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Abstract: C2H2 transcription factors play an important role in plant growth, development and the regulation
of secondary metabolism. This article identifies members of the C2H2 gene family in Cannabis sativa L. at the
genome level. Chromosomal location and linkage, evolutionary relationships, and identification of conserved motifs
was determined from the C. sativa genome and transcriptome data using bioinformatics tools and on-line websites
such as TBtools, MEGA software, NCBI, PlantTFDB, ExPASy, HMMSCAN, MEME, WoLFPSORT and PlantCARE.
The results show that C. sativa contains 30 members of the C2H2 gene family (named CsC2H2-1-CsC2H2-30)
distributed on 9 chromosomes. The encoded proteins range in length from 138 to 635 amino acids, and the theoretical
isoelectric points range from 5.85 to 9.52. Molecular weights range from 15 909.48 to 68 445.53 Da. Transcriptome
analysis showed that CsC2H2 was differentially expressed in the female flowers, bracts, leaves, and stems of the
Diku variety and female flowers of nine different varieties of C. sativa. Quantitative real-time PCR verified that
CsC2H2-1, CsC2H2-5, and CsC2H2-19 were significantly expressed in the female flowers and bracts of the Diku
variety. This provides a theoretical basis for in-depth study of the function of the C2H2 gene family and the breeding
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of high-quality C. sativa varieties.

Key words: Cannabis sativa; C2H2 gene family; bioinformatics; phylogeny; functional prediction

C2H2 B B[R Z e ot H B Wt 78 s o 1 R B4R K
Wz —  EEZAED A Z IR R R &
1AW, C2H2 BUEHR & B & X2-Cys-X(2-4)-Cys-
X12-His-X(3-5)-His #4) i ¥ £ 57 45 #4935 (Cys: 2= bt &
%, His: AR, X: AT EZIER), RIE 2 LMk A
AT E 22 5, mT LUK BE R B8 B 3 S IR 770 C2H2,
C2HC.C2HC5.C2C2.CCCH.C3HC4.C4.C4HC3.C6
1 C8 & A4, Takatsuji 250511 Yk 7F % 7% 24F o R 1L
FY) C2H2 B &% 46 25 1 EPFL. ARIRAT 70 4R3E, BT O
T2 R Y P BEAT T C2H2 5 [R5 R B 1K 20 i, 4
PR FF AT 176 4N C2H2 JE [, 055 2 it 7 I L /K e
Wk 23 5 & A 118.92.120.189.109 > C2H2 5 i i
AU, R C2H2 B S R FE M A KR E T 5
Fop 3L BBl A B AR IR e 5 TR AEE
tH7E DNA 5 RNA ALK 5 S 380 0 1 i 2 DL &
B AT S R0 4% o R ¥R B R /E A, HLRE T
(1) RBE & [K 2 15 4% J5 J 1) 5L 301 404k, 52 e 46 3 (1 2F

DOXP/MEP pathway

Po P —> P
07107 O -—— g
o o o)

- A 1Pr i
cis-isopentenyl diphosphate e

KB FER, KR OsMSR15 % A S H A K &
B kR PR R e K T R i R B R R R AR
H ) SICZFPL J PR i 4% 74 il T (1 B PR 3k, 2 3 v
VRV TS FE A% 1) — A Sk [N SIZF2 ik R 3 i 52 i 2
A AR T RN AR R kT AR R AR
FEAsusel,

K Bk (Cannabis sativa L.) /& K Bk £} (Cannabi-
naceae) KJbkJ&E (Cannabis) — A4 EAEY), & —FhEH
LN HE TR, KB A A BT 1
S A ST A RO [ 5K R, AEVR T R I 4
PRI S5 7 T R FE T AR DR, R R & V2
i 2 T 2K DA R T S 4 24 FH R 3 P KRR 3 Dl KRR
G Iy s SR A0 -G W, 32 B i 7 R & A% R ik 28
WA (B 1) AR RO RR 2 AR A s ) = ST AR R BR
5y 2 (cannabigerolic acid, CBGA), 4 B 1L 1E F &
B AR R 1 (cannabidiol, CBD) A1 U &, Kk
(tetrahydrocannabinol, THC)2%,

Fatty acid biosynthesis

o]
Py

p jL/\/\ j\j\)
o CoAs H

(TPP)

dimethylallyl dip
(DMAPP)

trans-1PP l GPP synthase
o] o]
p___P
= P
Q7107 O
oo

f

Geranyl diphosphate
(GPP)

I-CoA Malonyl-CoAx3
]

Olivetolic acid eylase (OAC)
Olivetol synthase (OLS)

OH

COOH
HO

Olivetolic acid
(OA

)

HO'

Cannabigerolic acid synthase
(CBGAS)

OH

COOH

Cannabigerolic acid

Tetrahydrocannabinolic
acid synthase (TIICAS)

OH
,‘ COOIL
7\0 CsHyy -7H0

Cannabidiolic acid (CBDA)

Tetrahydrocannabinolic acid
(THCA)

Figure 1 Synthetic pathways of cannabinoids

(CBGA)

Cannabichromenic
Cannabidiolic acid acid synthase (CBCAS)
synthase (CBDAS)

OH

oH COOH
COCH 7
“ sty

CsHyy

Cannabichromenic acid
(CBCA)



- 1488 - 2% %4 Acta Pharmaceutica Sinica 2021, 56(5): 1486 —1496

THC H A 558 i SO M s L) o8, BB BUsom
P2 BB AR, (E AR 2 5] Kk £ R AR 268 1
2200, CBD 28 AR & 32 B R 78 ME 1 KRR 1 1 S
i B AR B I ZE s, w] DA & 7R THC 51 R
(AR, PRI 0 B S A AN S, FEA T6 97 R 1 2 240E
(138 7y,

KR I3 52 A& A, LA 18 i 1R 22 57 048 F0 24 F
MRS, BRI S A R L) 1 B2 CBD 45 Rl 3 40 14 AR
5y THC 25, AN [EAT Mk J 23 5o FL b A7 AN [E R FE 1 &1 4,
Li ZECAU R T KRR TR B R B = R Rk R, B
FH KR (THC > 0.3%) . 4 F KJ#k (THC < 0.3%, CBD %
F ) MO K FE (THC < 0.3%, CBD & &%), Hir3k
] A B A 2% R THC > 0.3% K. DAL BRI R
TR S8 B FR AT R R AR AR 7= ) & BUS 12, 1298 ) e 2
IR0 KRR 2R 2E W0 B A LA, 4K 1 5 B (R THC &
CBD & & 1) K5k i Rl DL B AE 45 B A L 400l .
AR SCHET KR I 22 IR 2H 0080 J 3 i AR 554, %o C2H2
R P IR R B g i e A O R IR
NPT SRR MO RE AT /A, R C2H2 BUHE A
T RAEARH AR, JEXE AT BE S 5 KR & &k
PR EAT T T, KRR 5 C2H2 B4 3 K1 1) J&
SRR 5T e 5% 5 1R CBD I THC 25 2 1A 5 KRR i A 32
BEERR AR o

mMRtE5EE

7 S N I A SN B S I R
(GCA 900626175.1) 3k J& T NCBI (https://www. nchi.
nim.nih.gov/) HdE FEES, 5 Ay CRBRX [F MERK . UL Fe
T+ C2H2 % [A 1) % ¥5 Sk [ Englbrecht 256 (1) & 53, 0
B 7 L K 4 # 95 (GCA_000005425.2) 3k [ NCBI ¥
W EE o 9 AN AN [R] i Bl AE 5] — $b ok ) B s A B
(PRINA498707) 3K HL T NCBI %4 7234, X 94N i A 43
7 5 Mama Thai (MT). White Cookies (WC). Canna
Tsu (CT). Black Lime (BL). Terple (T). Cherry Chem
(CC). Black Berry Kush (BB). Sour Diesel (SD) #1
Valley Fire (VF). KXk & # Diku (4 #% v Dinamed
Kush CBD Autoflowering) #& Purple Kush 1 Dinamed
Autoflowering CBD 4 A2 fij £3 [ P A8 fk , & A
2546 R IR B 5 2H $HE (NCBI Accession No: 45

K SAMN16122880~SAMN16122882; =%
SAMN16122883~SAMN16122885; 3
SAMN16122886~SAMN16122888; s

SAMN16122889~SAMN16122891) K [ A< 15 A 4 .
F A SIZF2 ¥ 3 A+ # 4 kR B NCBI % 4 P
(HQ738351).

C2H2 B F R IR IB UL MR v 4 A
TBtools FAFEER IR bR 4= &5 85 7 41, 4 8 1 P 510 5
1 #E PlantTFDB [ 3l 1 17 C2H2 K& P& 2 Ik i 5 11 T
M, @ T HMMSCAN (https://www. ebi. ac. uk/Tools/
hmmer/search/phmmer) I 3 25 [ A & C2H2 £ Fi3 45 4
I S R, 18 I TBtools #1415 21 Kk C2H2 2
FE A E AT . I ExPASY (http://web.expasy.
org/protparam/) 7£ £& T B %t K JBk C2H2 £ 48 & 1A 11 4>
TR VR R/ VG R AR E R B K
e 4 B AL M BT BE AT BN . R A WOLFPSORT M il
(https://wolfpsort.hgc.jp/) 7 £& 7 Kk C2H2 £ 5 &
H B 48 B e A7 R . R TBtools A1 i & AN [ 1
KRR C2H2 5= R 52 Ik i DA AE G A B 1) 43 A 1 0, IF
AT P RAL 73 HT

C2H2 EE Rk R EE 549 &% Motif 734
F NCBI (https://www.nchi.nlm.nih.gov/Structure/bwrpsb/
bwrpsb.cgi) K’ ik [] CD-search Iy fig % K ik C2H2 %
RN 51 R R 57 G5 A6 34T 3 A . 83 MEME (http:
//meme-suite. org/tools/meme) W % B3k 47 {f 5 3 F
(Motif) 7341, 1551 1 Motif £ % B v 10. 4 Kbk C2H2
FE R SR Al o ) 1346 B« Motif DL & £ 57 &5 74 38k 1] A
TBtools 3 {5 FF b BE H AT #AL 73 47

C2H2 EARER ARG HU T R T LMD
o FIH MEGA-X B A4 K H 48 42 7% (Neigh-Joining,
NJ), Bootstrap {& # & A 1 000, ¥ K Wk 5 L 5 I+ 1
C2H2 B % 415 & A & JF & NI, JF ] Evolview
(https://www. evolgenius. info/evolview) 7E & ’ 34 X
A . FIH TBtools A4 XT KK U mE I+ B L 2R ¢ &
HAT P RAL 73 BT

C2H2 EEZRERRIRKAEA Tk FIAHALE
2§ M %4 PlantCARE (http://bioinformatics. psb. ugent. be/
webtools/plantcare/html/) Xt K ik C2H2 % [K J5 8 F L
Ui 2 000 bp 1) F7 71 #EAT AR FH o2 A, JF a8 2R
F TBtools AT 414K,

C2H2 ARG RFTIEEX o4 FIH IR B4
1 2% 52 it Diku (R MERE L RS L 2R S 3L
5 DA S 9 AN AN [ ity Foft i A8 110 5408 B4k 47 KRR C2H2 ik
1R IE K 504, IFIH TBtools Fr 44 2 il # |, ik
AT AT RRAL 23 #T

SRR EE PCRAAT A 5250 0 % 5% 4 8
h % Ik & 75 57 1) CsC2H2-1., CsC2H2-5, CsC2H2-19,
CsC2H2-24 it 47 S % )% %2 & PCR (quantitative real-
time PCR, qRT-PCR) I, N £ £ [Al ik ¥ EFla, | H
NCBI & it 514 (% 1). SLEFE & 9 KK Diku
o B fr AN 2R, A2 S 34N EH A, R WARYONG



K ST 245 A RRR C2H2 JE PR S 4 58 55 Rk

+ 1489 -

Table1 Quantitative primers of CSC2H2s

Gene Forward primer sequence (5'-3") Reverse primer sequence (5'-3")
CsC2H2-1 CACGTCTCGAACAACCTCCA AAAGGCGAGAAACTCCTCCG
CsC2H2-5 CATCCGAAGGCATAGGGTCC CAGGCGGATCTTTTTGAGCG
CsC2H2-19 TGGCGGTCATATGAGGAGAC ATAATTCCCGGGAGGAGCCA
CsC2H2-24 TTATGGCCCCTACCGCTACT GCGAAAATCGGTCCCAAAGG
EFla ACCAAGATTGACAGGCGTTC CCTTCTTCTCCACAGCCTTG

W7 A FEBURE B RNA, FH TransGen i 71 13k 1T cDNA
A&, LA FOREVER STAR i 71 & 47 SE I ¢ 6 i &
PCRZM M. SR 95 °CHEEIE 5 min, 95 °CAE M
30,56 °CiB -k 20's, 72 °CHEM 1 s, IR £ 40, 14 &%
H Rotor-Gene Q (QIAGEN, i [F). CsC2H2s [{j4Hx} %
KRR 27 Mk
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bU T2 25 B4 W, 6 MK JRR 25 BR] 4 7h 265 5 HY 30 A KRR
C2H2 JE [R5 i 17t AR 4 TBtools B 14K K ik C2H2
DRI SR B SR R AT e AR o3 A ] AL 3 A (B 2), FFAR
P Jk R 7 et B B o0 A 1 0, KO 30 AN KRR
C2H2 JE [R S il 7 i 4 N CsC2H2-1~CsC2H2-30, M
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Figure 2 Chromosome locations of CsC2H2 genes. NC1, 2, 3, 4, 5, 6, 7, 8 and 10 of chromosomes represent NC_044370.1, NC_044371.1,
NC_0443 72.1, NC_044373.1, NC_044374.1, NC_044375.1, NC_044376.1, NC_044377.1, NC_044379.1
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Table 2 Information of CsSC2H2 gene family Table 3 Physical and chemical properties of CSC2H2 gene family.
Chr N indicates nucleus, C indicates cytoplasm, E indicates extracell,
Gene name Locus name Accession No. - - .
(NC) H indicates chloroplast, and P indicates peroxisome

CsC2H2-1 gene-LOC115703078 rna-XM_030630564.1 1 MW Instability Subcellular
CsC2H2-2  gene-LOC115723701 rna-XM_030653198.1 1 Gene name AA Pl IDa index GRAVY location
CsC2H2-3 gene-LOC115716789 rna-XM_030645693.1 1
CsC2H2-4  gene-LOC115716796 rna-XM_030645703.1 1 CsC2H2-1 273 871 28810.79 7655  ~0.728 N
CsC2H2-5 gene-LOC115713627 rna-XM_030642115.1 1 CsC2H2-2. 601 869 65789.02 5318  -0.825 N
CsC2H2-6 gene-LOC115700551 rna-XM_030628118.1 1 CsC2H2-3 165 891 1770517 545 0483 N, H,E
CsC2H2-7  gene-LOC115703664 rna-XM_030630904.1 2 CsC2H2-4 165 891 1770517 545  -0483 N, H.E
CsC2H2-8 gene-LOC115703667 rna-XM_030630907.1 2 CsC2H2-5 264 887 2836754 5635  -0.645 N
CsC2H2-9  gene-LOC115706081 rna-XM_030633597.1 2 CsC2H2:6 539 902 96238.16 9325  ~0.33 N
CsC2H2-10  gene-LOC115706013 rna-XM_030633507.1 2 CsC2H2-7 274 899 3114052 51.89  ~0.711 N, E
CsC2H2-11  gene-LOC115710655 rna-XM_030639012.1 3 CsC2H2-8 - 212 866 2411193 5545 ~1.074 N
CsC2H2-12  gene-LOC115708962 rna-XM_030636985.1 3 CsC2H2-9 366 9.13 4219141 5507 -0811 N
CsC2H2-13  gene-LOC115709909 rna-XM_030638164.1 3 CsC2H2-10 464 6.97 5111283  68.49  -0.997 N
CsC2H2-14  gene-LOC115711191 rna-XM_030639517.1 3 CsC2H2-11 138 836 1590948  66.04  ~1.628 N
CsC2H2-15 gene-LOC115714922 rna-XM_030643680.1 4 CsC2H2-12 357 7.71 3912565  48.82 -0727 N
CsC2H2-16  gene-LOC115713903 rna-XM_030642383.1 4 CsC2H2-13 556 8.77 617414 5869 -1.013 N
CsC2H2-17  gene-LOC115717123 rna-XM_030646068.1 5 CsC2H2-14 149 9,37 1640373 4301 -0.425 N
CsC2H2-18  gene-LOC115719844 rna-XM_030649029.1 6 CsC2H2-15 356 585 3971L97  47.8 0478 N
CsC2H2-19  gene-LOC115721051 rna-XM_030650282.1 6 CsC2H2-16 287 7.72 322138 66.3 ~0.93 N
CsC2H2-20  gene-LOC115720754 rna-XM_030649931.1 6 CsC2H2-17 335 831 3709464 5536 -0.736 N
CsC2H2-21  gene-LOC115719653 rna-XM_030648772.1 6 CsC2H2-18 333 9.52 36 418.6 5565 -0.862 N
CsC2H2-22  gene-LOC115723725 rma-XM_030653203.1 7 CsC2H2-19 192 847 2141537 60.51  -0.66 N, P
CsC2H2-23  gene-LOC115723168 rna-XM_030652600.1 7 CsC2H2-20 558 8.49 6091244 49.82  ~0.719 N
CsC2H2-24  gene-LOC115723817 rna-XM_030653286.1 7 CsC2H2-21 374 6.07 4299472 59.15  ~1.106 N, ©
CsC2H2-25  gene-LOC115723093 rna-XM_030652511.1 7 CsC2H2-22 209 585 2288249 6142 ~1.087 N
CsC2H2-26  gene-LOC115722487 rna-XM_030651704.1 7 CsC2H2-23 365 635 4110121 6174 -0.994 N
CsC2H2-27  gene-LOC115695523 rna-XM_030622581.1 8 CsC2H2-24 271 68 3037444 51.36  -0.931 N
CsC2H2-28  gene-LOC115699729 rna-XM_030627264.1 10 CsC2H2-25 627 8.67 6844553 5042 -0.889 N, €
CsC2H2-29  gene-LOC115698836 rna-XM_030626032.1 10 CsC2H2-26 635 92 676211 >4.45  ~0.818 N, €
CsC2H2-30  gene-LOC115701170 rna-XM_030628882.1 10 CsC2H2-27 312 895 34189.54  45.15 ~ ~0.846 N

CsC2H2-28 493 8.41 54380.14 4365 -0.725 N

CsC2H2-29 570 6.85 63518.01 4503 -0.744 N

CsC2H2-30 277 6.95 30948.4 7289 -0.774 N

(1 5), H 1 Motif 1 445 CX2CX3FX5LX2HX3H 45 14
B, AT KRR C2H2 B 48 K E M BT A B, R B
Motif 1 & CsC2H2 £ fi5 45 4 3 & #5 4F F 1) O o, HLak
Motif 2. Motif 5 fl Motif 7 fR s P i 2, & T
CsC2H2 B FE 5 MR I A 2
3 KRR C2H2 BUSHEE R RGH U ST R IEL ST

T Ik X KRR R UL B I 1 C2H2 FKR Ak R ) R St
HEALBE 9T, B MEGA-X 3 4 LA 4% 4% (neighbor
joining, NJ) # & % 4 ikt & (1 4), R #% Englbrecht
GO o RO VE AT 0 2R, RGO R BoR KRRIN
C2H2 FK T 4 9 10 ML KR, 4393 9 Ala.Alb.Alc.
Ald. Cla. Clb. C1-1i. C1-2i. C1-3i Al C1-3iD, i
Ala.Alc.Cla.Clb.C1-1i.C1-2i fil C1-3i tf 23 H & f
5.1.2.2.8.84 KK C2H2 Z i ik 7t , oA 3 5% e v
J& CsC2H2 % it o K bk C2H2 #4 #% 3¢ [N -+ 5 1 5§ JF
C2H2 B s R T Rt B [FIEOC R KB, W
R REAE SRR Y 2E T e b RS A R S A R .
% 7 SIZF2 % A 5 CsC2H2-1. CsC2H2-5 [f] V5 5% & #¢
i (K6).

FKBRANN G TF o, 3R B 13 2 A7 e JL R 1 Sk R 1)

F (E 7), 4> 5~ CsC2H2-1/AT3G19580 . CsC2H2-3/

AT2G17180.  CsC2H2-3/AT4G35280.  CsC2H2-6/
AT5G66730. CsC2H2-10/AT3G10470. CsC2H2-10/
AT5G04390. CsC2H2-12/AT5G03510. CsC2H2-16/
AT3G23130. CsC2H2-17/AT4G16610. CsC2H2-19/
AT5G59820. CsC2H2-25/AT1G14580. CsC2H2-25/

AT2G02070 Fll CsC2H2-29/AT5G15480. ki 5l /i It
TEFLLRPE M A R R EE R, FE R B K E H
FERNIE G R &R, RFBEFE R ML RE T BA—EM
Py P, L nT B DAAR [R) 2R AL Y 38 4% T 2X1E T4
Wik .
4 C2H2 EEZER RINAE B T4 47

X DR 5 R 03 1 JE B0 7 41 (8] _E3i7 2 000 bp)
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Figure 3 Genetic structure and conserved motif analysis of CsC2H2
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Figure 4 Phylogenetic tree of the C2H2 zinc finger protein of C. sativa (@) and Arabidopsis thaliana (A)
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Figure 6 Unrooted neighbor-joining phylogenetic tree of SIZF2
and CsC2H2
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Figure 10 The relative expression levels of the CsSC2H2s in different tissues

Wit

ARHIE T EE T A WAE B 4 B, 0 R RR C2H2 2k [
BN AP SRS VA R AR A I S - 95 e 2
KRS B I . C2H2 BUEE SR 1T 2 17
15T EAZAY T, B 7T R B, C2H2 3k [K AT B 76 1 4 (1)
AKR T K B R kAR AR S TR $E B VA
F, JE T R RS LR 804k 70 A, L 255 H 30> CsC2H2
e IR 5K R, 4 A E KRR I 9 2 e fs |, % 51 2

() BEAY M A7 AE 78 570 AR ST R T 20 T 7R, Motif 17E
AN G A AT AR B, A KRR Motif 1 2% Motif 2 45 )
H, 777 QALGGH 3 7, %5 7 LB/ T E
i, 7E C2H2 B Fi 45 K sl M B R <7, QALGGH 2
7 DNA S5 &l tE 2 00 B 2 JF A e A KK
B AR b R G A 38T,

Rt oM NHEHRBEESE, RF T
C2H2 H: R 7E b FE b 1 & k2B T =il . KR5



XA 25 TR KRR C2H2 56 K X ik % 58 5 35 0

© 1495 -

T TA) IR 3 2 PR 0 BT S, KRR 1) 3 L C2H2 [ 7E
HEA IR 2 5 R I R R A TE A RO &, T L
C2H2 & (A 7 A4k 1 3ok 72 b A7 7 — 2 I Th e AR < 1k
AZF2 (AT3G19580) 4 K] 55 L B 7+ 7K 7 il 3l | B A7 0K,
AL R 95 2 PR CsC2H2-1 th ] B 76 Kk v & % 4 1)
TEF R,

B S 25 4 B Bk, CsC2H2-1. CsC2H2-5 Al
CsC2H2-19 7t Diku fih Ff K 9 ANAS [A] i Fof e 1€ H 351 204
35, 2RI R KRR A A v 3 I AR R 1 OGS i SR IR T
ATRES 5 AR =R & it 72 . qRT-PCR 45 5
WET A R =F e R Rk B3, Hih kS 5%
TS (1) 35 TR AT e TR 5 0 2 2 SR TR 1 i 7E K PR R —
REMERKREIREY S 5%, HAARER L
AR —L 0. KRB THs R uEY, HAEY
GRUEREEM B EM SR ED . HENEY
R R S R AT AR B UM P iR LA
Ho 925 5 24 BRAE OO, 8T 2R Wy 28 o 1) 2K 5 I 4
JiR, f& T TIZAFAE T HEYAR A I — S8R AR = .,
0B 77 o ) ZAT6 (AT5G04340) K (R TF [t 1 75 46 5
RSB R B SIZF2 FE RUSE J i AE KA B
R RIL, 552 i K R E T, %
C2H2 Jt A 38 i 52 46 75 3 A I AR B, 1 2k
TR RS . ERFHML R I, CsC2H2-1,
CsC2H2-5 5 ZAT6 K SIZF2 [F] Y5 % & 8¢ i H £ K Bk
A B B R A & o, B Uk SR B CsC2H2-1,
CsC2H2-5 M R 2 5 KR AE AR L R b iy 5L & 9
()6 B, 3 T 52 e KRR 3R & B SIZF2 B[R 78 A i
o VK TR AR WS 5 AR T R AR R B BIAE T, BN R
(Rl B 02 1 3% 2 000 bp 45 87 13 51 1 =0 A FH oo 2R i
M & 7~ CsC2H2-1. CsC2H2-5 )& 7 it ¥ & W B 7G
P, 0 KRR T 58 52 B 78 TR A5 5 A T IR A AR = P 1
ﬁﬁi[le]o

AT 5T R AE WA 2 255 KRR ) C2H2 JE A ik
HEAT 22 BT, B 3F T CsC2H2-1. CsC2H2-5. CsC2H2-19
TE KRR Diku dt P 7 S 7 2208 235, UFE B DL E R A
TEAEY) AR KR B R J R A A 2 v o 4 B B4R
H, A BT B4 T i3 R R AV % Thae, N
15 E = CBD Ik THC AL 53 Kk i Al Jx C2H2 1Y B[R]
KRB D Re it T 3R S 4 .

TEHE TTRk: XISE3 67 57 CEIRE KB IMVME Tt S E
3% M T e R BT S IR MR I AR X AE S B B
QRT-PCREZIGF 4 #h i % ErE 8 S XS5 R B s
MO KRB S SEIG BT S S0 B SR R LS (E
Befsoq .

FIFMSE: T A 1E 5 AR R PR .

References

[1]

[2]

(3]

[4]

(5]

6]

(71

(8]

[]

[10]

[11]

[12]

[13]

[14]

[15]

Zhang J, Liu JF, Zhao TT, et al. Research progress of C2H2 zinc
finger protein in plant [J]. Mol Plant Breed (4 ¥ 15 41 & #),
2018, 16: 427-433.

Pabo CO, Peisach E, Grant RA. Design and selection of novel
Cys2 His2 zinc finger proteins [J]. Annu Rev Biochem, 2001,
70: 313-340.

Moore M, Ullman C. Recent developments in the engineering of
zinc finger proteins [J]. Brief Funct Genomic Proteomic, 2003,
1: 342-355.

Berg JM, Shi Y. The galvanization of biology: a growing apprecia-
tion for the roles of zinc [J]. Science, 1996, 271: 1081-1085.
Takatsuji H, Mori M, Benfey PN, et al. Characterization of a
zinc finger DNA-binding protein expressed specifically in Petunia
petals and seedlings [J]. EMBO J, 1992, 11: 241-249.

Englbrecht CC, Schoof H, Bohm S. Conservation, diversifica-
tion and expansion of C2H2 zinc finger proteins in the Arabi-
dopsis thaliana genome [J]. BMC Genomics, 2004, 5: 39.

Yang ML, Chao JT, Wang DW, et al. Genome-wide identifica-
tion and expression profiling of the C2H2-type zinc finger pro-
tein transcription factor family in tobacco [J]. Hereditas (i 1%),
2016, 38: 337-349.

Hu JH, Wang DW, Yang ML, et al. Identification and bioinfor-
matics analysis of C2H2 zinc finger protein in tomato [J]. Jiangsu
Agric Sci (LI R ML A} 22), 2018, 46: 23-27.

Zhang S. Genome-wide Identification and Characterization of
Zinc Finger Proteins in Cucumber (3% IV [KI 4 P £ 45 25 1 %
5E J¢ £ 4E 53 M7) [D]. Beijing: Chinese Academy of Agricultural
Sciences, 2017.

Agarwal P, Arora R, Ray S, et al. Genome-wide identification of
C2H2 zinc-finger gene family in rice and their phylogeny and
expression analysis [J]. Plant Mol Biol, 2007, 65: 467-485.

Liu Q, Wang Z, Xu X, et al. Genome-wide analysis of C2H2
zinc-finger family transcription factors and their responses to
abiotic stresses in Poplar (Populus trichocarpa) [J]. PLoS One,
2015, 10: e0134753.

Laity JH, Lee BM, Wright PE. Zinc finger proteins: new insights
into structural and functional diversity [J]. Curr Opin Struct Biol,
2001, 11: 39-46.

Takeda S, Matsumoto N, Okada K. Rabbit ears, encoding a
superman-like zinc finger protein, regulates petal development in
Arabidopsis thaliana [J]. Development, 2004, 131: 425-434.
Zhang X, Zhang B, Li MJ, et al. OsSMSR15 encoding a rice C2H2-
type zinc finger protein confers enhanced drought tolerance in
transgenic Arabidopsis [J]. J Plant Biol, 2016, 59: 271-281.
Zhang X, Guo X, Lei C, et al. Overexpression of SICZFP1, a
novel TFIIIA-type zinc finger protein from tomato, confers
enhanced cold tolerance in transgenic Arabidopsis and rice [J].
Plant Mol Biol Rep, 2011, 29: 185-196.



1496

#2224 Acta Pharmaceutica Sinica 2021, 56(5): 1486 -1496

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Hichri I, Muhovski Y, Zizkova E, et al. The solanum lycopersicum
zinc finger2 cysteine-2/ histidine-2 repressor-like transcription
factor regulates development and tolerance to salinity in tomato
and Arabidopsis [J]. Plant Physiol, 2014, 164: 1967-1990.

Li J, Zhu XW, Wan HH, et al. Progress on chemical constituents
and analytical methods of cannabinoids in Cannabis sativa [J].
Chin Tradit Herb Drugs ("% %}j), 2020, 51: 6414-6425.

Schultes RE, Klein WM, Plowman T. Cannabis: an example of
taxonomic neglect [J]. Bot Museum Leaflets, Harvard Univ,
1974, 23: 337-367. http://www. jstor. org/stable/41762285? seq=
1&cid=pdf-reference#references_tab_contents.

Ware MA, Wang T, Shapiro S, et al. Smoked cannabis for chronic
neuropathic pain: a randomized controlled trial [J]. CMAJ, 2010,
182: E694-E701.

Flores-Sanchez 13, Choi YH, Verpoorte R. Metabolite analysis of
Cannabis sativa L. by NMR spectroscopy [J]. Methods Mol
Biol, 2012, 815: 363-375.

Preedy V. The Biosynthesis of Cannabinoids [M]//Handbook
of Cannabis and Related Pathologies. Chapter 2. San Diego:
Academic Press, 2017: 13-23.

Chang XW, Chen WQ, Sun Y, et al. Potential medical use and
risks of cannabis [J]. Chin J Drug Depend (1 [ 25 % fi it 1t 4%
&), 2020, 29: 161-168.

Réacz I, Nent E, Erxlebe E, et al. CB1 receptors modulate
affective behaviour induced by neuropathic pain [J]. Brain Res
Bull, 2015, 114: 42-48.

Romero-Sandoval EA, Kolano AL, Alvarado-Vazquez PA.
Cannabis and cannabinoids for chronic pain [J]. Curr Rheumatol
Rep, 2017, 19: 67.

Cristino L, Bisogno T, Di Marzo V. Cannabinoids and the
expanded endocannabinoid system in neurological disorders [J].
Nat Rev Neurol, 2019, 16: 9-29.

Chopra K, Arora V. An intricate relationship between pain and
depression: clinical correlates, coactivation factors and therapeutic
targets [J]. Expert Opin Ther Targets, 2014, 18: 159-176.

Zhang JQ, Chen SL, Wei GF, et al. Cultivars breeding and pro-
duction of non-psychoactive medicinal cannabis with high CBD
content [J]. China J Chin Mater Med (H [F 1 24 24 %), 2019, 44:
4772-4780.

Rodriguez de Fonseca F, Cebeira M, Herndndez ML, et al.
Changes in brain dopaminergic indices induced by perinatal
exposure to cannabinoids in rats [J]. Dev Brain Res, 1990, 51:
237-240.

Bergamaschi MM, Queiroz RH, Chagas MH, et al. Cannabidiol

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

reduces the anxiety induced by simulated public speaking in
treatment-naive social phobia patients [J]. Neuropsychopharma-
cology, 2011, 36: 1219-1226.

Levin R, Peres FF, Almeida V, et al. Effects of cannabinoid drugs
on the deficit of prepulse inhibition of startle in an animal model
of schizophrenia: the SHR strain [J]. Front Pharmacol, 2014, 5: 10.
Luo X, Reiter MA, d'Espaux L, et al. Complete biosynthesis of
cannabinoids and their unnatural analogues in yeast [J]. Nature,
2019, 567: 123-126.

Li QS, Meng Y, Chen SL. A new Cannabis germplasm classifica-
tion system and research strategies of non-psychoactive medicinal
cannabis [J]. China J Chin Mater Med (H [# 1 24 2% %), 2019,
44: 4309-4316.

Grassa CJ, Wenger JP, Dabney C, et al. A complete Cannabis
chromosome assembly and adaptive admixture for elevated
cannabidiol (CBD) content [J]. BioRxiv, 2018. DOI: 10.1101/
458083.

Zager JJ, Lange I, Srividya N, et al. Gene networks underlying
cannabinoid and terpenoid accumulation in Cannabis [J]. Plant
Physiol, 2019, 180: 1877-1897.

Chen C, Xia R, Chen H, et al. TBtools, a toolkit for biologists
integrating various HTS-data handling tools with a user-friendly
interface [J]. BioRxiv, 2018. DOI: 10.1101/289660.

Lee BM, Xu J, Clarkson BK, et al. Induced fit and "lock and
key" recognition of 5 S RNA by zinc fin-gers of transcription
factor 111A [J]. J Mol Biol, 2006, 357: 275-291.

Takatsuji H. Zinc-finger transcription factors in plants [J]. Cell
Mol Life Sci, 1998, 54: 582-596.

Sakamoto H, Araki T, Meshi T, et al. Expression of a subset of
the Arabidopsis Cys2/His2-type zinc-finger protein gene family
under water stress [J]. Gene, 2000, 248: 23-32.

Li XP, Yu MX, Kuang TR, et al. Research progress on the anti-
tumor effect of flavonoid derivatives [J]. Acta Pharm Sin (%%
2£4)), 2021, 56: 913-923.

Li MR, Zhou YZ, Du GH, et al. Research progress about the
anti-aging effect and mechanism of flavonoids from traditional
Chinese medicine [J]. Acta Pharm Sin (2§ 2% %% k), 2019, 54:
1382-1391.

Harborne JB, Williams CA. Anthocyanins and other flavonoids
[9]. Nat Prod Rep, 2001, 18: 310-333.

Shi H, Liu G, Wei Y, et al. The zinc-finger transcription factor
ZAT6 is essential for hydrogen peroxide induction of antho-
cyanin synthesis in Arabidopsis [J]. Plant Mol Biol, 2018, 97:
165-176.



