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Plant regeneration from suspension-cultured cell clusters of Arabidopsis thaliana

KIM, Myoung Duck - KIM, Joon Chul* - JIN, Chang Duck + LIM, Chang Jin - HAN, Tae Jin'
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Callus induction from leaf and stem explants of Arabidopsis thaliana was successfully obtained when leaf explants were
cultured on MS medium containing 2.0 mg/L 2,4-D in the dark and also, when stem explants were cultured on CP medium
containing 0.5 mg/L 2,4-D and 0.1 mg/L BAP. Explant-derived sliced calli were suspension-subcultured every week in CP
liquid medium with 0.5 mg/L 24-D and 0.1 mg/L BAP in the dark, and shoot-forming cell clusters of nodulay, pale yellow
and knobby type were selected after 7-8 weeks of culture. Shoots were initiated from the green spots of the selected shoot
forming calli cultured on MS regeneration medium containing 0.05 mg/L IAA, 7.0 mg/L 2-iP and 30 g/L sucrose under
continous illumination for four weeks. Shoot regeneration frequency (calli regenerating at least one shoot) was more than
50%. For plant regeneration, excised shoots were trnasferred to hormone free medium for root initiation after 4 weeks of
culture. The regenerants were bolting after 2 weeks of culture and formed in vitro flowering buds within bracts after 4
weeks of culture.

Key words : Callus induction, leaf and stem explants, shoot-forming calli, pale yellow and knobby type, green spots, in
vitro flowering buds

o} 7] Ao (Arabidopsis thaliana)x 4 oo ZAA AENES 3A S NEZ FAA EHe] Rolof
go] Rx3tT, tejvelME dekx A vRe A gt AR 5ol Fel7k olA FH2 o] UL ‘%ﬂi}"ﬂ
o A= AlAMS o] &8l AlE(Konez et al, 1992) 5 s AdzA e AFEye A FRARE AA A
A APHQ N3 Eo|m A A5 (genome) ] =7}7} 70,000 g AZA e @ zAujors Eale] A o E E/ﬁ
kb2 w22 =7]¢ ¥t oheHLeutwiler et al, 1934) S M AEY AYs AR FY 4 Adx 2 F )
vhE-Ae) DNAZF 79 ¢x 7% 2z A% A =(genomic w78 2 A (embryogenic callus) ¢} v} w24 7] 3] 2 (non-
map) 2tAle] £-0] 3} (Pruitt and Meyerowitz, 1986) =¥ embryogenic callus) i AR 3=t o} FRFH]AD
o]9] it} Melo] Lojsl i A7} ol Meyerowitz, (Nabors et al, 1983). A1 52 2.5 A F= 5 A EAE %=
1989) Al EH317]21-& T3 model system 2 o] 45 v d83 ful SeM A E(genome) & 7HAH Z47te] -3}
3 gJvHPatton and Meinke, 1988: Shirley et al, 1992). o] ] HEEe] z}7] thekg BN 7)5L el AL HQ
g AEA ] s g dgd fHhg QFed M 7} g B4 fAAe] A9A dEzAe) 7)qlak Aelwka o
2 TAAHL TG S 23 9le FYd = 22 oH(Kiyosue et al, 1993). F3A oA A TEHe] A
A AR dFoz Rush Aelnl, ol TAHS AW 7 ATIIA el genomic changes} ¥317)5ke)
Aehke Bolel oz AEAS ZAGT £ EE  BAA %2 ) sla) A NS ToIRA He cyce
2 ARG e 2ANG S g9TeEA 84 % genome organization Gl leiAl FAFAEA whyge

¢ 4 sl Agol o7l A7t Be AL ANT Aol 2AuY
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== d¥AAu e A} B d77t AdHG LG
(Patton and Meinke, 1988: Chaudhury and Signer, 1989:
Karesch et al, 1991) #=hujokel] 28t ¢3td A 235 o
B345 ALAE AP AFE oS ZF Holoh

B dFoAE oi71Ad e 7] f o AHUAZTY 7|3
3l as Agsiy dguifzids FHd 3"
(habituated) eI EAE d1A sl dgFoz
FAd dev Nz 2R e 2 B2 A 4 4l
B 2 S Fstat s

off 7)Ao (Arabidopsis thaliana (L.) Heynh. ecotype
Columbia) 2] 412 4% NaOCI} £8% F3gAS 5%2
Mt 20859 AHHA EE FHAM FdE AE5d
H, 93 FFTE 53 AHNASG AHE FAE 1%
sucrose”} ¥3¥ MS(Murashige and Skoog, 1962) 7]u]=]
oA FadelAlA 4F5r AR AEAL 43 €719
AAA S A2 sk Aejae 24D w28 o5
el 2 24-D, BAP 183 kinetin®] =¥ 23]+
2 fmaigdon wikzale s AYTT 12744
# 53] w0 g 27°C Q27 sfoA] wjokete] 2AAHUA
% NEAREAEAY F59 FEo G2 AU2FES
L wlwabgich AF23k wiAl= MS 2 CP(CLC/Ipomoea
basal medium, Duchefa cat. no. C0228) Wi & 7] 22 24-
D, IAA 59| auxin’]$} BAP, kinetin 123 24P 5.9
ctokinind] $2ES I e 2T R0
pHE: ddAlel 58=2 A8t

Az FE D vipagelA A2 FH b g
Zol7] Y& gut oz A X Eo] wf-g AU wigFo
olem 1 ¥m2 Fdlo] glomy HUS wn AnkA
08 7 258 Yehj: shoot-forming(SF) Aexe &
o] B3 FHsle FAMEZ FHHo| Mol A FAA
¥ non-shoot-forming(NSF) e 2] 95 Fehx FAle|
o8 Al A2 S F ke

AME SF AelAs 2 mg/L 24-D7} A7k MS A u)
212} 05 mg/L 24-D2} 01 mg/L BAP7} A7kd CP A q)
AN BAL 3712 Al RS FERL
o A9 AYAE AA AL F YAF 05¢g ~ 10g A
=2 250 mL Erlenmeyer flaskel]l 50 mLe] CP S Aujx] S5
HA7tsle 2°C el A 100 rpmo 2 b st A&

2NE2 3 ~ 449 A4 e= Hehwfofste] microcallisE A
duictetn o Ad el Add NEIAE AAE
A 860 pmm AEJQA LA 2 WFAEE AT Z T o]
F7d AR wkHE 15 mLe] AJ2E 35 mL CP
A A Z A7bsto] "epulofA 295 A ot

EiUME 2 FE AEH 22t

rgk

Ak F3 2 LA 225 MS 7] 22A v
Ao 1AA, 2-iP 18] X kinetino] H7}H¢ A F3piA 2 &
2I°C QA4 FZ7(24 pE - m? - Secl)oljA] SF AyA=Z &
A7 em SF AYAZRE shootd] AE-34E FE31c).
T3H shootZHE F2Eof HrHA] 42 MS A
oA Fe P FEdA.

#% 4 2%
SHHZRE B2iro| RE

71 S B8 callus §-52% A1F Foll metd =& A
EA el M= kel o] &5 ZAF-¢ A wikzAe] o}
g callus f7)FAe] 3A & AoE d=Ad 9cHBinh
and Heszky, 1990: Data et al, 1990). 7]Wjol|A] 45F%<}
o}% ol 7| Al ( Arabidopsis thaliana) A2 U3} 7] A
HA S 24-D, BAP, kineting 5 3 &3 A7}3F MSuj#|
oM FEAOE wofsle 2F FHE 229 Anhd|A
Ayxrt JAAE7] Azsle] EHAAZ FAbEom )
oF AF F, AAZAAY FFe Fxol o gkt A
2 YAES HAs b (Table 1).

dubd ez w A AeAs 3T, sy E7] R

Table 1. Effect of phytohormones on callus induction from leaf and
stem explants in A. thaliana

Phytohormones (mg/L) Callus Induction (%)

24-D BAP Kinetin Leaf Explant Stemn Explant
0 0 0 0 0
025 0 0 3 70
05 0 0 72 69
1 0 0 50 58
2 0 0 R 79
4 0 0 52 47
8 0 0 0 0
16 0 0 0 0
05 01 0 70 100
05 0.05 0 53 44
05 0 0.05 63 5
05 0.05 005 65 46

2For each experiment 12 tissue explants were tested with 5 repliaction.



Tl vy Aear Bt FAA7] &
Helebil B35 Z(Torello et al, 1984), JAZAA ] 24-
D7} ﬂﬂf‘] 35 FAA 7] A AR o] HAE

£ 24D FEoME T3] fdstn 232 e el
BA7]' ﬂﬂg A$-= o) $- ksl sAo]n] compactsithE
237} ¢)eH Trolinder and Goodin, 1988). 72X A2 A4
AzAA 24-D 2Ex g1 24-D, BAP 181 kinetin®
FAFeIA AFE 2L £ AYT A F7) LA
E 24-D SFEHE FAM HFoll FAe] Ayt WA st
] A zbstod wlok 35 FHEE @2 kAL Aejart F
7vel7) Al&skeet 24-Deh BAP @A FME A5
HEY opARS wigeste] G o] ABAg FAEH F
Hlwd Fwo] wjEelal A HejA: T HeE ehd
= Aol EAeldleh 53], o A#HAL % 2 mg/L 24-D
7F A7kl MS aAe A @AM %, £7] HHA
9] A= 05 mg/L 24-Ds} 01 mg/L. BAP7} #7115l CP
A A EghAE] el 100% ol YA FEES B
of AubAel AYA FAHL Z|HAA AU
v o Eokom XAPAHE9| 9} wjckzle] whe}l A A

b gell Ael7h Qlehs wae) YRS

B

g A0 MHT S{EH|QF

—

Aedert 2 WHelglz el Had g AL k4
dle o] ofslmz T e el Fdeel 9
T AYAE AN A 2YE FAATE HeldE o
A W5} Fol A FrejAr FaA callus7h FAHSK
o =3 olg FaA Aae 3&“%3}1%}"‘] Po7 v

EZ A7 s Basiedeh fE8 Az &
wol EET 4 Poixk @ xS W ST

£ gz Adste 2 mg/L 24-D7}F A7k MS A
w2} 2} 05 mg/L 24-D%} 0.1 mg/L BAP7} #7}% CP 114

Figure 1. Formation of organogenic calli from stem-explant-derived
callus in A. thaliana. A, Proliferation of calli on CP medium
containing 0.5 mg/L 24-D and 0.1 mg/L. BAP after 4 weeks of
culture. B, Shoat-forming calli{(SFC) on CP medium containing 0.5
mg/L 24-D and 0.1 mg/L BAP after 4 weeks of culture,
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Figure 2. Cell suspensipn cultured cells and colomai of A thabana m
CP liquid medium. A & B, Single cells isolated from calli after 2
months of culture. C & D, Cell division from single cells after 2
months of culture. E & T, Established compact colonies after 4
months of culture.

Figure 3. Formation of calli on the CP medium after 4 months of
suspension culture. A, Formation of cali on the CP medium
containing 0.5 mg/L 24-D and 01 mg/L BAP after 4 weeks of
culture, B, Formation of propagated calli after 2 weeks of subculture.

WA A 89S F712 G2AAA AdRF e
(Figure 1A) Ao} 45 Fol= F37} 3 ~ 4z St
8191 oH(Figure 1B).

4% A2 2ol A shoot-forming(SF) B AE Fto
Al ste] dehujoks sl °—‘1ﬂﬂHZl°ﬂ Yl 5o F
EFoAAHM FAA =Y o] Fo| BF FUMER FAHA ¢
I Y e AEst 4%‘3~i A 71 g
o] 5% mulshaA AHE WYL 3~4d ALE, o] F
2x 7Y97HA o2 Adquesigdon 27°C taelA 100
pm o2 Aleh oFatsdct. 23] oAb Adwjokat AfxE T
dgt zA o] CPAAMAZ ikl o Wik 204 F5E
a2 Relsl 5gem (Figure 2A and 2B), SF A%
Z-9] 1%L non-shoot forming(NSF) 4| EEo] uls) Eoxw
2 SEE EECFE F HANIIY FE4 SF AEE
< wA sty om, AWuoFAl of W& o33kl )
FAFHYW MEA] Wl AEES AAY

o(-.,.4 I"_R l‘fu
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Table 2. Effect of phytohormones on shoot formation shoot-forming
calli derived from suspension-cultured cell cluster of A. thaliana

Phytohormones {mg/ L) Frequency? of Shoot Formation (%)

1AA 2-iP Kinetin leaf explant -  stem explant -
derived callus  derived callus

006 7 0 B! 5

0.15 5 0 18 40

5
0.03 0 1 4 3

aFor each experiment 10 callus segments were tested with 5 replication.
bFrequency showed % of calli regenerating at least one shoot among total
SF callus.

Figure 4. Formation of green spots and shoot from organogenic calli
in A. thaliana. A, Formation of green spots(GS) from organogenic
calli on MS medium supplemented with 005 mg/L IAA and 7
mg/L 2-iP after 3 weeks of culture. B, Shoots formation and green
spots from organogenic calli under continuous illumination after 4
weeks of culture.

Ak HEEL %"é% A 55}ed (Figure 2C and 2D) A o)
WF ) Fol ’%} SE AE7} A ¥EE
2} 2] &)= ) OFE- S

° r[r
M
L

F:h,Ho}; 704 :?‘_ Hx 7 _% ZFA] U47‘_T7_ 2 /‘ﬂi‘ﬂ
ol2]7} 7heh &k o AH3e] SF A ZHE gy oz Po}
Ein o fr=7t

A CP ZA|wjA|o] &7Ze] T3t SF #AHA
7Fedtadl o, SF Atk A EAE FA517] HalA A
MEH AN FHH ez WAE B T

0= A NEAS AR FE AL D5Helgen
AS e F2] oS W wpH Er Puiste] 4
sideh. AR TR wlshed ofofrelr} Abdue|
& Ego] Frale] ME Ade LgHolBT 3
=9 (Kim, 1986), =]A A=
HA§E7} 20 mg/Lolw] vl 2w 2] of A 3=
2E AL elsh Bel & Ao2 ARHL

I
in

H 2 Al

e

HzZFH MEH MES

SF gtujf 225 g9 o3 Bops CP IaAulA|o|
$AF) W 4% FHE TUR SF AL HE Hd]
2oy (Figure 3A and 3B) =% SF 7A2] A2 005 mg/L [AA,

Figure 5. Somatic organogenesis and plant regeneration from stem
explant-derived organogenic calli in A. thaliana. A, Globular embryo
after 2 weeks of culture. B, & C, Green spots(GS) were formed on
organogenic calli and grew eventually forming primordial shcot(PS).
D & E, Shoot and multi-shoot formation under continuous
illumination. F, Regenerated plantlets derived from primordial shoot
in MS medium without phytohormenes.

Figure 6.
thaliana. A, Regenerated plantlets with leaves and roots in MS
medium without hormones. B & C, In vitro flower formation of
plantlets after 2 weeks of culture.

Regenerated whole plant from stem explants of A.

70 mg/L 2-iP 28]31 30 g/L sucrose’} H7}E MS zj&-3}
(Table 2) WAl FEA2 Wslele W) ¥ 25 F
-] shoot A (Figure 5A)-& F&F 4 glglow wiof 3
Z F3e =g(Figwe 4A)e] HAHe] AAHOR =34
7331—— Figure 4B)7} &2 = 9ivh

w8t =33 SF AejAZ2E shoot ¥7](Figure 5B and
5C)7F E3p=lsion] d&A el FE7A shootd 7] 2 5-E]
wioF 23 % shoot®}l multi-shoot(Figure 5D and 5E)7} §-%=



s|5eh 3% shooty: 3 2Fe] H7EHA ¢h-2- MSwix =
w4 TS F=akdH(Figure 5F). 2y, NSF 7e) o]
e HEZFGT 2&Ee] H3)71 F715 929 shoot A
& e Rt AR P g4l fESgeH Az
o] 7ge] upet Zge] AAHY . SF AeyA g A
dujeks eehd AE3go] FA3) dojx= Ao
Efyton NSF Azjas F=33 $939 unorganized ¥l
e 2 737t (I 7HE FelgAe] FEHE A9t
HAde g2 A5 B (Smith and Street, 1974:
Gosch-Wackerle et al, 1979: Dale 1980: Heyser and Nabors
1982; Raghavan Ram and Nabors 1984) &} o #] &)= 7 2}o]
o, olelat EAz e el 240 a4 SF 2
BaF Ad, wiokatel A3t A&S S A £ AN
] SF 7de] e} NSF 782 2o o8 shoot2] AR T2} 4
$39 52o] glof AAT Aol7} vhehd s o 4+ 2o
AAAZNE AEA A5-gte] A8 aukn} cytokinin®]
S AtmEd 005 mg/L TAA, 70 mg/L 2-iP7} &r)sl
st Aol A A} F7] A2 E fER ol
A2 47 A%} 51%2) A 3HE(SF Aejag g
o142) shoot7} HAT AH2e] WEE)o] ehkon]
A A SF Aejn frgelAe} npariA 2 QR ohe
F71A A A A A H-3Eo] v e} (Table 2).
olsize] AEAREAAS) whgel LS 2o e}
AEE A Aozt ol AE E 4 dRel Axe 234
: 88 o 4 g%k
HAAE 7 AMEAE 32
o] M7IER] ok& MS iAo &7 4F FEIE bolting
c 8= 3lo] o (Figure 6A), o]¢] 23 ¥ 332
& Al 8}9d o Figure 6B and 6C).
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I oll A Wro}al7) off 71 Ao ( Arabidopsis thaliana) 2] %=}
7] AHAZYY Aes iR dHAAY] A 2
mg/L 24-D7} 7pel MS TA|A A FEFAL, F7)
HAA A 2] A= 05 mg/L 24-D2} 01 mg/L BAP7} 3715
CP AR A Wik 45 F cake] Agart fxE4)
o =23 AzkAZE AA A23 05 mg/L 24-De} 01
mg/L BAP7} 275l CP dajujA|ofA] 78 1Az ¢z
7oA 447t wiokslel-& o FU3d shoot-forming(SF)
A As A& £ Addch AAWAAM FEH SF A x
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= 005 mg/L TAA, 70 mg/L 2-iP, 30 g/L sucrose?} %7}
MS AEshiAdd BEASL wgsde o Aesg
AR webE7] Ao Wek 45 FEEe ddHe
2 5315 SFA e~ FE shoot7} PAE o] A EA) L3}
7k 7hsstdet. gk A8 iAol &4 W [AAg) 24P

7F A7 wiA A 50% o] AFe] shoot 3 Ad E(gF g
st 7)) o]AMY shoot7} AW AMelsol wlEg)S Rk
Acty) shoot: T2 Ro| 7SR ke HHZM]H = %
Felg HAstd e, AEstE AEde MM 67 F
e 327t JA T Zo] I]7] Al Asleich
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