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> PeerJ. 2021 May 13;9:€11446. doi: 10.7717/peerj.11446. eCollection 2021.

Cannabinoids from inflorescences fractions of Trema
orientalis (L.) Blume (Cannabaceae) against human
pathogenic bacteria
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THE PREPRINT SERVER FOR BIOLOGY Search

bioRxiv is receiving many new papers on coronavirus SARS-CoV-2. A reminder: these are preliminai
not be regarded as conclusive, guide clinical practice/health-related behavior, or be reported in news

New Results ¢© Comments (2)

Sequence and annotation of 42 cannabis genomes reveals
extensive copy number variation in cannabinoid synthesis
and pathogen resistance genes

Kevin J. McKernan, Yvonne Helbert, Liam T. Kane, Heather Ebling, Lei Zhang, Biao Liu,
Zachary Eaton, Stephen MclLaughlin, % Sarah Kingan, Primo Baybayan,
Gregory Concepcion, Mark Jordan, Alberto Riva, William Barbazuk, "= Timothy Harkins

doi: https://doi.org/10.1101/2020.01.03.894428

This article is a preprint and has not been certified by peer review [what does this mean?].
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Table 1A. Pacific Biosciences coverage and sequencing statistics of three Jamaican Lion
cannabis genomes. Genomes were sequenced with continuous long read mode (CLR). F1
was female. BUSCO: benchmarking universal single-copy orthologs. Software and database
versions: BUSCO.py 3.0.2, Augustus 3.3.21, Hmmer 3.2.1, Blast 2.7.1,
eudicotyledons_odb10(Simao et al. 2015).

' Coverage ' Mother | Father ' Daughter (JL5)
: N50 3,283,100 1,668,042 3,491,975 |
' Contig number (> 5 Kb) 481 1264 658
~ Genome size (bp) 875,793,298  1,009,156,132 999,122,115
| Complete BUSCOs (%) (961 970 973 |
' Single-copy BUSCOs (%) 83.5 63.3 63.5

Duplicated BUSCOs (%) 12.6 33.7 33.8

Sequencing statistics

Unique molecular yield (Gb) 125 150 84.8

N50 RL (Kb) 34.6 35.6 50

N50 Subread (Kb) 20 24 19

The 33X coverage HiFi assembly delivered a higher

N50 (5.2Mb) assembly

BUSCO Primary (93.7%C, 82.8% single, 10.9% duplicate)
BUSCO Primary + Alts (97.4%, 41.2% single, 56.2% duplicate)

© 2022 MJBiz, a division of Emerald X, LLC
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THE EMERALD HiCanu Telomeres
CONFERENCE

Supplementary Table 1.Contigs in the Jamaican Lion HiFi-HiCanu assembly with terminal
Telomeric sequences and their respective lengths.

Contig Telomere Len (Kb) | Contig Length
tig00005375 25.7 250,103
tig00005432 2.9 230,364
tig00005460 23.8 142,906
tig00005486 7.7 167,894
tig00005511 1.8 170,382
tig00005736 16.6 102,145
tig00005782 35.2 85,691
tig00005821 26 67,613
tig00005878 26.9 107,231
tig00005912 22.4 27,710
tig00005913 17.8 27,527
tig00005915 23.1 44,441
tig00006147 13.2 32,702
tig00006532 5.3 35,243
tig00007704 18.9 26,164
tig00043130 4.2 401,659
tig00043131 429 45,132

Supplemental Figure 18. Jamaican Lion HiCanu telomeric contigs (right) mapped to the Cs10
assembly (Left) with minimap and displayed with Circos.

/ \
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63% AT rich
63% Long Terminal Repeats (LTR)
Lots of Simple Sequence Repeats (SSRs)

JL scaffolds organized according to Gao et al JL-China
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Genetic Map Concordance with HiC
ThE EMERALD 85K SNP Chip - CannSNP90
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58,262,496 Unique SNPs across 40 Genomes.
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CONFERENCE 4X — 64X reduction with Cannabis Chitinase and Cannabis TLP
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THE EMERALD  StrainSEEK: 3.2Mb &10Mb Agilent Panel
CONFERENCE  WGS & CannSNP90K data input

Blockchain based Genetic registry: The timestamps on your data are immutable
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MNEAREST GENETIC RELATIVES IN PHYLOS DATASET:
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THE EMERALD  StrainSEEK Sequence Coverage of the Bt:Bd allele
CONFERENCE predicts chemotype

Sequencing Coverage
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Figure 4. Allele frequency (Illumina read count ratio) in 103 samples with P333R mutations in
January 25,2022 XD EIIEE THCAS. The samples with Allele ratio of 1 have their cultivar name added. Two samples are

. . . SRR#s NCBI.
MISSGHSG mUtatlonS N THCAS are ) Allele Frequency of S355N in 103 Accessions in Kannapedia

associated with Cannabigerolic Acid N
expression in Cannabis sativa L.

Kevin McKernan; Lei Zhang; Yvonne Helbert; ® Liam T Kane; ® McLaughlin, Stephen
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The chemical expression of THCA and CBDA has been previously attributed to copy number gains
and losses in THCAS and CBDAS. Here we describe an alternative mechanism to ablate THCAS
activity in 5 CBGA dominant cannabis varietals. Five cannabis cultivars from three unique cultivators
surprisingly contain a THCAS gene but also share homozygous Pro333Arg and Ser355Asn mutations
in THCAS. Pro333Arg is commonly found in THCAS dominant varietals but is uniquely found in a
homozygous state in CBGA varietals in conjunction with homozygous Ser355Asn missense
mutations. These results hint at convergent evolution in cannabinoid synthesis where selection for
and against THCA synthesis has been applied.
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S83 Edit  RsP12016 9650 Med

GOOD

CannSNP90 CHIP

FOR GENOTYPING PLANTS

view the technical sheet

SNP CHIP GENOTYPING
(PROBE SINGLE LOCATIONS)

® 89K+ SNPS

& GENDER DETERMINATION
@ CHEMOTYPE DETERMINATION

@ SNP LOCI FOR:

CANNABINOID SYNTHASE GENES
© (THCA, CBDA, CBCA)

& DISEASE RESISTANCE
® TERPENES
@ GENOME-WIDE TAG DISTRIBUTION

@ StrainSEEK OVERLAP TAGS

ﬂl'n DOWNLOADABLE VARIANT DATA

@& KANNAPEDIA REPORT INCLUDED

6/4/2021 10:24am  Black Beauty

BETTER

StrainSEEK®

FOR FINDING NOVEL VARIANTS IN KEY
GENOMIC AREAS

DNA SEQUENCING PANEL
(SEQUENCE AREAS OF INTEREST)

@ 10M+ BASES SEQUENCED
@ 300K-500K SNPS
@ TAGS IN 7,500+ GENES
@ GENDER DETERMINATION

@ CHEMOTYPE DETERMINATION

© FULL/PARTIAL COVERAGE FOR:

CANNABINOID SYNTHASE GENES
) (THCA, CBDA, CBCA)

@ DISEASE RESISTANCE
© TERPENES
©® FLAVINOIDS
& FLOWERING
® SEEDING
® OTHERS

s DOWNLOADABLE VARIANT,
men MAPPING, & SEQUENCE DATA

& KANNAPEDIA REPORT INCLUDED

BEST

WHOLE GENOME

FOR THE MOST COMPLETE, FUTURE-PROOI
GENOMIC PROFILE

SHOTGUN DNA SEQUENCING
(SEQUENCE ENTIRE GENOME)

@ 876M BASES SEQUENCED
@ 3M-15M SNPS
@ 27K+ GENES
@ GENDER DETERMINATION
@ CHEMOTYPE DETERMINATIO}
@ FULL COVERAGE FOR:

CANNABINOID SYNTHASE GENES
(] (THCA, CBDA, CBCA)

@© DISEASE RESISTANCE
© TERPENES
@© FLAVINOIDS
@ FLOWERING
© SEEDING
© MANY, MANY OTHERS

3 DOWNLOADABLE VARIANT,
= MAPPING, & SEQUENCE DATA

& KANNAPEDIA REPORT INCLUDED
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Genes of Interest - compare coverage 10Mb vs 3.2Mb panel

Genes of interest have been divided into 9 distinct categories (complete genes lists are
here)

Flowering genes - 23 genes that were pulled out of the annotation for Jamaican Lion Female
matching the term “flower”

TLP1 genes - 6 genes that were included in Fig 6B of MGC’s 40-genome pre-print
implicated in Powdery Mildew Resistance

TLP genes - The 23 TLP genes included in Fig6A

Known Disease Associated - 280 genes pulled out of JL annotation matching term “disease”
Kannapedia select genes of interest - 27 genes manually curated by MGC scientists for
which MGC report variants on in Kannapedia (there are also flowering genes on this list, but
these have been pulled out into the Flowering Genes group for this analysis

Chitinase - 35 Chitinase genes included in Fig6A

MLO - 23 genes included in Fig6A

CBCA “Pathogen Response” genes - 35 genes on contig756 of the JL Female reference
also included in Fig6A

Fig 6A - all 90 genes included in Fig6A (includes TLP, Chitinase, MLO, and CBCA Pathogen
response from above)




THE EMERALD Breeding Using CannSNP90 Bead Chip
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CannSNP90 bead chip
* Content
* Validation
* Applications

Molecular Breeding
* Evolution of Molecular Markers
* Applications of Genotyping
* Construction of Hemp Genetic Map

2022 MJBiz, a division of Emerald ) "'~
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Background in Open Source Fungal Genomics

Pacific Biosciences HiFi assembly
N50 3.3Mb, 97.6% BUSCO complete

Phase Genomics Hi-C Chromatin Capture map of
Psilocybe cubensis

N Psilocybe cubensis is now in
3 13 chromosomes

assembly

Figure 1. HiC contact map displayed in Juicebox. 13 large scaffolds emerge with total of 26
scaffolds. Mitochondria is on scaffold 20
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g'(')"il EE‘FE'E?’N'“E'E Psilocybe Mating Type Loci identified on Chr. 1

Produced bv M]BizScience

Psilocybe has at least 4 genders
Mating Type Loci can guide which strains will make compatible crosses
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Psilocydia- The Kannapedia fork for Psilocybe

Penvy-2-SW

PSP 10075 Grower: Medicinal Genomics

General Information

Genetic Information
FILEDOWNLOADS

E| Annotated VCF

E| Annotated VCF Index

ElBAm

E| BAM Index

E| BAM (Mapped to Assembly)
] BAM (Mapped to Assembly) Index

Psilocybin Synthase Gene Coverage
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position
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Psilocybe microbomes
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Supplementary Figure 2. Taxon annotated GC-Plot of P.azurescens (OR-Coast Left) and
P.galindoi (Right) demonstrate some metagenomic bacterial contamination in the P.galindoi
library. Contigs with Psilocybin producing genes in Pgalindoi have been identified using
tBLASTn.

e/00»

© 2022 MJBiz, a division of Emerald X, LLC

McKernan et al



THE EMERALD . .
conrerence 14 Viruses/Viroid assays
Released Pipeline
1. Hop Latent Viroid 1. Tobacco Streak Virus
2. Lettuce Chlorosis Virus 2. TObaFCO Ring Sprt Virus
3. Cannabis Cryptic Virus 3. Arabis Mosaic Virus
4. Beat Curly Top Virus 4. Cucumber Mosaic Virus
5. Tobacco Mosaic Virus 5. Hop Mosaic Virus
6. Alfalfa Mosaic Virus
7. Tomato Ring Spot Virus
8. Rasberry Dwarf Virus
9. Hop Stunt Viroid



THE EMERALD qPCR enables the detection of pathogens that
CONFERENCE don’tculture.

Triplex Virus/Viroid test
Hops Latent Viroid,
Lettuce Chlorosis Virus,
Cannabhis.Cryptic Virus 1

© 2022 MJBiz, a division of Emerald X, LLC



THE EMERALD LCV Virus Phenotype More Pronounced in
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THE EMERALD Hop Latent Viroid is in the Roots, Stems
CONFERENCE and leaves

Amplification
lli FAM)] Q!Fm! Tlrlﬂ HEX ] L T T T
HLVd ND SCCG 29.73] d .
10.1 Chem 4 Mom HLvd ND SCC6 30.25
102 Chem 4 Clone 1 HLvd NO 5CC6 30.60|
102 Chem 4 Clone 1 Hivd ND SCCG 30.67|
103 Chem 4 Clone 2 HLvd ND 5CC6G 31.83] 1 03 -’ -4 o
103 Chem 4 Clone 2 HLVd ND SCCG 30.81] 4
111 |Motorbreath Clone 1 HLvd ND. SCC6 31,10
111 Clone 1 HLvd ND scc6 31.28
112 |Motorbreath Clone2 HLVd ND 5CC6 3022
112 |Motorbreath Clone2 Hvd ND scc6 29.09
121 Old Family Purp Rooted, Leaf HLvd 2214 SCC6 31.07] 4
121 0ld Family Purp Rooted, Leaf HLVd 20.78 SCC6 29.61
121 |0ld Family Purp Rooted, Root | HLVd 7359 SCCG 25.59 = |
121 |0l Family Purp Rooted, Root | HLVd. 22.59 SC6 29.57] w
131 Sour Diesel Mom HLvd NO 5CCG 30.13] 2
131 Sour Diesel Mom HLvd ND SCC6 30.27 1
132 Sour Diesel Clone 1 HLvd ND SCCG 30.24]
132 Sour Diesel Clone 1 Hvd ND SCC6 30.18]
133 |Sour Diesel Clone2 HLVd ND 5006 3113
133 Sour Diesel Clone 2 AT ND SCCG 31.80)
134 Sour Diesel Clone 3 Hvd ND SCCG6 31.07|
134 Sour Diesel Clone 3 Hvd ND SCC6 30.28]
135 Sour Diesel Rooted, Leaf HLvd ND SCCG 30.07]
135 Sour Diesel Rooted, Leaf HLVd ND $CC6 30.68]
135 Sour Diesel Rooted, Root Hvd ND. SCC6 3771 02 1 ]
135 |Sour Diesel Rooted, Root HLvd ND sec6 3102 1 {
141 GMO Mom HLvd NO 5CC6 30.59) i
14.1 GMO Mom HLvd ND 500G 30.10] L
151 |Strawberry Rooted, Leal Hvd 2118 5006 28.04 0 10
15.1 Hwvd 21.31 S5C06 29.88|
15.1 HLvd 24.18 SCCG 30.05)
151 HLvd 25.44 sCc6 30.36 Cycles
152 HLvd 24.27 SCCG 31.74]
152 HLvd 25.56 S€C6 31.90
16.1 Strawnana Rooted, Leaf HLvd 20.52 SCC6 29.52|
161 Leaf Hvd 2.2 €06 29.80) UCCR
16.1 strawnana Rooted, Root HLvd 112 SCC6 29.12
161 Root HLvd 22.16 SCC6 29.33 W
162 HLVd 22.81 SC06 30.74] "cﬂ: LI S “.:I;“‘ . “‘“, o GG u & ot o
162 Hvd 22,02 SCCG 2962 et T e ﬁﬁﬂ"ﬁﬁfif i
171 Triangle Wave Backup 2 HLvd 500G 33.04) fd ! ACI.,}NUC:CGWCWCI CCGNACWCVC‘ Ellﬂﬁ‘xtti EG"IKIQME‘CC%?IVCV' :E v ENI‘J-?UCIEGC‘J‘ UNV!L’"CGQ .
171 Triangle Wave Backup 2 Hvd SCC6 30.38] 0 I"‘l us;] i W t1 " [
172 Triangle Wave Mom 2 HLvd ND 5CC6 30.21] i L
172 |Triangle Wave Mom 2 Hivd ND SCC6 31.79 L "—— = e T
173 | Trangle Wave Mom 3 Hvd ND 5C06 30.99 w HVGI LCCR
173 [Triangle Wave Mom 3 HLvd ND 5006 29.30) Vil
181 |Trop Cookies Clone 1 HLvd NO 5006 25.75 E Pl 2
18.1 Trop Cookies Clone 1 HLvd ND SCCG 29.44)
182 Trop Cookies Clone 2 HLvd NO SCC6 30.20]
182 Trop Cookies Clone 2 HLvd ND SC06 29.08] W | )\ W " | Vi It
oo Coner o o s e Figure 4 Secondery stucture (Puchta et al., 1986] of HLVG and localzation of primers for RT-PCR analys's of virad nfecfion in
183 |1rop cookles Clone 3 Hivd NO SCC6 20.25 polen.
rosEhecon Hlve E o o UGCR, uaper part of the cenvelconsenved region; LCCR, lower prtof the cantralconsenved vegon; T4 &nd T2, laft and righ terminl

domeins. Primsr binding sites a2 loczlized in the lower part of the viroid structure and cover a unique st restriction sie. Primers
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THE EMERALD Jamaican Lion Becoming A Reference Standard
CONFERENCE

Vendors are consolidating on the Jamaican Lion references
Tissue Culture has been optimized for JL.
SNP Chips are Validated on JL. August 2020 Launch.

Mini-Exomes are available targeting Cannabinoid, Terpene, Chitinase, Y-chromosome, TLP, Flowering, CannFlavin, Edestin
related genes. :

e . i .
Doug Klier (IGBR)- Tissue « eurofins %% Agilent

Cultured Jamaican Lion

" vy [change

85K SNP array Mini-Exomes (5-10Mb Seq panels)

© 2022 MJBiz, a division of Emerald X, LLC



THE EMERALD Consortium of the leading technology providers to solve
CONFERENCE thecomplexity of the world’s most valuable plant

_D a s h « Blockchain experts and cryptocurrency

F PACIFIC Single Molecule Sequencing Pioneers
2 Bi0ScENCES

* Methylation, Enzymes and Sequencing Pioneers. Founded
§, NEW ENGLAND by Nobel Laureate Sir Richard Roberts

“BioLabs..

* Experts in gPCR and Hyb Capture

& PHASE

Experts in GPU acceleration/Al

' Agilent

' » (Cannabis Genomic Pioneers. Sequencing veterans. Leaders
) EIKEN CHEMICAL e o s g eI

Experts in Field Portable LAMP assays

© 2022 MJBiz, a division of Emerald X, LLC
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We want to hear from you!

Scan the QR code below to provide your feedback on
the presentation.
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