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Aharoni lab report-

Establishing the analytical procedure for analyzing cannabinoids in Cannabis extracts
Cannabinoid extracts from Cannabis leaves and flowers were analyzed by using a Waters
ACQUITY UPLC system coupled to a SYNAPT G2 HDMS mass spectrometer (Waters Corp.,
MA, USA). The mass spectrometer was operated in full scan MSE mode, allowing
simultaneous analysis of exact mass and fragmentation information by parallel alternation of

low- and high-energy collision spectral acquisition modes (Figure 1).
Cannabinoids were identified based on chromatographic separation, accurate mass
measurements and MS/MS spectra. In this study, thirteen cannabinoids were identified in
Cannabis leaves and flowers, including delta-9-tetrahydrocannabinol, cannabigerolic acid,
cannabigerolic acid monomethylether, cannabigerol, cannabigerovarin, cannabitriol,
cannabiripsol, cannabielsoin, cannabinolic acid, cannabidiol monomethylether, cannabivarin,

cannabinol-C2 and cannabiorcol (Figure 2).
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chromatograms of Cannabis leaves and flower extracts obtained by LC-MS analysis.
In addition, eight groups of cannabinoid isomers including 22 cannabinoid compounds were
analyzed in Cannabis leaves and flowers but without distinction due to lack of the relative
cannabinoid standards. These cannabinoid isomers were cannabigerovarinic acid,
cannabichromanon, cannabichromevarinic acid and cannabidivarinic acid, cannabidiorcol and
delta-9-tetrahydrocannabiorcol, cannabielsoic acid A and cannabielsoic acid B,
cannabichromene, cannabicyclol and cannabicitran, cannabidivarin, delta-9-
tetrahydrocannabivarin and cannabicyclovarin, cannabinol, cannabinodiol and cannabifuran,
together with cannabichromenic acid, cannabidiolic acid, delta-9-tetrahydrocannabinolic acid

A, delta-9-tetrahydrocannabinolic acid B and cannabicyclolic acid.
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Figure 2. Selected ion chromatograms of Cannabis leaves and flower extracts obtained by LC-
MS analysis. Cannabidiol (CBD), Cannabinolic acid (CBNA) and Cannabidioloic acid (CBDA)
were found enriched in flower as compared to leaves extract. Altogether, our current method
allows the detection and putative identification of 35 differentcannabinoids in cannabis leaves

and flowers (Table 2).
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Table 2: A total of 35 cannabinoids detected in our LC-MS analysis of leaves and flowers.

Number | Compound name Formula Mw M+H M-H
1 | Cannabidiol (CBD) C21H3002 | 314.2246 | 315.2324 | 313.2168
2 | Delta-9-tetrahydrocannabinol (THC) C21H3002 | 314.2246 | 315.2324 | 313.2168
3 | Cannabigerolic acid monomethylether (CBGAM) C23H3404 | 374.2457 | 375.2535 | 373.2379
4 | Cannabigerol (CBG) C21H3202 | 316.2402 | 317.248 | 315.2324
5 | Cannabigerovarin (CBGV) C19H2802 | 288.2089 | 289.2167 | 287.2011
6 | Cannabitriol (CBT) C21H3004 | 346.2144 | 347.2222 | 345.2066
7 | Cannabiripsol (CBR) C21H3204 | 348.2301 | 349.2379 | 347.2223
8 | Cannabielsoin (CBE) C21H3003 | 330.2195 | 331.2273 | 329.2117
9 | Cannabinolic acid (CBNA) C22H2604 | 354.1831 | 355.1909 | 353.1753

10 | Cannabigerol monomethylether (CBGM) C22H3402 | 330.2559 | 331.2637 | 329.2481
11 | Cannabidiol monomethylether (CBDM) C22H3202 | 328.2402 | 329.248 | 327.2324
12 | Cannabivarin (CBV) C19H2202 | 282.162 | 283.1698 | 281.1542
13 | Cannabiorcol (CBN-C1) C17H1802 | 254.1307 | 255.1385 | 253.1229
14 | Cannabigerovarinic acid (CBGVA) C20H2804 | 332.1988 | 333.2066 | 331.191
15 | Cannabichromanon (CBCN) C20H2804 | 332.1988 | 333.2066 | 331.191
16 | Cannabichromevarinic acid (CBCV) C20H2604 | 330.1831 | 331.1909 | 329.1753
17 | Cannabidivarinic acid (CBDVA) C20H2604 | 330.1831 | 331.1909 | 329.1753
18 | Cannabichromenic acid (CBCA) C22H3004 | 358.2144 | 359.2222 | 357.2066
19 | Cannabidiolic acid (CBDA) C22H3004 | 358.2144 | 359.2222 | 357.2066
20 | Delta-9-tetrahydrocannabinolic acid A (THCA-A) C22H3004 | 358.2144 | 359.2222 | 357.2066
21 | Delta-9-tetrahydrocannabinolic acid B (THCA-B) C22H3004 | 358.2144 | 359.2222 | 357.2066
22 | Cannabicyclolic acid (CBLA) C22H3004 | 358.2144 | 359.2222 | 357.2066
23 | Cannabichromene (CBC) C21H3002 | 314.2246 | 315.2324 | 313.2168
24 | Cannabicyclol (CBL) C21H3002 | 314.2246 | 315.2324 | 313.2168
25 | Cannabicitran (CBT) C21H3002 | 314.2246 | 315.2324 | 313.2168
26 | Cannabidivarin (CBDV) C19H2602 | 286.1933 | 287.2011 | 285.1855
27 | Delta-9-tetrahydrocannabivarin (THCV) C19H2602 | 286.1933 | 287.2011 | 285.1855
28 | Cannabicyclovarin (CBLV) C19H2602 | 286.1933 | 287.2011 | 285.1855
29 | Cannabidiorcol (CBD-C1) C17H2202 | 258.162 | 259.1698 | 257.1542
30 | Delta-9-tetrahydrocannabiorcol (THC-C1) C17H2202 | 258.162 | 259.1698 | 257.1542
31 | Cannabielsoic acid A (CBEA-A) C22H3005 | 374.2093 | 375.2171 | 373.2015
32 | Cannabielsoic acid B (CBEA-B) C22H3005 | 374.2093 | 375.2171 | 373.2015
33 | Cannabinol (CBN) C21H2602 | 310.1933 | 311.2011 | 309.1855
34 | Cannabinodiol (CBND) C21H2602 | 310.1933 | 311.2011 | 309.1855
35 | Cannabifuran (CBF) C21H2602 | 310.1933 | 311.2011 | 309.1855

Analysis of volatile terpenoids in Cannabis

Volatile compounds were analyzed by using an Agilent 7090 gas chromatograph
coupled to a Leco Pegasus 4D TOF detector (Waters Corp., MA, USA). For analysis two
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chromatographic techniques were employed: (a) 1 dimension GC-MS and (b) more advanced 2
dimensional GC*GC-MS with dynamic head space sampling. Using these techniques hundreds
of volatile compounds were detected.

Qe mwn 't

In planta transformation of Hemp

Summery

Alternate methods that avoid/minimize tissue culture would be beneficial for the development
of new transgenic Cannabis cultivars. One of the two cotyledons of germinated Cannabis
seedlings was excised. Agrobacterium strain EHA 105 harboring the binary vector pME504
that carries the genes for B-glucuronidase (GUS) and neomycin phosphotransferase (npt I1), or
the plasmid pX11 carrying the nptll and betalain genes were used for transformation. For in
planta transformation, Agrobacterium strain EHA 105 harboring the two different binary
plasmids were mixed with emulsifier paste to enhance attachment to the cut plant surface. The
proof of transformability in the TO generation was indicated by the GUS histochemical analysis
of the seedlings, ten days after co-cultivation and was further confirmed by PCR analysis and
typical betalains red leaves expression. Molecular characterization and GUS and betalains
expression analysis were done using PCR.

Materials and methods

Plant material

Seeds - Cannabis Sativa L. seeds (hemp cultivar 108) were surface sterilized with 1.5% sodium
hypo chloric acid followed by several washes with sterile water. Seeds were germinated on
sterile, wet, filter paper disks until visible root emerging. Seedlings- seeds were germinated in
solid media (soil, vermiculite, MS, etc.") until first two true leaves were observed.

Imagqing for the detection of in planta plant development

Scanning Electron Microscopy.
Scanning Electron Microscopy was done with Hitachi TM-3030Plus microscope. Imaging was
done under low vacuum conditions without any sample preparation.

Agrobacterium tumefaciens strain and plasmid- Super-virulent A. tumefaciens strain EHA105

harboring the vector pME 504 carrying the uidA-intron reporter gene and the nptll resistant
genes or the vector pX11 carrying the nptll and betalain genes were used. Bacteria were spun
down by centrifugation (8000 g for 10 min). Bacteria were re-suspended in transformation
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buffer (1 MS, 5.86 g/l MES, 1% sucrose, pH 7.0) with 100 mg/I acetosyringone, to obtain a
final OD600 of 0.6, and incubated in an orbital shaker at 28°C and 250 rpm for 3h until plant
infection. Plant material (seedling or seeds) were vacuum infiltration for 5 min in a vacuum
desiccator. The infiltration followed with co-cultivation with the agrobacterium for 30 min in
R.T, then transfer for further growth.

Pre-transformation tissue preparation

Prior to agrobacterium transformation, all tissues were mechanically treated; cotyledon and the
meristem with its leaves were cut off from the seedlings, leaving the seedling with only one
cotyledon.

Agro mediated transformation

Binary plasmids for various genetic modification purposes were introduced into Agrobacterium
tumefaciens. Agrobacterium applied to the tissue in different ways; a. dipping, b.
microencapsulation, c. injecting d. dripping. In any case, agrobacterium enclosing the desired
plasmid was grown in the presence of selective antibiotics which were later replaced with an
activation medium. In case of dipping treated seedlings were co-cultivated with the bacteria for
times rising from 2min to several hours.

GUS staining

Fresh plant material was transfer to histochemical reagent (1.1 mM X-Gluc in 100 mM
potassium phosphate buffer pH 7.0: 5 mM potassium ferrocyanide, 5 mM potassium
ferricyanide and 0.1% Triton X-100) and incubated for one hour to overnight at 37°C. After
staining the disks were transferred to 70% ethanol for 1h to overnight until bleached.

Betalains separation

For betalains observation, fresh tissue (0.5g) was grind in the presence of CTAB buffer (3%
CTAB, 28% NaCl, 4% EDTA, 10% Tris HCI, 3% PVP and 25% water), mixed with

chloroform and centrifuged.

Result

In planta Agrobacturium transformation.

Prior to agrobacterium transformation, all tissues were mechanically treated. One cotyledon
and the meristem with its leaves were cut off from the seedlings, leaving the seedling with only

one cotyledon (Fig. 1).
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Fig 1: Cannabis seedlings: in planta transformation. a. Peeling and exposing tissue between the
cotyledon and stem. b. Scanning electron micrograph of cut seedling.

In planta Agrobacterium application is complicated due to poor attachment of the bacteria to
the wounding area. For in planta transformation, Agrobacterium strain EHA 105 harboring the
different binary plasmids were mixed with emulsifier paste to enhance attachment to the cut
plant surface. Agrobactirium was grown and activated as described in materials and methods.
Agrobacterium strain EHA 105 harboring the binary vector pME504 that carries the genes for
B-glucuronidase (GUS) and neomycin phosphotransferase (npt 1), or the plasmid pX11
carrying the nptll and betalain genes were used for transformation. The proof of
transformability in the TO generation was indicated by the GUS histochemical analysis of the
seedlings, ten days after co-cultivation and was further confirmed by PCR analysis and typical
betalains red leaves expression. Molecular characterization and GUS and betalains expression

analysis were done using PCR (Fig 2-3).
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In planta GUS expresion

35sP:intron-GUS
a
L OcsP::nptll D

pMES04-(Kan)-(35S::GUSint)

A IRY

108#1 108#2 108#3 108(WT)

NPTII F4+R GUS F+R

Fig. 2. In planta transformation using Agrobacterium strain EHA 105 harboring the binary
vector pMES04 that carries the genes for B-glucuronidase (GUS) and neomycin
phosphotransferase (npt I1). The proof of transformability in the TO generation was indicated by
the GUS histochemical staining analysis of the seedlings and molecular characterization and

GUS and nptll, using PCR.
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Fig. 3. In planta transformation using Agrobacterium strain EHA 105 harboring the binary
vector pX11 that carries the genes for nptll and betalains. The proof of transformability in the
TO generation was indicated by betalains staining analysis of the seedlings and molecular
characterization and GUS and nptll, using PCR.
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