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ABSTRACT : This experiment was conducted to investigate the effects of length of storage period under
low temperature, CO; enrichment and addition of plant growth regulators in Murashige and Skoog
medium on the plant regeneration of Korean ginseng (Panax ginseng C.A. Meyer). Seeds were treated
for 60 and 80 days respectively under 5 C environment. 2500ppm of CO, was enriched by ventilation.
Three plant growth regulators added to the medium were Indolbutyric acid, Benzyladenin and Gibberellic
acid (GA3). The result indicated that : The capacity of differentiation was higher in the aged cotyledons
from the seeds treated for 80 days under low temperature condition than in those treated for 60 days. CO,
enrichment had stimulating effects on the growth and development of shoot primordium significantly but
less -effects on the formation of adventitious buds. From one zygotic embryo hundreds of plantlets were
differentiated. CO, enrichment had effects on the formation of both indirect somatic embryo and direct
somatic embryo. Indirect somatic embryo showed little growth and differentiation, being undifferentiated
vascular stele and epicotyl. Direct somatic embryos were formed on the epidermis of backside basal part
of cotyledon. Those embryos developed to whole plant having latent bud.

Key words : CO, enrichment, organogenesis, embryogenesis, adventitious bud, primordium, indirect
somatic embryo, direct somatic embryo
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1993), B AR A 2P S4 (He &
1994; Cellarova et al., 1992), ¥ e (Asaka et
al., 1993), £33 2 (B 5 19%) T AHA o ¥
3 9 b g A7 Btk A2 QA AR
sl A F3te] WFUA S T8 XY o] & A=
33 oy RAEAY Yo HFEHeR
o] Fojx 2 y fRFzA] MFPHojok s}
obZ] ol g AT A& v W AF o).

ZA %] A% in vitro) 2] W] FE & 53
899 9jste] S w1 9] W o] E AH
o2 st A YR WETE A& F
22} st AT g3 284 ol CoOANTE A
g ZIE7 A4 B2 MASE Alde] Bo
AR = FEFG IS AR AAHN =
3t o} (Kozai et al., 1988a, 1988b). 283 CO,
HA7te Z 22 BA FFAFTE FTUsA AR
= E23e Aoz Bago ZAwW AN CO,
g a3 284& 7239} (Aoki et al.,
1992). ,

A & d7E it A$E COAE M 7
HEse 237t & RAeg Yz CoE A
AT 714 0.2 wjekriol) FFE AWBER S =
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o Yol F&dA 57498 EEINT A 604
80¥8 & A& A 23t A&t eH old 60d A
248 Fae 10%9 Folg g Yehid 80Y
A 22 FAE 50%9 Fol&E& Uee] olF
ZA A golFal= A da vdol FAE A
A3t AL A

H] 2] = Murashige and Skoog (MS) 7]E-1] =] ]|
saccarose 30g/ !, agar 8g/ 1 & A 3I¥ 2 AR
z- B4 Indolbutyric acid(IBA), Benzyladenin
(BA) 18] 3 Gibberellic acid (GA3) & 2t 3mg/ ! &
7hat g eh. wlFAl 2d o] SN BEESE
Magenta#l GA-72 432 380cw/fHoI A1, £719]
TRRES EHEASYE 17o/4, HENHEE 55
& 3. 1E/BRR 22l R BRESHE RE
(BF) B4 13JP020AN 2.2 FL1%0. 2umo] A th. CO.fEE
£ control® 2500ppm= A 2 3+ o}

2719 Brle AAZ7IHACR AP0
(Aoki et al., 1992) WiFZH & &% 25T, =
4000Ix 2 3te] 60U 7t v 3t S{LF e & A 23}
At 2AAHAL A 8E Carnoy's solution & o
DA F Gk Hkol o3 paraffin ¥ & WHEYA
I ©} ¥ hematoxylin $ 22 ¢ A stod BAEY Y.

 Esigud 2ag
ujshoF ol Sl @ CO, A2l o FAY T 3l

of Aexd Fae BaAPY Laee 2

Table 1. Effect of CO; enrichment and period of low temperature on the rate of organ differentiation via

organogenesis and embryogenesis in embryo culture

Co, Period N ; Organogenesis Embryogenesis
0. ©
enrichment of low Adventitious Shoot Indirect Direct
(opm) temperature oy nantg bud primordium somatic embryo somatic embryo
PP, (5) (%) (%) (%) (%)
60 500 84.6 47.9 0 0
Control 80 500 85. 2 47.4 0 0
9500 60 500 85.7 50.7 2.5 - 8.2
80 500 87.0 85.8 3.3 10.3
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d
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RAx ot ¥31 F AYgo] F43] JAH B4
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ol 9 B2/t AR FATH(TED.

Shoot primordiumfrai el &4 &AM & AFge] H

Fig. 1. The shoot differentiation from adventitious
bud in embryo culture
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o Pz BAA Jox o|Ho] BIYA3 A
271 AQed 149 AFeZEE shoot

Fig. 2. Vertical section of cotyledon (left) and vascular stele (right) of zygotic embryo
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A AT (2" 4-1).

ol MMTHE o] FH2ZA Yoz &
ST Aol BRI (Y 4-2) el o] AF 34
A ol F-22 & AA3AA vt 29w &
Tro] BExA o] N U3A HojUS B FAR &
F&A 9] g v|ul 3t e o] th (1Y 4-3).

AFE Qa2 Foll A A EA) &) o] &
< A3 e ol fre ol 9} 2o AAM i 7t 7| F
o] FAH R X & ulE Y 7| Ho| FAES
U7l WECZ AT HEA S S AT AT
Z F o] A FFHolok & Ao},

Direct somatic embryo2] E&sjeie] Ex L =}
EY EAZYHTGE o|AZXF A dojdtie A
ol Z-& oAZRAJJME ulEFH] 71H AF 9
/43 = F-2o] Bdth AEY 2F M HH 4

EA7} 835 = &4 £ shoot primordiume®] 2} g
Aze FARIEE. a2y 2ol g 604 S A3
3 AGzAo) E7171 471 A F 0L B
o HEA7 E&dn EFE AEA 1A AL,
A 29] Fol7l A EE3IAT. o1& FAEA e H
2 REo) 2 o) QA 24l v A Agshe #A
2 339 BE5} Ukn B Ev A EA
AZE Bl g 2 AR ARG (2™ 5.

Direct somatic embryo+x 1983 orchardgrassel
A B31§ o) (Conger et al., 1983) B2 22
A 2L AMdo] EanHAF, ol A EAY | F
A9 e SRR FA3}A T A AU
= Aoz &3l ule} o] (Pedroso etal., 1993)
Q1 4+e] direct somatic embryo G A1 A4 9] o] H 3}
GE-9 oA F2 FA AT

Fig. b. Various type of ginseng plant derived from direct somatic embryo in embryo culture

Left; Epidermis tissue of backside basal part of cotyledon
Right; Ginseng plant having a latent bud ( A : multi-shoot plant type, B: whole plant type ‘having
shoot, root and latent bud C; initial plant type derived from inner cotyledon tissue)

3. E3R8Y 7|ngMe g8
EAol fae 24 EAE A, 94, 29 29
37171 ZAA T F2e QA Y} o

e
Mol FEo| FUG £A2A7F wted S
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Shoot primordim &8 A4 &A= d¥H 44
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o] AL Woz P FH o2 /1Y EFAIUAT
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Table 2. Characters of organ of plantlets according to path way of regeneration in embryo culture

Path way of . In vitro Whole
regeneration Stem Petiole Leaflet Rootlet New bud flower plant
Adventitious bud O O O X X O X
Shoot primordium X O O X X X X
In direct somatic embryo X X X O X X X
Direct somatic embryo O O O O O X O
* O : organ forming X : organ non-forming
ulx]gt e 2 direct somatic embryo?] A-$& 7] WA &AM COXElE FAEd v 3
WaErisk Bedx] & ¥ Jle 3, 499, & indirect somatic embryo®} direct somatic embryo
g, §2, Aol BEZS 7ix 7 Y ST A 2R 23 25 g37F Ut Indirect somatic

ol At

T ot f 9] 71Uy 28 distd 23y
B2 A End vl ded (3 5, 1995b) A
Aol A ol & 3719 7N EE L 3 o] AR
A detde 37 she AF O S0l Ao
2t 3+31t}. Direct somatic embryo -#19] 24 &
A& 6043 A-2A 2 q F 72 3A )3t poto] o
Ao vt Fopdg e EE T L ST FA
oAt AF7A AstellA FHANEA |Zo
AFT A doud & A Ao o) CO, A
g 3 /@7 ZHd 93 direct somatic
embryo F# 8] A EA FEL AN N2 E3

71e Bl &8 2 F ol Aoz A4

i

QA A kol A Wl el 2 WRe] B84
< AEIA AFxHEF IBA, BA, GA 7
Smg/ 1 A7+ MSeRAI o] CO,(2500ppm) & 74
712l e &) e st 1 BEE 73
HE 548 2894 v A% 8439 o&
1} 2,

AgEA Y] B3 A LA 60d FA A
A &g vio vEte] 80d A= AT A5
vl o] ztgz o] Fa3H T 71 HLAY FPolA
COo. A8 &AF}e HFHot FAHET shoot
primordium®] A3 Wge] AT EH7}F YA
3 1712] ¥ 2 % shoot primordiumE £ 9

e Az B8 7t 5e

i
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