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HifRL & o)l k3t Brassica oleracea var. acephala 2}
B. juncea 2] Heterokaryon9 #&Eol| BRI B4

S - R

Selection of Heterokaryon of Brassica oleracea var.

acephala and B. juncea by Protoplast Fusion
Kim, Hal-lim - Oh, Byong-kwon

Summary

This study was conducted to produce heterokaryon of protoplasts in Brassica oferacea var.
acephala and B. juncea fused by PEG(M, W, 6,000) and dextran, Calli exhibiting vigorous
growth were selected from the PEG(M. W, 6,000) and dextran treated protoplasts and
plantlets were regenerated from after about 3 months of culture,

To identify heterokaryon (interspecific hybrid) was conducted by counting indicated
chromosome number of root of heterokaryon plantlet,

The results obtained were summarized as follows;

The most healthy protoplasts could be obtained when Brassica oleracea var. acephala was
treated with emzymes containing pectolyase Y-23 0.5% and cellulase 0.5%. and B. juncea
was treated with enzymes containing macerosin R 1.0% and cellulase 2.0%.

Fusion frequency was high in each of 25% PEG(M, W. 6,000) and in 0.2N NaOH of
dextran, however, their combined effect was not greater then as it was expected,

First cell division was obtained after cultering the protoplasts in liquid modified MS
medium supplemented with 2.4-D 0.2mg/¢, NAA 0.3mg/¢, mannitol 0.1M and glucose
0.4M,

First cell division was observed 3 days after plating and sustained to produce cell
colonies after another 19 days. When microcalli 5 weeks after plating were transferred to

MS medium with 2.4-D 1.0mg/¢, NAA 0.3mg/¢.
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Multiple shoots were induced on MS medium supplemented with NAA 0.1mg/¢, BA 1.0mg

/8.

I. ¥ &

Brassica M%) MhiginEel FE#<
K45 —FELMeolyt, B oleracea var. acephala
© HIRE ksl BL & 3l 54 FiES
Ztn Qo

Brassica oleracea var. acephalex Brassica/l #5
2] genomes #7liol 4l group I (cc, n=9)
o] &3}, vitamin-C2} amino acid® R5&
&k 2R3z Y RITASR Yol FIASIR
9lewy, B junceac group I (aabb. B
compestris (aa) X B. nigra(bb) , n=18) ol &3},
myrosin ¥& 83T U4 BEHE A
sla 3,

a2y, Brassica-& Bz o9,
ololl RE T BErLQ] MiamtE< FA, B
HEMA S FHE M3l heterokaryon (2n=54) &
Bz & KBS BIT3IH

0. #8 R Hk

1. WM

Brassica oleracea var. acephale= TirholA] BT&
AR AL, 28l B juncess BMNARR B
BXR MRmshol A BEY AL EEsld B
Egslolct,

R A Riel (EAY B~ Fluka AGe]

A} cellulase®, 28z pectolyase Y-23&

Seishin Pharmaceutical Co,of4], macerosin
R-& Kyowa Chemical Products Co, ol 4] A
shod 4T BEATOl RE SIS (AR

R EK oAU polyethylene glycol
(PEG: M, W. 6,000) 3 dextrang Fluka AG
ol WAzt ERs T,

2. REEmR on

Brassica olerace var. acephala®} B. juncea HEF&
70% ethanol2 30#fH ZEHRET F. 5%
sodium hypochloriteo] 2058 &R}z BE
K2 3~43 A3 250mf Flaskel 5504 &3}
ek, ol EAT Eht hormoneg 3=l
%2 3 19 Murashige and Skoog's Medium
€ AHE3len e 4y e A
#A4& Aol sl Aesieict,

ol 2t 2~3em At £, o2 FEL 1~2
s A ek 0.55M2) mannitolZBgol 4 185
&< plasmolying A1 ¥, FXEMRE 5lkst
7l #l3 BEE, B acephalecl|
pectolyase Y-235} cellulase®, zgl: B

oleracea var.

Junceedl| = macerosin R#} cellulase& A3
=, EHEE Sl dds BE REE
AESL7] 18 & 2, 37 Zo] FEEsIgIY, o]
o] BEES| IS & 49 protoplast FEMER
of &9ict,

BREEES 3 ohS, 100X goll A 2500 FL
7785t protoplast Pk o 2 EME, RUE &
L7tk 4] Pelletting 4] Zitt,
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Table 1. Composition of the culture media of MS* and modified MS
(mg/ )

MS Medium Modified MS Medium

Inorganic saits

NH/NO, 1.650. 200.
KNO, 1,900. 950.
MgSO, - TH,0 370. 185.
MnSO, - 4H.0 22.3 11.15
ZnS0O, - TH,0 8.6 4.3
CuSO, - 5H;0 0.025 0.0125
CaCl, - 2H,0 440, 220
CoCl, - 6H,0 0.025 0.0125
KI 0.83 0.415
KH,PO, 170. 85.
H,BO, 6.2 3.1
Na,MoO, - 2H,0 0.25 0.125
FeSO, - 7H,0 27.8 13.9
Na, - EDTA 37.3 18.65
Organic compounds
Thiamine HC1 0.1 0.05
Nicotinic acid 0.5 0.25
Pyridoxine HCIl 0.5 0.25
myo-Inositol 100.0 50.0
Glysine 2.0 1.0
Sucrose 3% 1%
Agar 0.8%
Mannitol 0.55M
pH 5.7-5.8 5.7

Table 2. Composition of enzyme concentrations for protoplast isolation from mesophyll of B.

oleracea var. acephala

Enzyme concentration (%) Cellulase (C)
Pectolyase Y-23 (P) P0.1+C 0.5 P0.1+C 1.0 P 0.1+C 2.0
P 0.5+C 0.5 P 0.5+C 1.0 P 0.5+C 2.0
P1.0+C 0.5 P 1.0+C 1.0 P1.0+C 2.0
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Table 3. Composition of enzyme concentrations for protoplast isolation from mesophyll of B.

Juncea
Enzyme concentration (%) Cellulase (C)
Macerocin R (M) M0.1+C 1,0 M 0.5+C 1.0 M 1.0+C 1.0
MO0.14C 2.0 M 0,5+C 2.0 M1.0+C 2.0
M 0.14+4C 3.0 M 0.5+C 3.0 M 1.04C 3.0
Table 4. Composition of cell and protoplast washing solution (mg/¢)
KH,PO, 27.2 pH 5.7
KNO, 101.0 Mannitol 13.0%
CaCl,2H,0 1,480.0
MgSO,7H,0 240.0
KI 0.16
CuSO0,5H,0 0.025

3. R KM me

B. oleracea var. acephala®} B. junceaol A 43t
[E'E8 B4 -2 polyethylene glycol (M. W,
6.000) 7 dextrang {FHsle] Ehealglct.

(1) Polyethylene glycololl 2J%t Rg&

polyethylene glycol(PEG; M. W. 6,000)
25%2} 4% sucrose, 0,01M CaCl, - 2H,0& A
Z3lzn, HEBKL 2+ 0.05M glycine€ NaOH
< °|% pH 10.48 =43z, 0.74% CaCl, -
2H,0¢} 0.5M9| mannitolg HBsle] {FAY
o},

a3 e 2 & 40 Ml ¥ FERHE
I8 selee A,

B. oleracea var. acephala®} B. junceaoll A 4%}
FEEEE R—3 2X10° protoplast/g BEE =
E¥3 s PEGHKE 2~3mlE mnste] 23

4ol 109778 26 £1Coll N § A2 A e
2 fiMEstHA ABREEE TN MEeEES
BA3A,

(2) Dextrang FIAT m4

15% dextran (M, W, 508), 6% NaCl, pH
5.79] dextraniF@e w52 WOz 2%
CaCl, - 2H,0, 0.5M mannitol, pH 5.7°] %%
< FIAsgict.

0.4m¢2] dextranF#-& petridishel ¥z,
0.2mf2] FREHMBEEKE ¥ ¥, o4
dextran 0.4m& fnstz 30CoNA 155R8 mE
k. o37)ell 8% NaClat 0,1~0.01N NaOH#&
< 0.2m8 pusted {EE&sT obA] 1554 mE

£

A%, Smie] BEEAE ZAIAYA Msted 30
~60f KEH-IEA mEaEe By
o}
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RS ol 2% Brassica Oleracea var. acephalas}t B. juncea®] Heterokaryon®] XMool BRZF #HFE 5

4. AT R WS 5%

B. oleracea var. acephala®} B. juncea®] EFERE
£ BET ¥ X 19 BEA MS liquid medium
oA liquid-agar culture HEEo =z #E#3IYA
ct.

olw] #Rsl vlXv BERREGHU
mannitol® glucose2] <323} hormone (2.4-
D, NAA) &} g3ke wAstolo.

5. Callus ¥

FERER R 35730 MEE colonys¥
W= MS Mediumol] 0.8%2 agare}
hormone® pn3lx mannitol %2 {BEREHEN
HE mata g FuE SR,

olw] hormone2 2% 2.4-Do} NAAE EH

3}gict.

6. Heterokaryon #4182 FK#¥

Colony #5# 45 %ol #td BHX 1~2m 2
719] callus& MS mediumol &7
heterokaryon {#)#8] BH{LE FH3I.

ofw} ol = 0.8% agare} hormones &
2.4-D8} NAAE s sloich

m & X

1. BRBZAS BEO TE REEMY
aE

B. oleracea var. acephala®] mesophyllol 4 EH
B U=k o) 4F g2 % 59 Bk 1,2.3%
o] EEEs oo,

Table 5. Effects of enzyme concentrations for protoplast isolation from mesophyll of B.

oleracea var. acephala

Enzyme concentration (%)

Protoplast yield

(X 105/9 F - W) Viability (%)

Pectolyase Y-23 0.1
+Cellulase 0.5
+Cellulase 1.0
+ Cellulase 2.0
Pectolyase Y-23 0.5
+Cellulase 0.5
+Cellulase 1.0
+Cellulase 2.0
Pectolyase Y-23 1.0
+ Cellulase 0.5
+Cellulase 1.0

+Cellulase 2.0

28.6 99.
18.8 96.
12.3 89.
37.0 98,
27.3 97.
14.7 92.
14.9 98.
11.4 97.
9.2 98.
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PROTOPLASTS YIELD (x10%/g, F.W)
VIABILITY (%)

Fig. 1.

PROTOPLASTS YIELD (x10*/¢9. F.W)
VIABILITY (%)

Fig. 2.

PROTOPLASTS YIELD (x10°/¢9, F.W)
VIABILITY (%)

Fig. 3.
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Effects of cellulase concentration on

protoplast vyield and viability from

mesophyll of B. oleracea var. acephala

at Pectolyase Y-23 0.1%.
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Effects of cellulase concentration on

protoplast yield and viability from

mesophyll of B. oleracea var. acephala

at Pectolyase Y-23 0.5%.
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e——o viabilty
201
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r70

50

40

0.5 1.0 .5 2.0

1
Cellulase (%)

Effects of enzyme concentration for
protoplast isolation from mesophyll of

B. oleracea var. acephala at
Pectolyase Y-23 1.0%.

Pectolyase Y-23¢] REEE 0.1%, 0.5%, 1.0
%2 223tn, cellulaseo] MEE 0.5%, 1.0
%, 2.0%% 2ejslel (RARENE o, B
Bl RS pectolyase Y-23 0.5%%}
cellulase 0.5%% BEANUES o 713 ko,
AR5 cellulases] BE7I € 5 F43] ¥
o] ZH o},

£HFRL  alole gl oY pectolyase Y-
23 0.1%=} cellulase 0.5% w7} A FUch.

B. junces®] mesophyilol 4] FEEMe] g
ol macerosin R 0,1%, 0.5%. 1.0%<},
cellulase 1.0%, 2.0%, 3.0%€ 22 {&H 3+
o, F#EY R &6 Y BE 4, 5, 63 ol
el

AHulz o 2 macerosin RY 57} = &42
A FHER 5% WFEol Friged,
cellulased] ¥ =7} &l =tat [REM it
WEe o FoiAst £FRe] Do,

macerosin R 1.0%2} cellulase 2.0%& {EA
RS HRe] 92.2X10°/922 713 &9k
2, £HFEL macerosin R 1,0%2} cellulase
1.0%E RAREYS oA b4 x4 Jelwe,

; 901 —_— 100

L’-‘ 80 \.

N

-'-2 70

z é 60 70

S

E & s 60
d .

kel o o .——.y?eld. 50

2 4 o——oviabilty

a ~ 40
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/
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Fig. 4. Effects of enzyme concentration for

protoplast isolation from mesophyll of
B. juncea at Macerosin R 0.1%.
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Table 6. Effects of enzyme concentrations for protoplast isolation from mesophyll of Brassica

Jjuncea

Enzyme concentration (%)

Protoplast yield
(X 10°/9 F - W)

Viability (%)

Macerosin R 0,1+ Cellulase 1.0 13.7 98.
+Cellulase 2.0 18.4 95,
+Cellulase 3.0 21.0 91.
Macerosin R 0.5+ Cellulase 1,0 38.2 98.
+Cellulase 2.0 2.8 94,
+Cellulase 3.0 44.6 91,
Macerosin R 1.0+ Cellulase 1.0 69.1 99.
+Cellulase 2.0 92.2 98,
+Cellulase 3.0 87.4 90,
B. 90 —_— 1100
=, e —|
s Y o 2 BRKRE RS
zE 60{ e——syield 70
S; o—oviabilty (1) PEG &l o3 ptg
S5 40
~8 PEGS] =A4ol 20%, 25%, 30%, 35%=] it
P —— .
2> : 0 B Fol MAS BAY KRE oD B
S 10 (=2 7; A 3).
) ) Z0
& Cellulase (%) ©
Fig.5. Effects of enzyme concentration for _ o
protoplast isolation from mesophyli B. - T )
Jjuncea at Macerosin R 0.5%. g ' 1
o 20 '.'
5w o T @ §
B T % LIS ¥
R 80 =
S 7 .
x® " 0 20 30 35 ©
a N €0 PEG concentration (%)
e o
25 ,  Fia.7. Effects of PEG (M. W. 6.000)
Wg ° . concentration on the protoplasts fusion
i;) 3 »——syield
< 30{ e—eviabilty 40 rate between B. oleracea var. acephala
§ 20 10 and B. juncea
2 Y T PEGS] BE7F 25%l4 32.5%2 §¢&E
Cetutese 00~ 2odtdl. ol AFY MEIAE BEXCl
Fig.6. Effects of enzyme concentration for

protoplast isolation from mesophyll B.

juncea at Macerosin R 1.0%.
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A ot & 5 v
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(2) Dextran Eg"“ 9’]’-{} ﬁﬂ!’é‘ (I;; o—a-—-o Residue rate

Dextran?&#-& FIM % B. oleracea var. acephala T 4474 Fusion rate
Sh B, juncea BTN Ritol 4] NaOHS) e \o\

o o MEX Y BERA ithe =2 83 w — .
Ao 4-"""pH 12.9
skeh 2
) PHT.0O ... a7 ~
REBRS ¢ 2ol MaASA o [t LT —
£ NaOH® #E: pH/b $84% BMARO| Fow e e e
NaQH concentration (N)
£ vebgel,
Fig.8. Effects of NaOH concentration in
= Eho.

PH7H 7= BE R ] 16%% 2, pH7H11.7 dextran solution on fusion between
o= 23%, pH 12.9Yd] 47%2] RS RE & protoplasts isolated from B. oleracea
A} var. acephala and B. juncea
AR .

Table 7. Cell division frequency of isolated protoplasts at 3 to 21 days after culture

Days after culture )
Cultivers colonies
s | s [ 7 ] w ] u ] =

B. juncea 4 - 9 10 7 8 10

B. oleracea var. acephala 0 4 13 5 - - 7

Heterokaryon 4 2 11 - 8 6 6

3. B. oleracea var. acephala®} B.
Juncea?| R KM ME®o it
¢ Heterokaryon2| ¥

(1) Med FEEE
ffa sy
ARG A7 FHERE U B oleracea var. acephala
o} B. juncea®] FHEEBE WY MS medium
€ FJA liquid-agar layer culturejgko 2 3%
BA7IHA RS EES AT FRE )
KR 30 5E s (AR 4) o] dolxic,
mE41Z FRAERS Mianae
acephala®} B. junecwol| 3] tlit Wolz o
ool A3

o2 ey},

ERAYA =&

B. oleracea
var.
w], B. oleracea var. acephales =7

i, B junceas 43r3dol AAA

(2) Mannitol®} Glucoses] BfE 7} fa s
Holl vjx = 43}

BEE =329 mannitol#} glucoses E
HiES 2330, VAN 55282 9
fiar#e 28, & KEolA mannitol
3 glucosed HE H#3 ul glucosest
4o Aejslgden WhsHe
glucose 0,5MollA] 52 4%, mannitol 0. 5Moi] 4]
= 48.2%2 Jebyo(F 8) .

=%, mannitol®} glucose & BE

mannitol-&

EEINE
o] glucose 0.4M, Mannitol 0, 1M BEY S8
[Eoll 4] 63.5%2] Mfas el Lok, ol 4b
ool mannitol 0.4M# glucose 0.I1ME &R
EEY BolAe 35.0%9 Miaszec] deoiwt
ot

Z, mannitol®} glucosed

4 AEdE
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BRaRe &) % Brassica Oleracea var. acephala®t B. juncea2] Heterokaryone] 3Edfol A3 BF% 9

o] ¥} glucose 0.4M3 mannitol 0. 1IME

RAsE o MRsHe o8 23,

Table 8. Effects of sugar concentrations in culture medium on cell division

Sugar concentration (M) Glucose 0.5 Mannitol 0.5
Gell division f
ell division frequency 524 8.2
(%)

Sugar Glucose 0.4 Glucose 0.3 Glucose 0.2 Glucose 0.1
concentration (M) Mannitol 0.1 Mannitol 0,2 Mannitot 0.3 Mannitol 0.4
Gell division 0
frequency (%) 63.5 45.4 46.9 35.

9¢} ok,

(3) Hormoneo| M7} BER+ < ME &
mEMEe] dasad vlAs 3%
rEgrholl Mlasae 2487 A8 auxinfR

2.4-D¥ 0.2~0.3mg/ ¢l A @RaSHE BHR

oz &A1z e, NAAE 0.5~1.0m/ g0l
A #hEeyeled e s, hormones] BWEE7F FobR

hormone<l 2.4-D2t NAAE Aeldt Ade & 45 filasRe AAdE & & AN,
Table 9. Effects of phytohormone in culture medium on cell division (%)
H Concentration (mg/¢)
ormone
01 [ oz | 03 [ o5 | 10 [ 20 [ 50 [ 70 | 100
2.4-D 43 54 .5 50.1 41.9 41.4 32.0 20.3 11.0 4.7
NAA 41.2 46.1 49.8 50.8 53.0 40.0 22.6 14.1 7.3

(4) Callus®] F#H

ArEE EREES #BEEY MS mediumo 4
liquid-agar layer culture§ 445l =l 3F
Z 2 ¥ Colony7t BAL=Z] A= g} (A3 5) .

ColonyE ## 5 MS mediumol4] mannitol
£ A9)3tx 0.8%2] agare} hormoneo & 2.4
-D 0.01mg/ 29} NAA 1.0mg/ & X713 85h2
A RS AlFed, 4~5FF o) callus§ &
H3 ek (A4 6) .

(5) Heterokaryon Plantlete] FH#

Colony#5# 5% Foll #i A calliz & H{t
H sgtholl ol 4l 5lgich, olwh EAE K= MS
mediumel agarg 0.8% A~Fslx, hormone
2.4-D9} NAAE BEE delle] 3 105 22
BEREE 4.

2.4-De| BEZ} Fotedel g BoERLE
Z7bslglovt, NAAS EEE BEV F7HY
+& Bo{tRe ot Fasigi.
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Table 10. Effects of hormone concentration on regeneration of calli in MS medium

Hormone concentration (®g/¢) No. of calli No. of calli Regeneration
2.4-D L NAA transfered regeneration frequency (%)
0.01 0.3 42 1 2.3

0.5 42 0 0
1.0 41 0 0
0.1 0.3 36 4 1.1
0.5 36 2 5.5
1.0 36 3 8.3
1.0 0.3 47 17 36.0
0.5 47 - 13 21.7
1.0 47 6 12.8

Calli®l 4t~} 713 $& hormone £EE & cellulased Z+2 0.5% AN o BERE
£ 2.4-D 1.0mg/ 09+ NAA 0.3mg/¢& EAT #89] WXo| ke, B junces= macerosin
Eolith, R 1.08} cellulase 2.0%& EAEESIEE =

R 3FFO % NAE Bhtd MS Mol
mediumell NAA 0.1mg/¢9} BA 1mg/02 2% MEREES 598 dv 47 K@=l B
A7) e & 23 g ol shoot} rootE  EEES) WEL Eotouv £FEe] WA g o

&8 74x AAE FRA A D)  slgledl, Alan, Martin (1976) %= ol
Zo] #iEslz Q)
BEEE Aotsls BEE KNS B
V. # %=

BHeel @t cd%g vlA<ul (Power,

Cummins; 1970, Senda et. al.;: 1979), & &
1. R EBolAE 0.5M9 mannitolS {FH3tq.
Hughes et. al, (1978) < 2j3l mesophyllol
Al FREE 5%y 0.3M~0.5M mannitole]
FZ HRE Loln, o] o] BEME &
BE FaAzlchn ®Esigic

FRE® 5% wiol pre-plasmolysis& 453}
A, ool Bsted Scott % (1978) ol 25wl
FRER WEol #Eimslsicte i) glod,
cocking (1972) & R EfS BEMHE #3214
A AFRE BEANY D e e,
X HRAME BEM Y EFRA BRI ol
REE Y,

BRREZ FREE Sltel vle dge B. oleracea var. acephala®t B. juncedt] ]
2w, B. oleracea var. acephale= pectolyase Y-23  heterokaryong FH¥Eslr| ¢3¢ REHEE BE

2. BRHER e
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BRI S0l 1k Brassica Oleracea var, acephala®t B. juncea®) Heterokaryon®] F¥Mel BAY &% 11

o PEG(M, W, 6,000) 2 dextrang F|H3t3d
v}, PEGY] @ERE 25%lA 32.5%2] Bi&
#o] Jelgta, dextrano]A+= 0,2N NaOHF
ol A 48%2] BrEEE By <dl, MEHU PEG
% dextran®] BE, pH, FRERS #E %2
BEFHo 2 MEEe] ca Helfl Aoz Bxd
o},

Kao et, al, (1974) ¢ FHEMS MSo] At
M EE %t delddx d=, &
3 FRER Sl 2 BERY 23 AA
PEshchn HEstn o,

3. Mz2Y % Colony Fie

B. oleracea var. acephala®} B. juncea®| EIERE
Ba 1% WME" MS mediumolA liquid-agar
layer ¥k o 2 HrRgsliA M3t old
dgg ulxle BERER glucosest
mannitol % hormone (2, 4D, NAA) 8] 2R &
BED &R s 5R A% Ao
gon, BEXERIQY mannitol®} glucoset:
el A al oo} glucose 0.4M3} mannitol
0.IME& RERIET 2ol Wanziol Bol B
=,

Kartha et, al.(1974) o] 2}3}% mannitol&
RBPEAHA Bodslzl g AFds do
glucose S BB BEEFMGH=A &
oh ob2}, REFR L2 S fEATC
U,

HormonefZERk; 2.4-Dv 0.2mg/ £l
NAAE 1.0mg/ ¢4 &2 #ilanis 423
ooy, BE7F solidsE @lanHe 343
ooz e},

Li, Kohlenbach(1982), Lu et, al, (1982) ol

L3l

o5l RMER BRNA 2.4-D< 0.2~0.5%
/2ol 4, NAAE 0,5~1.0mg/ 22 W8l 2
i MRS5S dozin, BRENA EE
EEEE Ml miEsidda
et

Colonyt B/ HHE 5K 37 Ao =7
Al

&3l

4. Callus ¥t ¥ Heterokaryon
Plantlet ¥ 5%

Colony&o| $¥3 Hmd #ol callus 7+t
A osEme $ 5K 434 H callusgol
s oAt

Kartha et, al. (1974) 9l ¢/ 3d colony ¥
#oll odoj Al callusoll 4] BBEMEE #13 NAA
o} BAPE 77t 0.1mg/¢, BAP 1~3mg/¢ 1R A
o EBEAME Baket deists, NAA
0.0l1mg/ ¢, BAP 1.0mg/ 0 & SRS BollA EH
1 HHsL Sesidon #Este U
o] EuiE X KRoIA [/EMMLAEMA
NAA 0.1mg/¢, BA 1.0mg/¢& BEEsIAW v},
BotE FEY + ARG AR 7).

" =B

WY MaRRR &S FIFT B oleracea var. acephala
8} B juncedi 2] heterokaryon FHEEN A F
EMS SEE, RS, MEY FRERY BR
9 Jabel sl d8E HEsiddd vt ok
7 e ERE A9

1. EERS SBERE B oleracea var. acephala
= pectolyase Y-23 0.5%, cellulase 0 5%%,
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B. juncee= macerosin R 1.0%, cellulase 2.0%
€ EEINYE o Mt F& KR AFERE
Yebdct,

2. ¥ At FARME S PEGM. W,
6,000) 25%ll4 32.5%, dextran NaOH 0.2N
A4 47%<] BERE v,

3, MB35 mannitol 0.1M, glucose

2 %

Alan, C, C. and B, Matin, 1976.
Enviromentally induced changes in the
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Photo .8

Isolated protoplast of B. juncea.

Isolated protoplast of B oleracea war. acephala.
Process of fusion of 1 and 2.

Cell division and colony formation,
Micro—calli formation.

Callus formation.

Shoot and root formation,

0 ~ O oW N =

Compared with origin(B. oleracea var. acephala, B. juncea) and heterokaryon.
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