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Cell Wall Regeneration of Plant Protoplast

HE Qizouhong'?, E Yilan'?, WANG Guangchao'?, ZHANG Guifang', LIN Jinxing'?, LI Ruili'**
('Beijing Advanced Innovation Center for Tree Breeding by Molecular Design, Beijing 100083, China; *National Engineering
Laboratory for Tree Breeding, College of Biological Sciences and Technology, Beijing Forestry University, Beijing 100083, China)

Abstract Cell wall, as a significant component of plant cell, is essential for determining cell shape, main-
taining mechanical support, and absorbing nutrients of plants. Thus, it is of great biological significance to reveal the
regulatory mechanism of plant cell wall biosynthesis. Studying cell wall biosynthesis based on organizational levels
has great limitations in terms of controlling the time scale and narrow observation space. Protoplast is an ideal model
system for studying cell wall regeneration with cell wall removed. Over the past few decades, a large number of stud-
ies on cell wall regeneration from plant protoplast have been reported. However the mechanism underlying this pro-
cess is yet unclear. This review introduces the primary techniques and research progresses applied to the study of plant
cell wall regeneration in protoplast and unveils a prospective advances of this field, providing theoretical reference for
further clarifying the mechanism of cell wall biosynthesis.

Keywords plant; cell wall regeneration; protoplast; cell wall imaging; protoplast culture
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B2 R 2 — o DRIk, o) B A A L ) T AT B
& — IR R PR B2 ) . A8 SR I B T A A 2R
IR 7 VA R AE A B 1R R A . AR IR 1)
AN ETTHHA R R, COCKING® 1960
SR RS TR F B AR 2 PR M BE A5 31 K i AR
JRAR ) T332, N T A e B P AR QS T Ak M
W20 23 B 2 4 L m R A 380 1) D AR o A L
A 2 R BE PRI RE 0, 2 B 70 40 M B AR R E AR AL R
A EH4050—604E48, BACHMANNZE g Fi) F
BRI S5 AR ST AT P AR 4 B BE R A 7T, POINAR SIS
P72t B 2H 2 i AR Jo A A BB AR I SR . Ut
Ji, I — A DL A= 5 4 9 A ) R AT 4 A BE
AEMIETT . ARSCEES T LSRR IE 1 OC T
iR A Joi A 248 i B P A PRI RIE 9, DN SR AR 3 S S
Fi AHNREE A R AR ORI B 2H ) A 4
AR G M BE P AR 43 LB 9 ) LA 5 TR TR 2450
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KLERCKERP iR AT UK 7 v 48 240 i o BE 2 10 )
T 7)) 24 P B S R R AR o A, LA S5
BN ERHAE VA ER B BB =K. 1960
MF, JEE [ COCKING™ 1 R H B ff ik 4y 254533 1
K& B &mSiEEREY A TR, f£19724F, RONA
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TR E B REALRL, B T S — AR R AR
AR EAR R MG, REV AN ERA R, I
il SFAP S AT IR R, RS IR e . I &2
A H, B fREAT IR — s i FH I 0 B Y 40 i i
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1.2 REREEFGE

S EARREA RS, TR R AR E T A
&R R TR R, A PR R R R E E P R A
Ae IR ARG, T 52 it i BE Ak P AR . H AT B
i FH R A DR AR B AR 5 3R T Ry e AR S 3R A
SERGTR . MRS IR A ] 58 55 77 HAR AT LAy il
WRET B IR BERIR. BRSG SRR 3
NEWE SIRIG TR DA B Y 55 0. IR E
B 3% 2 AH O 17 50 iR AR A R IR T, TR E A

I (VR AR 5 7 0 Do 2 Jol A R S B S v
BRI RI] o WA TR R R B R R B R E VG AR
PARKEEUD0S L 1 22 M5 AR o A 15 77 7 VE X M A
WMi(Populus nigra x P. maximowiczii) J5i 4 AR RS 77 1
ROR TG, KILBAA R 2 i B R 77 0 07 Vi i 2R b
B A AR A . BARRE R E S TR A ERAE
FET (5 o B ) A I 6 455 9 S 2500 o, {H 2[RI A
AEEREFRHIK A BUR . A ) e AR R S5 B . AH
BT AR 2 B 7R, [ 8 55 77 AR B
I 52 1 77 e i HINAGATA ZE R ) 76 400 5 - 1) JiR 2R
JR PR TR R, B AR AR R SV ROIRAS I AR TR
G Ja FERAERT IR L, fr Bl 6t ] )5 J5 A o 4 2 ik
TE [ R B 772 A v, S R 2B o R [ e B 72 . [ e
BE 7 10— > S 25 000 i 1 7 6 %) B L A T 5P
] 25 5 55 77 5 WA e B RS IR AR, TR IR IR 5
)T JZ N — 25 B B A 1 7R 2, =1
P EE IR I B WO AN AT R 1S IR R T
B IR A O SR RE S R IR ] DL A S B -
WG TR, BARTT R i A i =2 i S Wk
RSB HE LA IE 1 LR & J LR B9 R 2m A
B AR TR R, A0 535 T AR o AR 1 B I W DA 2R
(T RAEAE T 1455 77 B b, THOMPSONZE! R A
EITIESCIL 7K TG BT A 5 A AR 3 7R . B
B 7 a1 7 3 77 R () G S I — J2 K 1) Ji AR Joi
WA NG Z, R4 R WG 57 2 5 5 7= A
Jf 3 B T () 5 28, WANGZEU258 o F 47 1% 9% 7
FLH Mil(Musa acuminatacv))5 42 537 B A2 A8 R 1 i
Fio B0 AR BRI RS 7R TR B G IR L R .
1.3 BEERFEFHEEZR

Ji A JOT A AR A PR B D % 1 A R AR U 4%
TR, 0T S AR AR S TR () SR AR EOR LU, 4 AR
A Z R R AERT S BRSER .. Kokt
RIEBL . AMEA I (B A BER . N TS
W) BEFRRAT R 2 Fh R 2 B
13,1 #Aa% A JRAR ARSI (WA 55 B
B ARKIC N E L, % R s B R A B R
AR AR () AR A 8 R 3 K U 4 i ) o) 8 TR R
B FE SR B R AN AN T T AR o A ) AR K
H AT, K2 80T J5 AR o AR 55 77 B i 73R B, T
AR A R AR B AR B 9 % R 910%~101/mL. KO-
BAYASHIZE 255 #5 (Citrus sinensis Osb.) 54 Ji
PR BE IR B TT R, WIG6 1E 77 % BE 4% 101 /mLIY,
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Table 1 Comparison of several commonly used protoplast culture methods
B Y RES W=y {793 EHIED
Culture methods Advantages Disadvantages Applicable plants

Liquid culture

Liquid over solid

culture

Agarose droplets

culture

Solid culture

Liquid, feeder layer

culture

Simple operation, convenient to add
fresh medium

The bottom solid medium can absorb
cell metabolites and release nutrients
to the liquid medium

Avoiding cell adhesion, convenient
supply of nutrients

Convenient medium replacement;
easy to track the growth status of
specific cells

Feeder layer may provide growth
factors for cultured cells

The water in the culture medium
is easily lost and adhesion occurs
between cells

Complex operation

The experiment process is
complicated

It is difficult to remove cell metabo-

lites

The operation is difficult and the
experimental steps are complicated

hybrid poplar(Populus nigra x P. maximow-
iczii)!", Gossypium hirsutum L.}, Robinia
pseudoacacia L', Ipomoea cairica L.

Gossypium davidsonii'®

Oryza sativa L', Ulmus minor Mill.l""),
Spathiphyllum and Anthurium!"®!, C. sinen-
sis!"?!

Brassica oleraceavar botrytis®™ Echinacea
purpurea®

Musa nana Lour.””

BIE & AR R, 3 R e B R P R R A
AR IE R A K

132 BEE HRRIEE 0 AR R R R
PR AR — A B AR, BB AR R 2
G415 LA, B I I AR A A U R KK
W BELKHBEAGE AL EBELKRAD, AF
HI R B E A AR 2SR B, R/
W (Broussonetia kazinoki Sieb)M- P i A4 it 44 P AF 1
FREGWTETE b, OKASERA B, 44 R HE SR ME Ty
BIEFIN, MR A2 RN, BT AR 3 =
HEARMIAR, B F1En %2 M2, HE R
VERBE ] LA S AR 820 2

133 3R KA BEFREONFE TR AR A B
SR T B0 IR, H A 2 W T 438
TR B FE AR B TR EESCHR 23 R LA SR IR B A A, K
BRT AR E AR TRV, MSERIEP). BS
HAIEIRHLI, WPME TR KM8PH: R I 45
AN R SR A S A IR, HLrh, KMSPH: IR L
AN EEFREE, |z N T R AR
Tro AEZANFE RIS+ AR IR I AT — € ) (i
TPV, AR AR S 2 5 A 5 B A 17 4
MSH; FRIEAIWPME; R 5k 2, R BE I I 3 /5
R Tk ¥ U TR R RV REAT IR

1.3.4 sMRANEA  WEICRW, 8RR RART IR 1K
AN LN e A B T IR AR SRR AR K S
% MWD E R IR TR A A Sk P AR 0 B

JEIIR R 2 —, KA JE A AR B, 7240 5 B i
INANEB R . A 2 7 24 22 PR AE AR 40
Jf 5 5% o b A B 2 IR, REFARHAK R
YT 3 24 257 I Bl 40 B 11 A0 i R v R 9
VRS2, ZE S N8R R G P SR A R AR RS 77
ANIRAE A R NN SR AR iR AR 5 A T 8 A K g b B2
%Ak, TAKEUCHIDZPVK 3, 735 77 K A8 (Vinca
rosea) )AL I ARRS, G0 S ah /DA K3 2,4-D, JFAE 1R
P AR A B B () 20%R B2E F BE . AR UCHIMIYAZES!
15 5% S R JiE A Jo A 1) SI2 6 45 SR 5 A A I, UCHI-
MIYA ) 485 3 81, Az K 378 000 50 i A= o A4 1% 77 o
HARRIEMRMIEA . KT MM n R R LR
P a5 7% 1 A/E L, TAOSEB2 R B, 7 0 B 5 A2 Joi Ak
Bk RPN > R BA, JRAE RS R AT
ZF I 5, UCHIMIYASEPURI I S R B, /£ 5
BB Z 3G IRk v, M BT 50 A I 4 FF A 4 B BE R 2
R IE85%; 11 AN M 43 24 Z AR 3 JiR AR o Ak A 41
L BE AL B AT M ATE . A, BVE R X A R
A 1 A KA B2, COCKING %P AIBALSEVICH
LI IR, BLTE R R A AR AR K B
— RN HIE ), {252, ROBERTSPI/E 1: 77 K
R T2 S5 A A ) S R R IR, AR B B
F2(0.1~1.0 pmol/L) ] A$ iy J5 A2 B A A7 26

B T AED B R, A P BE TR B, 2R AR
AR 5 9 5 AR 28 R JE AR AR R R B Rk
Mo 7Ll 3% (Beta vulgaris L)W A J5 A= 5 AR 155 57 1Y



g AR S : AR ) I A A ) A e A

137

1t 5 h, GRZEBELUSZ ) B, 1) 35 77 1A 2 vh 7 Il
10 nmol/LAE Wi Jik 25 T AR RS o Ji A Jog 4 (R R Al
o PFUREEH RSN — A a0 A A ok
S T4, HOR AR o A4 1R 3% 70 A0 P AR A e i AR
BT, fEm ST, 2S5 2 MAEKREER,
L N 22 i KT AR AT e S5 R A SR A SR AR IR 4 g
PERIEAH K. RAKOSY S8R i, K i 41 it Ji
A AR AR TR 423 2L

DRI g 1400 240 6 A 5 5 e A 1 P VR BB R A K
VAT R, B DA AL TR AR BT AR 55 75 v R B
R G — AR itE, T AN 1 75 oK 75 2 [F) H
PR 1 & BT DUAR &S &, AN [E] IR A0 kLT 41
VS A AU R I 8 Sk B () 75 SR 22 AR Ko F R
A €8 1 43 FE RS B H (liquid chromatography-high
resolution mass spectrometry, LC-HRMS). ¥ AH % —
HR X RE (liquid chromatography with tandem mass
spectrometry, LCMS/MS)&& £ Al 7€ Ji7 A= 51 44 AN [7]
AR BORE TR 2 B A IR B0 5 DR R K, AT
DA JR AR o A4 55 SR 0 5T R AN I R i £ R it 2
EAUN
135 BAREMH  EEMOEFRF R AL
N 4 i B 1 B AR R A R B AR . IR RO R 2
P B B AR B HE Ao i AR Joi A 35 5% 1Y) iR BE 48 i A
24~28 °CHVE N LA & &, B oRid A2 MRt
R T BRI B TR R 8, — MR A ) J5 A2 o
PRERFRANTR S ATOU IR, TR H R 7, DR 90t
HERT A 20 4 BB A 0 . (H 2 AT — SeiF s R
W, FER TR R, 05 i Sk 1) R AR AR 25 T O
FRRI T DA v 4 B B A

2 WRREE A IIEMRAR
2.1 YFREEHESIEREMR

UK, B T bRic HoR & % 2K 8 il
B0 R N AN EE SR BT FEBESE T AR, v 0 R
P 20 B AR S50 AR O 7 2 L B 1 A 1 it e ELUE
MIUESE . 7 B AT 9O 2 B A 4 i BE P 2R
JRABRIE TR B
2.1.1 wFRasa FAERAHTE 4
BELE W A6 WA N IR O B, 1 T
DU PT DA L AR AR H T A A0 P BE B T SRR AIE, A 45
B o A S BOR B il b 32 BE 46 T B A BE [ ) 5t
J 7 (1 0N ARGt 2 i), S — b EAR R R AL F

A RE Y TR i E I T AR, PO-
INARZEW R B, 20 IR A R A 1% 973K 5 4l i e &
kP2 RSB, SR AT A A B, [FAE R
FHIE S 7 B, R R SECILEE B, /N 37 i
(Physcomitrella patens.) i A& it & 75 55 722K I 7E 4H
PR b3k 2 B AT 2 ) R A, MG TR B BB AR IR
AT 2 AR B AL A LB . FOWKESEMRI A
F B I BT K T (Ammi visnaga.) )R AE FARAEAS
[Fi) 157 7 B ) 200 P B A A O, S FH 7S R e (0 E S
JEA AT AR BE R RO 2 B, a5 RO, R AR PR
BEFR2K G A PR AR T P A A A AN S AN 4, 28
4RI L BE R A C AR Gy R N 2, I FL 4 2
FTFUE 732 o A S R ol o JO v PR i A R A
(1 R TR I, DR AR A S 3% 1 R i 4 i P A i
55 B I N, v AR R 1] S T A S 5,
FIIE ORI 5 IR THT T IR U AR BE, HLah R
B, YR R 2R AR (1 3 3 7E 40 P B i A T AR
RAFE A . NAGATAZE W 55 - ) J5 A= 5 44
MEHBAR B T 5 AR AL 45 R, FLAF i g5 R
FH: AR G0 B BE T AR () SR R3S /NI ), 4
T AR 11 S A A BEHLHE S 1, 5048 2 328 o JEE L
SR —HE; SR G B 2R BE S XTI SR A — B 5 )
PE; TEREFRTR G, H I 3R T T B B 28 2R ) 41 4,
BAERRWME R R BT RS RIE, WILLI-
SONZELRE 2 i Ji A2 o2 A7 P A= 4t Jf B (1) 5 R A 44y
BB S — A B AEBE R — AN 2 R R G A
P, 4 5 550 AR B TR LA A B AR AN B
A AR IE T S E 2 FERG F e —MoE R
W5 T3 7 TR AR R AR RN B B 2 TR 1 S (R, HL R
il e P 4T L B

212 RABMBAML BT EMBERGRTER
T o 0 BRI L 7R K 4 B B 2 R, ASRESE IR
TEAN ML AR . T AR L R Ok L R AR R
BRI I 20 P RS AR PR I SR A S A2 R F B 4
JfLBE T A BB B S . R 2 ' BSR4
HE IR I AE 75 BN P AR BE L0, 3 (7 (calcofluor
white, CW)s& — N H# 2 1 Al i i ek}, ] DL
e £ 4 R (I B- 1 AR E B e A5 A . FAE1970
T, NAGATAZEM gl 2 B, CW A2 HE 4 4H it B 1) 418 R
F 7, I HARATT R CW G (o 25 AR 5 44 35 A 40
BE SR TE N 4 B BE P AR 10 FE . HAHNESEW 1 7¢
R, 78 A A 74 R I CW AN 22 5 1 i
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A FiFR16/INN J5 B A U o G (P) AR T AL AT 21 4 367 2, Chl: 4 B 4 OB FRAE 1 B BE(HE R3S/ IR ), 5 ALK T T AL 3RS 2T 44 (F);
C: AHREE RS W IR SR G), T 225 BUBFAT, D: i BE F AR B (IR TR ), SIS TP s A s 2 27 4«

A: no cellulose was produced on the surface of the plasma membrane (P) in the protoplasts after 16 h of cultivation, Chl: chloroplast; B: in the early

stage of cell wall regeneration (after 35 h of culture), microfibrils (F) were visible on the plasma membrane surface; C: in the late stage of cell wall re-

generation (after 5 days of culture), the microfibrils were parallel to the plasma membrane; D: at the mature stage of cell wall regeneration (after 7 days

of culture), dense interwoven fibers were formed on the surface of cell membrane.
E1 RS R R R E (RIESE SRk [42]1550)

Fig.1 Electron microscopy of cell wall regenerated from tobacco protoplasts (modified from reference [42])

A2 TR A A G B, CW R — R AR (1) 200 Bl B 7 e
BE, T B2 ACW Bt 40 e I i AR Joi 4 B AR BE 1R
FRAG 1L,

N T VR AT A 5 AR O A T AR A A R I A
w2 U 21 I 4T 22 A8 T AR AR TR A ORI
RYUSUKE&FYH 58 61 F 77 Gy o P AR dh e, S8 )5
PO TR A BB AT M AT 2 B AR I, K
IR AR Jof A A L SR IR A 4 2 AT 2 ) B AL HE
B, BRI 22 M HES B — 2 7 . X IR,
FAH MRV AT e g 7 T A i 5 IRk Ak
AR . AMSTEL S5 56 0 B i A= Jo A 75 4= 41
JfLBE FEAT ¢ O AR 3R B, R B D5 A o A PR AR AE 3053
B N G 7 D AR O AR SR T AN () PR ST TR A 41 22,
BE 5, B 7 VR £ 4 3 A 22 GR e 4R Bk i
DURR, W72 P 7 AR AL R 46

PN AR R T AT LUK 20 P BE P AR o R T AL,
T BE S B A M URR LR R A T A 3 T ) 4T 4 R AT

2, KUKISEPIT R | —FioE LR E BT, 1
T TSR T DA i A A ) 2 B A ) 50
SRR, — IR RBEAR AR (AT 4 Z AT 22 1)
B EFHERPALT 2 SR AP I f B AT B Ak, 3
Hh 2 4 2R T 22 R RE T DL SO 22 SR AT 2 BOR 1
UL, AT 22 BT R i B AT e R AT 2 DT B
—AMRUFIIFEAR, 1248 B AT LA D 4 A 1) B
EHEbR.
2.2 YRAREE A S IZARAREELE S 4

AN BE I+ o> B2k, FERANE IR JRUAE B Ak
FIZE HH R 20 i B 2 4 A B, A0) A BE Y T2 SR
AR PR RMBN . TR TE RN IET 21k
N QRNIE 8- NI SR I D4 S D A
X L i B 2H 7y 78 4 B £ A 0 R RO
AT RE . B G R EE A R R A A B
ALy R 2 A5 S AT B B A S ] P 4 P B A
(RIAL o



T FLAR AR A A R R A B A

139

A

20 pm

A JFAE AR TR0/, AR T BOA AT 227 28, B: JRAE BUIRIE TR 6/ NN, AT 22 TR AE A M ISR ThT B 0 IR C: JR AR BT 724/, 3

2l 2RI T R B AR R, AR TR U A 2T 22 1 45

A: no microfibrils were produced on the surface of cell membrane in freshly isolated protoplasts; B: microfibrils began to deposit on the surface of cell

membrane in the first 6 h after cultivation; C: microfibrils accumulated on the cell membrane surface, and a dense microfibril network formed on the

cell surface after 24 h of cultivation.

E2 #lEITRE RIABE MR B MIRAR B (IRHESE SCRR[46]1£250)

Fig.2 Fluorescence microscopy of cell wall regenerated from Arabidopsis thaliana protoplasts (modified from reference [46])

2 2ff 2 ORI 3 R B SOk et I T R
T U S H AR AT I, BT SCH fBE gy O 4
I, AT FEA R A 4 2% DLAN ) At 20 o B 4
Gy BRI AR T RN, TR AR oA IR AR A
i B AR ) 20 23 B AR 1 ) A L BE A7 AE 2 o B
1, 1978 FKOMAMINEZ:hd It i 2 15 1% L
T KF AL (Vinca rosea) i A J5i A 7525 11 41 A% R0 &
T R T B 48 R BE ) R gy, 2R B, AT
e V2 P A PR B DR AR o R AR TR A B RE i B
B-1,3FHB- 1,44 H5 Bt 1) AF £ 4t 25 1 SR MH 2L Rk, SR e A
oA YL R S B BRI, X R A B AR Z g —
6 24 fif B Bl 23 DURR 21 P AR 40 PR BE () BE /1. HANKE
FINORTHCOTEFE 19744 1 ¥ i, K &R A
A P AR A A BE O B R Ay, FF HARATIHER, 2
il HF 58 BT W %5 3] 1) Ji A B AR B 2F R T AR R Y
ERM K ER . {HiEGODELZPZE S N 5L i
PR AR BE FROR BT HELM20$T [7) 7Y 2= L 03 5 15 SR v
(leeds monoclonal 20-anti-homogalacturonan)$g {4 i
B SRR 53 o AT DL, AR BT A4 B A 4 R EE )
H R TP IAAEAE 2 7. BT 3L R A
(arabinoglactan-proteins, AGPs)tH +& 41 ffd & F 2F i 57
HOCERMEEM 2 —. 5N LR, AGPsH] fig
T 24 i B (1) S e P DA % 200 P e P 35 4 7 A e g 2530,
RUMYANTSEVA PR T, AGPstE 4 il B 1) 2H 2%
R R FE T AE. BUTOWTEE S JIMSAIIIM133%
PR 10 T R B 2 M S A O A 4 e A S AR
AGPsI A it o, g5 R BIR, 785 AR R R 72 1

2R VAN ASRERT I BIAGPsH 772 28, ¥5 7R 2 4R A
BE B LA AT DU I B AGPs 1) 72 425, {H 72 GODEL
SEOUERAEE D IR AR A AR BE A T R BN, 4 R
R 55 6 1 BRI AL 22 B 23 7t 75 /A TIMSATTIM 1331
AAGPs. XN T 45 R R | AGPSTE A [ 4 A
(10 200 B P A R AT e B AN R D e

N2, AR O AR A 4 R R 1 2 3 2 1 B
2 it B P AR LR L AN T — U TR . BOR H AT
i B 5 2H 3 iR A Jo s 240 P B AR el R R R B
3 VA AT I b R AE L R, {H Bl 5 41 S BE AR iC 1
AR, WU TAEES 52 B s .
T AR R J S oK 1) e B AR 8 21 470 2 A0 6 15 (fourier
transform infrared microspectroscopy, FTIR)®®, =
$i 2 1 (confocal Raman microspectroscopy, CRM)P"
AR S 3046 70 Wi b7 25U (coherent anti-stokes Raman
scattering, CARS) i il RFAN 52 3 4 2 HUH (stimu-
lated Raman scattering, SRS) i AR P45 F R #F7EAE
Py 28 23 1 20 e B 2L - Aar W o R T R, R
ARAE 3 A Ji A oA 72 40 PR e ) 2693 D7 Tl R T
ZIINH
2.3 RREERAE NS FIEENHIMR

ST 2 i B P AR ) AT T AR b AR AR B )
TE AW 70 AN 20 MR BE Jid 73 45 5 i, AR BE IR 2H 3 K oy
TR M AR S 2%, A R LA BRI TN
R % . ALBERSHEIMU VR fih (] [7) S A T4 H T 58
— /NI A 2 B B DR 2% 2 R [ G R, R R SR B
(xyloglucan xylosyltransferase, XXT)iffl i & 8 il £F
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YE R IR AT 22 B e — kS, FU A 1% 24 i B e g 3R
AV an F ) S i I 3L B S K R I .

CAVALIER S B, #l Fd T (Arabidopsis thaliana)
XXTARAS R xxt ] xxt2Ek = A% F 0, (H 2 B4 1B
(Y141 fitd BE 45 #4), CAVALIER [ BF 78 5% _F 3 ) £ 452 7
FEH TR PR . 20204, KUKIEEE 1) 58T A 510
2 B, 2400 T T I PR 200 i 5 A Jo A i A 4 i B 1)
Ul S NG TR 8 DO S A s e NSRRI GRS
FEATE AL T 1, FE B A SRR 0L B B 21
Y 22 N 28 D T AR o A AR W AR AR PR EE BRI TR
PR DRt A 0G4 R BE P AR 1) 23 T A AL
AEAE P, (5 B 240 o B AR 1K) 23 1 AL AT DL B 4
RSN B RE B AR R . IRk, sk R A
S B AR BIE A R R R A 4 s A B A Y
3 FALEIBIE T 4. SHARMASESI 3 1 /K F&
(Oryza sativa L)z 41 i 2 B 24 i B AHT 40 B 7
X — i R SR A AR, FE HAR R T REK
TR M EE 2 F I — IR R, b J 30 48 B A=
AT 4 W5 S 7K At I ) (o ViE o B B-TE KR B L
TR B FIGH365K R 2k [K]) . 4/ 2.0 i 7 [K] -1 (eth-
ylene response factor, ERF)4% 3% [K 7 I K. 34>
PREERE A 3R A IR &R R = A1
AR PR BG R A0 SE N o Gl IO MR AR AT H R
(suppression subtractive hybridization, SSH), YANG
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Fig.3 Cell wall regeneration model of cotton protoplast based on gene expression pattern (modified from reference [64])
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