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DNA Delivery into Embryogenic Cells of Zoysiagrass
(Zoysia japonica Steud.) and Rice (Oryza sativa L.) by Electroporation

Gun Hwan PARK, Joon Soo CHOI, Choong Hyo YUNY, and Byung Joon AHN*
Department of Omamental Horticulture, Dankook University, Choenan
Choongnam 330-714: and !Agricultural Biotechnology Institute, RDA, Suwon, 440-707. *Corresponding author.

To develop simple and efficient transformation methods of monocotyledonous plants, electroporation-mediated delivery
of DNA into intact embryogenic cell clumps was investigated in zoysiagrass and rice. Calli of zoysiagrass, induced from 3-
week-old immature embryos, were suspension-cultured in MS basic medium supplemented with 1.0 mg/L 2.4-D and used
for electroporation. Callj, derived from immature inflorescences of 20 mm in lenth of rice, were also suspension-cultured on
Né basic medium supplemented with 1.0 mg/L 2.4-D. Suspension-cultured embryogenic cell clumps were electroporated in
liquid MS medium added with a plasmid DNA (30 gg/mL), pGA1074, encoding B-glucuronidase (GUS). DNA delivery
into the cells through cell walls and cell membrane was confirmed by the transient expression of the GUS gene. Cell
clumps of zoysiagrass and rice, electroporated with 400 volt at 800 4F capacitance, expressed GUS gene activity at a mean

frequency of 25 units (one unit = one clony of blue cells) per 200 4l of packed cell volume. Untreted cells and treated non-

embryogenic cells did not exhibit GUS activity. These results indicate that electroporation-mediated transformation can use
intact embryogenic cells (thus avoiding the use protoplasts) in zoysiagrass and rice.

Key words: f-glucuronidase, transient transformation

& FAAE 2AEed =] AdME 28 A M 198398 A 257] A3sle] Mo A e
A3k o] 2Eof wel sl oo} gt Aty A Ee AEAZA dejal wb gloH(Shillito et al, 1985). A}F<]
A= BeAe]l T-DNAE o] 23 A3 uhe] whzaly electroporation2 YHAAE Atz A FHxvy, 43A
AT el S 5 P 33 AV A8 A Yol 9 A AL IS Y S5 9F BE
A7} B3E 9 AlAo]oH(Chan et al, 1992: Denson A sk dhale] AlEe] FAANI s AAs) FHHA B
et al, 1988). &z} A& AL, dYAANE o4 g AA ook 3R ‘H”"ﬂ ANEHE AARA 4 A
electroporation©] “} microinjectionol| ©]3F 3747 g} wlyle] g2 M Eo] DNAE 7| FAH(microinjection) 3}Av 3}
2 oaggen, B A% 242 A8 4RB W 24 =x AZ9 H)d DNAZ A Adse
particle bombardment 7]4-2] o]$-0] Z7}sl gl FA o] macroinjections ©] &3+ FAAZ AF Ay vigw gf
ok 22} o] 7|4 X chimera Al &o] Vel A A o, o A7kA gt A 42 gleh(Neuhaus et al,
AR Al Fgo] oA o} r|ao] AA3s} ot 1987; de la Pena et al, 1987).
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Aol d ZAFHAY oM EHe| o sl DNAs}
2 AYEA AEg s 53 =49 5 dE Ao
W 7ts)o) AcHAhn et al, 1988). AAZ w LA ANETE
electroporationdte] 445 HAAZ A7) Ay} Hud
vp gled, Axd Fa9 AgE AAAA xS F
ME Y- AR 23] AZYE Holdl o F Hujg
E wjz2A] NE HEHe] AdEat AFY ¢ e &
AL AAHLE AASEE ¢)th(Reinhard et al, 1989:
D’Halluin et al, 1992).

B AYes 7Y wgFEFed ) Ao HEE
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=3 F vl E AFsle HAAZ o] &k o] &S
sucrose 30 g/L, Phytagel (Sigma Co., USA) 3 ¢/L, 24-D7} 2
mg/L -5 MS A wjAe] X3l wpdA AYAE
FE B0 F22 2G4 £ e el ey 2
FAE MW3le] 30 g/L sorbitol, 10 g/L sucrose, 12 mM
proline, 100 mg/L tryptone, 5 mM MES (pH 58), 1 mg/L
24-D7} £3+d MS JAui o] &7 32 %8100 rpm) )
Falolch AdNLE WAel 45% ST ol A A
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W ¥7 Aujg I58(Orniza sativa L. cv Nakdong) ol
A Zde] 30 mm ¢]3}e] f-47F FAHIL e £ AF
slo] Acie} 2+ whgoe Fwl AR ¥ ok v|5HA
2 A3 sl wjokstelct. AHEE WA= sucrose 30 g/L,
Phytagel (Sigma Co., USA) 3 g/L, 24-D7} 2 mg/LL 43
No ZANAE oSS F B Aels I AE
Fetul ok 1041 7F dZH2000 lux, 2 X 40 watt cw 3 35)
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Piasmid DNA
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6 .8kb

pBluescript II KS +

Figure 1. Diagrams of (A) plasmid pGAL074 and (B) pGAI139.
X=Xbal, S=Sall, B=BamHI, P=Pst].

A7}, Shl intron, NOS-poly A signal?} 7 ampicillin #]
B4 $442 TP GUS B8 £kl o] (Figure 14),
hygomyein AFHE A2 B $AA42 LT S ge
pGA1139%= CaMV 358 promoter, hygromycin #]3}A4] $-Z A},
NOS-poly A signal §A22 2383 i} (Figure 1B). ¢]
£ plasmid= ¢FAE vFxAH(Washington State University,
Pullman, WA)Z 58 235 %lw} Sambrook (1989) 2] w

£ o]&3led o] plasmidE 21519 sodium dodecyl
sulfate (SDS) vl o2 Ha] 3)9ich. DNA 24 1w/
o $EZ 4T EF4ol 2A5}e] A8}

Electroporation X{2|2} A|Z2o| AH{=d

Electroporation A8 -2 Cell-Porator System I (BRL,
Gaithersburg, Mariland, USA)& o]-£3}¢ct. A3}
capacitance o]l whE A E2] AHH A HEE FA3)
7] 95}ed, 400 V& Atel| A capacitanceZ 10, 50, 60, 330,
800, 1180, 1600, 1980 pF2 ZAske] A7 AL 13] 29
t}. 24-D7} 05 mg/L -5 AA MSwjA|e|A At v
Z9l M E3 20 mgg cuvettes] &7 F, pGAI074 DNAS
30 pg/ml 715 A2 MS wiA| 5 o] HF F1|7} 1 mle]
HEE 3 F 7] 4% Fod A= AEE 24 cel-
well plate (Nunc, Denmark) ¢ %71 % 200 (2] MSwp 4|
WAE Arlsle 28°C tdelol A 24X 7 ksl 7]
ol 1% tetrazolium 800 AS H7}3}3 484]17F o] A E 3
o) a}-2 tetrazolium WA wH-3-& FA}s}olc)
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Figure 2. Embryogenic cultures. (A) Embryogenic callus and (B) regenerating callus of rice. (C) Liquid-cultured cell clumps and (D) regenerated

lantlets of zoysiagrass.
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Capacitance (uF]

Figure 3. Viability tests of cell clumps

0 50 330 800

electroporated at various capacitance levels using
1980 tetrazolium reducing reaction in (A) rice and (B)
zoysiagrass. The cells stained red show their viable
state.

Figure 4. Electroporation of intact embryogenic cell
clumps of zoysiagrass and rice. (A) Transient GUS
gene expressions in cell clumps of rice electroporated
with pGA1074, a GUS expression vector. Negative
contros: np=no electric pulse but DNA added,
nd=no DNA added but electric pulsed. (B) the
close-up view of a cell wall. (C) An embryogenic
cell clump showing a GUS unit (a colony of blue
cells).

T2 B Hijd A~ 7 L AE HES

ol F4 ¥ 33% Ar]e] ]Sl E MS20 me/k 24D WA
of AR 74 FHE AN ARA M Alx Ao %
A5k F M40 ARA FoA 4N Aejaute] A
Hol we A2 JHES dehldsh 2ot )% 3749
a7t Yy A Flsle] wjswsh A iy
kel EAAE & & stk A wpdA Adzae

3 93 A2 JeiS 2K Figure 24). 0|5 A 23]
52 24D7} AR L MS iAol $719 2% T
S48 4ZAL A%} 53eH Figure 2B).

N

2017k 30 mm olgke] GEW nEHNE 24-D7} 2
mg/L 49 No wixlel A4 819 d 45 Fof =¥ A
Y22 YAHG DY o)F AYAEE AelN g
o] MEAo] FHaT Wishd, v A 2olA 3]
Uehbe 2AEA9 23] AT Aolold BIHYT
(Figure 2C). o]5 2252 5220] 9= No WAl &
A2 W, A BE AerdA ATA AR Hyod,



NAA 1 mg/L, kinetin 5 mg/L7} E£3% Ne vfz[A = o
¥ AEIES Jepodeh wA Al wpdd Ax
A& A¥ele s 24-D7F 1 mg/L -9 MSup #j
Alol, W= 24-D7} 1 mg/L &% Nio mg/L 24D WA & 21
duieh At ek o5 MEFY Wi Ax
(embryogenic cell clumps)S-& AWdted Abcj= AF MSiwo
mg/L 24D Wi X[ oA, ¥ O3] Niomgr 24D ¥|AZ &A o
A A weksdeh F AR A MEEE A 5
mm A xe H33s AxI gy félﬁ}‘ii‘:}(Figure
D). HZ2EE 32 & ¢l TAuA SFHEH 45
FHE AME G4 A odelrt dejupr] AlRbsle
AEAZ X3 A1F 4 ek QA A wjekrizte] 30
T ol4 ALEHHA AE3Eo] HelAE AR B
(data @] A]).

Electroporation X{2|9} M|Zo| Aioday

Electroporation #12] 4] DNA¢] =4& FHd 3} shds=x
AZe] AHAL §AF 4 Ak capacitance $FE 24}
8}9it}. Electroporation® A|E9] #3L Alolgl: A)E7}
742 o] 93} tetrazolium WAWLL o] L3l
pulse A 2|5 WA L HEFL tetrazoliumE FUAA X
7 w7 o2 w3l Wb, electroporation AE]¥ M FEEL
capacitance 2] Z7Fol] e} Aw o] AN, 800 ¢
F/400 V2] electric pulsee] A A|¥2] ¥t A =7} 4H L o
= A& FasdoHFigure 3). £ A7) E A EH A
o] X|A}et @) DNA Ae] fgo] 714 ¥& 722 714
slod, 400 V2| Hatzt 800 pF2| capacitance® EF
electroporation 27122 A7 s}gic}

HHZHA Ma20| DNA Zlof mHE GUS REAL &

I

GUS =3 DNA $ubdlel pGAL074¢} 817 pulse A g3t
e M X35 24417k wjeksle] GUS uk-349-& Hrlsld,
2427 FHE GUS A7 2ol o2 FA AT
ehtr] Alzbshed o, 48A1 bAoA wbg A Es) AL
F7F 390 " N EFANME= GUS A& H7hsln b
do] ApA] HhAuEZ-o] Yehds H9-® FHAEAC 20
mgd] MEF F GUS §42 3FN(IANE Yee =
He AEF)7E HFA 2 57 o] vebyttH Figurre 44,
B). a7} 285 e] electroporation A& Z# o] A =]
Ztell wte} DNA Hol &fo| IA =] £ Ax
Fe) Al 1) o] e GUS spots & 4 I cHFigure 4C).
Aol Tg ] web Qg GUS wd F91(GUS unit,
GUS el wiel FEAL vehile @9 AET) el

Fol WEahA] n Ao wetME GUS w39 AHE
ol E-&A indigo o =2 WA Ao whe} A EH 7L AAA

Electroporation of Embryogenic Cells 313

o2 FA4g e ol e GUS wdL
electroporation A& E Zc)e] WA EI AL FAFsE
E&2 dojgol wHEA o2 X electric pulsed F
A Et7AY pGALO7AZE H7hEA] ke M EF A e GUS
o] HAHA e wEd GUS FHA47} Ega
pGA10742} 317 electroporation® witA) A} EoA GUS -
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HEGS Fo AU Aol o & ek et
A DAY AlE electroporation 3214 3} fgtﬂ Aol A3AA
fAlel A A E7} o] 8- 4 QlFo] YFEAT

Electroporation X2|= A[ZS| 2k
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A7 2 pGALINE 37 wiEA AE9} electroporation
3 o2, 24-D7F 2 mg/L 3E AR &A wiokE
A28 AEFAE 57t JANA A RS 243
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AL WE AL FHE ddd. FAE HMEES
hygromycino] 30 mg/L A7} No ZAwjR| o) AA] wiek
stgl et A E52 Zsle} 3 el JAEG AE
genome] 2 x| AL A xgd FAASS A} Al
EAE d7] 93l electroporation 39} wjoF 7= A 3l
e Y

Al A AE JAAFLE fFE partice gund}
electroporation g ©]-£-3} 3L al"tr% electroporatlonﬁ] o)} 3
AA¢2 YPAAS Qo2 DNAE =473 9l
H]i ttl Z.9) izl A %oﬂk] AZA el '637(12—]3;}0] By
g} )}, o}A7HA| electroporation ¥ YRS wj o}

= A J-E«I 71€E 23132 Qo] T Y
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Y e HEEX °l%?'€l A EE 93 nurse culture?]
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5%2¢] &-8&3Z stable transformatione] Yot B 1E 7}
okglrim, B A &e A electroporation® A 7T R
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dt 75AL =u3 A ZFsto(Finerand McMullen, 1990:
Klein, 1988: Spencer, 1990). 22" o3z E Algor £
DNAE o4 M ¥E2} 7 electroporationdld A E 3}
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A xS E3)4 DNAZ Y50} dAALR wige] ¥
o} A BRA gelFgleh ® AF uhyd we g
gt dakg A Eo)M electroporations o] §-5ke] wiUAY
A Zo A oG4RS transient -F-A 2L WS A=A
DNAE A 443 st dhge Mo 4314 o4
g 535 Aoz A

X 2
FHsHAME E&AQ wA AEY PAAR JHE
Aslr] sl vt M FEE A4 electroporationd}e]
DNAE =98l AgS w9} oM AAsige 2
= A F 359 vsuiolN AYad fEsigon, 24-
D7} 1 mg/L 345 Ha MSuiAZ &7 Hehfekat AL
electroporation Aol o]-&3}gic}. By 20 mm A =2] v]%H
M e AeAg AA NewlA(1 mg/L 24-D )l
A Aehilofsle] F53 A XFE Al dA A g
ok&l M| £33 2 GUS expression vectore] pGA1074 (30 pg/mi)
s} & MS A wjz| oA} Electroporationd}sdth. A 3 3}
NEZHS Z3 N X292 DNA Aol GUS FxAe] i
o 9 AHxo oz AAsA. 400 volt, 800 wF
capacitance®. electroporation X8 W&} Ar)e] M EFHNEL
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shb g 9 53" NEZ) o]Ate] wlxR GUS AL
veliisich vhdell Fxe AXF 9 X3t vjupig A
EFME GUS #do] dojuhx] b5 WA o2 Fq
stgdch. atebA] electroporations]] 23 ¥ e} Abc]e] A A 5
Ao APAA HA] intactst LAY HE7} o] §E 5

&2 gk
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