AMExAkets|X| M2 H5&
Korean J. Plant Tissue Culture
Vol. 22, No. 5, 299~305 (1995)

2+ & Ostericum koreanum)a} X| 2|2t &HAngelica purpuraefolia)2]
Oj=ZXAEFE] DYz HAMEr] LMzt AlZH xHEE

High Frequency Somatic Embryogenesis and Plant Regeneration from Cultured
Immature Seeds of Ostericum koreanum Kitagawa and Angelica purpuraefolia Chung
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The objective of this study is to establish an efficient celll culture system for somatic embryogenesis in Ostericum
koreanum and Angelica purpuraefolia. The highest frequency of embryogenic callus on immature seeds of O. koreanum and
A. purpuraefolia was obtained when seeds were cultured on MS medium containing 0.1 mg/L 2,4-D and 0.1 mg/L BA.
However, somatic embryos were formed directly from the edge of cotyledon and hypocotyl of plant which regenerated on
medium supplemented with 0.1-3.0 mg/L NAA. Immature seed explants cultured at 25 + 2° C after 10 days treatment at 5°C

produced embryogenic callus and somatic embryos, and these differentiated into whole plants. Addition of glutamine and
coconut milk to media did not enhance the frequency of somatic embryogenesis in immature seed cultures of A.
purpuraefolia. However, in immature seed culture of O. koreanum, the frequency of somatic embryogenesis were increased
on media supplemented with glutamine and 10% coconut milk. Especially, addition of glutamine to the medim substituted
effect of NH:NO:s in constast to coconut milk. The highest frequency of conversion somatic embryos into plantlet was
89.1% on MS basal medium. Embryogenic calli were grown vigorously when maintained on medium with 0.01 mg/L 2,4-D
and 0.01 mg/L BA.
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(Redenbaugh et al, 1991) & FEio] TA|A &<l 7Hgs}
2|78 AT &3l ZFEEEAM 7E Angelica
koreana MaximZ H&ZF W Aol 19716 chA| Ostericum
koreanum Kitagawa® B BE Q.o o2& oy o] A}
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2818 gH 3] 9)ste] RRHIARAR 4ol viXE ARG
YW'E 3} glutamine, coconut milk F2ES olo}lB Y jEEpe
Abgst RfE T RIEEHEC 8 BE K 21E 2
Abstad et

Mz @ gy
ZAIKE 2 HIR|Z=A

w7 Aol A EZu) S $)8led 7} Ostericumn
koreanum Kitagawa) 3} || 7} 2 Angelica purpuraefolia
Chung)®] M3} 379 w1%EAS Agsheich 75 339
Bl %EAE 0% o ARFAM 7-1027 FAAT}L 7%
calcium hypochlorite(W/V) 4= el A 1087+ WA 2535

T ATEE 343 pAse] 2FAE A T
Aol A F3E A7 20x19 mm Z7]8] AlF el 374
A 10 AT BE AP hEsiglch ey A
29 AAMEN S g AZ4-E Murashiged}
Skoog(1962) 7} Ewuj Z] o] 0.1-30 mg/L 24-Dv} NAAG=A
9} 01 ®=x= 10 mg/L 24-Dy} NAAd] 01 == 10 mg/L
BAY TDZE &2l ex|o] 3% sucroses A7}t ¥
pHE: 582 A& 08% A& ol 121°Col 1337
AT7IIA 1587 AgEle] A3l tH(Table 1). oeke]
AXEE 7] ¢l8ke] NHiNO3 1650 mg/LE 713t MS
718wz 9} NHINOsE A A3k MS 7] £ #]el 42 HE
Az A 01 mg/L 24-D& 01 mg/L BAZ E&3 a3 A
L0 mg/L 24-DE =Xz d9ivh Glutamines} coconut
milke] NHiNOz¢] tia] &2 ool 7] 94 Glutamine>
1500 mg/Let 500 mg/LE Xel8ll 3 coconut mik:E 10%E
A7}sted FYx2 sholl Al wloFsldH(Table 3).
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A 1097 wiokst F, 25 £ ZCell A Aupofsie] 2 WS
FEAS WA dojA AMEE MS 7]Eu) A o
Aduj sl YAl HEA2 LLHUYL o HEAE
pH7} 50-70 Ball AA%7} £ 57 x 57. mm 7]l potell o]
Aste] JpA o] Hojal shsaueA FEART. A
3 ARge) ity Ao AN E, YA AHF
Ao RS odohi] $l3te] FAAS] 143t TBAR
grdte} AW S paraplast® v] EAIZT) o 2AHL 3]
A4 wlela2EE AHEEte] 8 um F7]9] AW whEe]
2% hematoxylin® G ohF o TG ES A 2}ste]
Hu)7 sel A AAsdot

ERBEES| FE

N3 3% g} Ae)tEe] RMMET-E A F sk o
74 ARzAEA ] AR wiAo] wieksideiy] BE 3
F F RBETS WiRe] dolHAY AR FHg A
B As WA AT K 1Y F gela a9
Z7] 35 fHaAd 43, 2489 A=A nF s g
AL 24-Dot NAA ©HEx 2= 30 meg/Le) FEEHY 01
v 10 mg/L A7} ck33tg T BAY TDZe 489
Ao 24-DE 10 mg/LE} 01 mg/Le} £4427} o
£ AR oy} NAAE 01 mg/LE} 1.0 mg/L &4
g7F AEa gl ksl o2 ATl s 01
mg/L 24-D3} 01 mg/L BA E82g|F-o|A 7}&o| 2319%,
A|2)7}gho] 312%= IV =& REAE A=s BERS O
e g cH(Fig. 1-A, B). Aeja RMETY o] &
PRy F2 sty 9o AEAMY @
& BVE ¥4 EREA Aeas dxyoln FA7]
7] A¢ WEE At AR woFr] 7] ZeA el
uhe} A Aes Edd] “RIISE REE WaE
HAsl7|x slgdch Ul ohe} HEiie} HEHAA H
R o] v F9, FEl REF-H e Zel
A5lo] AT o A RE Z7] LEFelY AEH
o] feHREsE A4 HAE7 = s9eH(Fig 1-C, D) 7&
olv} Xej7tete] fEtr EHo2NE DA Rl KL A
YA EREEC] ZoA4S WA KR fsHiiER: L
BV, AEl, FENY $249E AX FHA HEAR
waE g, Aeaz e REMLELS dE 43,
2] B3} 7836 vlsted AA TN wff A28
o Z7)9 ) wZe (1 mg/L NAA A7 71 &



Figure 1. Somatic embryogenesis derived from immature seeds of O.
koreanum and A. purpuraefolia on MS medium containing 0.1 mg/L
24-D and (1 mg/L. BA. A, B! Somatic embryos derived from
embryogenic callus O. koreanum and A. purpuraefolia, C, D: Direct
somatic embryos derived from the radicle of immature seed O.
koreanum and A. purpuraefolia, E: Plant converted from somatic
embryos.

satg ot Hiell H7EEl TDZE At £7]) WA
BAA 2|9} Zelz} glsiont He] A-S AAEedc) &8
FORAE A2 01 == 10 mg/L NAAX €, 10 mg/L 24-D
el == 01 mg/L 24-D&} 01 mg/L BA ELA 8] Fo A
F BaAEgd 2y NAAK R T e B dea
apglel A% fEHEEE LA E AL 24-D BEAH 2t
BASH ZgA e TFolMe e IRt AH2E d& +
olol A Aujekel] o3t kmi@liEe] ol &4 o] g chH(Table
1 2).
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Table 1. Effect of growth regulators on organogenesis and somatic
embryogenesis from immature seeds of O. koreanum.

Growth regulators (mg/L) No. of callus(®s)  No. of shoots(%s) ~ No. of embryos(%s)

24D NAA BA TDZI  XC HC e 5C ne ke

0l 20+61 196227 303458 163+1%
10 Do 107
30 L6184 200£72
01 3475 AL6+5T 165452
10 98413 4615
30 62431 235220 161+31 T8+43
01 01 WOL96 480 BAHdT 22412 BI+49 96218
10 05 14647 169+13 19013
0o TO433 30£114 42411
10 05 23245 17129 27427
0l 01 273473 H3430 20462 328+30 l81£31
10 0
0l 01 26453 20242 185245 272423
10 05 4964101 184436 32449 200£20

aData represent the mean values (+S.E) of three replicaties
containing 30 explants each.

Table 2. Effect of growth regulators on organogenesis and somatic
embryogenesis from immature seeds of A. purpuraefolia.

Growth regulators {mg/L} No. of callus(%)  No. of shoots(%a) No. of embryos(%)

24D NAA BA TDZ XC 5C 5C ¥C we o v

01 TH115 25140 214471 160£27 177 £26
10 2415 46437 Ub+27 165423
30 116+08 27+27
01 67112 250140 36£35 238441
10 B3L6H BHE2T X0£32 BHIH60 132418
30 18111 152217 100425 125425
1 01 $3£53 Hotdd HEERY 175146 312449254138
10 5]
01 0l 22416 $h2+54 9216
10 0 0120 66440 122+39 166£15
01 01 88+19
10 05 480+20 66478 26476 143125
01 01 210£15 82421 H0+81 46443
10 05 13320 143£53

aData represent the mean values (+S.E) of three replicaties
containing 30 explants each.
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Table 3. Effect of glutamine and coconut milks on organogenesis and
somatic embryogenesis from immature zygotic embryo of O.
koreanum and A. purpuraefolia.

Media and growth No. of callus No. of shoots No. of embryos
regulators
(mg/L) A B A B A B
MS with NHsNO3 1650mg/L
24-D(01)+BA(OD B6E19 326467 01126 162402 93+072 162426
24-D(10) 360474 119+15
Glutamine(500)
24-D(01)+BA0L) 346450 137418 163215 36424 177+13 102+11
24-D(10) 180+17 H6+72 187+10
1% Coconut Milk
24-D01)+BAOD) B1£71 100412 156429 223£13 49413
24-DOLY 13115 43424 124114
MS without NHiNO3 16¥0mg/L
(Glutamine(1500)
24-DI0L)+BA(OL) 193429 628446 372445 443+44 07+17 95412
24-DILO) 187431 172416 3558 270£17 166120 86427
1075 Coconut Mik
24-DI01)+BA(0D) 186423 1L0£13 53436 86+20 105+09
24-D(LO) 123412 164427 100411 100£23

Table 4. Effect of various growth regulators on production and
proliferation of embryogenic callus of O. koreanum and A.
purpuraefolia.

Growth regulators (mg/L) Growth of Formation ~ Color of
callus of somatic callus

24-D NAA BA 2weeks dweeks embryos

001 at ++ + LY, LB

001 001 ++ +++ . LY, DY
0.01 001 ++ +++ +++ DY
01 05 ++ +++ ++ DY

2. non response: +: Poor: ++: Good: +++: Very good: LY:
Light yellow: LB: Light brown: DY: Dark yellow.

Table 5. Effects of growth regulators on plant regeneration from
somatic embryos of O, koreanum and A. purpuraefolia.

aData represent the mean values (+S.E) of three replicaties
containing 3() explants each:
A Ostericum. koreanum; B: Angelica purpuraefolia.

0.1 mg/Le} TDZ 01 mg/L E&x2]3v NAA 10 mg/Le}
TDZ 05 mg/L S J‘Lfdal%oﬂﬁi A4 "%‘H}H@H% B
Hhagle] ol AlZA e FHEo| )t RT-H = TR
51 24 'ﬂ”“ﬂowq B R ~ﬂﬂﬂ@ﬁ£—— 7]ol =

BA&siel om 24-D 01 mg/Ls} BA 01 mg/L &4+
oA doizl KA Aas) MK ERFEHWE
A7bE]A] ok 7] Ruj Aol IEES)S W) 3FF oF
9] 25] 1%;]% _ﬂEg]_OﬂI:].(Flg 1-E).

GlutamineZ} Coconut Milke| R

BEBEZYE KA AYAE f7lsted A7) Sle
EtRn S5y ALe olulxAbE glutamine 1.8 1
coconut mitk®] HCRE FotRr] #f3ted MS 7]EujA| 2H-
Bl NHiNO3S ¢+"3] A A3t 1500 mg/L glutmines} 10%
coconut milkS A7}s Fo} NHNOE 7} MS 7] 2%
o 500 mg/L glutamine®} 10% coconut milkE 2 7}3+ K
9} v|wated Kokt A 7}Ee| M= glutamine]y} coconut
mikke] A7l s B4 WA WA FAHAY
NHNOs A E37h 944 ehareh 22 28elAs
NHiINO37F 9= 7] 2u Ao 10% coconut milk’} H719 +
o Mul IREEEER0] 105%2 HZET 93%¢) Hl& %7t =
7bstA R oh2 el M REEESRC] A9 $71E 9
o 24-D 10 mg/L A Fol M 2T K7t G s
okoror} 1,500 mg/L glutamine®} 10% coconut milk %7}

Growth regulators (mg/L) No. of No. of No. of
explants shoots To0ts
NAA BA TDZ (%) (%)
Control % 891172 89.1+19
02 05 % 68612 706+2.1
02 10 5 60508 0

aData represent the mean values (+S.E) of three replicaties
containing 30 explants each.

o ME ZH7 166%, 124%°) MEERS Mok 48 %
HFE 1235 A] 1,500 mg/L glutamine= R4S fE3lx=
o £238 %L 3= NHINOs A4 A a9} K

A Aea o T DS 4 294 JHHAS =
8t 10% coconut milk:s FEFe] A4 A A= A5
2] ks o} JREEEA L 21 A7 oK Table 3).

e 1l

M#EE {20l 8% 3 AEH Bt

27] B Aear 1 Edo] deddle] KBRS 9
St AYAZE FAGs] o ofg] A8 #EE o
of frashal IREAhee] ¥ AHaE 98 4 A K
A Aex 8RS st 24-D, NAA, BA7} A7 1A
wjAle] wjokstsiviv] 24-DbE-o|y} BAsE Ao M=
REMARAE HAslo] A= 18] k33l NAASH BA
5 YA s HEE Yels B g3ty oy
feie 2 we] okl welM 001 mg/L 24-Dsg} 001
mg/L BA E4-X 2] Fol| A IRt el 1ghEe] 714 &3}
A o]dvHTable 4). F13 a4 AArs AAu) =o)X
90 rpmo.2 WREEESL 7-109 zHH4e2 100, 50, 40
stainless steel sieved AH&-she] YHfHo2 [IELSS 24
Ao Mo} e T iAo MRS Gk
AL 4 AUk B5S RS AEAE EiksS
o]7) 9j& 7]Eulx| 2 NAA 02 mg/Le} BA 05 mg/L :5—%
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Figure 2. Histological observation of zygotic seed and somatic
embryos. A: Three-week-old zygotic seed had topedo-stage immature
embryo, B: Mature seed had two cotyledons and shoot apex, C:
Topedo-shape somatic embryos, D: Cotyledon-shape somatic embryo
and secondary embryos.

212}, NAA 02 mg/Le} TDZ 05 mg/L 23§ A2 EHE
slodwl AN Table 5), g]2F9 NAAg BA ZgAz] T
M= Z7)9) ¥a) whayo] ks slglal NAASH TDZ A&+
dMe £7] M st He] WAL o] FoixA
okokel. AAA A 3 FeE /H HkEiie s Ball Kt
of Flitste] EHEES A2 wtasAe A 3F
BHbAA 2ol EfEslodeh

RN e

A EERME At g s F 3EY RME
F5 Abgstaled A=A Age) Eie o0 &
st A2 gtge] e et BALE 7HA AltiE
F2A HRRE el F5-313 hematoxyline] AA AMHE #
< 7 A2 Mgl WA A e A
o] T @ F Milsel dAEA wEse e
WA hematoxylinell dstA] dA A RAMELE TE
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HAR Aol dlelA Ko Ae BAY FoHiHel iR
Bez wdsol ek el dallAl 25E w2 KK
wlfde] F3hste] MEAERECl W) =AY HikElEe] 24 o]

gale] FASHE BMEMMS el s A=V il
o] A3 A=A WRIEES 7HA T e F2
7b AEel wet mRS) FE A dRtes
WA Holo AEF 3FE RAEFA K AR kR
e AT AT 85 ol Foll AT A5FAE BAY
Ak, B Sl PR AR, 28T B2 K 2
Nl FERE 7P RARE #2324 e Fig. 2A,
B)

ud B

-

24-D 0.1 mg/L8} BA 01 mg/L7} 715 o] A A
Holxl Mgt Ay A9 MR KL AgaE o
Nl E718 7k HES BERZF A= e 3t
Ml E ol AsA dAEE HilgEel 2UsA FAHAA
BT MR fAbstdoh g4 Aa2HE 48
ffiRe] WA F3 2-3% REMESEZYY FHENx
KERENE IRfFe] A=A LEES AEW, TEM
REMRRR . o) o] o Fojz o MEN ASHEAL]A
= e 2ERE 23] JFHAUI o HHE M
22A% QAFHA 41 F522 BIFoizivh T
PAHIREiA S 200 HEEie) iR 2 wdsolA RS
74 A2 (Fig 2-C, D) 2xAa= =] e
v i £ Rk =H kiR 4 S 33
4 9l IRt A AE 001 mg/L 24-D7h 371 W)
A A& wokshd BER S &o] w2 o9}
722 BRERE 2AHAH R ¥y TEN Fej7tA] 2
RS AAA R wdEe] glon} FiEe] g H
o] QI3 HRE AAAHLE idE R AR Rkt
A wAAA e 2ERED ARG uEE R
Mkt A AZA 2 BEIFA EEodc

T #

B Aol AR RKBETS Aule AFHIA ] k#
B Aegon] KBKEEE 95 (Kysely and Jacobsen,
1990), papaya (Fitch and Manshardt, 1990), oak®} linden
(Chalupa, 1990), Abies nor dmanniana LK.(Norgaard and
Krogstrup, 191) §-<lM Ru=gleh kgt 58 IR#
e RPFET Rel BHFL F9 =x B M
i) ol TE SolA AL papayadMe
FEulcle) iR ZH4L(Fitch and Manshardt, 1990),
ST M= RMETFS RS IR TERIAA R
WREE 7} Bse]  Ade fAbsldoh et Q4o A
= B A9 e AEW <A BATR:
AZ BE BT AN A5 HATE BRGNS
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u] wjubgo] o] Foizl om REEERIIC] LhEER} iRl THum
SR MR BAES AAANA £ A"S 98 A
ke el ¢ o (Choi, 1994). z2)v} Kysely2} Jacobsen
ZAgH el Fag B8 gL FYxA % 2
& FHeo] oFT Falslslth

FaiER -2 wl k7] zbel HejAlel wiel HIEE ¢
of 7%l HIREAE AeazHE TRMLE FESANUE

78S u) A (Park and Choi, 1992), X)=|F(Park

et al, 1993) ¥2|2](Nadal et al, 1990)¢]]A] o]n] R ¥F T
Choig} Soh (1903)ef] el w2l Fvle s 5
sl AYAs EIgRse 7Y e AA% A
&5 AEFAEWE] ¥y el SS9 feiiume] #
Hedsolup AAHA el IfgEEe] FEIATT s A} o
steich bl = BRIERMHC Zow ME/tage] o
2] A4l Fde B 319} (Michaux-ferriere and Carron, 1939) &
717F BELE A o FEAY REST AL LR
AN Aot #{k57] dEelele RIE gle] AE] =
shob A Eu)e] BT [HR o} AT 4+ U

Bl AL RifES 5 CoAM 109 7 RiBEME
Hhgo] gl RPETENE Qex BET WEe Bt
5 A4 REEESA] 43 25°Coll M ASERS 2
I} ARAGHE 3 ubSol = ofzhe] W3S dozi
AR T KEER 3= 233 A3 HEET
RIRATOERE KRR B3/ E Rl s Ao o
o] A Eglene EEFC KEEHYE EEIFE ¥
= oleglety A AY B KMEFE KRR
% %, 1zEaded 01-10 mg/L 24-Dg 01-10 mg/L
TDZ RARETAAM 2 8k #4EE Jeplgded
Yol A71¥l tidiazuron (N-phenl-N'- 1,2,3,-thidiazol-5-
viurea)-& Z|++ zheko] SRR BAE I WYAS Bafbel
E77} 9l 3Kim, 1992) FoeAM e o8] 742 Abe] &7
Uz v s vl 5 mg/L 24-DgF 01 mg/L TDZ E4-2T
TollA AAT 499, & AAG 33 ekt Bk
stod 7H4 =& I BES Jehd ¥ gle) TDZO A E
Wi Ay &b A E o

iR Aoy olnlxAl Ayl 3AE AR £ ou), 7
g3 2g)7}d 2% glutamine 1500 mg/L A7}= 1650
mg/L. NHANOsE }3138] A|7|gt ol Al NHetel Ao
A 37 oA FH o 1650 mg/L NHaINO3#F 500 mg/L
glutamine® 7ro] AHejd Aol MRS vl K4l
7459k 28} coconut milk 1095 NHaNOsthAl 22
Hem= Er 9UL 1650 mg/L NH4NOss} 10%
coconut mikkE BHEHE 9L KiEE 5 F7HAR
A#E /M ek ol A3 Norway sprucest 53pel A
NH4NOz thAlell 5 mM glutamineE A 7}stAv £4-37138)
of & wlxo] MK S 9 Astel dA s (Verhagen
and Wann, 1983) Skokut £(1985)¢] etsits}e]| A glutamine]

g
rlo

u glycinex 24 #REE T o] 238} alanines}
proline 50 mM EHEI M= 5-10u7bA] BRHERAE FE4 o
F7HAG T she AHdE AolE dehloh Stuarts}
Strickland(1984) = 2] 7}A] ofm|xAte] Hridl Ko A
FAE ReluiRe] =7) o) YREE AEES AR A3,
JRe] =7)*= arginine> glutamine > alanine > proline > NHs* 4>
02 ZIEYA ofo] whE FEYREE AL glutamine>
alanine >arginine > proline >NHs+ £02 %o 73S Fo}
el o] A2 glutamineo]u} alanine 2|2 Ao Z
8 geke] AMEE 45 5 A gk AHE
WAL WA ke AAaY3 opulxAl 5o gk o
# 2A- 715332 glutamineE ¥]}E 3 L-glutamines} L-
proline, L-prolyl- L-alanine jEfgMe)] o)) $-43 F429
iR s AAg 4 oleelzta AzE

AE9 thefAuFol A fSHIRIKES FHistdew I
B Ae|ae) FIREE AAE §U2E FEIE AL
W2 ojgo] At Sohng} Lee (1992)& #ufe] fRFEA:
Aelxel AejHel EA4E A A3, Kt Aeae
DNA§g #7}53L peroxidase®] &1 Z4adv] A=
isozymeM A, polyamineff cadaverine?] E-o}gt &£H& 1}
e gletr stgdch vl = W3t Asclepiasell A Wilson
(19 o] AAIZE Ao osld IEEA Aejre)l JEIRE
A Aeae ZREE HEE Aear BER %419 A
7} ofHof whe} 16-dipenyl-1,35-hexatriene(DPH) & A%
FBRERES 549 ol Ve EREE Aelae
ol 7t glotx stodch abebA] BREEMS] f-54d9 zbe]of
upe} fREEA Aeinel FERREA Auja] FHo] shesin
E3] o] upde AT Fo] KEARS A3 B
EILEE oS f8slelztn A4E.

718 AAE2HE YRR HES ARHEHE
o] g el A 87.2%2 7} k& ot 4K Wang,
1990) e A= 05 mg/L IBAS} 01 mg/L NAA E#Eslgn
Mussaenda (1993)9] A]= 37 ¢M adenine sulphate
Himalayan blue poppyol A& 10A17F F<t BiiKHES} 14A|7H
T BRES A & BRREYE AENE BEE
o} Sulaiman et al., 1991).

2 AN et 2272 o|sEal wkA] AeA
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