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Electroporation Conditions for DNA Transfer into Somatic
Embryogenic Cells of Zoysia japonica

PARK, Gun Hwan! - AHN, Byung Joon*

IKyungki Provincial R. D. A., Hwasung, 445-970, Korea: and Division of Plant Resources,
Dankook University, Cheonan, 330-714, Korea. *Corresponding author.

We have reported previously that intact embryogenic cells can be used instead of protoplasts for electroporation-mediated
transformation of zoysiagrass and rice. In this study, conditions of the tissue electroporation were examined to optimize the
procedures. Embryogenic cell suspensions were established in liquid MS medium containing 2 mg/L of 2,4-D with
embryogenic calluses induced from mature embryos of Z. japonica. The suspension-cultured cell clumps were
electroporated with 355-gusA expression vector DNA, and degrees of DNA introduction into the cells were determined by
histological expression rates of the gusA marker gene. DNA transfer into the cell clumps occurred in wide range of voltage
(100400 V) and capacitance (10-1980 4F), but more in the ranges of 200-300 V and 330-800 #F. DNA concentrations higher

than 6 pg/mL were adequate for GUS expression of the electroporated cells. DNA transfers were confirmed in all three

embryogenic cell lines but only in one out of eleven non-embryogenic lines. Positive GUS expressions occurred with
DNAs added even 20-40 h after pulse treatments. As a promoter of gusA, Actl and Ubil were effective 7 and 5 times than
35S respectively in number of GUS expression units on electroporated cell clumps. Embryogenic cell clumps survived and
regenerated into plantlets after pulse treatments of wide range of conditions.

Key words: Zoysiagrass, f-glucuronidase, transient GUS expression, promoter

bombardmentZ o] 48l wpe] F& o]L% 1 ¢rHKlein
et al, 1989: Wang et al, 1988). Particle bombardment: ot
AGAZANA 71 Qe WHOE ol 45T 9ot B

2249 F4RAAE AEAE =Yste ¥4 o
s st AAED e T AR A7t
A 30007 ol A= ek(Birch, 1997). AF7HA] B

T 120F ool A EA FAKZe] B1d uf glo] oA
= AR e HFEgE AE il ot A
d upge] Ao Ao H3 Yo

HAGAEAA oju] ZTEAHQ ofLo] utzd
Agrobacterium-g o] -3 A3 YL WA EY F
+ ¥ (Chan et al, 192)$} 55*4*(Donson et al, 1988) 5
AN Al FdA T AAFAQ o]fo] RiHI 9lon H
€ 7hsd AEel ¥ ALE dAFHT Y. 9 EY
PYAARE U3 AR E electroporation = polyethylene
glycol A3t DNAE AA AYAIFIAY, particle

Bl7b Zrtel 3, 44 7154 A% HE5E FAAIA 9
g A &89 AV A lod, g4 fAat Al
w2 gene silencinge] A7} H3 ¢}

Electroporation-2- f&o] =3 A QAo glon,
g Holl W AFAN O FAAE AL & dE BA
wjF¢l particle bombardment7} £4%7] e dz] 45
71€2A W EE red top, tall fescues} 722 Ac) {9 §
ARG HFHe2 o] 4% wl 9lcvh(Asano and Ugaki,
1994: Ha et al, 1992). zev} 3344 2eht wicke] of
+ el L F8o] A MIlHI QU
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A2 aae) et Aag Ba Az 2
22 AAHE WF electroporationsle] HAAHE A ZA
Aol B 37} 9Jch(Kathleen et al, 1992). =3 Fxh}
AANENE AZAI] F DNA £ &oA] F4A)A w2
A NI Y2 gYFARE =9 97 EHF 2
(Reinhard et al, 1989)3} <2&3}(Tissa et al, 1991)ej] A H 31
2 v} glo] Wiz A E7t HEHE A ASHA gol= DNA
o e AdRAt AFT 4 A S4E ARLE AN
st31 gloh. 2Aujok FQ AMFEuby HES H4E A
gz} 7o mucopolysaccharide¢} -2 HAX EH- %
Ao} o b T ko] AlstA| kol Ar)EAl 3}3tEe]
AE W2 =4E & A& Aozt AZ4=c(Ahn et al,
1988). AlAl $-2]x we}l AH] 9] electroporation A oA
FAA falo] Ay M EE o443t DNAZF =81
4 odsg Aoz Halsled Rt wp JoH(Park et al,
1994).

ElectroporationA] f-A2} Al &&3 dgAdA9 e
electroporation ¥jx] FA), A7] F49 A7t} AF, AL
T 5 o8 2959 A93E Heor, 53] pulse e, A7
A 7}x, pulse Al7F 9 3l 5o 2<1Eel & ARG
(Okada 5, 1986). Neumann(1982)-& electroporation Al %] e]|
A ANEH AgF 1027 A ZZ5 DNASH dA wosle
Aol HFAA G| FpA o)t ¢, ¥ ExeAE A
1FA g7 AEe] AR sl fRAA 2 Az
73§29 4 oleha sheleh(Knight 5, 1982). DNA e
T A Aol S WA= 89224, Shillito(1985)
= circular®} supercoil )Rt A8 plasmidz} 1002 o
¥ A4 E&L Hog: 3 v, o EIAE
DNA ool B2 29 E&d Aol 4T s 5 o
kgt A7 Asrp Bus L 9 oK Okada 5, 1986).

QA7 Az ofztel 22 AAE glo] 3 W
AH FHE DNAS £95}7] ¢35 electroporation &7,
capacitance 9} ¢t 4%, promoter &5, DNA %9} A
Mg &3 5& 73, Mol wE DNAS A &
2 oldjshnn g5
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el frx, 34 9 AEA AR
E ooln] Xud g o] 881tk (Park et al, 1994: Noh
et al, 19%). E3v)(Zoysia japonica)E A (2 x 50
watt halogen £ <12 9, U4AI7F LA}, 21°C)A A A wjs}
w A FE v]EFEARAE 70% ethyl alcoholo| A 1%, 05%
sodium hypochlorite §-<eljA 1027+ &5 ¥ n&5uE

N

AFste] AAAZ o] §3dv}. olES sucrose 30 g/L,
Phytagel (Sigma Co., USA) 3 g/L, 24-D7} 2 mg/L 4%
MS 313 wiAle|] AAFste] widA A AE FEad F
=9 Aex F ddgt A i Agas 23R g
A AYAE FEot] HEe HEFE X Y F
A3l o]l AHAEEL 3 g/L sorbitol, 10 g/L. sucrose,
12 mM proline, 100 mg/L tryptone, 5 mM MES (pH 58), 1
mg/L 24-D7} E3d MS A wiRlo] &A A= (100
rom) sherstelch Aok A 455 e ok 4
WA 2 ZAsH 7d vl Akl djwl2 2 mm A
£ FHAA uAg AEF A2 A A Ay
259 A EuEAYH AEA AEIE Falsr] AHstd
24-D7} 5 A 4= MS gHu Ao o]4] 3k

Plasmid DNA

FAAE AP FAFAAZ GUS FAAE o431
t}. pGAlQ074= CaMV 353¢] ©]e] Shl introne] -7}%
promotere] 2|3 2= NOS-poly A signalS 7}X|m L
9]o] = ampicillin A3 FHAE E3ET QleHPark et
al, 1994). Promoters] w2 =98] FA|FAALY AEAEY
Wy AxE v|adr] st f-HA 24| ohE plasmid
Z ulwslelr}t. Actl (McElroy et al, 191: Zhang et al,
1991), CaMV 358 (Odell et al, 1985) 18|32 Ubil
(Christensen et al, 1992) promotere]] 2js] ZHF = gusA f
25 pUC & pUCS Akt kAo EFAIZI 24
FAA w3 v plasmide] w2 F3FS WA F

Sambrook §-(1989)] HPHE o] &8} o] plasmidE )
3199 2 sodium dodecyl sulfate (SDS) o2 Falstelrh
DNA §2 1 g/pl] F=2 o S/l A3 A}
P

Electroporation X2

Electroporation #]2]& Cell-Porator System I (BRL,
Gaithersburg, Maryland, USA)& o] &3}gic). A=]e] 7|2
w02 200 Wl(PCV) ulA| HEZE cuvetteol] &7 F 30
rg/mL DNA 49$ ¥ HF F971 1 mLe] HEF MS
AANAE H7bste] A2 F £CA 1087 A-x =23
£ A7|2AS Fdeh A713AL 400 V) Ak} 80 4F
9] capacitance $F A I W pulseE Fg o).
Electroporation ¥ cuvette® 4°CollA 1027+ #A-2xj=jsk¥
NEHEL 2-cell well plate(Nunc, Denmark)el] 74 28°C
G 247 wioFst o gusA AR} Y AEE
ZAHgozx DNA HY &S s+ A
elecetroporation 72 F93l7] st 3} capacitance
2} $(10, 50, 60, 330, 800, 1180, 1600, 1900 #F)& %3 3}



DNA #94l &&& A A EF, DNA, qAAE
=2 cuvette-S electroporation chamberd] ¥ -2 ¥, chambert]
B9l &5 2 (), 10, 20, 30, 40, 50°C= 7Zt7 2A- sy H7)F
A& F3 DNA AY AE=E HHgdd. =3
electroporation cuvette2] pGAlQ74 DNA ¥%£ 2 4, 6, 8§, 10,
20 pg/mLE. Za|3d}e] electroporation3} 224 HZ DNA %
=2 F9sux stk
GUS ZZ&[3sty 2M
XA DNAY &7 electroporation A2]¥l M EE 24-cell
well plateo] &7 28°C A efellA 2447k wfF F
Jefferson 5-(1987)¢] W& wel GUS 4% A48k
Cell plates]] A Z# & &7]3 200 L8] GUS wH-&-£H[1 mM
X-Glue, 0.1% DMSO, 0.1% Triton X-100, 100 mM
phosphate (pH 7.0), 10 mM EDTA, 0.5 mM K+
ferricyanide, 0.5 mM K+ ferrocyanide]- #7}slgict Cell
plate 28°CollA] 48A| 7k wiofat ¥ gusA FA1z} ddlel| o}
& PB-glucuronidaseo]] ©J&F FA WA ubg 2§ A3}
o 7+ A2luie} DNAE #7bshA] ¢ pule ARt & 7
7} DNAE A7}81a pulser F3] g A 2T 3o
gt v shedch

Electroporation %] A] cuvette®] ®}-2-o%o] DNAS A 7}s)

ADE gelEEa 47137 £0s FUoE ool
sy AL AZA3) AZHE Foked DNAZ €9 7}
=g} A7} W9 E FA}sl9do) Electroporation cuvetteo| A
5ai3 AHAE ¥2 DNV DI wE 9
electroporationdt ¥ z}z} 108, . 1, 2, 4, 10, 20, 40x] 7}
Fo] DNAZ #Hr}sgich DNA z37]»5?‘— cell-well platee]] &
AN A7 Fob AedlN Wz, Aedd AZAEE
A MSHA 2 331004 AAS F GUS R4S shelek

L]

lr = rr

Electroporation & A|Z2| AHAl 2! SIRIMSEY| MetHjQF

Electroporation 2] Z7 ol wh& wdAl AN E39 &=
A o F-5 2AEE] ke W AYEE skl 100, 200,
300, 400 Vo] A 3gt#} capacitance $F2 100|A] 1980 #F=.
ZzA 77 H17154 A3 o AAESE 24 cell-well
plate (Nunc, Denmark)el] &7 2447F vFx|3t ¥ c}A] 24-
D7} 05 mg/L 355 MS Ao ol 4 shed 28°Cel A 4
F2F wioFetgle) & AP AeHE b A7 E HE
St 48] o4 AN, olo) BE Ao A&H A%
ofF 2 AE3 FeAE ZAES
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EA 9] w5 g 24-D7} 10 mg/L -5 MS 34wl
Ao 2 AFslg]&w oW X (Park et al, 1994: Noh et
al, 1999) 2 5329 AHAelA AelArl FrEgen
°I—E—T B> AYAart NS wr E3 22 FE7} Yo

fﬁEHE 74N ZA 2] B4 o] i‘z}ﬂ% w78 e
o] £4% vepl o Figure 1A). o] 52 24-D7} &H-9
A uj A] WE wpaby R R3}s) Jdﬂ?l o F-o] o2
Ao Wiz el EAY EAL vephgl o, AH A
Aol aet "AAQ wpdAsE 19 o]4 frAIF el Eal
o &3 7 M‘%xﬂ“ A7l 97 43 4A
=ol MM Eu 2l AEYE AA AT 4 s

of wlupEAl AejAl T HAANAM Fsisdd

P4 NEZ FAEH F=HIT EHol A HH
EAS vepgi o, b BT 2
ato] A3 % 9]cH(Noh et al, 1995). wda] 2] A9} u)
A A AE 27 3N, 10N 4 A ste] A g A

Hﬂrﬂ.j‘i;&_poéJ_._
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Figure 1. Embryogenic cultures of Zoysia japonica and tissue
elctroporation: (A) Embryogenic cultures of Z. japonica with
spontaneous plantlet regeneration. (B) Embryogenic cell clumps in
liquid agitation culture, applicable to tissue electroporation. {C)
Transient GUS gene expression of the cultures after electroporation
with GUS expression vector. The rates of the expressions are
symbolized as -, +, ++, +++ to compare the efficiency of
electroporation conditions. (D) Embryogenic calluses growing on
selection medium containing 10 mg/L of phosphinothricin after
electroporation with plasmid DNA containing bar-GUS fusion
protein gene.
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wjz| o Al Z4)8}0] electroporation A& e o] &8t} YA

Aehjrol A A2 Belas 5 mm ol 4] AEAZ 3

Aste AE 27] Aol AW 2 mm A= £}
A wlA AE Ae)e) Wk 2 5289 cH Figure 1B).

Electroporation X2} =710 [}= DNA XQ &8

Cell Porator System I (Biorad, Gaithersburg, Maryland,
USA)-S AH8ste] A A E£3E GUS expression $-HH|
DNAS} &7 300 Vo] Hatat 800 gFe] capacitanceZ.
electroporationd} o|m] B3 3 = 24X 7t wiF F GUS
$AAF] transient el W2 AAe] WA ol veig
HPark et al, 199). NEHE AAA] G2 A& 24
oluf mx XA 42 £AS HAFLE electroporation
sled DNAS =33 o7 A7} ojn] Bud vl gled,
electroporationo] W AA7} ofdvizgte AE3se] Ux
240 o4 4 98E FFUIN oA B 4 9
9t D'Halluin et al, 1992: Van Mellaet, 1992).

AERE AARAL kAT So) ANS A ¢
& wpEA A2 E DNASH 7 A4 sH(100, 200, 300, 400
V)3} capacitance 4~3(10, 50, 60, 330, 800, 1180, 1980 uF)S
2] 3}e] electroporation 31912 ), 100 V At} 10 pF9
W2 capacitance £5F& XE§ale] Xz Mule]l X DNA
Zelo] w2 GUS Az wao] uhEAe AFE s}
golHgchTable 1). 28v} DNA =4 E&e AL
capacitanoe 22z W WAHI ABAL BdFR Yo} o

2 o2 fdol DNA A3l Aedeln S6¢ B4E 4
S{lsdl:}. a2 E 200-300 Vo] At 330-800 #F capacitance
Sl A Aol zgt AFE B o] F AFAME 30
V, 800 iF2 7|2 2A02 sk

Electroporation *]2]A] cuvette chamber 9] &%(0 10,
20, 30, 40, 50°C) o] W2 DNA AY E&S FAR A &
Eof 02 58 Aol 515 ehoteHTable 1). 43
AH electroporationol A A7) WA A7} 0-4°CellA o] F
AR, A Fol 5108 Aeol A5 Ael DNAY
9 583 Az AFHS FAEEE =S o
¥ 17} 9] ubd(Potter et al, 1984), Bates(1988) & Ah-&o
Aol Aol d&eM B} CAT EA A el 3u9
7} dA gl B AR Afe Wil HE2
¢} DNA =42 98 A7) A Az F9 2= AYrt 2
Agks FA) dokgo] Wk WA A X AEHAE

Zo BAo) JFS v1A $ odx ALA FHel =
Ze3iA 42 Aoz A4

Electroporation #]2] £ 2] DNA ¥%7} 6 g/mL ©]
A A7bE A MEe GUS fAz o] Hl=
(Table 1). A}eb4d= 98] A electroporation A#EA| 25 ¢
g/mLe} 3 Ee|AE DNA =30 A=A dster, 100 ¢

Table 1. Effects of capacitance and voltage levels, temperature, and
DNA concentrations on the efficiency of DNA transfer into
electroporated — embryogenic cell clumps of Zoysia japonica.

GUS expression rate”

Treatment? Level
Voltage 100 200 300 400
Capacitance  no pulse - - - ~
(uF) 10 ++ + ++ +
50 ++ + + +
60 ++ + ++ +
330 + ++ + -
800 + + + +
1180 - ++ ++ +
1600 - + + -
1980 - + - +
Temperature 0 ++
(°C) 10 ++
20 ++
R ++
40 ++
50 ++
DNA concentration 0 -
(#g/mL) 2 -
4 +
6 ++
8 ++
10 +++
2 e+
40 +++

aStandard electroporation conditions were used unless mentioned specifically:
Voltage= 300 Volt, Capacitance = 800 #F, temperatwe = 25°C, DNA
concentration = 30 ug/mL.

bVisual rates of GUS expression: refer to Figure 1C.

g/mLef 4] DNA Asl&o] U=y & A7 2 (Carls
and Birch, 1992)¢} W& o), W2y MES o] 43t 2
Ay W= DNA 5=t B3l B ¥v& 4 7
A

M3~ HHEHQ} DNA 50| §8

Y FAHE FY ATl o Ags AEFR
Z A s vy YA HEFES
electroporationd} L o]ojutE DNA =4 A =S &gt
(Table 2). w&A Aejxo] 3¢ A AlEF ZF DNA =
Jol Fal=Egl o nuuty Qs AL HMEFE
A gt fAR Eo] FAHA dokeh A As
AEFES Z$E 24D 5§ 20 mg/L o4 ¥ MS
AA AN &Aooz wiokshgd wpddee] AAF §
’71] DNA A8l A7} asAd geolzed, o AxF

S Yoz updy Aend BEAS e Ao
Fa= ok 24 electroporations ©] %‘6]“\'_‘ a7 22
o] B¢ 24& 7AH B BAE o438l MEHS



Table 2. Effects of callus types on the delivery rates of DNA into
electroporated cell clumps of Zoysia japonica

Callus type Cell line GUS expression?
Embryogenic callus 1 +++

2 ++

3 +
Non-embryogenic callus 4 +

56784910 -

11,12, 13, 4 -

aElectroporation conditions: Voltage= 400 Volt, Capacitance = 800 gF,
temperature = 25°C, DNA concentration = 30 pg/mL.
bVisual rates of GUS expression: refer to Figure 1C.

Folv A% 29, £ 479 A+ 5 AXFE
22 AA AA gol HEHS FF DNAY IF
& 7S #9) 3] oHD’Halluin et al, 1992),

4

;E rﬂz tfo

=

A
<

[od

N
-

7

r

TS24 MES 2 MED| DNA HEY

H7)1FAF 40 Azt Fo] DNAE #Hrlslele 2 &&
2 A% 0 A FAA Bl WEAoz =g
oHTable 3). GUS 23 A= vbd xg AL & A
108 Follu} 2040 AZE Fof] Hrbsled = A L
vehgel dubA ez dgAAe] H7FAE FH 10 s
o g Alzh Fot AlET FHo] FAFHW, o
DNAZ} =95 = 7oz oad# gl (Sauders et al, 1989).
aeht £ AgelAE A Hesha 204047 Fof DNA
2 A7hslde WE gusA $4417} transients} A L g ol
WEdoz sFgn H713F¢] oet AEs} sis
U Az gtez 2 A EAe 9§ pGAl7T4 DNAS

Table 3. Effects of DNA adding time after pulse treatment on the
rates of DNA delivery into the embryogenic cells of Zoysia
Japonica®

Time of DNA addition Rate of GUS expressiont

no DNA -
10 min ++
30 min ++
1h ++
2h ++
4 h ++
10 h ++
20 h ++
40 h ++

aElectroporation conditions: Voltage= 300 Volt, Capacitance = 800 #F,
temperature = 25°C, DNA concentration = 30 pg/mL.

bElectroporated cell clumps were incubated for 24 h at 28°C in the dark
before GUS histological assays.

“Visual rates of GUS expression: refer to Figure 1C.
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ZIWAAL A e shsAdS Az £x 9o, pulse A
BES ’4]1-‘43‘5 P42 o7 2@ AZs3 DNAE A
7F8ldS W= DNA =4jo] Fel=glon, Aol 70
1WA AL 2 o] dold A A ¢l Azd
of. =3 g3e]e] A4 WA f-glucuronidase FAdel 2]
GUS A nbgo] gldSS a9 2T vk Ay e
3l galdt v ook whebr A7) FHE AEate] dAH
ol THE PFAsE Ao AEte) IEA WIS Es
9z} DNAZ} yAAZ = E o2 #gdgdh o
o} obas} Fa1e] Ao FAH M T DNAZ A x4 2
AxerE F8 wz3] AER EEdE ARS 0o
10}5 74 228 4 9JvHReinhard et al, 1989: Tissa et

, 1991). w}ebr] electroporation?] EFH= 3l A7} F9b
H]E‘!}«] AFAel HEE dozleexn DNAY 22 A
Bzpe] Ao #4HE AHoletx At

Promoter &A40]| }2 transient GUS {F-& A 2

EAFAAL o] 45 pOAI Fehav) =0 gush 707
= CaMV 358 promotere]] 2] £AHE =4 Exbce] vt
A TN 8 HE7) k3 3k cH(Figure 1, Table 1-3).
YWAoT BAIHEGNE BY FEh FE o2 B
32 35S promoter7} SAke] wkAd *1}201]/\1“ GUS A
2} 4d 2AH ZAAA AoE et RS pGAL0749)
35S promotero]] Shie] A WA introne] HlLAA FAA T
A g Bel Zloeg 2259 oi(McEloy et al, 1990). AAZ
35S-gusA chimeric genee]] 2] Actl =X Adhle] A
introng A48 DNAE &40 HYAZ] A3 GUS #d
o] 6ollA] 60ui71x] F7}slsivtE BuE oM (McElroy et
al, 1991).

S oA promoterd A& wlEs}y] AdE AgA
CaMV 35Sel] u)s] st Eefl A F13F Ubils}l Actl
promoter’} GUS f-Ax}e] WS 7bz} 7u] 9 Su] 314
7le &7t E}°151‘,’J\3}(Table 4). gty G FARHAE

A FAo] L ALz wa Al Actlz}l Ubile] EXl]ol|A

Table 4. Comparison of various gene promoters on transient GUS
gene expression in electroporated embryogenic cell clumps of Zoysia
Japonica.

i 8
promoter Gene Number of GUS unit count

source 1 2 3 Average
RS CaMV 71 93 k%! 66
Ubil Maize 45% 219 562 412
Actl Rice 190 8 459 39

2Number of blue spots per 300 4L (packed cell volume) of embryogenic cell
clumps after electroporation and GUS histochemical assays
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T e 248 Jveie AeE gqHgen g4
FibAo] o] 49 4 9lE Z2E AZAH 131‘4’ 34
A zhA o A gene silencing FA|E 1#& W} o] promoter
7b ARt o] fFESAE ol F HFAAMNE T
FoMe =od FHAY o) wd HEE FEjA EHal
g £ 9e Aoz g

Electroporation X{2|=l M|Z1|e| &AM % AZEH =S

100-400V2} At Mol A capacitance T5F-& 0of]A] 1980
7R 2elst AEFo] A7FHS F32 ok AEE
ANEE d A Ae WA A xe) &AL AR
3 g AEA A3 dolyinth oM HA(Park et
al, 1994)ol| A electroporation %24 DNA Ay &85 3
2 dHME Az A9dE AT & e AR
capacitance®} gt $£F& FARE A3k 400V FEoA
800 p#F2] capacitance % F9L o 50%2 ME7} Y5
AHAlele] ol Z BF A 0F AAE vt gletk o] A
tetrazolium iiLl%_E.s]—g— o] 43le] AWYHL 7AHAoZ 7
st Ay B AdA: Hr) 33 electroporation
el ZAANE A4A Mol APsitel STt
(Table 5). o] wtA A E electroporation *]2}7} ZX|F
A9 ANAE FES % opieh HelF Aels A% o
AN B3 = Z Zofr} HA gevle Al a4
t}. &) phosphinothricin #| %A &4 F2 Akl bar F4
2}9} &7 electroporation AT ¥ A EFZo] x| &HoF A
Aape] Atk Ax AEA7A A EIEIL Gl B
NY 270 g=Abe] PAAE 7| R o] fE

< Falskar gl Flgune 1D).

o)
AR

e aje

>
oo a2

4 e

Electroporationg o] 48t JAH G A7 4PAA o
Al AAE A A EZS o] 43le] = DNAZE 29€ 5 9l
&& olnl By v glvh E dFE WA AE W=
DNAE %915}7] 98t electroporation?] A =7, & At
7} capacitance 4%, promoter %%, DNA ¥ %, #-23¢
&3 55 FHsm, Azlol w2 DNAS Adl #4<S o
izt A71FAFS AAH L3 A=E 2ARIEAL £F
Halo

2k n)&ulE 24-D7} 2 mg/L ¥ MSuj|o| A wj
kst Al AYAE FESAT, FY 2] A A
o Aelujjoksle] %2 electroporatione]] A g3t HehuloF Al
Z23E FAE 4 ek 100-400 Vel gt} 10-1980 #F e
capacitance FFol 4 M EFE 3S-gusA FAL #e &
A DNA¢L &7 electroporation 3}%1S =, #wtHoz

Table 5. Viability test of embryogenic cell clumps of Zoysia japonica
after electroporation at various voltage and capacitance levelsab.

Capacitance (uF) Voltage
100 200 300 400

0 -+ ot 4 T+
10 ++ R ++ + R +

%0 + R + R ++ R + R
| - - ++ R +++R
330 ~ + R + + R
800 + R ++R ++ R +++R
1180 + ++ R ++ +++ R
1600 + R + R + +++ R
1980 ++ R ++ R +++R

aThe number of + signs at each treatment indicated the number of
experiments out of total four showing callus growth after pulse treatment.
bR=Plantlet regeneration occurred

DNA7L E4EAEE EAFAA gusA?] transient 3 &
E3le] #eldlgd o, 200-300 V. H<erzb 330-800 pF
capacitance -Fo] Bt EHAHQ AFE HAok A4
25 2 F¥S nXA 4on, 6 mg/mL o]A4e] DNA
51501];\114 GUS 43 o] okig}odt;]. uﬁulz\g 71431/\ xﬂg_?,:
£2 2% DNAVF =459l o vluy Aejs 25
1E shdofrnl £9)e] #elx|gir}. ElectroporationA] 75‘_]
7124 F 2, 40717 Fol DNAE A7lstel = gusAr} 4d
o wel A71EHe] AEute] RS Az A3
224 DNAZL A€ & e AU FAT + A=k
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