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Research progress on protoplasts in medicinal plants
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Abstract: In recent years, protoplast technology has widely applied in the fields of plant genetic transformation, breeding, and plant
regeneration. Related research on model plants (such as tobacco and Arabidopsis thaliana) has been in-depth, and its application in
crops like forage grass, rice, and tomatoes has also become more and more mature. With the development of the economy and the
increase in health demands, the market demand for medicinal plants has been continuously growing. However, the research on their
breeding and genetic transformation is still insufficient, and protoplast technology can just provide a new path for this. This paper
focuses on the preparation and isolation techniques of protoplasts of medicinal plants and their application scenarios, reviews their
research status and challenges, and provides a reference for in-depth research on protoplasts of medicinal plants in fields such as genetic
transformation, variety improvement, and plant regeneration.
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Fig. 1 Isolation and preparation of protoplasts
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Table 1 Effects of enzyme combination, enzymatic hydrolysis time and osmotic pressure on protoplast yield and activity
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Fig.2 Application of protoplasts
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VO S = R AR AR R B 5 R A R i 421
i PEG @il & . &85 & pH-PEG [l HLRELE 3 Fh
J71245 2 B i AR AR A 2250 A 1.7% 5.03%-
1.07%, RS = LR F R T 5k
Higds T X8RI G L 4L R B AR5
AR NRRE, 74T T 40% PEG6000 4511 )54
kR G, A9 T FIRIRE AR, Rm A

ZAGEE PR T B AR o ARIEARSESTR F =
15 pH H 25 & PEG4000 5 59200 & 80 Rl T g )5 A=
FAREE A2, RIS PEG4000 ¥KRE N 38.41%-
CaCl ¥ FE A 0.44 mol/L. pH N 9.26. &It a] Ny
28.87 min AH G M T, FAX Rl & 2k 2 5w,
4 0.924% . J] [EHFEEESILL PR AL IHDIR 28 28 R S Ak
FHFEMEGHN, ERAE KRN R AT @45
VER A A 7y B A4 R, A8 FRRL A 1 7 15T TR
RS, BEFEN 20.2%. YL AR
BHORIEGIMI ALY 8% 2 55 BRI 7T A1) B
FHZ 2o Il A F R 0 AR Ak, T LA
TR AN MR TESE R R IA R . 4IiR B L
i, D MR AR R PR TR IR R 5
2.1.2  FLAR PR AR SR AR AR AR AR AT Bl
G FHIEMR AR, BN R 5 AR
B BEFRIF AR, A Y E M E
BIANAS, PONBMECCR « PR AR SR AR AL S A R ER
FARF-G o 2025 AR A AR B 78 IR AR
N AHREME LI 53 B 5 A T AR I i D R 9515 21 e
FAEREAR I 24 FHRE IR 5 /D391, Johnson ZEPOILLE
T A 2 NS (RS-K1 A1 RS-K2) Akl 45
A AT AR MR EE ). BT S AR
3B WARAR, IR TE Y58 Hoagland 35773 AT
MK M RS-K1 Al RS-K2 7353515 39, 54 #kH
A, BREBAENERKIER. 27k NETE
TR A S5 A R AR AR SR AL S5 . SRHE )
A R U2 A FH R R A [ DB B R I i,
il 28 B I S5 AE AR RN LR MS WA R TR gk, {2
BN oy AT BRI G, Je W OB ar e @A

A HLTE 6-F & FENE 5.0 pmol/L+ 15[k 2,18 2.0
umol/L B IR F i FoF b, AL TR R Rtk
R B NTEEAER R . 12TV T — R R R
SR AR R, BT E. B R
A, SEHL T MR R B SR B R AR Y AR v i
Az, ONERHEZ I R AR AR I B AR SR A TR
[ ARF- 4« Klimek-Chodacka 25921 FH B2 fh 25 ()
AR AT T IR A AR 2 B 2%, N R A
TR %, HRMEGHL SR KN A BN £
FRIEGRSEIG TR, AW ER R TR LRI T
A4 M R A AT SC B T REAR B A o e RIAEE SRR 240
H- 25 B8 1) AR 78495 2E 230 4 1A 1 A T T kAT
Jir A AR 1 73 B ) 5 T R0 IR T 1 oK PR 7R Ak 8
TR EMGHN, HHERE SR IR TR
HH s SRR R P K A E R,
A SN R IRE AR . Tomiczak ZEP0 W HJE ) 5
PR EAT J5 A2 AR 1 90 B8 I Jig 292506 Jot A o Ak 3t
TRE R, WIS REGES, 2 E TR L,
H g, PO IE RSB TR A T
AR GBS DU R RMIAC TE B P oA RL, AT IR AR
JPR IR 43 B ) 4, DA B K B A T 1 1 R A R
s 8577 G BN A AU S A R 973 B AR
B, BRAAFEIFAAEM: FAREMRP Y BHE R4
N 0.875, Tt BH BRI L RS AS s A R . 1%
S8 AR ST T A5 4 SRR I A R AR T A A
Ro b, M HEYEA R ARG AE R N2
FARE DAL CC R P 3 R e i 23 T At
TEEARSEE, HET IR HEDLR SR
EE R, RIS R, R
B F W 24 FAELYY) ) b o B8 R OR3P 5 T e 2
FERET B i

22 BEHAARNNA

221 JRAFRBRR RE RIS TAEYFE
AR, AR AR R I A Rk R G DT AE
M, HEUR T —RFISER, 788 A e A FIAE A
F JERMRIE L INREIRAE . 8 3hF BITEHEAG I
S5 DR g 2 55 T 170 I FH A1, ] R A6 AR SR Ak
TR 7733:48 PEG $64kid. BRGERE. AT E AN T
AR TESE . Hod B AN BeAE HE T NN
BN, AR R, SEIG A A HOE R AR v B
PR R, iz AR &R EN S, AR
RFEBLEAZ ], R R A G854 B 40
i, MECARREAL N B o AT B A SRR A TE T,
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H R RGHERAERT B BT T AR B A5 T TREAR
ST, FIRHE N IR A R, BRI
R MR, H T-DNA X4 A Fit 50 kb
K/ANEISNE DNA BB, AHIZ 71 B FAR AR 58
H, ZHIBO T FLT SR TR B, BREE 2L
MK, FAMEE R, BadkEHEuE, LR
FEATRTY A B AL, R 2 T RN S e Z P At i 3R
AL BT, H e X 24 R RE A IR A o R 1)
BRI, il R G A Y o R AR SR AR ST
T, I EIE AN SR (1) J5 AR S5 A4 B 5 [R] FL T 300
PEG Mk BA — MR, RN k25
BREREAT, AR A A, HAK
FIR R T AL, RN PEG 1R 250 B v Rl i
A, XA EA R, EUERIER R, B
sl AR BRASERE AU T 24 R A 7 b B
P ) HAseH F ) J592:099), Tian S50 17— /AN
RCBRE 8 B AR BRI 0k R g8, BLEE
FONMEL Ih o B8R EA AR, ORI 40%[H)
PEG4000 At 352 v, FEAS V40 M 5 A HAR K
HE— B IGAE T BRI R IA R G5 N B AR SR Ak
FIELEH, FIH PEG FAIEAT R e, B Je R iy
AR T1%06), Gao ZE07@ It 37 A% R AR o A %
WAL RS, RO T AZMRER (5 040 M e 57 FN 3 B
SR AT, S T AR A . HE
VEF B Rg maE s sp S AN B . PRI B sk
I, A 30%F% PEG4000 5% & 30 min ] fHA% Kk
JV 1 A7 A 2R A o AR A e i R A AR, ATk
53.5%. hRIAEA TR PEG HAb T8 LR m]
K 40%, BiEN 47.83%I981, S Th R FA Th At 3k IR it
TR B R A TR 0 R . FEREAE P
Y AR o AR RN A AL SR B8 . PEG4000 R EE
N 20%, JRL DNA FIKEE Y S ul/100 mL, H #&
MIREEN 0.4 mol/L, &)@ L Lt 5
min, AN 25 °C, BHADY 48 h (%% T, A B A
AL R S, 208 35%199), KRS AR
JWR Ak () J5 AR SR AR PEG 364k Sie b, A4k
40%H PEG4000. #%ALWFE 7 min FHIA 30 pg #%
LR DNA, FERLZEAE T, KBRS A A4 i 4k
RIAF) 75.4%1001, Han SEO21F1 FH AR A Ji AR R A g 37
TMER, S HENRS, AT MR A
o B SR AR IR AT BRI Rk . Z RS EIE A
WEA AR B PEG /- FHIBEN DNA L& T
WESEE i, AALIE AR 40%. X R Gi]

TR AT 10 Ji A Jo A 43 B R I 2 AGLE 5 h N S8
IR SRATLALE 3 d WA, AT HI 0 LI R il E
PEFIE RS20, R A PO A0 E A, R R R
IEFNER FFAH B 0 b, RO A F e ) e
R thritfia g€ R ra. B2, RARE
N 3l R RIE R GG I P I, mTBh R
AT IR Th e -5 i PR S LA, D RE 1A A R
AN R G 4R S I B S A

222 WAMEMSERARLE  WYHHE A2
61/ 7€ H 1 B At 6 2R 40 1 4 P ) R AR
P WYHME AL AT AR T i 4 e B AR T RE 1) 3%
o FI G AE TR AR B ST BRI SR IA RG4S SR R A
5 PR B B S B R R BR A T B A 2
iR Rl =0 T A R g = DD D AR (Y E P 1 5PN W
SEARRR AL SE0OU . Han 502 37 1w 24K AR AT
JR A AR B S R AR A R e A2 A 2 Ay
17, A s O R AARIC ISR, TSR
WGERAE S ERARBAE T, WX 7906
.4~ (bimolecular fluorescence complementation,
BiFC) SEEGIGAIE 1 AR R TR EAE R &R . %
RYENNFER D RE IR 7 HR T 6. X
BRLOOTEF 2 iR A o AR AT IR P e A S, ) A
WHFCR 2 MHEAERIEA, BRIITRE 1 A0 E L
L BiFC 288, NFETRARKREARLAE.
ST BER R T IRt 7 BORSCRE . Al 4R
SENARYD KT 5 BEAT SR AR AR R %, R ER
PSR A FURAE 524, R PEG FeAbid it se il
WIS B4k, JELAOIT e 1 V.40 E fr sk 56, HESEH
PR AL T A AT e AL R
SR EAFWE TR ST 25 RIS R T RE 19 s
YRR B RIS B T R BOR 42
223 RREGE ARG IR Xt AT E
FB U EE R TRESOR PR B R G4 BRI H]
L DR i 4 3 R AT A SIS A ) A A ) 4 Y o
PR ) e R o G BT 3 R T A
FINFTAE . PIBR/N Bt DNA J A 72 2 A7 5
GINGRAREEN0S A 233 1 5 R 2 BB 50 R 2 BEAT 4 4
PABRBEROAR . e SR Bs FE N A 7 I IR B B R 4%,
I CRISPR/Cas9 1E 4% 3 AL AR T A, MLbf
SRR BT R R AR = ARy 5, AL
fEAHEN) 20, HAl CRISPR/Cas9 HAR CLEVF
Y SRR g, SR LTSRN, andtlE T
IKAE RS, (EAE 20 PR S AR AR rh Y R
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FkED o PFSUSG AR FARTEAR R T4 AR,
EERCEN 13.97%~33.64%, NHAAE S 25 HHEY)
(MR R AR T B S 1000 SE i I
A JFARRIRF S, 385 PEG /-5 CRISPR/Cas9 ik
A& pHEC401-DT1T2 #4b SEdH 5 AL B ARIgR N ik
BOE THEMIRE ST, dniE RN 19.4%. Nie FUTE IR
FEREHE T SCBL 7 88 ) 2 R g, £ CRISPR/Cas9 Ji&
ESE R AT LR ey ol WP A DO AN TEA R e L 5
F K AcPDS # il X sgRNA # /& pAtU6-2gR-
ZmCas9, F| F = 18 & 7% B -4 AL RUE AL PR
REDE] 2.82% gm0, ZMFFLIE S A En R
A A T R4 B . PEG-Ca? ¥k Ji 836 AR 4k Fl XL
SgRNA HARBLTE,  BRDAE) S AR 26k R g R AR
R, bREE R RHEYI A RERS T B PR E R
T, NG SEEE R D Re AR AT K o oadt i Pk & 2458
K ARTEA . BT, ST IR AR 25 R
DK i 4 IR AFAE A — S, sl = I R P 555 R G
TR, REHEFWE, FEAR R H S0 E M
i, P 25 Mg B RCR IR, 0 bRy
FHAELA) ) 35 DR e 5 2 B e AN 1) 40%, T FE AU RS
Trr, i R g R A R AR 90% LA _ED08T; 245 F R4
B AR AR PRI A, g8 F o DL 234 il e B A AR i A
RS WL R, ATREA g T A, JF
R 2 B K G i 2 G R A 4R S P U Bl R
YER T2 B0 Beah, 298 IR e B R AN
P BSLERESEIMSHE A, DLRRIR A I HES)
SRS, A AT DA B b T 24 P AR R R )
REWFIC. 41 8 R0 G 38 B R o B YR 201090,

2.2.4 scRNA-seq $i R scRNA-seq & —Fh{E 4l
L5y HE R N AR AT R TE . #8741 S 5 1 ) s i
BRI, scRNA-seq FiA & Tk H H 28 A,
TE AT 20 B 8 AN ER S5 45 5 e R T AR B AR
A, RN FH Y, scRNA-seq B AR MK #ikE )
S LA N AR AR B TSR B A R A . 7R SR
LK B B 20 B Dy R, 0 5 e SR B A 40 i i R 3R
. AN RNA W HELRT, 3 BRI
R ED)#] (laser capture microdissection, LCM)
5 6 TS 2 B 43 3% (fluorescence-activated cell
sorting, FACS) #i A, {H LCM JBHEAK. 4HiiR 5]
M, FACS a7 ehric s RIS /0T, H 351
ARIPHTEANGH M . VR scRNA-seq T K& 23 5 B4
Hil . SHEREESRAS, R LA 3 R IR AU S A
B, TR T LR E RS, KL, WU scRNA-seq

vl =RV 7/ R S o a7 NI o R I = I
scRNA-seq RO ZHTHFEETT . AKAEEEAR
M, MRS, Bhi. FRL feE. MIEERIEY),
R KA. =4, TS24 A3,
AU SEILA R 258 . R B YU FRid A EZ
P Fe ST A SERT T H AR . An(EAEA
Tt e TR R AR AR - AR ) 7 AL )y AR
A 7 B | O AR D g A7 1Y) 25 ) 4 AT R
SRS 78 =R T 2R B RHE S O e
[RIOL, A, 053 BfF 7T 3044 I 5 % a i ] R e ge
FL PR GEE, Zii| i DR 2H RURE Gt o3 () m] St
Kk, #t—DEE 7 TAURIIT4E M2, AEROR
IR T I, /5 ot 2 R A AR R SR EUZ seRNA-seq
IR . A 77 R 2@l Y . SR 55
FRBAC A AL Cnit s JERRE . SIEREED, 4>
25 T AN 40 B ) R AR R B - e
A3 i CL I H v 25 B SR AR AR o B T R
EATAFR RGBS RZEY, ERNF LR
HIRRIT AT 2 B R AR A, AR Y T g
BT 5SS, H T, seRNA-seq IMAATE—E ]
JRIBRPE, = EEAIEAE A& Bl B AR
P, 20 HRRE 2H s AN 5 T 22 S 3 BT 20 M D iR AR B A
sre WA, HIRAEBUANEE S R, ATRETIA
SEES 2 s EAE AR RN A, RIS = A
W, ZAMREERI A G NN 1 B ph el as B
LR, HE A A SR Tl BAIC: Bk
EREAE, MELAIRANE . WiEE A/ RNA gk
H, TERER, TG TR EFH AR
7 B E R bRk, HEOR T =%, R
il 7=z R, scRNA-seq FAAEYI K B HL
BT BRI S T A AR R AR T 5 OK T
B, RN ot st e, HFE
W BIRA A R AR R e B R bR IR
T, DARRARHEARRIBR 1, 4 e R TG

225 HARTTHEIRH R JEAE BT HER AT L
2 = 25 AR A 80853 7 & . Dinkeloo 55U2008fF 7T
RI, R AR U R TE] Rl Re s G s NS th NS
EFFRIR R . TR AR AR A B R R GE AT Bh R v 24
FAEYIE) & AP, Nirmal 2502055 0 73 FA4E 2%
() JEAE AR ) B AR S IR R, itk 22 A A A
T (P2 ) L BE 58 | B BRI . B AR AR BR
] DA 2124 K D RE IS UE A AL, Gao ST
TR R A TR R A R G, IS R T
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R G G R Jr WRIT R PR FT DL 35 s R R &
PR BR LRI Fek,  WIlR TR KA 3. B-HA M-
ACP &g EE, $87~ HAERZ RGP AR 2 b A 0 1A
FEAEFH o Zhu 02 T — b T J52E S R ki
L) RNA M FPHEEAR, B 0] T F AR R AR A 5l
FESEDARE D, ANGE I 7E SR A R A e R IA A bR il
LR 7454 RNA W, sl sedibes. &
T I AR DR, 28 FOR AR I IRAIE , Z0% 5
HEm PR FOE R T2 MY . B2 AR T2
FAAEA IR, WA B 24 PR A S A A, PRk o
P AR TS R B O R A
I Fie R o PRIRUB M 12 kDR 4 A 24 R A 4 - B P
JAH, BIJ3e A s & . T L, R AR AR
FORAESR 25 MY RO 7= 8 TR & PO
By 7325 (R Dy BR B0 IE 5 5 THT ] R B G E A
3 FiE5RE

H 19 KLk, BEEBERREFREORM
T, AR AR IZ B AR ) A R B % 0 T
R, fEWmEIT. KiE. B SEEE A AR
W BN, TR S IR B R A B A
D] Th BEIF 75 A0 8 2 o ot 1) i S5 A R 4 T QB AE
FAUOL, 3 45k 24 PR A S A R AR (R i S B TS T —
SEMHERE, ande/E 2 AT b T dd S AR o Ak
Muf &R 22 S A0, 7EPS S DHEY) 58
BT RA AR BIREAR G AR, 7E— L2 R A A
23R 7 CRISPR/Cas9 Z: K44k, A1, HHX 0
HYFEYT S, AAEYETRERAREREARNE
P EEASRBR, HATE MK PR AR, X
FEAREZIR T LR IIANEZR. Bk, L,
MY Z 5 Z IEm e e T 5, EEER RS
FSLIG AR E AR HEA o FLUR, B AR T,
ZHZ MY R A AR AR 55, Ak R s
A AR 3 A A L AN R 10%, T2 AL R
PRI &M BN, PRI, 245 R & T o ik
HAAEES R ZARE, FEEHLH ES R w4
i, BEESIZATIRAEREEMHSH. BAT, (CAK
RPN S HEAERE TE R “ AR 7 B -
ARG -1 A0 7 A - e SRR AR P A - R DR i S P 1
SRR, TR IIREIRAE . A BRI AENTEIR
FERE T8 R R R

BE# scRNA-seq. Z:[M 4R T B AW T8,
Ji A AR 0K ) SE RS R I T R e, A SR A
Bl it i TE 22 245 FH R A 8 A e Al A L T03, R i

scRNA-seq 1€ 24 R I 26 Ak b P2 8 775 0

AR AEAE, FAEH] CRISPR/Cas9 K& P55 8 52 17] i

FRAESNAIFE D], AT A R R P A R AR A A O

A FR, NTEGES SR FARIRENN, #

Bl 7580 B v RO R A o A B R TR A SRS, A T

PRI 2 IS R o A R A . (R BN TR RS

2, A OREORs O 0245 R ) A 2 A1 kAT

B BENLHEEE, O AREAT SR AR A R 2 )

BB SRS B 26 T 0. N LR BEROAR TR Al Al

PG WEIR S, M R A ARG IR 5%

P-FRAERCER” BTN, dniE N2 RS RO

U2, AR B S B R R 21 . BV

TG, PR EAE AR SR S ML TR S

AN R R A SR A AR AT R, FRREAT AR

FEAR, MIERAFO0 R AR, BRS A TR

ol 3 5 A o A R R SR B ) S A Ak D 3

NKIAT B, SEDUEE R ™, meA T R

SAMBEIHT. AR, BERITETa, HESh

FIREY T e SR AR AR SRS Hoft AR

XA, SRR L T YT RS

NFEHIER . WG R DR P A AT R B0 TR

WrigAe, HEShZ Y G, 25 Y

JRAE BRI AR, 2645 Bh 0 25 I EE A

Tre BT AL AR U A B E AR
FlBAR AR FRARAELEAZFR

&

[11 k=%, R, xICK, & G HEDS LR AT
R gmHH AR Tt e [J]. MEYEREER, 2024, 42(2):
242-253.

[21 A&, 58, TR, 5 AEYERAN D)
REFERI AL AR FURERE [J]. BUMIIVE R A4k BARRL
2R, 2021, 20(4): 364-373.

[81 xiljc. ZiHIEYs L SRRy R AT ()], 2 T
B, 2023, 21(10): 3450-3454.

[4] V¥, fTARKES, FERe. B BRI, fEEm[a)
LR (], R, 2021, 37(8): 1-7.

[5] ¥, TR, RIA, S5 IRIEZ AR A B AR
FEIEE LR [J]. Lo RLRHE, 2015, 43(3): 243-
245.

[6] Hsu C T, Chiu C C, Hsiao P Y, et al. Transgene-free
CRISPR/Cas9-mediated gene editing through protoplast-
to-plant regeneration enhances active compounds in Salvia
miltiorrhiza [J]. Plant Biotechnol J, 2024, 22(6): 1549-
1551.

[7] Horita M, Morohashi H, Komai F. Production of fertile



PER 2026518 B57% B2 Chinese Traditional and Herbal Drugs 2026 January Vol. 57 No. 2 « 685«

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

somatic hybrid plants between oriental hybrid lily and
Liliumxformolongi [J]. Planta, 2003, 217(4): 597-601.
Klercker J A F. Eine methode zur isolierung lebender
protoplasten [J]. Ofvers Vetensk Akad Forh, 1892, 9: 463-
75.

Cocking E C. A method for the isolation of plant
protoplasts and vacuoles [J]. Nature, 1960, 187: 962-963.
Power J B, Cocking E C. A simple method for the isolation
of very large numbers of leaf protoplasts by using mixtures
of cellulase and pectinase [J]. Biochem J, 1969, 111(5):
33P.

Nagata T, Takebe . Cell wall regeneration and cell division
in isolated tobacco mesophyll protoplasts [J]. Planta,
1970, 92(4): 301-308.

Carlson P S, Smith H H, Dearing R D. Parasexual
interspecific plant hybridization [J]. Proc Natl Acad Sci
USA, 1972, 69(8): 2292-2294.

Kao K N, Michayluk M R. A method for high-frequency
intergeneric fusion of plant protoplasts [J]. Planta, 1974,
115(4): 355-367.

Ren R, Gao J, Yin D M, et al. Highly efficient leaf base
protoplast isolation and transient expression systems for
orchids and other important monocot crops [J]. Front Plant
Sci, 2021, 12: 626015.

Duarte P, Ribeiro D, Carqueijeiro I, et al. Protoplast
transformation as a plant-transferable transient expression
system [J]. Methods Mol Biol, 2016, 1405: 137-148.
B, EYERR, X, AF. A R IR R A B
PR & AEAL T (0], AEPIBOR, 2019, 29(2): 147-
152.

B, RE, K, S5 AR G0 AL BT
[7]. MERH, 2022, 55(10): 39-43.

LT, REA, XK. 2RI IR AR PR R R
FiA [J]. m R ARMR 554k, 1995, 18(4): 25-32.
Davey M R, Anthony P, Power J B, et al. Plant protoplast
technology: Current status [J]. Acta Physiol Plant, 2005,
27(1): 117-130.

WA, BhifE, BRAKRE, S5 RASHEY A T AR 7Rk
ZAWFEE [J]. HERFER, 2013, 29(1): 1-6.

A, A, EI7. MWEA BT RN [J]. &
BURERL, 2010, 38(8): 3941-3943.

i, REZ, £&, 5 EWEAETRS B SBENE£
ISR RITTCHER (7], AR R AR, 2023, 59(1): 21-32.
UERE, XWRE, T i, 5. MR ARG BRI
Wt [J]. 7 THEYIE R, 2023, 21(2): 620-632.
WG, EROR, R, S R R AR AR S B K
W I 5 A0 A R R ST [J]. WRVL R R OR 22223, 2025,
42(3): 592-600.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

ek, M, SHEA%ES, . AR RHE R
FRAETE S SN EmyE (1. BRI R,
2024(6): 38-40.

XI5, TROEH, ANNGE, . mEJRAERA S EHEA
[7]. ) PGHE4, 2008, 28(3): 411-413.

T, RIS, 20, & SN E S RA AR Bl
RANRLF [7]. AT, 2024, 44(6): 936-944.

XUBR, Bk, AEAEAl, 25 CEBORT #E A R AR AR
B [J]. WA %) S &, 2024(6): 19-24.

Tian Y H, Liu M, Tang L, er al. Establishment of
protoplasts transient expression system in Pinellia ternata
(Thunb.) Breit [J]. Biotechnol Lett, 2023, 45(10): 1381-
1391.

TN, PN, FolkAe, S AR R AR A S
BRI R (1), RECRL A, 2010, 38(12): 6144-
6146.

DR, FEIWERE, TR, S5 HEgeh R R A AR
FHIERAA 0], F SOl RS ARBI R,
2023, 40(4): 283-287.

WEEGAE, XGRS, EORWN, 2. 50 M A R A T Ak
FOERES S 1], 4 TEWE R, 2021, 19(17):
5878-5885.

A, MRERLE, 20, 55, BRI JE A AR 1 il &%
[7]. BHESHNRE, 2021, 41(1): 25-27.

T, T, E%, 5. REEFEMRIEA RS 5
FAERESE [J]. TR RAEFF, 2010, 28(2): 118-
121.

TR, mESH, MR, & BN R R AR R
JHEMREA 0] FEARE Y AR, 2021, 41(11): 1825-
1833.

WE, TRRZE, AR, 5 TAMEG AR
SPEEETE (] REARIELE, 2010, 38(3): 1139-1140.
XK, K44, TR, S5, B G A SR A T R &
FArmtAL (0], VEACHE s, 2017, 37(8): 1664-
1671.

R, TE, WBiar, 2. BB E AL UK B A bR
AR ES [ 5 THEYE R, 2023, 21(17):
5730-5737.

Ren C X, Xi Z Q, Xian B, ef al. Identification and
characterization of CtUGTS3 as the key player of astragalin
biosynthesis in Carthamus tinctorius L. [J]. J Agric Food
Chem, 2023, 71(43): 16221-16232.

MR, W2, M. &M e A R AR A %
FArmtial [, T EESE, 2015(3): 54-57.

A, TH, PEELER SR M R A S AR AR 4
M BE T AR AR R R A0 B (3], B EARL R 2% 22 4R,
2022, 44(8): 12-22.
MREE 7K,

DaEPILIR-ER T, %

mER IR



* 686 *

PER 2026518 B57% B2 Chinese Traditional and Herbal Drugs 2026 January Vol. 57 No. 2

[43]

[44]

[45]

[46]

[47]

(48]

[49]

(50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

RS AL [0 mR AR R B RE
52,2024, 39(6): 133-141.

A, Re3R, MR, 55, fe2EJFEA AR 3 7 VAR
O[] WG EYIERE, 2023, 52(3): 220-227.

TKIF, AEL, EiE, & 2R YRR AR IR
ik [J]. 2 FHEYE T, 2018, 16(2): 546-551.
TRRTEE. HRZEHLEEF S FA RS BEEFL [D].
TN TN R R A, 2012.

DA, UL, ARII, 5. AL AR A i s
Jr AR RSy BRI [T, ®O5 R, 2010, 21(3): 10-
12.

TR, BRI A PR R SR EORET ST [D]. B Sk
MK, 2007.

AR, G, EA, S MR A R AR A B R A
BRI AL R[], ISR, 2024, 15(2): 241-
250.

. HEREREAE T A S B SME AR D]
Kib: RO RHR A, 2023.

X KR AE SR A R A IR IR A AR R I S S5 A4k
[D]. fR5E: WLk K A, 2023.

FAH. S KRR FEM R D). dbE:
o ELR LR, 2015.

IRAEAR, TRAK, fE-biE, S AR JREA ARy B S Al
1k [1]. HYIWFF, 2016, 36(5): 795-800.

Atk TEERAETRREG SRR PSS RER
AR DA BALEIRIEREFL D). M TR
BEK2E, 2017.

FEEMW, 2R, pRibde, S5 gt se il i gUR E
JRAR I & e il [J]. ol K23 AR
Jii, 2017, 37(4): 254-257.

TRORER, S, . FBIAMEA AR (0]
TRV RLE, 2018, 46(17): 32-34.

FWAE. WPHPHREA B S BSYAR D). % 7R
2, 2020.

T, mHE, kik, & ZLREARENH S I
LI ANV RL2E, 2020, 48(19): 45-48.

WA, BEAE, A, S BRATE M T AR R A R &
EESL S5 MRA [JOL). 7 THEYEF, (2023-02-08)
[2025-07-08].  https://link.cnki.net/urlid/46.1068.s.2023
0207.1101.001.

RIGER, A, BRR, . SR R R AR R AR
H &AL [J/OL). 4 FHEYE i, (2023-03-10)
[2025-07-08].  https://link.cnki.net/urlid/46.1068.s.2023
0309.1500.006.

XUGERIR. P12 AR oA 1) 4% 5 5 A0 P A 580 % 7
[D]. ¥kBH: PRFRAMERAE, 2024.

Pan Z G, Liu C Z, Murch S J, et al. Plant regeneration from
mesophyll protoplasts of the Egyptian medicinal plants

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[78]

[76]

[77]

Artemisia judaica L. and Echinops spinosissimus Turra [J].
Plant Sci, 2003, 165(4): 681-687.

Han X, Rong H, Feng Y N, et al. Protoplast isolation and
transient transformation system for Ginkgo biloba L [J].
Front Plant Sci, 2023, 14: 1145754.

Khentry Y, Paradornuvat A, Tantiwiwat S, ef al. Protoplast
isolation and culture of Dendrobium Sonia “Bom 17" [J].
Int J Agric Nat Resour, 2006, 40(2): 361-369.

Hu B, Dong M Y, Liu R N, et al. Establishment of an
efficient protoplast isolation and transfection method for
Eucommia ulmoides oliver [J]. Front Biosci, 2024, 29(5):
187.

TN, PR, BREME, S5 W AR AR &R R L
T Wk I B AR R AL 7], bk A=, 2020,
35(3): 69-78.

EWH, WU, EH 5. RATREOR LT 5
AU R R AL [J]. TER R (HAREF
fi), 2025, 47(7): 93-103.

RUGHH, SRR, FREAT, S FERA IR AR ARG B
LWt e Al [J]. PHAERMBHOR =24k HRBL
fiX, 2023, 51(4): 130-136.

TRAE, XUBREE, TR, . SRRIEIE AL AR I Rk
RS LN H 1], BERMNRY R BARRE
fii, 2019, 48(6): 727-735.

I, 255, SH, 5. AaERAERES EE IR
W I e A0 [0]. WL OK 2 e die Rk 5 2B i B i,
2025, 51(1): 67-79.

Mg, AR, BEH SR, S B R AR BT &R R
It [J]. Z&nt, 2021, 47(2): 75-79.

P MR R B S R FRETAE (D). T
R, 2020.

N, £, Bb, & 0 ARSI R A BT
il 4 B Wk I B AR RIS [J]. R AR AR, 2017,
52(6): 774-782.

TRIKAL. M8 T AL 81 7 S R AR A Zr s I BF9E [D].
J7IM: T BE 2R, 2015.

PR, BRI, AN, SE. I AR JSUARYE Ok R 4
GO TIERIRTTE [J]. EEIMTE R 224 AR
Jii, 2007, 28(4): 42-45.

TR, FIEHE, IR, . ARAHEY)JEAE B ) A5 4
RO R (3], e MOl B R 2R AR, 2011,
31(8): 102-107.

ETN, FEE, AR, . RS E AR B R
NFRFFCHEE [J/OL]. Bk R, (2025-05-13) [2025-
07-13].  https://link.cnki.net/urlid/62.1069.s.20250512.
1428.002.

BRI, AL, PUEE. ANIF TGRS A R A5
RYLORCRIITIST [7]. BEHEAEAR, 2012, 20(2): 348-351.


https://link.cnki.net/urlid/46.1068.s
https://link.cnki.net/urlid/46.1068.s.2023

PER 2026518 B57% B2 Chinese Traditional and Herbal Drugs 2026 January Vol. 57 No. 2

* 687 »

(78]

[79]

(80]

(81]

(82]

(83]

(84]

(85]

(86]

(87]

(88]

(89]

[90]

[91]

[92]

(93]

[94]

[95]

FHEHH. WS =LEAEFRARMER R D] K
B E AR, 2022.

o, AR AR R S A RA R [D]. dbi
RO K, 2005.

JHIER . JEARAN M B o 78 R A AR 2y 5 [D].
7 VHABARMBHE K, 2016.

T, W7 A R A AR R ) S A AT 7T
B [J]. EEARER, 2009, 25(S1): 46-50.

EE, EAX. Y TEELAEYTR WA [J].
BTS2 22 4R, 1994, 16(6): 115-121.

REF, B, mFHE, SR R PR R SR EORTE
AR R R (7] AR, 2021, 25Q2):
176-182.

FHy. YR TR S AR BT R (1), TR
i, 2018, 36(6): 38.

Sencia M, Takeda J, Abe S, et al. Induction of cell fusion
of plant protoplasts by electrical stimulation [J]. Plant Cell
Physiol, 1979, 20(7): 1441-1443.

XIGNEe, X, R, % PEG N SEl4stRJE
A 5T A R A R R R DY A5 AT T (0] g,
2010, 35(14): 1783-1788.

TRAEMR, f i, WAL, S5, 800 AR BT R i
H5REE 1] PEARAYESR, 2016, 38(8): 935-
944,

MG, RS, §5, & AU AR B Al
HELA PP (). PAEREY)4), 2008, 28(6): 1145-
1149.

B, N2 5% bR A BRI P AE AR A 7
[D]. K% HMLAKRY, 2012.

Johnson L B, Stuteville D L, Higgins R K, et al.
Regeneration of alfalfa plants from protoplasts of selected
Regen S clones [J]. Plant Sci Lett, 1981, 20(4): 297-304.
Pan Z G, Liu C Z, Murch S 1, et al. Isolation, culture, and
plant regeneration from Echinacea purpurea protoplasts
[J]. Methods Mol Biol, 2006, 318: 211-217.
Klimek-Chodacka M, Kadluczka D, Lukasiewicz A, et al.
Effective callus induction and plant regeneration in callus
and protoplast cultures of Nigella damascena L [J]. Plant
Cell Tissue Organ Cult PCTOC, 2020, 143(3): 693-707.
R, B, FE, S AN SR R AR
TR [J]. MR, 1991, 33(1): 38-42.
Tomiczak K, Sliwinska E, Rybczynski J J. Comparison of
the morphogenic potential of five Gentiana species in leaf
mesophyll protoplast culture and ploidy stability of
regenerated calli and plants [J]. Plant Cell Tissue Organ
Cult PCTOC, 2016, 126(2): 319-331.

JME, ER, W, S MR RAE PR R o B R
NLFH [7]. B2, 2023(4): 53-59.

[96] Shao Y Y, Mu D T, Pan L M, et al. Optimization of
isolation and transformation of protoplasts from Uncaria
rhynchophylla and its application to transient gene
expression analysis [J]. Int J Mol Sci, 2023, 24(4): 3633.

[97] Gao Y L, Tang T Y, Cao W H, et al. Protoplast transient

transformation facilitates subcellular localization and

functional analysis of walnut proteins [J]. Plant Physiol,

2025, 197(2): kiae627.

PR, ERR, XIERTE, 5. R AR B ] & &

W R AL AR RIS [7]. IR AT, 2025, 45(2): 202-

210.

ERT 2. MR R AR AR 3 R I R A AR ) ST

[D]. EJR: PUR K, 2022.

[100] Zhu P P, Zhao Y Q, You X E, et al. A versatile protoplast
system and its application in Cannabis sativa L[J]. Botany,
2023, 101(7): 291-300.

[101] A}, n e 7. M40 P BRI R ik R AL K
Wt fE (], P EARAIER, 2013, 29(24): 151-156.
[102] Fiiea g, eefge, REDENI, 55, WA 7 EAL PR BRI
FIEME R LI AmDREBI 25 [ 1) 7.4 ifd 5 o7

[J]. RREFEEAR, 2018, 36(4): 562-568

[103]Meng Y'Y, Hou Y L, Wang H, et al. Targeted mutagenesis
by CRISPR/Cas9 system in the model legume Medicago
truncatula [J]. Plant Cell Rep, 2017, 36(2): 371-374.

[104] BT, ¥4E, T, %% CRISPR/Cas9 F:[NH4mHH
RIEL HED Rt [J]. hEZ, 2023, 54(9):
2940-2952.

[105] Shao J, Peng B W, Zhang Y J, et al. A high-efficient

protoplast transient system for screening gene editing

[98]

[99]

elements in Salvia miltiorrhiza [J]. Plant Cell Rep, 2024,
43(2): 45.

[106] /5%, S4# BeIAA13 HE[K| CRISPR/Cas9 HffH Ak 2 f gt
etk Rk 54k [D]. 4RkH: PURRHE R,
2022.

[107]Nie H, Batool S, Htwe Y M, ef al. Development of
protoplast-based gene editing system for Areca palm [J].
Plants, 2025, 14(6): 832.

[108] A1, Rk HEF 57 CRISPR-Cas9 I K 4H 4k T HAF
R IR IBTIT [D]. A X WAERCREE, 2024,
[109] Aot 2= A2 J& v i U A 5 R IR I 6 AL A JR 1) 2 o

JeRiF [D]. fRsE: bR, 2023,

[110] gk, SREEFR. P20 5% s 20 I P A v 2 245 QU ) 7
ML [J]. AR P B 25 K224k, 2025, 49(1):
135-139.

[111] Zhang K, Liu S H, Fu Y Z, et al. Establishment of an
efficient cotton root protoplast isolation protocol suitable
for single-cell RNA sequencing and transient gene
expression analysis [J]. Plant Methods, 2023, 19(1): 5.



- 688 - PED 2026£1 8 B57% B2 Chinese Traditional and Herbal Drugs 2026 January Vol. 57 No. 2

[112] Ren S L, Wang Y. Protoplast isolation for plant single-cell
RNA-seq [J]. Methods Mol Biol, 2023, 2686: 301-305.

[113] ZeFiF, SkWIEE, RATHT. S I LA DT 5 o
LA [7]. BR2d, 2024, 69(12): 1586-1597.

[114]1Du P X, Deng Q Q, Wang W'Y, ef al. scRNA-seq reveals
the mechanism of fatty acid desaturase 2 mutation to
repress leaf growth in peanut (4rachis hypogaea L.) [J].
Cells, 2023, 12(18): 2305.

[115] 2 &, HA4H P e 3 2HL 00 7 #7s K AR AR I v B g e 2
You A & AR ) 23 18] 0 A R [D]. JEst: JEstEh
ANEE B, 2021.

[116] XAk FI FH 520 B 2 s 2H DU PP B R b = L 22 AR K
BARFE A CHE (k2L (8 [D]. RWI: RWIE TR
2024.

[117] Seyfferth C, Renema J, Wendrich J R, ef al. Advances and
opportunities in single-cell transcriptomics for plant
research [J]. Annu Rev Plant Biol, 2021, 72: 847-866.

[118] Wang J J, Wang Y, Lii TF, et al. An efficient and universal

protoplast isolation protocol suitable for transient gene

expression analysis and single-cell RNA sequencing [J].
Int J Mol Sci, 2022, 23(7): 3419.

[119] Cervantes-Pérez S A, Thibivillliers S, Tennant S, et al.
Review: Challenges and perspectives in applying single
nuclei RNA-seq technology in plant biology [J]. Plant Sci,
2022, 325: 111486.

[120] Dinkeloo K, Cantero A M, Paik I, ef al. Genetic
transformation technologies for the common dandelion,
Taraxacum officinale [J]. Plant Methods, 2021, 17(1): 59.

[121] Nirmal Babu K, Samsudeen K, Divakaran M, et al.
Protocols for in vitro propagation, conservation, synthetic
seed  production, microrhizome

embryo  rescue,

production, molecular  profiling, and  genetic
transformation in ginger (Zingiber officinale roscoe.) [J].
Methods Mol Biol, 2016, 1391: 403-426.

[122]Zhu T M, Li S Z, Jiang H Y, et al. Protoplast transient
expression-based RNA-sequencing: A simple method to
screen transcriptional regulation in plants open access [J].
Plant Physiol, 2023, 194(1): 408-411.

(TR RExE]



