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Abstract A micropropagation method via callus for Ra-
nunculus kazusensis Makino, an endangered species, was
established. When stem segments were cultured on MS
media supplemented with 1.0 mg/L TAA, NAA, IBA and
2,4-D, the highest frequency of callus induction was achieved
on MS medium supplemented with 1.0 mg/L. NAA. Multiple
shoot per explant was obtained, the MS medium containing
1.0 mg/L. BA and 0.5 mg/L NAA. Additionally, effect of
activated charcoal (AC) and sucrose on shoot growth in in
vitro culture were examined. The most suitable conditions
for shoot growth after 4 weeks of culture were the MS medium
with AC and sucrose. This ir vitro propagation protocol will
be valuable for conservation and mass propagation of this
endangered plant.
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WA L Linmophila sessiliflora), 871 A(Nuphar pumila),
Z-EEZ(Isoetes coreana), =2 73 0|(Ottelia alismoides), 7} A) A 2=
(Euryale ferox Salisb.), ZF Al 4= (Nymphaea tetragona var. minima),
ul| Shat-E(Ranunculus kazusensis Makino), & A} (Ceratopteris
thalictroides), =) (Brasenia schreberi), A5 2] Z(Dysophylla
yatabeana), %S\ E(Menyanthes trifoliata) 52 1 A2 5431
TH(Lee and Choi 2006; Lee 1984; Lee 1996; 71 =3 2006).

SR 7L ES7 oA E g ez AAs] Hoskal
Q1= MSHatE(R. kazusensis)2 1| Lt2] o}A] H] ZRanunculaceae)
of £tz 2" A SR ER F2 =olu &, 3ol
Ao, o Skt 19601 T 71A| Bh 3 = o T2 of| A A
Y ez SPH AEo| Atk B2 &f Zasef = A &
o= Qlal 1980 tf of] &0 *1 i *1 AR 22 SHehA] S
BEE AR oA ARl = Al Eo] H ITHH & = 2006).
Wﬁﬂ%ﬂmﬂmzaéii%%ﬂﬁﬂﬂﬁ“ﬂlﬁ
gAY A H BHS 5 4 ook B9 AR =
A P e I
o wheto) $5] 0L A2 ALE L o 4 vz}
2 547} ol B el Buj7] 7P = Wobs o 5 gloh 3
52006). ol 7] Wobs sfo] 4127} A%} el o muf]
AT =2 lol7] 8 el Az of oo A
= 9l T3 X5 theFo 2 AYASEA|E S 7| ko] &
of o] F 3 oo Aaf e 7 -of = AP A of| A 9] 52 0] o

9 EA = Q) th(Lee and Choi 2006; Lee 1984; Lee 1996; Lee
2006). v StutEof ek A== FAA Y e o Al
ufj A Ak S ] Al EA| = (Minetal. 2007)0f] T3 -2 2
Qo= ATk A Aol

E}E}H A= metntEo £7] dHo Y 7“34’\

st 7IW A& AArstaL At skl o] &
OH AF Aol 7Hs g 71 A=A &) AR R o T et 7]+
ARE g5
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Atofl A& i SHFE(R. kazusensis) €] A 2= A2 245
Ao A Eopkorct kHAF S mjslutEo HxE SE2E
FEENA 30E, Al A Bt FF= 13] Al 3, 70% ethanol
of 14, 1%NaOCl &9 of] 204, B+t F 7= 53] Al 4, d+
AL xJof| A & A AT =02 st 2 A
st g £7] WL 05505 em A Hatol Aol
AHEFATH HE i E-S &% 22+ 1°C, FF7] 16/8(1/
213, = 46 pmolms' o] v oF of 4] o steic. A
o ARE-RE = B 2| &} 7] = 121°C, 1L57] F & = 208 7F
okl o v 2] 2] 79 H E 2 t]4(12 x 5 cm, SPL, Korea)
o] =30 mL, 42} plastic B} &FH (5 x 5 x 15 em, SPL, Korea)of| Z+
ZF 100 mLA F-3=5}o] AHg-shgiTh.

ST 222 TF & 0| TE feitg &7 7o 2H
OZHH HHA R

AR B2 S50 GEojsnE el s S Y 2
714 H & 1.0mg/L2] IAA (Indole acetic acid), NAA (Naphthalene
acetic acid), IBA(Indole butiric acid) 2} 2,4-D (2,4-dichlorophenoxy
acetic acid)7} A 7}= vl ] of] X AFE}o] 4571 vl o3k & A
22 HEES ZAST NAAY o) mE Ael s f
317 2180 0,0.1,0.5, 1.0, 1.5 mg/L2] NAAZ} 715 vl 2] of] %]
AFSFo 4770 joF 5 el 2 R E RS 2ASHATh
Bl x| == MS (Murashige and Skoog 1962)8} 2| (30 g/L sucrose, 7
g/L agar, pH 5.7)& 7| 2 & & A| £5}o] #H E2|t] 4o 30 mL

B B2s)gc,

SR AO|E7|HF A0 OE CRIE 72 2 7|

=Al
S

weiolg Aeis ool chilz S EZAS 245 919
T2 H7FEA| e3> MSH) | o A 28] of] A A Al
3t A2} A5 100 ~ 200 mg 33} 0, 1.0 mg/L 2] BA (Benzylamino-
purine) 2} Kinetin & %718} 11 7+ H] 7] o] $-415 & 2E NAA,
1AA, 2,4-DZ 77} 0,0.1,0.5, 1.0 mg/LA %32 2] 3 MSH| 7|
(30 g/L sucrose, 7 g/L agar, pH 5.7)0]] 207 %] 58HE- 2] A}a}-o] 4
FuloFE ¥ A2l P Al HE A %

7| ChME MFO| 0jX[= ZgEft sucrosel| HE
A El(Activated charcoal, AC, Duchefa, Netherland) @} sucrose

9] F = A 2|7} v stutg thAl & Ao v 2] = S =
AF8}7] 2)8) 2 em A AHEE THAL 22 AC (0, 100, 200, 400 mg/L)

9} sucrose (0, 10, 30, 50, g/L)7} == 2 M7} MSH| A
(Gelrite 4.0 g/L, pH 5.8)0]] 671 A &) 382510 x| AFalgict. Al
L 2125+ 1°C), I2=7](12/124) 7H), = (46 pmol m™s™)
7t G F A == w Aol A A E Gl w4 &
Az} B2 o] Zo], F gt A S ZH2F MG

SA=M

BEolE s Bt + BEHUAR FAISFA AL,
Aol & drofi 7] 916l A one-way ANOVAE A A|S
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A o] Q)+ 7§ Duncan’s multiple range test2 A&7 =& Al
AIBHGIT B A S04 © P <0052 Agsto] BAI3heieh

=t
fsinls £7) K2 BEoRSE| Hola R

W shutE o E7| A A A A Frof v A= K45 &
2RO 222 ool 7] 93] IAA, NAA, IBAS} 2,4-D7} 2+
ZF 1 mg/L A 7HE MSulj A o] 7] 4 H-& 243t Fof A A~
BAE&S 2ARE 43, 1.0 mg/lL NAAE A 7Feh af =] o A
87%0] AH A 4 =88 59 on 1.0mgLIBAZ} E 7} Hl
A o A 78%, 1.0 mg/L 2,4-D7} A7+ vl X = 42%, 1.0 mg/L
IAA 7} vl 2] = 34%2] 420 & 2 AFE| 9] thFig. 1). NAA A
2] FEof WE AHA FEE-2 0.5 mg/Le NAAK 2] o
A 87.5% 2 Z A7} E) 901} 1 mg/Lo] NAAZ| 2] L9} §-¢]
Hog atolg HolA gotth & oy AN HEE
(Rhodiola rosea ) 2] 7§, 7] A H-& x| A5l o] BA9F NAA
HEGAOR At E e w RO E AHA {0
7V L3ttt = AaE H 11519 a1(Bae et al. 2005), T3
I} A Q1 X013 Z(Calanthe discolor)2] Z 2]l oF -2 E3} A]
SA| AR A = A -2 O] ui FE-QI(Y, 78, Hel)oll w

HEAotf e & A A fFEgo] 21 A4 Y&
o o oS 2L 7 o0& B 319 thBae et al. 2010). ©]
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Fig. 1 Callus induction of R. kazusensis. A: Kind of auxins, B:
NAA concentrations of stem. Different alphabetical letters are
significantly different according to Duncan's multiple range test
at P < 0.05
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o} =wof wpel A A Gx 9 A2 ES] okAo] T A U
EPES & 4= QltHRyu et al. 1992). Al % 2] B3} 2l AYAtof =
N AT B DS E3 ot G2 EH (AT AL
E7|d)9] H77h Ao, v g e1e] £ TS EA
FF GOl 27| MFY] A& F9-ohe F o AR R 2§
8t A 2 & 1 o] X tMurashige and Skoog 1962).

mﬁ dlo =

7 =X mE tRIE R & U

NEAF2EEA BEA o] G2 7| et g Ae s
S A2 $ = A4S hobiiy] 913) BA (0, L0 mgL)%h
Kinetin(0, 1.0 mg/L)3} 0, 0.1, 0.5, 1.0 mg/L NAA, 1AA, 2,4-DE
22h 2345ko] Al £ MSWA| 9] Thabu} s Ael Ag %)
ARG 4% 3o TR 2 A58 24 2T Table |
2ok uh sk e Ao 2§ o] Tl $ R L0mgLe)
BAS}0.5 mgL NAA 2342 ol A Bee B 47672
7V wo] 5 | girk(Table 1). £.2 #o] He]x|x) gk o
oA Be2 A2 A 248 5 AcHFi
1B). 24-D9] %34 2l G AT 107 v]gko] chal 27}
SEE Tk Min SQ007)9] Aol AL AHZH) f2)
AR A7) el ) AT she] Ae 20 Al Bt
of 2k AL T H 02 X & S vhol k. & ¢l
Foll 4 BASNAAZ ERH4 27} hstol 5 chal 2 §izo
avpAoleks A By o)t cytokininFi A5

—E

o MR Tk A A o] M2 24| 7] i &3S Grh
1 3(Short and Torrey 1972)7} Qo] ThOF3t Ao E7|H &
a2 A3 Bask Yok AR E B AT A
/\15_ £ o] v %] = Tidiazuron (TDZ)2] & 3+2 Q1614 =
AR TDZE 4 28 Eahet chavate] 224 o
FoA ol mIpA ol (Lu 1993) A &8ke] of 22 A=A 9
A Ao %4 ofl 5744 0] 2k 1 8 3 5] 9111, Cho 5(1999)}
Seo 5(2009)9] Aol A = Uh2] 72 E3}o] NAALE BAE
EAA T AH T E T NAASL TDZE E9F 4 2] A] &3}
7V EalHol ek A7 Ao} w3t v Slo] B DL
w7 2409 & Wast 98 Aoz AR

§2
;O

JU tRE AF BlRlE 2y

sucrose 5T A&k

El(activated charcoal)z}

ol ShulE A e A fef o] oAl & Al o] B] x| = AC (Activated
charcoal) 2} sucrose 9] & =& ZAFSH A1}, G % (shoot length)
2200 mg/L ACH| 2] Lol A B ot 12.6 cem& 713 71 Wh, of
ZTF= H ot 8.3 ecmZ ZQFtH(Table 2). 7 (root length)-2- 50
g/L 2] sucrose | 2| Fo| A Ht5.8cm= 7 AL, 2
= 1.7 cmZ - th(Table 2). SFA| 9 2 AL A 0= A4 4
19/4d& = A Yrh(Table 2). Sucrose= A=A W A2
of Zagt oA ez, 7|y 2 FHA L] Al2Z W A
EXAA 2 o] &% tH(Gabriela et al. 2005). 21} 2% = (50
g/L)9] sucrose #] 2] = YEA 2] F(Lilium bulbscales)2] 7|

Table 1 Effects of cytokinins and auxins concentrations on multiple shoots induction R. kazusensis callus 4 weeks of culture on
1/2MS medium supplemented with 20 g/L sucrose and 4.0 g/L gelrite

Cytokinins (mg/L)

Auxins (mg/L)

BA KT NAA IAA

24D No. of multiple shoot/explant

0 0 0 0
0.1
0.5
1.0

0.1

1.0

0 0+0*
27.8+£0.4b
47.6£1.0a
27.0+0.8b
18.5+£0.9¢
12.4+0.4d
10.5+0.6e

0.1 4.2+0.7f
0.5 3.9+0.2fg
1.0 3.6+0.1fg

0.1
0.5
1.0
0.1

1.0

19.4+0.7a
23.8+0.6a
20.3+1.1a
14.1+0.3b
15.4+0.4b
15.2+0.7b
0.1 2.3+0.4c
0.5 1.9+£0.3¢
1.0 2.7£0.2¢

*Data are the means + SD, of three experiments. Different alphabetical letters are significantly different according to Duncan’s

multiple range test at P < 0.05.
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Table 2 Effects of AC and sucrose concentrations on shoot growth from multiple shoot of R. kazusensis after 4 weeks of culture

on MS medium supplemented with 4.0 g/L gelrite

AC (mg/L) Sucrose (g/L) Length of shoot (cm) Fresh weight (g)
0 0 8.3+0.8*b 4.4+1.2¢
100 - 11.5+0.5a 6.8+1.7b
200 - 12.6+0.2a 6.6x1.1a
400 - 11.2+1.1a 6.4+1.6a
- 10 7.8+1.3a 6.1+1.4a
- 30 8.1+0.9a 6.3+0.8a
- 50 8.2+0.8a 6.8+1.3a

*Data are the means + SD, of three experiments. Different alphabetical letters are significantly different according to Duncan’s

multiple range test at P < 0.05.

Fig. 2 In vitro propagation of R. kazusensis. A: Leaf (scale bar, 0.2 mm), B: Stem (scale bar, 0.2 mm), C: Multiple shoot induction
of R. kazusensis stem (scale bar, 0.5 mm), D: Shoot conversion from multiple shoot (scale bar 20 mm), E-F: Shoot elongation (scale

bar, 20 mm)

W W A] QM oA Bk, el 2 fEE S Al shel 4
$-o] A Ethar 319 thTakayama and Misawa 1979). BFH,
Cocos nuciferaL2] 73 9= A% % (5 g/L)9] sucrose A 2] = 11
L2 (70 g/L) A 2o 8] 3] B35S FAIA A B4}
AT SPAPAER WS 244 2T Gabricla el al
2005). E3F, B 7| AF up 2 ek U2 (Lilium martagon)©l| A=
sucrose A% Z 2] 7} 1% & 2o v]s)] v A Y FES S~
2 2N T, A A B AR S A A e B
3} dhdof] & 314 o] 9f th(Magdalena and Anna 2005). 3}-A] 2t
2 o] Aol A= 5741 2 60| o| 21 th(Table 2). v} A
W ACS] H7h= 1.2 119k Hat & 3 A A F(gelling agent)©]
=19 7t ob Wik ol kol 2] i et
AA A E = 7| 0] A dgol 3449 9k 1L
(Eymar et al. 2000; Pan and van Staden 1998), A1 %3] A} 4l #ig]
G =& A5l 9L SFo(Dumas and Monteuuis 1995). 2
4oz, 2 A AT lEuhE o) 7 f @54 B a
ot 2 & 24 &35, o]yt 7:141: TS oA o] A]
U:L_-Z_.E] 01 7]—.‘:_ /U%_,] [¢] 7(-] /‘Q r;}-ol:kl KR ] o]-l:t] /\ﬂ /\ﬂ Al Z]
Sl BEA AL} £ A ZAE A A o] A5 2
o o FuARE FE H 4 Y& Aol

 CE R RERE EEEERINER

AR Z A A, AC, sucrose)2 ZALS)
Aol Ao~ EXAS Yol
2} 1AA, NAA, IBA9} 2,4-D7} Z+7F | mg/L 2 7HE MSH] 2] o]
214U e A Tl AeA BALS 2R 2,
NAAE A 7Fgt o 2| o A 87%2] A X~ fFeas Hlow,
IBAZ} 271l v & ol A 78%, 2,4-D7} 71l vl A] = 42%,
IAA 7 8 %)= 34%) 0.2 A1 E| 91 h. NAA 2] 52
o 2 A A G ELL0.5mg/LY NAAX 2] o) A] 87.5%
2 2471 99101 1 mglLel NAAY 2] 7.9} )40 2 %)
ol x| x| Qpeleh. wlshuls Wal fof o] chAl
= 1.0 mgL2] BA2} 0.5 mg/L NAA Z3FA 2] Lo A] A
Bt 47.671 2 7 wol = H ok 32 2o] A2 HA| o
= HE2FolA e A A A2 AL FA = 24-DY
ZHA 2= AHe Fat 1071 v ghe) oAl 27} - = 5] Sl o).
u shol 5 7 2] 2 2] o] T4l A1 o] 1] 2] AC (Actvated
charcoal) 2} sucrose 2] 5 =& ZAFSH A1}, % (shoot length)
2200 mg/L ACH 2] ol Al ot 12.6 cm=E 714 71 HHH, o
2 Bt 83emE Fokeh ArbH 08 & A= Hj st
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