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KT L, AT L AAME S EA Y
LUV A AR 22 RS AR S B a2 b, B 311300; 2 [AG) TR WA R AR, 44 312000;
SWIT MK B RH B, 5% 311800

WE oM E (llex cornuta ‘Fortunei’)7E [ ARk &g A0 B A A8 ik, 2 DL A I 2R A A
i TR (1 5 A R A 1) 2% 7 B AR R0 TR A HE P & A AL R o A AN . T AL
TCRH B B oA R, R Le(3%) IEAC 150« IR FE A B S0 4R 7 5 Ml Jir A S AR 4y B 1)
R 2, R R 4 ZFE(PEG-4000) 4\ Tk HE A7 J5 A= AR BE 1k . 45 R K W, 2.5%
(WIV)ET4E & . 1.0% (W/V)EHTEE. 0.5% (W/V) RIKEFEAI0.4% (W/V) i A=l Ay B i Bl ik
FEH A, 3.5/ NI E, JRAER AR B e, 1£1.18x107-g2 FW, 5 /1°468.30%. il
40% (WIV) PEG-40004 5 #4bpORE_R4-ICFPS,Jfi ki i, 7EHOGIL I A= B iss Nl g
FIGH A% P I 2R 055 5 FIDAPIE (A (5 5 o W FLRLINA 2 T TGl B Jo A o Ak v 2k
SRR, NSO M B ) SR A T Rl B A R R T RE AT T B T SR

XA CAIME, JRAEFUR, BEMRE, BRE AL

BOR, RME, KE, &/0E, AFE, KW, SO0, &n1E, EW (2026). TfilHE
JR AR SRR 2% SR R4 AR R, MR 61, 1-1.

LR, RAMFALYILEE N IMEF T3 B R IR K #ash, HAE 5 e b 20
WRERAF 25k . TR R H 2RI R, KA SEY) &M IEsE IR ZFE . E
MNBMEEE T I o SR, A& G238 B P ARAE AR A B AE IR o R i 1 22 PR,
2B G P G DL R A B R B S R, A JH M DA PR i S 77 3 75 SRR SCEER AR 1) B R H R o
FEMEE SR, PR A TR E AR AR I AV HOR T B R8T A A A B R AR 24
KB 2 K (Wu et al., 2017).

JiR 2B JFRAARAE S 25 R 4 RE (3G 4, AN e E Ik 40 i A i AR T Bz k2 38 AN SR R
Betis, SEIEAE 0 T2 A, I R B B A TR R T BRAGUE A 7 X 4% 23 # (Naing et
al.,, 2021; Li et al., 2023). 7E#EAAEP#U R TF (Arabidopsis thaliana) LA & 5 EAE VA 16
(Gossypium hirsutum)f1/Kf%(Oryza sativa)Hr, KIEA A 2 0BRSS RIAH X ) 5 (a4l
BT 4 v EE AL, KRS 45 4 2 400 4 A ) S i, L JRUAE oA O B i A SR A,
HFA R, FIHZEAREIX e fh b3 272 M H (Jeong et al., 2021; Sretenovic et
al., 2021; Wang et al., 2022). A1, AT R I 2404 22T R DL 7 8585 10 55
P, TE TR AR AR 73 2 R0 A S5 07 THD T I v 22 PR APk AR (2 AR 4 %, 2013), IXfE— &2 |
H2) T ARAM EFED B PR DL GB AR NLEI AT . H AT, SRBUR AR BRI W77 3 22
g fifr, BIRIFHAF4E il BsAfT B A0 SRS il S AN [RITC LU B R 2, AESRURH B 20 T AL
SRR, TR BT /0 8 J5U2E B4 (Avila-Peltroche et al., 2021; Hyden et al.,
2022). AN[FEFPIEGHRREE RS LRSS T AR AE B3 22 0, X B /R 20 R e Y
I JE A AR 2 B AV AR R BEAT 0L o DRI, At el s o 28 7 B A AR 4 B RN A AR R L
A H B I R SR SR N A

Tohil#E (llex cornuta ‘Fortunei’ )y — & LI e ARERA A0 FAB A, TR s 1) o Y
AL R PR 2 R T3 i et EE B 264k . B AT, MR L J0 Rk i S5 A JoT 4R 7 v A e
AR RIAHOCHGE . AT LATC IR B 7 A2 o segephRl, @it Raii b B fg ik R, @or
3 T G M A e R A AR A R, PR R O (PEG) T 2
Wk B e AN, SICEILA MRS DR L IS o M B S A T A ) v SR A A 4 B s . LSS RN S
SRR NTT & T M 1 225 (R Th R 9T DA KR P iR AR A il 2 R 1% B LA BEAR R (9038
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1 MH55%
1.1 #x
SIZI6 A RE SR YR T W VT AR AR K A A ) AR Y AR AR TS M) B (Ilex cornuta Lindl. et Paxt.
‘Fortunei’) 1% B H R 4 HL G BT AR IR 224 407 A= i i 4 iR A AR

2T 4 LW (Cellulase R-10)F1E #rE(Macerozyme R-10). W32, SCHE. "k 2 7
FR(MES). H#EREAIE 2, —F 4000 (PEG-4000)#40 H iR AEY A7 . RNA FREGR 7]
& BUIRPEREE. DNA [RIWCRAIE . Jo N 75 3 PORCR SRR G (G i A0 A s 4 siaakn) &
B0 B AL RARAE A R . B SN &S ORI B e T ME A F] . RIS
] A 8 LA
1.2 IEXREET
N TR BRI SR AR AR B R A A, XS AN (R B R 2H A R T B R FE R A iR i
Lo(3%), FHeriliasbyti p—2 &R 1),
F1 TARBFRACEA S
Table 1 Different enzyme solution treatment combination

Level Cellulase (%) Macerozyme (%) Pectinase (%) Snailase (%)
1 1.50 1.00 0.40 0.25
2 1.50 1.50 0.60 0.40
3 1.50 2.00 0.50 0.55
4 2.00 1.00 0.60 0.55
5 2.00 1.50 0.50 0.25
6 2.00 2.00 0.40 0.40
7 2.50 1.00 0.50 0.40
8 2.50 1.50 0.40 0.55
9 2.50 2.00 0.60 0.25

1.3 RERKEIESHE
MAEKAE AR T K3 R AR o R EBGE AR o, FREC 1.0 g, i 75% 2RI 5
e, RAEBE TR 3 IR, BeidskBaE F BN, KE SRR E TR TR,
fEREE TAEG BRI UIBRE K, K0T o B )k 0.1-0.3 mm f4i22, JIAEEH 5
mL FIEEMR( 1 110 mg-L™ CaCl,, 745 mg-L-*KCI, 3 900 mg-L-* MES (pH5.7), 8 700
mg-L~ PvP, 1000 mg-LtBSA), & T /KE#ET 55°C /K 10 /- Bh (AL E & W
V5 2R ARG RIS B R AR), ¥4 2 055 F 0.45 um 21 4E R MFLIEI g, B T1E15 25°C #R/K,
FAIE T 50 r-min~t FEAT B AR . Bl AR S I SRR B WS IR (7 2 mmol- Lt MES (pH5.7), 154
mmol-L=t NaCl, 125 mmol-L-t CaCly, 5 mmol-L-t KCI)Z& 1B s, I 75 um Je e it
JERSARZ 50 mL B0, JEWRLL 100 xg &0 3 70 Bh, EHSEUERH 1-3 mL W5 Ei
VekrE R, EE 2-3 %, Rulaelk Xk big, BETikhai.
1.4 [FERIEHBSEEN
R Ren %5(2021) 17572, I FH i R+ 5obR xof J5 A8 o 4R 20 4740 o K WSc8 31 f T 7 ¥ 1 I
JR AR R AR FRRE 2-5 f%, WX 10 pL 245 I IR AR o AR 2 T IR TH B0 B, 7R s
ML EE 3R, BUPEME. AR iR AR T
JRAE FAREL (A -mL—Y)= 5 AN N TR AR BRI £ x5x 10 000xH B A 44
JE A AR B (g7t FW)= (R AR BAR B (- mLY) < BB S5 AR R (L)) 2> B AR R ()
JE A S A 345 FH 26 6 UBE BR IS (FDA) 7 V5347 R I . %% FDA ¥ 5 mg-mL-t i,
B atifth 5 i R AR B A 0.5 mL, BN 10 uL FDA PARERVAWR, 1 H KN 0.01%. BOGHE 5
GNP, FERCEAEE PSR TS R A R LR S O, TN B R A AR R
At R 3 MMM AT S, BCPME . A RS St E AT
JE A SR E F1=(R 2l 1A J A= o A4 B L 2B 5 A . 440)  100%

1.5 YE4RRERIE F1E
MY S RNA $REGRA SRR, AL 3B A RNA, 38558 35 i e
VKB R A RNA 347 RS, 0F RNA HEAT M BEFI40EE 058, 4T RNA FiR: 2|
500 ng-pL~ JE i FH I 5 S Bk RNA IG5 cDNA. 4 H2HUT) cDNA fR{77E-20°C, T



PA Qin %£(2018) FPS2 LK 741 8 %%, FIH Prime 6.0 it4 34514, Rl IcFPS2-F
(5-ATGCTGGACTATAATGTACCTGGAGGG-3) Al IcFPS2-R (5'-CTTCTGCCTCTTGTAT-
ATCTTACCCAAAAAGGA-3"). F|ff] 2x Phanta Max Master Mix (Dye Plus) (itME#, Bi0)
PR ELEE ICFPS2 B8y Bedb AT 41, BARERES Ul 5. 0 Fr Bodid 3 18 B g b v
Je LKA G 26 K B, DNA BER [FISGA A B (b £, b)) S B i BT 1)
PCR Pyt AT 4lift, BAREAESH U A FRE AR (4048, Jb)Baitb)51 PCR
)5 H Nhel f1 Xhol XUEFVI pORE_R4 #HiA#HTiER:, HAABRMELSBSE N, B
10 pL E 45 ) pORE_R4 s A i 4k DH50 KIS 2, 30 BN 3 08AIE 1EAff ) S 20 7 %
%N pORE_R4-ICFPS2. AL 5 & R KPR A& (RN, Jbn) I BUE & (R &k E>10
Mg-UL~1) pPORE_R4-ICFPS2 ik, F-T & 82 A i Ak i 4k o
1.6 REREBRIEL
KH PEG /3154 pORE_R4-ICFPS2 kLt T B #1k . 75 5 mL B0 & i 200 uL
JE AR AR B TR (B B =2% 108 A-mLL, 3% /1>80%), B3 B, A 200 uL MMG (4
mmol-L=t MES, 0.4 mol-L2 H #& %, 15 mmol-L-t MgCly, ddH20 & &) 185, Bk
W 3—4 pL B k(10 pg-pL™) BL K [8) J& A 5 4 %5 & L /) PEG-CaCl, ¥ i
(40%(W/V)PEG-4000, 2 mol-L- D-mannitol, 1 mol-L- CaCl,), &%&HWITIRS); RIGHILE
TEiR, BEFEEE 15 2%, I 2 AR W5 IR b B, AL 5 A AT
100 xg B0 2-3 205, FF B SRJEH 1 mL W5 ¥ B & 3—4 1K, 25°C GRS 37 24 /NI,
T 5 95 5% i FR) JE A A B in N 5—10 il 0.1 ug-mL-2 DAPI 564k}, BRRFTIRA] .
FIHBOE R B (LSM880, £ /))& 5 AL Jiif& GFP 1 DAPI (55 .

1.7 qRT-PCR 4k

Ay FIER 0.1 g ARIFEAL I JE A B AR T4 ICFPS2 BRI 6 AV 1 J5 A B A4, 48 PR 5 RNA R
HAREGAF A (R, db))#% B3] 420 RNA, @it NanoDrop One Thermoscientific,
% E)AITE Rnase 3R FEEERE F PG RNA VR 5 &A1 58 484 . {3 F 4 x All-in-One Ultra
qRT SuperMix (W HERE, F30)4 1 pg i E G H& 1 RNA 59 cDNA, PCR WK R 5
B2 W A o ISR R SL IR T qPCR RS, AT T—20°C S RAE, B35 T
—-80°C KHIRTE, e kb, {#H] gPCR SYBR Master Mix i{71#£1(11185ES03, #%)
AT S RN 2 B PCR 204, & 3 MW EEME AR ELE . qRT-PCR R MAA R 5 R N
JF WS DAEHIM)E IcGAPDH 1E NN SR (RIRSE, 2022), HRIEF AN RIAE
Iy BT A 278ACT J5 9% (Livak et al., 2001). gRT-PCR 3| ¥y ¥ it B #£ 4 T H. NCBI
Primer-Blast (http://www.ncbi.nlm.nih.gov/tools/primer-blast/). 5¥)f5 B L% 2. 51¥HiHr
LA FEAVIRA R A F () & e

£2 5IMFIIEER

Table 2 Primer sequence information

Primer name Primer sequence (5-3) Purpose
IcCFPS2-F ATGCTGGACTATAATGTACCTGGAGGG Gene cloning
ICFPS2-R CTTCTGCCTCTTGTATATCTTACCCAAAAAGGA
gR-IcFPS2-F ACCTTGGGCACTTTGAACCA Real-time quantitative
gR-IcFPS2-R TGTACCTGGAGGGAAGCTGA PCR
IcCGAPDH-F TATCAACGGCTTCGGTCGCA Housekeeping gene
IcCGAPDH-R GGACGGAGTCGTACTTGAGCAT
2 BR55H

2.1 AEIEGREEHE X RERF T BTN

ARSI PRI R B Ay EAT SR AR B SEBOI ) & (B 1) 9 1 SRR AR LA 2 B
AR S, TATRA Lo(3%) IEAZ 156 0 AN RV B BBV 20 & BEAT e, e rpiZid il =5 771
HEERERKE A 0.30 mol-L-t. 455K W], 9 MR G b, 46 7 MR A B4 S s, i
(11.75+1.75)x10%-g7 FW, % /7i4(68.3+2.29)%; [ A= ji A ™ & Sl AR A & 3, ~F
By AN (1.540.33)x10%g7L FW, 15 774(56.70£1.55)% (% 3; K 2).


http://www.ncbi.nlm.nih.gov/tools/primer-blast/

B 1 AL B AR 5 s
(A) M UIEL 0.1 mm 4Lz, (B) 22 B TR M BEAE, (C) H 75 um JB I M I I8 5 I BEARHY; (D) 2
A0S R A B A R (E) FE S T W AR B I TR A AL i (F) 8 FDA S 4Ll g J5 28 o 14
W

Figure 1 Flowchart of protoplast preparation

(A) Cut the leaves into thin filaments with a thickness of 0.1 mm; (B) Place the leaf filaments in the
enzymatic hydrolysis solution for enzymatic hydrolysis; (C) The enzymatic hydrolysis solution filtered
through a 75 pm nylon filter; (D) The purified protoplast suspension; (E) Examine the morphology and
yield of the protoplasts under the microscope; (F) Determine the viability of protoplasts by fluorescence
staining with FDA

R 3 TR AR A B S B R A

Table 3 Screening for optimal isolation conditions of protoplasts from llex cornuta ‘Fortunei’ leaves

Screening Cellul  Macero Pectin Snail D-man Enzymati Protoplas Protoplast

object ase zyme ase ase nitol c tyield viability
(%) (%) (%) (%) (mol-L~ hydrolysis  (x108-g7* (%)
D) time (h) Fw)
Enzyme 1.50 1.00 0.40 0.25 0.30 3.5 2.75de 64.50 d
Concentratio
n 1.50 1.50 0.60 0.40 0.30 3.5 2.00 ef 83.00 a
Combination  1.50 2.00 0.50 0.55 0.30 3.5 1.50f 56.70 f
2.00 1.00 0.60 0.55 0.30 3.5 6.75b 57.00 f
2.00 1.50 0.50 0.25 0.30 35 5.00c 71.40c
2.00 2.00 0.40 0.40 0.30 35 1.25f 64.80 d
2.50 1.00 0.50 0.40 0.30 35 11.75a 68.30 c
2.50 1.50 040 0.55 0.30 35 575¢ 84.00 a
2.50 2.00 0.60 0.15 0.30 35 3.75d 77.00 b
D-mannitol 2.50 1.00 0.50 0.40 0.20 35 1459 a 58.21c
concentrati 2.50 1.00 0.50 0.40 0.25 3.5 8.17c 53.69c¢c
on 2.50 1.00 0.50 0.40 0.30 35 12.42b 73.06 b
(mol-L™) 2.50 1.00 0.50 0.40 0.35 35 6.25d 80.05a
2.50 1.00 0.50 0.40 0.40 35 12.08 b 72.03b
Enzymatic 2.50 1.00 0.50 0.40 0.30 2.5 3.59d 61.98 c
hydrolysis 2.50 1.00 0.50 0.40 0.30 3.0 6.25¢ 70.30b
time (h) 2.50 1.00 0.50 0.40 0.30 35 1450 a 78.74 a

2.50 1.00 0.50 0.40 0.30 4.0 10.33 b 64.58 c
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Figure 2 The impact of different enzyme combinations on protoplast yield and viability
Different lowercase letters indicate significant differences among different treatments (P<0.05)

2.2 A EIEERREaR R R ERNFm

DABRRZE G 7 DAt et 162 38 AN 5] AR B T R 0 — 0 5 a4 8 D SR B A I A4 e 75 22
(1 Spe AR I 7] o 25 SRR, Bt MRS RD KO3 I, D A o = B RS 8 A5 1 v B 3.5
JINEF P JRAE R AR P B (14.50+1.00)x108-g71 FW, HLiE 15, N(8.74+2.46)%, & mT
R 2.5 A1 3.0 /N, B Y EEE AR 3.5 /NN 2 5, JEUAE AR O3S 3R P AN I R B
DRI, BRAT T S AR 2 ) 6% D SR D A o Ak 1) fee EE G A BN 5]y 3.5 /1N (1 3A, B)

3.0h 35h

B B3 Protoplast yield (10%g'FW)
-8 Protoplast viability (%)
40— — 100

E 78.74a g
T B 70.30b B0 S
ES) 61.98¢ 64.58¢ ‘s
= -60 2
© 20+ 3
g 14.50a L0 3
Ko 10.33b =
) x 6.25¢ o0 &
£ 3.59d
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L= [T 0
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Enzymolysis duration (h)



3 ANIRI AR I 1) T RO SR A o A S e 8 5 06 1 G it

(A ANIRIBG AT ) 5 O S A S A (B) AN IR BRI (] F AR o 4 7= B AVE 3 481 (2 /NS h AR [ 1)
PPERD ARG ARNG FREOR K b B 72 57 52 (P<0.05)

Figure 3 Statistics on protoplasts and their yield and vitality under different enzymatic hydrolysis times
(A) Protoplasts after different enzymatic hydrolysis times; (B) Statistics on protoplast yield and viability at
different enzymatic hydrolysis times (yield at 2 h was too low to be included in the statistics). Different
lowercase letters indicate significant differences among different treatments (P<0.05)

2.3 T EIHBEREXRE RE5 BRI

N T IS E O R A BRI s, RATUABBR A & 7 A ERAL, RO RR R E
(0.20-0.40 mol-L=t ) &E&lz, % JFA BRI 7 EE L HEATIR T (B 4A). AJRAEBUiA ™ B,
H RN 0.20. 0.30 LA 0.40 mol-L B, 43 B alifb 13 3 (1) A AR 2 ;1 R A2 5
% S E, HEEESRE N 0.304 0.35 PLK 0.40 mol-L-L iy, JEA: RIS Jie s (K 4B). 44
KH&, 0.30 mol-L~t H &L 7 B 4l 4k 1) S A B AR AS R B, 7~ 514(12.4240.52)x108-g 2
FW, % /1 4(73.06+2.66)%.
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(P<0.05)

Figure 4 Statistics on protoplasts and their yield and vitality at different D-mannitol concentrations

(A) Protoplasts under different D-mannitol concentrations; (B) D-mannitol concentration gradient

experiment. Different lowercase letters indicate significant differences among different treatments
(P<0.05)

2.4 BEALIERT R RIFROFY

N7 RS EAE TR P A ), RATCAEERAE 7. B 3.5 /e FIH B EKRE N 0.30
mol-Lt B4 Z000 J0 A i i B 34T AN [E] I [R] B A B o S 7 26 R AR gt o E T
25°C HEALFE, DL O /Nt R, AbFE 12, 18 F1 24 /N, fJa AT A St R AR A
BOE ] ARRY], BEEM I A BRI ARG N, AR A B b, H A A
JBEAR(E 5). LG RE, WA REAEE 12 /NEF, Josl s A SRR DB RIERCR, A
(73.25+2.93)%, ;=& A(3.95+£0.17)x108-g"1 FW.
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Figure 5 The influence of dark pre-treatment on the isolation of protoplasts from the leaves of llex
cornuta ‘Fortunei’

Different lowercase letters indicate significant differences among different treatments (P<0.05)

2.5 RERIERAEEL

e R R & (farnesyl diphosphate synthase, FPS) & i 2 Cilig et () S BEll, A
TEALAR 24k SV R4 JE FE B2 R (Farnesy| diphosphate, FPP)& Y, E Y4
KRB REEEEH(QIn et al., 2018). Jy 1 GEIL TG B - Fr J5 A S5 A4 PRI I 5 A0 4 2
TR LR, AWFFLL ICFPS2 5 GFP BlvG 2 Rk 1 Ve KT . & %, AR
TCRIMIE I IcFPS2 FEREAT 1 e BEAF 34 IcFPS2 JERgmid = LR & 5 AN LAl
) FPS {57 45 F3( 6A). FE/7 | (GKLNR)HF F 3 U RR bk ik nl i 3k Je SE A2 i R & il (FPS)
5RREEEBRR(IPP) A, B I (EXXXXXXLXXDDXXDXXXXRRG) {4 Ht iR 7% Jit
Z: 5 PP FlJf T JE KA 2 T By ik B (C-C 88 MITE AR, ke =B K B2, 257 111 (GQMID)
HEE 1AL HZR(G). 5 2 AL 2 BEZ (Q) A A 5 Ar I R A2 M (D) E T A 1Y) FPS 751
HISIRSE; BT IV (KT)TERTE Y FPS 75 H 5 8RR AR, 247 V (DDXXD) & FPS
FE A ) R AR IR & SR X 8. IcFPS2 5475 Rl 1 E 4 75 (llex paraguariensis) IpFPS [F{5
P (B 6B). HAMEH CHEIFZLNF IEMT pORE_R4-ICFPS2-GFP #i ik, FlH
PEG-CaCl, /M Sk HAA B A ik . AWFF A, NI ICFPS2-GFP @ilA 2 I IE
R ERT, AT AL G B R A RAAEAT T DAPI et dbF . 7RO LR A B Rl
ME] IcFPS2-GFP % Jt{5 "5 5 DAPI 5 7k Y6 H 4 (K 6C), FPS2-GFP fil & £ F /R4 it N
Fik. A, @ik gRT-PCR 70HT R EL, WA Ak IcFPS2 A3 PR (14 Ji A o A4 (1) A X 3Rk
R EE T ARG, UESE ICFPS2 JE[RI7E Ji A2 i AR Hh SEBL T RIE: 56is, 5% st
ISR R ARIEEA B XU FA B AR BRI R4 I



A

IcFPS2 IKE[€KE#TE S LGVCI EVLCAYFLVLD 56
IpFPS1 KE[eKEISTE SLGVCI EVLCAYFLVLD 100
PdAFPS1 KE[eKJ#SE SLGVCI EVLCAYFLVLD 100
CfFPS1 KE[€KEISTE 100
PIFPS KI{eKEIBTE 100
AdFPS1 KE[eE VST o3
SsFPS KE[eKJ8TL: 100
HbFPS1 CEISTE 93
MoFPS1 KEISTE. 100
MeFPS2 . NSELKSTFLNVYSVLKCELLECPAFEWIPCSRCVVE CEJSTK: 93
ShFPS1 MNALMNGAASELRATFLEVYAKLKSELLSCPAFEWICASRCVWVL] KE[€K DT § 100
QrFPS2 KEISTE A g 93
GuFPS1 CAND! “LE v 4 93
JrFPS1 KE[eKEISTE 2 *VWCIE LVLD 93
VvFPS1 C. ERQETCTIIVIFEACVIZN GGV LVLD 92
Consensus s
IcFPS2 156
IpFPS1 200
PdFPS1 200
CfFPS1 200
PIFPS 200
AdFPS1 193
SsFPS 200
HbFPS1 193
MoFPS1 200
MeFPS2 193
ShFPS1 200
QrFPS2 193
GuFPS1 193
JrFPS1 193
VVvFPS1 192
Consensus
IcFPS2 I 256
IpFPS1 I 300
PdAFPS1 VD 300
CfFPS1 I 300
PIFPS V. 300
AdFPS1 V! 203
SsFPS P 300
HbFPS1 IV 203
MoFPS1 I 300
MeFPS2 I 203
ShFPS1 P 300
QIFPS2 i 203
GuFPS1 I 293
JFPS1 I 203
VvFPS1 P Al TS| 292
Consensus ysfyl vacal h
B — C X, @ Arachis duranensis FPS1 (XP_015959127.1)
400000~ . - % Glycyrrhiza uralensis FPS1 (ADE18770.1)
350000 » AW Hevea brasiliensis FPS1 (ANJ77846.1)
c = wr " A% Manihot esculenta FPS2 (XP_021619690.1)
% 300000 B IcFSP2 — % %% Malania oleifera FPS1 (XP_057962984.1)
i 2 4T #}#% Quercus rubra FPS2 (KAK4588694.1)
5 © 250000 . j :
Ks i #34% Juglans regia FPS2 (XP_018828040.1)
® 3 2000(112 = KM% Cornus florida FPS1 (XP_059663708.1)
E .g [ % #5% Paeonia lactiflora FPS (AKJ26301.1)
= 10 —— R F Ilex cornuta FPS2
g . - B E4%H Ilex paraguariensis FPS1 (CAK9177157.1)
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Figure 6 Analysis of IcFPS2 gene sequence and subcellular localization

(A) Sequence alignment of the IcFPS2 protein with FPS proteins from other species; (B) The expression
level analysis of IcFPS2; (C) The phylogenetic tree of FPS genes from different species; (D) Subcellular
Localization of IcFPS2
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HIE FIAEYIA R Yo JEAE RS ) S e B I AT 24 (Liu et al., 2024). M. IRE. =
o L TR R v F T 45 70 B B AR A, (RAS [E) ZH 2R R ) 45 I A A —
SE 15 IR E (Sivanandhan et al., 2021; Hu et al., 2024). i, &40 2487 545 3 1 5 A4 i
PREWPIR, T B EGE E i PR/, 2 B A FE R I B OB RN 5 T (Wang et
al., 2022; Gao et al., 2024); #%4=/)>(Petunia x atkinsiana) (Yu et al., 2020)%5 £ il A4 4
o, R AR IR 2 SRAT AR oA, AR AEHE R AR AR o 4 52 46 B 46 I PR A (Lin et al., 2018). 5
B HRTEIAR L, AP R 2 o BRI RAF R, MY 53R, 1 HL
SRAE IR 56 40 L () 492 3 650/ (i e S 5, 2023) 0 PRIk, A TS 7 i AR B AR B i, i+
YA

Tt Ay o L) o B DR AR SRR IR 72—, NSRBI FE LG AR I [E) FV2 0% 2 5
JE AR S A PR 50 ) B[R & (Jamet and Dunand, 2020; Wang et al., 2021). fEdFiH%
(Gerbera hybrida) ', F 1.6% (W/V)£F4E 2 R-10. 0.5% (W/V)RIKHES 0.2% (WIV)EHT
B dH G s o B RAR T R AR AR (5K R 54, 2017). fEFKFi(Jasminum sambac)H, DL
1.5% (WIN)AF4EKE. 0.4% (WIV)EHTEFA 0.8% (WIV)RIREFH S 7 B3RS T mr-&
(2.38x107-g~t FW) 5 4L i 44 (Ahmed et al., 2021). A<HIF 52188 3o o il (4 28 A 94 52 33047 DY
KR =P IERR 5, XTI M B s AR A AT I ik, RIS EA AN 2.5% (WIV)
AEREE. 1.0% (WNV)EHTEE. 0.5% (W/NV)RREFF 0.4% (WINV)IRZEEE, J5A 5 R E5%
i, 1k 1.18x107-g L FW (Bl 2) o HI T AN [EI VA0 A ZH 2 1R 4 2540 22 e AR, g P T 01 I
A SRR P RS J MR K (Zhang et al., 2024) . B 1] 3 46 2 JR A= AR AR 58 A R i
SEORT I AR B P R, T RS AR (R 20 B, 5 EUE AR AT 77 FREK (Naing
et al., 2021). #RA(Ginkgo biloba)rt 73 B J5 A it 4 die FERGAE T R] 9 5 /INF(Lai et al.,
2020). %% (Ananas comosus) b 72 JE AR i AA B FE R AN 18] 3 /N (Priyadarshani et
al., 2018). AW 7t 3% B JC A 1 i Py A o A 23 5 1) R AN )8y 3.5 /NP (&1 3). H B
W0 2L RF S5 AR AR % 0T BB, B VB3 R 3 B M 2 K od Z2 TR T (Tricoli et al.,
2024). {EEULHE (Pinus massoniana) i A i A BUS #2H1, 0.40 mol-L=t H 82 BE A T Ji AR it
PRI 23 B8 RUCR B U (AR 2 155, 2017). ABFFT AN, {E 0.30 mol-Lt H & B b ¥ R, SR1G 1L
PR B SR AR BRI (B 4). teAh, MR FE T 3 gE k% . A0 BBE I AR BRAS L 3
o S M JE ) B RE L v A i R R A 1) 280 O ek 2D TR AR 5T 4 47 £ (Naing et al., 2021;
Kolasinliler et al., 2025). &350 FATT & BT % o il ¥ - i B b A7 g Ak 38— B[]
132N B SR A PR = AR TR AL (] 5), FLJER DR AT R A2 i Ak 343 B0 P 240 i s AR A5 AE X i
Fin, BE2F 0 Ak 2 AN SRS At o T IS AR TR) kG, 5 30 A SR AR A TS FTBRAR,  HE
AR T, A BRI PR RG22, FEUEEE(ROS)IR R G 2, dEim 4k
1 S5 A o s i R s R AR D g, 500 iR A B A ()3 77 B fIG(Naing et all., 2021).

HAT, PEG /& T 12 H T 2 e i) 25 5] % I #4246 (Yoo et al., 2007). filtn, 1l
(Camellia japonica) 1= 1¢(Cymbidium goeringii) 54 Fi A& AL, % FH PEG /i S840 2%
Fulik 80%LL - (Ren et al., 2021; Lin et al., 2023). AHF70E&H HEIER ICFPS2 K]
PORE_R4 J5 i i Isf 4 A4, 21 G A i i A S A Jo A b, S48 i v 57 IR 52 B ICFPS2-GFP 7%
HA55 5 DAPI W s HE A (K 8C), UiHH L IhFEE T Jo il My B J5 A T AR BRI FE 1 AR R

AHIE TS TR R R AR R AR 8 S PEG A SRR R4 IR R, 755 SRB 7L
A 454 CRISPR/Cas9 F:KgmHHe A, 18 7 AL AR oL R g B 1R 52 A2, R 38 1) g B A 4k
(ti& sgRNA Fl Cas9 KIFIAHMA) @ PEG N5, FIHIRAEFAAR 4 et T MR AR,
M SEBLXT H FRFE R (SR A Pl v i OGS B R RS HiE 12 1 (Naing et al., 2021). #HLEL
RS AR Ak, TR AR AR A T 1R 6 R G 4 ] 2 v g 6 20 3R (GBI I A 38 E. sgRNA 7
), AR %R I, JULIE T I b i 5 A M B s B R ASAE YY) » 7E 4 %] (Vitis vinifera)
FE#(Populus alba), JEAE AR IIH T CRISPR/Cas9 /35K gnt, sl 7 H
PRAEDA 1 5E 7] R A2 (Najafi et al., 2023; Liu et al., 2025), X AARRILRIM &7 T H R4 T
ARG .
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INTRODUCTION: llex cornuta ‘Fortunei’ is widely used in landscape gardening and is a
common sculptured tree species. An efficient and simple protoplast preparation and
separation system is of great value for breeding and gene research of woody plants.
However, there are no relevant reports on the protoplast isolation and transformation
system of |. cornuta ‘Fortunei’ so far, making it necessary to carry out this study.

RATIONALE: Woody plants face challenges in protoplast isolation and transformation
due to characteristics such as perennial stem lignification and leaf leatheriness.
Differences in cell wall composition and tissue structure among species require
optimization of protoplast systems for specific species. To establish an efficient protoplast
preparation and transient transformation system for |. cornuta ‘Fortunei’, orthogonal
experiments and gradient experiments were used to explore factors affecting protoplast
separation, and PEG-mediated method was applied for transient transformation.

RESULTS: Compared with other enzyme combinations, the orthogonal test showed that
the optimal enzyme concentration combination was 2.5% (W/V) cellulase, 1.0% (W/V)
macerozyme, 0.5% (W/V) pectinase, and 0.4% (W/V) snailase. After 3.5 h of enzymolysis,
the protoplast yield was the highest (1.18x107-g™ FW) with a viability of 68.30%. The
suitable mannitol concentration for osmotic regulation was 0.30 mol-L™, and dark
pretreatment of leaves for 12 h improved the effect. For transient transformation, 40%
(W/V) PEG-4000 mediated the transformation of pORE_R4-IcFPS2-GFP plasmid into
protoplasts, and green fluorescent signals in the nucleus overlapping with DAPI blue
fluorescent signals were observed under a laser confocal microscope, indicating
successful transformation.

CONCLUSION: In conclusion, this study successfully established an efficient protoplast
isolation system for I. cornuta ‘Fortunei’ with optimal conditions including specific enzyme
combination, enzymolysis time, osmotic regulator, and dark pretreatment. The
PEG-mediated transient transformation system was also successfully constructed. These
results provide a foundation for future protoplast fusion breeding and gene function
research of |. cornuta.

Key words llex cornuta ‘Fortunei’, protoplast, enzymatic hydrolysis, transient
transformation
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