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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 ppa and BA

0.5 ppa 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(1, 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, 0.5 % Macerozyme R-10,
0.3 % Hemicellulase, 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/ml.



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

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 + 0.5 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,



L 4 &

AZE E3E V&) 93 2 5 wol Al8Ho AW o] 52
2 {FYL /8 ¥IY Y5 UEs) YAy SEHE A9, Py @
Aol EE £0%E GHo] At U, AX Y WYL $2& 28
€ FHT MAR HF HES VE 4 A7) dlBo] W& Wy oy 98
B 29 ¥2 zYolehes AWM Nty 4uiog by wolgic)

2EL AUE AX YU YYoRE w & pH o PEG 59 YEYL AL}
+ A% PP(Korth et al., 1974: Menczel and Wolfe, 1984: Kim et al.,
1986)2 M 713 &2 Y(Koop, 1985: Bates 1985: Bates and Hassenkampf,1985:
Tempelaar and Jones, 1985) %o| lch. PEG Pz} T2 23y wje &=
€O Y2 w2 5L ARE] WEo] O AUS AMI} MEo] SHE 2
o] 3 A o] Wrla ¢gajx 2 o1}(Senda et al., 1979), Zimmermann(1981)
of &3 /YUY AII83 e det 2o /e APl ¥ $Y8S &
& 4 23 8349 heterokaryon 2 ¥2|7} 296, ©Y MEH e $Y% I}
T3] A MXE Y f5 ¥ 4 Ucrh(Bates et al., 1983; Morikawa et
al., 1988). ERt A718Yo] 2% protoplast €Y WY PEG U T}E £33 2
ol vidl 83182 UM protoplasts o] PZFE ¥Y 4 2S0)(Zimmermann
and Vienken, 1982), 2|3 ZAE vl¢ A=A Aefoly ANY £ olrizn

3} cl(Scheurich and Zimmermann, 1981).



2 Aol AM8-¥ Geranium & Pelargonium 42] AbAAY AHNAEZA, 43
2 R FAoA Wichy g og s13 o] Aulg glon, $aielef
ME de] 23Fe] oAl & AFolth. Mo Geranium o] opgFof iyt g
< @F7 ol Fol AR dtdl, 2 olfE oP¥E Geranium o] 23 Q= WA
of tidt ARg2t thalyt FNEF R8 BUL £AUW hybrida HEo] BAlo]
Bolx]x 917] wj&olr}.

o] 2|}t Geranium 2] FF7/132 1% protoplast §iof Y AF= oj2of
A glo] o] Foj2]2 U1 (Koop et al., 1988), EF §3H protoplasts & ul
st M7t APHE B3t QcHYarrow et al., 1987). whd $a|ute}
oAME thE A& protoplast wide F A BN o) AY AFL @i}
Z](Chung et al.,1985: Kim et al., 1988: Chung and Kim, 1988: Jee and Chung,
1989) 7} 2121} Geranium & o|-§¥ AFE 24(HF, 1988)0] XN Yt AW
olm, o] dF Y WL FIF& thicl Xy MY protoplast £ ZAolu
A7) Y 2A, BEE W protoplast W]} ZA 52| 217} n]Fshadc).

ety & AFE Geranium o MAX HFE 0|8 FF AU 72 AF
24|, Pelargonium zonale hybrids “ringo red” $} “ringo white” & AEE A}
&3t callus §7] o vl R A EM 214, protoplast o] Hejo} g%, $Y
¥ protoplasts Hl} Fof Vo3l QUal § AESY L4 AT AEYS

8 7hed & RaA £ AY g s¥sdct



L AZ Y4y

= M¥ol A8} Pelargonium zonale hybrids “Ringo red” 2} “Ringo white”

A AE Y TR FAHA N Fsle] Agsigc).
1. F=2] ol g wjo}

FA= 70 x 2] ethanol of 30 X7 P2 ¥, Tween-20 & WL MY 2 x
NaOC1 -gfo] 20 £3 M Hste] ¥l AF% T}, cleanbench (Model C-CB2, |
YA g FAHANE &A BF4E 5 3 AAY ¥, MS 7] 2u)x) (Murashige
and Skoog, 1962)7} &ol Q= test tube(2.5 x 19 cm)oll FE2}E }Es}o]
aluminium foil 2 T2 t}g 23 wjPAUZ g4, AUSFE 70 ~ 80 %, 2%
25 & 2 °C, 1,100 ~ 1,500 lux & ¥ 16 A|7te] Yoz zapspHA 20 U3t

ul g3t
2. Callus 7] 2} v} @ BN QA
1) Callus 2] 33to} tigt growth regulators 2 AXsx 2AZ Z A3}

#13td, MS vix]o} auxin FTA NAA(  -Naphthaleneacetic acid) %% 1, 2, 3

ppe 2} cytokinin F2 4 BA(6-Benzylaminopurine) %% 0.5, 1, 2, 3 ppm & &



& Aejstadch =3 AHL wle} 20 € Foll AAY UL 0.5 cm x 0.5 ca HA
Actslo] Algsig.on], wj=x)e] e 100 ml Erlenmeyer flask off 20 ml XA

YRAR, BE YA 23 F2} olr] 9} FYs}ar).

2) ulG 71 Bt A FHE =V 9519 ] AYE A2y ¢4
¥ A21§ B growth regulators 7} Z3(NAA 3 ppm + BA 0.5 ppm) MS 1)
Blxlod 0.5 g & callus & A|43ln, wlY 3 Q HOT callus BAS el

t}.

3) HaEA g =24
Callus 2 Y8 48 24o] B3H= growth regulators 2] EF 9} 2
Hs=E ZABH] $iste] NM 55(0.1, 0.25, 0.5, 1, 2, 3 ppo) 9} BA 5
(0.1, 0.25, 0.5, 1, 2, 3 ppn) ] 83} IAA(Indole-3-acetic acid) %E(0.1,
0.25, 0.5, 1, 2, 3 ppm) 2} kinetin(6-Furfurylaminopurine) %%(0.1, 0,25,
0.5. 1, 2, 3ppm) &] ¥E 9 Thidiazuron(N-phenyl-N'-1,2, 3-thiadiazol-5-
ylurea)®] %%(1, 5, 10 ppb) 2} Fulmet(1-(2-chloro-4-pyriclyl)3-phehylurea)
o $%(1, 5 10, 100, 500 ppb) & g F2 T ANelsie] AEN YY 237
& ZApstgct
EARE HE3ME 28] A= M Al g UIAAD, FY ¥

U2E HEAE HEol A ddch



Table 1. Composition of MS, BS5, KM-8P and AA medium for callus formation
and protoplast culture of Geranium.

Concentration (mg/1)
Component
MSa B5b KM-8P¢ AAd
NH4NO3 1650 - 600 1650
KNO 1900 3000 1900 1900
CaClz - 2H;0 140 150 600 140
%ﬁSO - TH20 370 500 300 370
iP64 170 - 170 170
KC 300
'le‘h S04 134
aH2PO4 - H20 150
FeSQ4 - 7H20 27.8 27.8 27.8 27.8
NazEDTA 37.3 37.3 373 37.3
H3BO3 6.2 3 3 6.2
CoCl2 - 6H20 0.025 0.025 0.25 0.025
CuS04 - 6Hz0 0.025 - 0.25 0.025
CuS04 - 0.025 - -
MnSQ4 - 4H,0 22.3 - 13.2 22.3
MnSO4 - HaO - 10 z z
NazMoO4 - 2H20 0.25 0.25 0.25 0.25
KI 0.83 0.75 0.75 0.83
ZnS04 - TH20 8.6 2 3 8.6
myo-inositol 100 100 100 100
hiamine-HCI 0.1 10 1 1
Nicotinic acid 0.5 1 - -
P{rldoxme—HCl 0.5 1 1 1
G Xﬁine 2 - - -
p-Aminobenzenic
aci 0.02 0.02
L-Ascorbic acid 2 2
Biotin_ 0.01 0.01
D-Caicium
tothenate 1 1
Fo??g acid 0.4 0.4
Choline chloride 1 1
Nicotinamide 1 1
Riboflavin 0.2 0.2
Retinol 0.01 0.01
Cyanocobolamine 0.02 0.02
Pyruvic acid 20
Citric acid 40
L-Malic acid 40
Fumaric acid 40
Glucose 68400 125
Sucrose 30000 20000 125 30000
Fructose 125 125
Xylose 125 125
Sorbito] 125 125
Manni tol 125 125
Amino acidse
Glycine 7.5
Glutamine 876
Aspartic acid 266
Arginine 174
Agar 0.8 % 0.8 %
pH 5.8 5.8 5.8 5.8
NAA 3 3 3 3
BA 0.5 0.5 0.5 0.5

a : Murashige and Skoog, 1962 b : Gamborg et al., 1968
c : Kao and Michayluk, 1975 d : MS minerals + KM-8P vitamins + amino acids
e : Kinya et al., 1987 -9-



3. Protoplast ¥g]

1) 34 A=
Achuf IR F callus o] FALo] 713 W2 Ro2 Yept A7 &, A
i} ¥ 14 ~ 18 ¢ © callus & Ap&3}ar}.

2) A4 %
Protoplast Zejofl A3t A A w5 ZAL YY) ¢85l cellulase

o} macerozyme ¢ S5 & Wel AHgslel £831 MEEE TSt

Cellulase Onozuka R-10(Yacult Honsha Co. Ltd. Japan) 2] 5 +<Z(1, 2, 3,
4, 5 %) 2} Macerozyme R-10 (Yacult Pharmaceutical Industry Co. Ltd. Japan)
9 2 ££(0.5, 1 %)& ZUY 10 F79 AL AL 12 A A el proto-
plast & &2]A)Z1 ¥, haemocytometer{(L: 1 mm x ¥: 1 mm x D: 0.lmm, American
Optical U.S.A.) £ protoplast 2] & Ao ml % protoplast 42 #nAatslocl
(n x 104 protoplasts/ml). E RE L ZA}5}7] 9)35}led Fluorescein diacetate
(FDA, Sigma Chemical Co. U.S.A.) & acetone of %o 0.5 ¥ 82 wtga, 1
8& protoplast T¥elo] sisle] HF HE7t 0.01 % HEF 3lo] AlLo|A
5&3t incubation ¥¥(Larkin, 1976), HF Ax]7} 22t 53 ¥®o]Z (Nikon,
Diaphot-TMD) 3} oA 2FM2] 2 PHZ U MolglE: protoplast & A4
312131, protoplast AZE&-2 AA| protoplast 4o thdt MELZ Llehjai).

838 Y= protoplasts 4=
BEE = x 100 %
AA protoplasts 4

_10_



3) A AeA
Holl M ZAIR} A AL o] A2 g (table 2) 10 ml @ callus 1 g
& 9ol 47 4, 6, 8, 10, 12, 14 A& M8}l protoplast & ¥e]A|z] ¥,
protoplast &3} BEEE ZAlsle] A2 Aol WS A3 238 24} 31y
c}.
Table 2. Composition of the enzyme solution for isolating protoplasts

of Geranium callus.

Constituent Concentration
Cellulase Onozuka R - 10a 4%
Macerozyme R - 10b 0.5 %
Pectolyase Y - 23¢ 0.3 %
Hemicellulased 0.3 %
Calcium chloride 10 M
MESe 10 mM
Sorbitol 0.6 M
pH 5.8

a : Yakult Honsha Co., Ltd. Japan

b : Yakult Pharmaceutical Industry Co., Ltd. Japan
¢ : Seishim Pharmaceutical, Tokyo, Japan

d : Sigma London Chemical Co., Poole, Dorset, K.
e : 2[N-Morpholino]-ethanesulphonic acid

_11_



4) ¥ Uy
Protoplast £2]& X AL (table 2) S membrane filter(pore size 0.2
pm) 2 AE T, 10 ol XA ool callus 1 g & o] 25 + 20C o] otz
oAM 12 A3t 60 rpn 02 AYSIAM YRR F, 2 o] JlolAF ALY
AE5E FI 89S 80 x g old 5 B} dNTesie AaNg WA ¥,
0.6 M sorbitol CP¥ -§9(table 3) 22 r}A] f4le|slo] Holgl FA MG A
A thE, 0.6 M sorbitol CPW € 2 ml § Yol xj¥E}3}l, oJo] 0.6 M
sucrose CPW 8-o1& ule}o2 YE MA3] Yol 100 x g ol 10 27 Qalde
8lo] sorbitol 2} sucrose &3] & o|&3 9l protoplast & 23}z, tha)
0.6 M sorbitol CPW 8o WAlE2]3le] protoplasts density 7} 1 x 105/ml

A z2831ycl

Table 3. Composition of the cell and protoplast washing solution(CPW) for
protoplasts isolation from Geranium callus.

Salts used Concentration(mM)
KH2PO,4 200

KNO3 1000

CaClz - 2H20 11000

MgS04 - 7H20 1000

KI 1

CuSO4 - 5H20 0.2

MES 10

0.6 M sorbitol CPW : 0.6 M sorbitol + CPW solution
0.6 M sucrose CPW : 0.6 M sucrose + CPW solution

__12_



4. Protoplast ¥3%}

Electro cell manipulator A}g-A] W R A2 A protoplast S} Ho) A3
A EWE AMAs 3ng o|F 3 v A ST 7] Q= gL
(table 4) 22 80 x g ol 5 ¥3F 2 3] YN Ee|3l MY AP ¥ protoplast

Y5§ 1 x 105 protoplasts/ml A ZAY ¥ AHE3}dtHKoop, 1985).

Table 4. Composition of the fusion solution.

Constituent Concentration
CaClz - 2H20 600 uM
HEPES®* 140 uM
Sorbitol 0.6 M

pH 7.0

s HEPES : N-(2-Hydroxyethyl )piperazine-N'-2-ethane-sul fonic acid

1) A R Fupe 24
Protoplast g§lo] dgts A U Ful4 238 U7 93l Y&
of 1 x 105 protoplasts/ml 2] WEE ZAHH protoplasts 20 ul £ ele-
ctrode slide o] Y31 cover glass & Wo] H#% A7} £24Y =3 Hn|Ro

€3 ¥2¥, Electro cell manipulator 401 A( BTX Inc. San Diego. California

_13_



USA) & °|-&3}o] protoplast §¥& AAlstgct.

old dielectrophoresis & #1¥ LF Fu}4(10 k, 100 k, 1 M, 10 Miz),
2FAU(20, 40, 60, 80 Vsem) 3} M2 A5, 10, 15, 20 sec), 12| elec-
troporation & $I¥ Z{FAH0.5 1, 1.5, 2, 2.5 kV/cm) 2} N 2)x]2H20, 40,
60, 80 usec)& HF2ASL7] $3M AX UL [$UL (%) = (§YY proto-
plasts ¢ / A protoplasts ) x 100 %] 2} B2 & [F2&(%) = (A7] =}
= ¥ Mol protoplasts 4= / §§H Alo}gli= protoplast 4=) x 100 %] &

ZAL3tgct. oldf protoplast 2] 4& of¥i= FDA ‘Joz WAL}

2) 8%
1 x 105/nl £] protoplast & 50 ml chamber of Y3, & F31, AH
At MelA g, JFAY2} Mejrto] HAsIA w2o| A Electro Cell Mani-

pulator 401 A § ©]-&3} §3& A|Ac).

5. $Y¥ protoplasts v}

1) vige] BAHE 2
¥ protoplasts & wigst=o] Wag 28 ZAS| 9151 slofA
¥4 ¥ protoplasts & cleanbench o] &7, WZH 3o protoplast 8¢Y
2 ml § #3lo] petri dish(¢ 6 co)of] Y2, olo] ujz] 2 ml § 7}l T}

uj} Ao BN zAlstgct

_14_



(1) 712upedulz] : MS solid, MS liquid, BS solid, B5 liquid, KM-8P liquid,
AA liquid (table 1)
(2) 9FHF % %% : glucose 0.4 M, fructose 0.4 M, sucrose 0.4 M, glucose
0.2 M + fructose 0.2 M, glucose 0.2 M + sucrose 0, M,
fructose 0.2 M + sucrose 0.2 M)
(3) ¥4 AR MY sorbitol X : 0.1 osm, 0.2 osm, 0.3 osm, 0.4 osm
0.5 osm, 0.6 osm.
(4) vl WX : 0.5x 104 / ml, 1 x 104 / ml, 2.5 x 104 /ml, 5 x 104 / wl,
10 x 104 / ml
(5) Growth regulators %% : NAA 1 ppo, 2 ppm, 3 ppm, 2} BA 0.1 ppm,
0.25 ppm, 0.5 ppm, 1 ppm, 2 ppm, 3 ppn 2] X%}
et ZE 2oz wigdsled 7 Uslol ME BAL, 15 Yrfo] colony HAHS
Z Aot
¥l 7 dxl E£A3}= protoplasts 4

ME 29 (%) = x 100 (%)
¥ protoplasts 4=

¥} 15 U=l HA4H colony 4
Colony ¥4 (%) = x 100 (%)
Wl 2H protoplasts 4

2) i 3

_15_.



#lolA ZARY 238 7122 sty §UH protoplasts XS 1 x 105
protoplasts/ml 2] WEE ZHH 2 ul ¢ protoplast 88g AFH yspog
petri dish of 33}, oJo] KM-8P ¢§A] ujjx](sorbitol 0.2 M) 2 ml & 713t
o] protoplast WX 7} 5 x 104/ml EAB}ACL Petri dish & jejUEoe B3}
o 23 WiFGH(25 °C + 2 oC)oll N A2 2 UL Ud=xoT 3 U= Ry ¥
Z3(1,100 ~ 1,500 lux) o4 wjedstedch. wja} 5 A Fo) 0.2 M sorbitol &
¥Rshe WX 1wl & A7Blda, wiQ 10 € Fol: sorbitol o B &
0.1 M2 W& AA AAulx] 2 ul & M7bslAR, ul9g} 15 A Foji sorbitol o
At wixl 2 ml § MIISIATHSung et al., 1991: -§, 1988). o|¥ A=Y 3t
Aoz J1Eulx] : AR H] &S 4 1 H]RE 3lo] Ay} sjdc)
uje} 8 3 Foll= MS AIufx|(NAA 3 ppo + BA 0.5 ppm, Agar 0.8 %)ol &7 ul
B8] callus § HE3HALn, wig 12 F F A2 MS M wix|o] A

callus AJel& #A3}oc}

_16_



I 2344314

1. Callus 7] ¢} g} @ A2 2548

1) NAA 9} BA o] 9%
Auxin & NAA &, cytokinin F2 BA & AISY 217} 4 7] 429 &
£ A2lof 23t callus §7] B3} table 5 9 Yrh NAA o} BA & Neslx| o
AEHE callus 7} §7152] 4 ®|t ofel AU WA=, NAA 3 ppa +
BA 0.5 ppm Ul 9} NAA 3 ppm + BA 1 ppu Uul 7}R @I 3}A callus 7} 87
= ock
EY callus 3ol TRt NAA o BA SxE°] J8E A A8 wie} 30
4 F FAE FY A, fig. 1 oM} o] NAA 3 ppm + BA 0.5 ppn Yl
(4.25g) 2} NAA 3 ppm + BA 1 ppn Uufi(4.24 g) callus 7} 7}% QBsiA A3
st
o] Z}= Pelargonium zonale hybrids o 4] NAA 2 ppm + BA 1 ppn S A e]3lo
callus & R7I13ch=(f, 1988) R} o9 RABID, Brassica species oA
£ 2,4-D 1 ppa & A2s}od(Kinya et al., 1987) callus & §7]3ldc}= ¥

7t ddedl ol HEFY Aolo] @ 2jojzin ALz W),

_17_



Table 5. Effects of NAA and BA on callus growth of Geranium

Growth regulators(ppm) Degree of callus formation*
NAA BA

0 0 0

1 0.5 1

1 1.0 1

1 2.0 1

2 0.5 2

2 1.0 2

2 2.0 2

3 0.5 3

3 1.0 3

3 2.0 2

3 3.0 2

* 0 : blighted 1 : poor 2 : good 3 : very good

2) Callus % I4
Callus Ach vi} 23 ¥3Ust7) ¢l3l NAA 9} BA § AHg3to] 32 Y3t
callus B8& ZARRY 43} fig. 2 oA B ule} go)] wjod A)z ¥ 18 4 &
¥ 2 U3 callus B3 =71 AU w34on, 20 9 o]Fols AY 457} £3}

Halch. webd Ach it 20 4 BHo2 $3sic)

_18_



Weight(g)

0
1 2 3 4 5 6 7 8 9 10
Growth regulators(ppm)

1. NAA]1 + BAO.5 2. NAAl + BAl 3. NAAl + BA2Z 4. NAA2 + BAO.S
5. NAA2 + BAI 6. NAA2 + BA2 7. NAA3 + BA(O.5 8. NAA3 + BAl
9. NAA3 + BA2 10. NAA3 + BA3

Fig. 1 Effects of the combined concentration of NAA and BA on callus growth.
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Weight(g)

5T j

2 - 7/
o
/é//'
P
-
1_
o-t+——r— 1t 7+ f
0 10 20 30

Days after culture
Fig. 2 Growth curve of Geranium callus.

3) A EA| 2]ol n]x]= growth regulators & o3}

(1) NAA 2} BA 55
A EA 2ol njX&= NAA 5 2} BA 558 ZYslo] AEY AP
table 6 of Lehlglct. NAA S%7F 1~ 3 ppnm $F0|31 BA £57} 0.1 ppn,
0.25 ppm Yul 22} shoot 7} ¥Ad= 2ch(photo. 1).

_20_



Table 6. Effects of the concentration of NAA and BA on shoot formation

from Geranium callus.

BA(ppm) 0.1 0.25 0.5 1 2 3
NAA(ppm)

0.1 - - - - - -
0.25 - - - - - -
0.5 - 1 - - - -
1 1 1 - - - -
2 1 1 - - - -
3 1 1 1 1 - -
* 10 Replications 1 : one shoot - ¢ no shoot

2) IAA ¢} kinetin 5%
IAA 8} kinetin & oj27bx] 22 Zysle] 2Bl 2o o= o8
& ZEY A2} table 7 ol Yelddch. A% S 1AA(0.1 ppo, 0.25 ppa) + 3L
SX kinetin(1, 2, 3ppm)9] 23} 2% IAA (1, 2, 3 ppm) + AEE kinetin
(0.1 ppm, 0.25 ppm) oflA] shoot7} B4 %3 (photo. 2), TAA 3 ppm + kinetin
1 ppm oYM E shoot7} HE 2t 121} o]ZL shoot WAL 1/10 2 &

=) ek ot}

_21_



Table 7. Effects of the concentration of IAA and kinetin on shoot

formation from Geranium callus.

Kinetin(ppm) 0.1 0.25 0.5 1 2 3
IAA(ppm)

0.1 - - - 1 1 2

0.25 - - - - 1 1

0.5 - - - - - -

10 Replications 1 : shoot 2 : two shoot - ! no shoot

°] Z3= Brassica carinata Braum cv. oA BA 5 ppm + NAA 0.5 ppm Uuj
(Chung et al., 1987), Pinus strobus L. of]A] BA 2 ppm + NAA 0.2 ppn duf
(Kaul, 1987), cabbage (Brassica olderacea) o4 kinetin 3 ppm + GA 0.1 ppm
Yof(Fu et al., 1985) 2} o] cytokinin ©] auxin 79 =X} %u shoot
Wago] Fris B3 9l xlo]lE Uehd WA rice(0ryza sativa L.) oflA NAA
5 ppm + BA 2 ppm Uull (Lee and Kim, 1991) ¥ Stylosanthes guianensis o]l
NAA 0.1 ppm Yuli(Szabados and Roca, 1986) ¢} o] ME o] cytokinin 3} 3

&2 auxin o] X§H ZFolE shoot 7} WASIATH: B2 of= x|siec).
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3o ol Pt 4 S E T 202 FIU vyt Azle} Aln ). of
e ol Aol tidtels 3F FFA B Ut AT HLAHo| a

3) Thidiazuron 2} Fulmet %%

Thidiazuron 2} Fulmet F =& W& F T3l A8 i) njx:
221§ ZEY Z2= table 8 of Ueldth. A9 ZE S%olA shoot 7} &
dEdon], g Helichs 8 AzolM @3 shoot YA Rt H3
Thidiazuron 5 ppb Z{ollA] ¢ 3}A shoot 7t BFAE/ 23, Thidiazuron 5 ppb
HEdul= root YHE B 4 2l = Thidiazuron 5 ppb 2} Fulmet 5 ppb
oAM 71 QXY shoot FA L BAsIATHphoto. 3). 2L} Thidiazuron 10
ppb + Fulmet 500 ppb 2} Thidiazuron 5 ppb + Fulmet 500 ppb W X a] 7 of
M callus 7} 28 E&= A} ch.

Table 8. Effects of the concentrations of Thidiazuron and Fulmet on shoot

and root formation from Geranium callus.

Fulmet (ppb) 0 1 5 10 100 500
Thidiazuron(ppb)
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 1 : one shoot 2 . two shoot 3 : three shoot
4 : four shoot 5 : five shoot 6 : six shoot
3slr : three shoot and one root - : no shoot d : dead
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o] Z2}= red maple(Acer tubrum L.) ol|A] Thidiazuron 10 ppb + BA 0.3 ppm
o 53 % 2] shoot 7} AT} ¥ (Kern et al,, 1986: Capelle et al.,
1983) ¢} pumpkin ofl4] Thidiazuron 1 ppb + BA 0.1 ppn oA Frl= R
(Burkhanova et al., 1984) ¢} §-A}3t Z3+& el E3 Thidiazuron 24
¢ cytokinin § Mrl o] o}F sl At AINE ¥ 4 e

< AH2 ZA}oNE 5 ppb SE0lA Fulmet
ot E8H AF2 oYY shoot F7]o] AHo|dee goz mre atol

28d 5 At s dE B

(George and Sherrington, 1984),

ol’gol A2t o] shoot Wgol 713 F2 2A22 Llely Thidiazuron 5 ppb
+ Fulmet 5 ppb olA] shoot 7} B4H AENE TR Arlsla] ode Ms 24
WiAlo] A U2 E AlZ(ptoto. 4), LW AENE Y F 2ol g4 4
£ A Zth(photo. 5).

2. Protoplast 2]

1) L 559 3%

Protoplast &e]o] u]lx]= Cellulase Onozuka R-10 2} Macerozyme R-10 &
T3] +83} HEEE ZAYW ZAAE fig. 3 oM ML upe} Pol 4 x
Cellulase Onozuka R-10 + 0.5 % Macerozyme R-10 & A 2| sldSd 3.2 x 105
protoplasts/ml £ 7}% &2 protoplast $8& A& 4 ololcH photo. 6)., AR
£& EY 4 % Cellulase Onozuka R-10 + 0.5 % Macerozyme R-10 o] A (85.5 %)
718 wolch
o] Pinus oocarupa &} Pinus patula 2] callus oA 1 % Cellulase Onozuka

R-10 + 0.5 % Macerozyme R-10 Yuj(Laine et al., 1988), Ginkgo biloba of] A

1 % Cellulase Onozuka R-10 + 0.5 % Macerozyme R-10 ¥uj(Kim et al., 1984),
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Cichorium intybus oflx] 1 % Cellulase Onozuka R-10 + 0.2 % Macerozyme R-10
Uaf(Lue et al., 1982), Pinus cotyledon ofl4] 1 % Cellulase Onozuka R-10 +
0.5 % Pectinase Yuf(David et al., 1979) X Acacia &} Bush colver ojA] 3 %
Cellulase Onozuka R-10 + 1 % Macerozyme R-10 Y of(So et al., 1986) 7}3 F
The B3 oh= Alel7l Yelkted ol &M FF71 €3t7] wfoleta 2}
ERLY

Protoplast yield(x 104/m|) Vitality(%)
100

Bl Protoplast yield Vitality

30 § Lao

25

A

r60
20

156+
- 40

10

r20
5

Pz

Gz
iz 2
CizzzzzZzZzZzZZZ
)
oz
BizizzzzzzZzZzZ 777
oz

Gz
o

0_

-y
N

3 4 5§ 6 7 8 9

pry
o

Enzyme concentration(%)
C : Cellulase Onozuka R-10 M : Macerozyme R-10
1.Cl + MO.5 2.C1 + Ml 3.C2 + MO.S5 4. C2 + Ml
5.C3 + MO5 6.C3 + Ml 7.C4 + MO.5 8. C4 + MI
9.C5 + MO.5 10. C5 + M1
Fig. 3 Effects of the enzyme concentration on yield and vitality
of protoplasts.

_25_



2) A& AMe| A7) o8
H4 M2|A|te] protoplast & W BE ol nx AP BA, fig 4
oA B uiel o] £&2 Az 4 A% FE 8 A% 7xE AN Frlsictst
8 A ¥ HE FH3] FUI5le] 12 ABolA HaXA 1ol G 3 x 105 7Y
protoplasts & A3, 1 o|Fol FF3| L stAct
BEEL 12 AR A2 Ade] BAjtel wtet MM 3] Zasictst 12
A13H(89.9 %) o]Foll= FF3] 4 st

Protoplast yield(x 10%mI) Vitality(%)
5 100

—®— Protoplast yield + Vitality

30 A

-95
254

20 -
, \ -90
15- N \E

10 1
-85

0 t t t +- t t 80
4 6 8 10 12 14
Treatment time(hrs)

Fig. 4 Effects of enzyme treatment time on yield and vitality
of protoplasts.
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o]i= Nagy ¢} Malige(1976) 7} Nicotiana sylvestris §-&MEoA 4 A|ZH,  Kao
2} Michayluk(1980) 7} Alfalfa &% MXolM 6 A3}, Yorrow 5(1987)o| Pelar
-gonium aridum callus oflA] 16 A]Zt A 2|8lo] protoplasts & H2|§ B} A}
ol& Uehdgrh ol =T i A BN A, M ¥4 U wjuNG S
atolof met Leld 4= 9l Z}(Monye et al., 1988)0]7]:= dlx|ut, B Z9
HENME 7(1988) o] FFHC} 2 Ago] w3 oW v} Ao 2y e
239 Ado] BN AR FHA wel tiYsiA ZES oo & Ror}.

3. Protoplast §3& #¥ A¢t A Ful¢ =2

Callus oA #2|%} protoplasts & A3l €3 Al7|E= 2L VY
A A/ Fuieo} A 22|31 AelAlPol wWE pearl chain HAHS ZAg 2
2= table 9 oA Ri= uje} o] 1 MHz, 40 V/cm, 15 sec oj A 2 ~ 3712] pe-
ral chain §/d-&°] 27.5 ¥ & 7}3 @381t 2} 10 kiz 2} 100 kHz of A
t ARE Hol FAL wl protoplasts 7} HAYO T Q5] pearl chain o]
B8HA W, 10 Mz oM AR Holk protoplasts 7} o]z 9o}
pearl chain o] ¥/d¥ 2] ¢jgtr}

ool Al 3 pearl chain FAdo] RIY FRA(1 MHz, 40 V/cm, 10 sec
2t 1 Mz, 40 V/cm, 15 sec) olA AF Azl M2)Altg Lelst] g3} 4
TE&E ZAR F3ke table 10 of Uehddch 2F/ 1 Miz, 40 V/cm, 15 sec 9
B2t A5 0.5 kV/em, 60 usec ol 12.7 % ©] §3&3} 81.2 % o] HELL
Uehdo] 713 d@slgon, t}go@ AF 1 kV/cn, 60 usec o] 12.4 % 2]
4837} 81.1 x o] MZ2S Uehddrh. 2y UF 1.5 kV/em, 60 gsec o]

‘3o M= protoplasts 7} 80 % o]} m}2] E it}
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Table 9. Effects of AC pulse on the formation of protoplast pearl chain.

Frequency| Amplitude| Time | No. 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 NRT 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 NRT 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 51 NRT NRT NRT
15 46 NRT NRT NRT
20 48 NRT NRT NRT

* NRT : Pearl chain was not formed because of the protoplast rotation.
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Table 9. (to be continued)
Frequency| Amplitude| Time | No. of Percentage of pearl chain formation
(Hz) (V/cm) (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
5 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 NMy** NMV NMV
20 10 52 NMV NMV NMV
15 53 NMV NMV NMV
20 49 NMV NMV NMV
5 51 NMV NMV NMV
10 M 40 10 50 NMV NMV NMV
15 51 NMV NMV NMV
20 49 NMV NMV NMV
5 50 NMV NMV NMV
60 10 49 NMV NMV NMV
15 50 NMV NMV NMV
20 48 NMV NMV NMV
5 48 NMV NMV NMV
80 10 49 NMV NMV NMV
15 49 NMV NMV NMV
20 48 NMV NMV NMV

% NOB : Pearl chain formation was not observed,

*x NMV :
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Table 10. Effects of the DC pulse under the selected AC conditions on the fusion
and vitality of the pearl-chained protoplasts,

DC Time |No. of AC pulse
Amplitude|( usec)|protoplasts
(kV/cm) tested 1 MHz. 40 V/cm. 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 4.44 83.0 12.72 81.2

80 54 4.44 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
60 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 7.7 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

o No. of the fluorescing protoplasts after electrofusion
Vitality (%) = x 100
Total no. of the protoplasts
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o]ge] Aol FUS AT YU AF2RAL 2FE 1 Miz, 40 V/em, 15
sec 43, AHF+E 0.5 kV/cm, 60 usec o]t} photo. 7).
o] A= Solanum brevidens Phil. 3ol ZF 1 Miz, 8 V &} AF 0.2 kv,
50 usec YUuf(Tempelaar and Jones, 1985), Nicotiana tabacum AN 2HF
1 MHz, 66 V/co £} 2|&F 0.9 kV, 50 gusec Uuf(Koop, 1985), rice oA I
2 MHz, 100 V/cm, 10 usec 9} AF 1 kV/em, 50 usec Yul(Toriyama and
Hinata, 1989) W Petunia oA 2F 1 MHz, 60 V/cm, 15 sec &} AF 2.5
kV/cm, 40 usec duwj(Han, 1988) Flth= B o= xlo]§ Lelliy o=
AE°] t}E2} E protoplast 37]2] o] Qe Rog Az}
EY 2F Fulrt W H91(10 k ~ 100 kHz)o = protoplasts o] 3] A A}
o] BUHA=, olt 33 VAol £ doluhx] RN o]l59 FA4 alx}z}
7} o] Fo|=|=] QIgt7] wfEol2rH Zimmerann et al., 1981b). = 2 §{ A& s}of
A| protoplasts 7} pearl chain & /443l Qlgul, 2}H(1.5 kV/co, 60 u
sec o]’3)o] ZHz|d MEuto] 7jojx & Eo] Lo dito] BAF ALY, o
+ Zimmermann %5 (1982)2] K. 319} HUs}ac)

4. Protoplast v}l lojA ME 2d 9 colony A4 22

1) 718w
71&ux](table 1)7} ME £4d P colony HAoll nxl= g MS 14,
MS 1A, Bs 1|, Bs Al AA YA, KM-8P 4Njulz] o4 HER Az fig 4
ol Mot o] ME FH2 KM-8P ol 4 37 % 2 713 43 sjads, t}eo aA o
M=)zt 36 ¥ & 22X sodc)
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Colony 3’32 AA AMulz|7} 8.1 % 2 713 RFsldon], t}RoF KM-
8P AMujA]7} 7.7 x & QZ3dch. Tt MS, Bs 1A wix|oj A= colony &
‘3ol mi¥ Az3l%c}

o] Kouider 5(1984)0] Malus x demestica cv. ‘Jonathan’ callus ofj A 2] 3

protoplasts & KM-8P wix]e]], Gatenby 2} Cocking(1977) o] kale protoplast

30 \% ,

|
MS Liq. MS Sol. B5 Liq. B5 Sol. AA LigKM-8P Liq.

Media
Fig. 5 Effects of various culture media on cell division and colony
formation in protoplast culture.
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& BS vlx]ofl, Ni 2} Hazel(1988) o] Vitis rotundifolia cv, protoplast & BS
ul=z]ofl, Bidney 5(1983) ©] Brassica oleracea 2] mesophyll protoplast & MS
ajxjo] wigstHgnl sbg AAHolzle B3 oh= xolE& Uepuigx|gh,
Toriyama 2} Hinata (1988) 12|31 Lee 2} Kim(1991) ©] rice protoplasts &
AA Bixlof wietsiglSnl by A Folehs B o= UXSHAT ol AA o

ujzloll 9l ofnli:cat T3HE e odydole} Atm W)

2) Y IR U
T IR R 5= AE EY W colony HAdell njAs A% B fig 6

2 Yk ME E9 9 colony ¥4 BF 0.2 M glucose + 0.2 M fructose 7}

A9 wizlold 22t 38 %, 8.5 % 8 Uthlo] 743 2 3s1d . 0.4 M glucose

(35 %, 7.7 %), 0.4 M fructose(34 %, 7.4 %) 03 Folr}.

ol @2h= glucose U fructose THE Ael¥t RolN £& AE gt ¥a

(Park et al., 1990) #H= ti4 x}o]7} Qleu}, sucrose U fructose §HS THE

22 Ag3l= ZARCH:E glucose § Arlul AX 2de FAXc: B3

(Oka et al., 1985) ¢} Yx]s}dc}.
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Cell division(%) Colony formation(%)

10
Bl cell division ENColony formation

§
\
§

Glu Fru Suc Glu+Fru Glu+SucFru+Suc

Sugars

Fig. 6 Effects of various sugars on cell division and colony formation
in protoplast culture.

3) 454 2AAZ MY sorbitol BE
Sorbitol 2] =7} MX¥ £49 U colony H4o] njx]: A3g A 23
2he fig. 7 of Yehdalch. Sorbitol & HX7} 0.2 M duj] ME EH(39 x) ©
colony 33(8.4 %)oll 713 QI3 ANE HPD, thSO2 0.3 M(35 %, 7.8 %),

0.4 M(31 %, 7.2 )02 LElon, 0.1 M 0.5M, 0.6 M olA: A =z3}ac).
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°l 3= 0.2 M glucose 2} 0.3 M mannitol oA 713 o|Atmo]al B3 (Jee
and Chung, 1989) 2} 0.1 ~ 0.3 M sorbitol ©] W] x)&3}o] 2|3 ZAo|g}=

X2 (Min et al., 1991) &} Ux|3}dc}.

Cell division(%) Colony formation(%) 10
[ ] NN Colony formation
40
-8
30
-6
20
-4
10 L,
0- 0}

T
0.1 0.2 0.3 0.4 0.5 0.6

Sorbitol concentration(M)

Fig. 7 Effects of sorbitol concentrations on cell division and colony
formation in protoplast culture.
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4) MiPdx

MPUETL ME E9 U colony ¥l mA: ARe AEY Az

rr

fig. 8 of Yepddch WEJ} £24F AX 29 2 colony ¥Ao] F9ton,
1 x 10% protoplasts/ml Uuj 41 % ¢} 8.8 x & 7|3 Focl. gy 5 x 104
protoplasts/ml 2] -9} HClE xlo]F Holx] oo} wjet A W 5 x 104

protoplasts/ml & 3}¢ic},

Density(x 104/ml)
Fig. 8 Effects of culture densities on cell division and colony formation
in protoplast culture.
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o] A2}= rice(Vitis rotundifolia cv.) oA 2.5 x 105 protoplasts/ml 7}(Ni
and Hazel, 1988), rice(Oryza sativa L. cv) oA 4 x 105 protoplasts/ml 7}
(Toriyama and Hinata, 1988) 12]3 rape(Brassica napus L. cv zephyr) ofA]
2.5 x 105 protoplasts/ml WX 7HKartha et al., 1974) Frl= B3 9} 7t
2] xjol7} 9lon}, bean(Vigna aconitifolia) oA § x 104 protoplasts/ml 7}
(Krishnamurthy et al., 1984), eggplant (Solanum melongena L.) ofjA4] 1 x 105
protoplasts/ml 7}H(Asaf Guri and Shamay, 1984), sunflower(Helianthus annus)
oA 5 x 104 ~ 7 x 104 protoplasts/ml 7HMoyne et al., 1988) 22|
Pelargonium ol -] 8 x 104 protoplasts/ml Z7}H-§, 1988) 7}& Frl= R o}

ol &Apstelch

5) Growth regulators %%

sleguilofl H7lsl & NAA o} BA 7} M £ 9@ colony HAol nlx:
VL AEY A= fig. 9-1 2} 9-2 o YER2ITE NAA 2 ppm + BA 0.5 ppam
2] Z3tolM ME Fd( 39 %) U colony ¥4(9.1 x)o] 713 st eny, t}
O % NAA 2 ppm + BA 1 ppm, NAA 3 ppm + BA 1 ppe Z{}Eo2 QI sldct. o
2y 3559 NAA 3 ppm + BA 3 ppm oM AZT H2H34 %, 4.5 %)F UE}
et
o] A= Vitis labruscana of] Al NAA 2 ppm + BA 1 ppn Quf(Kim et al., 1990),

Pelargonium aridum protoplasts oflA] NAA 2 ppm + BA 0.5 ppon Yul (Yorrow et
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callus

& Jepfger}, Nicotiana

T B3 o vixd Ay

al., 1987) %t}

al., 1982), pea

protoplasts vjjoyolal NAA 3 ppm + BA 1 ppm  Yuf(Luc et

tivum) protoplast uj%ollA] kinetin 2 ppm + 2,4-D 1 ppm Yoj

um sa

(Pis

zlo]-& Uelitt. o] 9} o] growth

B3 o=

—‘———
L

(Constabel et al., 1973) &t}

Colony formation(%)

n(%)

Cell divisio

o
° o o < o o
: 2
s §sm
S =
- §§4m
w §2m
i §§1W
O
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regulators 2] $72 A3 F %7} c}E 2L MBS Z£H9} protoplast wjod
22 9 ujdYyol wel o] & growth regulators & RF =7} tlEy] el

Zlog Az},

10

40

- 8

.

30 1
-6

20 1
-4

10 ,

e

Z

e
u :

e
e

w
§
%
§
1

9 10 11 12 13 14 15 16
Growth regulators and concentration(ppm)

9. NAA2 + BA 1 10. NAA2 + BA 2 11. NAA 3 + BA 0.1
12. NAA3 + BA0.25 13. NAA3 + BA0.5 14. NAA3 + BA |
15. NAA 3 + BA 2 16. NAA3 + BA 3
Fig. 9-2 Effects of NAA and BA concent ration on cell division and colony
formation in protoplast culture.

0- -0
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ol’ge] AP A2 A =A (KM-8P, AA AAuix] + 0.2 M glucose +
0.2 M fructose + 0.2 M sorbitol + NAA 2 ppm + BA 0.5 ppn) © ¥ Pelargonium
zonale hybrids “ringo red” £} “ringo white” 2] protoplasts & 7|83 ¥
igAzg W, vig 2 A F MEHo] AP A (photo. 8), WY 4 A ¥ A
1 240l dojkteni(photo. 9), ¥l 7 A F A 2 EHol(photo. 10), ¥l 10
Y Fols A 3 £ 4 £4d0] dojkteni(photo. 11), ¥iY 15¢ Foll= colony
B4& 8 4 AU2dcrkphoto. 12). ui%} 30 4 ¥ (photo. 13) 2} 40 Y¥(photo.
14) o= micro callus & ZU313, vl 8 £Fo] 1 mn HE2] callus & MS
SLAuR=](NAA 3 ppm + BA 0.5 ppm) o] &7 (photo. 15), ¥le} 12 Foll 1 cn B E

9] callus 7} FAHES BHY £ 9lgdrHphoto. 16).
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%Bdo] t}E protoplasts § AZIFYAA 2 §YUANE w3z 9 712
AF+EA, Pelargonium zonale hybrids “ Ringo red " 2} “ Ringo white ™ ¢] &
AM callus f712t wje} W ABA =44 =3, Protoplasts ¥e| =3,
protoplast 7] &% 2, $UX protoplast wjdo] AA}E 23S HEs}
Act.

1. Callus 7719} wl}-S $1%F 2|3 NAA ¢} BA 55 212} 3 ppa + 0.5 ppm
ojadcth. ERF A EA] Ao B3l growth regulators 2] 5= NAA &} BA
o] Z¥YolME= IsE NAA(L, 2, 3 ppm) + A%E BA(0.1, 0.25 ppm)ollA], IAA
8} kinetin 8] Z¥loME= T 1AA(1, 2, 3 ppn) + A% E kinetin(0.1, 0.25
ppm), A IAA(0.1, 0.25 ppm) + L% kinetin(1, 2, 3 ppm) oflA] & ul
=8 A g7 A= g ey, = Thidiazuron I} Fulwet Z YoM Aol mE
ZYolMd o w2 WxE2 AEA7t AR At H3] Thidiazuron 5 ppb +
Fulmet 5 ppb ol A= 60 % 2] zj8-&-& Ueldach

2. Protoplast #2]1& #1% A A Y2 23 5= 4 % Cellulase Onozuka
R-10 + 0.5 % Macerozyme R-10 ©]2131, o]uf 482 3.2 x 105 protoplasts/ml

olglen, TNl AL 12 Agte] Fgsiact
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3. Protoplast §g{lo] mlx= Al @ Fui4 24 IF Fu4 1 Miz §

Mo

40 V/cm o4 15 sec F¢ 71Xt ¥, 2 FAHY 0.5 kV/icm & 60 wsec EQF Aol
A& o, 13 x o] $3183} 81 % o ME2S Uehlo] 3 2} AR o
=3
4. Protoplast njgol SlojAq ME 2H-2 KM-8P AuIx|(37 x)ollA,
colony %78E AL AR (MS 7|8 + KM-8P H|E}R] « ojn]ial E3HE)ofl A
718 223193(8.3 %), ¥ FF U 5o 2 A= 0.2 M glucose 2}
fructose T{uix]of M (ME £4H 38 %, colony H4 8.5 %), A5 ZAATA
sorbitol 2] FX& 0.2 M(total 0.6 M) ol A(38 %, 8.4 %), v} WEL | x
105 protoplasts/ml o A](41 %, 8.8 %), Growth regulators += NAA 2 ppm + BA
0.5 ppm oM (39 %, 9.1 %) 713 ¢33 A2F Fch
5. o]t HolN A2 2|3 ZACT protoplast & uiot NS o), wjed 2

Y F AXHo] APHAD, 4 4 F A1 BHo] Yok, 7Y ¥ A 2 £y

24

ol. 10 f ¥ 3 E:= 4 Fdo] dojton, 15 4 Fol: colony 7} HAH Ac).
WY 8 FFole 0.5 m FE PP MXE MS AU (NAA 3 ppa + BA 0.5
ppa)o] &7 callus & WiY3lA, ¥l 12 F Foll= 1 cn FE2 callus 7}

B4dE 5 Adch
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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.

mp— IAA,‘ ., m—

IAA 0.1

Kinetin- 2 pPMmKinetin 0.5 ppm

Photo. 2. Shoot regeneration by IAA and kinetin treatment.
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Dz 5 ppb +|
Ful. 5 ppb

Ful. 10 ppb

&

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
cul ture. protoplast culture,

Photo.12. Cell colony formation from Photo. 13. Micro callus formation

protoplast 15 days after from protoplast culture
culture, 30 days after culture,
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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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