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Abstract: Cannabis sativa L., (hemp is an annual and typically dioecious flowering crop with medicinal and psychoactive properties.
It is the main source of phytocannabinoids and getting more attention due to the therapeutic potential for human diseases. Besides the
main constituent A’-tetrahydrocannabinol (THC), the phenolic compounds with nonpsychoactive effects, such as cannabidiol (CBD),
is high value as drug candidate for antitumor. From the more than 600 known cannabinoids reported, most can only be extracted in
very low amounts. It is urgent to apply new biotechnologies to improve the efficient synthesis of cannabinoids due to its wide range of
medical, daily chemical and industrial applications. The ogenous biosynthesis of cannabinoids can achieve low cost and fast production,
culture methods of various tissue, such as microreproduction, cell suspension culture, hair root culture, and Agrobacterium-mediated
gene transformation, they have the potential application for breeding and novel trait development, as well as mass propagation of
cannabis. The pharmacology of cannabphenen compounds, synthesis accumulation rules and the latest progress of cannabphenophen

biosynthesis have been reviewsed, and the important achievements in tissue culture of cannabis were discussed in this paper, in order
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to provide scientific basis and important reference for the biosynthesis and utilization of hemp phenols.

Key words: Cannabis sativa L. (hemp); phenolic compounds; metabolic pathway; synthetic biology; tissue culture
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a-distribution of endocannabinoids receptors through human body b-binding of endogenous anandamide (AEA), 2-arachidonoylsn-glycerol (2-AG), and
exogenous A’-tetrahydrocannabinol (A°-THC) with cannabinoid receptors type 1 (CB1) and type 2 (CB2)
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Fig.1 Endogenous cannabinoid system!!6-21]
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SHHETE, REENRE b R EE R TEE AR
BMBEEG A SEM MERAMETEIE I EE, LLEIR
500 pm  d~£3 PSR RDURIRERAAOIGE SEM B, 7 NE
WA (D AR (o) RIBRZER! (), IR 20 pm

a-flowering female ‘Finola’ plant (Finnish hemp); inset: isolated floral
cluster containing numerous calyces bearing densely populated
glandular trichomes  b-dissecting microscope image of the calyx and
styles of an individual female flower c-image of the calyx of an
individual female flower using conventional SEM, scale bar 500 um
d— f-cryo-SEM images of the three types of cannabis glandular
trichomes, classified as stalked (d), sessile (¢), and bulbous (f), scale

bars 20 um

B2 XARIEVKBRELR
Fig. 2 Glandular hair types of hemp!33!
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Fig. 3 Biosynthetic pathways for cannabinoids in hemp!*8!
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F1 MRARERLXAYFRERLES KRS
Table 1 Study on synthesis of cannabinoid drugs in hemp by heterologous system!*°!
KiERG JE | Fe
TR P B MR R CBGA 216 mg-L™!
MR R CBDA 234 mg-L!
MR R THCA 320 mg-L!
WALz THCA 23 mg-L™!
WALz CBGA 73 mg-L™!
WALz CBDA 42 mg-L™!
i % B 1-H%-CBG 66 mg-L"!
14 T 76 mg-L!
14 1-FHRE RO P 42 mg-L!
IR (HEAREERE CBGA THCA 32.6 mg-L!
CBGA THCA 3.05gL!
MR R THCA 615 pmol-L™!
KIGHE MM fR/GPP CBGA 1.2 mg-L!
il % B o 190 mg-L™!
2R CBGA N/A
LEED CBGA CBDA 34 mg-L!
CBGA THCA N/A
CBDA CBDA- & #li N/A
o HGORYS T T 22 W N/A
g RMER N/A
I 5 v 4R i % B CBDA. THCA 0.67 mg-L~
% R 2 B2 B TR CBGA IEWR N 0.67 mg LY, BHERHN 1.51 mg-L!
YT GVGALIT 13.1 mg-L™!
S ACHE i % B CBGA 1.25 gL
To 4 MR RR CBGA 1.25 gL

/AR5 £ KRR 25 A7 ARt
N/A-whether suitable for cannabinoid production is yet to be reported
KBRS BR AE 4 A5 JiAs e, mT DI DA B 4 11
AN SRR U 47 CBGA, L 1 mmol/L &
FRR A4 7.2 mg/L CBGA, Jf H Al U@ TR H
PRI = CBGA HIRIEME, % EM A F4E 8.0 mg/L
THCA F1 4.8 mg/L THCAS!'Z, 7E KRR &k, 2
N EEEPEIER, BN TURCR IR R 2B & OS2 1)
R (i CBGA A1 THCA) £5idid g w4 it
YT PR MISE T8, Giilck 250570 748 5%
T & F IR IR IR G 1) ik A& 5 s
T BT AU KRR R 4540, 4 E 0BT & A
MR AR BB AA T, FRR MR AN A i B R R %
69 CBGA, fJaBEAMET, FRlErE Fi

P SE AT ek, AT S B B R

4 FIREVHEBIERARSHARE

HI DU L TR A IR, — 2 RIRER
HRA R HE A A B2 25 LI 32 2] 2 R0 —
SR BR 3R 177 LA S A [ R ettt kb 525, T
T — RIS o (EDURR AR HH B A AR
M, IR RZEASE ., WAl A, LSRR
RIFEI, DURH R R & B kA2, STk,
MR IETURR R AR 5% VAR
— RG] BT B, ). HE AN
B AE BN R 65 R AE R BRER BT i S A4
AETABARE KRR, AT AR E 3R A K
R, BREFEMRSL, SRR g
e MR A B AR R I UG 1. ARAME
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YA s TR T ORI A P2 DL I T — e it
&, QFREEREA. AETRRTE. £ B/ ERM
SR RS TT LS, Q8@ R AR AR AT B AR S AR AT
BRI FE AL PRI IB A B AL SR S O RZR, R DU
FhEF R IR IH Rl B IR R Gk KR
RO RMAKCE, AR R A,
4.1 URRELIRIMNTEE

TWETEHAR R e R B ARSI L EE IR, AT
SRR TR R 0, X AT REA B TR A &

&2 NAREYRREIES

Fifro TUCEHE AT LASEIAE A DO B AR ™ 0 ik
FIEM BRI RN BRI PR AL, FEOREA T
EAAEE R Y, (RIS A U AR RO R
A 2Tl AT 2 A s (R 2), (H
T M PR AR SRAG e BRI B R )

DU E i 7 NG B T ke, A
TR B A BT B T EERSR E R
AEL62-631 MX BRI i AT AE 547 0.5 pmol/LUH 4T 0.11
mg) WEMEFR (thidiazuron, TDZ) ) MS 35773 I

BE ) TN AT R 159-611

Table 2 Study on cells culture, transformation and micro reproduction of hemp!3%-¢1]

TR B VIS ERS REEFRH P
0SU IR R 7 RN 0.1 mg'L" NAA+T025 mg L' KINF1 mgL! &HALKELH
s FK R
C-71. TU-A AT R RN MS+1 mg-L! 24-D+0.1 mg-L™ KIN LS THIEINIATY
C-150+ C-152 CHAREEAARE HH. EERTALS MSHAA025 1mgL)+05mg L NAA+  BHAAKERN, H24D R
B 02mgL"; 24-D¥2mg L' KINt1mgL" I TIRIZRK
e FK R
0SU EHALTRMERE s MS+ 44 % B5+0.0 mgL! 24-D+05 HF6~8 G, HEQMHAN
T mg- L™ KIN
F56. F77 THmAMARMKE W S MS+1mg-L™' BAPH0.02mg L IBA 2 NEE/AMEM, 47.7%M
AR MS+0.2%15 M5 +2 mg-L ™ IBA
FH BT i BS %41 mg L 24-D+05 mg L KIN+ U 0 40 M £ 3 B 57 e 5
39 % CBD #{ R4 &M CBE, %
THC ¥4t} CBC
MX-1 BRI ER B IR MS+0.1mg L™ TDZ IR 12.6 MM

AAR: 12MSH0.5 mg-L ! IBA+0.05%1% 1 5%
S MSH0.5 mgL' mT

MR MS+0.5mg L mT

F%F: MS+2mgL TDZ

HESERE: BN A&
FHAE
RBAMBRIE R 05 E/A

Mexican variety

IKG2TF. S1525+

R 4.8 MR/AME K
R 134 /0MF/SMEk
R 13.8 IMR/AME
FET: A NFAERE

H5458 ik AR MSH04mg L KIN®0.I mg L' NAA 4 KEHAER
Bialobriezskie W& BEERERE afi S IMB4+1.5mg- L KINF025 mg L™ FI85E: 4.4 NEF/AMEN
Tygra « Fibrol « BAP9THP+40.5 mg L™ IRWEme ot ML R4t
Monoica, USO-31 AR 12MS+0.04 mg L' NAA
BA-1. BA-2. BA- MfpAIAUEM, FE  BA2MMAMER FEE: DKWH0.11 mg L' TDZ R 223 NS
41, BA-49. BA-
61 BA-T1
Epsilon 68 f E1.  ZEFHEAIASMAR BZE RO W 12MSH0.5 mg L IAA I 2.5 AN SR
E4. E40 AR 12MS+0.5 mg L TAA AR 74.6%4
MX-CBD-1IMX-  FliZFH % FHTH: MS+0.5mgL! mT SR 178 NS
CBD-707
Sud Ttalian wl SR EE U, FARH, FHAR @GS RS MSH4EE BS+H3~10 @UHLEEE: BRANT

Silesiav Juso-15.  @ALARN SRR
Novosadska.
Fibrimon-24.
Fedrina-74

R R B
A 1] 4 A

mg-L ™ 2,4-D+0.01~0.09 mg-L™! BAP
BHARES: MSTEER (2, 3mgL™D
FHE: MSHEER (2, ImgL™
AR MS+0.1 mgL TAA+0.1 mg-L™! NAA

RS 7 A A AR
BHALES: 523%FFR
FHG: 25%FFER
AR 69.9%K /NI RAR
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Beniko. Bialobrzeskie ~ HH /L N RIE BOHYA T DARIA (ind") +NAA+BAPGK  &HHIAET: A%t

FEARHD
PRAMARAR % . DARIA (pro*)+NAA+BAP
CGREEARHD

Bialobrzeskie. Silesia. B{IAAFEF MMM ZRTF0 BAAET: DARIA (ind)+1 mg-L™ KIN+
Beniko B 0.05 mg-L™' NAA
%1F: DARIA (pro*)+0.17 mg:L™! BAP+
0.03 mg'L' NAA
A HR: DARIA (root)+2 mg-L™' TAA
MXE-1 MR AR EHALFA: MS+0.1 mgL™ NAA+0.2
A mg-L" TDZ
%S MSH0.1mgL! TDZ
AR BHALFEFME  FrM LR BOASE /5 B MS+1.7mg L BAP+
FAE 0.5mg-L™' IBA
Changsa BHAR M EER EALE S5 A MS+04mg L TDZ+
B 0.2 mg-LNAA
Felina32  Ferimon .  AMEMFEAEMEA  Frb. TR WERE: MSH04mgL ! TDZ+H02mgL ' NAA
Fedoral7 +  Finola AT AR MS+0.4mg L TDZ+0.2 mg-L™ NAA

USO31

PR B R

LHARET: RERS
BHARES: ZIMak
FE: 15.56% T HSME K
R Rgit

LAGER: KRGt
FiFEF: 12305 /AMELK

OURGVEFIE: 2/ LR

RS R 3

BEKA: 149 N/ PR
R 18%EMRR

mT-[A-4EIAMK  BAPITHP-6-"F3E 20 3E-0- (PURRIEMMEEL) NEns  BAP-6-FILZLMES  DARIA (ind*). DARIA (pro*). DARIA (root")-3 FiAS

Rl R BE H T ARAEY) A KK Daria 55775, 20 H B T OiHRE T IR MUIER A AR

mT-meta-topolin

BAP9THP-6-N-benzyl-9-(tetrahydro-2 H-pyran-2-yl)adenine

BAP-6-benzylaminopurine ~ DARIA (ind*), DARIA (pro®),

DARIA (root*)-three different types of Daria media suitable for woody plant growth are helpful to callus induction, somatic embryo genesis and

rooting, respectively

PAFAE BT R CRRANIMER 12~14 20D AIEM
A 2.5 umol/L (0.51 mg) M5 Wk-3-T F& (indole-3-butyric
acid, IBA) M3 FE MS itk EAARISI,

R M B R RS, A IMEER R RR
L FAE 3~3.2 A ZFIO264 o [ R i Bl (Changtu)
FEARIN 0.2 mg/L TDZ A1 0.1 mg/L a-25 ¥R (1-
naphthylacetic acid, NAA) [1] MS };i#:%: B&AMH
FEARATEA™ A2 3.2 MR . fE AT IBA Fil NAA 1)
PRl MS BRIk b, AMRARIET] 85%, I H 95%
(FELERE— B YL G IR AE G162, Feeney S510SU
4 NSRRI 25 AR R IR
L, ERMEGIERTTIH, AR TR
RN T 4R BS LUK 24- RN ER (24
dichlorophenoxyacetic acid, 2,4-D) Fll 6-7F 3 2 FEIE
% (6-benzylaminopurine, BA) B{#z1%& (kinetin,
KIND [ MS Ki7idE, 7ERGF% 4 JJEEMR, (HARSL
ILZEHAE . Slusarkiewicz-Jarzina Z500VF1] AN [F] 2571
RIAMEA (Bt AR, TTRFIIRCEE ) M@ 42
PAFHAEZ . KA ARIMEAE S 2~3 mg/L #
FifE: (dicamba) 1) MS 557535 @m0 SR &

B, IAE 87%. A IE M RS S a1 H S
AT AR, A A P B KRR ) IR b Ry
AMER, 584 2 mg/L BA f1 0.5 mg/L IBA ] MS
Bt B HAERE R (BANMEGAL 2 AN 6,
Toannidis 7R T —MA RURIE SMUCE 5 7 1%,
P T RHUBEAE = 2 F CBD Al CBG i 2 f R IR
T o 2440 B A 08 E MS 55 52 FE VR B 4.0 pmol/L
BA I, A3 R TR K. S E SR
CBD &, Ao fE 55 7R 5 1 dee s 2R 500 3.63 A4,
KN 5.66 cm, M5B 5 IR B 1 B SR AN
3134, KN 5.09 cm. B E &R CBG M,
AR FERG TR T I EON 3.38 4, SFIKER
6.23 cm, M50 RS IR R S 2O 3.08 4,
KN 5.99 cm. CBG F1 CBD & &1 2 AN
Pl B A B AR 2, 3 liE 2] T 87.50% 1
83.33%, WUEFEIIEE]T 97%.
42 NRHRHEEEZEUEERIROSZS
DURRT LT B 1 A 2 AR ECe), HEE
PRI IE T S5 DR A AN AR (1) 7 Y [65-66.68-701 g -
AERCRAR, KA. HZL AEYDEE RS AR R g DL
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RS I A Y SRHG, e 4R 2R SR AN AR BAR T AR AT 1R
AT A, Rk LN R AR o
(polygalacturonase-inhibiting proteins, PGIPs) Fl[&
ST T SN DU . 7R 5 1 TR 5,
FIFH %7 — 70 pNOV3635 SRR (EHA101)
VA 2H A B 1 3 50 ON G T R A S A
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d W4, T RILRELE N A A 1 5T A2 I A ME
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RIS AL B A RN Th BE I R 40 S AU BB R 2 —
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