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Jm%%?l’z, & %—‘%1, §ﬁ;3if12 {q@:%\l,z*

(L J7RERIRY: 2240, M 5100065 2. ERFIEEHR W25k A= 5IF R T AT E, 1M 510006 )

W OE ESTERRE MR R A AR AR SRS BRI R AT L) A A 4R A A A
BEBIFGE T I A= A T 25 00 T A 2% 2 R85 3 07 1 L A L R TR 3R T IS R ke R A TR 3R R I A o A 3R 1Y 5
M), 308 3 00 7 ) LA A N RS A L O S TR 2 — 2D WY R £ VR B A M Rl B ] R
BN AR5 R R A BR R & 15200, 45 R 1 4 T A= oA 1 35 B 45 148y pHS. 8, AR IRLFE 25 °C
Ji AR SR % 5 D R Y MS, B 95 BEEA T IR A AL R EH 0.2 mg -+ L7 NAA 2.0 mg - L"6-BA ¥
FEEE 2.0x10° 4> « mL" BRI 1.0% (BRK i I 2 11 500 mg « L7 5510 F T A IR 23 R0 % AR AR
g ven , FLIF4f 40 24 B 18] R 40 6 P TR o it 1 #6825 U400 B Tl & 7= 400 075 1 315 BT R 69.33 ~ 87.35 jum; LA 40%
PEG 6000 {242 flt 30 min JIA 0.5 f PR FBUR il G A0 I %5 B2 2.0 10° 4>« mL™ (9 25 (4R i 47 Ji A= I 1
B, RERAIL 57.19% ; AR RGP 20 IR AR T 2 D 1 5l g3 B A= i 2L
9&%31%: SRR, RO TR, RAETUARE, AETUARLG, Bt E
hESES: Q945 XEFRIRAS . A XEHHS: 1000-3142(2018) 10-1310-09

Optimization of protoplasts preparation, culture
and fusion in Pogostemon cablin
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Abstract ; For establishing a high efficient and stable protoplast culture and fusion technology system, the protoplasts ob-
tained from Pogostemon cablin’ s callus, were studied as the material for enzymatic hydrolysis conditions of protoplast
preparation, and on this base, the effects of culture methods, cell density, hormone types and concentrations on the pro-
toplast culture were studied. Screening range of fusion cells was determined by measuring the diameter of fusion

products. The effects of PEG concentration, cell density, incubation time and amount of fusion fluid on the fusion rate of
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protoplasts were studied by single factor analysis. The results showed that the vitality of protoplast reached the highest

value at 25 C and the optimal pH for enzymatically hydrolyzing was 5.8. The improved medium MS, , which consisted
half of ammonium salt (NH,NO, 825 mg + L"), added the hormones about 0.2 mg + L' NAA and 2.0 mg - L.'6-BA was

used to embed in sodium alginate. With the conditions of 2.0x 10" protoplasts - mL™ of the cell density, 1% sucrose con-

tent and 500 mg + L' acid hydrolyzed casein, protoplasts got into division and formation of cell clusters earlier and had

the higher division frequency and plating efficiency. The range of double cell fusion products was 69.33-87.35 wm; 40%

PEG 6000 was selected to promote the chemical fusion. With the increase of fusion time, cell density and amount of fu-

sion liquid, both polymerization rate and polycondensation rate increased. With 0.5 times volume of the fusion solution,

2.0 x 10 protoplasts + mL" of the cell density and 30 min of fusion time, the polymerization rate was up to 57.19%. After

two months’ embedding cultivation, the callus was observed.

Key words: Pogostemon cablin, PEG, protoplast preparation, protoplast fusion, breeding

J2E7F ( Pogostemon cablin) A BRI £ 58
T, 2T 7R W b 245 6F , 205 35 A i Fep ki
RFMEZIR(ER A MZ 25 2015) , BAREY
PP R R A T O B i TR B A
ORI (2RI 55, 2005 ; 34/ B% 25, 2004 ) , &%
Ffreb 2 Y S JEORE A, )RR AR I A B
P SRR BN JF AT A R 4 A 2 12 [ B o Ak
Z2 VS8 RS R bR S M LAY BT R
AT B s A il (R AR AE,2010) , )74
5 1) e el g ST A 1 DR 5, AR /D B R A
B bt G MR A SR A0 ™ 1 AN ] 245 s
PRI R B 26 Sl B BT 50 B RN R E
FURNTIHE e R ) 700 ) MR AS 435 it 22 — S I Joe ot o
SR EUH A R E  H S, TR E
TCHEETE G e B P28 L R 35 251 A B H R Al
B AT B BT IR R T A

J A TR B A P AR B BRI RE T, SR i
FTUNMLRS o3 B B 3k DR 0 3k 1R ) 68 0 W A5 WF 5 1Y
PRARRERE, o2 LA I 4 22 75 UG & BT o iy A
£k Bl ( Eeckhaut et al, 2013) . 7E o 245 £ 5 Fh 7
TEFIA BT Rk BT T, R oA A 7 T A i 2
SR M AR AT Z AR iERZ —, H
AR D A oA 1 8 Rl K 22 LA G A 125 o 5 D
A iR PEG 5 5 i AL TR flA (Mackwska et al,
2014; Mori et al, 2014; Z/NEESE,2015) , 1M Al 7
2 T B T) R 375 7] 2H B2 R T i i 0 T A
JEAE AR B 2 [ (Hongoh et al, 2003) , PEG
e B RNl A s [ S2 R PEG 5 S IR AR TR Rl A& 1)

FE KK (Durieu & Ochatt, 2000) . £ A 1% 2L A
FONF 5 A= Jo A ) A A0 G ok R Y R 2 R G
7R T A JBT A T A R R R A AR 0 ORI
ARWEFE ARG R B9 A0 BT 2245 S ARk 7R AT 9
Xof )R T B PR A L A B A T A3 S 5 AR Y Y
Henib b (R, 2016) , B 5N R B 15 SR 07 1k B
TR AR T T IR A B SRR JF A
HWTSE PEG ¥R IE 5 & I ) 55 05 Ji A= o 4% it & 1Y
s, LUt PEG 155 22 75 JR AR R il &
WY S5, S RGeS ) FE A 0 AR AR A
FORR FR B 5E S S At

1 #R5 7%

1.1 ##Fi7

B IR B R A T AR 2580 R 5 25 A P el e
i AR [ AR S N R IE R RS R Y T AR
( Pogostemon cablin) , X3 : 5¢ 6 WS TR T ( fluo-
rescein diacetate, FDA) & Solarbio 23 &] ;= &, £F 4
Z il (cellulase) |- 2] 4k Z if§ ( hemicellulase ) | i
liff ( pectinase ) SN Sigma 23 H] F= i Hp A ikx R
B 7 1 o A il )
1.2 77k
1.2.1 Bk md  RAG BRI BH 2% Rl s
(2016) 1753k, AR TR BETR ( CPW-4M ) 4% R 2
T (2003) 5L TC ], LA MS g BeARE SR AL e 4h
B 0.4 mol + L H #28%0.1% MMk ZHER (MES) |
0.1% FILMSE A [F] i B 118 JREAH i 3 A 0 | A= A 7]
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K R AR A I M?H%ﬁ*%ﬁt 1.2% B0
¥%.0.1% MES .pH 5.8, W BERRENTE I : 1.5% 165 PR TR
B, LLICES IR A R B SR (AN & CaCly) 71,90
C# JE K H 20 min, PEG fl &% 10 mmol - L
CaCl, - 2H,0.0.7 mmol - L' KH,PO,.0.1 moL - L
HEER 30% ~50% PEG 6000, pH 5.8, i 0.45
pm FLIERSES 4 CARAE, MR RTE 0.22 pm fALUE
JEM TR, =5 pH =5 55 YE W 2 % Kao & Michayluk
(1974) B9 )5 RBCHl . FDA 3% BUS mg FDA 5T 1
mL P 0 C LA NI AE . DL sl B e s 4 )
PIFE 121 C M E R KEE M,

122 & 4agFFE&FEn UAMTER
S AME R, BaF T MS+0.05 2,4-D+0.5 KT( 247K
mg « LN [A]) BARRE SR DL 12 h - 47 DR
1500 1x.(25+£2) CE&MH T3, B 2/ a0

HA ., BRI AN IR B 2 A, B A TRAIR B 3R
Fe AT BIER SR 135 v - min™  $EFRE 70 ¢
FW - L' e U 24 d,

1.2.3 R ARk 4 &

1.2.3.1 W pH FIE A I B 09 0 3 27 20 O 4K
Pk 40,100 H M IR FHE 1 10(m/v) A

ANTA] pH H A TR A T8 T A % 255 1 i JBE ot 43 15 1) B2
Wi 5 1% 8 23.25.28.30 C 4 PR EREE, 50 ¢ -
min’liﬁ%)wﬁ?ﬂﬁ’i 12 h, 2% 525 B X 1 A 1 45 D
ARE R, Gl g AT, B )T R A R A
Jﬁﬁiﬁiﬂ%é@ﬁﬁm pH IV i VR
1.2.3.2 JiAE AR 2l fb i 55 il i WA Yk 3t 40
100,200 H i [, W 42 3 W 1 000 v+ min™ B0 3
min 2= _F 3, UIHEMNIE & CPW-4M IR &) 5 B
OIEEL B, EE 3 WE, ULE R 2 5L Bk R
TR P ORAE
1.24 FE5F 602 1.2.3.2 F45 2175

O AR 5 83 I A i BR T O b AR D AR A
é&,ﬁﬁfi%ﬁﬁmﬁ%ﬁ/\ﬁﬁnﬂ TR ERE AR
T3 WK, B I AR [ B R A =5, R
I (AL S Yl 3 (E (TR .

JE A A B BE (A - mL) = 5 KA N JE AR
JE AR BB x 5% 10 000 x Fi B8 A% 435 J5 AR ot 44 7 &
(A~ - g MIHE AL .

38 &
o B TR A I R AR
P = i (e
JEAARTE 112 2% Widholm (1972) f75 1%, 1E
K%EM%FM AR
. LT T % 9 6 A R 8
PR 0 = e i o e
x100%

1.2.5 BRARKRE R HERMIIKIZR IR IR
ARG ERONZ B 57 1 B R A 3 8 5 4 F
ﬁ{a&xﬂﬁiﬁwiﬂ%mﬁ‘ﬂﬁ BE 3R R 2% 10°
cmL, B FE S MS, +0.2 NAA +2.0 6-BA +
1.0%?&(1%‘%00 mg « L FRIK R A
W R e, BRI REE (4
1.0x10° .2.0x10° .4.0x10° .6.0x10° 4> - mL™) Al
BAR R oy (IR ER B R UR R K i i R
F) (33 FE 4) XAz AR 35 152, D)4 24
Eﬁi‘iiﬁmﬁjﬁ%%ﬁ ﬁ TR .
4y 2 4 ¥
. PREF PN A0 i AT
BB =y s e
1.2.6 B AR kaks R pH S8 ER G A
A K oy s aliAb e 04 J AR A B VF T 2 CPW-
AM WP B D VRIS W % B (0.5.1.0,
2.0 .3.0x10°4 « mL™"), TIEFR M b #E 15 min;
BN 30% .40% 50% 1Y) PEG 6000 Ffi 4%,
At R R A B B PR AR R AN [ 45 450 (0.2.,0.5 .
1.0 2.0 1) , %8 5 min; F6 0 FL & W 2 %E’J
5 pH R ES YRR, B B AT A 10 ~ 40 ming iR A7
B E X b, EE 3R BRI R ri‘aff%u.»ﬁﬁ
MM EA, THARRAGR ZRE ARXWT .,
XU JifL 2R 5 118 it A o AR 5

x100% ,

REHE= R T TR x100% ;
P 34K 3 AL AR G e R A ST AR
SRR AL
x100%

1.2.7 @& = He)if it 2% Hao et al (2002) 5

PR BN 244 A F 4L (NDC) B ELAE R, Fl v
ﬂﬁéﬂiﬂ@ﬂ@ﬁh R, ZIEIfFE N R,=0.793 TR, . /*
SIER AR B RE S 6~7 d (T4 Z) |, 3158
1T NDC 4l B2 I R SFIME 17557 10~ 12 d
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(thiignfz) &It AT R, P18, Bk
WLEE 100 A AL ] sEmi il & B A A 20

S XS (2010) B J7 %, 7T A1 2 S IR
BoiRml & 5 - Y N R, SRR ERE R,
FEXT A A, — ARG A B4R (R, -R,) <
XA fl 5 77 W) AR (R, R, A AR R T
R, W 3 A4 DL L Rl 5 )

2 HERE5AH

2.1 BfE S X IR A Bk ) & B 52
TEFRATHI RS2 rh | B 20 2 IR o

201 mmEyield 100
~ ——&ENVitality
'ap
; L 90
§;15-
; d b aa b (a2 80
o a
210 ab
> L 70
]
Sl |

5 . . L 60

5.0

1.0 2.0 3.0 4.0
pH{E pH value

EH Vitality (%)

VA 45 B B AL A AR A IR 38 388 FR A 35 700 H 28
P B S 2R AT T R G 5T (R LA ,2016) AR
SCAE ML ELAE I, E— 25 25 Sl A TR S RV pHL (A
Xof A i DA AT RN PR A R R (TR 1), 4
R TE pH 5.8 B, B4 B35 A0 ) A R
A SRR PR A R 1E pH 5.8~ 6.2 I, JRL A A 1%
B AT S I BE, EEE pH 5.8 T
7 7 0 B T A P RS pHL L

Tt 78 JIL FEE A 23 ~ 28 °C I, JRUAE AR P i i v
TE 25 CHE, JEAE B R E 1k Bl i = {8, IR E &
S I AR T B SR A S R T B,
VPR 25 °C Ry 7 7 40 M BE ST ‘L A T A 00 B

201 - 100
TN)
. 90 &
$ 15 =
=4 s
s L 80 ©
) =
2104 R
> L 70 ym
0
R

54 + 60

73 25 28 30
iBE Temperature ('C)

P PRI E R pH DO A= ST 7 i 5 )

Fig. 1 Effects of enzymatic hydrolysis temperature and pH on the protoplast vitality and yield

2.2 REIEEX R & RS 7= 1 2200

2.2.1 RRERF EASRARKZERGB A K
PR )Z ERAUZ | BN bl A 3 55 16 28 R M 4
HE 4 Fo gy 0 AR AR R AT B 9 B OR B A R
WG as R 02 1, R 1 ol LLE IR E )2
5 ERAUZ 1 77 R 53 Z4000 % 5 AR R AR
1EL B3 285 R WL 22 3 A 03 4 U9 5 B0 0 1 55
VR R A 6 M ) 3% 3R VA R AR LT A 4
21 L g R A AL S 0 43 LA )R 43 4
AR5 R AR R A e PRI 4 % 0 35 TR M 0 LV AT
JTRETR IR A BUAR R IR

2.22 RR ML E EARARKBARAG YA W
3T 1.0x10° 2.0%10° .4.0x10° .6.0x10° 4~ - mL" 4
AN TR Y 240 %85 B R AT AR BT AR B R, 45 R LR

2. YYHMLE BE S 2.0x10° 4+ mLT A 43 20
S REARCR AR A B d s, R IS AR B, PR,
Al EPEAN M BN 2.0x10° - mL

223 ARBMEFMNRER KBGO0 FHET
NAA .2,4-D .6-BA R[FI4L G AR X R A A
iR, 2R R 3, 2 6-BA H2.0mg - L',
NAA 24 0.2 mg - LB, J5 AR 44 43 3405 56 5 FE Al
F , NRIE MR WE SR,

224 A EREAMNRERKBRGY 0 FET
BRI K K fifk 1% A5 1 BT R AR BT AR 8 R 1Y
SO SRR 4, BT B MS B 5 R g Eh
W (MS: NH, NO, 1 650 mg - L) Uil 2 ¥k J&F
(MS,) FIA gL £ (MS,) 3 86 B HEAT L8, 45
KL, MS, B IR b A B AR RO | R AR R Y
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Table 1  Effects of different methods on protoplast culture (n=3)
P . IR TP
5@*(5_’\&)’%‘% YA ¥ Al éEHHEPﬂ ﬁj’f/ﬁﬂjﬂl
N 3D VB e - N
N i ] YT IR JE KB Hb i ]
j P YIRS . . Division time for Division . .. .
The first division Cell dump Plating efficiency Time for
Culture method . large numbers frequency Lo
time of cells (%) formation time (%) callus
(d) (d) (d)
(d)
Wk )2 6 12 12.57x0.44 A 14 2.64£0.11 A —
Shallow liquid culture
T MEHE L 3L 9 17 4.27+0.22 D 20 1.38+0.05 C 65
Agarose embedding
[ WAL 7 12 10.40+0.46 B 14 2.21+0.10 B —
Double layer culture
TR AR B L 1 6 14 6.91x0.29 C 16 1.83+0.04 B 63

Sodium alginate embedding

I ISR ITRN x25(n=3) , FFIRFEIRE FHER R 2 7MW B E (P<0.01) . T,

Note: Statistical results are expressed as x+s (n=3), diverse capital letters show extremely significant differences (P<0.01). The same below.

®2 ARMEREENREREEFOZME

Table 2 Effects of different cell densities on protoplast culture (n=13)

I M 5% 5 — R4y 4L ) Wi 3T ES 2 0 1A P AR B LB s L gk
MR A ROPRRT: 5 R i WA
Cell densities The first division time Division frequency Cell dump formation time Plating efficiency Browni

(x10°4> - mL™) (d) (%) (d) (%) rowning
1.0 9 1.31+0.06 C — — —
2.0 6 6.88+0.17 A 16 2.21+0.05 A JG none
4.0 6 6.09+0.16 B 16 1.70+£0.08 B 4> Part
6.0 6 5.80+0.10 B 16 0.92+0.05 C B & Obvious

B, ELIFUA 43 24 ik 1] 01 200 Jif P41 I ok isf i) 2 s
IR I o A 4 W B o NH,NO, 825 mg - L (MS,)
RIS SEEE T 0.5% 1.0% 2.0% K HERE 5 1.0%
PORTZIRE , DL MS, 35 57 56 47 1l 358 1R 4 A 3 15 5
SEI R B R EAE A B VR A L 3 41 i 4 24 T
FEWE B iR 1.0% ), 20 M JF iR 43 24 5F i) 5 0% 1l 4
it PAT B[R] g 5 3 A48 55 A AR AR iy, Sl e
FEMR B, R /K ik T 2R 1% D A o (R B 95 — 2 A2
PEVER, AR BEE T 0,200,500,800 mg + L™ 4
AN A B HEAT SC I, 45 S R BN, R K i 1% B vk
JE 500 mg - L7, 40 A5 SR R B R 3 4 A
SRR A o R R

2.3 AEAIEAEXM R & RERE & K0

2.3.1 @A FHmimke B flES55, BT
HFIF AR EAR N 51.74~69.33 um; &AL

S AT E AR N 65.19~87.35 wm ; BRI EETT
g1, B I Rl 7 ) i BE LA 69.33 ~ 87.35 pum,
232 PEG REM RAER KBRS Hm  FHE
30% 40% .50% ) PEG 6000 Xt J& A= Bk gl & 1 5%
Wi, 25 L0024 PEG 6000 ¥R JE N 40% .50% i,
B RREEE YK 56.24% 1 57.44% | W5 44 [] 25 5+
AN H S R 50% 0, 2 B RiKF]13.74% ,
B & T r A, Fx A B 2 R A Rl A o —
Rik Z R LW EREW(FRS), Wik, PECG
6000 1} B 1L 5 40% 1 HL

2.3.3 MR JE | BRA B R B Rk A iR m N 2T R A
JRARBRA WY # o RlA I R) 20 M 2 R RN A T
T B X S A BT AR il s DL 3R 6, 3R 6 4
FO Bl A RG] 3, R A RS 2 R
Z3n, A4 30 min 5 40 min R GRKEL B E
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Table 3  Effects of different hormone ratios on protoplast culture (n=3)
T 1 5% b 2
NAA 2,4-D 6-BA Ir U R
(mg - L) (mg - 1) (mg - L) Division frequency Plating efficiency
# # # (%) (%)
0.1 0 2.0 7.19+£0.09 a 0.82+0.05 de
0.2 0 2.0 7.08+0.18 ab 1.79+0.09 a
0.3 0 2.0 6.20+0.34 cd 0.49+0.02
0.2 0 1.0 6.35+0.25bed 0.71+£0.04 e
0.2 0 3.0 6.93+0.36abc 1.32+0.07 b
0 0.05 2.0 6.28+0.21 cd 0.90+0.05 d
0 0.05 0.5 5.72+£0.12 d 0.30+£0.02 ¢
0 0.05 1.0 6.54+0.22abc 1.08+0.06 ¢
0 0.1 1.0 4.23+0.32 ¢ 0.39+0.02fg
T FSIAE/NG PR 2257 % (P<0.05) . T,
Note ; Diverse little letters show significant differences (P<0.05). The same below.
x4 HtERXEEREEFHRNT
Table 4  Effects of other factors on protoplast culture
y TR 7K figk W 2 11 W e A B AT 1R B TE AR
. b . IR
e B AL e Acid hydrolyzed s} (1] . ﬁ‘izb? Cell dump Plating
. Carbon . . R Division frequency Lo ..
No.  Medium cource casein The first division time (%) formation time efficiency
(mg -+ L") (d) (d) (%)
1 MS 1.0% JiEHE 500 8 3.52+0.22 C 19 0.91+£0.05 B
1.0% sucrose
2 MS, 1.0% A 500 6 6.89+0.14 A 16 2.05+0.12 A
1.0% sucrose
3 MS, 1.0% bk 500 6 4.92+0.13 B 17 1.19+£0.07 B
1.0% sucrose
4 MS, 0.5% 500 8 5.85+0.28 b 17 0.52+0.03 b
0.5% sucrose
5 MS, 2.0% b 500 6 6.39+0.16 ab 20 0.32+0.02 ¢
2.0% sucrose
6 MS, 1.0% 7 %5 b 500 A W43 54 — — —
1.0% glucose No division
7 MS, 1.0% JEHE 0 11 4.51+£0.31B 21 0.57+0.06C
1.0% sucrose
8 MS, 1.0% 200 9 5.25+0.26B 20 1.03+0.09B
1.0% sucrose
9 MS, 1.0% JFEHE 800 7 7.04£0.27A 16 1.80+0.10A

1.0% sucrose

225 (0 40 min B 22 BTG DA w5 ]
L 30 min S5 11 BE A A A RE B3N, R A RS
ZREMEZ S, UBERREGRERMEERER
N BARE , HEFE 2.0x10° 4> mL R Aol Al
20 Jf 28 B 5 B A T VRO B (R 3G 0, 22 TR
P, NGETH o LU RS SRR il G WS 41

TRFRLL e 0.5 T 1.0 200 A 3R, 44 FR IR AR UR B
IRHR BE TN, 5 0.5 Ff il & 0 Bod i A =, it
ST REHRIES57.19%, ZRE N 9.2%,

iz R A AR AR A A 3 A% Rl 8 R
AlG 2 F, AT ) FE B TR A R A TR A By
FIBRE BB TIRAS AR E T BI040 K
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Table 5 Effects of different PEG 6000 concentrations

on protoplast culture (n=13)

PEG 6000 ¥k i

Concentration of

BoK

Polymerization

Polycondensation

FRENELIEREH 2 /\H W52 ﬂﬁ}‘féﬂd\ﬁi

3 Wik

PEG 6000 rate rate 3.1 BAEFREIER
. P
- - - e SE T TSI
30 40.17+1.28 B 8.19+0.14 C 1Z|§1J‘§’%EI E_;ur] %%%@@%Eﬁ%m@iiiﬁﬁ%ﬂgﬁ
40 56.24+1.36 A 9.63+0.21 B . Jﬂ:ﬁ{f}% ﬂ: IE] ,M: iﬁ?% &6 ﬁ,ﬁ.?& 'TZIS iﬁ
i it b R TR AR E A 55 LR LA 0 Bl A —
x6 BAME HEZEERMEBEMAENFRERERRSHIM
Table 6  Effects of fusion time, cell density and volume of fusion fluid on protoplast culture
Gy £y B ] 40 L 2 WS AT AR LL RAH ZR%
No. Fusmq time Cell density Vo!umc ratio of fu519n Polymerization rate Polycondensation rate
(min) (x10°4> « mL™") fluid to culture media (%) (%)

1 10 2.0 0.5 47.33+£2.81b 8.50+0.53b

2 20 2.0 0.5 50.23+2.22ab 9.16+0.70b

3 30 2.0 0.5 57.19+£2.95 A 9.20+0.76 B

4 40 2.0 0.5 56.13+2.91a 11.84+1.05a

5 30 0.5 0.5 38.50+1.12 C 6.31+0.33 C

6 30 1.0 0.5 46.35+1.81 B 7.51+0.37 BC

7 30 3.0 0.5 59.25+0.57 A 18.35+0.81 A

8 30 2.0 0.2 40.73+2.53B 7.83+0.29B

9 30 2.0 1.0 56.44+2.73A 9.60+0.44B

10 30 2.0 2.0 51.05+£3.75A 24.27+£1.57A

Tl o3 A B W), T B R B BT b 2 A X — A X
THERERE B T 3 5 AR A iy B 57 07 0, AT LA
RE BN A B 08 (heat shock ) X i A= Jl AR Y
P (B 12855, 1988) . BRI IR R = 5 [ W
JE KGR0 A BT T R A 2 O A 1Y 43 405
FMAEAR R H I A EATE At ?E?F\,ﬁfﬁb%%
& A BTy 2405 20 i A R 4 2 | T R 2 D)
A1 BT 7 A= 0 AH LB A A ™ T S
ARG, R A AR TR B R I Y A AR 4
L BE A 2.0x10° 4> - mL™, #40i (2010) A A 46 il
W R AERITE 100~ 1074 - mL | 5AHFIE LS
R—E TR A AR K 52 3 40 i R A 1 A
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Note: A. Bright field image of protoplast from P. cablin by FDA fluorescent staining; B. Dark field image of protoplast from P. cablin

by FDA fluorescent staining; C. Protoplast morphology in fusion process; D. Morphology of fused protoplasts after washing;

E. The first division of fused protoplasts; F. The second division of fused protoplasts.
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Plate I Protoplast morphology of Pogostemon cablin in fusion process
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