Ol R ( BRBEE ) , 2024, 39(2): 119-129 http://xb.ynau.edu.cn

Journal of Yunnan Agricultural University (Natural Science) E-mail: ynauzkxb@foxmail.com

SIscHga: BRBEEE, I, S2ede, 45, i VAR AL B SRR Y i e IR AR TR 9 1 48 S5 A [J]. = B Al R =244 (A 24
22,2024, 39(2): 119-129. DOI: 10.12101/j.issn.1004-390X(n).202210022

o AR ZRBMEYIH R
JRE BRARRI & M

e, FOHEVT, ¥R, #7xY, ALY
(1. AR R K2E WZo2EBe, Wim K70 4101285 2. EFAEDTIRER A TR A L, B KV 410128;
3. AR R K ARl R B, R KD 410128)
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Optimization of the Preparation Conditions of Leaf Protoplasts of
Papaveraceae by Response Surface Methodology

SHAO Yingying', TANG Qi'?, PENG Xiaoying’, HUANG Zihao'?, ZHENG Yajie'*
(1. College of Horticulture, Hunan Agricultural University, Changsha 410128, China; 2. National Research Center of
Engineering and Technology for Utilization of Botanical Functional Ingredients, Changsha 410128, China;

3. College of Bioscience and Biotechnology, Hunan Agricultural University, Changsha 410128, China)

Abstract: [ Purpose] To optimize the influencing factors of protoplast extraction from Papaver-
aceae leaves and establish an efficient protoplast extraction system. [ Methods] Taking the seed-
lings of Eschscholtzia californica Cham. as the model plant of Papaveraceae, the concentration of pre-
paration solution, the composition of enzymolysis solution, and the time of enzymolysis were ex-
amined by single factor experiments, which affected the yield and vitality of protoplasts; the optimal
extraction protocol was predicted by response surface Box-Behnken design. The optimum protocol was

validated in representative plants of Papaveroideae, Hypecooideae and Fumarioideae. [ Results ] Wh-
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en the concentration of preparation solution was 0.8 mol/L, the time of enzymolysis was six hours,

and the composition of enzymolysis solution was 1.5% cellulase+0.4% macerozyme+0.3% pectinase,

the yield and vitality of protoplasts in E. californica were ideal, which was consistent with the pre-

dicted values from response surface methodology, and it was able to obtain the leaves protoplasts

from the family of Papaveraceae. [ Conclusion ] This research method can realize the efficient at ex-

traction of protoplasts from leaves of Papaveraceae plants, providing effective technical support for

subsequent studies such as transient expression system, subcellular location and single-cell sequen-

cing.

Keywords: Papaveraceae; protoplasts; enzymatic digestion; single factor test; Box-Behnken response

surface

B SE Rl (Papaveraceae) 11 15 2% 3£ W B (Papa-
veroideae) . ff [ & V. #} (Hypecooideae) Fl fif £,
H PR (Fumarioideae), TEAFRMMT 2", #%
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(Eschscholzia californica Cham.) 45 [R ££ 2%t T 18
WHHER 2N T A Z2B0EY R
ARR I S s S AR Wy T B A I W BRI AE A
s i 2 AR 0 ) AER A HAE R e e i 52 3™
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L, A BT S0 20 A K P TR S ) R
SRR MG AR R, X T F 3 R HE
YA E Bk R BA E A X,

EIHT, JEA Bt i 1 FH T WA S5 A= o A
PeEOR . AR LI T B R {5 B CRISPR/ca-
s9 A3 1Y L R A1 i i R SRS U AE2 ]
TP D BRI B oy HLEIE R T, bk
REWHTHEREN R SARETME. £
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—FAEROT & . BGE PR 57, Box-
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J AR B SR BUIAIE, B TR B SERHE Y IS 2L A
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Linn.); fif G 45 PHE R af 6 4t PHE 1) far £ 41 FF
LRI E (Corydalis edulis Maxim.) FIIEEH 2R
(C. yanhusuo W.T. Wang). [H7% [l 4)j ¥ R 4E B ¥
A R BRI 1 [ fEZE 5 /NSRRI TE A]
B AL R = Ao & 3015 FUE
. FAEAT . EEE L AP RES R AR R
BEMGM T,

AR LT 4 K1 Celluase Onozuka R-10 FIEHT
fitf Macerozymo Onozuka R-10 I HA Yakult Han-

sha 2y ] ; 2-CPW ¥R I F A= TAEY) TR (L)
et AR TF] s AL Pectinase Y-23 S5 HAlh 7]
B B b R R A BR A F
1.2 W5kt
1.2 HREEFRE

I B PR 2R 43 A 5 1 X S i) 1 38 e T A i A
Fra il BOE IR R TS, G AR A
TR BE A T T] A S PR 2 KL
* 1.
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Tab. 1 Factors and levels of single-factor experiment

A& factor

e AL BRI (mol L) A T 1
composition of enzymolysis solution concentration of preparation solution time of enzymolysis
1 1.0%A+0.2%B 0.5 4
2 1.0%A+0.2%B+0.1%C 0.6 5
3 1.5%A+0.4%B 0.7 6
4 1.5%A+0.4%B+0.3%C 0.8 7
5 2.0%A+0.6%B 0.9 8
6 2.0%A+0.6%B+0.5%C 1.0 —

e AFYERRE; B. BATEE: C. RKREE: TR
Note: A. cellulose; B. macerozyme; C. pectinase; the same as below.
1.2.2 i 7 e v vt

TEHL R Z 80 B mt I, #KHE Box-Behnken 1%
T 7 T D2 5 45 DR 2R 0 Dt A o A ] £ 7
AN T S A HAEHT, BUARPRIR Bk
%2, FIH Design-Expert 8.0.6 S Ju7 [z 46 1%}

JOL PR 2R B K BB AT EOWLARAE ;- A Graph-
Pad Prism 9 FEATEE A OCHE S 22 F 0 HT
1.3 PR AR T VR A P o

e HE B PR 2 30 AR e 7 T A TR
I3 BRI Tl A R g 2T e Rl . By

# 2 Box-Behnken a5 BRI 51T R 4R
Tab.2 Design and results of Box-Behnken response surface

TR/ (mol - L") A AV ALK, SR () }
FFs X X, Y JEAE ST AT B X 10%/(A mL™) SR ST 73/%
No. concentration of composition of . 3 . protoplast yield protoplast vitality
preparation solution enzymolysis solution time of enzymolysis
1 0.8 1.0%A+0.2%B+0.1%C 7 3.25 60.0
2 0.7 1.5%A+0.4%B+0.3%C 5 2.25 46.6
3 0.9 1.5%A+0.4%B+0.3%C 7 5.30 69.8
4 0.9 1.5%A+0.4%B+0.3%C 5 6.75 71.1
5 0.8 1.0%A+0.2%B+0.1%C 5 2.40 50.0
6 0.8 2.0%A+0.6%B+0.5%C 7 3.40 50.0
7 0.8 2.0%A+0.6%B+0.5%C 6 8.50 62.2
8 0.8 1.5%A+0.4%B+0.3%C 6 15.50 88.1
9 0.8 1.5%A+0.4%B+0.3%C 6 14.81 88.8
10 0.7 1.5%A+0.4%B+0.3%C 7 4.00 23.8
11 0.8 1.5%A+0.4%B+0.3%C 6 14.65 91.1
12 0.8 1.5%A+0.4%B+0.3%C 6 14.28 93.9
13 0.9 2.0%A+0.6%B+0.5%C 6 5.63 72.5
14 0.7 1.0%A+0.2%B+0.1%C 6 2.70 42.5
15 0.8 1.5%A+0.4%B+0.3%C 6 15.50 94.5
16 0.7 2.0%A+0.6%B+0.5%C 6 5.25 74.0
17 0.9 1.0%A+0.2%B+0.1%C 6 2.35 91.5
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PSR, PERRECH 280 1.0 g —[RIIAZ] 10 mL
BELEH, A DEPC ZbBIUK 5 mL &, imiedz
¥ 2 min J5ILA 2-CPW & 500 pL 1 5 mmol/L 2-
Nk £ R (MES) ¥ 1 mL, 7E 55 C /K&
JKHE 10 min JFHGHEE A EHE, HKEEMA 5 mol/L
CaCl, 500 uL 1 0.1% BSA 1 mL, EZAZ%E 10 mL,
JH97 pH{E M 5.8, RI45BIEAE M 1~6 (R 1
A Al K 1~6). FREUCH 8282, H DEPC 4b
KA, Tk BE 5300 0.5, 0.6, 0.7, 0.8,
0.9 F1 1.0 mol/L 1Y T il & . it iff Y08 R 131 o) Y 22
0.22 pm FFLIERE L B85 25 H

1.4 JEA AR &

B B PR 1~3 mm 4122, FHFREL
0.2~0.5 g FASEA 5 mL I 0 B 04 PR i
20 min, TS A BRI 10 mL, F8)
WHARUEFE T 25 C [HREKR P RCIRG 1T
fitif . T RS TAE S P B S TR A A
St WS il (BERTHECHIET 4 °C vKAETR), 1R
A JE HFLR B BT 3~5 ¥k, JH 300 H CH T
JEMIITE R 2 mL KR gL, FRL 200 r/min
20 1 min, 3% B RS DA GERTR WS 22 np
W, HE. 200 r/min B0 1 min, ZRETIIEEN
JRAE R, W2 BT R R A B A T UK R
£ 30 min, &H. il ER 3 K.

1.5 R AR A= B RS 7 (0 5 B ARt A A BIE

P HESCIR [12] SEA7 A AT RO % e

TR 1 TR 2 TR 3
CES 1 CES 2 CES 3

=~ 20F 20
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‘H\ 0 0
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TR 78 B ]/

J DMSO #fi# FDA LI 0.01% Z49, 0] J5 A Jo
WA FDA 4% 2 pL, BHGALFE 5 min,
FHRS WA I I 1 79 S5 A= SO A8 T T T M Bk 114
Moty , il BE AR T 9 Ot B MUER (Zeiss Apo-
tome 2) FAEL, Sl Gt R BRI R Sk R AR
JOT AR %) 41 45 B RN G 37 T SR B9 B I A e 5 i
Fie A TR A A ™ e I ) - A A ™
=5 LIS N SR B AR TR E/3.2x10%; AR
AR T Sy =R R v 26 58 S 1) A e v/ PR
PLET A A R B0 100% 0 B BEAR TR 3 4
MEFHATE I A A . 2 AR
A BUARPEGR R BE IR . B2 R, HJESE. 18
wmL NIRRT SR SRR
FESA R A R A AR SES Tl A, LASS IR
Ak EEBUA 2 .

2 BRGNS

2.1 HRRFEFRRIELE R
21,1 e AR ZEL RS I A TR T 1 22 T AR o A
FE R S R

p L AT P12 R 3R
4. WU S F 6 AHEL, AR B IR AR T A
MR S T, FRTUS ISR ) B RIOR
WA BRI 2. 4R 6 MILL, DRA BIRAG R
Wit 5 Tl A R T 43 S 3 o 2 Sk n s e 1
S, 3R T A R IO A A B s R T i A B IR B

TR 4 A R 6

CES 4 CES 5 CES 6
201 b 201

b i ol
15 = b 15F b
10 ab_ 10+ a b b
il S'W HH
O 1 1 1 1 ] O 1 1 1 1 J
456 7 8 45 6 7 8 456 7 8

100 100 100 F

= - a
80 a 80 a a 80 2
60 60 b 60 H b
40 L 40 1 ,
20 H 20 20 + H

I I 1 ) 0 1 1 1 1 ]

(U 0
4 5 6 7 8 4 5 6 7 8

enzymolysis time

e FAR 1~6 AL 1o 5 4h A, JRA FuiA™ sl R AR BARTE )1 B3 (a, P<0.05) Bl 3% (b, P<0.01) FHakFEik,

Note: The compositions of enzymolysis solution (CES) are list in Tab.1. Compared with four hours, the yield or vitality of protoplasts significantly (a,

P<0.05) or extremely significantly (b, P<0.01) increased or decreased.

E1 TREEHEESEENE G TRERSN~2 (L) REN (T)
Fig. 1 Protoplast yield (above) and vitality (below) under different composition of
enzymolysis solution and enzymolysis time
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214 Tt i AR e A B IR (R 1, 2 N 3), il
R T P IE K, 7= A A AR i B S R
W2 WS Y AR T e B B (P A VR
4. 5H6), BHAEBEARIAIIER, 77 R A BTk
(R RN R e s BRAR A 3, i) 2 i
6 B 7 h B SR A R A B s B (R, 2 B i
I ) ko A A = 14 58 ) 5 Tt VR o A A
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B AR VR O 2 o BRI T A 1) 5 2 o D A Jo A
87 R 3 = A s, R A A T [ % JE A
JEARIE TR s B AR 4 7R AR iR R
A AR E s B RIS 6 h A e hr
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R, LUEPRUE AR RS I AR T 1 2 ) S A
FEXF A AR = e () oK o
2.1.2 TR K A 38 R A R A R i
{o}=A|

FF 2.1 WSS R, R 4 E N
fRIAR R, UkSl 5 S TR e B X0 Ak 25 B Ji AR T R
FEa MG IR . B 2 WL BEE PR
HEE R B RN, AR BRI P i R e TR S
FEARA AR fb ke S, Y H #E BV B0 0.8 mol/L i
JEAE AR P i e s B H R R R B3, R
A ARTE T H 90% TR R 40%, Y H BR Rk E
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b
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g
< b
gg 10y b b
X
o
ER a

5t
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AT 0.8 mol/L A JF AR Jo 44 PRl T B, 7L il
VR R X6 AR AR 7 g R 7 s e 2 A Lk
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2.2 REE A AR A5 AR LRI AL 4
2.2.1 Box-Behnken Design il 5645 5

LT me O TR A5 2R (3 2) A B s AT
PG AT, 43 DA A o A7 e R s AR B AT
R bR R 2ot R AR, RIS RE 1.
Yeg=14.95+0.29X,+1.51X,-0.93X5+0. 18X, X,+0.077
X X5 1.49X,X,-4.95X,"—6.02X,—4.55X7;  J5 & 2:
Yz 1;=91.48+14.75X,+1.84X,~3.29X;—12.63X, X,+5.38
X X5-5.55X,X,-12.04X,>-9.31.X,>-26.61X;’, 133
AIHT: 5 1 PIEARRLE F{E=165.50, 7F a=0.05
AKF E R A W AHOC R AL R=99.53,
FEIE R BRE =0.9591, KU P=0.5106, KLl
ANEABEE, RINZERRSE S FEZ
(400 B R, AT ) D A o s = i 1) S B
T Xoy XoXa. Xi°o X57 R XGT X5 SR R sE ma i
W3 (P<0.01), 3 AP 256 I A A ™ ot 1) 5% )
TR 7IN Ay Tt e R L >l o ) > o v B . #
AT R 2 [IERRAY F{E=36.31, P<0.05,
SRR R=97.90, FLIERKURE ;=0.9448, KU
P=0.0671>0.05, FHIZMIA 1) S50 (-5 FO{E 2
(00 B R, ] ) i A o AR g B S B
TEOL s X, A1 X7 % &5 S 10 52 i B I 3 (P<0.01),
3 AR 20 D A B AAR T T 6 i RN Sy T
FESTfE S >R A . 28 LPTIR, 3 1NRER
X A S A = A D (RS AN ], 0l Y ok

100

80 =

% J1/%
vitality
D
(=)
o

S
(=]
T

[N}
(=]
T

0

05 06 07 08 09 1.0

¢/(mol-L™")

H: 5 0.5 molVL AL, JRAR B B BRA B AN J1 ¥ (a, P<0.05) Bl B3 (b, P<0.01) FHrs oAk
Note: Compared with 0.5 mol/L, the yield or vitality of protoplasts significantly (a, P<0.05) or extremely significantly (b, P<0.01) increased or decreased.
B2 TERERRETEERFH~EMED

Fig. 2 Protoplast yield and vitality under different concentrations of preparation solution
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*3 RERGKFERIREFESH
Tab.3 Variance analysis of protoplast yield regression model

V5 Rt H ¥y FiH P

source sum of sequence degree of freedom mean square F-value P-value
BiA) model 416.88 9 46.32 165.50 <0.000 1**
X, 0.67 1 0.67 2.40 0.1650
X5 18.24 1 18.24 65.17 <0.000 1**
X3 6.96 1 6.96 24.85 0.001 6*
XX 0.13 1 0.13 0.48 0.5125
XiX3 0.02 1 0.02 0.09 0.7780
XX 8.85 1 8.85 31.62 0.000 8**
X 103.18 1 103.18 368.65 <0.000 1**
X 152.35 1 152.35 544.34 <0.000 1**
X3 86.99 1 86.99 310.80 —
$%% residual 1.96 7 0.28 — —
AT lack of fit 0.80 3 0.27 0.91 0.5106
4lii% % pure error 1.16 4 0.29 — —
FZ1E B calibration sum 418.83 16 — — —

T R RORIIREE (P<0.01), “*”FIRFMEE (P<0.05); R
Note:“**” indicates an extremely significant impact (P<0.01), “*” indicates a significant impact (P<0.05); the same as below.
F 4 FEREFENEIFREFEST
Tab.4 Variance analysis of protoplast vitality regression model

P Sl ST H ¥177 FlE PE

source sum of sequence degree of freedom mean square F-value P-value
Hi% model 7032.10 9 781.34 36.31 <0.000 1**
X 1740.50 1 1740.50 70.30 <0.000 1**
X, 27.01 1 27.01 1.09 0.3310
X3 86.46 1 86.46 3.49 0.1039
XX 637.56 1 637.56 25.75 0.0014*
XX 115.56 1 115.56 4.67 0.0676
XX 123.21 1 123.21 4.98 0.0609
X’ 610.36 1 610.36 24.65 0.001 6*
DS 365.34 1 365.34 14.76 0.0064*
X3 2982.56 1 2982.56 120.47 <0.000 1**
%7 residual 173.31 7 24.76 — —
RAUTI lack of fit 139.34 3 46.65 5.47 0.0671
417 pure error 33.97 4 8.49 — —
% 1E L0 calibration sum 7205.41 16 — — —

TR WL BAE 2 D PPI R R R R i R

Ho TANHERAZR N BT 51 2 AR IHAR T

ZESFIOR, PRI AR A ] 25 i R PP G 20 4%
WRMARCFA G — 2, DREL )
il #7712 REAE LA ST AR B4 B A T o
2.2.2 MR A E AR b

2 S e e vt/ QEN S g G LA eS|
B, DITRHIBOARIE (X)) BB R0 2 () A
FEFE ST 1] (X5) Ry = s Al il e 18], RO 7 [

AR AR (R A AR ™ BB ) B P 28 AR
o &3 AL BEE X X X BOSEN, JRAE
ARG e B ST R R R s 2R A, X, 7
T L PR A T3 R B A SRR R, A X —
Xy MAFRZEMPIE, R 2 AR EA
PR AR i ™ B i s, B X, BSR4k
WRBER LK, s, RWELE
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FEEE108/(-mL )

yield

0.80 0.85

X
FEAEX10%/(4>mL )
b) yield

0.70 0.75 0.80 0.85 0.90

X

FEEX 109 mL™)
yield

1.00 1.20 1.40 1.60 1.80 2.00

P 105/(4-mL )

PR 105/(4-mL )

yield

yield

E: X, BUHRAREL, mol/L; X, BSR40, %; Xs BEARISE], h; Tl
Note: X;. concentration of preparation solution; X,. mass fraction of enzymolysis solution; Xj. time of enzymolysis; the same as below.
B3 HEREWNEERF=EZMHFSEE (a~c) FIZEIERABMEE (d~)

Fig. 3 Contour plots (a-c) and profiles of surface response (d-f) in the optimization of two variables for protoplast yield

AR5 X, AL AR . A 4 T X,
F o T PRI 385 P8E die R, Bam X 6 D A AR 0 £
MR Xo—Xs AR MY, Hoapdk
BRI, R X, 5 X, B9 52 H AR R IR A AT
TR R, H X, B4 R SR SRR R X,
K, Bl AR, R A AT 1% X
472 H S ABURK

M 7 T 43 BT A5 2 P 7 T R 3R S ELAE T SR S

T2 R —30, L, TR EsE R
A AR A A5, RIVFI RO 0.82 mol/L,
Mg Afa] 5.93 h, FEEMARALN 1.5% £F 4 R g+
0.4% BSHTH+0.3% SLMCH, TS T i 1E
55 R A A R R 13.57%10° AN /mL, §% 1N
91.92%,
2.3 FESERMEYE A B ARSI R 56 E

R T I0 4 25 R S A B (AR ) 1 e P 2% 1 T
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