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Plant Regeneration from Protoplasts of Suspension Cultured
Cells in Arabidopsis thaliana

KIM, Myoung Duck - *KIM, Joon Chul - JIN, Chang Duck - LIM, Chang Jin - HAN, Tae Jin'
Division of Life Science, Kangwon National University, Chunchon, 200-701, Korea

lDepartment of Biology, Hallym University, Chunchon, 200-702, Koera

ABSTRACT Protoplasts of Arabidopsis thaliana were easily isolated from the shoot-forming (SF) suspension-

~ultured cell clusters with 4 hours-shaking condition (40 rpm) on CPD enzyme solution containing 1% cellulase R-

C, 0.25% pectolyase Y-23 and 0.5% driselase. Protoplasts were cultured on liquid KAO medium supplemented

~ith 1 mg/L 2,4-D, 0.5 mg/L kinetin, 200 mg/L spermidine and 68 g/L glucose. Also, protoplasts were cultured on

1.2 M membrane filter placed onto CP solid medium containing the suspension cells as feeder cells in the dark at

25°C for 4 weeks. Protoplast-derived-SF calli were cultured on MS medium containing 0.05 mg/L 1AA, 7 mg/L 2 ip

and 30 g/L sucrose under the continuous illumination for four weeks. The frequency of shoot formation was about

5(%. The regenerants were transferred into potting soil to grow mature plants. The regenerants formed the silques

with seeds after 8 weeks of cultures.

xey words : Feeder cells, regenerants, SF calli, suspension cultured cell clusters.
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LENE AEzRE g2 4o dFEAE T8H2R
28 5 AE 7PsAe S8 ol (Cocking 1961) 9
I E FAA 26 (gene transfer), F3 2H (gene
sxprassion), A EHE 2 A F npo]g 2] APANEET
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39 2AE JHsd siTh B JEAEE Eesk
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o Ak FAH ML RS F g Aolth N7
(Arabidopsis thaliana)= A28}l £81= 24l (Koncz et
al. 1992)24 A 7Nat4Eo|HA A (genome)s] =
717F 70,000 kb= wj-¢- Zg Bk olujE} (Leutwiler et al.
1984) BHE-2¢l DNA7L A9 §le 7MHSE Aw Ak
(genomic map) ZHAJo] fo|&h (Pruitt and Meyerowitz
1986) Eiwio)e] fks) Hgo)] golsta & A7t Fob
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(Meyerowitz 1989) 2 E%-5}7]2+2 FH 3l model system
o F oj2y 7 ¢l o (Pattom and Meinke 1988), =3} 7l &
2] oA life cycle @ genome organization Sof 3lojA]
£ W ARS AAT o) FASATA WES 2w
w QYA vl J4 A77F AT o (Pattom
and Meinke 1988; Chaudhury and Signer 1989). & <I3to]
A o714t o] e Ee] dFAAZRE 7o}
HES olF7] Ysix AFEA &S ol FAld A
YL AHAZ F e FFXAE e e

S ahat 3l

o) 714 (Arabidopsis thalian (L.) Heynh. ecotype Colu-
mbia)8) ZA12 4% NaOCI7t £88 8212 5%2 3
Aste] 2085 7HHA £ FHA ZHE A58 H,. F

=542 53] NFstgTh AAS £2E 1% sucrose’} E
gt¥l MS (Murashige and Skoog 1962) 7] E-H)2|o)|A] Fggt
oFAIA 4~5F Fot AR FAY AEAY &7 HHAE
AFEZE AHE-3k 0.5 mg/L 2,4-D&} 0.1 mg/L BAP7} A7Hd
CP (CLC/Ipomoea basal medium, Duchefa cat. no. C0228)
iAo A AE FESHCE B2 FoA AEEC] wf¢-
AsA wjdEo] glom 1 FwHe] HElo] glomA f
24 0y Avde g FIREFE UeEiE shoot-forming
(SF) A28 AEste T viAE Athu) sk

Zp|Ao| SHEMHRF

28] o)} Auuietd SF #ejiE A A8 F, A F
0.5~1 g A% E 250 mL Erlenmeyer flaskel] 50 mL¢] CP
RAYRA S Hrbsted 25C GAolA 100 rpm o2 ehuf ok
Sk Ag 27192 3~4Y7HAHO R, o] TEE 7Y HL
Z Adlek st o Ak A2 E A YslA 860
p 2RI AR Z vl 2E A Zch ARG 4709
of P FYL3t cell line MEL WiAE H7be 3UA] =]
£ AEZ 2mL)yE FAs A2 iR Hrtste WY Al
zZatgom W AZARH 149717 2¥ A0 R MEE
348 "packed cell volume (PCV) 2 dry weight (DW)E
A48t} PCV 24 el s =5°] A% 15 mL
AAFEE B £713 200 x gol|A] 5EZ AHEE F ol
AAE AAEY RE SAsAoH, AE AFFE 93A
(Whatman #2, ¢ 90 mm)°l| A|¥& &3 3 60°C, 12A]7F
AZAZ o s

LA BEe M9 ol dehlde AEE At
3k} 3Y o)) 380 uM cell dissociation sieveE E 33t 4
A AEE Ao A EE 10 mLe cell-protoplast
washing (CPW, Frearson et al. 1973) 13M £94.8 FH7}sl
4C, g2 WAEe AAgstE A2 E & Fol CPW
13M £9-8 A A kS 0.2 p membrane filter® FF3sk
CPD (1% Cellulase R-10, 0.25% Pectolyase Y-233} 0.5%
Driselase)9} CM2 (1% Cellulase R-107} 0.25% Mace-
rozyme R-10) 490 pH 5.82 A% CPW 13ME A7}
&t 27C, GE7olA 3~10A17F FF AA S 2 2 gy
K40 rpm) E3 ABARE FIch AFAAE A
8t7) Yt EAEFANE 230, 190, 74 IB)T 45 p cell
dissociation sievedl] E#A|A 5E7F 800 rpml.E YA E
S0k 28] AAE ARAAE CPW 2158 4230 Y1
108:2F 800 rpm o2 H]Fal AT ste] AJEFo zxde
AFAAE 5x10° cells/mLe) W=7} HE2 348 3, o
Azt Fsuldstach A ZE MS HiAl] 2 mg/L
NAAS} 0.5 mg/L BAP7} 718 MSNB¥}A], 2 mg/L IAA,
0.5 mg/L 2,4-D} 0.5 mg/L 2ip7} 7} MSIDPH)A] 12
2 KM (Kao and Michayluk 1975)8§x]e 1 mg/L 2.4-D,
0.15 mg/L kinetinz} 200 mg/L spermidineo] A7}¥
KMDKSH#}A]ol AHFZAA 2 9% mannitole] F3H o)
WAZ AL AT Gk WIS FEHIE 59| feeder
cell (Krans et al. 1991)0] ¢l= CPuiz] $o] 0.2 u mem-
brane filterg 1Y AAuFd | mLE FUsA HER t
ol GxAH FER7AGNA wgst] AXEEE FEIIRS
o, AZEL-2 vichilz|olA 37 AIE M EE fluorescein
diacetate (FDA)E o]-&-3}o] 2AsFG ) FSHl Sk 23 Fo
= 93827} AAHE membrane filterE A Z-$ feeder cell
e CPulA 12 §7 visiger, AgdAe) v

o]
AT E AH7h mannitol?] FEE 3%Y 2E 5L AA)|
H| 2| & #7Fste microcolony A4S FEsidch A A

717} 0.5~1 mm AE =™ membrane filter H]E feeder

cello] gl CPulx|Z &7 A ~g FA 5k
HHIHZRH AMEXN =3

HA Y &t F3) microcolony”t FAHH 2
2 FAMAZ A 5Smm o) A 712 AFS #
=8 oS, MS 7| 2u)x)4] 0.05 mg/L IAA9} 7 mg/L 2ip7}
74 ARt wiAR A A 25 F 27C, 16417 %
23} 8AZE 7oA Mg Thgl A& FERAOR &
7 shoot £3}& Hratgdrh ¥-3k¢ shoots 3 2Fo] 7}
H2] %2 MS HAZ A rootE Ao 33 S
AR Foll EGFOE o]2sle] g A A= AFAAT



|

Ao of IF

A R 3 SIEHHRF

oA 4~55 Fot A4S oh718d (Arabidopsis
thaliana) 2VEA)2] A3t &7) FAAE CP 7)28)A] 0.5
my/L 2,4-Ds 0.1 mg/L BAP7} 3719 wixjo) ] ¢zAC
F oF7hujokeld AYAE stk derE e R widA
ZeE F3 gashy 227 Ff gl RIEUE
© (Torello et al, 1984), B AN FEF A oA
Egol mjEsy & "olxle €2 xS e shoot
forming (SF) B22E FelH o3 AEsle) FLujR|e] A
ey s e, Al oF 43 ol a7} 3~4uE F7}
&9lo) (Figure 1A). 23] o)/ Alujwieret A2l 225 SF
72|28 §Qte R Hste] Hehlde] ARE AN
o w3 2N YE 34U HAHCE o] 32 TH 1HHLE
7 elulokata om 27°C &AolA 100 rpm &2 Fghul et
- ook 20 FRE UM ER EE) (Figure 1B)7} H9)
Co] 2700 FRHAA MEHo] Bl NEES Al7te] 7
5o weEl A wiek 478 FlE 10~507) Alz=
-2y gAshy @2 e SF A (Figure I0)E &
L35 T ol MEFE M EHo) u)$- Fuhel Hol
¢I1 AEYo] Fo} A Y ASE A T A
ok Al Al EQ] =422 PCV (packed cell volume) 2
rlon, PEFS dehof 2dAAE M EREH] A2
oo, o]  gdd AxEge] doju 109 Folle
PCV7E EA19] 487} slo] A ARI sigmoid FAS e}
=119 (Figure 2), Ao k& PCV 7} 3u) o]ifo] H 8d &
] gtk olebgto] AEH ] & SF Al AEE /A
FE el Aldjulekgol A FAHORE wiAE W] &

~

127

Az 2 F HH0R AT AXAE AAS F& Aol B

(conditioned medium)E 71T OB2H FE7I1E sl
A, oA 2HE WA ] thAtESel AXLEE 22
3t growth peptidel phytosulfoteine®} 7+ nutrientE
Fohe 22 47t o] FAelM wAE L@ FA &
S wE M EE Zwstd ARG e e A7)0 3
AMANA wope iz HebeF B asislo) B
wjokel MEE HPA dgkom AETHo| L AFAAE
dE T ATk

BIEMNQ Mo HHEH =2| R HiL

Heak Axe] dFAA E2E #iz 380 p cell disso-
ciation sieveE B3l FHE AEE ah89d A3}
7] A 4°C, ¢rAolA CPW 13 M £l o] AT A
S AA ke Ads 9gAAE A& F A=, ol
F&d8EA oA AR 1A7E SRk AAE
Ao @il oot A HojE Haskshy FAE
o] HEY UL WA ste] F¥AA 9] LS FIHIFA
o) Folgt 7 Az} (Chung et al, 1986; Hyung et al. 1992).
CPW 13 M 282 A A% th 0.2 4 membrane filterZ 3
3 FA289 CPD (1% cellulase R-10, 0.25% pecto lyase
Y-233% 0.5% driselase)®} CM2 (1% cellulase R-103}
0.25% macerozyme R-10)5 ¥ <27 A §A|7F Fot A
Al gt 41 7F 9t KB (40 rpm)& B3 s A3t
(Figure 3), CPD §-olollA] 4A[ZF 5t 2Bl GFA] A% [ g
F 106~10771¢) A AFYHAANE S+ UYeH
wassilewskija2| SEM]F cell line (Ford 1990)3} BIXA] =

< FEgs HoAFUrh w3 e d¥AA ] AL

Figure 1. Suspension cultured cells of Arabidopsis thaliana in CP liquid medium. A, Proliferation of calli on CP medium containing 0.5 mg/L
2,4-D and 0.1 mg/L BAP after 4 weeks of cultures; B, Suspension cultured cells maintained for 4 weeks; C, Established suspension culture

‘e Is used for protoplast isolation after 4 months.
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Figure 2. Measurement of packed cell volume and dry weight from
the suspension cultured cells of Arabidopsis thaliana. The results are
displayed as the mean of values derived from five different cultures.
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Figure 4. Effect of CPD enzyme on protoplast yield from the
suspension cultured cell clusters of Arabidopsis thaliana. Freshly
isolation protoplasts and viable protoplasts were observed under
fluorescence microscope following staining with fluorescein
diacetate. The results are displayed as the mean of values derived
from five different cultures.

40%°) wassilewskijaoll B]3} 80% (2 X107 cells/g) o132
zo A2eSs AL 4 e (Figure 4), wassilewskija
o A% 23 Sorel Wehek 7170 ZojHol wet AE
,] o] ol = vls| 4709 Fo FEMFS cell line

o gEae]l 9se 4Fd0] ¥ ARAAE AL F 9
A7) HEo 2 AR ETh

Yield (%)

Figure 3. Yield of intact protoplasts. Protoplasts were isolated from
the suspension cultured cell of A. rhaliana in CPD (1% Cellulase
Onozuca R-10, 0.25% Pectolyase Y-23 and 0.5% Driselase) and
CM2 (1% Cellulase Onozuca R-10 and 0.5% Macerozyme Onozuca
R-10) with shaking for 4 h (SH) and stationary for 8 h (ST) in
culture conditions. The results are displayed as the mean of values
derived from five different culture conditions.

Fao A Eotdl 9FAA ] AEAE I AZHe)
AARRA ke MEEL A YA AAFHAH, 27 —Er
28 988 A7 Ao 15~29 u (Figure SA)R

_sucroseE o]-&-38 H|E} AR E sl MEe] Jjﬁ
A7VE 245 pEA GEAEL %?‘é"e H ﬂﬁiﬂ (38 u)iq

E%%%HWWH@%%*MLJTQZUFJﬂgﬁx z4%
Aol oa] JEFL v RoF EElA 0o (Mayer and
Cooke 1979), 71 3thel Hzle] HF AMESFY HAL 4x
10°~5x 10" =AM 1L olste] Axy 1 ol BEoME
A&A MERIES FAT & gk £2E 9FFA
kS MS ujR)e] 2 mg/L NAASH 0.5 mg/L BAP7} H7}e)
MSNB, MS #jz]of 2 mg/L IAA, 0.5 mg/L 2,4-D 2 0.5
mg/L 2ip7} A7H8 MSIDP, KMujA|o] 1 mg/L 2,4-D, 0.15
mg/L kinetin#} 200 mg/L spermidinec] H7}¢ KMDKSH]
AN 7 Aokt od, £ e 59
feeder cello] 0= CP HiA] 9ol 0.2 p membrane filterE
oy ekl 1 mLE FYa HAFshe FHuHGe ¥
A5
28 AE 2 ogE 5 LE Axo & s= polyamine
o st gue) 4 % AEEY BAE 27 (Palavan
and Galston 1982)A)A T3 &3], l‘,i_—i]% 2829 AEE
4] (Aluman et al. 1977; Galston et al. 1978)3% 5+ o]},
419 7161 RAAAE S 52 polyamines W%
& 79 DNAGA# AERdo] frEdtts KA (Kaur-
Sawhney et al. 1985) 52 polyamine®] 21 E# ] A4 =
AEAYS AAE

ehy



Table 1. Influences of different culture methods on protoplast
division.

Culture Days of Culture
. a
Medium™ 1) 7 14 21 28 35
o
MSNB -, T
Division Death
Msne |
Division Death
KMDKS .
Division Colony Callus

*MSIWB, MS medium containing 2 mg/l. NAA, 0.5 mg/L BAP and
15 /L sucrose; MSIDP, MS medium containing 2 mg/L IAA, 0.5
m./1.2,4-D, 0.5 mg/L 2ip and 36 g/L glucose; KMDKS, KAO
medium containing 1 mg/L 2,4-D, 0.15 mg/L kinetin, 200 mg/L
sperinidine and 68 g/L glucose.

Figure 5. Protoplast derived cell colonies of Arabidopsis thaliana.
A Freshly isolation protoplasts; B, Viable protoplasts were
c-served under fluorescence microscope following staining with
fl 10rescein diacetate; C, First cell division after 7 days of culture; D,
[ vided four cells after 14 days of culture; E and F, Microcolonies
fi rraed after 21 days of culture.
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A3 AA wjeklel KMDKSE polyamine$l spermidine
Ao g QEAA ] BEEy 4EHE WA
Eo] MSNB<} MSIDPo] H]s vjoke] ZIS=HA Al
o] ks] Yold 4= AU, Wik 45 FollE vA &
22 (micro callus)& A48 5 At (Table 1). A& #
Zl® 93 AA (Figure 5A, 5B)E= Wi 5~109 73 76
Fee] Hgo] WFHWA Ul 3 AXEY (Figure 5C)
NZrsrdom A7kl Azgel nie} &9l HEEEe]
o} (Figure 5D), Wi%F 33 ol microcolonyE 34
(Figure SE, 5F)&}93 T

okl = wlek 2F Fol AFAAIH A4E
membrane filter2 X} 2& feeder cello] = EYAZ Al
fulekslgon, 98A4 £9 AEE A715 mannitol 9
=2 394 YR ZdujE HrhsHAnh Plating effic-
iency (Figure 6)= dz|ujoll ET} feeder cello] H7He
TR oA wiorstAe W 309 o] 5o §ete R & & U
= 3670 (0.5~1 mm)¢] AHA2E FASATE ol feeder
cellq] #7112 Q3te ¥AAN ¥I& AFste #A
nutrients % 38F (Kyozuka et al. 1987)0] {32 2 e
9 RS 2ANZ AoE Azt Ed, Wang
Phillips (1984)7} Bg A3} o] AeirgE I o}— d
2ol AT o2M EFHOR ARELT ©1F
2o R AlRHTh

o

=

zA &

SiEft MZ FHEOIM S SF AHL2RE HEH|

ol NEEREH B3 JHFAE Mgt f=d
A 2olx o] wjEE 2 "ojx|= SF B~ (Figure

-0~ solid culture
35 | _e- liguid culture

Number of micorcalli from the
protoplast—derived cell clusters

0 10 20 30
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Figure 6. Plating efficiency of protoplast cultures of Arabidopsis
thaliana in KMDKS medium containing 1 mg/L 2,4-D, 0.15 mg/L.
kinetin and 200 mg/L spermidine. The results are displayed as the
mean of values derived from five different cultures.
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Table 2. Effects of phytohormones on shoot formation from the
protoplast derived callus of Arabidopsis thaliana.

Phytohormones Frequencies of
(mg/L) Shoot Formation
IAA 2-ip  Kinetin %" Calli Numbers”
0.05 7 0 60 30.0+3.7
0.15 5 0 35 17.5+£2.1
0.03 0 1 15 7.5+0.9

“For each experiment, 10 calli were tested with five different
cultures, and the frequencies were measured by counting the
number of calli regenerating more than one shoot per 50 calli.
*Mean = standard error.

Figure 7. Somatic organogenesis from protoplast derived callus of
Arabidopsis thaliana. A, Calli formation from protoplast derived
colonies after 4 weeks of culture; B, Formation of green calli from
organogenic calli on MS medium supplemented with 0.05 mg/L
IAA and 7 mg/L 2-iP; C, Early stage of undifferentiated shoot
primordial-like structure after 2 weeks of culture; D, Shoot
primordia after 3 weeks of culture.

TAE gejFoz ddsted Tk w59 TAA, 2ip 18|27
kinetino] 7} AE3} wizlol A 47T wFS A}
(Table 2), 0.05 mg/L TAA 9} 7 mg/L 2ip7F A7FE ujA]olA
60%2 =2 shoot AES Ve o auxind] thdh
cytokinin®] ¥]&& F7HIZICEM shoot FAo] &
1% 4 Uk T LA P2 SF BHAE AR 6
A2 &70 F =3} (Figure 7B)¥7] Al&tste] 73dufet AL
o delo] 22E #AY F U2 (Figure 7C), vl o)
A9 we} 3F T shoots: HAE] A&stETh
(Figure 7D). &4 ¥ shoot= 2718 A Lg (Figure

Figure 8. A regenerated whole plant from the protoplast-derived
shoot of Arabidopsis thaliana. A, Formation of initial shoots after 2
weeks of culture; B, Formation of rosette leaves; C, Multi-shoots
and leaves formation under continuous illumination after 4 weeks of
culture; D, Root formation from differentiated shoot under
continuous illumination; E, A regenerant potted in soil after 6
weeks of culture; F, Formation of siliques after 8 weeks of culture.

gA)slg o Hjeksl =] 4% Zol= 6~1071¢ rosette &
(Figure 8B)3} multiple shoot (Figure 8C)& &35t} o]
ToE AEAdREEL] FA7EA G MS WiAE &A
B2l (Figure 8D)E FE3I1CH, w£3tatye 713 vl
FOZ &AS w 65 FHE] Fu (bolting) 9} Stots
T8 4 AT (Figure 8E). ¥ 85 Fols Az
(silique)E At AT AEAHE P4 (Figure 8F)3}H
o, A3 (silique) ZHE FAE & F AAUTH

o|EM, 71T e AEARRY Fud d¥F
AL BEHORE FEaty FPHes wjddo=s
AAE HAGlel 71 (in vitro) 71323} (organogenesis)
o PP R AEA ALSE ol & AUk

i
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4344 ey AEHEZRE 1% cellulase R-10,
0.25% pectolyase Y-23, 1813 0.5% driselase’} EX3¥
CPD g oollA] 4417k X1% (40 rpm) 20X HA &
2 A9ck 28 982%= | mg/L 2,4-D, 0.5 mg/L kine-
tir, 200 mg/L spermidine 12 68 g/L glucose’} XEFHE
KW AR A weks]lom, Aol e 559
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