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Abstract

The identification types of cannabinoids in hemp and marijuana were analyzed by
Gas Chromatography/ Mass Spectrometry (GC-MS), a method that can identify cannabinoids
in hemp and marijuana. It was found that there were 4 types of cannabinoids, namely
THC, CBN, CBC, and CBD, and they were statistically and significantly different (P>0.05),
in the range of 0.65+0.15 - 6.76+0.21, 0.13+0.12 - 0.52+0.19, 0.00 - 0.29+0.15 and
0.96+0.18 — 3.97+0.18 9%, respectively. Marijuana and Pang Thong could produce the
highest THC content, Vietnam produced the highest CBN content, Pang Oung produced
the highest CBC content and Vietnam produced the highest CBD and CBN content. The
identification of DNA fingerprinting in 9 hemp cultivars and 1 marijuana by 11 simple
sequence repeat (SSR) markers in the study could be perfectly 100 % detected and
differentiated. Furthermore, DNA fingerprinting revealed 41 alleles to be polymorphic.
Based on an initial DNA analysis using Unweighted Pair Group Method with Arithmetic
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Mean (UPGMA), it revealed that the average number of alleles per SSR locus was 3.73.
Similarly, their coefficients varied from 0.05 to 0.83 with an average of 0.44. Consequently,
it indicated that there was a very broad genetic base and high genetic variation. As a
result of using the SSR-base genetic similarity the UPGMA dendrogram, it was found that
cannabinoids in hemp and marijuana can be classified into two distinct groups: Group 1
(Song Kew, Pang Tong, Huay Lang, Marijuana Pang Kae and Vietnam) and Group 2 (Pop
Pra, Pang Aug, Mae Tala, and Huay Hoy).

Keywords: cannabinoids, gas chromatography/mass spectrometry (GC-MS), simple

sequence repeat (SSR) marker, hemp

UNAREd

n338yTinYesaINgu cannabinoids Tuywuaz i livhnsinsgilneedesie
Tasunln sl uuaadalnsiued (GC-MS) Faduidnisfianunsaiinszsivinvesarsnay
cannabinoids lufitywuaziaw 10 lnenudn fansngu cannabinoids 4 wila laka THC, CBN,
CBC wag CBD deafivUSunmansiiunnsnamaadfognafidodidy (P < 0.05) fiAegsening
0.65+0.15 - 6.76+0.21, 0.13+0.12 - 0.52+0.19, 0.00 - 0.29+0.15 way 0.96+0.18 -
3.97+0.18 % mudwu Taedauaasinyaeiusuimesiians THC wnflan siusFenuna
flans CBN uaz CBD annilan uazstugunsgsiians CBC snnfian maszuanuduriusmaiugnssa
Tufiyws 9 aneiug uazfy 1 aneius Teewadaluanaedommnoeatoans $1uiu
11 Twdiwed annsousnauuandansiugnssuvesiymagsds 100 % TunsAnwiinuin
S nnuunufiBueiifinnuuaniaiatuiomn 41 §ada mnnsinsginisueidesiulagld
3% unweighted pair group a arithematic average (UPGMA) $1usudadaindeselada SSR
Wiy 3.73 Arduussdvsaundnendsiudeundasnn 0.05 fv 0.83 lasfianads 0.44
Fausdth fpumsiugnsuiinhannuasdiauuusiumetugnssugs mnnsldeuaiondeiy
yNauENIINTBIZIU SSR UPGMA dendrogram wansloiiifuinansnsaduunaneiugiidn

L]

Aa o

[ ' o & 1 4 Y 1 o ¢ o Y]
ponidu 2 gy Alldnuazneasl ndud 1 1A Wugaewad Unemes veuas fgywn tieun
waztlonwy warngud 2 laud fugnunse Uneds ulngas uasineviey
o o w a ¢ o = d = s
mdfny: wauuduess Melasuilnnsil/uuaaualnsiuns luananIemueionedsis

ege

U



@ 9. WANNSSUNSINUAS 4(2):80-91
J. Agri. Prod. 2022

AU

Fyrednduivdulendeuddy 1 Tu
13 9dlan (Cherney and Small, 2016) uag
Jnduiueasughvsianiaonssma s lon]
Tumswandadedvesuyud 1wy aansathly
fnmeldedn Won nszaeu vnszany wie
wiadlding 9 wiaauisathunduemsau
Ffides uardslmiau Wi Seanansathly
wanduitudnuia ay ndesdrons ude
LLﬁﬂi%ﬁﬂLﬁuﬁ’]ﬁm%@Lwaﬂ (De Zeeuw et al.,
1972)

AualasAyva1u1I0daasIzRans
38N cannabinoids ¥iiasna 4 Aisllassadna
maadiuanenaii 1own 1) tetrahydrocannabinol
(THO) Uszneusheansassiinfiiu isomer fu
f® Delta-9-tetrahydrocannabinol (A’-THC)
fudadiudala shldiAnensuaiinduiniy
wazidugu 51La‘vﬂ,maﬂwiquwaaﬂqwéusm’h
M35UUsEMU Uag Delta-8-tetrahydrocannabinol
(A*THO) laifigvissiednladslidniduansianin
VliAnonsuaiinduLAay (Devane, 1992)
2) cannabidiol (CBD) 3) cannabinol (CBN)
Juansiildanniseendiaduves Delta-9-
tetrahydrocannabinol SqvisvliAnnsiandio
4) cannabicyclol (CBC) 5) cannabichromine
(CBCh) 6) cannabinolic acid (CBNA) fewisvilst
Anlaasudniiueuoundu 7) cannabichromenic
acid (CBCHA) uag 8) cannabidivarol
(Hazekamp et al., 2004) TagUSuuue3aIs

s 1

wAazNUsazaAnA 1 UlUAINANINWINA DY

3

Wy 9ie1n1e Au 17 uazdu 9 (Etienne et al.,
2003)

GufyvedadufivaninUszand 5
\ownianseminuszam tetrahydrocannabinol
(THO) annnd 0.3 Wosidud Falsiansnsangnls
UagUulinsuandenusiiguddneglueiansn
Tilnwlszin 5 deilwataduldRoustuil 20
LNTA 1A, 2564 faiiu MUgnIsdiesuesynyn
1NNTENTNAT1TUGUFeNY IAgriniy
NONTENTH NTVBUYINLAYNITOUYINHER
Ui dawen Jme wiedililuaseunsed
Fagnandalilnwluuszian 5 n1sdnw
Auaidefesrniiunslignesniunging
lun1s@nwAuainifedesvesugniiiay
Feiutudedimefinutayadusne 4 devnadhu
wansuuazdayaBeUTinauaz ANl
ansiadl dfiluda nsliduloussiene
Useloniludnwuzdu 9 veadyuaiiugn
Tuvssmelilnsasdon Suandutoyaiiugiu
drrydrnsusessumsimulidyvadu
fiviaswgia Fsdnduiiesdewmnitiasey
aeiuginy ieliinsasyyrliavesmsngy
Cannabinoids kagANUFNTLEMaTUENTTY
YDINYVIALALY Y Fafunisienedeung
LoaLedes (Simple Sequence Repeats: SSRs)
W ldasevinuduiusniaiugnIsuves
aneugiyvanaioy wvievilinsiuany
uanFseiugnssalsogiauriade Tnedlsid
SniwavesanmuandouufeIteq uas
Feaunsaiinisusziliunaldag 195959
(Heyden and Sharp, 2001) Fetfutdudn
wuenisifanudAalunisnaunueny
MU sUTulTiug aeanunsaindeya
wldlunmsiausazAnGonias i iug



Ayvdliuszavaudiianely saudienns
asvaeuiugiywvgniuusendlng

gunsaluazisnis
Wnsnaaas

ANIUNITNAGDY B UNINENEEULA-
YUNT FTINTAYUNT FenInudouiuegy
.M. 2562 - Tguneu w.a. 2564 lagyinisugn
angiugiye 9 anediug laun Unags, asauan,
Unaun, nunsy, U19mes, winzay, wevee,
WIgURY LReauIN kagiyyaleiugenig

TNTNWUHUNTNAABUU RCBD 9143 4 91

N1591A312ME19Ng cannabinoids 1nefingy
Tasuinns il

a

nlufywsanunaufigaumgil 70 8een

= 9

waidua ualiilunsanden delufyvaiiou
5 N$1 Wainme Methanol (CH,OH) 60 Siadans
wazweldssaznailunisada 24 3lus nvos
nasaranefldlunisatneaninsenssane
ns0e MnTuvdAtieandaemsiy Sodium
sulfate anhydrous (Na,SO,) LagnT99L81
Sodium sulfate anhydrous (Na,SO,) 8anse
N3zA1ENTOY Laztarsararuluvesiys
faalauinszimesiusznaumaad Tng
waladneiasiiegluazigatiandnunl
vosasidunisiudulaseadieuasiimiin
Tuanavesansiaslfiedosinelasulnnsiil
(Gas Chromatography/Mass Spectrometry
(GC-MS) Agilent; U.S., Column Capillary (HP-
5MS)/30.0 m x 250 luasew id.,0.25 luaseu
LLazLﬂ%ﬂﬂé"uizuuzjzyzyﬂmﬂ (Buchi/R-114,
Switzerland) lgiusuaLA 0.45 luATOU LAy

9. WAaNNSSUNISINUAS 4(2):80-91
J. Agri. Prod. 2022

microsyringe 50 {addns (Pellegrini et al.,
2005) 14358 annseuduLNA (Electron Impact
mode) n1siUTsuLiBuLLEAUAlNSILASAY
gudeya Public library: G1035A Wiley
Library (Wiley7) Wtag National Institute of
Standards and Technology, NIST NIST02
Mass Spectral Library a@n17zn19%197u
youedeatalasulnn s wuaaalnsiuns
(GC-MS) §l55i] Model Agilent mobile phase
He (1.0 fadans/u1) Column Capillary
(HP-5MS)/30.0 fiadiuns x 250 luasay,
0.25 lunseau aaungi Injector 110 asraides
gaunQil Detector 300 aar@algua/MS (EI)
gumgdll Oven 1 W1l Isothermal Tigaumini
110 aernwalfod way 20 osmgaidoa/ui
71 300 srwadva Usunanmsan 1.0 lulasans
70 Thad (Pellegrini et al., 2005)

nsiaszsiluianataieanuneianionans
Tufgywauazisyyn

¥ 8nsaafidueiidinulaninnssis
284 Doyle and Doyle (1987) @UnN135¢33380U
AMNTMLAZUTINUYRIRIEWE nTeilagi
Aduenuddninslnsdaluiueznilsa
AUt 1 Wesidud udadeuseansazane
wiesluslug desgaglduasdanililon
fheies UV Transillumination W3suiiiey
fluTWIAYBLAUABENINSEIU 10 bp Ladder
Plus Uuiinnmiau DNA saenaes Digital Gel
Doc

N15ANYIANUNAINIAIENIIRUTNTTY
vosiusiyvaazin feluanaieiomne
SSR 11 wila Miller (2003) lnan1sthAdwe



@ 9. WANNSSUNSINUAS 4(2):80-91
J. Agri. Prod. 2022

aaa

uifinsuauseiedes PR IngldufAGen PCR
Faedumeu Pre-denaturation Wuwan 3 Wil
ﬁqmmﬁ 94 parwaLdd S1uau 1 U Tunou
denaturation tHutan 30 il Agaumgdl
94 parnwaLTEd §1uIU 35 FOU TuADY
annealing tutan 30 3wl ﬁqmmﬁ 66 9FN
wailed $1ua 35 58U TuReY extension
Wunan 1 3undt flgamall 72 esmiwaidua
I1UIU 35 FOU LLaz%umauqﬁﬁw post
extension 1JuL3a1 5 Wil ﬁ@m‘wqﬁ 72 93FN
\waldua 911U 1 59U (Morgante and Olivieri,
1993) LAEATIVEBULAURLDULBUULIADENLSH
it 3 Wesdusluedes electrophoresis
uddousme ethidium bromide lnsLU3suLiieu
UL U173 (100 bp DNA Ladder,

Bioscience) waatufinawalenaes Digital gel
doc MTAATIERTIUIUTAFA UaZANUAUNUS
MITUEN TNV UG BaaeigyY) Aiunng
Tnsuauiiuefiduaszilduddionin
NILATIZRVUIAA NIV BULBUAULAY
AdueunsgIu (ONA ladder) instuiinuas
Aaszrideyannnsusnguazlivsinguau
Audutevoaeiugiyvinasigy wazld
Tusunsudngagy NTSYS iilemdudseans
AINUAR1UATINIRUGNTTN (similarity
Jaccard’s coefficient) W& @3 190U
wulasunsu (dendrogram) Ingle Unweighted
Pair Group Method Arithmetic Average
(UPGMA) Lilednuysnguaneusfyvauay
Ayviuanseiuniugnssw

Table 1 Primer sequences of selected 11 SSR primers for determination of genetic
relationships in and marijuana. (Gilmore and Peakall, 2003) and (Gao et al., 2014)
No.  SSR locus Forward (5’-->3") Reverse (3’-->5")
1 ANUCS201  GGTTCAATGGAGATTCTCGT CCACTAAACCAAAAGTACTCTTC
2 ANUCS202  AGGACCAATTTTGAATATGC AGAGAGGGAAGGGCTAACTA
3 ANUCS203  GCTCTTCTTATTAATTCCTCCTT  GAATATGATAAGACACAACTTCATT
4 ANUCS204  TGGAAGATATGCAACTGGAG AACGAACATAAGCACGAACA
5 ANUCS205  TTGACTAACCGGCAAAGATA AAATTCAAAACCGATTCTCAG
6  BOI1-CANN1 TGGAGTCAAATGAAAGGGAAC CCATAGCATTATCCCACTCAAG
7 DO2-CANN2 AGATGATGCCAAGAGGCAC TACCCATCCCCTTGGATCAC
8  CO8-CANN2 GCAAGAAGTAGAGAGACAATCC  CCCTCAACACTCATTAACTCAC
9 H11-CANN1 GCATGTGGTTGTTTCGTACCC CAGCGAACATTCACTCTAGCTC
10 BO2-CANN2 CAACCAAATGAGAATGCAACC TGTTTTCTTCACTGCACCC
11 TH1-CANN1 TGCTCTGCCCAAAGTATCAA CCACTCACCACTCCACCTTT




HAN3338UAzIAT0l
nsilssuliigunaaaUalnswasiugudaya
nan1silAsIELliloszyvinvosans
ngu cannabinoids luigyys Aleinaiaing
lasinnail/uuaaualnsuss (GC-MS) g
nsiSsuiiiguuaaaUalnsiunsiugiuteya
Tu Public library leiun G1035A Wiley Library

e

soooooo

cannabicyclol (CBC)

sococcoco N

9. WAaNNSSUNISINUAS 4(2):80-91
J. Agri. Prod. 2022

(Wiley7) wag NISTO2 Mass Spectral Library
WU @WITANTIINUAITNGN cannabinoids
fiddtey léiwA A*THC, A°-THC, CBC, CBD ua
CBN @afidrsunandmuduiiuansadu Tned
AaAsWInTU 18.35, 18.39, 17.08, 17.55 uax

18.93 W% auasv (Figure 1)

Tics: 0o 1.

cannabidiol (CBD)

A®THC and A°-THC tetrahydrocannabinol

cannabinol (CBN)
N
accacon N
P

"o oo s oo =0 oo

== oo =0 oo B o oo s oo

Figure 1 Chromatograms Pang Ung Hemp
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wniign SlAvinfu 6.76+0.21, 0.52+0.19,
0.29+0.15 uag 3.97+0.18 Woskdus muaau
(Table 2) lagUSunauazslauesd1sianio
cannabinoids uansaduiiesandninaves
fugnssulaTduiugsaiy uazanmwades

WU nienA A i 3o 1 Geaenndasiy
357891Uv84 Etienne et al. (2003) finuin
awﬂ’uﬁ:ﬁ’iyﬁmLLazﬁ’zgsmﬁﬂqﬂm'Nqua
fuavilviuTuiaans THC, CBC, CBD, CBN
WANAINU

Table 2 Cannabinoids contents in 9 hemps cultivars and 1 marijuana analyzed by

GC-MS
% of cannabinoids
Varieties
THC CBN CBC CBD
Pang Ung 2.24+0.12° 0.46+0.18 0.29+0.15" 3.81+0.18°
Song Kew 5.42+0.21° 0.32+0.11° 0.22+0.14° -
Pang kae 1.47+0.12 - 0.96+0.18°
Pop Pra 4.22+0.12° 0.30+0.22° - 3.19+0.18°
Pang Tong 5.93+0.21° 0.22+0.18° 0.21+0.12° -
Mae Ta la 4.21+0.12° 0.15+0.13° 0.13+0.15° 2.27+0.18°
Huay Hoi 4.19+0.12° 0.13+0.13° 0.11+0.17° 2.76+0.18°
Huay Lang 3.41+0.13° 0.12+0.12° 0.11+0.11° -
Vietnam 6.52+0.15° 0.52+0.20° - 3.97+0.18°
Marijuana 6.76+0.21° 0.33+0.12° 0.23+0.16" 2.15+0.15°
F_test - * xx

Remark: Each value represents mean of three replicates + standard deviation. Means in the same

column followed by the different letter are significantly different at P<0.05 when comparing the means

value by Duncan Multiple Range Test.
* = significantly different at P<0.05
** = significantly different at P<0.01
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Figure 2 The simple sequence repeat (SSRs) profile of 9 hemp genotypes and marijuana
(Song Kew (T1), Pang kae (T2), Pop Pra (T3), Pang Tong (T4), Pang Ung (T5),
Mae Ta la (T6), Huay Hoi (T7), Huay Lang (T8), Vietnam (T9) and Marijuana (T10))
using the ANUCS201 primer pair. Lane MW was 100 bp molecular weight marker

mixed with 2000 bp ladders
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Figure 3 The dendrogram (UPGMA) was constructed based on the dice similarity

coefficient in 10 Cannabis sativa genetic materials analyzed by SSRs
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