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Intersubgeneric Protoplast Fusion of
Pelargonium aridum (Ligularia) and P. zonale (Ciconium)

Sun-Nam YU
Department of Plant Genetics and Breeding, Catholic Universtry of Taegu Hyosung, Kyungsan, Kyungbuk, 713-702

In an attempt to obtain intersubgeneric somatic hybrids of Pelargonium ardium and P. zonale, protoplasts isolated from the
two species were fused by using polyethylene glycol (PEG) and electorfusion methods. Protoplasts were isolated from
cotyledon and leaf tissues using MS medium containing 550 mM sucrose, 0.7% cellulase (Onozuka R-10) and 0.4%
Macerozyme. The optimum number of protoplasts per mL of culture medium was 6 X 10 Protoplasts fused by the
electrofusion method were more active than by PEG method. Heterokaryotically fused protoplasts formed calli when
cultured in MS medium containing 550 mM glucose, 1 to 2 mg/L. NAA, and 0.5 to 1 mg/L BA.
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Pelargonium>- 533} opelg]7tel A e 5H 2AL7HA
o) 74 Fas v, RER EHEMEA 1847] o] F
AR BT BRERS vl Fast HEEMR H3 9
o}(Clifford, 1970; Harney and Chow, 1971; Maatsch, 1977;
Moore, 1971; Payet, 1982; Van Der Walt, 1977). $-8] v}t
M e AEtror deix oom HIYAEZAMY F8A
of FHE glet

F|Ttol] ©FA] Pelargonium@B) FiEfEe] ojgh RElre] Hrh
I oledl, 1 olf: RaE i T T HAEY

FHEES g FAstzA 37 dEeld.
Pelargonium/E 2] #ILHTES) F2 R-2 P.-Zonale-Hybrids,
P.-Peltatum-Hybrids®} P.-Grandiflorum-Hybrida2 A} 2,0008%
gl o] 2w o] F-& 18M]7] o] F EFEE olSA Bk
Holor, 7 BEE ¢ #EESER olel, 159 HH
L B2mgled(Chow and Harney, 1970; Clifford, 1970;
Debergh and Maene, 1977; Moore, 1971; Oliver and Van
Der Walt, 1984; Payet, 1982), o|2|gt RSl FafEel
HRZE BAL 3 2EE g PReIAY ==

REABMME| 22 42 oYy, 19855 Yu and Hom,
1984).

18 E8 Pelargonum& ] miEM, 1R, &3 S8R, &
BRI ARl 2l s RiEFERES] A e A
S Rebelaal pEHMuAEREC) o3 MamiEe] FrEbE> v
S iz g B 4 gloh. 28y PelargoniumB 2] &R
RRE A% FEEMATER I B1E ofF glon
et P oaridums} oFE Ex)9) SiEe B EREEos R
B fEPRert A4S ACE 237 9lg $olv(Abo EI-Nil
and Hildebrandt, 19765 Kameya, 1975; Koop et. al, 1983).

¥ AFE Pelagonum@E) 7B shbHoEA, %
HMERHOoZYX: o#$ Ligulariatifg P. aridum(x=4)3}
Ciconium TEf§ P. zonale(F-%5, AN A 5)zHe] UPA 534
wiokS T8 xR RSMMAERE Pelagonuum$ Q1A 3}
Aok olF AE J|HHAS B AE3 2L dEE

v} oleh(Yu, 1995).
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EHEY 2 Pelargonium/® Ligulariavi/§ 2] P. aridum Dyer
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FRERRIEE
FIERe o BhARRS 133l #st 'E-2 Hhet 3EbL
Lo} KBS e vehsith FRERRE AL 10

DfFFEe) Lhelr FER AES HREKEM o 01 mm F
o2 A7 Zeh, a8z FE2 e Aeak A 4
Aisted 10 mL BMERIAHS 93, 25 = 2CY BEEMIAM
(Weber and Lark, 1979) 14~16 B8 pEFEfkel, 40 x g& 10
i SELAEES S RS PIME ik protoplast-incubation-
media) &2 28 M A wpr)te] PCM-E-Y (protoplast-
culture-media) 2.2 65 x gollA 155/ & LaEEste] hils
RPERRS SEER(PCM) oA R SR Mg
Sl 2 NAA 1 mg/Le} BA 1 mg/L2} E3% MS7| Euj)x|
of 550~800 mM Aok, PIM&-dL gucrose®, PCME-o
< glucoseS 331 pHE 572 she] ARE-8LoIet
BEFOGCZ RRESRTE T SR EE MSIEe} BS
12t (Gamborg et al, 1968)3 F& fEAslG o, EpFLM
B BREEE 07~1%% cellulase (Onozuka R-10,
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BEeA ZAEE e MEE T FEER AE A
72 12802 fEMAsT BEMEIEZE gucoses)
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ol FPHERRSHES M EiEe] RES 550 mMoE
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sibsiaiod, REERE 83 48 Ay BREES
10425 x 1045 x 104, 6 x 104 8 x 104 105 25 x 10b=Z
Aysidch REERERREE 24 + 2CoeH, REE
1~29)& BEE 73S P (700 k) FA=) #
fen e tE w59 F2Y7F Baisd 1100~1450
o] i Foich EEE M ISR R Sk fi
TRAEE REE MEHERS AeaikEe Bl RE
= “ 2 mg/L NAAS} 05 ®= 10 mg/L BAZ
R B RS RER kAL iy SRR o
Aol = e
IRES A AFGHKoop et al, 1983). [EIEEEES)
FEAEAIAER S vl inverted FRMIEC R EEslYo}
(Inverted Microscope IM, Carl, Zeiss, Oberkochen, Fer. Rep.
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Germany).
Polyethylene Glycol{ PEG)0]| 2|3} BT E RS

feBgeRel o FRERS A 5%° PEG (mol
wt 6,000; Merck) (Kao, 1981)& {3ty 1 BRAREM S B8
PRS2 BERSte] BiAel o FoiAH kRS sty ¢
o 20~30¢e A8EHGoH, ik PCMERS 10
mg/L #fnste] 45 x g2 1087F @LoEsle] HERS
g1 EHFAER(PCM)o2 E&E3t9d. 25% PEG
solution(25%)-& 125 g PEG 6,000¢] fusion solution (0.1 M
glacose, 10 mM CaClz. 2H20, 0.7 mM KH2PO4, pH 57) 50
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Electrofusion

Fusion chamber: function generator (Wavetek Model 145)
9} pulse generator (Packard Model 214B)2 iAo 9lo
1, chambervjol = wits] WFHAL HAo] glom, o
Al Mo FERE MATA-S 200 un A Qe FFA}
oo [FEHEE YT funtion generator2 W& 7}Eo] HH
T -FM 522 XS 2706 AC field 4R E
o] FolA EFEREE dielectrophoresis®  2H5o](Bates et
al, 1983) ‘pear! chains’ A}ell7} ¥ W, pulse generator® &
7F=9 single DC squre 3}A4-S FolA| FEZEME 474
22 FAAZITH Y, 1989). RiAIREEE eletrofusiond ]3]
A1 mannitol solutiong fEFISledof 31, Fifel A7)
2719] AC field Aejwl= 09 MHzE f#Hifsle] 0% & =
L 759 DC squre?] pulse (1000 KHz 10~15 s, 200
pulse) 2 o] F¢]t}. Mannitol solution2 05 M (550 mM)
< s oA, chamber?] £33k 3 mL A Eoloh giATE
o] el HEKEE RERLE Hid $dsdd.

da g
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RIER EE MiEsR 2 A Bl n X Bk
el gs B5 MS % KaolZifi(Kao, 1981) & Al&3}e] P
aridumel| X 71 &8 & Az FERE FEARd MSe} BS
fEtgEEo) AobA o). M F el Al MSEh
7} BotEsEe 1 SEGEESY 25 wsdh 2ehd Aga
2 ERsfERCE S0 MSEHUL o waA A
o). Kaoliti:s REERRRN 3 e Rl sl

Pelargonium®] JRIFEA8E%] #HHS RAEMZ =
Kameya (1975)% P. hortorume]| MSE#Z HHSIE I



Yarrow (1987) £-& callus suspension protoplastel]A] Kaolg
WE A sldE v £ AES 22 Al BEEH
= glucoset} sucrose”} sorbitole] v} mannitol o} #E/E
22 HAE 4 oo KEMolEle i/ wok(Kartha
et al, 1974). —fzHo 2 FHERERN A+ pH
B 7o) Afide] ¥oA v & BEEAME BRI
pHE 573 HRHEYS HEaolrel 2 REZ s3] M
fell #1E AA Fa spded ol Yamow (1987)&
pH 56~589] KaolEHiS, Kameya (1975)= pH 56~58¢]
MSE:H 2 (HHsg 2™ Abo EI-Nil (1974)2 macrocultire
o] MSi:tiol pH 555 AT A%t £R7F 9=
el g A ] mMIBEZAM BERIERS BERS
P ardum& #¥LE she] 550, 660, 770, 800 mM-E EEEs|
2R '(\)i'%f‘?ﬂ' 55E REERRLECT Bkt 18v
s ZHRE = MSHE el A 550 mM-2 H—Ror5ile] 5¢
Aot 800 mM% 8Hel &89 702 .
FRERRLS A% BRARS AEAYd 3% 07%
cellulase$} 04% Macerozyme7} £9Fo™ w &AEH(05%
cellulase + 0.05% Pectolase + 5% Macerozyme)-2 JRE
HEZE (KAt o FEEelY S FAY AT 02%
cellulase + 04% Macerozyme?} BifaIR 1, A A #HH
3 A9 199 cellulase + 196 Macerozyme 737} SUA|

e FRERSE o wskonl RS BERAOIA
= RS FEe] ol FEEIV MR T
2 9% 5 2% W= YRTHTable 1)

Table 1. The number of protoplasts isolated with an enzyme
solution containing cellulase and Macerozyme.
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Table 2. The number of protoplasts isolated from cotyledons, leaves,
and calli of two Pelargonium species.

2 ¥ 8

Species Cotyledon Leaf Callus
P. aridum 429 76 134
P. zonale -a 5103 163

Cellulase Macerozym Cellulase Macerozyme

07% + 04% 10% + 10%
Plant 3742 3L78
Callus 2063 25.74

Genotype.»} MEHERAre] w2 R g &L P ardum
B el KRERT, P ozonaled £0] A% HY FRERS
frel7F @ekel(Table 2). o wels [FRERGER T &
Hie F97 g2, el AazArg X Fe
A l% d& 5 dsich w3 el AL AUFAHF) o
%1 frejep Fde] A E7} 9l

BE= 25 x 1045 x 104 6 x 104 8 x ¢ &
25~8 X 10Afe)7) Aedsladc). —igi e 2 Pelargoniume)
o) BTN SR KadtA & BfRL 2RE
Hsle} LR BERSEZ BAZ RES ¥ BEEE
urZolA] S}l Yarrow (1987)% Pelargonium®) 1%
FEHEZ 25 x 10t mg/L & {3191, Kameya (1975)%= 2
x 104 mg/L #Hiagol M 714 RiFsA el =k

a- ; Not examined.

Figure 1. Culture of cotyledon protoplasts of P. aridum in a liquid
medium. First cell division (1), second cell division (2), fourth cell
division (3), after 2, 3, 4 weeks of culture, respectively: colony
formation after 5 (4), 8 (5) weeks of culture: and callus formation
after 12(6) weeks of culture (agar medium).

RS AN MRS 2eln 229 Bk 9
oA genotypefli ZEREL Figure 1A P. aridum BSiEitr
(550 mM) (0.1:1:05 mg/L = NAA:BA:24-D)el|A] 235 1
At #laiEe) MEqs, 284% WMRE—o%He ok
MR- F 380 3@ AEmE sl Tk
4% BE#YEE 40 mME, 18A#E 360 mME il &
At 1L BHHKE 220 mME FgA 73 [Akre] NAA
o} BAEEZ Ze)sted(0.1~1 mg/L)iE&std 1~2 mm &
247} ﬁé;ﬂz% AL 6A% st $A4 BAE 15
sojet. aEla S6HMe AHAFAMLEEE Y AT
P. zonale= [RIPERE7} 109 7lefytell 47734 S8bod e

BERAGES REE BEHOR ¥Fo] oA il
N BER A T gow fifusse] HikdA =
3 89 o (Kao, 1981). Kameya™ Pelargonium®] [RFZERS

ol A HREREC] HakE thol EMEENES] BS /10 W3]
F93, Yarrow (1987) 52 153 6Af%e] A BEHRS ¥
1, 15~20H7%0] 45% mannitol 2 BHBES FEslg o &
BN E Mol Bid o A BERS 12 ZelF
AT, HEE—sR] ol #h BBEEE 55004 420 mM2
2 doj=gFu, A& MSHaEEES mM (150 mM
AxMell 7HAA sllE Aol AWl 7P REREe
ook EEREAS ERFEHIREE genotypesl] wE AR
e EERES 2 fHmel sloh FHEHEM EREE:
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25° C(Jelaska and Jelencic, 1980; Yarrow et al, 1987)o]w],
W2 Yarrow(1987)= 700 1xo] EHEX-E, Kameya(1975):=
000 k2 HFPgen A BROME #EE 1~20L 10 k

o] wo HRES] Foluhz 1000 k HE T4 s3I
PEGO{I o|t EF MERGHMIEE

%% PEGE fEfistd] BREMRS BAAIZL Sl viablity
= PEG #iie) &3 BARRM 223 genotypeo]l whE
BX Table 3o] vtept 9je}. P. aridum X P. aridum ff2)
FEEZGM AL PEG Bk AS 4754 R
sl o 13%9 75 1540 FrE=E A} o] ¥ A 4H
2 11E%Fe AFge) MlgsEel A 28l 73
x A, TE x FE 32 Aga x Ber FEE
fefl BAALLALE A v& SP%IJ- A BBE 14903
(Figure 2).

TR ERERMACAM P aridum X P zonale®] T x
%Pﬂ%}bﬁﬁﬂf’ﬂ o BiAolME 25% PEG R 15%9)

save] B4 AAET BMARERES 155 23k

—rﬂl»‘?/l & 2B WiiEEe]l M= el¥e] BEH
o iR B 4 ddon, BE URE A 8
EEHE HmsllF, 3BA¢ 450 mMe] FHA EEESE
ﬁ‘ﬁ%%ﬂﬁ Foch aEg B A4 Vb A MA &oﬂ

= MR F9ioh FE x Aua FERERMES Bes 4
(%E%‘)’U} 199 0] 3, olu PEGRAAHKY RFERE 14B#
H 792 ool Ml FAHE AL ms}aiv} a8
Aex EREIRMAY MAdAME 15%2 75 155 FrE
=i 15AM AEfEstg ok

—fkf 22 PEGE A s REE 25~30%2A 4
T&2 1540, 4000, 60000] glov}, A& EElA:= PEGH
15% A= 155 AER ESAL, 2 BE A A
©2 ¥A] Pelagonium-E Kl ol %ﬂ‘% HFolof Hjar
2ol PEGY) TR ¥54F RIVERS Fike Astd
I sk, & J?if’“ﬁ!ma/\oﬂ Me FEe ¥ PEG
A B HEE S b E}ﬁE}(Kao, 1981).
Pelargonium/& o} H o FEE aﬁmm/\oﬂ FH HEE oM 9
+ =3k

).

Electrofusion 2%

Electrofusionel] &gt #HEMS] A2 Table 4o 311,
EELRE MS 550 mME sk P oaridum X P
zonale®] +E x ERFERMAC A=iar) FRAA
7 B8-S electrofusion 40 % fMfEC] Aj7]aL, 17El?’ﬁ°ﬂ i
faE—angdel AU, Al HHE Hnsted FUok 21AA
i £ °l AN 450 mME i“%{eﬂ&‘(%&g sl
Fooh 280% #lpFEdsRe] ol 1F AL 3

Table 3. Viability of homokaryotically and heterokaryotically fused
protoplasts in two species of Pelargonium.

Tissues Conc (%) Time for  Viability
Species Cotyledon Leaf Callus of PEG  treatment
: (min)  (days)
P. aridum X. aridum X 4 47 4
X 8 20 13
X 13 15 11
P. aridum X aridum X 4 50 7
X b3 7 45 14
Cell wall
formation
P. aridum X zonale X X 15 15 54
P. aridum X onale X X 16 15 19
: X X 14 840 1
P. aridum X zonale X 15 15 15
X 15 840 1

Figure 2. Stages in PEG - fusion of cotyledon protoplasts and callus
protoplasts of P. aridum in a liquid medium.

1) Cotyledon protoplasts X callus protoplasts after 15 min.
2) Cotyledon protoplasts X cotyledon ~ protoplasts after 10 min.
3) Callus protoplasts X callus protoplasts after 12 min.
4) Cotyledon protoplasts X callus protoplasts after 23 min.
5) Cotyledon protoplasts X callus protoplasts after 30 min.
6) Cotyledon protoplasts X callus protoplasts after 36 min.

7 AAA ek 101A% (1 mm 27]) EasEms S
(Figure 3). T3 x s 133 Aejx x WHLERE
B RAdAME Mifasgle] dlol &% 12H, 1787 &
3l

Electrofusion] 1 A wA s oF & B2 7 FEHERE
o) BEMAES W § AU Bl pukelBE 9} pulsehHER:
e 3= g,lr:} Kohn et al, 1985). #& ‘EEgolrx= 09
MHz¢) AC-field (Zimmerman and Scheurcih, 1981)2A] o]



Table 4. Viability of electrofusion protoplasts for either two different
species.

Tissue Viability
Species
Cotyledon Leaf Callus (days)
P. aridum x P. zonale X X Callus
P. aridum X P. zonale X X 20
P. aridum X P. zonale X 17

Figure 3. Cell division after electrofusion between leaf mesophyll
protoplasts of P. zonale and cotyledon protoplasts of P. aridum in a
liquid medium. Cell division of fused protoplasts after 4 days (1), 8
days (2), 17 days (3), 3 weeks (4), and 4 weeks (5) of culture.

o) FEREEEY FE/F 2255 bl dold MRS ¥
olrd, oju] BHE 10t¢) HEr} 7% vHKohn et al, 1985).
A EEOAM AT EREENME 6 x 10te] EESA L.
Pulse9] A7) 1~2 Kv/mol|A] A|2}3}e] pulseRe@iefE &
50 s HEFrstd EompiAdse] 12~15 Kv/anAle]oA 1}
S b A EEielAE 1000 KHzell 10 ms2 Highy
Al o= ¥ pulse (L6~25 Kv/em)elA&
double-fusion®] FAAEL Ho]=| 3 multi-fusiono] FEA:3}7]
W) Folo} 25 Kv/emolME ZE Ride]l b (Kohn et
al, 1985) 1% double fusiono] Aj7]= &L 5~16%, multi-
fusionol A7) 238 25~30%%HKohn et al, 1985). A&
fio] A= multifusion®] Zsel] fsjAx= FlikE FHESA
‘HUP-

MfriES) W MAUERS BAUSEREE K
& B4 2ok A P aridum3} P. zonale?] ¥t 1, 2
KB EMY AYAERES —HEld L FEafte A
Hgormg, o7 odugte ARFGHERE MAE A}
o] FIMEMATERAAN v Ao adre] feilluEn
g Bty 422 U Aot

s o
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Pelargonium ardium™} P. zonale o}&7ye] AME HES
a7} 3l ClE2FEH YHYAANE sty polyethylene
glycol (PEG)$} electrofusion B}H 0.8 §-3tA|7ith 43214
= A3} B2 550 mM sucrose, 0.7% cellulase (Onozuka
R-10), 04% Macerozymee] 353 MS wjzx| 2 H2lsl9h
el == wiz] mLy AFAALE 6 x 10e] wjoke] 4
35} ch Electrofusion ¥M] 2.2 389 93 &A= PEG
Al oz 3l Ao A xEge] o stk FE7
o AgALFA = 550 mM glucose, 1~2 mg/L NAAS 05
~1 mg/L BA7} g MS iAo A wiksid & o A
2% A5

A Al-o] 475 AFEAIEL AN GE dFHALA sl 5
49 Az ek
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