BE PR 2 3t A 2l = (Pelargonium zonale
hybrids)Protoplast 2| B & 3 Callus £ &

2 ¢5F5 # 33

ELECTROFUSION OF GERANIUM(Pelargonium zonale
hybrids) PROTOPLASTS AND CALLUS FORMATION

Yang-Lok Kim, Zang-Kual U.

Summary

The conditions of protoplast isolation from leaf callus, electrofusion, and fused
protoplasts culture were examined in order to establish a somatic hybrid using
Pelargonium zonale hybrids “Ringo red” and “Ringo white”. The concentration of
growth regulators and the nutrient media affecting callus formation and plant
regeneration were investigated.

Callus induction and growth was most efficient at the NAA 3 ppm and BA 05

ppm combination and the growth rate was highest at 16 to 20 days after culture
initiation.
Although shooting from the callus was infrequently found at the combinations of
NAA(, 2 and 3 ppm) + BA(0.1 and 0.25 ppm), IAA(2 and 3 ppm) + kinetin(0.1 and
0.25 ppm), and IAA(0.1 and 0.25 ppm) + kinetin(2 and 3 ppm), much higher shooting
capability(60 %) was shown at the combination of Thidiazuron(5 ppb) + Fulmet(5
ppb).

12 hour-treatment of 4 % Cellulase Onozuka R-10, 05 % Macerozyme R-10, 0.3
9% Hemicelluase, 0.3 % Pectolyase and 0.6 M sorbitol (pH 5.8) was most efficient for
the protoplast isolation with the yield of of 3.2 x 105 protoplasts/mlL

The optimum condition of protoplast fusion was 1 MHz of AC frequency with 40
V/cm of amplitude for 15 sec followed by 0.5 kV/cm of DC amplitude for 60 « sec.

The cell division in protoplast culture was most active in the KM-8P media and
the colony formation in the IAA liquid media.

The 0.2 M glucose + 0.2 M fructose medium containing 0.2 M sorbitol as an
osmoticum and 2 ppm NAA + 05 ppm BA with 1 x 105 protoplasts/ml of culture
density seemed to be most suitable for cell division and colony formation.

Under the above conditions, the cell wall regeneration of the fused protoplasts was
found 2 days after the protoplast cultivation, the first cell division 4 days, the 2nd
cell division 7 days, the 3rd or the 4th 10 days, and the colony formation 15 days.
After 8 weeks the divided cells were transfered to the MS solid medium and the
callus formation was observed at the 12th weeks from the protoplast culture.
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utetd & dFE Geranium® MME
AF3& ol 8Y FF ATY & 4+
24, Pelargonium zonale hybrids “ringo
red” ¢} “ringo white"& HMEZ A& 31
callus #2718t ¥ W AMIFA A,
protoplast?] 24 8y, SUE
protoplasts ¥l Foll FA3les AAEE
FENY 4 AR UFASFY 754
& 22 & AES YAt

e 2 P

2 A Yol ALY Pelargonium zonale
hybrids “Ringo red” $# “Ringo white”
F2le MESFUZR FAHA AN 23}
of Apg3ty el
1. $2}2] o} W wj}

F 2= 70%4] ethanolel 3027 ©2
¥ Tween-20 € ZTWE AL 2%
NaOCl &0 20 &3 HA3sle] FHA
2% v}, cleanbench(Model C-CB2 |
424 A FAYANE A YIFR 5
3 AT F, MS Jl2¥2](Murashige
and Skoog,1962)7t &<l 4+ test tube(25
x 19 cm)l F2l& uHE3t9 aluminium
foil 2 9 ctlg =23 YA &4, 4
o &% 70 T 80 %, 2% 25 * 2 °C,
1,100 ~ 1,500 lux & %¥& 16 ATy
o2 ZABIEAM 20 Y3 wlgsigdct
2. Callus 7]¢t wio} 9 A FA 248
1) Callus® Aol Wiy growth
regulators?] 3= ZALE A}
$i3ted, MS ¥iA]  auxinFE2ANAA(a

-Naphthaleneacetic acid) 5 %1, 2, 3 ppm
2}  cytokinin H24 BA(6-Benzyla-
minopurine) % 05, 1, 2, 3 ppm& =&
He|stgdch =3 AE2 wjet 20 & Fol
A7EY Y& 05cm x 05 cm HA AW
sl Abgstd oo, wiz|e 42 100 ml
Erlenmeyer flaskel 20 ml A FU 3t
3, BE YA 23 Fx} deir gt F
d3tdcl.

2) WG T A JIUE 2A
817] $13te] $1o APAe]oM S5 2
3E R
(NAA 3 ppm + BA 0.5 ppm) MS I Aja}
2o} 05 g8 callus& A3tz vl 3¢
o2 callus FAFE YaUurh

3) ANy 22

CallusE HE AEM 2o BA3le
growth regulators] FH¢t HNAF:F
Z21817] #1319 NAA 5%(0.1, 025, 05,
1, 2,3 ppm) & BA ¥X=(0.1, 0.25, 05,
1, 2, 3 ppm) & Z 83
IAA(Indole-3-aceticacid) #Xx(0.1, 0.25,
05,123 ppm)&t kinetin ( 6- Furfuryl
amino-purine)s £(0.1,0.2505,1,2, 3ppm)
2] &8 %9 Thidiazuron(N-phenyl-N-1
,2,3-thiadia-zol-5-ylurea)#l 521510
ppb)¥t Fulmet(1-(2-chloro- 4-pyriclyl )
3-phehylurea)?] wX(1, 5, 10, 100, 500
ppb) & ©8& XS E&Heldtq MaAA
A 2A& AT

E AAPE AEgMdes EEE] f=MS
Il A YIAAR, FEF U2
H AEAde Hiel &A Adch

growth regulators?t Z¥
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Table 1. Composition of MS, BS, KM-8P and AA medium for callus formation

and protoplast culture ot

eranium.
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Amino acids®
Glycine
Glutamine
Aspartic acid
Arginine

Agar

0.8 %

0.8 %

pH

5.8

5.8

5.8 5.8

NAA
BA

3
0.5

3
0.5

3 3
0.5 0.5

a:
c :
e :

Murashige and Skoo
Kao and Michayluk

Kinya et al.,

1987

1962
B1g75°%d -

amborg et al., 1968

b: G
MS minerals
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3. Protoplast & 2|

1) 34 AR

Al @ ¥ callus & A E] 71
A wE o2 vepd A7) &, Aciei
¥ 14 718 ¢ ¥ callus § A}&3tArl.

2) T4 &

Protoplast w2lel AYY AL &
23 &%YYst7] #13to cellulase®t mac-
erozyme & BE& He| A&3lo &3
NELEE 2}t

Cellulase Onozuka R-10 ( Yacult-
Honsha Co. Ltd. Japan)® 5+&(1, 2, 3,
4, 5 %)} Macerozyme R-10 (Yacult
Pharmaceutical Industry Co. Ltd. Japan)
8 24€(005 1 %) 2UY 10 F74
B4 B9 1241 Meldlo protoplastE
#2221 ¥ haemocytometer(L: 1 mm x
W:1 mm x D! 0.lmm, American Optical
U.S.A.) & protoplast] +& el ml &
protoplast+2  ®4tstgdcin  x 104
protoplasts /ml). £ BE&E& RA}sl7]
2|8l Fluorscein diacetate(FDA, Sigma
Chemical Co. U.S.A.)& acetone o %<
05 % €4 V53D, 28YF protoplast
gl 73t 3 F =7 001% HE
& #te] Ap2elM 527 incubation ¥F
(Larkin, 1976), 83271 #x¥ =3
@ o] 2 (Nikon, Diaphot-TMD)3toljA] 2
A JY YR e Aelde
protoplast® A 3143, protoplast &
&2 BAM protoplast ol iy WEEE2
Lepuigict.

qg vE

protoplasts T

BAEE = --x 100 %
A A protoplasts
3) A NAY
Hold ZAE 33 34 =8

BAE (table 2) 10ml %
Yol 22} 4, 6, 8, 10, 12, 14 A2 g

2]3toq  protoplast & weAU F,
protoplast &2 REEE ZAlstod A
2] Ajte] wh 2|3 2P zApstAdcl,

callus lg&

Table 2. Composition of the enzyme solution for isola-
ting protoplasts of Geranium callus,

H 1
Constituent I Concentration II
Cellulase Onozuka R - 10+ | 4% f
Macerozyme R - 10b ! 0.5% '
Pectolyase Y - 23¢ : 0.3 % !
Hemicellulased ! 0.3 % I
Calcium chloride 10 mM |
VES® 10 mM |
Sorbitol 0.6 M i
5.8 i
a ! Yakult Honsha Co., Ltd. Japan
b ! Yakult Pharmaceutical Industry Co., Ltd. Japan
c : Seishis Pharmaceutical, Tokyo, Japan
d : Sigma London Chemical Co., Poole, Dorset, lX.
e : 2[N-Morpholino]-ethanesulphonic acid

4) 22 Yy

Protoplast 2l X A8Y(table
2) & membrane filter(pore size 0.2um)
2 AE oS, 10ml X2 &%  callus
lg & $ol 25 = 2°CH ¢=xelA 12
A1t 60rpm 22 AESHEAM Y F
239 JtolAE AHEMA B HEY
d A 80 x g oM 5 & LHE
Bt F2AE WA F, 06 M sorbitol
CPW £(table 3)22 ctir] 4d&els}
o goldle HLAS AAY tlF 06M
sorbitol CPW €9 2ml & Yol zligets}



6 Cheju App. Rad. Res. Inst. Ann, Report Vol 7(1992)

al, oo} 06M sucrose CPW&2 upe}
282 By A8 el 100xgol A 1087
VL3t sorbitol 2t sucrose & ztof
& ©°|®3 A& protoplast & 233
THA] 0.6M sorbitol CPWR o2 glaln
213t protoplasts density7} 1 x 10%/ml
HA zA3drc}

Table 3. Compositjon of the cel @%' roto-
ast” washi solutign or
E{gtg T ussts ‘}golat?on 3m efan'i-

’

Salts used Concentration(mM)
KH2 PO, 200

KNO3 1000

el |

4 « TH2

K 7

CuS0yq -+ SH20 0.2

MES 10

0.6 M sorbitol CPW :
0.6 M sucrose CPW :

0.6 M sorbitol
+ CP¥ solution
0.6 M sucrose
+ CP¥ solution

4. Protoplast £ 3%}

Electro cell manipulator At I @
¥ HAZ A protoplast S Aol UL
AL AAt o}l 322 olF sl u)] V3
A 832 7499 de UL AU(table
22 80xg oA 5&3 23 YaLels}
o MY A¥ ¥ protoplastUEF 1 x
10° protoplasts/ml ¥ Z A% A} g3}
A cHKoop, 1985).

Table 4. Composition of the fusion solution.

Constituent Concentration
CaClz - 2H;0 600 M
HEPES* 140 uM
Sorbi tol 0.6 M

pH 7.0

* HEPES : N-(2-Hydroxyethyl)piperazine-N’-
2-ethane-sul fonic acid

1) A 9@ Fope 23

Protoplast § %ol ¢gtes At Fut
+ Z2US HYs sl gL 1
x 10 Sprotoplasts/mlé] WEE Z AW
protoplasts 20x]1 & %-& electrode slide
of Y3 cover glass& Wol #¥H A7}
€yl =Y¥olAel &3 ¥ F, Electro
cell manipulator 401 A ( BTX Inc. San
USA)E °]§3td
protoplast & %-& Al Alstch

olul dielectrophoresis& ¢l% ZLFF3}
(10 k, 100 k, 1 M, 10 MHz),
%20, 40, 60, 80 V/em)2t A 2]lA] (5,
10, 15, 20 sec), 2 2] 3 electroporation®
1Y AF AL0S5, 1, 15, 2, 25 kV/em)
b M e]21(20, 40, 60, 80usec)S M A
3317 M NEFUR[SUR(%)=(F
¥ protoplasts + / €83 protoplasts
+) x 100%]% BEF (REF(%) = (A
7] 2% AtololE protoplasts /8 ¢
4o}l protoplasts) x 100%]8 ZAbst
drch, olul protoplast & AME R =
FDA o2 uatstgrc},

2) 8%

1 x 10%/mi8
chamber ol Y3, 3§ Fu$ aiAY
3 MelAl, AFAY} Me] Alge] A
A3A $FoA  Electro Cell Manipula-
tor 401A& ©| &3t §4& Al 3c).

5. Y49 protoplasts uj

D oleed ¥ 29

Diego. California,

FEA

protoplast&  50ml
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| Y¥ protoplasts& wigsted ¥
2% 2 2817 st slelM §Y
cleanbenchel &4, ¥
Z4¥ ML E protoplast Y 2ml & #
3te] petri dish(¢ 6 cm)ol Y3, o]of wj

=2

¥ protoplasts =

A 2 ml & 73t tiEY wig 2
B3 ZALstAch
(V)71 2ulgul#]: MS solid, MS liquid,

B5 solid, BS liquid, KM-8P liquid, AA
liquid(table 1).

AEFHF U = glucose 04 M,
fructose 0.4 M, sucrose 04 M, glucose
02M + fructose 0.2 M, glucose 0.2 M
sucrose 0.2M, fructose 02 M

+ +
sucrose 0.2 M)

QATUZAMNEMY  sorbitols =: 0.1
osm, 0.2 osm, 0.3 osm, 0.4 osm, 0.5 osm,
0.6 osm.

(4) ¥ Y= : 05 x 10° / m}, 1 x10°
/ ml, 25 x 10* /ml], 5 x 10° / ml, 10 x
10* / ml

(5) Growth
ppm,

regulators %% ! NAA 1
3 ppm, = BA 0.1 ppm,
0.25 ppm, 05 ppm, 1 ppm, 2 ppm, 3
ppm & 2

#1oF ¢ A2 wigsted 7dR A A

2 ppm,

2REEE, 15 gxlol colony B4S 2
Alsh g cl,
24 ste
protoplasts
‘*EE%%J§(96)= < 100

Wl & ¥ protoplasts T

1547l &4 HcolonyF

Colony= x100

(%) T

wl&¥ protoplasts

7

2) Wi A

flol X ZAY 220& 712E 34
€Y4¥ protoplasts Hl 1 10°
protoplasts/m]18] WE2 ZAY 2m] ¢
protoplast®4& A3¥ IMSE petri
dish o] £F35l3, olo] KM-8P A uj
Z](sorbitol 02M) 2ml & AHJIstHo
protoplast W=7} 5 x 10%/ml S Ast et
Petri dish StelU L8 F3td Z2 3 )
BA(25°C £ 2°C)ll A AE 2¢d e ¢=
o2 3dxifee F22(1,1000 1,500
lux)ell A wlgstdct vl 5¢ Fof 0.2M
sorbitol& Rt ¥l 1ml & ¥ 7istdd
3, Y 104 Fole  sorbitold] SEF
0.IM B W& AA dAz] 2 ml & #7t
talx, vl 15 ¥ Foll& sorbitolel gL
€ ¥z 2ml & H7stdcH(Sung 5,
1991; &, 1988). ol ¥ dFd NZHoR 7|
Eulz] - MY v &S 4: 1 ¥]ER
o] M7t 34t
g 8F Feole MS IAMuIA(NAA 3
ppm + BA 0.5 ppm, Agar 0.8 %) &
A sty FrEstden, v
¢ 123 ¥ A2 MS IA iz &
A callus HAElE #AstAch

OF

2
o

X

callus&

A3 9 2%

1. Callus #7129} wjoF g
A =8

1) NAA¢ BAY %

Auxinff2 NAAE, cytokininf2 BA
& AHEY AH 4 71A] +E9 BE N
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gle] &%} callus #2712 2= table 5%t callus 48& ZAIY A fig. 2 o
Zth NAA 3t BAE At g A Heurst o] wlg A3 ¥ 189
& callus?7t F71EA] & ¥% ohy AF 243 callus B¥HE7} AAd &
gt &7 ¥4 s, NAA 3ppm + 2, 204 ol Fele A =7 £
BA 05 ppmduiel NAA 3ppm + BA o, uwglMd A wee 20¢ TS
lppm o] 713 PZA callus 7} § 2 4y},
7] H4dch

EQ callus B 3ol itk NAA 2 BA
XY RS A f13 9l 30
¥ FASE SBYC P, fig. 1 oM} Y
o} NAA 3 ppm + BA 05 ppm ¥d
(4.25g)%} NAA 3 ppm + BA 1 ppm &
(424 g) callus?} 7}¥ LZsA 43
sttt o] F2= Pelargonium zonale
hybridsel 4 NAA 2ppm+BA lppm& A
2|3t callus& F7]¥rche=(-7,1988) 2. 31
8} ol 9/ A3t Brasssica speciesol X &
24-D lppm¥ # 2|3led(Kinya &, 1987) T 2 3 4 5 6 7 8 8 w0

a o & che a7 ol Growth reguiators(ppm)
callus& 7] 3stdtke 2ast ded . NAAL + BAD.S 2. NAAI + BAL 3. NAAL + BA2Z 4. NAAZ + BAO.S

1
- = 5. NAA2 + BAl 6. NAA2 + BA2 7. X 3
ole AHEFY Aol ulE xojztx A} 3. NAAJ + BAZ 10, NAAD + Bag A3 ¥ BAGS B NAAS « BAI
g. | Effecs of the combined concentraton of NAA and BA on callus growth.
2¥rch

2) Callus ¥ I

Weightlg)

Weight(g)
5

Callus AchujgzAL Y3l ,
4 ;
#181 NAASH BAS 83t 3293 / |
Table 5. Effects of NAA and BA on callus growth of // ‘
Geranium 31 / ‘
Growth regulators(ppm) Degree of callus formation® '
NAY BA 24
0 0 0
1 0.5 1
1 1.0 1
1 2.0 1 i
2 0.5 2
2 1.0 2
2 2.0 2
3 0.5 3 0 St — -
:; 1128 :23 ) 10 20 30
3 3.0 2 OCaye after culture
. Fig. 2 Growth curve of Geranium cailus.

*0: blighted 1 : poor 2 : good 3 : very good
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3) A &AM Aol v]A & growth
regulators &} &%

(1) NAA ¢ BA 5%

Al g el nplxlEs NAA ¥5
2} BABSEE 2Usld JEY Fyde
table 6°] ltehl2ict NAASEZ 1 ~
BA #%7F 0.1 ppm,
0.25ppm dol 22 shoot 7} A E Adrt
(photo. 1).

2) IAA #} kinetin %

JAA% kinetin & odd7A] EZ
23t M EA APA ]I IS
FEY F e table 7 of viehialcl, A
X IAA(0.1 ppm, 025 ppm) + %
% kinetin(1, 2, 3ppm)8l Y2} I1Hx
IAA (1, 2, 3 ppm) +A&X kinetin
(0.1ppm, 0.25ppm) A shoot?t ¥’dE
¢l 2 (photo. 2), IAA 3 ppm + kinetin
1ppm A% shoot 7t ¥g = adch 28
1} oY shoot WRES 1/10 EMX ®
=] Q3 atct.
ole FYAMEAAM auxin 2 cytokinin

3ppm FE£oln

£33 wtge] Y + AZS Fdle
o8 F/1¢ iy et Atgdcl o}
&3 oA WA ciide & ¥ &
ZA gty Ao A EAHe o
"rch
3) Thidiazuron 2} Fulmet %=
Thidiazuron 2 Fulmet 5 =& ¢§
e ETE3to AgA Bl nHe
g AEY 22 table 8o YERIA
th A BEE B =AM shoot?t ¥dH
glon, hgMelEcte EgAeldAM &
T3 shoot¥ &R ATt H3| Thidiaz-
uron Sppb ZYolA T EA shoot 7t
¥2d=g3, Thidiazuron 5 ppb ¢844
e root 4% &5 Adrh
% Thidiazuron 5 ppb # Fulmet 5 ppb
oM 713 QT shoot A4S BASA
t}(photo.3). 2 &1} Thidia zuron 10 ppb
+ Fulmet 500 ppb$} Thidiazuron 5 ppb
+ Fulmet 500 ppb ¥ HMe| 3 odMe
callus 7} 28 E& AU o A
= red maple(Acer tubrum L.) oA
Thidiazuron 10ppb + BA 0.3ppm =l

Wgel iy Ag v gel ot AR

53%% shoot 7}

HA4RActs R (Kern

Table 6. Effects of the concentration of NAA and BA on shoot Table 7. Effects of the concentration of IAA and kinetin on
shoot formation from Geranium callus.

formation from Geranium cailus.

NAA(p;;-“SPW) 0.1 1025 0.5 2 'l(ﬂt(!;:gppn) 0.1 0.25 0.5 1 3
0.1 - - - - 0.1 - - 1 2
0.25 - - - - 0.25 - - 1
0.5 - 1 - - 0.5 - - - -

1 1 1 - - 1 1 - -

2 1 1 - - 2 1 1 - -

3 1 1 1 - 3 1 1 1 1
¢ 10 Replications 1 : one shoot - : no shoot 10 Replications 1: shoot 2°: no shoot

~53-

two shoot - :
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Table 8. Effects of_ the concentratigns of, Thldl:ﬁuron and Fulmet on shoot
and root formauon trom Geranium ca
Fulmet t>> 0 1 5 10 100 500
'ﬂudlazuron
0 - 2 2 1 1 1
1 2 3 2 3 2 1
5 3slr 4 6 5 2 d
10 4 2 2 3 5 d
% 10 Replications i ?ne shoot g : two shpot g ¢ three shoot
our shoot . five shoot : six shoot

3slr :

o4 Thidiazuron lppb + BA 0.lppm ©f
A Fthe X3 (Burkhanova &, 1984)%}
A1 BYS Le R Th, Eg
Thidiazuron Y%} cytokinin F 2t} ¥
‘dol ot Zsted Asxold AXE &
<4 Ql=d(George and Sherrington,
1984), € A ¥Y HAAME 5 ppb 5%
o] 4] Fulmet & ¥8-Hul 2F32 oy
W shoot f-7]ol H2AHo|ASFL o=
W d7e A EH = e VS B2
Ul

o] el A &tgol shoot BEA 714 F
2 2SR ‘e Thidiazuron 5 ppb
+ Fulmet 5 ppb olAl shoot 7} ¥4 ¥
g TE2EE YristA o4& MSx
Mujalo] &A UL A ZL(ptoto. 4),
WY AENe FY ¥ 22 &A 4
% 2] Z1t}(photo.5).

2. Protoplast ¥ 2]

1) A4sxe 3%

Protoplastiz 2lol  njx]+=  Cellulase
Onozuka R-10 2} Macerozyme R-10
& E83d & RELE 2AY F
e figd AN Eeulsl Pol 4 %

three shoot and one root - :

no shoot d : dead

Cellulase Onozuka R-10 + 05 %
Macerozyme R-10 & Az 342w
32 x 10° protoplasts/ml2 713 w&
protoplast +&& €& + < chphoto.
6. AEE =¥ 4 % Cellulase
Onozuka R-10 + 0.5 % Macerozyme
R-102141(85.5%) 7} 4 & ottt

°l& Pinus oocarupa®tPinus patula®
callus o4 1 % Cellulase Onozuka
R-10 + 0.5 % Macerozyme R-10 =i
(Laine %, 1988), Ginkgo biloba o4A 1

Protopiast yieid{x 104/ m1}
as

Vitaitty(s)
100

Bl Pratopiast yielg

88 vitamy

1 2 3 4 s L] 7 8 & 10
Enzymae concentration{s}
C : Cellulase Onozuka R-10 M : Maceroryme R-10
1LCl + MOS 2.Cl+ Ml 3.C2+ MOS5 4 C2+ Ml
5. C3+M05 6.C3+ Ml 7.C4+ MOS 8 Cé+ Ml
9.CS + MOS 10. C5 + Ml
Fig. 3 Effects of the enzyme concentration oa yield and vility
of protoplasts.
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9% Cellulase Onozuka R-10 + 05 %
Macerozyme R-10 g ul(Kim 5, 1984),
Cichorium intybus 4 1 % Cellulase
Onozuka R-10 + 0.2% Macerozyme
R-10 4dul{Lue &, 1982),
cotyledon oA 1 % Cellulase Onozuka
R-10 + 05 % Pectinase ¥ =l(David &,
1979) ¥ Acacia ¢ Bush colver ol 3
% Cellulase Onozuka R-10 + 1 9%
Macerozyme R-10 ¥ =l(So &, 1986) 7}
3 Ftie H3gts zolst eikted
ol AEAMY FHI €ty wFoletn
Atz €®ch,

2) AL A2 ALY A%

I AMelA el protoplast +& W
REEA v YT 2HE, fig. 49
A Beuiel Yol £ Al 4 AT #
B 8 Al 7hAle MM 3 F7i3ictst 8
A% ¥ HE FAB] FIhstd 1241 ¢e]

Pinus

Protopisst yleld(x 104%m1 Vitality(%)
5 100

——protopisat yleld —t Yitailly

30 4
ros
254
.
201

9o
15

Has

+ g s 80
4 ] 8 10 12 14
Trestmant time(hrs)
Fig. 4 Effects of enryme treatment ime on yield and vitality
of protoplasts.

A Haxd 1ml ¥ 3 x 10° 7Y
protoplasts& €3, 3 ol¥ole I3
8 4 stgch

REEL 12 A T7AlE Mel Ao
Agte) whet AAMsl asicist 12
A7HB99 %) ol Fele FA3d AL 3
drct.
o] Nagy # Malige(1976)7t Nicotiana
sylvestris Q&M XA 4 AL, Kao &
Michayluk(1980) 7} Alfalfa @& MEe]
A 6 Az,  Yorrow B( 1987 )°l
Pelargonium aridum callus 44 16 Al
3 A 2)sto protoplasts & Eel¥¢ BRI
8} 2ol & uYEeldrch el EY Ay
AgAY AF, A F¢ 3 eSwVH
59 atojof whel ‘ietds e A
(Monye et al, 1988)°171& 3tx%t, &
Z2o MEBAME #(1988) & ZFHEc} 2
Ao ©& Elodd w A Y £
gl 2 Aol BAME A FFH
of utz} tiddlA HEF oo & Aojr},
3. Protoplast &% #1¢ Ay o
Zn4 22

Callusel M &2/ ¥ protoplasts& A
Aol N Y AFE RIAE HY)
¢ Sf Fubeot A 2 M4
Tol ul& pearl chain 84& 24 3
2t table 9 oM HE uigt o] 1
MHz, 40 V/cm, 15 secold 273718
peral chain /&) 275% & 1% &
I stoch. 22 10kHz#t 100kHz oA
€ AL 2ol A&l protoplasts 7}
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Table 9. Effects of AC pulse on the formation of protoplast pearl chain.

Frequency! Amplitude| Time | Ne. of Percentage of pearl chain formation
(Hz) (V/cm) (sec}{ protoplast
tested protoplasts number per chain

2-3 4 -6 y 7

5 50 NRT* NRT NRT

20 10 47 NRT NRT NRT

15 46 NRT NRT NRT

20 50 NRT NRT NRT

5 49 NRT \RT NRT

10 k 40 10 50 NRT NRT NRT

15 48 NRT NRT NRT

20 50 NRT NRT NRT

5 48 NRT NRT NRT

60 10 50 NRT \RT NRT

15 50 NRT NRT NRT

20 49 NRT NRT NRT

5 49 NRT NRT NRT

80 10 49 NRT NRT NRT

15 50 NRT NRT NRT

20 49 NRT NRT NRT

5 52 NRT NRT NRT

20 10 50 NRT NRT NRT

15 49 NRT NRT NRT

20 48 NRT NRT NRT

5 48 NRT NRT NRT

100 k 40 10 46 NRT NRT NRT

15 50 NRT NRT NRT

20 50 NRT NRT NRT

5 50 NRT NRT NRT

60 10 48 NRT NRT NRT

15 47 NRT NRT NRT

20 49 NRT NRT NRT

5 50 NRT NRT NRT

80 10 S1 NRT NRT NRT

15 46 NRT NRT NRT

20 48 NRT NRT NRT

% NRT : Pearl chain was not forsed because of the protoplast rotation,

Ao Adted  pearl chain ©] 4
= ek, 10 MHzolMe A& o
X protoplast 7} &3]e]x] ¢}o} pear]
chain ©] §4¥ A ket

o]’ HY¥ pearl chain ¥go|
QIP FZA(UMHz, 40 V/cm, 10 sec
2} 1MHz, 40V/cm, 15 sec)edlM 3§ A
&3} Melate Weldtd Y&} A
&S ZAY Z3+e  table 1090 L}E}
vaich 2HF IMHz40V/em, 15sec &

A2 AF 05 kV/cm, 60 wsec AA
127% 8 US4 812%Y AEES
veldel 7ty ¢3stgden, thgeE
AHF 1kV/ecmB0usec oM 124 % 9
¢ 811% o NEEE ‘iehdd
t}, 28} AHF 15 kV/cm, 60 #sec ©l
Aol M & protoplasts 7t 80% °l4 ¥
¥ glch.

ot AN UL HY dUS
AFz2ALE 2HF = 1 MHz, 40V/em, 15
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Table 9. (1o be continued)

Frequency| Amplitude| Time | No. of Percentage of pearl| chain formation
(Hz) (Vscm) (sec)| protoplast
tested protoplast number per chain
2-3 4 -6 y 7
5 63 17.5 3.3 NOB*
20 10 62 18.3 10.0 4.7
15 62 18.3 10.0 4.7
20 62 17.5 13.3 4.7
S 62 19.2 13.3 9.3
1M 40 10 60 24.2 16.7 11.7
15 61 27.5 16.7 9.3
20 60 24.2 15.0 9.3
5 63 20.8 10.0 4.7
60 10 63 20.8 16.7 9.3
15 61 21.7 16.7 9.3
20 62 20.8 13.3 11.7
5 63 18.3 11.7 16.3
80 10 62 19.2 11.7 14.0
15 63 23.3 15.0 14.0
20 61 24.2 13.3 12.6
5 52 NMv*s NMV WMV
20 10 52 NMV NMV MV
15 53 NV NV NV
20 49 NMV MV MV
5 51 NMV NMV NMV
10M 40 10 50 NMV NMV NV
15 51 NV NMV NV
20 43 NMV NV NV
5 50 NMV NMV NuV
60 10 49 NMV NMV NMV
15 50 NMV NMV NMV
20 48 NMV NMV NIV
5 48 NMV NV NMV
80 10 49 NMV NMV NV
15 49 NV NV NMV
20 48 NV NMV NMV
¢ NOB : Pearl chain formation was not observed.
#2 \MV : Pear] chain was not formed because the protoplasts were not moved,

A HF+ 05 kV/cm, 60 #sec
o] 2l tH(photo. 7).

o] 3} Solanum brevidens Phil. %
oM K 1 MHz, 8V & AF 02 kv,
50 usec Yol(Tempelaar and Jones,
1985), Nicotiana tabacum ©olAd {
1MHz, 66V/cm &t 3AHF 09 kV, 50 &
sec 4®i(Koop, 1985), rice oA 2§ 2
MHz, 100 V/cm, 10 gsec & & 1

sec 432,

kV/ecm, 50 #sec ¥wi(Toriyama and
Hinata, 1989) W Petunia AN 2F 1
MHz, 60 V/cm, 15 sec % 3AH 25
kV/em, 40 #secd ™ (Han, 1988) ot}
€ B3 2t xol& vietuted ol 4
#°| th&2 % protoplast 378 Ajo]
g} e ¥}

ER IR/ Futert ¢ H9(10 K T
100 KHz)elA £ protoplasts & 33 @
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Table 10. Eftects of the DC pulse under the selected AC conditions on the tusion
and vitality of the pearl-chained protoplasts.

DC Time |No, of AC pulse
Amplitude|( usec)|protoplasts
(k\V/cm) tested 1 \Hz. 40 V/ca. 10 sec] 1 MHz. 40 V/cm. 15 sec
Fusion(%) Vitality(%) | Fusion(%) Vitality(x)
20 54 7.40 85.2 7.97 84.8
0.5 40 55 5.43 80.6 9.09 81.2
60 55 4.4 83.0 12.72 81.2
80 54 4.4 84 .4 9.25 81.4
20 53 9.85 84.1 9.43 83.0
1.0 40 53 10.37 80.0 9.43 83.0
80 53 10.08 86.0 12.37 81.1
80 53 8.15 81.5 5.66 81.1
20 54 4.95 86.5 5.56 81.5
1.5 40 53 7.1 82.0 5.56 81.5
60 55 Burst Burst Burst Burst
80 55 Burst Burst Burst Burst
20 54 Burst Burst Burst burst
2.0 40 55 Burst Burst Burst Burst
60 54 Burst Burst Burst Burst
80 53 Burst Burst Burst Burst
20 55 Burst Burst Burst Burst
2.5 40 55 Burst Burst Burst Burst
60 54 Burst Burst Burst Burst
80 54 Burst Burst Burst Burst

No. of the fused protoplasts
Fusion (%) = x 100
Total no. of protoplasts tested

. No. of the fluorescing protoplasts after electrofusion
Vitality (%) = x 100
Total no. of the protoplasts

29 A, ol 3% ¥l # 4. Protoplastiloto] glo]ld A EE
€3] dolvta BHA olge ¥4 dA d 9 colony®d =7

27t olReolx|z] otz wiie]dlrt

(Zimmerann %, 1981b). ¥ 1{F Az

ol 4 protoplasts 7} pearl chain & ¥4

st gl=ul, AAYQS5 kV/em, 60

sec °]4)ol el MEYo] Floj=

fEol Ve dide] diFHMAEH, o

€ Zimmermann 5(1982)8 2329} 4

3tadch.

1) 7] &uf=|

7Z1&u A (table 1)7} 42 2¢ o
colony 8ol nix& 482 MS A,
MS A, Bs A, B; dAl, AA AN,
KM-8P AMufjzlel s AEY P2} figd
o2} o] MEEELS KM-8P oAAM
37 % B 1 JE sid3, ciges
AA YGMui=| 7t 36% 2 42X sl
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Colony 842 AA dAMulz|7} 81%
2 MR ¢Eslden, clg2E KM-8P
Aqul=| 7t 7.7 % B R 2}
MS, Bs 2 wixjef A& colony ¥7§°l
of ¢ ARt h
ol & Kouider% (1984)°] Malus xdemesti-
ca cv. 'Jonathan' callus ol £2|%
protoplastsE KM-8P ulz]el, Gatenby
2t Cocking(1977) ©1 kale protoplast &
BS ulz|ell, Ni¢t Hazel(1988)°] Vitis
rotundifolia cv. protoplast & B5 w#j=] ],
Bidney %(1983)°] Brassica oleracea®]
mesophyll protoplast & MS w{=xjof ]
g3t Sul 7ty ZgAolele B ge
ate]l &  VER AR
Hinata (1988) 2|3 Lee#t Kim(1991)
o| rice protoplasts & AA ulx]o] ¥l

gl 7H3 HatAejte I e

Toriyama $}

Cell division(%) Colony formation{%)

Bl Ceil givieion BN Colony tormation

40 4
]

30
Fe

204

10 4 )

o2
0- o

M3 Lig. MS Sof, BS Liq. BS Sol. AA LiqKM-8P Liq.
Media

Fig. 5 Effects of various cuiture media on cell divisioo and colony

formation in protoplast culture.

Fig. 6

15

dx sl ol AA YAAd e
olul kAt TYFL FYolel AtRHETL
A Y FHR YU R

9 ZFF ¥ szt MEEE W
colony B4l rnlie 8T H9
fig62t ¥ch M2 £¢€ % colony 884
2% 02 M glucose + 0.2 M fructose
7§79 wixjolM 22} 38 %, 85 %
& UElde] A JE3IdR, 04M
glucose( 35 %, 77 % ), 04 M
fructose(34%, 7.4%) ©2 2 Fdrch
o] @3 glucose Y fructose ©5K A
AT RN F& FAE drie B2
(Park &, 1990) &&= cTi4 #ol7t e
1}, sucrose Y} fructose™tS ©Ho2 A}
£3le A Bclhe glucosed H7idal A
2 £dE& FAUcks 21 (Oka T,

1985)2F & 2l st ch

Calony formationi%)}

Cell divisian{%}

W Cell division () Calany formation
40+

8uec  Glu-FruGlu-SucFrusSuc

Sugars

in protoplast culture.

._59_

Effects of various sugars on cell division and colony formaton



16 Cheju App. Rad Res. Inst. Ann. Report Vol 7(1992)

3) AE 2AA 229 sorbitol

Sorbitol?] =7t M2 ¥ ¥ colo-
ny 84l ujxlEe ¥¥E JEY H3de
fig. 7 ol ‘lEpvialct, Sorbitol® H =7t
02M Yo MELEE(E %) W
H4(84 %)l 713 T AE HA
2, t}ge 2 0.3M(35%, 7.8%)
04M(@31 %, 72 ®)EcLE Leikted,
0.1 M, 05M, 06 M odlde AR3A
t}.
o] A}E 02 M glucose & 03 M
mannitol oA 7t ol Aozt R
(Jee and Chung, 1989) & 01 ~ 03 M
sorbitol © w &l & 3ol Az}
£ B3 (Min 5, 1991) ¢ d23tdch

4) MUY=

NeU=st MEEEY colony &gl
jAle Y¢S AEY A3E fig8d U
Ehidct. W27 BS4E MERY o

colony

Cell division(%) Calony formation(%)

| 10
Bl Call divisian mcmnny formation i
ré
-
o
‘N \ \:;\;‘\\\Q
N N
W N )
BN S W
N i N
R R R
\ N
\
1R

A

R N L
b N
A &
N :\
o LI W N N

0.1 0.2 0.3 0.4 0.5 0.6
Sorbital concentration(M)

Fig. 7 Effects of sorbitol concentrations on cell division and colony

formation in protoplast culture.

colony¥del F3ten, 1 x 10°protopl-
asts/ml duf 41% 9 88% & ¥ F
Qtch. 28 5 x 10* protoplasts/ml
o] ZF24 HClE xolF RHojx| ¢lo} ul
¢ 33 YEF 5 x 10° protoplasts/ml
2 3tor}.

o] A& rice(Vitis rotundifolia cv.)el
2 25 x 10° protoplasts/ml7HNi and
Hazel, 1988), rice(Oryza sativa L. cv)
ofd 4 x 10° Dprotoplasts/ml7}
(Toriyama and Hinata, 1988), &3
rape (Brassica napus L.cv zephyr)of A
25 x10° protoplasts/ml U= 7}(Kartha
.1974) EFrie Haise 4%y ol
8le1t, bean (Vigna aconitifolia) A~ 5
x 10 protoplasts/ml7} (Krishnamurthy
%,1984 ), eggplant(Solanum melongena
L.) o4 1 x 10° protoplasts/ml7} (Asaf
Shamay,1984),
(Helianthus annus)oll A

Guri and sunflower

5x10v7x  10*

o Cell division(%) Colony formation(%}

MR Coll civision EXD colony tormation

40 1

30 4

204

0.5 " 2.5 5.0
Density{x 10%mi)

Fig. 8§ Effects of culture densities on cell division and colony formation

in protoplast cuiture.
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-

—

protoplasts/ml 7}{(Moyne &, 1988)
2]  Pelargonium 1A 8 x 10
protoplast/ml7} (7, 1988) 7t% Ftie B
2o vl FApstdch
5) Growth regulators ¥ %

wjotuirlo] A7isl & NAASH BA 7}
AX 24 9 colony 84l e 4%
& AEY F}E figs-1 2 9-2 A4 Y
Ehjaict. NAA 2 ppm + BA 0.5ppm
o Yoy MEEI( 39%) ¥ colony
8491%)° 713 gt en, thal
2 NAA 2ppm+BA 1lppm, NAA 3 ppm
+ BA 1l ppm 24&02 QF A 2
2]\ 2% =<9 NAA 3ppm + BA 3ppm
odMEe HZY A3 (34 %, 45 %F |
Efuich
o] e Vitis labruscana °14 NAA
2ppm + BA 1 ppm ¥ =i (Kim &, 1990),
Pelargonium aridum protoplasts o4

Cell givision('%) Colony formation(%)

i M Cell divisian

T3 colany formation

NF8

6 7 8
Growth regulatars and concentration{ppm)

1.NAA 1 + BAOIl 2.NAA T + BAG.2S 3. NAA 1 + BAOS
4. NAA 1 + BA ] S.NAA | + BA 2 6. NAA 2 + BA 0.l

. T.NAA 2 + BA025 3. NAA 2 + BA 0.5
Fig. 9-1 Effects of NAA and BA concen
formation in protoplast cuimre,

+

NAA 2 ppm BA 05 ppm Ydl
(Yorrow &, 1987) ¥cth= B3 ot v
=¥ AYEL ehidLrl, Nicotiana
callus protoplasts ¥l NAA 3 ppm
BA 1 ppm¥ui(Luc 1982),
pea(Pisum sativum) protoplast ¥l %ol A
kinetin 2 ppm + 24-D 1 ppm 4dl
(Constabel &, 1973) #tle R o=
el &  Liepuich  eolgjze]  growth
regulators & FH4 AP =7} IS
A& Al gAMd FH2 protoplast ¥l
3 9 owpdel wet
regulators®] £33 =7} ti27] i ¢
22 Atg ¥l

ol4el AYdMN <& Yy =d
(KM-8p, AA A Aulz] + 0.2M glucose
+ 02 M fructose + 0.2 M sorbitol +
NAA 2 ppm BA 05 ppm)2E

Pel-argonium 2zonale hybrids

| =4
+ 5,

=

vl

ol§ growth

R

+
“ringo

Call division(%) Calony tormation{%)
10

W Cell division SNColony formation
40
Sy
N L8
N \
R
§ 3
3011 3
R A\
: ]
N Y B 3
\ N 3 2
R 3 A
201 R 3 A ;
N ! 3 qr 4
3 B 3 |
1041l 3 41
N R q yF2
N ; A
N B R N
3 R p
R R : 3 A
N 3 3 §
N ] § N R
o L . . il o
12

9 10 1"

14

Growth reguiators and caoncentration(ppm)

9. NAA2 + BA 1 10. NAA 2 + BA 2 11. NAA3 + B

12. NAA 3 + BA 025 13. NAA 3 + BAOS 14 NAAJ + B
1S.NAA3 + BA2 16 NAA3 + BA3

formation in protwplast cuiture.
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red” $ “ringo white"8l protoplast &
A UYL F G AAS o, WP 2d
¥ AqEo] A A2 (photo 8), Wi 4
d ¥ A 1 Ede] doiuteni(photo. 9),
g 74 ¥ A 2& <Eel(photo. 10), ¥i %
10 € Fole A3 EE 4290 Yol
o] (photo. 11), ¥8¢} 15 ¥ ¥l colony
¥4d& & 4 AdcrHphoto.12). ¥ie 30
4 ¥ (photo. 13) 2} 40 4 ¥(photo. 14)°l
£ micro callus& HHstda, v 8 F
¥o] Imm BT callus & MS ZLAjul)
*](NAA 3 ppm + BA 05ppm) o &A
(photo.15), & 12F°l lem BF=Y
callus’7t E4HE& ¥HY £+ ddrt
(photo. 16).

4 9

¥ ale] t}l& protoplasts § A 7§ Y

AA 3 FUAE ulgEty] T 71X @
F+24x, Pelargonium zonale hybrids

Ringo red "¢t " Ringo white "2 dof
A callus 5718 whed W@ MEN 2
23, Protoplasts £ 23,
A7l % 2, $4¥ protoplast WL
of Bdle 23§ FETIATL

1. Callus ®71% wig& 9% 33
NAA ¢ BA 5+ 2 3 ppm + 05
ppm °lglth.  ERF A EA Aol A
3l growth regulators & HX = NAA
2} BA & 2¥gelMdE 25X NAAQ, 2,
3 ppm) + A5 E BA(0.1, 0.25 ppm) °f
A, IAA & kinetin®] 2¥YelMe LE=
IAA(, 2, 3 ppm) + &= kinetin(0.1,

protoplast

025 ppm), A& = IAA(0.1, 0.25 ppm)
+ %% kinetin(l, 2, 3 ppm) ol %
2 WEZ AEN7 AqA"de, ®
Thidiazuron 2} Fulmet Z2¥elME= A4
BE Z2YolAM o &2 UEEZ MHEAN7
g ddct. &3 Thidiazuron 5 ppb +
Fulmet 5 ppb oAM= 60 % & AR S
(222128 Kol =

2. Protoplast wel& % X4 £
9 33 HEE 4 % Cellulase Onozuka
R-10+05% Macerozyme R-10°]4¢3,
olaf 48&< 3.2 x 10° protoplasts/ml ©l
dony, TaAe AL 12 ATl HY
st ch.

3. Protoplast § ol nlile

F34 2Pe

g
2F Fobg 1 MHz&
40 V/cm oA 15sec T 7HY ¥, A F
A 05 kV/em & 60usec ¢
& o, 13 % o $YE2} 81 % 9
REES vehlo Y Z2s R F
Qtct.

4. Protoplast ¥l Qo glofA X £
¥ KM-8PY A vl =] (37%)1 A, colony
42 AAYA A (MSH 71§+ KM-8P
vl ELR] + oipl=Al EYF)olM A &
339083 %), @ FF U ol u
2 ZA+ 02 M glucose @ fructose &
Yoyl (M EESE 38 %, colony ¥4
85%), 45 ZHAZAM sorbitol & &
X+ 02 Mltotal 06 M) oM (38 %,
84%) M %Y=& 1 x 10° protoplasts/ml
AM (41 %, 88 %), Growth regulators
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= NAA 2 ppm + BA 05 ppm °}AM (39
9%, 9.1 %) 713 @3¢ AE Ak

5. olare] AyelM ¥ Y 2L
2 protoplast & W} N uf, WP 2
d F MEHol H4HAR, 4 4 F A
1 2o} golwtz, 7 ¢ ¥ A 2 €4
o], 10 € ¥ 3 £t 4 Bdol Uit
o}, 15 4 ¥l colony 7 ¥4 Adch
W 8 F¥el: 05 mm ¥= ¥AHE
A2E& MS 2AMulA(NAA 3 ppm +
BA 05 ppm)ol & A callus & w334
2, e 12 F Fele 1 cm FEY
callus 7t H4¥& & ALch
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NAA 3 ppm + NAA 3/ppm +
BA 0.5 ppm BA 1 ppm

Photo. 1. Shoot regeneration by NAA and BA treatment.

Kinetin- 2 ppmKinetin 0.5 ppm

Photo. 2. Shoot regeneration by IAA and kinetin treatment.
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Photo. 3. Shoot regeneration by Thidiazuron and Fulmet treatment,

Photo. 4. Root formation after Photo. 5. Transplanted to soil

shoot regeneration, after root formation.
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Photo. 6. Freshly isolated protoplast  Photo. 7. Progress of protoplast
from Geranium callus. fusion.

Photo.8. Cell wall regeneration 2 days Photo.9. The First Cell division
after protoplast culture, 4 days after protoplast
cul ture.
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Photo.10. The Secound cell division Photo. 11. The third and fourth cell
7 days after protoplast division 10 days after
culture. protoplast culture,

Photo.12. Cell colony formation from Photo.13. Micro callus formation
protoplast 15 days after from protoplast culture
cul ture, 30 days afier culture.
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Photo. 14. Micro callus formation from protoplast
culture 40 days after culture,

Photo.15. Micro callus formation from Photo.16. Micro callus formation from
protoplast culture 8 weeks protoplast culture 12 weeks
after culture(in agar medium) after culture(in agar medium)
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