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Transformation of Rice Embryogenic Cells by Electroporation
Mediated Plasmid Uptake into Protoplasts
1. Plant Regeneration from Electroporated Protoplasts of Rice

Myoung Duck Kim, Seong Jin Choi and Joon Chul Kim

Department of Biology, Kangwon National University Chuncheon 200-701, Korea

ABSTRACT

Calli were induced from leaf base region of germinated rice{ Oryza sativa L. cv. Nakdong) with high
frequency of up to 65% on LS medium supplemented with 2.5mg/¢ 2, 4-D in the dark at 27°C. Embry-
ogenic calli of pale yellow, globular type were selected and used for the imitiation of cell suspension cul-
tures in AA; liquid medium with 2mg/¢ 2,4-D, 0.2mg/¢ kinetin and 0.1mg/¢ GA,. Protoplasts were
isolated from the embryogenic cell suspensions after 4 months of culture and then were electroporated
with 400V/cm for 1 msec. Electroporated protoplasts divided with plating efficiency of 1.1% on PCM
liquid medium supplemented with 2.5mg/¢ 2, 4-D, 0.1mg/¢ kinetin and 10mM proline. The protoplasts
~derived microcalli were cultured on 0.2zm membrane filter placed onto LS2.5 solid medium containing
fine suspension cells as a feeder cells, for 2 weeks In the dark at 27°C. After an additional 2 weeks of
culture under fluorescent light of 30+ 34E - m™%"', yellow calli of 2mm diameter were transferred to re-

generation medium. Shoots were produced from the green spot of protoplasts-derived calli and plants
were regenerated from protoplast-derived green calli with frequencies of 11~33%.
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A wioks B3 A& #3 2719 AP 9
g E3sol w2 “cell line”o] Alds} Hetulor
FAol| A du]AH FEol| 98 embryogenic HE
o A, FA7}F o4 Fo3lckn soi(6). d
sjeks ARt F2 ebd ¥ ErAd 4839
AZ7E fised, g8 Axs 3771 22
AZAN A& o= TR sl AFEH] ¥7]
] £ol] embryogenic callusE Ast= Ao g od
AeH(7, 8). ¥ AYAA wjFA A= embryogen-
ic cellol} LA ZHE (L7} LolslA o] F
AAEE 317] Y& 2o AT+ Az &
gt KPR(9)wiA| & AR8-3ka wloFA|ol= agarose
bead culture(10) & o]4-& 7tz ujokg- 3}7] wjEd
ol9} e AL vlo| YAAZ| HLs7|dE @
S A1 xS Fo R

F el o] AY¥AA widriee] FH
e} APAA Fiel] g AAZ FF 44 2
24"l o) F-Az2 £ o7 fAH YA
o] F3A A==z ok £ HAPAME o 3
EolM F7]" callusE  &ehuloksted  totipo-
tency S 7= 4¥ANE 2alst3 electroporation
H 48AANE MS s Aol A wiekg Axdlz, 43
AA f callusZ2He &3 59 d=e A&
Faste] wiz] A3 wjok why S destste] v
HYAA wiFAAE st v FAAF AA
£ &oJ3tA 1At sid

Mg 4 Y

Callus T ¥ SiEMHY

F $A4E FEH (Oryza sativa L. cv. Nak-
dong) £7t9] £9& AAst 4% NaOCle] X3
g FUgaE 25%2 HAY Lo 458 Fob
100 RPMo 2 AlesidA FHE 4534 4%
H e HdERTE 53 AFE & 1% su
croseE EF MS szl (1)l A3t 27°C ¢
Zo A ol Zt), Wol ¥ 15 Ax A3
FA RS slaS R (leaf base region)& 2~4mm
2 e} o7 713 529 2,4-Dr7} 3HrE LS w)
A (12) ] dske] 27°C Z 7304 wjeksled cal-
lusE S5 545t

detuljoke 33 o|4F Aujuierdl callusZHE
embryogenic callus?t& 1g AT Q¥ 2mg/d

Korean J. Biotechnol. Bioeng.
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Fig. 1. Effect of various voltages on cell viability
of intact rice protoplasts for electropora-
tion of 1 msec and 2 msec. Viability of
electroporated protoplasts was determined
by FDA method. Each data point is based
on the mean of at least 300 protoplasts
from 3 separate experiments.
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Fig. 2. Cell colonies derived from electroporated protoplast of rice in liquid PCM meduim. A,
Electroporated protoplast with 400 V/cm for | msec ; B, First cell division after 5 days of culture ;
C, Divided cells after 14 days of culture ; D, Micro colonies formed after 24 days of culture. Bars=

30/m.
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Table 1. Effect of media on microcalli formation
and plating efficiency from the electro-
porated protoplasts of rice for 1 msec.

Mlcrocalll

Liquid Voluage Plating
medium efficiency(%) formation(%)"
PCM 200 1.0 50
400 1.1 48
MSP1 200 0.38 20
400 037 20

* Percent of microcalli per dividing protoplasts

Bl & do g o|g3dlo] witEglen g 2A:
AAE QHAAZ A EA-o] Fuhgt EH5g BolF
7 ek, Aok & oF 448 E electroporation
g dAde A 29E ]7‘13}°1 ::“LE\"“
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e 3HFo] w2 £4dE f=(Fg 208 ¢
golem, weF 35 48 AEZANE FA&7] A%
3ol 249 Foll= A 2o] 0.5mm HE 2 callus7} &
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tiond A& LHAA F 10d F £+ Fd d¥d
A w]ge 2mg/f NAA2F 0.5mg/é BAP7E A7}
5l MSP1 ui R4 0.38%c]sier 2.5mg/f 2,4~
D} 0.lmg/¢ kinetino] #H7}5 PCM wf 2ol M+
1.0% 2 MSP1 w#jz|o| A8t PCM wix|el| A &St
t}. Microcallus?] #AEES MSPlold  20%,
PCMol|4] 50% ol4tollem 400VelMe 27t ot
& ZA%E vighyc(Table 1).
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cello] gl AelFose 7o 4ae] o]FoiAA
okolth. o]= Kyozuka et al.(23)¢] ®. 18 73} 2
o] feeder cell?) H7IZ AdAH 42 25she
nutrient & edskolatz AzhEict.

27

Fig. 3. Microcalli plated on the 0.2/m membrane
filter onto LS2.5 agar medium containing
feeder cells of rice suspension cultured
cells. Left, Microcalli under light condition
; Right, Under dark condition.
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Fig. 4. Plant regeneration from the protoplast-de-
rived calli of rice. A, Shoot differentiation
(arrows) in regeneration medium ; B, Plan-
tlet regeneration. Bars = lcm.

Table 2. Frequency of plant regeneration from pro-
toplast-derived calli on various media.

Regeneration W Fre(rlrurencry of gfeen Frequency of plant

media spot formation(%)"  regeneration(%)"
MSP1 5 33
MSZ 11 28
MS3 15 11
Ns 15 22

* Percent of green spot calli per total calli plate
® Percent of regenerated plants per green spot calli

(Fig. 4B) &txg #e]& FEA|Zith T3 o 2R H
Ago] AR 11~33% 2 vebyton, o)
AT AEst e ALspu Aol met 2lolr} 2l
v 712 At ¥t (Table 2). £3344& AA pot
2 olAd AEAle AU AAd A AEANE
o] & AUsict(Fig. 5).
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Fig. 5. Mature plants derived from rice proto-
plast green house. Arrow =seed.
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voltaged 400V/cme} Imsec -“§9F electropora-
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off 24+H feeder celle] 0.24m membrane filter2
R Holl FA FaolA 253 Bk vk £, 30+
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callusE- &3t iAol 24513 & o, =7 (green
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