il -t B 00 s X

U ol o3 Petunia hybrida 2]
IR e Al

MR
RO B H

19884 12H



FUSION OF Petunia Hybrida PROTOPLASTS
BY THE ELECTRO CELL MANIPULATOR

Sung-Kyu, Han
(Supervised by Professor Zang-Kual, U.)

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF AGRICULTURE

DEPARTMENT OF AGRICULTURAL CHEMISTRY

GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY

1988. 12.



R 30l 213 Petunia hybrida 2]
SR E G A

wERE M k&

o] & B2 MM wmXeE IR

19884 12H H

ik ES] B E LB GHolE Y

FAZEER
% 8
% 8

B REE KRB

19884 12H H



SUMIMIAIY oottt !
ﬁ 7 T 3
FEEE A i 5
- g.:l %ﬁ ........................................................................................ 10
1. Callus® GBAR B FEFE BRI - o et 10

2. BRIZTCHS X Mol o] 2l BER i oh MBI B 12
3. dikUHI Bkl o7 BURERS Maol BIBEHE HT oo, RRE
b TR g e - -CUT NS e e 15

L Calcium®}F MagnesSitum -« v rereenmmn it e 20

CP- FLISiOH facilitators .................................................................... 21

B B e 26

%%yﬁi ....................................................................................... vy



Summary

The conditions(enzyme concentration and incubation time) for isolating

protoplasts from the callus induced from the leaf tissues of Petunia hybrida

‘Titan red’ were examined. After that, the physical and chemical factors affec-

ting the isolated protoplast fusion by electric stimulation were investigated.

1.

The callus growth rate was maximum at 20~23 days after subculture and
0. 5ppm NAA and 5ppm BA was the best concentration combination for callus
growth,

The highest protoplast yield (2. 6X 10" protoplasts/g. callus) was obtained
when the callus was treated with the enzyme solution containing 3% cellulase
and 0. 5% macerozyme for 13 hours.

The protoplast yield was increased until 13 hours of enzvme treatment, from
which both protoplast yield and viability were rapidly decreased.

The highest fusion frequency(11%) was obtained when AC pulse of 1 MHz
and 60V/cm was treated for 15 seconds and succesively DC 2. 5kV/cm for
40usec.

Mg*" without Ca’" treatment, regardless of Mg’  concentration, was not
effective for fusion frequency and viability increase.

The best concentration of Ca*' for protoplast fusion was 140uM, giving 11%
fusion frequency and 43% viability.

Combination of 140uM Ca*' and 140uM Mg* enhanced the fusion frequency
and viability up to 13% and 45% respectively.

The fusion facilitators increased fusion frequency more than control (11%)
in order of protease(2.4X), spermine(Z. 2X), trypsin(2.1X), DMSO(1.8X).
triton X-100(1. 6X), glyceryl monooleate(1.5X), concanavalin A(1.4X). But
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viability was decreased comparing with control(45%) in order of
spermine(42%), concanavalin A(41%), triton X-100(38%), glyceryl
monooleate(37%), protease(37%), trypsin(35%), DMSO(31%).
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BE SIS A A IS HEER S kel WINRS TR PR iR
3] stf7Elo} ghel. Kister(1909) 7} M52 2 kit #INuAL & %S #ystdz, Sch-
enk ¢} Hildebrant(1971) 7} ##0h siko s FIEEie S Halold MaS AEsiale
o il e A o] el - shskel. #AIE ARG RS Eo]2] $ 3] NaNO, (Power %, 1970), Calci

um (=2 pHell 41) (Keller®} Melchers, 1973), Polyvinyl alcohol (PVA) (Nagata,
1978), Potassium dextran sulfate(Kameya, 1975), Polyethylene glycel (PEG) (Ka-
ot Michayluk, 1974) & #ilgmt&oll 4183l U4 o15 PEGY & vl z 4 E
THol $71 e ol MR & FFYEol dA) 7] ghol AHEsl Aot oz, ol fpEt
e o 52 L £ 2 pHollA 2857 al Zoll #ifne] 3 gas
ek Zlo] oteix Qrt (Keller®t Melchers, 1973;Bates %, 1987).

g S kel o gk Mg Aol 1§ =) of (Zimmermann %, 1981 a, b:Zimme-
rmann¥ Scheurich, 1981) k%%, 4. #Hdi Fol o] & slgledl (Pilwat %, 1981:
Benzel Zimmermann, 1981 a, b:Vienken® Zimmermann, 1982:Bates 3%,
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AN MAES Htod RBis 2%k¢r) Al A= 2 (Bates %, 1983 Watts9} King,
1984), Hrch & MattE 27 S8t oty FRESd ERHES 24 ds
multielectrode 7} 7%t =] ol = (Puite %, 1985) o] 7& Ao FHEIEN TR b8k

MEeAE AT Ao 1mMmiE MiES A7) A% TR BE AU
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(Scheurich®} Zimmermann, 1981;Zimmermann 5, 1981:Chapel %, 1984), o]}
tel%l 1o 2 = concanavalin A (Ohnishi %, 1987), dimethyl sulfoxide (DMSO)
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o)

(Ruzin %, 1986). glyceryl monooleate(Ohnishi %, 1987), protease(Zimmermann
%, 1981:Ruzin %, 1986), spermine(Chapel %, 1984:Ruzin %, 1986), triton
X-100(Ohnishi %, 1987). trypsin(Ruzin %, 1986). calcium(Okada$}
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{4 kel ) XE el #E Bl Qe
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1. Calluse| FFike A BE&E HH

2488k Petunta hybrida “Titan red’ # 75 rhdd o k&t ol 4 7o) st oh

1) #EFe 33F Y FHix

fi T Tween-20-% 183 A 7hg 1.0% NaOCl i#Fiioll 15%-7F #iiste LKmig
#igl o}S cleanbench (Model C-CB2, #—# 14 £ 2 &7 HKEkZ
33 Aukeshodc). 70w 9] hyponex #5#h(0. 3% hyponex., 2% sucrose, (.8% ager,
pH 5.0} (Kano, 1963) 7} £ %Lz 250m¢ A Z+E el ol # 7§ 463t 2 aluminium
foilZ 4 cl& M 158 Z &7 % MERERE 70~80%, FHinE 25C, ®IHRE
20C, mE 2,500~3, 000luxE =) 16417+ =3} IR ZHc}

Autoclave(120C, 15psi, 15min)oll A @3 3 3, HEIE 2, =) 1 Aet+E
b2k 2 (50em X 47em X 21om) ol 4014 -2 B HT & &4 AL FH RE,
BT, B R M EES R 2o mEakS 5, 000lux 2 JHERE kit 4 {of] 4

ER R °P/J\D}‘ (;5?—7
2) calluse| Fie U =&

A% 300 ¥-&f 50 (BAfE ) Aizk= o] hithit LEHE R 3~54 5l T«

P Wy fdiesked 70% ethanolel 227k g 5% NaOC1 & ol ¥ A A3
B o] Fula 15470 FINi-% £i%3 o} & cleanbench® &7 Wik Z 33 A&ty
c}.

W el kg AAE 51 X Iom S Al UIESted & 19 MS #&5# (Murashige ot
Skoog, 1962) 7} 70mi 518z 250mé A2E et~ o] &KX #% aluminium foil 2
A3 HiGE F g2 %A callusE EAC A 2o}

=B EHURIE (RS B 3lsl 7] 98led B H & calluse) A1 & Ho} calluse] 4: RH
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Table 1. Composition of MS medium for culture of Petunia hybrida callus.

Mineral salts

_ Major salts ,79@??3}@“}’2!”’9/” __Minor salts Concentration(mg/ ()
NH.NO, 1650 MnSO, - 4H,0 22.3
KNO 1900 ZnSQ, - 7TH,0 8.6
CaCl, - 2H.O 440 H.BO, 6.2
MgSO0, - 7TH,O 370 KI 0.83
KH.PO, 170 Na.MoO, - 2H,0 0.25
Na.EDTA 37.25 CuS0, + 5H,0 0.25
FeSO, - 7TH.O 27.85 CoCl, - 6H,0 0.25

' " Organic constituents
Concentration (mg/¢) Concentration(mg/¢)

Glycine 2 BA 5
Nicotinic acid 0.5 NAA 0.5
Pyridoxine, HCI 0.5 Sucrose 30000
Thiamine. HCI 0.1 Agar 8000

Myo-inositol 100

3) callus £&KO0 #38t NAAR} BAS| ¥ BE

MS Jtk FiHiol naphthaleneacetic acid (NAA) 343(0,0.5, 1. Oppm) &
benzyladenine(BA) 34%(0,5. 10ppm) & M2 #1417 9 EAHE] EHE 2143
At

7k b fboll Petunia hybrida *Titan red’ 2] 9181 X 1en2 #eb4] BIK s % 2, 500~3,
000tux el f fEfloll A gt zh #5388l o] calluse] 4k E&-2 W# o

2. ER AR 480l 0Xs ER

N BFx RES &

Cellulase Onozuka R-10(Yacult Honsha Co. Ltd. Japan) 1.0, 3.0, 5.0%<%}
Macerozyme R-10(Yacult Pharmaceutial Industry Co. Ltd. Japan) 0.5. 1.0. 2.0%
= IR AT 97T MR BN At BB E MR %, K

o] g # & haemocytometer(L : lar X W : lar X D : 0. 1zn, American Optical, U.S.
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A. ) 2 W /L,O}.l_ callus ‘[—7'“

Acetoneo] fluorescein diacetate (FDA,

D R EE B E RSk
Sigma Chemical Co. U. S. A. ) (Larkin,

1976) & 5mg/¢ =125 %<l % 2 HiR-E BULHER RG] sty i w7t 2%(V

/V)EIEE sto] [ifoll 4] 58-F
ikon, Diaphot-TMD) Foll 4 & 9] =

¢t incubationgl &, &XALE 7}

ksl 7 BAESE (N-

fe e dotdle REHISE s

LOERRER R A REEHE #el B TioF 2 vebddsh

RER B

10m 4 ~4-8 3 s ot

A IR g K= 60rpme 2 134] 7

718 Agju
sed i 1000414 10-8-7)
43k} o3 ch,

ol N2 185 M &%t (0. 6M sorbitol,
A 809 & 57 jai.Lorifesled 23] Al &g

a3 ch.
) BR RIERFRIC &

Mg (% 2)e2 7k7h 4, 7, 10,

th BURZTCRE WA dAER S At

ultra membrane filter(pore size;(. 45um) &

E A AH calius 19

Aee 3279 shotd s A A A

o] Hiti S 809l A 58-7F jE L st d RS A AF £ 0.6M sucro
o Lor sl o] sucrose Zimiol S ol F+= HIEHEES

140uM CaCl,. 800uM HEPES. pH 7.0) 4l
ZHzh o) RS HE S 107/ mé =l Al FEN

16417 ERsl FUEHEEE Al 7]

Table 2. Composition of the enzyme solution for isolatiog Petunia hybrida callus

protoplasts

Constltuents Concentration
Cellulase Onozuka R- 10 3.0%
Hemicellulase® 0.25%
Macerozyme R-10° 0.5%
Calcium chloride 140 uM
HEPES® 600 uM
501 bitol 0.6 M
pH 5.8




: Yakult Honsha Co. Ltd. Japan.
: Sigma Chemical Co. U. S. A.

: Yakult Pharmaceutical Industry Co. Ltd. Japan.

o o0 o

: N-2-Hydroxyethylpiperazine-N’-2-ethanesulfonic acid.

3. BRME KO o5 migm et BASETF

A&

o

) BB 3 BEY 1EF B

B ol 107/ me o) BN 2 e Sl Petunia hybride) KR A%2 #iBsled 20uld
WE S electrode slideo] ¥ 1 cover glass® & ¢lc).

Electrode slided #% %&E7F £ 5 .07 Hgsgdl &2 Y2 & Electro Cell
Manipulator 401A(BTX Inc. San Diego. CA)& o] &-3lod #1MEses S AA8td o

olu dielectrophoresis5 98 & i TR, R kB o I ALBSIH 28] 2 electroporatio
ng # g doial R NS MNERE AR (RA AR (%) = (B4 S R RS /R A
i el MUR TS 20 X 1000 2 4 T4 URETE 4 (%) = GE& A9k %9 Arolol: R B4

Pom e nie) Aol ole BURZTIN $0 X 10002 3halAA Mk shadct.

Il

2) Calcium®} MagnesiumO| at&Z0] DX HE

Calcium- 2] 2o thel BW st (Zimmermann %, 1984), #ax0okE loe
237} 9} (Okada®l Murayama, 1966;David %, 1981;Watts$} King, 1984).
w3k, Mgio] Ca®co gH#myolelE Rz T itk (Chapel %, 1984).

ul 2] A Aol o) gk MNER ol Bl 2w Cat i Mg* o] RS slaslr] fste
CaCl. o} MgCl.& Z+-7- 5712 4~ (10, 70, 140. 280, 500uM) e & FREESl T mia
S A, x CaClol A 7 E 2 sk § -]l 140uM CaCl, ¢ MgCl, 9
5712 & A2 #aeAA #Hasd o

aela, & o] BAsA Ca® o] S Aoty 7] st calciumg #H73hA B2
A/l 2. 5mM EGTA (Ethyleneglycol-bis—(5-aminoethylether)-N, N, N”, N’ ~t-
etra acetic acid, Sigma Chemical Co.U.S. A.), 140uM CaCl, & Z+7+ A 713} A4S
g slmsted RaAAF I A fEA v AT calcium®] ¥ WA At
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3) Fusion facilitator EIEo| 2%

il £ 05 Hboll fusion facilitator & B -S-of #0E AL AR} 4 de] vlxE o] E 9
RS MWALstrl f18) % 39 facilitator ¥ concanavalin A, DMSO, glyceryl
monooleate, spermine< ¥ 5| & protease, trypsin, triton X-100-2 & e} BERg5

ZoEmel gl

Table 3. Concentrations and incubation times for the fusion facilitator

treatment.

Fusion facilifators* Concentration Incubation time(min. )
Protease 0,0.05.0.1,0.15,0.2 % 0.5.10.15.20
Triton  -100 0.1,2,4,8 ppm 0.5,10,15, 20
Trypain 0,0.1,0.3.0.4,0.5% 0,2,7.13.18
Concanavalin A 0.0.01,0.05,0.1.0. 5% 10
DMSO 0,0.5.1.0,2.0.3.0% 10
Glyceryl monooleate 0,5,10, 50, 100 ppm 10

Spermine 0, 200. 400, 600, 800 ppm 10

* o All of the fusion facilitators were purchased from Sigma Chemical Co. U. S. A.



1. Calluse| &4 L #F M54

1) NAA2} BAJ} callus £ &0 0|X= 2%

Auxin #ifg M-S 28] cytokinin® #ig FHE (Lo 2 4 K Kol
Aol Fofst ol wf, ol E kR Wl o84 calluse) kol Z Al 2$-sic)

A gl A= auxine 2 NAA 28]3 cytokinin® & BAS z+7k A7}z 430
WL R G R A callus®) kRS ST #ME K 4 ETIR 290 ot

NAASH BAE 1EASE2] 940kS wl= callus7t i = 2] 93ok2 ¥ olde} Z7u}
2o 5]l NAARE [EH Y Sol HHke Aol 2lodo} callust iFte sz ekoko).

Table 4. Effects of NAA and BA on callus growth of Petunia hybrida.

' (nn\\th mgtlamrs'ppm) Decrxee of callus formanon

NAA BA
0 0
0 5
0 10 2
0.5
0
N 10
1. 1
1.0 2
1 10

*0 : Dead or discolored
1 : No callus but alive
2 ' Poor callus

3 : Good callus

4

:Very good callus



&, BARH £ Y So) callus7h a2 sl 7= shAwh A Hak o L ekt aich callus
Htrel 7hd ki NAASH BAS] i@+ }7 0. 5ppm3} Sppm o] 9 o}

o] #i4-= Rao % (1973) ] 0. 2ppm BA S} 1ppm NAAE j& 8 NS Petunia inflata
ok Petunia hybrides) callus 4 ik g7} 7h 2 ok 5l el w7 op= & Aol 7t gl

ol AT MhFEINI o] Abololl 4 w4 % Flolem A 7pslc),

[= 2

22 ol LR MEIME BHeR AL9Sw ¥k ®IE mre S el

A |

Increased weight of callus(g)

3 ey & " e
v L4

10 15 20 25 30

+
0 5

Cultivation time (days)

Fig. 1. Growth rates of Petunia hybrida callus on MS medium,
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allus 4 F e} of £k}
2) callus £ EZF

olubAo® calluse K57 15— WIio]l Alubnd ko Hk2 QA& agare) el
VoA g R ] iRl ol ifre] Jwl Ao e A2 fEHE S A NS ES shokdt
c} {Street, 1969:Yeoman Macleod, 1977).

AU IS calluse) kol 744 i o st Aol viatAdd, o2 BE
growth curveg W #3dted H& 4 glct,

callus 'K I = 27 ol vhefuk slob Zo] 535 41k 14 20~23% e 71 27
Eovpebub7] wl ol U 20~239 Moz sl i)

callus o] LA EEE ol 2 R 6] D& BUZE ) ksl Aol 2 2L =
S et gl kAo g UML) b F A 7lel Qe callusE A g
Zlol B Tita el sriel = &)l

el A A TERgoll 41 £ NAA 0. 5ppm =}t BA Sppm-2 & 7} 3F MS 2t |- ol &4 #3401 3%

iifpe g el 20~2390 4 =)= callus§ A8t B EEES sk ol

{r

2. REAR SR O|X = Bk Aot RIEMRel g

1 BFx REe 8

t

R CE 237 AE S o) 8-8lod R EASE 2T =) Ao LY MFRE cellul
ase®t pectinase’ldll, #IL #/E ok IEELRFH-2 A& == MRS FENSL 4 BEAK AR
wpeb of = ot

A Fiigol M= Petunia hybrida callus®) FIRE i #tiol @w g M% EEEAS
i3k 7] 9l Al 8 29} 3to] cellulase$} macerozymeS M 8l WA 4 FES
M #3kod ot

ZL 5% 3% cellulase$} 0. 5% macerozyme-2 R8-S 2.6 X 10° protoplasts/g.
callus® 7} & FIZHRE WHES S5+ Adh

Alan® Martin(1976) & B o) &7 W +& o=l RT2ELE 8oL Bt
29k AL o S edl, &K R M= cellulase= 3%, macerozyme-
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Fig. 2. Protoplast yield and viability varied with the combined treatments of cellulase

and macerozyme at 14 hours of incubation time.

0. 5%l 4 U4 ##(2.6 X 10" protoplasts/g. callus) o] 7}& Fdn 4 AL cellulase
1%, macerozyme 0. 5%l 7} £9tovi(86%) WE7 BinT+E WL =)

2 BTl 5%2] cellulase®} 2% 2 macerozymeol 4= % (5.3 X 10° protoplast-
s/g. callus) o] Skl ol BFME o9 Mdol Lo ol Filitol A%
-2 vhebd (2iERE S B8 A BB S 3t A7) Fol HAog AMzb=EIc)(d,

1984).
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REFR TR EERFIH] o] RIZEAZ S Mol v X WML Bl 1347 Aol s s viet
Hof callus Ag25-Al 199 2.6 X 10°709] HUEHEES 224 Ao o ol Fo+
L 3ollM Ewhe ol F43 sl gich 13K ol 43 Mosts A
fffeoll o s) A U ELRE o] A5 Bol MR Elo) =] 7] a2 Folch &M 4ykL
AP IERE 13241207k 2] A A 8] @ sictst o ol Folle FAY T ey

~50¢ 1100
w
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=
o
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<
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g
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—
T L
~ T
0. 0 b—a ' ‘ + -+ 0
4 7 10 13 16

Incubation time (hours)
Fig.3. Changes of protoplast yield and viability of Petunta Aybrida with incubation
times when treated with the enzyme solution

(cellulase 3%, macerozyme 0.5% and hemicellulase 0.25%).
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K22 75 callust ¥R o} B3 EPERSM o) o] So] BrE sl o] (4 &, 1985)
=3 hithhs WA 9 Ak Eel whel AR S o} 3 chokdl Ao 8 3 slo) g)ct(H-
ayward e} Power, 1975:Power %, 1976;Sink$} Power, 1977:Power %, 1980).
Alanz} Martin(1976) ol o} sh=d [R T2 88 o LIk B 7F fEMEsbe Bfko) Qleoe
U7 Buvs R BMEE kEsts 2o £9n W

ol 49 #AZ 5 ¥ Petunia calluss 3% cellulase$} 0. 5% macerozyme< R4

ok

Medeig ol 4 130518 BB S-S 2ol protoplast FHEE sl AHF mAsE RS

24 ook (g 20£5. 0um ; EE 3).

3. BRRBEO o8t ERER a0l MRSl BHF
N BE X AEHM

LR R ol 2 & hith B A B4 o) 22 (Senda %, 1979) %) olal, T mix
th AAERR ), MIBEE PRk o 2k )y o) B3 (Bates %, 1983;Zachrisson®}
Bornman, 1984:Wattso} King, 1984), =3 =g #iiito) A 4KkI s Ax
2 3 5ok (Kohn %, 1985:Bates® Hasenkamph, 1985).

I Toll A o] Al aMiR S IR pulsedl ol sl RFEES7E S-S =A )2 B
B 7L 2% 22 o] & 3e] pearl chainol %l # (FE 4) S EML &k pulsed
@2 wpHE G 0 B breakdowno] i),

olu HH TN RILH L) Hstn Q& $2L protein-free areaz} 5vf o] o 4]
breakdowneo] dejutx FIZHIES A {2 #i2el] o8] 5 FIE ) #ao) ol Fo
AcH(EE 5~10). oleid Migasdl ol BRI KRIFSS @Wige] 27, %t
BT ol Fo B o HEAHS kol e} 2elxie B4 chambers] 50y
fiefloll et e delxl= Aoz g2 Fof(Zimmermann 5, 1982;Zimmermann=h
Vienken, 1982;Bates %, 1983;vienken %, 1983;verhoek-Kohler %, 1983;Bates,
1985).

A F5gll A& Pelunia hybrida ‘Titan red’ o] H3 33§ callusoll 4 S #3 e
W TAA M7 A3t B4 iR Bkt T 2)n R Wi
pear! chain JEHGHIZE #ESIH+dl 2 1 £ 59 7o



Table 5. Effects of AC pulse treatments on the formation of protoplast pearl

chain.
) . Percentage of pear] chain formation
Frequency | Amplitude Time |No.of T T T T s s
protoplasts Protoplasts number per chain
(rHz) (Viem) (sec) |tested T T g T T e S e
| 2-3 4 -6 >7
5 40 16.4 3. 64 NOB
} 20 10 40 10.3 | 6.9 NOB
i ‘ 15 40 11.9 4.5 NOB
i 20 40 16. 1 NOB NOB
5 40
BT 10 43 NRT | NRT NRT
15 40
; 20 41
10 , s S SO
| 5 40
10 41 e
60 NRY NRT NRT
15 37
| 20 40
5 40
10 40 g
80 NRT N NRT
15 40 ' RT
20 40
”5 s 46 = =0t | ,*
!
20 “_] 14 NRT Lo WNRT NRT
15 40
20 40
S . B o
5 40
40 10 40 NRT NRT NRT
15 41
20 66
100 - P A
5 40
10 40
60 NRT N NRT
: 15 40 NRT
i 20 40
r 5 40
! 10 40
i 80 NRT : NRT
' 15 40 NRT :
' 20 40
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Table 5. (to be continued)

e '—»~~ "Ij”ex“centage of peaéi chain formation
Frequency | Amplitude | Time |No.of T o —
? protoplasts Protoplasts number per chain
(MHz) . (V/em) | (sec) |tested R e et
2-3 4 -6 >7
5 40
20 1040 NAIY NMV NMV
15 1 40
20 40
5 40 NMV NMV NMV
40 10 40 NMV NMV NMV
15 40 NMV NMV NMV
| 20 ‘ 40 10 NOB NOB
| 5 1 4 9.8 NOB 2.4
60 10 40 27.5 2.5 NOB
15 41 14.6 12. 2 NOB
1 20 39 10. 3 2.6 5.1
5 60 16.7 NOB
80 10 40 7.5 10 NOB
15 38 53 10.5
20 40 5 5
5 40
20 10 40 NMV NMV NMV
15 40
20 40
JEIL i Ny NMV NMV
10 15 40 NMV NMV NMV
15 40 7.5 NOB NOB
0 20 40 7.5 NOB NOB
X L o N
5 36 11.5 NOB NOB
60 {0 48 12.5 NOB NOB
’ |15 35 5.7 5.7 NOB
20 53 9.4 1.9 1.9
5 37 8.1 NOB NOB
| 80 10 40 7.5 NOB 5
15 35 11. 4 2.9 NOB
J 20 38 10.5 2.6 NOB

NMYV : Pearl chains were not formed because the protoplasts were not moved.
NRT : Pearl chains were not formed because the protoplasts were rotated.

NOB : Pear! chain formation was not observed.



iR MY 10kHz M E 40V/en, 60V/en % 80V/en o} WRZ Holgw 2y
100kHzell 4= 20, 40, 60, 80V/cm o] TR0l 4 FLIFEZE( RS 7} M ¥ i% & 9 & A pearl
chaing T3l $ 8=l ol= resonance Biffo]l 523 dojvizl Z3hA o4
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Table 6. Effects of the DC pulse treatment under the selected AC conditions

on the fusion frequency and viabi'ity of the pearl-chained protoplasts,

DC T
Amplitude ime
(Vo) (usec) 10 kHz
F* (%)
20 3.00
30 3.03
0.5 40) 3.07
50 3.77
20 5.96
30 5.97
15 10 5. 98
50 5.97
20 0(B)
30 0(B)
2.5 40 0(B)
50 0(B)
20 0(B)
30 0(B)
o 40 0(B)

N : Not fused
B : Burst

a : fusion frequency (%)=

No. of the fluorescing protoplasts afterelectrofusion

Total no. of the protoplasts tested

) AC pulse_

. 20V em. 10sec 1 MHZ. 60V/cm. 15sec
V) F%) V®(%)
62.5 0(N) 57.5
61.0 0(N) 54.8
60.7 0(N) 54.0
60. 0 0(N) 53.8
59.7 2.77 57.2
58. 8 6. 34 50. 4
58.8 4.50 49.0
58.8 3.10 47.9
0 8.66 54.5
0 10. 1 46.6
0 . 10. 4 45.2

0 8. 86 45. 1

0 0(B) 0

0 0(B) 0

0 0(B) 0

0 0(B) 0

No. of the fused protoplasts
x 100

b 1 viability (%)=

ey}, olubAel ZAdL i
kT Al ik El e i =2
= Zlolch.

o] sk ol U I TIES Al A ) BT -2 2k IMHz, 60V/on, 15secst it 2. SkV/

Total no. of the protoplasts

593l ahflis} protoplast®] :ptinel zhelel ulel B KM= 2ekAs A2

P 7 kHze w8 o= MHzoll 4] pearl chainol

TR 72 Ko AW AA Rl wobAlct

om, 40usecol @l iL o) fEfloll 10%2) A& 42t 46%) 4 fiA& el ol

X100



2) Calciumz Magnesium

T3 BE kol EGTAS AiaIEHiel 718 dielectrophoresiso] = o 82
72 At ae a5 " A s A 4] 712 (Okada %, 1984) Ca’" ionophoreql A23187
< 7lsla) BiaEo] MNE ol 837} 9o v (Grimes2} Boss, 1985) Chapel % (1
984) 2 Mg o] B AL A A 7ot sl ),

A PEBgol A Ca® o Mgt 9] 7 iR 2 g A s 2AbslQ o] o g )
48} Zcf

MgClLaz il Aol 6~7%% <& #éa4S veldale. CaClis 140uMoll A
A e 11%9) Ria RS 2900 140uM CaCl.ob 140uM MgClLE Ao u=
13%2] 355 saHe el sl

A CaCl, concentration

1 MgCl. concentration

13 L C MgCl. concentration
L 3
under 140uM CaCl, 50

12T — Fusion frequency
-~ -- Viability
= 11y
G
3
: 10 -
2 140 =
= 91 Z
o ©
= 81

T 3

B,k 30

C'T + + + + + J 0
0 10 70 140 280 500

Concentration (uM)

Fig. 4. Effects of various concentrations of Ca* and Mg® on protoplast fusion
frequency and viability of Petunia hybrida, in the fusion medium
containing 0. 6M sorbitol and 600uM HEPES.
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AR MgCL ol 70uM o) Aol 41 40%, CaCl, 140uM o] Aol A1 = 43%, 140uM
Ca” =} 140uM Mg* & REWSE 45%0] <)o}

Ohnishi % (1987) = Mg* J&M = Ma4 7k $d2 100uM Ca* 9} 100uM Mg> &
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Ca* ol #hirell ol A& WHS fEalst7] 918t MAE ol 2. 5mM EGTASH 140uM
CaCl,2 #7l8)-S wjo} Ca"'% A3l Heslx] odokd ool ek RS v
J e #5218 59 7ol

Ca® = W32 ok2wll & M/ R o A fr o] 2h2k 7. 2%, 34%°] 42 140uM CaCl,
OIS 10. 7%, 43%1 5ol ¥lo) 2. 5mM EGTA HE Bins = 3%, 35% & x4
Al eizieh. Okada 5 (1984) £ EGTA A7} fia S it T ) 7] o CaCl, &7}
Mits 45 A0 2 0d b 9ol K ks #54 e QX s At Ca’ o] ghsol
PlA = AR 712k ob 2l whalx) o) %) ek x|tk (Okada . 1984) Ca® o] #Nfat& ol

3) Fusion facilitators

Zimmermann % (1981) #} Ohno-Shosaku®} Oksda(1984) = HB@AY ML
sk el IR T o) Wi o) b=l o] B G o] (i ¥l oh sl e Ruzin % (1986)
+ sperminex} DMSO7} 2 E 0 o) #E 4 7F b2 89 2 glyceryl monooleate
¢k concanavalin A% @{rS (i 4 7l 23 (Ohnishi %, 1987) 7} ot

A2 V8ol 4 protease, trypsin, triton X-100. spermine, DMSO, glyceryl
monooleate, concanavalin A9] BGILHE RS WK #HEs 22 6~83 o}

Protease= 0. 15%% 15 &A1& controlel u] 3} 2. 4%, trypsine 0. 3%=
78 ok sk ol -S-ul 2. 1ol triton X-1002 Ippm% 1525-oF A3 Sl 1. 6uj 2
de R B A Vel edl, —i mIE o) el ME 5 Ao A KL
iR o) B2 H 2 wka) ehghe}

Concanavalin A<= 0. 01%¢oll 4 controlo]l ]3] 1.4, DMSO%: 2. 0%oll 4] 1.8,
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AEE A S Eb el FA —E BIE ol M e BF Ata kol 2 A E =Y.
Ruzinz} McCarthy(1986) = protease, trypsin, spermine, DMSO %3 & Af! 5} &1 S uj
Aol A5 dclx B shdcl. &3 Ohnishi % (1987)-& glyceryl monooleate %
LSkl Bh4 A o] Z7b8b triton X-1003F concanavalin A= BE4AA4 7t otz

&k et

¢ /
19 919+
g 10|
Z 61 / / é |
"a 717
o 0|
31‘ T ’r%,’q’ T J//f# T ’r'{/% Ja%o

Fig.5. Effects of three different calcium regimes on protoplast fusion frequency
and viability of Petunia hybride, in the fusion medium containing 0. 6M
sorbitol and 600uM HEPES.
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Fig. 6. Effects of protease, trypsin and triton X-100 concentrations on the
electrofusion of Petunia hybrida protoplasts with the incubation times
of 15 min. for protease and triton X-100, and 7 min. for trypsin.
Fusion freguency expressed relative to the control (non-treated) value,

%

where control=1.0.
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Fig. 7. Effects of the incubation time of protease, trypsin and triton X-100 on
the electrofusion of Petunia hybrida protoplasts. with the concentrations
of 0. 15% protease, 0.3% trypsin, and 1ppm triton X-100.
Fusion frequency expr=ssed relative to the control (non-treated) value,

where control=1.0.
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Fig. 8. Effects of concanavalin A, DMSO, glyceryl monooleate and spermine
concentrations on the electrofusion of Petunia hybrida protoplasts at
the 10 min, incubation time,
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where control=1.0,
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K Ehaol #5544+ protease, spermine, trypsin, DMSO, triton X-100,
glyceryl monooleate, concanavalin A S 2 B4 &HE 7l =

o] 49} facilitators & JHIEMEfF o2 EME # TRAHE FAS S} F2) S
o maHst AuEFE HAY K8 £ 79 2. BRPBKSE FA Gk
facilitators JZ 82 1% 2417k & otoll 25 4% ol o] W& MaFE el Ao £ HFE
L EEHHEET FULTd B . 28y, EERAEE FU2des 2 E
facilitators FEBoll oJsh+ A&%Ae] A5d Wl LEFL spermine(42%),
concanavalin A(41%), triton X-100(38%), glyceryl monooleate(37%),
protease(37%), trypsin(35%), DMSO(31%) Ao 2 ol zich. ulebA] o] 2] &l facilita-
tors= 25 RIEZHERS s aol LRI e bl A F R IHFERE M

Table 7. The combination effects of facilitators and electrical stimulation on

the protoplast fusion and viability.

Facilitator treatments Fusion frequency(% Viability (%)
electrical stimulation electrical stimulation
- + - +
Control 1.6 11.2 86.3 45.2
Protease(0. 15 %/15 min. ) 3.9 26.8 76.9 36.5
Spermine (400 ppm/10 min. ) 3.1 24. 4 82.5 41.6
Trypsin(0. 3 %/7 min. ) 3.8 23.3 75.9 35.4
DMSO(2 %/10 min. ) 3.8 20.2 72.8 31.2
Triton X-100(1 ppm/15 min. ) 2.3 18.1 78.4 37.5
Glyceryl monooleate 1.7 17.3 82.0 37.1
(5 ppm/10 min. )
Concanabalin A 3.0 15.3 78.6 41.3

(0. 01 %/10 min. )




1% %

A P85 Petuna hybrida QoA callus& #HizAl A o] 2R e RIS HWHA 7
ORI (RE R RTE S RN 2 WS g, BRIkl 93 kit #RRE B ol
B LS R (S BT 80 SO B A RET ) AR S sl A 2475 Qo)

1. Callus "L [EoEI% = K53 1% 20~23 Aol h42iE HMIEE 7L 713 2=, 0. 5ppm
NAAs 5ppm BAE iR MS FIfe £ Lol A i A 715 Zel 7h3 Eeh

2. 3% cellulase®} 0. 5% macerozyme2 [REE S 71 & =2 FIEE 14 (2.6 X
10" protoplasts/g. callus) & A B el MIE B2 23314 == Wk 7%
AL widstsdch. MIEERES MRS BEFEM 13410 ek r 2tk FEe
WA= Aol 3743 st

3. BHEEEAS Y8 BME 2= AC IMHzE 60V/cnoll A 15sec 5ot 718 & 2.5
kV/me] DCpulsed 40usec 5ot ZHolF 5ol 11% AtS A 46%S 4 HHEL
LIS ROV E R B i i St

4. WHALGIE 2. 5mM EGTAS EM sl 3% Al 4% 7 35%2 4, 140uM CaCl,
2 M Sl = 1% fG R} 43%) B A, 140uM MgClL5 EH Y S o=
6% fb A 41%S] A FAS B oh
=3, 140uM CaCl, 9t 140uM MgClL& RAKM Yo Ao % Lud e 27
13%) m A3k 45% AHEFEZ 7B Eodl

5. W4ist A0 fusion facilitator 8 EESEE BAF S Winsl ot AR =
et
Fusion facilitatorg 283} 2} 22> IR (11. 2%) o] Bha Aol w3l B fd &
= protease(2. 4x), spermine(2.2x), trypsin(2.1x), DMSO(1. 8x), triton
X-100(1.6x). glyceryl monooleate(1.5x), concanavalin A(1.4x)< Mae] Aot
b TEAS S B (45. 2%) o ®] 3] spermine(42%), concanavalin A(41%), triton
X-100(38%), glyceryl monooleate(37%), protease(37%), trypsin(35%),
DMSO(31%) Mao. 2 s =l ot
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Plate 1. Petunia hybrida ‘Titan red’.

Plate 2. Effects of NAA and BA on callus growth.
The callus derived from Pefunia hybrida ‘Titan red’ was grown at 25C
under light condition for 30 days on MS medium containing various

levels of NAA and BA combination.

Plate 1 Plate 2

Plate 3. Protoplasts isolated from the callus of Pefunia hybrida.

Plate 4. Pearl-chain formation by Petunia hybrida protoplasts in response to
a sinusoidal AC field of 60V/cm, 15sec.
The chains of protoplasts, observed with an inverted microscope,

radiate out from both electrodes.

Plate 3 Plate 4

_.27_



Plate 5~10. Fusion of Petunia hybrida protoplasts.
The protoplasts were aligned by a 60V/cm, 15sec AC field and were

fused by application of a single-wave pulse(40usec, 2. 5kV/cm).

Bar : 20um.

Plate 6

Plate 9 Plate 10
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