2Chr2Ap83738925-A1

5'-GAAGGTGACCAAGTTCATGCTTGAAAATGAGGTTGCCCAGAGT-3'

91Kv2Chr2Ap83738925-A2

5'-GAAGGTCGGAGTCAACGGATTTGAAAATGAGGTTGCCCAGAGC- 3'

91Kv2Chr2 Ap83738925-Com

5'-CTCTCTTGGCATGCAGCACA-3'

91Kv2Chr2 ApR3851939-A1

5'-GAAGGTGACCAAGTTCATGCTCGAGTICTTTTCACACCTTTGCTC- 3'

91Kv2Chr2 Ap83851939-A2

S'-GAAGGTCGGAGTCAACGGATTCGAGTICTTTTCACACCTTTGCTA- 3'

91Kv2Chr2Ap83851939-Com

S-TTGTCTGAGCCACTCAAGGCA- 3

91kv2Chr2 Ap84141949-A1

5'-GAAGGTGACCAAGTTCATGCTCCATICGTGTCAACATTCCAAACA- 3!

91kv2Chr2 Ap84141949-A2

5'-GAAGGTCGGAGTCAACGGATTCCATTCGTGTCAACATTCCAAACC- 3

91kv2Chr2 Ap84141949-Com

5'-GAAAGCCTGGITGAACATGAGTCT- 3

91kv2Chr2 Ap84085089-A1

S'-GAAGGTGACCAAGTITCATGCTACAGGAAAAGTATTGGAATGCAATGT- 3

91kv2Chr2 Ap84085089-A2

5'-GAAGGICGGAGICAACGGA I'TACAGGAAAAGIATTGGAATGCAATGA- 3

91kv2Ch12Ap84085089-Com

5'-GCTTTAGTATTAAGTTIGTTGAAGGGACT-3'

91kv2Chr2 Ap84026493-A1l

5'-GAAGGTGACCAAGTTCATGCTGCAAGCAACCACCAAAACTGAT- 3

91kv2Chr2 Ap84026493-A2

5'-GAAGGTCGGAGTCAACGGATTGCAAGCAACCACCAAAACTGAA-3'

91kv2ChrAp84026493-Coml

5'-GCTTGCGCTGCAATTCGGTAT-3'

91kv2Chr2 Ap84275859-A1l

53'-GAAGGTGACCAAGTTCATGCTCCTGTTAAATCCATGCTGCATAGAG- 3'

91kv2Chi2 Ap84275859-A2

5'-GAAGCGTCGGAGTCAACGCATTCCTGTTAAATCCATGCTGCATAGAA-3'

91kv2Chr2Ap84275859-Com

5'-GTCAACTGTGGTAACCCCCA- 3'

[00184]

KASP/PACE SNP markers were validated on randomly selected 72 plants including parental

lincs and Fi progenics from multiple populations and standard checks. Response of these lines against the
PM infection was scored in an artificially inoculated PM trial. The 25 F; plants with the PM resistant

10 phenotype also had the genotype like the resistant plant (source of PM resistance QTL), while the 37 F;
plants with the PM susceptible phenotype had the marker genotype like the susceptible parents (Table 5)
(FIG. 7).

Table 5: Validation of PACE/KASP based SNP marker assays associated with the QTL for resistance to cannabis
15 owdery mildew.

Observed response of F1 plants on 28
days post inoculation. Plants scoring 0-1
are considered resistant (R) and 2-4 as
susceptible (S)

Predicted phenotype based on
genotype of KASP/PACE
marker. Resistant (R) and

Susceptible (S)

plant Id
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Resistant parcnt R R
Susceptible parent-1 R R
Susceptible parent-2 S S
Susceptible parent 3 S S

Fl1-164 R R
F1-165 S S
F1-166 S S
F1-167 R R
F1-168 R R
F1-169 S S
F1-170 S S
F1-171 S S
F1-172 R R
F1-175 S S
F1-176 S S
F1-177 R R
F1-178 S S
F1-179 S S
F1-180 R R
F1-181 R R
F1-182 S S
F1-183 S S
F1-184 S S
F1-185 S S
F1-186 S S
F1-187 S S
F1-188 S S
F1-189 R R
F1-190 R R
F1-191 R R
F1-192 S S
F1-194 R R
F1-195 S S
F1-196 S S
F1-197 R R
F1-198 R R
F1-200 R R
F1-201 S S
F1-202 S S
F1-203 R R
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F1-204 R R
F1-205 S S
F1-206 S S
F1-207 S S
F1-208 R R
F1-211 S S
F1-212 S S
F1-218 S S
F1-219 S S
F1-220 R R
F1-221 S S
F1-222 S S
F1-224 R R
F1-225 R R
F1-226 S S
F1-227 R R
F1-228 S S
F1-229 R R
F1-230 R R
F1-231 S S
F1-232 R R
F1-233 S S
F1-234 R R
F1-235 S S
F1-244 S S
F1-247 S S

Susceptible check 1 S S

Susceptible check 2 S S

Example 9 - Validation of powdery mildew linked SNP markers and Molecular market development for

breeding

[00185] To validate the powdery mildew linked SNP markers and determine the effect of PM QTL in
5 different genetic background, we developed three different F; populations by crossing the PM resistant
cultivar Res-1 (donor of PM resistant QTL) with the three different susceptible cannabis cultivars (Sus-1,
Sus-2, and Sus-3). The F: populations (212 plants) along with the resistant and susceptible checks were
grown under standard growth conditions and artificially inculcated with PM spores as described in Example

2 - “Phenotyping the F1 population”. PM inoculated plants were scored after early visible signs of powdery

50

CA 03212318 2023-9-15



gl

10

15

WO 2022/232946 PCT/CA2022/050716

mildew growth were detected (approximately two weeks after inoculation) up to four weeks post-
inoculation, using a 0-4 disecase scoring scale. SNP markers linked with the PM resistant QTL on
chromosome 2 were used to select for the donor QTL region from 91K (PM resistant plant). For that leaf
samples from the young F; seedlings were collected and genotyped using PM linked markers. Based on the
analysis of multiple PM linked marker, F1 plants with heterozygous allele like the resistant parent were
predicted as PM resistant, while the plants with homozygous allele (like the susceptible parent) were
predicted as PM susceptible. Out of 212 F; plants, 105 plants were predicted as PM resistant and 107 as
PM suscceptiblc plants. The predictcd PM phenotype was comparcd with the obscrved responsc of plants
scored using 0-4 disease scoring scale. All three population were analysed separately. The mean score of
the predicted resistant Fy plants per population were ranged from 0.3 to 0.7 per population, while the mean
score of predicted susceptible F; plant per population ranged from 2.9 to 3.8 (Table 6). This high correlation
between marker based predicted plant response (phenotype) with the observed plant response (phenotype)
in an artificially inoculated PM tral revealed utility of the identified QTL region, sequences, and SNP

markers for marker-assisted selection for powdery mildew resistance in cannabis.

Tablc 6: Results of PM marker validation on three diffcrent Fy populations.

F1 population

Number of F; plants
predicted as PM
resistant based on
the genotype of PM

Average observed PM
score of predicted
resistant F; plants on
28 days post

Number of F; plants
predicted as
susceptible  based
on the genotype of

Average observed PM
score of predicted
susceptible F; plants
on 28 days post

QTL markers inoculation using 0-4 | PM QTL markers inoculation using 0-4
discasc scoring scalc. discasc scoring scalc.
Res-1 X Sus-1 30 0.3 (R) 27 3[R)
Res-1 X Sus-2 36 0.4 R) 36 2.9(S)
Res-1 X Sus-3 39 0.7 (R) 44 3.8(S)
Observed PM scores of parental material and checks used in the PM screening experiment on 28 days post
inoculation.
checks and parents Number of plants Average observed PM score based on 0-4
scale and
Res-1 (PM resistant parent) 10 0®R)
Sus-1 (PM susceptible parent) 10 3.2(S)
Sus-2 (PM Susceptible parent) 10 3.6 (S)
PM Susceptible check 1) 10 3.1(S)
PM Susceptible check 2) 10 4 (S)

Plants scoring 0-1 disease score arc considered resistant (R) and 2-4 as susceptible (S).

INCORPORATION BY REFERENCE
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[00186] All references cited in this specification, and their references, are incorporated by reference
herein in their entirety where appropriate for teachings of additional or alternative details, features, and/or

technical background.
EQUIVALENTS

[00187] While the disclosure has been particularly shown and described with reference to particular
embodiments, it will be appreciated that variations of the above-disclosed and other features and functions,
or alternatives thereof, may be desirably combined into many other different systems or applications. Also,
that various presently unforeseen or unanticipated alternatives, modifications, variations or improvements
therein may be subsequently made by those skilled in the art which are also intended to be encompassed by

the following embodiments.
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CLAIMS
What is claimed is:

1. A method for creating a population of Cannabis plants with enhanced powdery mildew

resistance, the method comprising:
5 a) providing a first population of Cannabis plants;

b) detecting the presence of a genetic marker that is genetically linked to a powdery
mildew resistance locus on a defined linkage group by 20 ¢cM or less in the first

population;

¢) selecting one or more Cannabis plants containing said marker from the first

10 population of Cannabis plants; and

d) producing a population of offspring from at least one of said selected Cannabis

plants.

2. The method of claim 1, wherein the genetic marker detected is genetically linked to the powdery

mildew resistance locus by less than about 15 cM.

15 3. The method of claim 1, wherein the genetic marker detected is genetically linked to the powdery
mildew locus by less than about 10 cM.

4. The method of claim 1, wherein the genetic marker detected is genetically linked to the powdery
mildew locus by less than about 5 ¢cM.

5. The method of any one of claims 1 to 4, wherein the genetic marker detected is located within

20  achromosome interval comprising and flanked by a first marker and a second marker.
6. The method of claim 5, wherein the chromosome interval is located on Chromosome 2.

7. The method of claim 6, wherein the chromosome interval is located on Chromosome 2 at

83660977-84353662 bp.
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8. The method of any one of claims 1 to 4, wherein the genetic marker detected is located within
a chromosome interval comprising and flanked by a first nucleic acid sequence and a second
nucleic acid sequence, optionally wherein the chromosome interval is located on Chromosome 2
at 83660977-84353662 bp.

9. The method of any one of claims 1 to 8, wherein the genetic marker is selected from the markers
set forth in FIGs. 4A-4E.

10. The method of any one of claims 1 to 8, wherein the genetic marker has a sequence selected
from the sequences set forth in FIGs. SA-5M and sequences having at least, greater than or about

75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% sequence identity thereto.

11. A method of creating a populaticn of Cannabis plants comprising at least one allele associated
with enhanced powdery mildew resistance comprising at least one sequence selected from a group

of resistance marker nucleic acid sequences, the method comprising the steps of:

a) genotyping a first population of Cannabis plants, said population containing at least
one allele associated with enhanced powdery mildew resistance, the at least one allele
associated with enhanced powdery mildew resistance comprising at least one
sequence selected from the group consisting of resistance marker nucleic acid

sequences;

b) selecting from said first population one or more identified Cannabis plants
containing said at least one allele associated with enhanced powdery mildew
resistance comprising at least one sequence selected from the group consisting of

resistance nucleic acid sequences; and

¢) producing from said selected Cannabis plants a second population, thereby creating
a population of Cannabis plants comprising at least one allele associated with
enhanced powdery mildew resistance comprising at least one sequence selected from

the group consisting of resistance nucleic acid sequences.

12. The method of claim 11, wherein the at least one allele comprises at least one allele set forth

in FIGs. 4A-4E.
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13. The method of claim 11 or 12, wherein the at least one sequence is selected from the sequences
set forth in FIGs. SA-5M and sequences having at least, greater than or about 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98% or 99% sequence identity thereto.

14. A method for creating a population of Cannabis plants with enhanced powdery mildew

5  resistance, the method comprising:
a) providing a first population of Cannabis plants;

b) concurrently detecting the presence of at least one genetic marker that is
genetically linked to at least one resistance loci by about 20 cM or less in the first

population;

10 ¢) selecting one or more Cannabis plants containing said at least one marker from the

first population of Cannabis plants; and

d) producing a population of offspring from at least one of said selected Cannabis

plants.

15. The method of claim 14, wherein the at least one genetic marker detected is genetically linked

15  to atleast one resistance loci by less than about 15 cM.

16. The method of claim 143, wherein the at least one genetic marker detected is genetically linked

to at least one resistance loci by less than about 10 cM.

17. The method of claim 14, wherein the at least one genetic marker detected is genetically linked

to at least one resistance loci by less than about 5 ¢cM.

20  18. The method of any one of claims 14 to 17, wherein the at least one resistance loci is located

on Chromosome 2.

19. The method of claim 18, wherein the at least one resistance loci is located within the

chromosome interval on Chromosome 2 at 83660977-84353662 bp.

20. The method of any one of claims 14 to 19, wherein the at least one genetic marker is selected

25 from the markers set forth in FIGs. 4A-4E.
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21. The method of any one of claims 14 to 19, wherein the at least one genetic marker has a
sequence selected from the sequences set forth in FIGs. SA-5M and sequences having at least,
greater than or about 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% sequence identity

thereto.

5  22. The method of any one of claims 1 to 21, wherein the powdery mildew resistance in the
population is enhanced at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% compared to a second population of

plants that is susceptible to powdery mildew under the same growing conditions.

23. A population of Cannabis plants having enhanced powdery mildew resistance compared to a

10  second population of wild-type plants under the same growing conditions.

24. A population of Cannabis plants having enhanced powdery mildew resistance compared to a
second population of plants that is susceptible to powdery mildew under the same growing

conditions.

25. A population of Cannabis plants created according to the method defined in any one of claims

15 1to22.

26. The population of Cannabis plants of any one of claims 23 to 25, wherein at least 50%, at least
60%, at least 70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%o,
or atleast 99% of the plants in the population have enhanced powdery mildew resistance compared

to wild-type plants.

20  27. The population of Cannabis plants of any one of claims 23 to 26, comprising at least one
powdery mildew resistance chromosome interval or at least one resistance loci, optionally wherein
the at least one powdery mildew resistance chromosome interval is located on Chromosome 2 at
83660977-84353662 bp, or the at least one resistance loci is located within the chromosome
interval on Chromosome 2 at 83660977-84353662 bp.

25  28. The population of Cannabis plants of any one of claims 23 to 27, comprising at least one

powdery mildew resistance genetic marker.
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29. The population of Cannabis plants of claim 28, wherein the at least one powdery mildew

resistance genetic marker is selected from the markers set forth in FIGs. 4A-4E.

30. The population of Cannabis plants of claim 28, wherein the at least one genetic marker has a
sequence selected from the sequences set forth in FIGs. SA-5M and sequences having at least,
5 greater than or about 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% sequence identity

thereto.

31. The population of Cannabis plants of any one of claims 23 to 30, comprising at least one

genetic marker that is genetically linked to at least one resistance loci by about 20 ¢cM or less.

32. The population of Cannabis plants of any one of claims 23 to 30, comprising at least one

10  genetic marker that is genetically linked to at least one resistance loci by about 15 ¢cM or less.

33. The population of Cannabis plants of any one of claims 23 to 30, comprising at least one

genetic marker that is genetically linked to at least one resistance loci by about 10 ¢cM or less.

34. The population of Cannabis plants of any one of claims 23 to 30, comprising at least one

genetic marker that is genetically linked to at least one resistance loci by about 5 ¢cM or less.

15  35. The population of Cannabis plants of any one of claims 23 to 34, wherein the Cannabis plants

have a low THC and high CBD chemotype.

36. The population of Cannabis plants of any one of claims 23 to 35, wherein the Cannabis plants

have a tetrahydrocannabinol (THC) content of between about 0.05% and about 0.25% by weight.

37. The population of Cannabis plants of any one of claims 23 to 36, wherein the Cannabis plants

20  have a cannabidiol (CBD) content of between about 0.01% and about 10% by weight.

38. A Cannabis plant, plant part, tissue or cell thereof, wherein the Cannabis plant, plant part,
tissue or cell thereof has enhanced powdery mildew resistance compared to a wild-type Cannabis

plant, plant part, tissue or cell.
39. The Cannabis plant, plant part, tissue or cell of claim 38, wherein the Cannabis plant, plant

25  part, tissue or cell comprises at least one powdery mildew resistance chromosome interval or at
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least one resistance loci, optionally wherein the at least one powdery mildew resistance
chromosome interval is located on Chromosome 2 at 83660977-84353662 bp, or the at least one
resistance loci is located within the chromosome interval on Chromosome 2 at 83660977-
84353662 bp.

5  40. The Cannabis plant, plant part, tissue or cell of claim 38 or 39, wherein the Cannabis plant,
plant part, tissue or cell comprises at least one at least one powdery mildew resistance genetic

marker.

41. The Cannabis plant, plant part, tissue or cell of any one of claims 38 to 40, comprising at least
one genetic marker that is genetically linked to at least one resistance loci by about 20 ¢cM or less,

10 by about 15 cM or less, or by about 10 cM or less, or by about 5 cM or less.

42. The Cannabis plant, plant part, tissue or cell of claim 41, wherein the at least one genetic

marker is selected from the markers set forth in FIGs. 4A-4E.

43. The Cannabis plant, plant part, tissue or cell of claim 41, wherein the at least one genetic
marker has a sequence selected from the sequences set forth in FIGs. 5A-5M and sequences having

15 at least, greater than or about 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% sequence
identity thereto.

44. The Cannabis plant, plant part, tissue or cell thereof of any one of claims 38 to 43, wherein
the Cannabis plant, plant part, tissue or cell thereof is a hybrid Cannabis plant, plant part, tissue or
cell thereof.

20  45. The Cannabis plant, plant part, tissue or cell thereof of claim 44, wherein the hybrid plant,

plant part, tissue or cell thereof is an asexual clone.

46. An isolated nucleic acid molecule comprising a nucleotide sequence having at least, greater
than or about 75% sequence identity to the sequence of a powdery mildew resistance genetic

marker.

25 47. The isolated nucleic acid molecule of claim 46, wherein the powdery mildew resistance

genetic marker is selected from the markers set forth in FIGs. 4A-4E.
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48. The isolated nucleic acid molecule of claim 46, wherein the powdery mildew resistance
genetic marker has a sequence selected from the sequences set forth in FIGs. 5SA-5M and sequences
having at least, greater than or about 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99%

sequence identity thereto.

5  49. The isolated nucleic acid molecule of any one of claims 46 to 48, wherein the nucleotide
sequence has at least, greater than or about 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99%

sequence identity to the sequence of the powdery mildew resistance genetic marker.

50. An isolated polypeptide encoded by the isolated nucleic acid molecule as defined in any one

of claims 46 to 49.
10 51. A ¢cDNA molecule that codes for the isolated polypeptide of claim 50.
52. An antibody that specifically binds the isolated polypeptide of claim 50.

53. An organism, tissue or cell comprising the isolated nucleic acid molecule of any one of claims

46 to 49, the isolated polypeptide of claim 50, and/or the cDNA molecule of claim 51.

54. The organism, tissue of cell of claim 53, wherein the organism, tissue of cell is a plant, a plant

15  tissue, or a plant cell.

55. The organism, tissue of cell of claim 53 or 54, wherein the organism, tissue of cell is a

Cannabis plant, a Cannabis tissue, or a Cannabis cell.

56. The method of claim 7, wherein the genetic markers for enhanced powdery mildew resistance

are selected from the genetic markers identified in Table 3.
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4/ 23

Marker| A_pos B_pos | A_allele | B_allele 37 83786804 | 79030483 C T
1 83661138 | 78892192 C A 38 83788620 | 79032697 T C
2 83670312 | 78902120 A T 39 83790907 | 79035044 T C
3 83677748 | 78909556 A T 40 83800911 | 79059529 C A
4 83678729 | 78910507 G T 41 83801699 | 79060317 A C
5 83680451 | 78912282 C G 42 83802355 | 79060986 T C
6 83688402 | 78920586 C G 43 83802547 | 79061178 C T
7 83688797 | 78921175 G C 44 83802826 | 79061457 T C
8 83710646 | 78947661 T G 45 83804625 | 79063241 A C
9 83731248 | 78977665 G T 46 83810334 | 79068533 A T
10 83731879 | 78978296 A T 47 83810542 | 79068741 G A
11 83732009 | 78978426 C G 48 83812042 | 79070212 T G
12 83732597 | 78979014 C T 49 83812462 | 79070633 G A
13 83742301 | 78989694 A T 50 83812902 | 79071056 A T
14 83742417 | 78989810 A G 51 83813059 | 79071213 T A
15 83742707 | 78990100 C A 52 83813801 | 79071886 C G
16 83742816 | 78990209 T C 53 83822038 | 79078975 T G
17 83746443 | 78994471 C G 54 83822447 | 79079383 T C
18 83746515 | 78994543 G A 55 83827350 | 79084284 C T
19 83746792 | 78994820 T C 56 83827890 | 79084824 G T
20 83748273 | 78996281 T C 57 83828180 | 79085114 C T
21 83748951 | 78996959 T G 58 83846539 | 79100549 C T
22 83749509 | 78997517 T C 59 83851294 | 79105413 T C
23 83751001 | 78999074 G T 60 83851939 | 79106058 C A
24 83752130 | 79000203 G A 61 83854472 | 79108866 A G
25 83755671 | 79003640 C T 62 83857828 | 79113382 T G
26 83757594 | 79005546 T A 63 83859465 | 79115014 T C
27 83758836 | 79006788 C T 64 83860078 | 79115627 C A
28 83774612 | 79017405 T A 65 83860155 | 79115704 T C
29 83776153 | 79018946 A G 66 83860288 | 79115837 C T
30 83777214 | 79020010 T G 67 83870181 | 79125227 G A
31 83777886 | 79020687 A C 68 83870373 | 79125419 G A
32 83778537 | 79021338 G A 69 83872374 | 79127420 C T
33 83778851 | 79021652 T A 70 83872603 | 79127649 C A
34 83779449 | 79022247 T C 71 83876864 | 79131862 C T
35 83781145 | 79023944 G A 72 83883440 | 79139342 A T
36 83781200 | 79023999 C T -

o
To FIG. 4B
FIG. 4A
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From FIG. 4A 5123
A

r D 109 | 83974490 | 79226993

73 83886385 | 79142300 110 | 83977660 | 79232177

74 83886777 | 79142695 111 | 83983288 | 79235740

75 83891056 | 79149746 112 | 83984445 | 79236737

76 83891581 | 79150271 113 | 83984694 | 79236986

77 83892886 | 79151621 114 | 83987265 | 79239553

78 83896020 | 79154720 115 | 83987484 | 79239772

79 83898118 | 79156913 116 | 83991563 | 79242411

80 83899274 | 79158067 117 | 83991669 | 79242517

81 83910159 | 79160817 118 | 83992602 | 79243453

82 83913362 | 79164021 119 | 83993173 | 79244024

83 83913977 | 79164636 120 | 83996141 | 79246966

84 83920656 | 79169549 121 | 83996748 | 79247573

85 83922130 | 79171003 122 | 83997051 | 79247876

86 83922204 | 79171077 123 | 83998160 | 79248985

87 83923617 | 79172493 124 | 83998359 [ 79249184

88 83924935 | 79173783 125 | 84009119 | 79255624

89 83925647 | 79174495 126 | 84010480 | 79257003

90 83926127 | 79174975 127 | 84015214 | 79261737

91 83926430 | 79175278 128 | 84024725 | 79271249

92 83928911 | 79177759 129 | 84025902 | 79272576

93 83929304 | 79178152 130 | 84026493 | 79273161

94 83929791 | 79178639 131 | 84030579 | 79277228

95 83937766 | 79186662 132 84082978 | 79319521

96 83944003 | 79193148 133 | 84084484 | 79321022

97 83944454 | 79193599 134 | 84084912 | 79321450

98 83944962 | 79194107 135 | 84085089 | 79321627

99 83945639 | 79194784 136 | 84086727 | 79323258

100 | 83951447 | 79205344 137 | 84086840 | 79323371

101 | 83951501 | 79205398 138 | 840865904 | 79323435

102 | 83951922 | 79205819 139 | 84098065 | 79332257

103 | 83954597 | 79208497 140 84099435 | 79333648

104 | 83954651 | 79208551 141 | 84099503 | 79333716

105 | 83957405 | 79211303 142 84101266 | 79335284

106 | 83965250 | 79217619 143 84108363 | 79347387
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From FIG. 4B 6/23
A

r D 181 | 84202739 | 79606402

145 | 84109586 | 79348613 182 | 84203199 | 79606862

146 | 84109667 | 79348694 183 84203715 | 79607378

147 | 84110163 | 79349192 184 | 84207617 | 79612611

148 | 84110533 79349562 185 84208220 | 79613217

149 | 84111161 | 79350187 186 84208860 | 79613857

150 | 84111521 | 79350546 187 | 84209525 | 79614520

151 | 84111790 | 79350815 188 84216277 | 79621273

152 84115956 | 793545935 189 84216884 | 79621880

153 84117120 | 79356096 190 84217212 | 79622219

154 84117231 | 79356207 191 84218881 | 79623910

155 | 84126498 | 79365502 192 84219063 | 79624092

156 84127451 | 79366455 193 84220392 | 79625400

157 84130728 | 79369735 194 84221039 | 79626046

158 84133211 | 79372212 195 84228838 | 79633113

159 84136245 | 79375239 196 84229877 | 79634160

160 | 84137267 | 79376287 197 84239862 | 79640657

161 | 84137471 79376491 198 84240090 [ 79640885

162 84141244 | 79380211 199 84240369 | 79641164

163 84141949 | 79380925 200 84240578 | 79641373

164 84144767 | 79383945 201 84246889 | 79647365

165 84145357 | 79384535 202 84247654 | 79648136

166 | 84146470 | 79385648 203 84247867 | 79648349

167 84146584 | 79385762 204 84248307 | 79648789

168 84157362 | 79396327 205 84248964 | 79649446

169 84158537 | 79397527 206 84249414 | 79649896

170 84162803 | 79548782 207 84250079 | 79650561

171 | 84163350 | 79549353 208 | 84268906 | 79658900

172 84165585 | 79570517 209 84275859 | 79665933

173 84166530 | 79571483 210 84284257 | 79674308

174 | 84172025 | 79576992 211 84284689 | 79674740

175 | 84173494 | 79578497 212 84285205 | 79675249

176 | 84196098 | 79599790 213 84287775 | 79677983

177 | 84198707 | 79602387 214 84287851 | 79678059

178 | 84198854 [ 79602534 215 84296530 | 79683154
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From FIG. 4C 7123
AL

1 A 253 | 83978145 | 79232646

217 84301454 | 79688081 254 83978987 | 79233486

218 84325518 | 79713361 255 83984934 | 79237226

219 83660977 | 78892031 256 83987023 | 79239311

220 83688285 | 78920469 257 83991361 | 79242209

221 83722470 | 78968934 258 84002990 | 79251640

222 | 83732730 | 78979147 259 84029139 | 79275788

223 83737546 | 78584800 260 84034792 | 79281270

224 83738491 | 78985745 261 84043263 | 79297879

225 83738925 | 78586200 262 84044008 | 79298624

226 83752526 | 790005593 263 84044364 | 79298977

227 83758653 | 79006605 264 84052299 | 79307175

228 83772365 | 75015173 265 84083078 | 79319621

229 83773669 | 795016463 266 84096494 | 79330692

230 83775690 | 79018483 267 84101667 | 79335685

231 83778028 | 79020829 268 84102485 | 79336494

232 83782315 | 79025216 269 84114328 | 79353306

233 83881431 | 79137356 270 84115189 | 79354168

234 83881561 | 79137486 271 84117849 | 79356824

235 83886072 | 79141986 272 84120052 | 79359046

236 83912253 | 79162911 273 84121378 | 79360372

237 83913523 | 79164182 274 84127188 | 79366192

238 83913677 | 79164336 275 84128993 | 79368001

239 83923122 | 79171998 276 84138203 | 79377223

240 83923211 | 79172087 277 84149712 79388918

241 83928527 | 79177375 278 84150685 | 79389891

242 83930070 | 79178918 279 84159070 | 79398089

243 83930863 | 79179711 280 84170529 | 79575496

244 83952313 | 79206210 281 84188800 | 79592480

245 83957074 | 79210972 282 84189391 | 79593068

246 83957237 | 79211135 283 84189451 79593128

247 83964889 | 79217261 284 84195913 | 79599605

248 | 83965085 | 79217454 285 84196692 | 79600384

249 83967741 | 79220056 286 84198130 ( 79601811

250 83968215 | 79220531 287 84209737 | 795614732

P |A|A|A|O|2|2O]2|HA]O|O]|O|O]lO|O|O|F|O|lO|F|O|P|H|O|Z|O0|O]|F|H|O|(>||>

251 83974800 | 79227303 288 84219469 | 79624503
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C- susceptible allele
T- resistant allele from 91K
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