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Effects of Cytokinins on Secondary Embryogenesis and Plant
Regeneration from Somatic Embryos of Aralia cordata Thunb.

LEE, Jong Chon - SOH, Woong-Young*
Department of Biological Science, Chonbuk National University, Chonju, 561-756, Korea

ABSTRACT Embryogenic suspension cultures were initiated using embryogenic callus from immature
inflorescence explants (Aralia cordata Thunb.) cultured on solid MS medium containing 1 mg/L 2,4-D for 8 weeks
and then the embryogenic callus was proliferated in liquid MS medium containing 1 mg/L 2,4-D. After sieving the
suspensions (pore size 270um), embryogenic cells were cultured in liquid MS medium with cytokinins (kinetin, BA,
z2atin) for two weeks. When the embryogenic cells were transferred to liquid MS basal medium, primary somatic
smbryos were developed after 5 weeks of culture. Secondary embryos were developed directly from the primary
torpedo and cotyledonary embryos cultured in solid MS basal medium. Frequency of secondary embryogenesis
was nigher on medium containing 2 mg/L kinetin than the other cytokinins. Plant regeneration was highly recorded
ty placing secondary cotyledonary embryos induced from primary cotyledonary embryos in MS medium
rontaining 2 mg/L kinetin or 2 mg/L zeatin (25.4% and 28.6%, respectively). The plant regeneration from secordary
embryos was prohibited by tertiary embryogenesis.
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271 WL £E37] Y5l 241 (Raemakers et al.
1993a, b,) @ Ao|EFtold #g] (Maheswaran and Willi-

Al A 2o Fehjoko g FEE AMTHlE AEA ams 1986b,Lee and Soh 1993), &3], AT 2 H F&
2 EA ANE = don AMEee As 2 dopabgea ¥z 5 B A= AT (Tulecke 1987).

2P B E AT BYEo] $ith (Lee et al 1998). T Brassica napusO| A+ TEE2| kinetinS 2| 31H 221
A2 2zl 1) wol 2 A EAE] ANAYFHAN A ghao] oA =121} (Loh et al. 1983) E7|EAAM= ILFkE
Jeolod e spAut 23S o] &3 A8A A4 9o BAPE Astel 2w A4S f=E F AU
Durham and Parrott 1992), %<& &8&9] v]@=2] (Rajet (Maheswaran and Williams 1986a). £ EvlE (Young
.. 1990), 8223 (Raemakers et al. 1997) 5 7] 7IAZ 1987)9} Brassica campestris (Maheswaran and Williams
1986b)oll A= AFe] BAPAE wiA|oAl 2317 2A =
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Aol EFtol S ks AAuix|o) A FEF] widAy Al
3o} PP ERE 2xu) o] FAol| ik dHAQ Are
olr] R H B} 9421} (Lee and Soh 1993) slo]E7}o] g
AYE AEAZRE 12} M o] 24, 1R =RE 23
Hle] g4 g o2 RE 3apNe {9 AEA AA Ul
FEaEd g d7E ExE Ao] Qivk ueA] B A7
= A M EH MolEFteI TS AHEste 1AHIE fE
312, o]F AR wiekste] 2xpule] FAAHE AV
™ o2y 3xple] FAo] AEA] AEso] ofH S 1)
A=A E FE3A AEHA T

AYHAFQ GFE (Aralia cordata Thunb.)S A& sy
ABR} £AY LA AAslel B85 37148 A
AMEZ AMLSIYT. 2HE 70% o€kl 18, 187
Tween-205 2~3498-8 ¥ 1% sodium hypochlorite £
of °oF 1087 ARAA FHATE s EFTE 3~4 3
HolA A3 LE Bl A= MS 7| E8]A] (Murashige and
Skoog, 1962)l sucrose 3%, 3+ 8%, | mg/L 2,4-DE 37}
slo] pHE 5.82 ZES 7, 121T, 1.571438klA 1587 &
#AA AHE-sIE o™ o] wiXE 134 petridish (87mm X
15mm)o) 25mLA Estach zhzke] petridishol] 167] A
AE A4sld & 25°C, 2 46 pmol m” s WA APAS
ZHOE 16/8 A|7+e| FF7)stellA] vl Fstqith 857 ul
S oA B AE Asle] A Za] APl ARSI
=2
SISl 9 1%} MM 2

ol x

Qe w4 WAy Be27t | mgL 24DE W
MS ZEMAGIN FAHNT of Bel2g B 229 I
A& 20 mL 92 100 mL AzpEekidd] &7 g8
t}. o] ujAl s Ao o] e 110 rpm o E 3 xI g
ARem Aes R 2 2780 25 wioh Al
wleFste] 10709 F9t St £ AEE 9lste widA)
L A 2E 100 2 200 pum stainless AEA| 2 o) 75}e]
218 @A ALT 711N AL WpRAS HES 10
B2+ 7telekel o BUuiACA 457 A A S2H
s MEE MS 712 wjAoA 1547 vidA e
J% 270 pm AGAE AHAA HPANEE ARESHATE W
gt = o] EFteld (1~2 mg/L kinetin, BA ¥ zeatin)-&
721 MS 712814 20 mlg -2 100 ml 4HzHEekaH0)
wokAl 0.2 mi (packed cell volume)S go] 2F7F v 9FA]

i1

Zk 25 AA MS 7| 2R 537 wigste] 13 AA X
= Aok

2R} 54 3R} AMMIZHY FA AlEH KM

ML AEO) Aol EFtoldS AZele] 13 AMENE
AAT oIFAA ol TS A 23 ANENE £
E817] 95kl A MS 712ulA7} Sol9E 1818 peri-
disho] k2t 16708 A gshanh 2t A usalgn 9
AYE 3 Fsisih 22007 FAY NEE 1R 4
3% 5 BEE AT GUT W48 239 S8 5
7 o #5354k

1R iR 2 AGRo f28 23 ol % A
U #ste] olF MS 7)1 TAMAG] AALST 45
F 334ue) §HL,7F T ABA AN BEAGEY A
o] o]y Wel7t AR 13} Yol HAH 2L AA
2 ANE Aoz BRI,

ZIE
TR 2

WS NEE o8 714 /< AolETte|d (kinetin,
BA, zeatin)& A2|g MSujR|d| X 257+ v g3t & MS 7]
wowAel A 537 wWkshel 1x) R4S SEshec
(Table 1). 7 A3} 1 mg/L kinetinol| A 7% 22 A H)
£ ¥ AU (oF 61007)) F2& 1 B 2 mg/L BA
Z=o)2th (22 58007, 51007H). kinetin# BAES 2)51%
S o g7l Hsle] B2 vlE S JUO Y zeating

Table 1. Effects of cytokinins on primary somatic embryogenesis
from embryogenic suspensions of Aralia cordata.

Cytokinins Mean no. of
(mg/L) embryos/flask (%)
Control 4657+ 61.85¢(100.0)
kinetin 1.0 6166 +80.42a(132.4)
kinetin 2.0 4844 +52.13d(104.0)
BA 10 5811+76.28b(124.8)
BA 20 5154 +48.73c(110.7)
zeatin 1.0 1730+31.54g (37.2)
zeatin 2.0 2929+46.13f (62.9)

Embryogenic cells were cultured in MS liquid medium containing
cytokinins for 2 weeks and then the cells were cultured in MS liquid
basal medium for 5 weeks. Means with different letters represent
significantly different means (p <0.01) using Duncan,s multiple
range test.
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Adstgdsrde 2 TET 238 2 & Ik kinetin, 1 mg/L BA, 1 mg/L zeatin 7R z|ellA] vl |l
SEE 1S BAGAEE TR 2 of (Table2) th2 E7F 7ol vt A Jeisty A9Fue 7Z2-edyx
ol 3= FAMRY] H-Eo] ¥ (89.0%) AGEHE Btk A9 wiAZAANA d2FED EYTE R 2P

(1.4%). 224 2 mg/L9 1 mg/L zeatinE 2|3 A AY = o PR w4 Nerh ik I8 12 dHG

oo wge hRFRT BRI (47 453%, 34.5), 1 FAHE 23S HAFE SAEUS W AFw e A

my/1.8 2 mg/L Kinetin 2ol X 2 FED E%o} (7 B9 AolEFteld MzziolM izt g g &

Z} 15.2%, 11.7%) zeatinx 2] 2] ZA$-Eul= Yglth BA A2l loH 2Adgule] 4% B8 HAdA g7io Be
o 4% AF7MZ Y] A&Ggo] gxTRY Stk 2 2xE AU

2 #PolEFteld (kinetin?} BA)S A3t S woll= 12l

o ¥R 2pgEulof vlgo] HolAE g 4 Utk 3R A AlSR| A

CAHHe] Eh 1) 25E 24 o2 2 AAY 23pE &ejst
MS 718 38R e HAA 4574 i date] 3xhl o] A
N2 AEZE Ao EFtoldo] H7He MS A e|A 25 (Table 4) 8] 3 7577 wigste] &84 AAS FAsATH
70 wioFsR L IFMS Z1 iAo 57F vffste] 12} A (Table 5, Figure 1B). 1xB 258 2xR)7F A EHE 24 2
A INE AEd IFAA oAl AGFME Adst AEREFEHIAME s Fele FdsidsT 3k
o MS TFuR A 3F7F wjokate] 2xpule] A RIEES  FPAEo] el Higt] & A2 HEHOE 2 mg/l BA
T2 5FE7E kst dE £E SASY (Table 3,
F zure 1A).
= s 23pilE F2 12h)e) AEH s P45
oo MRS oHPE AstAE™ 13 2 mg/l
Table 2. Effects of cytokinins on development of somatic embryos

fr »mi cell cultures of A. cordata for 2 weeks. Somatic embryos were
crunted after 5 weeks of culture in MS basal liquid medium.

' \\Cytokinins kinetin BA zeatin
(mg/L)

Frimary

e‘nl)ryk 00 10 20 10 20 10 20 >

Glebular 80.0 669 786 657 570 546 455 : mw AB

Heurt 59 80 66 123 128 34 18 Figure 1. Secondary somatic embryogenesis (A) and plant

~orpedo 37 99 31 103 72 76 14 regeneration in Aralia cordata (B). A, Secondary embryos (arrows)
were developed on a primary torpedo embryos cultured in liquid MS

( otyledonary L4 152 117 118 117 345 453 medium with 1 mg/L kinetin. Bar=0.1 cm. B, Plant regeneration was

~otal %) 100.0 100.0 100.0 100.0 100.0 100.0 100.0 regenerated from secondary embryos of cotyledonary stage induced

from a primary torpedo embryo. Bar=1 cm.

Table 3. Effects of cytokinins on secondary embryo development from primary embryos of A. cordata on MS basal solid medium

N .. .
~ Cytokinins kinetin BA zeatin
(mg/L)
Frimary 0.0 1.0 20 1.0 2.0 1.0 2.0
»mbrvos
“o-pedo 16.7 0.3 453 16.5 438 10.0 519 3.5 65 0.3 36.7 17.8 33 0.2
+ ‘otyledonary 300 2.1 50.0 14.4 672 238 432 49 313 53 40.0 20.0 26.7 9.6

Frimary torpedo and cotylendonary somatic embryos were developed from embryogenic cells cultured in MS liquid medium containing
. ytokmins for 2 weeks and then cells were cultured in MS basal liquid medium for 5 weeks. Frequency of secondary embryogenesis and
rumber of embryos per explant were counted after primary embryos were cultured in MS basal solid medium for 3 weeks and 5 weeks
- :spectively. * Normal number: frequency of secondary embryogenesis(%). Bold number: number of secondary embryos /primary embryo.
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Table 4. Tertiary embryogenesis (%) from secondary embryos
formed from primary somatic embryos of A. cordata on MS basal
solid medium

Table 5. Plant regeneration (%) from secondary embryos formed
from primary somatic embryos of A. cordata cultured on MS basal
solid medium

rimary embryos Torpedo Cotyledonary

Secondary
embryos

Torpedo Cotyledonary Torpedo Cotyledonary

Cytokinins (m,

rimary embryos Torpedo Cotyledonary

Secondary
embryos

Torpedo Cotyledonary Torpedo Cotyledonary

Cytokinins (mg/L

0 50.3 557 60.4 67.0
kinetin 1 54.9 81.2 69.0 72.4
2 455 332 51.2 238
BA 1 51.6 50.0 403 60.7
2 575 70.9 43.8 278
zeatin | 472 72.6 38.7 66.4
2 524 232 584 183

0.0 0.0 0.0 0.0 0.0
kinetin 1.0 39 6.7 2.7 3.6
2.0 9.1 16.7 53 25.4
BA 1.0 0.0 0.0 0.0 0.0
2.0 0.0 0.0 0.0’ 2.8
zeatin 1.0 10.0 0.0 143 0.0
2.0 0.0 20.0 0.0 28.6

Primary embryos were induced from embryogenic cells cultured in
MS liquid medium containing cytokinins and then secondary
embryos were developed from primary embryos. Tertiary
embryogenesis in MS basal solid medium were counted for 4 weeks
culture.

< At ol 13t AP RE R EE 23} o= )
(57.5%), | mg/L kineting *g]3le] dojz 13} o Ful =2
HE 58 2z A9 (81.2%) Solth

H A EN AHBES £ v} 2 mg/L zeatinF} kinetinS =]
gt doljd AHY 1A EE fEE 23 A9FulE
Hested AstAs | ARECl A JErgeH (47
28.6%, 25.4%) 2 mg/L zeatin& ] 2]ate] Lol oFF 13}
HERH fed 23 A ERE A AYES o
o2 E94t (20.0%). BAE At @izl 1xHjERE
FE¥ 2zhe] AEA APES TRE Al Hske s
WATH 2 ZRE €] 334 DAF A EA AR HY FH
AE & o 3apie] P4480] RO AEA AYES =%
F R wje] FAgol oW AYEL volA] Fof Ak
AE BAFA0H 32pI2RE AEA AL FE2HA
St Ao ® AEA A JAA 2xpuiL 3a}E) €]
A AEA AEEE B e 80 2 e &

Askiet

I #

Mol EFtoldo]l HrbgE wvix|elA FAHA 13} AAZuE
MS 71&2u) Aol XJAdste] B 22 E A EAZ AHYAZE
A% AelEgtold Hoe R FHL B2 13E B4
AL B T ol T} A EA AAME A &3 o) &
Ao A wdAdls Al E] 1 mg/L kinetin, BA % zeatin®

Secondary embryos were developed from primary embryos induced
from embryogenic cells  cultured in MS liquid medium containing
cytokinins. Plant regeneration from secondary embryos were counted
in MS basal solid medium after 7 weeks culture.

Atdem AHAFMY B9 40% o)/Fe] 2z BN =
E HoQled], AAxuje] WAAZER 0.2 mg/L BAPE
] #]8t50-E ul (Lee and Soh 1993) 23] o] &Al-go] 74
Hi= 30% ol el AR ool vl 10% olskE B
AFAk whehrd FFFuET B3lEA] g2 wiEy AEe
AAZAEAY s A e AR AZtETh MhA)
o] A9 WA MolEgtoldoe] ol fef sto]EgtoldE A}
S} wHEA Q] wjdhAlo] A H . AHE-EHA] o Hi Ay
Z2257] Wiol gHEZQl wde] Yoty LA
T} (Loh et al. 1983). T&\} Bi|Z BEF-2 <) Afo|&
Frold ARgol oated 23pu) WA o] EHHE 7] wiFol WAy
Mol EFtold Jhgko] W A0 E FAHIAC

1zp o] bAoA wldbAl e = aleby oAl (Wetzstein
et al. 1989), seedlingd] WAA (Baker and Wetzstein
1998), £xz}o] WA A (Merkle et al. 1998)9} A7 U
=0 2zp S-S A 2 AA] G EFHu L o= 3
Boh gobd BATAEE tEA B3t Cassava
(Raemakers et al. 1993a)ol A= 1xpl o] WA o] wha} 2
zpje] gAdo] thEA dolytth A4S | Aol fiE ofF
e A9E 2T e AGPNET EATH) Bke
o dotgiA| 9] Jed wie widAl 5ol §43] "ozt o]
o} 7Z+& A= 22pl 9w o] Ay $ol vk
AL on)sixjar (Raemakers et al. 1993a) AAE SufollA] A
o) 2z 7 PAE A k= A$- (Wetzstein and Baker 1993)
7 Je B ol gig o] A Frk

FFolA dolEs AMEE 23l FAlo] o] st

30 0 op



B3 7} 1o (Deng and Cornu 1992) ZFU-2] o] 23|
of Mo|EFteld S Aelsle] WoldS FF3US W dF =
wolE|9 o) YR 2AuE TASHAY el iste it
(Veisseire et al. 1994). J#v} D5 (Lee et al. 1998)2] =}
o] ABAE HstAS o wotd Zel 2xpul7t &4
ARE QP wolER] FOHA 23 E FAER] G At
T ATk ol AFAE € DA, A AL F
79 717% 5 g4 ERE Aol & EAlolth

E AgolA AMZE A glo] MS 712u)A]ol 2733
S o 1xpule} Ago] HAH deielA B2 237t FAdE
=d] ZIFURE AE23 AP fAFeIL (Veisseire et
Al 1994) 23] A o) 31~67%S HPYOo FAIEHR] &
= 739-% 9tk (Baker and Wetzstein 1995).

2l ERE 224 AAES HT 28.6% (2mg/L zeatin)
§ RAFIAT GFA = 4%=2 vf§- 2% (Durham
and Parrott 1992) o= & wldAle $ 5 & f 40 mg/L <)
TEE 24-D2 AHESl] ABA ANIE 4B £ Ao
4755 2 ARE Aol EAIIS Azlegrle] AdEe)
o}l A0E A2y heky AolEleld H2)7h 284
B} 2 TS HEA Aol EFHOR Holn 27|
Aggk AGEZe FR whEh v B A EAY A
LS F Ao Az

IRl 25E S7A 9] A 28] faiglo] 2xpl7t o) F
NH e ol Fele TS FHEAY AHA2RE U

= B3lA] A" K1} somaclonal variation®] 7}s4jo] Ao
3 (Ammirato 1989), Camellia reticulata®] A 3Ex] 2l
HYPAME 22 A S o] &3 {AA R0l YFEU
2} (Plata and Vieitez 1990). o]¢} 7+ Az wjFol 2X)l=
M 3-84S & 5 U FoE 7Tk

GEE vAds V|HAES o83t 1 mg/l 2,4-De 1A
oA wjdAy AHAE KT FYXAY AAHA]
NA Z2AAH ok vl AZE 270 pme] ZEAR AE T
& PR MEE Mo]ETte]do] 23t MS A R| oA
YR Eoh digEiy % AP EdC] gle MS A
xoA 557k wlFete 1Ak AAEMZE FEHJT olEF
>y AHFY Al719 Mg AAZEEAC] gle MS A
df 2o X4stRaS wf Ao FA §lo] 2xpi7E HF &
Tk 223 E S5 o 2 mg/L kinetinol| 4] Aol 12}
gl M 7P 2 wine] 2xpul s A AT A ER A
[ mg/L kinetin & | mg/L zeating g3t} Aozl 13}
WG 25 E S8 23 AGIE AF2E o) e
MS Azl XAbsIES W A Jersth (242 25.4%,
28.6%). 22| 2 e] 3k DA A EA A ] G
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