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Differentiation of Marijuana and Hemp-Statement of Problems

> Traditional Method Limitations

* Microscopic, Color test— cannot
differentiate hemp and marijuana

* Chemistry instrumentation—> provide
limited information, effected by age,

[ 2018 Farm Bill ] [ Trafficking ] ] storage, sample type and size

Genetic Method ]

» Genetic Method

Only need trace amount of sample available
Analyzed non-traditional sample types

Not effect by sample condition or storage
Crop type differentiation

Tracing geographic origin



Genetic Markers for Differentiating Hemp and Marijuana
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Synthase Gene and Chemotype

Cannabis strains are usually differentiated by their chemical composition (chemotype)

The genotypes differences of the
three synthase genes might
influence cannabinoid content
— Differentiation Markers

THCA, CBDA, and CBCA
synthase compete for the -
same substrate (CBGA)

» Synthase genes sequences
« CBCAS is reported to be 96% identical to THCAS

sequence

CBCA « Cannabinoid synthase genes copies may include

l l l functional genes as well as several pseudogenes

THC CBD CBC

Pseudogene with 89%— 95% similar in identity to
THCAS, CBDAS, and CBCAS



Study’s Goal and Approach

> Limitation of Current Genetic method

* Need to incorporated CBCAS and pseudogene
* Limited sample vaniiiiss, snwl ksanmpdennmmblee f f PR ad d- RN sti kb oncueae)d)
* Lack of a comprehensive C. sativa database

» Goal
Provide large scale evaluation of the synthase genes and pseudogenes on
wide varieties of Cannabis to identify novel polymorphisms or pattern of
genes’ present for crop type discrimination.

» Designed NGS panel targeting three synthase genes and pseudogenes

* NGS can target specific genes of interest with high coverage and confidence

* Quickly screen and sequence several types of cannabis with its high-throughput capabilities



Flow Chart

Sample | DNA Extraction X Primer Sanger
Collection | and Quantitation Design Sequencing
— Long sequence PCR BN
i SNaPshot
Assa
NGS ; . Data L Assays
Library preparation : L Y
Assay Analysis Evaluation
Tagman gPCR
- Next generation sequencing - Assay




Cannabis Sample Collection

1 Reference Marijuana NIDA, NIST Quant & TIC Data
2 Reference Hemp 3 IR BT, Bl e Quant & TIC Data
Kentucky
3 Seized Marijuana 61 DEA (University of Mississippi) Quant Data
4 CBD Hemp 20 Online purchase Quant & TIC Data
g CBG Hemp IH 13 University of Mississippi Not Available
CBG Hemp 8 Online purchase Quant & TIC Data
6 A8-THC Hemp 7 Online purchase Quant & TIC Data
7 THCO Hemp 3 Online purchase Quant & TIC Data
8 A10-THC Hemp 1 Online purchase Quant & TIC Data
9 CBDV Hemp 1 Online purchase Quant & TIC Data
10 Hemp Seed 4 Grocery Store purchase Not Available

Total 148 Marijuana: 88 Hemp: 60



Primer Design

THCAS F2
THCAS R2
CBDAS F1
CBDAS Lav F
CBDAS R1
CBDAS Lav R
CBCAS Lav F
CBCAS Lav R

THCAS F4 8
THCAS R4 9

1
2
3
4 CBDAS R3 11
5
6
7

CBCAS R1 14

CBDAS F3 10

CBCAS F1 12
CBCAS F3 13

Approach 1: Using Published Primers

ACTGAAGAAAAATGAATTGCTCAG
ATTTAAAGATAATTAATGATGATGCG
ATGAAGTGCTCAACATTCTC
CTGCAGGAATGAAGTACTCAACATTCTCCTTTTGG
TTAATGACGATGCCGTGG
AAGCTTTCATGGTACCCCATGATGATGCCGTGGAAGAG
CGGATGTACTGTTATGCTCCAA
CATTCTCCATTAAAATAAGAAAGACAA

CBCAS R2 15
THCA+Like R 16
Everyone R1 17
CBDA+Like R1 18

THCA R5 19

CBDA+Like R2 20
CBDA+Like F1

Primer Name

Reference

Cascini 2019
Cascini 2019
Cascini 2019
Laverty 2019
Cascini 2019
Laverty 2019
Laverty 2019
Laverty 2019

CBDA+Like F2
CBDA+Like F3
CBCA+Like F
THCA F5
Everyone R2

Everyone F1

Approach 2: Aligned Published Synthases’ Sequence

Align 121 Reference Sequences (including THCAS, THCAS-like,
CBDAS, CBDAS-like, CBCAS)

TTECAGCATEE AAAATEARACTIG TTGCTGTERCATE,

ARAGGUTACTATATTCAG TGTTAARAAGAACATGEAGATACATGG GO TTE TCAAGTTAT TTAA CARA TGECARAAT ATTE CTTAC AAGTATEALD

Consensus
115
Coverage

|:4- THCAABUE?8051 Smkamaramas 200...

REU CBEA QKVI0Z004887 1 Finola
Emg CBCA-like JAATIOO010000121 Jama... :TTECAGCATEE T TG TTEWTGTCCCATC
g a

\TTECAGCATEG ARRA TCAAACTEG TTGETGTCCCATC

“TATATTCAG TGTT. TATTGCTTA
UBGLT.‘LT‘T‘TTL‘GTbTT‘““&“L‘Tbb‘b‘T‘(‘TbbbLTTbTL“bTT‘TTT“(“‘Tb L“HTlTTb(TTitllelTwL
T,

BCAS Cs1
CAS Cs1 TL“‘LTI;TT&ITET[[ :
AS Csi1 TEG TTGETGTCC

I‘G‘LTGGTTGLTGT('('

ACTEGTTGCTGTOC
TGGTTGCTGTCC

A0 TIG TTG CTGTEC

TG TTGCTGT O
TEAGACTEGC TTECTCTOD
THEAGAETES TT5 CTETCE

AARATATTGCTTAC
TATTGCTTACABCTATGCAN
TEECAARATATTGCTTACABGTATGAN
et y

F PP F P PR P P RT P A FRPYRFRT

“TATATTC A
A ADGTCTACTATATTC

TATTGCTTAC ARG
TEGCARAATATTG CTTACABGTATEAR
! BTATE

ACTEGTTECTGTCC
CAAB212829.1 Kojoma 2 TEETIECTETEC
CAAB212830.1 Kojoma 2
CAAB212836.1 Kojoma 20
CAAB212837.1 K
s

1
L1
.1
1
0
0

FPPPPFPPPTPFY

CTGETTE CTETC D
TEETTECTETCC
TCARACTGETTGE CTETCCC

T TGETTGRTGTCC

ARACTGETTG CTETCD
TGETTECTGTCC
TGETTECTGTCC
TGETTECTGTCC
TEETTECTETCC

nfid...

.1 Gannatonic

CAMT338560 CBG TS1-3 cultlvar
CAMW3E2908.1 HO4D T ?

CA MWSMOS?. Cake Breath T\;pe |




Flow Chart

Sample DNA Extraction Primer Sanger
. : . . : . ﬁ .
Collection and Quantitation Design Sequencing
NIDA, NIST, UM, DNeasy® Plant Mini Kit (QIAGEN)  Total of 20 primers Confirmed Primer
DEA, Online, Stores Qubit™ 1X dsDNA HS Assay Kits were designed plus 8 Specificity- 9 primer
MJ: 91 Hemp: 54 published primes sets will be used
— Long sequence PCR )
. SNaPshot  _
Assa
|| NGS ; ; Data ! Assays
— Library preparation — - L Y
Assay Analysis Evaluation
Tagman gPCR
— Next generation sequencing | Assay
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General Workflow

" Long-Range PCR ——— PCR Product Pool

 LAPCRKitVer.2.1
e Single-plex PCR

AEES

() TakaRa
o

* Qubit quantitation

* PCR Products Pool
(0.2 ng/uL)

* Pool all targets
from the sample

e Exol clean-up

MiSeq FGx Run

Denature libraries
Dilute denature
libraries
Instrument loading

Library Preparation

Figure 1 Nextera XT DNA Library Prep Workflow

Safe Stopping Paint

Safe Stopping Point

o Tagment Genomic DNA
Hands-on: 7 minutes
Total: 17 minutes
Reagents: ATM, TD, NT

e Amplify Libraries
Hands-on: 7 minutes
Total: 45 minutes
Reagents: NPM, Index 1, Index 2

e Clean Up Libraries
Hands-on; 15 minutes
Tetal: 30 minutes
Reagents: RSE, IPB, EtOH

- Libraries Quality Check

* Bioanalyzer

Ladder = NIST2  NIST3  NIST4

Ul . .

: :_JM/M\‘“L““

I I T
] 400 60 8 | 100 120 5]

Libraries Normalization —

* Qubit quantitation

* Libraries Pool
(1.32 ng/ulL) (E)

Molarity = &

660— x 500bp

250-750 bp
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Data Analysis-Geneious Prime

Assemble millions of reads generated by NGS platforms: align and merge

Data overlapping fragments of a DNA sequence to reconstruct the original sequence.
[ ] [ ]
Normalization 30-200 contigs 796 read, 1677 bp
U N Descﬂp_" | ] ]pU ZIUU EQU 4QU SFIU ].ZUU ]‘E‘UU '\‘I*UU T‘SIUU '\‘B‘UU 1.67
=) E_S4.L001 Assembly Consensus Sequences - 2
= E_S4.1001 Assembly Contig 1 796 read...2 i “
e = E_S4.L001Assembly Contig 2 738 read...2 ___? e EE . B —— E—
e = E_S4.1001Assembly Contig 3 RSty ———— 5§y, ==t
® = E_S4.1001 Assembly Contig 4 626 read...) e E - E e E e E S E S — ES— N
e = E_S41001Assembly Contig 5 10 read. ) I e ,,,, ,  ;f’ e ¥ fo»oec
De Novo * = ES41001Assembly Contig 6 asdread. ) e e e
e = E_S41001Assembly Contig 7 338 read.. ] e e
Assemb |y e = E_S4.1001Assembly Contig 8 15 read.. ) e e e e S
e = E_S4.L001 Assembly Contig 9 04 reads.. ] . e - B B —————
e = E_S4.L001 Assembly Contig 10 50 reads..2  — — — —— —

. 228 documents assembled to 3 reference
Map the contig to Reference Sequence: P |
122 of 228 reads were assembled to 3 reference sequences to produce 3 contigs

Map to assemble contig sequences to THCAS, % 106 reads were not assembled
References CBDAS’ and CBCAS SequenCES to Sepa rate Assembled 231 documents using Geneious assembler. Show Options

Assembly Duration: 8.71 seconds (23.28 seconds CPU time)

Performed 5 of up to 5 iterations.

pSEUdO genes and |Ocate dlfferences First iteration matched 111 reads.

Best iteration matched 122 reads.

Excel Sheet: record present or absent of
Record Results the synthase genes and pseudo synthase
genes, as well as the polymorphisms on
the synthase genes
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NGS Results Summary (Partial)

Sample Strain THCAS CBDAS CBCAS THCAS-Like CBDAS-Like Sample  Strain THCAS CBDAS CBCAS THCAS-Like CBDAS-Like

H18 X Present | Present X or SNPs X DEA27A Present X Present Present Present
H20 X SNPs | Present X or SNPs X DEASA Present X Present Present Present
H24 X Present | Present X or SNPs X DEA36A Present X Present Present Present
H14 X Present | Present | X or SNPs X DEA31A . Present X Present Present Present
H19 X Present | Present | X or SNPs X peasan | Seized Present X Present Present Present
H11 CBD X Present | Present X or SNPs X DEA42A MJ Present X Present Present Present
H10 X Present | Present X or SNPs X DEA32A Present X Present Present Present
H9 Hemp X Present | Present X or SNPs X DEA25A Present X Present Present Present
H12 X Present | Present X or SNPs X DEAGOA Present X Present Present Present
H47 X Present | Present X or SNPs X DEA58SA SNPs X Present Present Present
H45 X Present [ Present X or SNPs X
H44 X Present | Present [ X or SNPs X Sample Strain THCAS CBDAS CBCAS THCAS-Like CBDAS-Like
H46 X Present | SNPs X or SNPs X H39 CBDV Hemp TS _ ‘ X
) ) _ H1-)2 | SI ‘ Present
Sample Strain THCAS CBDAS CBCAS THCAS-Like CBDAS-Like H2-5 SNE. Present
H23 SNP 1064G X X Present Present Ha5 | Hemp Seed —C DEaa
CBG30A SNP 1064G |Incomplete| Present Present Present Ha4-4 A | Present
H22 SNP 1064G X X Present Present H36 NPs ) Present
H21 SNP 1064G X X Present Present H37 THCO Hemp X }\ | Kent X
H41 SNP 1064G X X Present Eresent H35 AR 7 | /- ent < X
H42 SNP 1064G X X Present resent —
CBG59A de SNP 1064G X Incomplete| Present Present H28 | 3 F :'%V a :NPS X
26 |HEMP[snp 1064G X X Present Present H29 SNF | SNPs X
CBG22A SNP 1064G X X Present Present H31 SNPs e SNPs X
CBG40A SNP 1064G |Incomplete X Present Present H30 A8 Hemp SNPs ‘ B X Present
CBGA44A SNP 1064G |Incomplete X Present Present H34 SNPs | B8 (on .. Ul Present Present
CBG5A SNP 1064G X X Present Present H34 X ' > A X Present
CBG20B SNP 1064G| Present Present Present Present H32 X F \ ) X Present




Differentiate Hemp and Marijuana

THCAS
Absent I Present
I I
—Hemp — Marijuana
* CBD Hemp * CBGHemp
e Other Hemp e Other Hemp
e Low THC MJ * Hemp Seed
* Marijuana
CBCAS
Absent | Present
I I
o N/A « Hemp
Marii
* CBGHemp
* Marijuana * Everyone

CBDAS
Absent I Present
I I
s+ Marijuana +— Hemp
* CBG Hemp * CBD Hemp
* Marijuana * Other Hemp
* Hemp Seed
e High CBD MJ

Cannot differentiate hemp and
marijuana by just synthase genes.

Cannot differentiate hemp and
marijuana by looking at several
genes “at the same time”.

14



Differentiation Flow Chart

| THCAS 1064A SNP

Present |

Absent

I
* Hemp

Present

I
* Marijuana

* Marijuana

* Hemp
e Hemp Seed
THCAS-Like
| Absent
| |
* Hemp

" THCAS 366T or 1179T SNP

e Hemp Seed
CBDAS _
Absent or Present | Present with 586G SNPs
| |
* Marijuana * Marijuana
Present | Akisent e Hemp Seed
* High CBD MJ * Low CBD MJ
Present

| Absent

I
* Hemp Seed

* Marijuana

15



Flow Chart- Next Step

Sample DNA Extraction Primer Sanger
. : . . 4: . ﬁ .
Collection and Quantitation Design Sequencing
NIDA, NIST, UM, DNeasy® Plant Mini Kit (QIAGEN) Total of 12 primer sets Confirmed Primer
DEA, Online, Stores Qubit™ 1X dsDNA HS Assay Kits were designed plus 4 Specificity-9 primers
MJ: 91 Hemp: 54 published primer sets set will be used
] Long sequence PCR B

I—»TaKaRa LA PCR kit

NGS Data
% —_ Library preparation — = o Assays
Assay Analysis Evaluation

—»Nextera XT DNA Library Preparation Kit : :
4 runs total Geneious Prime

— Next generation sequencing i software

—» MiSeq FGx® Standard Sequencing Kit (lllumina)

16



Differentiation Flow Chart-NGS

Target 1
| THCAS 1064A SNP
Present I Absent
| |
* Hemp * Marijuana
* Hemp
* Hemp Seed
P22 I Target 2
THCAS-Like
Present I Absent
| |
* Marijuana * Hemp
e Hemp Seed Target 3
CBDAS
Absent or Present | Present with 586G SNPs
I |
* Marijuana Ab * Marijuana
Present | Isent ° Hemp Seed Target 4
» High CBD MJ - Low CBD M " THCAS 366T or 1179T SNP
Present | Absent

* Hemp Seed * Marijuana
17



Development of Fast Genotyping Assay

» SNaPshot™ Multiplex Assay
-Single-Base Extension Labeling Chemistry A

C
A

ATCGCTACTGACCTGGTAAACGT

SBE Primer

» Custom TaqMan Probes qPCR Assay

Custom QSY probes—QSY probes are best-suited for multiplexed
detection of more than two targets and pair with proprietary ABY

and JUN dyes that are optimized for Applied Biosystems instruments.

Workflow to develop and optimize your multiplex reaction

Determine your probe Redesign and order assays,
options primers, and probes

Choose and order the
appropriate master mix

Optimization

* . Color = genotype
Electrophoresis 7

-

Wavelength
(nm)

Emission
spectra

* Gene Expression—>4-plex
 SNP Genotyping—>2-plex
(1 SNP need 2 probes)

18



First Step-Primer Design

» Design 4 PCR primer sets for SNP MJ Hemp
THCA [l
MJT Hemp ol

Primer: Like
THCA

1064 Try different primer sets, try sequencing

ETCATCGAGCTGGAATCATE}AT

THCA A
366 or

1179
CBDA AATCAGCAATTCCATTCC

586

IlHemp might actually all have THCAS-Like

19



NGS vs PCR

THCAS || CBDAS || Everyone THCA-Like Other R
F4 Like F3 || F Primers R Primers primers
b3 . 1,214 1.440
# THCA-Like JAATIP010000026.1 Jamai... '1 iz il = — i . ' L m

# FUD 1A_S33 _L0O01 Assembly Contig 2
# FUD 1B_S33_L001 Assembly Contig 1

1
| THCAS-Like (Mom)
# FUD 2A S34 1001 Assembly Contig 2 I

+ REY DEA-62_S57_L001 Assembly Con... !

# REW 32A S51_L0O01 Assembly Contig 6 !

# FUDH10_S25_L001 Assembly Contig 4 '
# REYV H20 S26_L001 Assembly Contig 3 '
+ FEY NIDA-E1 '

# FUD THCA-Like IAATIP0O10000026.1 la... wmrmminmmm:

- THCAS-Like (Dad)

THCAS-
Like (M)

THCAS?
D E F G H29 34 35 36 14B 27B 31B H2 H3 H5 THCAS-Like?
Mom or Dad?

THCAS-
Like (D)

20



Run Gel Run Gel Run Gel...Sequencing Confirmation

(B AN
mmmm 61 Testi& }@ tesfng
//”&\x k—’-

THCAS Like Mom X

THCAS Like Dad  V ==t ﬁ. i '?
mmmm 87 i S 3

THCAS Like Mom
THCAS Like Dad Vv

mmmm

THCAS Like Mom
THCAS Like Dad Vv




Need to Differentiate the Two Variants of THCAS-Like' (Mom and Dad)

= The new primer set will catch Mom in MJ and CBG hemp; catch Dad in CBD hemp

469 479 486 489 499
Ce THCA-Like JAATIP010000026.1 Jamai... ACTTTAGTGGAGGAGGCTATGGAGCATTGATACGAAATTATGGC

T ATV N A v VA AR T o ey e N T X :
C¢ FUD H31 F3_A11_01_BDxInjectionTim... ACTTTAGTGGAGGAGGCTATGGAMCATTGATACGAAATTATGGC

P+ REY H31 R12_D11_04_BDxInjectionTi...

I| hll

A AN \
‘qmmﬂ-_

L+ FUD H20 F3_B11_02_BDxInjectionTim... ACTTTAGTGGAGGAGGCTATG GACATTGATACGAAATTATG G(

"‘-“ N AVYAVA A
other hemp D¢ mmmmm

FUJD I\Iﬁ F3 C11 _03 BDPnJectionTime... ACTTTAGTGGA GAGGCTATGG CATTGATACGAAATTATGG(

Using THCAS-
Like 486 SNP to
differentiate Mom
and Dad Variants

/ 'A )
Ce REY 23R12_F03_06_BDxInjectionTime... ACTTTAGTGGAGGAGGCTATG GAGCATTGATACGAAATTATG GC

O+ REY 78R12_HO03_08_BDxInjectionTim... ACTTTAGTGGAGGAGGC TATG GGCATTGATACGAAATTATG GC

Ce FUD 23F3 RN N? RNxlniectinnTimel ACTTTAFGAGGAGCTAF GAGCATTGATACGAAATTATF G(C 22



Differentiation Flow Chart-PCR

THCAS 1064 SNP | Target 1
]

e CBG Hemp e Other Hemp e CBD Hemp
* Other Hemp * Hemp Seed  Low THC MJ (3)
* Low THC MJ (1) © M ' THCAS-Like 486
~ THCAS-Like 486 ' THCAS-Like 486 | Target 2 :
. :
o [N o5 TN o N o m
* CBGHemp * LowTHCMJ <+ Hemp e HempSeed <+ OtherHemp ¢ Low THC MJ(3)
* Other Hemp e MJ

' cBDAS 586 snp | Target 3
|
* High CBD MJ e Hemp Seed * Low CBD MJ 4“ e MJ

.« IHM -
' THCAS 1179 sNP | Target 4 |—

* Hemp Seed 5




Fast Genotyping Assays

THCAS 1064 SNP |
1 |
A G | s | |
* CBG Hemp + Other Hemp * CBD Hemp :
+ Other Hemp * Hemp Seed * Low THC MI (3) |

» o M) =
Low THC M) (1} THCAS-Like |
THCAS-Like | THCAS-Like I
i O D O o e
Mom Dad, Abs [T « CBD Hemp |
*+ CBGHemp * LowTHCMJ + Hemp *» HempSeed =+ OtherHemp ¢ Low THCMI(3) I
* QOther Hemp e MJ I
——————————————————————————————————————— d

CBDAS 586 SNP
|
* High CBD MJ * HempSeed * Low CBD M) _n Ml
. HM =l < HM
THCAS 1179 SNP Y - emoseed

Limitation of both:
 Unable to separate some low THC
(0.3%-1%) marijuana form hemp

» SNaPshot Assay (Can have all targets)
Expectation:

* Separate most Marijuana form all strains of Hemp
e Separate marijuana from hemp seed

e Giving CBD information

 Might be able to estimate THC conc

Main advantage:

* Fast, easier interpretation, provide more info

» Tagman gPCR Assay (only allowed two SNPs)
Expectation:

e Separate most MJ form all strains of Hemp
 Might be able to estimate THC conc

Main advantage:

* Faster than SNaPshot, low cost

Limitation:

* Unable to separate MJ from hemp seed

e No CBD information »



SNaPshot Assay (n=138)

35 49

THC<1% Cannabis (3) | %}-%

1064 G/486G<1 High CBD, Low CBD MJ /\

T T T 1
A A T
1001 3761 5470 902 9862
5

CBDA586 THCA1179 [ THCA1064 | .
14 | 21 . 28 35 . 42 49 . Not Cannabis
' ' ' 3 2 E E

4500+ 0 ‘ 40 ,
3000 63”2
15001, /\ , :: :Z

T A o . " A o

0 T T e — T TT T T

G A T . G A
T THCAS 1064 SNP
|
I 1
CBDAS 586 SNP THCAS 1179 SNP THCAS-Like 486 SNP THC<1% Cannabis, Hemp Seed (56)
|
I ! [ CBDAB86 | |THCA1179| [Pse..] |THC |
Need some peak height info Hemp Seed (2) Marijuana (69) ;
I CRNARRE ] 'T“‘“ﬂzs (Pse..] |—‘ [ CBDA5E6 | [THCAT179] [Pse.] [THC.] [ CBDA586 | [THCA1179] |Pse | [THC..]
THC>1% Cannabis (5) , & ; ® , 2 l\
1064 G/486G>1 A k Ao h23
| N [ W N J\ n
2879 “77 H 23451 ?6360 8694 H H [ CBDA586 | [THCA1179] [Pse..] [THC..]
no peak




Tagman gPCR Assay
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Next Step-Assay Validation

Blind testing Cannabis sample to validate the application of new genotyping assay

US-Mexico Marijuana CBP LSSD Not Available
Chile Marijuana 20 PDI Not Available
Chile Medical Marijuana 4 PDI Not Available Please...
Commercial Hemp Need More! Shops  Hopefully Available
Seized Marijuana Need More! Hopefully Avaliable
Reference Sample Need More! Hopefully Avaliable
Hemp Seed Need More! Shops  Hopefully Avaliable
Other Type of Sample Needed Hopefully Available

Total 150-200
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 Demonstrated the usage of the custom targeted NGS panel that serves as a
comprehensive analysis of the three synthase genes and their pseudogenes to
discover the relationship between chemotype and gene copies.

* With wider variety of sample types, hemp and marijuana cannot be differentiated
look at only THCAS and CBDAS gene.

* Potential comprehensive workflow to differentiate cannabis crop types with not
only synthase genes but the pseudogene.

* Develop a rapid SNaPshot assay for the differentiation of hemp and marijuana
(validation need in future study).
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