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The Construction of CsTHCA RNA Interference Vector and Its
Genetic Transformation in Cannabis sativa L.
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Abstract:CsTHCA plays important role in regulating THC contents. In this study, we isolated the complete coding sequence of
CsTHCA from Cannabis Sativa L., with an open reading frame of 1638 base pair. The deduced CsTHCA protein contained 545 amino
acids. The CsTHCA RNA interference construct was generated through pSKint intermediate vector, which was transformed into the
shoot tips of hemp. By analyzing the transcriptional level of CsTHCA by semi-quantitative RT-PCR and the THC content by thin-layer
chromatography and SPE-HPLC, the reduction of CsTHCA expression and THC content was observed in transgenic lines relative to

wild type. Thus, our results supported a positive role of CsTHCA in modulating THC content in hemp.
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K Wk (Cannabis Sativa L) & K K F}
(Cannabinaceae) K ik J& (Cannabis)— T4 B AKEY),
ARBE R P s A A, iz N T 2 A e,
R R R 3 A2 5 RT3 SR R R 5 A P A R
Ry KA G, BT 7C 8 2 10 e KR K&,
T B U S KRB (THC) . KFREH(CBN). Kk —
M3 (CBD)5U1, 10 S K JRR Iy —— P S04 RO 110 v 2 Al
9y, DA T RRARE A R R, RS
&, W2 E KT KRR — 5 2R E s,
FAE19954F, MM e & kI | THCAEY) & gt
HH ) S B 2 DY S KRR (THC A & i, 3 Al 2
— ANy T R4 KDally AR, oA A
) 2 YR B DU KRR A S A ML R B, 9
T-20044F Ty ve B T ZEE 1 HE R 03], SR 2 DR B
AR (knock-out mutation) [1) 77 ¥ # THC £ ¥) & B&
Ferp i — N RSB R, AT OB E AR S THCHI K
PRI i R B BRI T2 L 1 R R R
NRNAT#, RNAT-H(RNA interference, RNAi)H:
T8 A JE B 4h JE W BE RNA(double-stranded RNA,
dsRNA) /1 5 (17 A U 5 55 R (R mRINA R A= 4 7 1 B
fift, HEMANGIEE R RIS, RIS, 5=
MR RER RGBS . H AT CIRIE T 2SR
(US| 2L pRUSI— L8 RS AR v 1) i 6 KL R RN AT
(RIRA) 3 R IRAIE , AFL AR KRRIX 77 T AR« AR
51 18 TE KT Y S KRR 3 B P il i R #4) 2 RNA T 4%
A, BT KRR ZERBAE AT, S AR E
FETHCFRIA J7 I h REHEATHR 1 -

1 MRS5RFZE
1.1 #EHR

KRR 7 FH ) Feh b 2 B, AR KBTI, H A
SREL Fr . HETE  WEAETR A FE ML, RAFT-80C
1.2 CsTHCABYERE

7E NCBI I € A1 B K Bk THCA & f% g % [

(GenBank & 3¢5, AB057805.1) R TH, M4
NCSTHCA . WRAEFF AL 751, Bt 38519
(CsTHCA-1F
ATGAATTGCTCAGCATTTTCCTT ;
CsTHCA-1638R
TTAATGATGATGCGGTGGAAGA) . M TRizol
RNA 2 BUIR 57 £ (ProbeGene 24 7)) $2 HU K BR 1R & £
) & RNA , H H % — # cDNA Synthesis
Kit(ProbeGene 2 7)) [ # 5 & ilicDNA Y 5 — 55, LA
% — % cDNA N Btk , HI 5l ¥ CsTHCA-1F/
CsTHCA-1638R#ATPCRY™ 44, [AIWi H bRt A Fr Bt
M
1.3 CsTHCA RNATFE AR

F F CsTHCA FF 1% [ 152 HE (1) cDNA JF 51| % 1t
CsTHCA RNATHREARRI 519, BRI FPH: BEYIAL
Mo Sall i
5’-CTAGTCGACCTCAGCATTTTCCTTTTG-3’

Hind 11 , (THCAihp I SalF :
THCAihp I HinR
5-GCCCCAAGCTTAAACTAAGATTCTCATTC-3")
o &I JF A WYL A Sac1 Al BamH 1
(THCAihp Il SacF
5’-GTAGAGCTCCTCAGCATTTTCCTTTTG-3’
THCAihp Il BamR
5-GGCGGATCCAAACTAAGATTCTCATTC-3"), %
KK /N: 504bp.

A KRR 1 %5 — 8% cDNA N B4R, FH 51 9 %
THCAihp I SalF/ THCAihp I HinR ,
THCAihp I SacF/ THCAihp [ BamR ¥~ 34 [7 — B
cDNAJF 41, B4 PCR™), 45l F Sal 1/
Hind I, Sac 1/BamH 1 BEVIALEE, (Bl 1) 7=4,
HAKVGERZE I Sal 1/ Hind 11, Sac 1/ BamH 1 1)
Ab PRI pSKint b, A4 % 1A] 2448 pSKihpTHCA » H?
[ %X A pSKihpTHCA i KiDNAZ: Sal 1 / Sac 1 B4k
BE, FCE B, JEEEE B2 [F) E D) Ab B



T EE AL 38 A pSuperCAMBIA1300(+) |, $44k K
FEIDHS ol SZ A A0, 7 16 BH 44 o B 7, AT BV
PCR%E, Sal1/Sac 1 WEGYIH—B%E, MWK
ik A& pSuperCAMBIA 1300(+)ihp THCA M £ .2 -

1.4 KRERFBURETE
$2 B pSuperCAMBIA 1300(+)ihpTHCA i ki, 4

FF B8 R R 5% 40 B AR KT 1 LBA4404(Agrobacterium
strain LBA4404) B2 3840 . J0IE IER J5, Ky
pSuperCAMBIA 1300(+)ihpTHCA FI R AT B, He4 5)
— € B LB A4 35 75 2 (4@ °F, Rifampicin, 75
mg/LAN-K % %, Kanamycin, 60 mg/L) 3 KH; 3%,
28 CHR % 55 7% £ 0D600°40.5~0.6, JITA2 uL/mL 0.1
mol/LIJASHE HFl . 4k8:9%3%, 1hJ5, 4000 rpm
O 10minU B RAR, 2 B, FAHE S RLBIR A RS
FREEE R

PRk st . ML A OGEERRBRR T, TR
ST R, M TR, BIR—
BRBTIE) S, AR RIS M T B 22 R EAT AL,
B B IR R IR kb, WEEEIR3A)E, K AR
FIFAEREFREE A, R IR — BT IA) (1) 25 08P B AR AR
bk, ZEACHAERERIRAE 242 1°C L SR
1800~2300lux 16h)¢HE/8h s . MG A, ik
FRESP, ERK-BEEE, ZRRBEGkR T

24 CREIRIR R RRTo RN -FEAT 2R, JFAE |
T 7 08 45 3] 1) i B DR R bR EAT PCREE €, Al
Hyg. BHU 4 5k R 27 2% B 2 % 7% g 5L [F] (Hy gromycin
B phosphotransferase gene, Hpt)[f1# ik, FrfH 51404
HptF: 5-TCTGCTGCTCCATACAAGCCAACC-'3,
HptR: 5-GCCCATTCGGACCGCAAGGA-'3, ¥ 1%

H B B A336bp. S Hpes il BH 14 A AR R

FEEURRNA, 2 5 BRT-PCR T Cs THCAE #5 JE K]
T Bk B mRNA K ik K ¥, CsTHCA 1) 2 € &
RT-PCR 5 # A ,
5'-AGAGAAATTATGGCCTTGCGG-3’, CsTHCAsq

CsTHCAsq F

R: 5-CGCACTGTAGTCTTATTCTTCCC-3’, W=

5l o A
CGCTCCTACCGATTGAATGG -3 ,

188-F : 5
18S-R : 5°-
CCTTGTTACGACTTCTCCTTCC -3, #4t, *tHpt
R A BR PR R AR LE AL URE REAT B T, RS, AR
B — 58 S ke TN, 120°CHET0.5h, HUH
JEHERE, SRJGIMATCK 2.8, 4°C BESBUE 24h, B
5 SRR RS R T E AR b, K S R AR
fERIFERREIF, REwT, HEEFRERA,
HUH JE it T g2 5 L . IR$E K A UIRE 7S, SR A
SPE-HPLC 2 Il 1€ K JBR $2 B4 v 7Y & K K B (THC)
& &, W45 F: Venusil XBP C18(L): 4.6
X150 mm, 5 um; I AVFEE) V(0. 1%F L)
=80 :20; A N40°C: K IMPEK 220 nm; JiiE
N1mL/min.
2 BERE55H
2.1 CsTHCARYTZfE

FEEUR BRI A FE RIS RNA,  FI 55 —8EcDNA
Synthesis Kit/ # 3 & lcDNAKI 5 — 8%, DL —4E
cDNA NI, FH 51 #) CsTHCA-1F/ CsTHCA-1638R
BEATPCRY (1), K PCR=4[m s 4TI
%L DR T 2 AE 45 K 1638 bp,  FL4i i 5454 5 3%
figliol,



1 CsTHCA FF LR IHE cDNA PCR #1845 R
Fig.1 PCR amplification of the open reading frame of CsTHCA

2.2 CsTHCA RNATF I EIARIHE

TE CsTHCAFF T B AE J 51 1) Ty R 1) v i Y
—/NBUFF(504bp), vl A AN R BV £ X
510, LA R IR 1) Cs THCATT JRU B2 HECDN A A
W, PCRY#4iZ H 1 v Be(B12) 3 U PCR™ ), Jf
Syl fHSal 1/ Hind 1M1, Sac 1/ BamH 1 BEVIAHE,
[l WAc Bt 00 7= 4, IE 18 Fy B 5 Sal 1 /Hind TG )
pSKint# Az, %€ 15 FpSKTHCAihp [ (K&3).

= 2000 bp
— 1000 by
- 750 bp

500 bp

pSKTHCAihp I & Sac 1 /BamH 1 X EE Y] 5% Sac 1/
BamH 1 WUEE I CsTHCA R 1) Fr BEHATERE, BFY)
B IE I Je #8218 2 4& pSKihp THCA (Kl4) .
[ % A pSKihp THCA i KiDNAZ:Sal 1 / Sac 1 B4k
BG, FCHE B, JEEEEE B2 [F) E D) A B 1
TP AL 3 AR pSuperCAMBIA 1300(+) L, B D% 5E ,
A= S A - N // B S N A N
pSuperCAMBIA 1300(+)ihp THCA([&5).

M: 43 FEbriE D2000; 1~5: PCR =4
M: D2000 DNA ladder; 1~5: PCR products
2 CsTHCAihp | 0 ihp I PCR 4 18747
Fig.2 PCR amplification of CsTHCA ihp I and ihp I



M: - FEFbRME 1 kbplus; 1: pSKint Fiki; 2~5: pSKTHCAihp I Fiki
M: 1 kb plus DNA ladder; 1: Plasmid of pSKint; 2~5: Plasmids of pPSKTHCAihp |
3 pSKTHCAihp | [Fiki
Fig.3 Plasmid of pSKTHCAihp I

M 1 2

2946bp

1171bp

M: 4> FEHF5AE 1 kb plus; 1~2: pSKihpTHCA ki Sal 1/ Sac 1 B
M: 1 kb plus DNA ladder; 1~2: pSKihpTHCA Sa/ I / Sac 1 enzyme digestion identification
4 pSKihpTHCA R Sa/ | / Sac | BEYIEE
Fig.4 Construct pSKihpTHCA Sal I / Sac 1 enzyme digestion identification

8958bp

1171bp

M: 7> FEFRAE 1 kb plus; 1~4: pSuperCAMBIA1300(+)ihpTHCA ki Sal 1/ Sac 1 B
M: 1kb plus DNA ladder; 1~4: pSuperCAMBIA1300(+)ihpTHCA Sal | / Sac 1 enzyme digestion identification
5 pSuperCAMBIA1300 (+) ihpTHCA %I Sa/ | / Sac | BREILE
Fig.5 Construct pSuperCAMBIA1300(+)ihpTHCA Sal 1 / Sac 1 enzyme digestion identification



2.3 RMREXREUREERERDI T

2.3.1 CsTHCA RNA T EEEKAIIRIG H2H
pSuperCAMBIA1300(+)ihpTHCA J5i i, HEAT & #F B
LBA4404 32 4N sk ik, 28°CH; 3% 48-72h, $h&k
B EHATRE, RWEAE, MHIY
THCAihp I SalF 5 THCAihp [ HinR Bk THCAihp II SacF

M 1 2

5 THCAihp Il BamR #£4T PCR # #456: UE (14 6)
T B ) Fh 118 5% 72 A K — B 18] 45 21 Kk

4, RIS KIRZR AT R AT 2R, 25
B BILRE IR IR, AR SRR AR AR B IR I
R R L, BERE T, R 7R,

3 4 5 6 7

M: 5y FEARIE D2000: 1: BIMEXTEE: 2~7: PCR 4
M: D2000 DNA ladder; 1: negative control ; 2~7: PCR products
E 6 RAIFERZSLIEEELS PCR #3184

Fig.6 PCR amplification after transformation of Agrobacterium tumefaciens competent cells

A, HBEENRNT BRI CATHACHIRIEMRRRZER: DR, E~FAMRMN: GHEfk

A.  sterilized seeds; B. aseptic seedling; C. hemp shoot meristems; D. regeneration plant from hemp shoot meristems; E~F. rooting plant; G. regeneration plant

Bl 7 KERZFRDEBAFEURSHBEENR

Fig.7 Regeneration of agro-bacterium infected hemp shoot meristems



mRNA 7K, Kbk # i-3, 5, 7, 12, 13 H CsTHCA
) mRNA 7K-FEARFACE A U1 RS, MEK R
i-2, 4, 8, 10, 11 ¥ CsTHCA ] mRNA /K K%
k(& 9).

P 2 0 20 HT Hpe A0 9 PR R 2 o
THC R OL, B cb AbsdERE, HKE N
0.03% (i 1 € A I 5 He AR B, 145 0.03%11Y
FEMAERRAERE, ok NREEALE M THC BB
Bo EVEHIRIL, THC A R WL EH I A R
FER AL AR P IR (& 10),

BEXS Bk 2 O8I0 B 10 SRR REAT WA

2.3.2 CsTHCA RNA FHUEEEFEEMAIEN i
RAT B A7 1%, SRAFI To AL B HFT 2 Hyg.
B {£ MS 773 Ffik, X4 Hyg B ik R BlbitE
(I HE DR R RR T Al MR, SRECH £ K 416 DNA,
i S E S 0K Hyg. B $UiE3E N Hpt (235,
I3 Hpt J R B 336bp, AR LAAR 440K
PRAEL IR AE g o BEATLIZE AR 12 M T A% BE R A bk
HEATREN, P 8 FroR, 2~13 JCHE R ) 3 22 R A
R 22 3. 44 5. 7. 84 104 114 124 13 SRR
AR/ B, T AR AR AR R AR RE 1Y H 1
FrBe SERYPERY], A5 T FHTER CsTHCA RNA
TR D LR

£ Hpt K A BAYERORE R b, BEALE B 2 bR

FiE T ¥ 2 & RT-PCR £l H ) JE K CsTHCA 11

M1 2 3 4 5 & 7 8 9 10 11 12 33

O 2 B0 THC & &, 458 8R, THC &
BRI RS E R B AR S 2R, Ho 12, 4,
8, 10, 11 FEARNEH A KMEZRYITEGEE 1),

M, D2000 DNA ladder; 1, RIFAHIFRIZEHU DNA NBH PCR § 8 /EXT I 213, BRI DNA SRR PCR 4 HE I 45 21
M, D2000 DNA ladder; 1, PCR amplification using DNA extracted from untransformed plants as control; 2~13, PCR amplification using DNA extracted from

transformed plants
8 FEEE KA IFIEERE Hpt 9 PCR &M
Fig.8 PCR assay of the transgenic hemp for Hpt genes

ck -2 i3 14 5 -7 -8 110 i-11 i-12 i-13
CsTHCA
185

1,  FE 5 RT-PCR B ARFE AR CsTHCA mRNA /K5 2~7, F25€ & RT-PCR Kl 4L AE Ak CsTHCA mRNA /KT

1, The assay results of relative mRNA level of CsTHCA in untransgenic plants through semi-quantitative RT-PCR; 2~7, The assay results of relative mRNA level
of CsTHCA in transgenic plants through semi-quantitative RT-PCR
9 FEE RT-POR tuMAEEEHEHRT CsTHCA mRNA 7K
Fig.9 The assay results of relative mRNA level of CsTHCA in transgenic plants through semi—quantitative RT-PCR



cb ck 1-2  1-3 1-4
-
CBD - |
THC -
cb, FRMERE; ck, REFGHIFRT THC BRI

-5 17 1-8 1-10 1-11  1-12 1-13

1

i-2,3,4,5,7,8,10,11,12,13, #&40fEfk+ THC R oL

cb, Standard sample; ck, The accumulation of THC in untransgenic plants; i-2,3,4,5,7,8,10,11,12,13, The accumulation of THC in transgenic plants

& 10 EEREIEES I EEERT THC FARIFR

Fig.10 The accumulation of THC in transgenic plants through thin layer chromatography

7k 1 SPE-HPLC JEMI X EEEIRPHY THC 28

Tabble 1 Determination of THC content in transgenic plants by SPE-HPLC method

#R THC &2(%) #% THCE=E

%) #Mk THC &=

%) #¥ THC 28(%)

ck 0.2030 i-4 0.0000 -8 0.0000 i-12 0.0087
i-2 0.0000 i-5 0.0067 i-10 0.0000 i-13 0.0070
i-3 0.0871 i-7 0.0320 i-11 0.0000

ck, ARFEEAEMEH THC 15

H i-2,3,4,5,7,8,10,11,12,13, A0 HEMkS THC & &

ck, The content of THC in untransgenic plants; i-2,3,4,5,7,8,10,11,12,13, The content of THC in transgenic plants

3 it

THCH & & RHAE 2 X 73 KRR i ot 25 55 5 14 P —
PR, THCAS R ) 73 B0 T KRR I AH SR AIE 70
4 H R O, Taura FEUSI i K RN H- A
I3 HTHCA A B, H Sirikantaramas S%5[191 M 58
VB B R B FoRe L S B H K . Kojoma MLARROVRF 55 1A
N, i FFEKBR(THC & 84 1.19% ~7.51%) FIMK 35 KBk
(THC# & 90%~0.12%) B Ui H ¥ 47 48 DU SR iR &
JREESE IR, AR THCA A B 1) 35 R 31 T LA 335 B
oy N THC & B RARTHC & B2, RN FA%
A TS SO BRAE Bk Hh U S KRR & B 1) 376 1
ik, Mg T THCE &, AW FiilEd RT-PCRIY T
RAE KRR 0B T CsTHCAZE R fIcDNA 4 K, %%
BRI F I R HE 4 K 1638 bp,  FL&m %5451 R AL 1R .
W R SRS BN R AR AR AT AT I PR THC S R 3L K
PBRAR 2R, U Do 5 TR AR R IR I S8 . A

X R (anti-sense) f AH 57 5 K] 258 M ASBE 48 540
KRE A G, dERRBR R IR —

B 5% i FE R UTER (post transcriptional gene silencing,
Fm$%~ﬁ%ﬁ@%k%%é&%%ﬁ%¢%ﬁ
BTk, i i i R B AR A 7 20 H AR R
H & R EE TS NG, B S BRI
Hrh g, FIHSIX 5, 400-800bp X EERNAK:
FE RS Rk B Fe o A RO THRACE, B B
¥ (intron)IEHE 5, (RIS T NEaE, Whe

AR EPIRNAT-HHLER A, %57 5
Yy 22 T2 i A BE RNA B B 38 B AR 1) & R 0B
RNA (hairpin RNA. hpRNA), #ifEHZIRNATHHL
WG R B ARFER FRNA T, MM T3
) IE 5 Ak 2124, B SR v B (1) Cs THC AR 73
A, FFHKEN504bp, HHERNATHEAM, @idh
(1) 2 A4 pSKiint 7E P9 75 - P 3 I N 22 R AR IE B 9 5 1



17 $ ) (intron-spliced hairpin)CsTHCA [7] — B{ cDNA
J¥ % (hpCsTHCA) , B Yl 5 & # 2|
(AR R R/ RN
pSuperCAMBIA 1300(+)ihpTHCA . N FH 1 4% 55 4k 5
AR KB J= R Ty R B2 AR AR E 82 A e £ A R R AR
AR SR AR F AL 43 B ik BRIy e SR 3R 4T 1) i B R 4H 1

pSuperCAMBIA1300(+) I,

HA HEE RS R AR IR 5T
NP O QRN - 1 B ) VA D ( E

Slusarkiewicz-Jarzina A F1K. Wielgus 25 20275 57 A [iH]
HL A5 R A A R T FRDGE R PBRAN ) &1 A ) sl 4 2
S5 AV A0 o X1 URR 552818 7R K
FRALZARE FRFAF LR o BT TN S 203U B30 KRR A
GIRE TR I B A PO BT . KRR AR
RIS EEIAT TP . (HIE5 N1k, EHA S
KT RIREAL AL (A OB Fb, E TR AR
fRIEBY, Hartsel S CHEBIT-19834F, @ 4H R
B IR R U RIRR AT A e f, IRt T
AL RN X o Loh H TAEB3HBHRIE T KRR S 77
F ARG W5EAY . Feeney MEEBARIF 7T A JFRAE 41 4355
TR VB, IFERSCRAT A T RSNERE R $ AN TT
2%, BRI AR T R B R AR KRR
B, EZRR A R R A E A . AR
AT B B HOR Ge KRR 22, JEAT KRR 2295
W, IR IR . BT TR AR AT 5
RE, RABFEIFR R, o EEk RS
CsTHCA I mRNA 7K PR A 5t 1% PR 52 15 15 24 24
MITTER, 45 SR A B, CsTHCATE SR/ Rk R i
mRNAZKPA BB FEAC, XLk R, 1Z5ER K
RIEWA B4 FH #Z (%92 MISPE-HPLC
BT RIL, R R RR M THC & & BOR F A b
FEMEE. T, RNATHRAA M H CsTHCA
Rk, PR HTHC & &, XK CsTHCA
I B R IE S THC I & &, A pLEE
BT — BRI T
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