EYEE SR Plant Physiology Journal 2020, 56 (4): 895-903

FAR575% Techniques and Methods

—IMEIRE Bk o B SRR ALY 7504

TR, 2, BN, B4
AR PR VR S R R A e, A 350002

doi: 10.13592/j.cnki.pp;j.2019.0151 895

WE: AR ABLE I-(Arabidopsis thaliana). K JBZ (Nicontiana benthamiana)F= X 2.(Glycine max) 1 R 3414,
WBILEEMR R oK TRt B T AT, UAPEGA-F89410, B2 T —HBREML LS8N RER KRS B
Fal it dEAb Ty ik, A B AR B 69 I AR AL A A K TR A AR A LR AT AR 5 o @ 69 A R AR
RRAE. SRR, AR Lk, 3 BRI & 2 BRARAR R 60 R AR, Rl B LT R ARG
sifpitAz, HoF, M RARK T ERG, AARREARE; T B, MEFMGIR AR IR RBERF,
KB EAK, ME A bl IR A ARG SR 53K50% A B, 25 R K 2.093.8443.6245. #t—F ey L mpi s
AR I, IR Fadil ey -4 R A IR AR AE GFPAZRFP 3 8% A5 B B AL S, =T A T B AT 49 T e A2 547 .

KA RAEFK; 5 B BRaT 4L, e

T LA A A ok 2 4T e B R P g, L
BIEIBZEMM. BT FAE RS 52 B
PR, BA AR, AT R A R AR BE SR R ah &
SO TAERT R R R . BT, FAERAE AT
B R T 2 AN 4538, (Gamborg MHoll 1977; Eeck-
haut$2013; Jones%$2015). 4%, 5 AR ik & o4
FEALE BT 24k, BT N H bR IN, o AR
YirE R SORORPU P ok, I R A R AR 7R
RS E AR, 45 e et R e A T R AR
S, ATHE— B AT AR B L Atk B RN AR
55 =, SEOURE I S s A, R R A R AT
RN 4458, W] AFT BB P 24 A0 Rz 25 4 52 1) A B
R, 3RA5 5 HE Fh BT o7 A0 ) 58T RO S08
M 00, R A PR T B AR, nTRE A Y
EIIFRAER . BAh, 125> T AW E IR T, JR
A TR E H AR SR IEAT E KSR R () I i R0 4k
1M 43 B P41 it 5 137, (Nagpal52016). & [ i B.AF
(Walter52004; Chen?52006). 5y Bk (Zhang 2%
2017) % FE H i (Lin 22011 8a) 2%, b, Rk
W AT B S8, LR F0IH] TF R 0 3 Al
e ARAS TR R I R A A, DR, R AR A v A4y
BRI AL RS 0 R E

B A= R A F 1) 2% 3 I S A B Ak 2 T B
F PR AN AR, o R A B ARG B R R RE . e

BUBK 73 85 1R 07 25 18 S R W A ) gk AT o B g, Jat
A AR A BER Y S5, % 4 B EE DA I 3R A5 .
J7 VU S B R AR AR B D, IF HOG AR P R
BA Bt WG, 2748 R B K 30 DL A8 i A
Y H BE R R, R AR AR oy B S R R TR T
BB . B S ONESASN R A E 2, 58
Bvehy, BATE M. BT, FEFHTTESE
T ) R A A o 50 Ji A AR B AR AN T &
MR RARZ, BIGHEDPEIRR LT i
file 2 A, BB AR A A MM pH. BE MR
B R B2 V5 0% R AT B AR E R Bk B S T L,
DL 5 A AR [P 44 771255 (A oyagi®$ 1999; Zhus:
2005; B4 £0552005; &IEFIEE52018). FEY 4
B ZH J3 A7 AE 22 5 (WonZ52010), A $2 i 2 i B filg
fife 20k 2 () B 2 AR AR A A, A D AR o AR v AR
I3 B RN I O

iR A Jo A B N A AR 2R 0 i 25k R ) R AR IR
HREE A PO AR . AT E AR
FZ(PEG) /1 512 (Krens%51982; Wu%52017). H 7
Ak (Fromm%51985) I 2 iy 5 (Crossway %5 1986)
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S, Horph, PEGHALTE. AR AR ES A
K, FF H B A X RS R, 2 — M n
Wk AR . H AT, DU AR AR Ry 52 A 3k AT
I 234 B 40 € S i e vh, BARAE ARG, 4
WK G EPHEARSE2017). NEEF2017)F AT
THRIE, HIE 2 2 WA U R T (Yoo%52007)
DL % BT K A8 (Zhang252011; He%52016). 51t
() B, AN ()AL 42 Do A ol A 1) B AL R A AR B . 22
S, T AR 5 R W 5 AR AR gy T 5 A
17 VIR

DR — PRI R DR AR o A A
I A0 T7 1, A 5T LAASE R ) 400 B T R A0 5 DA
FRGNHEFEAMRL, 3647 1 B AT 2Bty TR
B TALBE, b2 BT alib i R AR B iR A%, A
MIRTS 1 K& 58 3 S5 A Ak R HPEGA T 3 1) I6%
WAL T, ARG E A R FRIEEAR, 74
TN e AL I — 2 St T R AR AR R i
R . WS RN EY) R A R RS R RlG
55, DA R DA AR Joi A Dy 52 A4 Rk i 47 SV 48 it € Ar
ST S B AR IR AL T TS

1 R 5HE

L1 =M EHEE

MR ) @ 351U 5 I¥ [Arabidopsis thaliana (L.)
Heynh.] Columbia’EZ& 8 . A KU E (Nicontiana
benthamiana Domin.) 1K 5 [Glycine max (L.) Merr.]
‘Williams 82°. bR 58 T8 7= L(R i 44
NCBEIETIfEy”) AR 2 SRR N60%, St 3]
16 hWlt/8 hig b N 7 b s . Horh, #ULF
FERIE RS & (06 B 5 9200 pmol-m™s™, I H.
Iy AAERE M E 20130 dRF4 Fr o 58 4 T IS, BY
EROR 147 TR AR B A B TR S AE G HR SR
400 pmol-m™s™ %4, #FHJE 10 iR e 4 FEIF
() LA T U
1.2 RIEH*
1.2.1 KA E

FOURE TF AR BB AR 1.5% 4T 4E R 0.3%
EHTEE. 0.4 mol- L' H & EE. 20 mmol-L™" KCI.
20 mmol-L" 2-M5 itk 7, fifi e (MES).

KGBE 1% 41 0.3% A A19%
H R AT CPWIETR T .

CPWEW: 225 umol-L"' KH,PO,. 1 mmol-L"
CaCl,. 1 mmol-L" KNO,. 1 mmol-L" MgSO,. 1
pmol-L" KI, 100 nmol-L" CuSO,. 1 mmol-L"
CaCl,, HKOH¥pH1H 1 %25.6.

W53 Wi: 125 mmol-L™" CaCl,. 154 mmol-L"
NaCl. 5 mmol-L" KCI. 5 mmol-L"'%j % k. 2
mmol-L" MES, HIKOH:¥pH{# i £5.6.

MMG&W: 15 mmol-L™' MgCl,. 4 mmol-L"
MES. 400 mmol-LH #& k%, FHKOH¥pHIE 5.6,

PEGYVAK: 40% PEG4000. 200 mmol-L"H &
%, 100 mmol-L" CaCl,.

122 FEREDE

H bR A0 R T R ) B A 10 mL i B AR
55°CoK A H110 min, fFEEMRRA I E =115, N
A100 pL 1 mol-L" CaCL#10.1%%: IfLiE 1 & E
(BSA), JHEH0.22 pmpEfEal JE = IR . Phik
K RO (B 1-AME), “FEiEM 5 A
GI2120 1) 5t 44 2 J)2 ity (H A< 1ILITRUSCO) |,
PR ot 4t 25 s 78 o, T T8 U A -RE A - Ity
R =IE7 A HEA S, B SRR R B R
SR LB, R B K F R, A R
BBt 2 #ES (B L-BAIF), KRG A Y 3R i ke
Fnt R BEAT A2 BT, DR B B B R 7
BN B T (BI1-CHIG), #£2528°C. 40 r'min’
PR IR T g 40 min.

1K 52 B AR B A8 FH 0.22 pm P 8 &2 1%
FEMA, R G B ieE R EEREL b (K
1-I~L). Bl JE, 8 H3)Z = H 20 A0 i g IR A= i 4
WAEAES0 mLIE R 0, 7E4°C, 100xg B 004
min. 7 GG, SIS mLAiARIWSIER, K
G AR AR N 9% H 22 BE I CPW, VK30
min, 4°C. 100xg&.0»3 min. 7 EiE, H1 mL
MMG 1 B &, SR B S5 AR T i
123 FEREFEHESUE

A 56 A FH I BR v BB R T 5 TR AR o A
o KIS pL B JEAR AR T25x L6 B If Bk 1T Hibik
W, AR RS N G R R125 T ks N T AR o A A
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Ko TR AR BUABBAD 2 (Yo)=RH R IR A= i A4/ TR A= Joi 4
BH<100. JFEAE A E[10%g" (FW)]=R A4 ik
S/0.1x1 000/FE 4 KL ., Ho, 0.1 R R 254
DA% BIAEAR, BAAr gmm’ s FEAMEE RSB EE .
1.2.4 [R5 FRABRATEE (L

0L B A B Ji A Jo A Bk A A L R Ay
pCAMBIA1300F1pm-rb CD3-1008 (NelsonZ52007);
K i AR o A g B 2 A B S pAT-Y FP.

FIHEL100 pL A0 FE 7 AN B 5 AR 5T 4 T2 mL
B, 2 HIINAL0 uLikE N1 g L' ffipCAM-
BIA1300fipm-rb CD3-1008J5 %, LA %S4k FH R
120 pL PEG 5 I TR 38 BEAS Il e TR 2,
Bif AR A5 min. B 5 INA480 uL W5%
AR G, JHR R B R 5 LA B [,

FEBG 0 J1100%g ) 26 A F B0 1 min, 5 _EIE, N
100 uL W5 5 &

R L AR oA P R 2 A0 5 00T T R AR 5 )
FEABL, BX10 pL#<FEA1 pg-ul ' fRIpA7-YFP RN
FIEAH100 pLJ5 A AR I B O 1, [FIFE IS5 44
FAEP110 pL PEG/E H T 4R 5 908 BE (T U8 2 TR
5], HEEFEARAYIS min, BEJEINA440 pL
TO%H B EEIICPWE I R B, 75 FIR S AF R ESOFF
P 3G S, 100 pLE9% H #5 BEICPW H & .

Bk B 2 L P B A SR AR 7K T UL E 20~25°C 1)
964 R R 9R16 hg, 7RO 3L B M= B s
(LSM880, Carl Zeiss) | W 4 V.4t {fd 5 {7 H- e 1+ 4%
R . AR (Yo) =157 D G I S AR T R 2 H /
Ji AR A B < 1006 3 B3 AN A AR 1 A0 BT 3

BT AR Fr R AR A F 3 g Ak 2
Fig.1 Isolation of leaf protoplasts from different plant species
A~D: FURF I AT A AR 73 35 E~H: MRS R JE AR SO 43 855 T~L: KGR AR AT 2385 . By FAIL: BE R FREIERR; C G
FIK: ZHBR N2 BB, DB s 3] R A7 U E AR A Dy HONIL: I AR S 2 SR e o0 S A A b o TP UM eme
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T8t I P IME . MR AR G 1 (GFP)
I, WOLIE R A BB EUROGE K 488 nm, K 4T
J6 K 500~525 nm; WAL (059 % 2R 1 (RFP) A,
BRI N543 nm, KEHEHEK H560~615 nm;
M52 8 (0GR FI(YFP)R, 0k ek K 514 nm,
R K H520~560 nm.,

2 SIEER

2.1 EYIM R RERENSE
HYERKRSEREYWRAERARE. AT
SRAT v R I S AR TR, AR TR AR K20 dIFIfLL
FATFAI30 AR, AE KDY s 4 R E A EA T
- E(E1-ARIE), K= FAEKLI0 d7yr & EZ R
A SRR LD WREG R, g5 AR T ey L pint iR
R, AR R R 8 R A L
i Rl WL(E1-BL FAL)). B, A T, TN
Wit fift v P B %40 min%2 1 h (J1-C. GHIK), B 7= 10
A I AR R B SR (0 o BRI A IR R I
o, IR K G AT iR B AN 1-L), $L
TRV R L AR B AR (K 1-DFIH) . 68,

FEN R R B, BRI S A R e, A
Bl D A AR [ 2 2 5

HE— 20 R 2 U I %% 2 B R 1 5 A
JFAAIRES, 45 R W E2FTR, B R EEY R
B2, B JG Re kAT K S e B SR AR A . [FIS, 4L
R T (EI2-A) . MHEL(EI2-B) AR S (E2-C)it v i AR
AL A K E M Sk B BRA MRS . R0, 3
FhEEY) 53 B3R AR G AR AR P2 AR AR 2 (R Do H
SRS T I DR AR AR e e LR ZR AR,

T PR MR S 921780188455, Vi B, 7EAH

17 Tt A VB R G AR IS ) 2% T, SR T REIRTF BE 2 1)
JER A AR o T R R R S I 4 B 3R A5 I R A
A B RIRA AR AR T, 5 5 2l RO 43l e ) %
(6.6£0.1)x 10°F11(7.620.2)x 10°AN J5 AE J5i 442 (£ 1)
2.2 PEGN SRS RIAFEL D

KGR FHPEGA T 1 5 A o A Ak vk,
PR TF M RN K R AR B AR AT R AR L oy
Mo ZRWMEBHR, F—WE &4 T, W IF(E
3-A)FIH L (I 3-B) I 2 A 50 A= o A4 B D 4 2 A T
THGFP(ES, MM S, K54 R E N E

B2 2 BB L SN IR A ) S A o
Fig.2 Observation of mesophyll protoplasts from different plant species through light microscope
Ar U TT 3 B AT AR B B MR B 23 B SRAS B SR A DA C: R E M 2 B SRAG I JEU AR B i . B b U200 pme

R AR A AR B S AR LB T

Table 1 Comparative analysis of output and transformation efficiency of protoplasts isolated from different plant species

LR/ EA s JR A SR AR Y 2R /% JE AR AR /0% g (FW) AR R %
NP 3.5+0.5 14.3+0.8 52.5+1.3
JH 7.0£0.6 6.6+0.1 55.742.7
K 6.9+0.3 7.6+0.2 14.5+1.0
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BAG(E3-C). 3 BHURGERIIGERD, WRTE 23 WAMERNH

FUH 010 6 A5 53 IS B 1 52.5%F0155.7%, T K AT 50T LR B R R A S,
HAUHE14.5%. BiR TPEGHALILAAEHE AN pCAMBIA1300 (GFP)filpm-rb CD3-1008 (RFP)]5
FHF J00R 7 RO 05/ R Al X0 KT 4 5 IK ) AL (P14-A) AR 5Pl 4-B)
R AACR IR EE T IR . TR IRIE, H4pAT-YFP UKL A K 5 A (1

.
K3 PEGA 3 J5 A4 i et

Fig.3 PEG-mediated protoplast transformation
A U T IR AR AR AL B MRS IR U RO HEAL C RE AR B Ak B s 9100 pm.

RFP B3
YFP 37

K4 7 BRARTEAN R S AR o A v 1) S 40 i 52 iz
Fig.4 Subcellular localization of empty vector in protoplasts from different plant species
A SR TF IR A LR T B SORE s B R R AR BUA TP 95 55 C REJRAEFRTPOLE S . GFPRESEIOLEA, RFPA
RAGIIEA, YFPREEOYOGEA . BT U8100 pm.
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4-C), FEHOCIRAEZAT PSR E R, 45
WA 73, 005 A0 5L 5 AR o AR 4 M A . 48
J5 RN i S b ARG I B GFPAS 5, 7E S5 FE AN R i vhy
Kyl 2| RFPAE 5, 3 HGFPAIRFP & IR 4F 1 aib
Ho HIERN KRG RA FUR AL ), AR5
FIH /N AR AT-YFP 43 H FAE R G i 3 (51
559, NE4-CHEH, HETOLFEEET AN
R AR E AN AR AZ . S AT, R Ak
ghG R N 2R BT 4 B IRAS 1 B A AR, E
A PEGHACHIAR, Bef% it 47 040 M 52 A7 5347

3 g

Y E AR B 2 B Fe B D) Re . W40 i e
i 55T ARG o8 AP R | 505
H I BHLin%52018b). SRT, BRAR B &
Ry B e AH DRI R T R RT3 . DRIk, AR
FCUALF I MR R oA RE, # S T —Fh
B 5 B () IR AR AR G R B e Ak Ty
1%, CAHASA B bR FE DR S0 40 B s Ar A K DR A= 5
A IR FE R AT 70 S B AL T AR () BOR SCPERI
TEZ% .

AT FE ) SR AR A o B R P B A, e
R R T A N R AL B, 2k R
A AR AL R . DA BORIE U8 HE I D) RR 0.5
mm /e A7 ()40 5% J5 AT B M, T S 1) DR AR o
A T 2 B A R B R AR ST I iR . HZARI A
W 5, X fE S S IR AR RE M AR K, DRI R 0
Wt fe P W AT A4 (EFT AN Bk 5 222009) . L& 4t
() Py U0 2% BB 1 3T T 3% B2 A B, R R R R R
WA B S A, B A o T HEE e 1 R A
Jo A4 A AL I A B He T gl R 4B A A . ik Ab,
U0 B 2% AR D i b AT B AR, B 5 (1 N 1]
BK, L IF(YooZ52007) A1k & (WufllHanza-
wa 2018)H144~6 h, AN 5SRO LR I BT
KRG ATAEL hN S8R, BRI 1 I IA] .
[E A i AR A, 0 B N FH T Do A o A 1) Bk B
A () R T > TR T . AR IS A

B G AR AR P i, g R AR R (R
FTPE4), 00 AR R B AT R A T AR B ) % A4 11 2 AR
R

TR AR R AS B 25 T Jo A o A 4 8 1R
R AN [F) R A 1) A K R, AR — MR B 3%
7~10 d4H IS 77 BT #E AT R, AL oK
(FEHEDE552018) /N2 (R AF2015) MK &L (&P
PEANEE2017) S RE AT L e I R A A, AR
AW, ) W F e T RO R A K A 4 i SE A R T
1 A DS B e S i = I i B Ul = 5/ R
T TR i R I R AR A, R I o BE )
TRAL SR A B] 5 AR 0T A4 T B A4 B e R AT
76 B 5 22 (4 44 £0252005) . Tt B, AR I8 AN 5
IR 335 2 5 ) i A PR 1) 1 040 R s
. ABFFR R M E20. 308110 dAE KRS R
UF R4 RE 77 R BRI OK SR AT RUAE A 43 B (B ),
AT T e AR R B R A AR (E2) . EAR
0L B I FH M B A P [R) — Bl 5 2, ARAR LR T &, 00
T A T A AR 7 o v [ B B A0 3R 73.5% (3R
1), W7 7 3858 BT FH 1) 0 8 5 v B S - UL R S i
v TR AR A R

20%~50% 11 15 43 F b A PIPEG g Xt JiL A8 Joi 44
77 A T D) ook 28R T A L PR W 4, [RIISFPEGI%E %
FH 51 Ca’ 57 471 B (1 0 KEDNA 2 [8] FE2 BiAfr, B
PRAT TURLIE N AR AR, R — P PRl
1k 77 #:(DattaFliDatta 1999; Wu%52017). A<HF 5 F)
FAPEGA T I G A LG HE T A [ AR 470 S5 A2 I 1R 1) B
A 25 0 20 P 5 (I3 014, A AR g 7 AR 0
BAR 73 B 3RAT 0 S5 26 R A P AT A 2 S, (HHL A
e R AT HA8IEF]50% A B (R 1), [H 40 i
S8 A 35 R B, PR 18 L 58 6 I A AE A 3,
GFPAIRFPE [F] — Jif A2 Joi A4 1 e i AR 1A (Kl4-A
FIB), AT T H A R S 40 i 5 17 o Ao A
KGR B R A ik, AR =8 m, (R
R UG, RIS /N AR pAT-YFP, B AL ZA
F20% (1), XiongZ5(2019)F 47 [ 8 &4 T 4k
K10 dif K & B 3R AT L A= T AR 2 R0 A
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RINPGE40004) T 5 ALK =1A80% A o 2R
1M, ARG R A IR K H IR AR KRR I A, X
TR 2 A A 2R A 1 22 5 T R R 0 K B A AR
IR BR 22—, e 48 v 0K 52 Ji A o AR T A A sk
I T B — RIS I
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An approach to isolation and transient transformation of protoplasts in
plants

LAI Yelin, HE Ying, LI Xinxin", LIAO Hong

Root Biology Center, College of Resources and Environment, Fujian Agriculture and Forestry University, Fuzhou 350002,
China

Abstract: In this study, Arabidopsis thaliana, tobacco (Nicontiana benthamiana) and soybean (Glycine max)
plants were used as experimental materials to establish a simple and efficient method for isolation and transient
transformation of protoplasts through enzymatic hydrolysis combined with pretreatment for removing the lower
epidermises and PEG-mediated transformation, respectively. Our study aims to provide technical support for
the subcellular localization analysis and the genetic related fundamental research using protoplasts as the receptor.
The results showed that it could obtain the protoplasts with high yield and low broken rate, as well as eliminate
the purification processes from all three plant species by using the above approach. Among them, A. thaliana
produced the highest yield of protoplasts, followed by soybean and tobacco. Furthermore, tobacco and A4. thali-
ana had higher transformation rates of protoplasts than that of soybean. The transient transform rate of proto-
plasts in tobacco and 4. thaliana was more than 50%, which was 3.84 and 3.62-fold of soybean, respectively.
The results from subcellular localization analysis showed that the protoplasts from tobacco and A. thaliana ex-
hibited advantages in the co-localization of GFP and RFP, which could be used for the subcellular localization
analysis of target genes.
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