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Summary

This study was conducted to produce heterokaryon of protoplasts in Brassica
oleracea 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 of 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/l, NAA 0.3mg/l, mannitol 0. 1M
and glucose (. 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/1, NAA 0.3mg/l.

Multiple shoots were induced on MS medium supplemented with NAA 0. 1mg/1,
BA 1. 0mg/l.
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Brassica oleracea var. acephala= Brassicalg #1zf52) Genomesr#riEloll A Group
I (cc, n=9)oll % 3tvf, Vitamin - C} Amino acidft RS S& AR e
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a4 ol 2% Heterokaryonel Zmk & 8 - B2l Figolvt THFMEK S LMk
B} 4 oode ANEe AR ALeR FmE 9l

Kt R o] Aa-S Coking (1960) o] Tomatod] H2l 5 BEkMyo 2 sragst=dl
wapskei A BESH7] A1 R

Kiister(1909) = oFzhel #/h & mskiol ¥ol REH 7% & #4Y F HERE
A4 masEc Hge By

Power(1970) & &5 82 FH & #4 ®WE S 878t Sodium nitrate”} A&l
AUyl S s sled o v, Kao, Michayluk et. al., Wallin(1974) %2 £ Polyethylene
glycol(PEG) o} FH iRl Wizt #eaol Ity & HEs 2aldz o

s, Nagata(1978) = Polyvinylacohol(PVA) o] PEGS} %3 ma#< 2ol
o=, #eS Fesked A el sk 15% PVAM. W. 500), 0.05M
CaCl.. 0.3M Mannitolele} #&sta gl

Kameya (1975, 1979) & 4 7-# 2 Dextran Sulfate} Dextranoll % 5ol M-S
W e R FEIRE HEA F, BARSR HIFAA Bl dolds WM
=d|, Dextran Sulfatet FIZHiE HiifEHE 2ldt ot

Senda(1979), Zimmermann % Scheurich(1980) % & T #I Bl 213 S &2 HF
B s ekl mad & Ao #Es

Brassica /g hite 19704 %7 2= R H s 245 Calluse} f 2rb=t =gl
Tomas et. al. (1976) ] B. napuse] Rl A Hitmise) mafbel Wz,
Xu et. al. (1982), Lu et. al. (1982)oll 218} B. oleracea o RIZH AR Z & tlWie HAL
7b i = ol ot

331, Brassica /B¢ Heterokaryon®] ##2+ Glebast Hoffmann(1978) i 2] 3,

B. campestris 9} Arabidopsis thaliana i 2} &40l ¢ 3 Heterokaryon (Arabido - bra
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Brassica oleracea var. acephala= #Aiholl A HET S WBAT A £, 22]x B juncea+
TSR AR MRl Y A e ®iEsd Wi

EEEE ol (FH Y BER S Fluka AGolA Cellulase, 223 Pectolyase
Y-23< Seishin Pharmaceutical Co. o4, Macerosin R2 Kyowa Chemical

Products Co. ol 4| B A& 4C #gprol & shed MWt
I EhAfiel Polyethylene Glycol(PEG:M. W. 6, 000) 2 Dextran& Fluka

j= ]

AGol A B Asted fdi 8kl o

2. BEREES S8
PROTOPLAST ISOLATION

PLANT SAMPLE
(SEED)

STERILIZE

1]

ASEPTIC CULTURE]

—

HARVEST

i

| DICE & PRE-PLASMOLYSIS ]

— ENZYME TREATMENT |

SCREEN

CENTRIFUGATE )——T

PURIFY

1

—

i

| WASHING, STAINING ————{ COUNTING & CULTURING |
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Brassica oleracea var. acephala @} B. juncea #& T-5 70% Ethanol2 30% M il & #

3} & 5% Sodium hypochloriteo] 2047 & B 8 2 WK Z 3~43] A3 250md Flask

of 5t 4EHE sloich ol MY b= Hormones M3l &2 3 19 Murashige

and Skoog's Medium& #t}.

geo] 7h7k 2~3ep Ak ., ol HFL 1~2mE ZA Ae} 0.55M e Mannitolik i

Table 1. Composition of the culture media of MS* and modified MS

MS : Murashige and Skoog’'s medium

(mg/1)

Inorganic salts

NH,NO,
KNO.

MgSO. - TH.O
MnSO. - 4H.O
ZnSO. - TH.0
CuS0. - 5H,0
CaCl, - 2ZH,O
CoCl. - 6H.O
KI

KH.PO,
H.BO.
Na.MoO, - 2H.0
FeSO, - TH.O
Na, - EDTA

Organic compounds

Thiamine HCI
Nicotinic acid
Pyridoxine HCI
myo-Inositol
Glysine
Sucrose

Agar

Mannitol

Modified MS Medium

MS Medium
1, 650. 200.
1. 900. 950.

370. 185.
22.3 11. 15
8.6 4.3

0.025 0.0125
440. 220.
0. 025 0.0125
0.83 0. 415
170. 85.
6.2 3.1
0.25 0.125
27.8 13.9
37.3 18.65
0.1 0.05
0.5 0.25
0.5 0.25
100. 0 50.0
2.0 1.0
3% 1%
0.8%
0.55M
5.7-5.8 5.7




ol A 18414 % o Plasmolying ] 71 %, RFHisE sr#Est7] $1s) BeRE, B oleracee
var. acephala o] = Pectolyase Y - 233} Cellulase®, =232 B. junceadit
Macerosin Rz} Cellulase & EH3I=dl. BT EES F#ol 43t BER RES
MAEsk ) sk & 2, 33 o] kA olwfe) BER S MIFL Xk 42 Protoplast
kg ol 3k odct

BRF kA5 3 ofS, 100X goll A 277 1H &0 B sl 2 Protoplast st#k &2 7Lk,

XA E.Lor sl A Pelletting 4] # ok

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

7 Eniy'rﬁe concentrationi?iﬁi)i Cellulase(C)

P0.1+C 0.5 P0.1+C 1.0 P0.1+C 2.0
P0.5+C 0.5 P 0.5+C 1.0 P 0.5+C 2.0
P 1.0+C 0.5 P1.0+C 1.0 P1.0+C 2.0

Pectolyase Y-23 (P)

Table 3. Composition of enzyme concentrations for protoplast isolation from
mesophyll of B. juncea

Enbzlymré;gc;glrcentration (%) Cellulase (C)

Macerocin R(M) MO0.1+4C 1.0 M0.5+C 1.0 M10+C 1.0
MO0.1+C 2.0 M05+C 20 M1.0+C 2.0
MO0.1+C 3.0 M0.5+C 3.0 M1.0+C 3.0

Table 4. Composition of cell and protoplast washing solution (mg/1)

KH,PO, 27.2 pH 57
KNO, 101.0 Mannitol 13.0%
CaCl,2H.0 1,480.0

MgSO,7H,0 240.0

KI 0.16

CuS0,5H,0 0.025




3. ERERS &E
B. oleracea var. acephala 9} B. juncea ol 4 4yt 8k FIZH &S Ai4-2 Polyethylene

Glycol (M. W. 6, 000) 2} Dextran< i #sled F st =t

REGENERATION OF HETEROKARYON PLANTLET FROM PROTOPLAST

FUSION ON B. oleracea var. acephala AND B. juncea

PROTOPLAST OF B. oleracea var. acephald PROTOPLAST OF B. junceaJ

& O O
\@o/

FUSION TREATMENT

|

| EMBRYOGENIC DIVISION |
I

|

| DIFFERENTIATION |
|

[ SIMULTANEOUS DEVELOPMERT |

| COLONY FORMATION | |

[ CALLUS INDUCTION |

| REGENERATION | | COLONY UNDIFFERENTIATIED CELL

(1) Polyethylene GlycolOf 2|8t m&

Polyethvlene Glycol (PEG:M. W. 6, 000) 25%%+ 4% Sucrose, 0.01M CaCl. - 2H.O
o zeba, RO 2= 0.05M Glycined NaOHE o]4 pH 10.48 = ¥sfa,
0.74% CaCl, - 2H,0¢} 0. 5M 2] Mannitol-% FFEsted fif i ot

SelE ko R e K 49 MfR 2 FURHIE RaknE 1551 1Y 5} < o}

B. oleracea var. acephala o} B. juncea ol 4} 4y gt I H %S [a)—3g 2X 10" Protop-
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last/g %8 E335l 2 PEGIE RS 2~3nl -5 st 53 4o} 1051 26 1Tl A
28 Aol

1 FE 2

170 5 o2 sedesld A LEBAMEE Tl A Al

(2) Dextran2 #|H3 &
15% Dextran (M. W. 50#), 6% NaCl, pH 5. 7¢] DextraniA i< 2t 53 #HIBiRo T
pH 5.7¢ &S FIHsIHE ).

2H.O, 0.5M Mannitol,
C0.2m ) HIEHBBRENS ¥ %, o4

2% CaCl, -

0. 4mf &} Dextraniz i Petridishol
Dextran 0. 4mi 5 3tz 30CoN A 15900 H&E ek o 7)ol 8% NaCl=t 0. 1~0. 0IN

b chA] 15701 #E Rk
A nated 30~607r M KEN 7 A AEA

=]
e

NaOHi#-2 0.2m sl

2%, Smle] MRS A~
s S et

4. MEE R AR 1E
acephala &} B. juncea s FEHHME Mmod 3 & 12 #Es

B. oleracea var.
MS Liquid Mediumel} 4] Liquid-agar culture F:o 2 #Z3st gt
ol ull HiAEsy £el vl %% MM ET7 2] Mannitol®} Glucose ] % 83} Hormone (2

4-D.NAA) o) ggrg 323 ocl.

5. Callus %&

5

/

d MS Mediumdl 0. 8% Agar$}

WERE FEE 3T % i E Colony 52 #F
U e 2o

s kA

Hormone-g sl Mannitol 2] %% R
3o o}

ola] Hormonel. 2+ 2,4 -Dg NAAE

6. Heterokaryon #a4p882| 58
Colony 5% 45 %o o{t¥ EXE 1~2an 2719 Callus¥ MS Mediumd] & A

Heterokaryon #i#p#& el Ho{b2 FHEs o
8% Agarst Hormone2 2 2,4 - D9 NAAS EE3Igc}

olw] Fifhol= 0
-9 -
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B. oleracea var. acephala & Mesophyllell 4 G F;K4s 25 3l A
B2 1,2, 33 Zel #y=l el

Pectolyase Y-23¢] #®pE % 0.1%, 0.5%, 1.0%=2 we|stx, Cellulaseo] B E
0.5%, 1.0%, 2.0%%= Zjste EAHEMIA-S =, FiZEES &L Pectolyase
Y - 23 0. 5%¢} Cellulase 0. 5% % A RS 7t wsten, K#% Cellulases] BE
7t ®e 4% 43 "ozl

HTERS 2 oabo]= giel o} Pectolyase Y - 23 0. 1%2} Cellulase 0. 5% =7}
Aol & okeh

rix

*

rle

T K5

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

' JEI NATION Protoplast yield

Enzyme concentration (%) Viability (%)

; - . (X10/g F - W)

Pectolyase Y-23 0.1
+ Cellulase 0.5 28.6 99.
+Cellulase 1.0 18.8 96.
+ Cellulase 2.0 12.3 89.

Pectolyase Y-23 0.5
+ Cellulase 0.5 37.0 98.
+ Cellulase 1.0 27.3 97.
+Cellulase 2.0 14.7 92.

Pectolyase Y-23 1.0
+Cellulase 0.5 14.9 g8.
+Cellulase 1.0 11. 4 97.
+Cellulase 2.0 9.2 98.

_IO_
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of B.oleracea var. acephala at Pectolyase Y-23 0. 1%

0.5

1.0 1.5

Cellulase (%)
Fig. 1. Effects of enzyme concentration for protoplast isolation from mesophyll
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Fig. 2. Effects of enzyme concentration for protoplast isolation from mesophyll
of B. oleracea var. acephala at Pectolyase Y-23 0.5%
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70
201 60
. 50

10- '\ - 40
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Fig. 3. Effects of enzyme concentration for protoplast isolation from mesophyll

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

B. juncea ) Mesophylloll 4 JF 2148 2) sr#foll v Macerosin R 0. 1%, 0.5%. 1. 0%
o}, Cellulase 1.0%, 2.0%, 3.0%% 242§t/ o, sl #fs K6 2 WE
1, 5, 6, 7 ol veputel
Table 6. Effects of enzyme concentrations for protoplast isolation from

mesophyll of Brassica juncea

e B Protoplast yield

Enzvme concentration (%) (X 10/ 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.
Macercsin R .5+ Cellulase 1.0 38.2 98.
+Cellulase 2.0 32.8 .
+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 S0.
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30- 40
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Cellulase (%)

Fig. 4. Effects of enzyme concentration for protoplast isolation from mesophyil
of B. juncea at Macerosin R 0. 1%.
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Fig. 5. Effects of enzyme concentration for protoplast isolation from mesophyll
B. juncea at Macerosin R 0.5%
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Fig. 6. Effects of enzyme concentration for protoplast isolation from mesophyll
B. juncea at Macerosin R 1. 0%

ek o 2 Macerosin RO} a7l 5845 & 87 B 5e oMl o) Z713)
o], Cellulase®] 557} F-5ol ule} FFZEME 78 I0ES chd 7150k 1R
o] woizic]

Macerosin R 1. 0%%} Cellulase 2. 0%2 A B S 4iF0] 92.2X10°/9o &
7b =9k, HFFAE L Macerosin R 1. 0%} Cellulase 1. 0% 5 iRFEEH-S o 7%
A velxte

2. ERERE ME
(1) PEG R0l 23t ma

PEGS}] Aol 20%, 25%. 30%, 35%9) #1t§ Fol M4 T2 4= el
Aok (=3 7:443 3).
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i i ]

L
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Fig. 7. Effects of PEG (M. W. 86, 000) concentration on the fusion between
protoplasts isolated irom B. oleracea var. acephaele and B. juncea

PEG S i)y 7] 25%0 41 32.5%2) 382 Bgded, o1& A3 @#EAdE s

hud

ol fLimiEol 4 BAs] Wolzn ol d: A3 FaYE & 4 Aok

(2) Dextran @RI20| 2|3t @&

DextranizifiS FIH & B. oleracea var.acephala ¢+ B. juncea FHH 1S & & ol A
NaOH¢] igfi ol 23 piod o @frgste] Mffc =3 83 Zodct

TR S &3 23 ste Aid El Al st NaOHS ik + pH7E w5 % @4
Aio] = Al viebyteh

pH7| 78l = g 4aske] 16%% 3, pH7E 11, 7wl 23%, pH 12. 9 af 47%S #i&

K% wsich
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~
\o\
504 0\0 ___,,A
Ao AT 129
",A’/ o
pH 7.0 a oA T
A a-- -7 pH 11.7 T
A-- -
2" 2 2° 2% 2 A 2 2

Fig. 8. Effects of NaOH concentration in dextran solution on fusion between
protoplasts isolated from B. oleracea var. ucephala and B. juncea

3. B. oleracea var. acephala o} B. juncea ) [ER B2 b & 2l 8 ) Hete
rokarvon®| &
(1) AeE BERERe ZEAH0 OE #HiEsR

A7) IsiEzram ) B.ooleracea var. acephala o} B. juncea @] FFEYidn-s €425

dl
MS Medium-S f| 1) Liquid-agar Laver culture JjiJ: 2 2 £ 5 4] 7] ud 4 #0007 2 fe &

bkl #EC(FE T7) K€ 3H R el R L (AbAL 4) o] eiwteh

Table 7. Cell division frequency of protoplasts was presented in next table

N o Tt e AT R T
B. juncea 4 - 9 10 7 8 10
B. oleracea var. acephala 0 4 13 5 - - 7
4 2 11 - 8 6 6

Heterokaryon



B A7) BRERR S M4 B oleracea var. acephala 9} B. junecaoll H )
tfA dolF oo, B oleracea var. acephalea= Z7] %] $Astgdx, B juncears

gr5tol AAlA o g olojybct,
(2) Mannitol2} Glucose?2| ;ErEJ| #RiES 20| O|Xfs A&

BIERS 27 4 2] Mannitolz} Glucose+ FEZH S 23380, HIEHEY 3528

- o} MR 4% EASl=d, & ®iiol4 Mannitol® Glucosed ER Lk

v} Glucose 2l Mannitol & ghel 2 2] st ol Moy %2 Glucose 0. 5Mell 4} 52. 4%,
Mannitol 0. 5Mell 4= 48.2%5 viebxkcl(E §).

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

Manmtol O 5\1

bugar concentratlonf\ﬂ Gluco‘;e 0 5\1

Cell division

52. 4 48.2
frequency (%)
Sugar concentration  Glucose 0.4  Glucose 0.3 Glucose 0.2 Glucose 0.1
B . Mannitol 0.1 Mannitol 0.2 Mannitol 0.3 Mannitol 0.4
Cell division
63.5 45.4 46.9 35.0

frequency (%)

w3}, Mannitolz} Glucose& R&KEE 592 of Glucose 0. 4M, Mannitol 0. IM
HifEsl Aol A 63. 5% #ifnsrZio) doixtx, ol dkwdo] Mannitol 0. 4M=}
Glucose 0. IM-E % EHE Rol Mt 35 0% Mmool douket.

2 Mannitol#} Glucose® ©al 7] 349 L of Bcl= Glucose 0. 4M3} Mannitol

0. IMS fiHiatdl S M2 oS A=
(3) Hormone2| BrEJ| 2% 0 S BEFREKRS fEiEaR 0|X= HEk

fEREdholl dnfnrs-e Z2A3E7] 98] Auxin®i Hormonedl 2,4-DoF NAAE A elgh
A= F 99} 7t



Table 9. Effects of phytohormone in culture medium on cell division (%)

Concentration(mg/L) "\ o5 3 95 10 20 50 7.0 100

Hormone )
2.4-D 43 54.5  50.1 41.9 41.4 32.0 20.3 11.0 4.7

NAA 41.2  46.1 498 50.8 53.0 40.0 22.6 14.1 7.3

2.4-DE 0.2~0.3mg/ (A A #IET S SO E zz2x7 09 NAAE 0.5~1.
Omg/1ol A %hunyoled e o], Hormone® sz} ol A48 #Milgn N> Ads &
4 sladel

(4) Calluse| #HE

-1

w75 I T e S g6l MS Mediumell A Liquid-agar Layer cultures 4 413k%
=, 3732 E Colony7t e 7] A= el (4HA 5).

Colony2 #Jf2% MS Mediumoll 41 Mannitol-& = &} 5} 3 0. 8%2 Agar®} Hormone
o2 92 4-D0.0lmg/19F NAA . Ong/ 15 A7ha e A EES Aded, 4~5F
Zol Calluss JFpshlict (A2 6).

(5) Heterokaryon Plantlet2] #&

Colony}s i 55 3ol W sl Callisg oL 5ol o148t slct. ol &
JEphs MS Mediumol Agars 0.8% #7}3t3., Hormone 2,4-D& NAAS BIES
che]sled § 103 22 #54E S
2.4-D2) i)z 7} Zoharel wheh Mo bR F7 shglovh, NAAS M R
b g & or A b skl

alliel k7t 7} & £ Hormone JEHE = 2, 4-D 1. 0mg/19F NAA 0.3mg/1<

o|N

ga el
yE3E 32Tl 92k AAE #iksle] MS Mediumoll NAA 0. 1mg/1¢} BA 1mg/1&
S A7) K & A 2% KTl Shoot$) Root% 5248l 7hAl A Al sk iet (#

2 7).



Table 10. Effects of hormone concentration for regeneration of calli in MS

medium
”i:H'QiTV{vl@g f;@?;“_trééﬁ_‘;_”{!J_"_!_)___ No. of calli No. of calli Regeneration
2 4-D NAA transfered regeneration frequency (%)
0.01 0.3 42 1 2.3
0.5 42 0 0
1.0 42 0 0
0.1 0.3 36 4 11.1
0.5 36 2 5.5
1.0 36 3 8.3
1.0 0.3 47 17 36.0
0.5 47 13 27.7

1.0 47 6 12.8

4. Heterokayon?| ${tags Mz

B. oleracea var. acephala 9} B. juncea o] Mlgmis o8 Fics Heterokaryon-
AAst7) 98] 5715 Heterokaryon Plantlet] RS- filuste] f@mis #@E 473}
Ach(AA 9).

Yefh i) Acetocarminiie FIM =, ¥ LIS 5~10m= LIEst 0.1%
Colchicineol 4] 4885 b Pretreatment® 3}x, AcetoalcoholiFfi(1l : 3)ell o
4Col A 12051 A E 3, 60°C IN HCloll 4] 10551 X 2 A1 A ok sr g4 713, Acetoc-
armin® 2 §ef Al A gHEe 3},

a8y o2 e g E RS 24 A2F Cellulase 0. 5%%F Macerosin
RO.1%S i, FFES 2% &, BER #MEH e Mannitol 0. IM & el A %X
g ob-a, RIEHEIES A AA A, Orceines EESIS i T LLMEHELRE RER
5 Ruist ek (AR 9, 10).
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a
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N=29
B. napocampestris)
aac

Fig. 9. Diagram of genome in Braceae (U. 1935)

ULkl Ut dnimng ¢ B. oleracea var. acephala, B. juncea) & 7} A #Baslgl 7] o &
o Heterokaryon Plantlete] itfiimfi= 2n=542 vlepubch(2}z 9). e} 2 &
A Al 7holl gt {5y o) Slojyt Homokaryon Plantlet( B. juncea 4n )% f4%¢sl e} (2} A

10).
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LWREME S AAA RS WAl el Wiska oledl, A el E it
o iAol A g o) ok E) gl el

Vot oL G R TR AR ool v A= odskS 8ol B ooleracea var. acephala =

-5 (e

s
~—

Pectolvase Y-233} Cellulased 7H7H 0. 5% #L03-S of U TS S iAol ko vy,
B. juncea= Macerosin R 1. 02} Cellulase 2. 0% /& B8} 12 ) WA o] & 9ko).

BEmIy s s dle 2 sl B EEEY WRES et diidee] Hol
2% ok 4 elaldl, Alan, Martin(1976) %5 ol o} gho] st et

B dditiol A 7bEl BUER ORI TR Y] ol 38k vl x| & dl (Power,
Cummins;1970. Senda et. al. 1979, #%35058:1981), 4 8ol 4<= 0. 5M 2] Manni-
tol& sl ddel. Hughes et al. (1978) el ofsf=l Mesophylioll 4 R E{EE 7 #f By
0.3M~0. 5M Mannitolo] F2 Z)H5 Holof, o] ol 4] Mol Wits ZLAA

chan @ ekslet
2. ERERES &

B. oleracea var. acephala &} B. junceal#] ] Heterokaryong #itisl7] $13F FFH
i w0 {roll PEG(M. W. 6, 000) = Dextran-g FIH 3l Gl vl, PEGS BT 25%c] 4

2.5%2] @ 0] vebyt ., Dextranol & 0. 2N NaOH Foll A 48% 9] Rd &4 &
o, A4l PEG 9 Dextrane] /%, pH, FZHize BE Fo EHo2 meF

o] rha Mol oz M xlch



Kao et. al. (1974) 2 IR FZE %82 A4 o] S0 EEL £ kol doludctn 319
i, 58 RZERR oMol 29 MR A AA LEsIdy @issln gl

3. MZ2Y % Colony i

B. oleracea var. acephala 9} B. juncea o) G E 3 B4 i #T23 MS Mediumol 4
Liquid-agar Layer 532 8 #5338l 91 4] Mifas =} olol @8-S uixv BELE
#2l Glucose®} Mannitol % Hormone (2, 4D, NAA) & zhR S B &5 Hiao
= EEIBEKTH doiwted, BEXEXKQ Mannitol®} Glucose whel A2l 2 c}
Glucose 0. 4M=} Mannitol 0. IM-& R4S oAl Mifam ol ol BiR=Slch

Kartha et. al. (1974), Xu et. al. (1982) ol 2} 8}l=d Mannitol-2 X {ER ol Ied 3}t A
&= e 2ol Glucoses BEH Y-S BEEHEH 2 A ok obdel, RHEF S
Ex ERg o #Hiisela o

Hormonetg Fiif 2, 4-D-= 0. 2mg/ 1ol 4, NAA 1.0mg/1ol A4 & diign#s o
el @b solA A B Ml 2l FAE dol Hoh

Li, Kohlenbach(1982), Lu et.al. (1982)¢l 213}=l FIfi4e Hiigol A 2.4-D=
0.2~0. 5mg/1el 4, NAAE 0.5~1.0mg 1<) -2loll A Sh4gengal #mfpr4d-s ez w,
Pl ol A HLG IR MBS M el (F ik El el T kst o)

Colony-= JLIF7iae H238 3542 €] Fk 5] 7] <] =gl o)
4. Callus g U Heterokaryon Plantlet F 5k

Colonys ol %3] T2tk =l 10l Callusor{b A b2 & A & 4328 Calluss
o] IFznk =) o o}

Shenck et. al. (1982), Gleba et. al. (1978). Kartha et. al. (1974) ol 213}=1 Colony
Fifgtholl oloizl Callusoll A 241557 1bE 48 NAAS BAPE 77 0. 1mg/l, BAP
1~3mg/1 LI gt EMIE ol M= #iarfkat ddoivti, NAA 0.01mg/l, BAP 1.0my/1%

WERRLRE 5 ol A TEH 09 Q) hitpRs b sr (b=l ddeha s sl glo}, ol Bo) & K FBaol
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PICTURE EXPLATION

Isolated protoplast of B. juncea.

[solated protoplast of B. oleracea var. acephala.

Process of fusion of 1 and 2.

Cell division and colony formation.

Micro-calli formation.

Callus formation.

Shoot and root formation.

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

Heterkaryon chromosome(2n=54)and homokaryon chromosome(2n=72).

_29_



& BREE HATEN 2ol sa#e obglol trilslo FA S #iE 2 MER ol
Snshe] FAFMEPT #ORY, BB SR R Y MES Bobol, 94 B A
A4 FA MRS R, S IR, BEY SUEY, BAK &, 28T wm
ol BES AT Al BUIRE g, KET KAYA BME =Yk

& Brjcol HEY ME AT FA BA FALAS RYFH N T2 A
d, ISIKAWA PLANT PROTECT OFFICE®) Yabu TetsuOol| Al #& & Z 3} o}< 2

P‘?f

FYold g A dlEAL MMt

oz 25 MUMELE SulelAstd F4] olol gzt g, FdSA o Bxe

&

- 30 -



	표제면
	Summary
	I. 서론
	II. 연구사
	III. 재료 및 방법
	1. 실험재료
	2. 원형질체의 분리
	3. 원형질체의 융합
	4. 융합한 원형질체의 배양
	5. Callus 유도
	6. Heterokayon 식물체의 유도

	IV. 결론
	1. 효소용액의 농도에 따른 원형질체의 분리
	2. 원형질체 융합
	3. B. oleraceu var. acephala와 B. juncea의 원형질체 융합후의 배양 및 ...
	4. Heterokyon의 염색체 관찰

	V. 고찰
	1. 원형질체의 분리
	2. 원형질체의 융합
	3. 세포분열의 Colony 유기
	4. Callus 형성 및 Herteryon Plantlet 형성

	적요
	<참고문헌>
	<사진>

