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Abstract

Cannabis sp. has the main active ingredient in the cannabinoids, i.e. tetrahydrocannabinol
(THO) and cannabidiol (CBD). It was grouped by the content of THC and CBD. This research used
molecular techniques to classify group of the Thai stick “Phuphan” as type 2 because the genes
that synthesize both THC and CBD were found. Then the leaves explant was used to induce callus.
The leaves obtained from seed tissue culture on Murashige and Skoog (MS) for 4 weeks were induced
callus formation in MS with 2,d4-dichlorophenoxyacetic acid (2,4-D) at concentrations of 0.5, 1.0, and
2.0 mg/L for 4 weeks. The results showed that all experiments could induce callus, and at the
concentration 1.0 mg/L 2,4-D the largest callus, green color and compact callus was produced.
Therefore, the data of this research can be used as information for the production of secondary

metabolites.

Keywords: Cannabis sp.; Callus culture; Tetrahydrocannabinol; Cannabidiol
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Table 1 Information of primers THCA synthase Wag CBDA synthase genes used in this study.
Target Primer Directions Sequences (5' to 3') Product References
genes names lengths

(bp)
CBDAS_F Forward AAGAAAGTTGGCTTGCAG 1080 [13]
CODAS CBDAS R Reverse ATCCAGTTTAGATGCTTTTCGT
THCAS F Forward CCTGAATTCGACAATACAAAATCTTAGATTCAT 589 [14]
THEAS THCAS R Reverse ACTGAATATAGTAGACTTTGATGGGACAGCAACC

2.3 Aipszidianuaisnguuauuidussdyia
THC wag CBD frewaiia HPLC

W3 UUAIBEIENSTUIATIEN Uansana
Aududy 1 fednfusefiadans a1ntuinly
n389678 Membrane Filter 0.45 lulasiuns 1Av
arsazareiilaldviniifnla warthdegiely
Ainszisemaiin HPLCIAELE Mobile phase st
nsavesiindesay 0.1 way nsanesinluevdlnlu
Insa lneUnnsanesiin Speag 0.1 MEORIINTS
Tnafifinasonisuenvesiinnududy 10 lulasndu
soflaaans wazldroauy C18 auim 5 lulAsiuns
(150 X 4.6 mm) %nﬁmimaﬁmwmiamﬂﬁuuaaﬁ
ANMUENIARY 220 UTULAS IINTUILATIZRUSIN
IngLiguiunsINuInIgIuYedas THC uag CBD
574
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avomlagUaeslvilwaniuuny 15 unil thanvlen
shideluansazaneiesa uoanesed Anududy 75
Woddud Wunan 30 3w andumudaeans
avanepaedendfinudududesas 5 neusuns
wSaufiunien Tween 20 3 vom Wuan 15 Wil laeg
¥nsnnaedas 3 9 wiazgAn1sNAaedl 9 Wéin
Mntugegietingdu 3 ads uundiay 5 und uds
Mnwensdaud ﬁwmﬁmlﬂl,gsﬂummiqm 15 MS
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(Murashige and Skoog, 1962) [15] ma‘Léfqmmﬂu
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Figure 1
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2.6 myanzvideyanieain

MTIATIEITENaNEDA UNLNITNARD
Lmuejmuysai (Completely Randomized Design,
CRD) Wdayaniinsigvinansadalagly Analysis
of variance (ANOVA) wagtUTeutiisuanuuangng
Y03 NRAEdEdS Duncan’s multiple range Test
(DMRT) fiszdiupnudotiudesas 95
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3. NAN1328LLATIVNTU
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Characteristics of Cannabis sp. leaves (A) Thai stick “Phuphan” (B) Charlotte’s angel.
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JulaunazUatvaeu veulunnuanilundnuuy
fludes vnan eUssana 3-6 WuRwues wavend
Uszanad 10-12 WUfNAT 91N31891UNTIV8a8
fiug Charlotte’s angel fidnwauzluiieaguinile
wiluiduwan 5-11 wan veuludnsduiluides
[16] ndeyaduguingweduannaduunay
ﬁuﬁ:mqmziaﬂgwm aaﬂmﬂﬁwﬁuﬁ: Charlotte’s
angel Gﬁﬂa’lﬁlﬁuﬁ: Charlotte’s angel %Qﬁ“]'mtﬂuﬂfjm
CBD dominant (Type3)
3.2 Suunanewusivanafyulasldiniamsne
AueInmIziududuas1zias THC waz CBD
aunsaTkuNNguaIeTUsYanaiyy)
FreBuiiduasiziians THC (THCA synthase) uaw
CBD (CBDA synthase) @uilwin1sdaasizsians
THC uag CBD lar1eiu anasideududunsiyi

3,000
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1,500

1,000
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(A

Figure 2

a3 THC waz CBD lngldindosnefidue THCA
synthase Wag CBDA synthase Tuitwanargyyianey
Wugsansesonguiu nuitaansaiiindIualli
waudduelawmilouiuaeiiug positive control
fifinsdans1zsi CBD war THC deliuwauiidule
UM 559 bp Way 1080 bp muddy (Figure 2)
é’aﬁ?u?jnmmmsw%ﬁmadﬁmaqaﬁ’igmmaﬁuﬁ:mq
nszseamulddunuuil 2 fe AyvildansTHC
wnnindesay 0.3 Taermdn war CBD winndn
Yovay 0.5 Tagnwidn Fedenndosiuuideves
anduideanulng nsuInermansnisunmg i
AU urIngaemalulagssuAaday e
anauas wudiigyiiudnensesengniudailu
WUUT 2 [15]

(B)

PCR results for (A) active THCAS band (B) active CBDAS band

Lane M : DNA ladder (A) 1 kbp (B) 3,000 bp, 1 : Cannabis sp. Thai stick
“Phuphan ST17, 2 : Cannabis sp. Thai stick “Phuphan”, 3 : Cannabis sp.
“Charlotte’s angel” (1) 4: Cannabis sp. “Charlotte’s angel” (2), 5 : Negative control

3.3 Aszidiunuaisnguuauuidussdyiia

THC waz CBD frewaiian HPLC
21N1ATUILNLATUATLENENTA8LATA

HPLC wuansuAuwdusssingy total CBD Usznau
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Meas CBDA uay CBD luitwanafnyuianeiug

Charlotte’s angel (Figure 3A) wui1duU3una total
CBD waztotal THC wihfiusaeay 7.53 way 2.53 1
Wi sudey Feanndadauues THC:CBD Sadu
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NMSLEANIBBNVRBUALATIZYENS THC wag CBD
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swilinrabudumsnguuauundussdldiing
seyludsen1AnTENTI9a15150aY atuil 425
way 427 (w.a. 2564) Wildiedesdlefiondendnns

lasulansTuuuveUvaIaNTIaULER (High Perfor-
mance Liquid Chromatography, HPLC) losan
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Fumz wazanuligs anunsansIRAeUAIATUS
watfesldognaumiugr nansiesenildandy
Hasauluguves total THC (THCA wag THO) way
total CBD (CBDA wag CBD) dldmadinilunisuen
asifulsvian C18 stationary phase flesan
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Figure 3 HPLC-UV chromatogram of (A) Cannabis sp. “Charlotte’s angel” detection at 220 nm. The
compounds elute in the following order: CBD-acid (tR: 3.442 min), CBD (tR: 4.100 min), CBN
(tR: 5.801 min), THC (tR: 6.741 min), THC-acid A (tR: 7.858 min) (B) Cannabis sp. Thai stick “Phuphan”
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Table 2 Total THC and CBD contents (%w/w), ratio content of THC:CBD and type of Cannabis sp.

Cultivars Total THC (%ew/w)  Total CBD (%w/w) Types
Cannabis sp. Thai stick 1.01 0.50 Il
“Phuphan”

Cannabis sp. 2.87 7.53 M1l

“Charlotte’s angel”

3.4 IR IYARNYENBNY Y wanavEIenfisveziaan 5 Ju (Figure 3B) Wintu
o 2 o & o A A 9 . a oo
Unudaiudvesaeiuiniensesengniy Hesiisseziian 10 U (Figure 30) uagifinluuyii

ilglunswizideailowe Tnedivunau fail Jre21Ia1 20 U (Figure 3D) UUWNIINNZIALIENS
3.4.1 Wangindauasnissonvaaudangyr ¥ MS Alifn1siinarsmiuaunisiatey iz
vdaiuganeiugnansesengniy a1 angldgamall 2552 ssrwaidea Tuanmuas 16

Wongd e wulliwdnUasawiesosas 100 way  Haluwiotu.

H¥avarn15den Seway 66 Miszawiian 20 u laed

(A) (8 (@] (D)

Figure 3  Process of germination and seedling development of Cannabis sp. (A) 0 (B) 5 (C) 15 (D) 20 days
on Y2 MS at temperature 25+2 °C for 16 hours/day Bar represents 0.5 cm.

3.4.2 AnwINavees1sAIUANNITESY  Tedndusiedns inzdsalunal 4 &Uni wu
swulniimansausanIsiinunaas iﬂuqmmmiﬁﬁmi@u 2,4-D aunsanauduy

MnmsAnwanududuresansmuauns  unaddldfesay 100 (Table 2) waadadiauiuy
WiyAvTangueendy vl 2,4-D demstmiiliiAn e wnsiiil 2,4-D adutu 0.5 way 1.0 Tadn3uste
wadanntudnduuiluanmdasadie wzdes  ans Svwelng fdTe wazdety uasiidnvaruuy
UueMsgAs MS Miduansmugunseiaudula ineduuty (compact callus) wastfunuusiuge
Y3ty wila 2,4-D fieadudu 0 0.5 1.0 uag 2.0 (friable callus) muedu (Figure 4) 31N31891UNT
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3o wuupadaniiEden wandunuuinmeiungy
Dudnwarivanzunnsiaundudulng [17] was
wnadanidnuazs gy 1udedu Fuduunadaiis
Snwaiin wasilaumnzavdmsunmstiidusad
Bududmdumsinnziasamad wavasy Woswn
Juupadafiinsniayiuln wazaunsadfinuiun

16 frsimenauitlaidauvu Ssinazanunsanszane
flfflerhmamizidedusmname wagliing
\AineTorxdun i von wien [18] feduandoya
fanunsnidenligremafimanzauiungUszasd
YoamszAsIadity

Table 2 Effect of 2,4-D on callus induction from leaf explant of Cannabis sp. after 4 week culture

Plant erowth Callus Size of Types of Color of
regulator induction callus callus callus
2,4-D (%) (cm)
(mg/L)
0 0.00 0.00 - -
0.5 100.00 0.50+0.03° compact Greenish
1.0 100.00 0.64+0.04°  friable creamnish
2.0 100.00 0.20+0.01°  friable Brownish

The values are mean =+ standard deviation (n=3). “*Means within each column followed by

different letters are significantly different (p<0.05)

(A (B) © (D)

Figure 4 Appearance of callus induced from Cannabis sp. leaves on MS with 2,4-D (A) 0 (B) 0.5 (C)
1.0 and (D) 2.0 mg/L, respectively after 4 weeks. Bar represents 0.5 cm.
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2.4 A399H0UANNUUTUTIUNIRUINTTUAY
waila RAPD
Muduinsadinizidsaazlifaniy
wUsUTIUMeugnIsy aifisuduiunous 9
MTIFBUANULUTUTIUNNIRUGN TTUVRILARAATIY
anafy1 Mnnawizisaiede Weudiuduul
frewa3eanuny RAPD daglwsimesingg Tnends
WMUGATen PCR udinsivdeulaufldueuulaes
nlsa wudlnsies OPA-05 OPA-09 wag OPB-02
Ldanunsawenanunanssvesiivanadioyuila w
Iwsiwef OPA-10 WwarOPH-17 TfuaufiduLed

Hanwele polymorphism @1u130LgnAINULAN
insvesiivanadyulifiign uwazidenaaounim
WUSUTIUTENTNAURINUS LaTLARRE NULAY
Muweildfmnumiloutu wazminaveiian lng
wouAdweiludnuar monomorphism ianun
(Figure 5) denmdosiuseauiinsiiiadamang
RAPD anansansivaauaiesnnvesiugnssuly
fmnmamnzdsaiedold [19] fnfuanmsnsa
goulinunsANuuUsUTIUNSRUGNTIUNLARESE
visolmninisuuslewanil

bp bp
3,000 3,000
2,000 2,000
1,500 1,500
1,000 1,000
750 750
500 500
250 250

(A) (B)

Figure 5 Result of gel electrophoresis of PCR products obtained by using (A OPA-10, B OPH-17) RAPD
primer Lane M: marker, 1: Cannabis sp. Thai stick “Phuphan”, 2-4 callus of Cannabis sp. Thai
stick “Phuphan”
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4. a3U

n1sseyateugnvananyyn taaly
wasmneRidues iz fududuasziians THC
WarCBD aNNInTPYNGNANERUIMIeNTETONYNIUY
16 Gadaogluuuudl 2 (type 1) Aywndilstans THC
Wway CBD (THC : CBD = 1: 1) Jsdonndosiunanis
AATTATIUIUNUTDET THC wag CBD mewmaila
HPLC antfuthandniliiAnunadauuenmng MS
FUAVANTAIUANNIATYYTA 2,4-D fenududu
0.5 Az 1.0 fadnsusedns Jwaadafildimnzee
QRN TRV s ABIERSIIaRY [TioNAR
ansyReni mudidu uenanduaadarild limwunis
ANUUUTUTIUNNATUGATTY
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Rusglauminenderinga neauidsunine1as
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ship) UsganTauussan w.a. 2566
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