(34)

bio (

(totipotency)

(37-39)

(explant)

(33)
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)

(biotechnol ogy)

technology (

(35,36)

(36)



1667 Hooke
1756 Duhamel 1838 Schleiden
1839 Schwann

(40)

1902
Haberlandt
1908 Goebel
(Dioscerea p.) (Corydalis sp.)
“ 1904 Hanning
1922  Knudson
1925 Laibach
1933
3 mm
o 1934  White
1937 White B

Went IAA
1942 Overbeek

(natural medium)
White Gautheret Nobecourt
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(40)

1948
Skoog and Tsuei
(IAA)
“0 1957 Skoog
and Miller auxin  cytokinin “
1958  Steward “ MS

(Murashing and Skoog, 1962) White (White' s, 1963) LS (Linsmaier and
Skoog,1965) Bs (Gamborg et al., 1968) N & N (Nitsch and Nitsch,
1969) SH (Schenk and Hildebrandt ,1972) Ng (Chu et al., 1975)
WPM (Lloyd & McCown, 1980) “

1950

(40,44)

Murashige 1974
(45)
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4,
5.
6. 7
(Agrobacterium rhizogenes)
(hairy roots) 8. DNA
(35,38-40)
80%
(46) 47) (48-52) (5152) (53) (54)
(55-58) (59,60) (61,62) (63) (64) (65) (66)
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(67) (68) (69) (70) (71) (72,73)

(74) (75)

(Scutellaria
baicalensis) baicain baicdein  wogonin™ (Digitalis
purpurea Digitalis lanata) cardenolides'” (Solanum
eleagnifolium) solasonine solamargine!™® (Paeonia
lactiflora) paeoniflorin  abiflorin®¥ ( Crocus sativus)

(stigma-like tissue) crocin  picrocrocint™

(Panax ginseng) ginsenoside (ginsengsaponin)
24 ©) (Atropa belladonna)
atropine scopolamine®?

vincristine vinblasting®®) (Datura candia) 19

(Catharanthus roseus)

tropane alkaloids ( scopolamine) Datura candiahybrid
1.6 2.6 scopolamine hyoscyamine (Christen
et al. 1989)®+8) (Mentha citrata) (Beta vulgaris)

(Nicotiana rustica) terpenes betalain  nicotin alkaloids®

(Catharathus roseus) vinblastine  vincristine
(8T . (88
qmallcme( : (Coptis japonica) berberine”

. (89
(Rauwoifia serpentin) reserplne( ) (Lithospermum
I 90
erythrorhizon) shikonin 0 (Papaver

somniferum) sanguinarine morphine alkaloi ds(gl)

(92)

(Bupleurum falcatum) saikosaponin (Dioscorea
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deltoidea) diosgenin® (Euphorbia millii)

anthocyanin®¥ (Taxus brevifolia)

(Camptotheca acuminata) camptothecin®

(Digitalis lanata)
(cardiac glycoside)
(biosynthetic pathway) (96)

(biotechnology)

Murashige
©@7)

-50-

taxol

flavone

1977



1983 Hiraoka (Bupleurum falcatum)
100%
©9 1985
Jenny (Pinus radiata)
cytokinins gibberellins
9 1991  Margaritaand Margarita
(Digitalis thapsi)
(100)
1981
100 %

(101)

Nigra et al.
(1987) Solanum eleagnifolium

solasonine
(102)
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(

MS (Murashige and Skoog, 1962)

e 1981  Evans 20%
MS oo WPM
(Lloyd & McCown, 1980) (44)
1 2.
3 4. 5 6

)

N P K Ca Mg S
1980 Wang and Hu

White
N P K EDTA
pH
MS 19 Ms
93.41 mM
1.
(N)
(NOs )
(NH;" ) casein

hydrolysate (CH) tryptone peptone arginine aspartic acid
glutamic acid tyrosine
(NH,")
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NH," NOs
pH 1980 Gandaedaja
(Dendrobium phalaeopsis) NH," NO;3
NOs (199 1981  Erdel
LS 1/5
(Digitalis lanata) (1091985  De-Ehnamkul and
Ellis Anchusa officinalis
Bs NOs 15 mM
rosmarinic acid (19 yamamoto and Yamada (1986)
(Rauwoifia serpentina) NO;z/
NH," reserpine NOs
reserpine ®) 1988 Kim
(Euphorbia milli) NO;z / NH, = |
anthocyanin pigment ®) 1904
NO; / NH, = 1/2 imperatorin
(199 Cap and Tibbitts (1994) NH,*  NOs
pH
(110)
casein hydrolysate
(CH) tryptone peptone arginine aspartic acid glutamic acid

tyrosine Stuart and
Strickland (1984) (Medicago sativa)
proline D cH
Fonnesbech (1972) 2-3 g/l CH
(Cymbidium) 12 gjriwardana and Nabors (1983)
13 Raina (1987)*% 240 MM L-tryptophan
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Smith and Krikorian (1990)

(116)

Peganum harmala

anthraquinone'**®

Anchusa officinalis

imperatorin®

phthalide™®?

1985 Paek
(Protocorm)
8-12mM

[rintoto et al. (1993)

(115)

1.25 mM 25 mM

De-Eknamkul and Ellis (1985)
Anchusa officinalis
(190 Sasse er al. (1982) Peganum

harmala b-carbolin alkaloids

(116)

rosmarinic acid

(Catharanthus roseus)™"

Morinda citrifolia

Digitalis purpurea digitoxin™?

rosmarinic acid®”

ferulic acid n-butylidene
(Cymbidium)
8 mM
4 mM

(121)

(chlorophyll)

X-ray energy daipersive analysis

-54-



(

)

PK Cas (122) 1982

Sasse K* SO~
serotonin Ca Mg akaloid
(191990  Fukui
SO~ shikonin
(123)
Shepard and
Street (1974) EDTA

pH (129 George and

Sherrington (1984)
(123 Caboche (1987) 2" i
128 Eukui et al. (1990)

shikonin®™  Andrijany (1999)

ca* Cco* cu*  Mg® sapogenin
steroids ca™ sapogenin
steroids Co®* cuv*  Mg*

sapogenin steroids (127)
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(

(

)

)

Vitamine B;  Nicotine acid
ascorbic acid
thiamine HCI
(folic acid)
(1986)
Vitamine B,
(128 sanchez (1988) thiamine
HCI Cytopodium (protocorm like
body) (129 sauerwein and Becker (1989)
Vitamine B, (130)
Vitamine C (ascorbic acid) Vitamine B,
1988 Richard
Vitamine C
(131)
(sucrose)
(glucose) (fructose) (maltose) D-
(D-mannitol) 1-6%
Fujita (1981) 2%
shikonin
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(

5% ®0 Aryaer al.(1991)

myo-inositol plating efficiency
mannitol 3 1986  Yamamoto
5% 3%
flavonoid (139 Cabasson (1995)

non-embryogenic callus

(shikonin)
(139 1904
Imperatorin
)
gibberellins abscisic acid
tricontanol
1. Auxins
Auxins

embryogenic calus™? 1990

(109)

auxins cytokinins

ethylene  brassinosterodis

auxins
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(138) auxins

auxins
auxins IAA IBA NAA 2,4-D

IAA
auxins
auxins auxins
2,4-D Evan 1981
57.1% 2,4-D (1os)
auxins auxins
2. Cytokinins
1950 cytokinin
cytokinins BA kinetin zeatin adenine 2ip
thidiazuron (TD2Z) adenine zeatin 2ip
BA kinetin  thidiazuron (13 skoog

and Miller (1957) auxins cytokinins

(42) auxin  cytokinin

auxin cytokinin
auxin/cytokinin >1
auxin/cytokoinin =1
auxin cytokinin ( 2 mg/l)

auxin/cytokinin <1
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cytokinin ( I-3 mg/l BA Kinetin)

auxin ( 0.2-0.5 mg/l NAA)
cytokinin

cytokinin auxin

TDZ 1982 cytokinin

TDZ cytokinin oxidase

TDZ

3. Gibberdllins (GA5)

(137)

Gibberellins
gibberelins GA;
1990 Agnihotri
GA; Brassica nigra
13 Ghosh and Sen (1991) GA;
Asparagus cooperi 139 Hunault and Maatar (1995)
GA; somatic
embryogenesis 2.9 MM GA3
(140)
4. Abscisic acid (ABA)
Bennet and Keffor (1953)
b- Miborrow
(1968) b- ABAM  ABA
(139 1983
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Chandler ABA Solanum aciniatum

)

solasodine (142 Ammirato (1973)
Carum carvi 0.1mM 10 nM ABA
(1) 2)
(149 Attree and Fowke (1993)
ABA ABA
149 Li and Wolyn (1995) ABA
ancymidol uniconazol paclobutrazol
(145)
5. Ethylene
Ethylene 1800 natural plant hormone
1901 Neljubov ethylene Ethylene
(epinatsy)
(  peroxidases PAL,
phenylalnine ammonia lyase) Ethylene
ethylene
ethylene (136)
ethylene
1942 Overbeek (CM)
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(natural medium) (activated

charcoal)

BA
1978 Fridborg
Daucus carota Haplopappus gracilis
PAA (phenylacetic acid)
p-hydroxybenzoic acid embryogenesis™*
PAA
p-hydroxybenzoic acid ~ (1980) 2 gl
(147)
(1)
phenylacetic acid p-hydroxybenzoic acid
(2) auxins cytokinins
ABA
€)
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(

)

1.

(4) Fe-EDDHA
Fe-EDTA
cytokinin pH
25-100 g/l
(1986)
(128)
(Precursors)
(Cinchona ledgeriana)
L-tryptophan 5 quinoline al
Digitalis lanata progester
5-b-pregnanes cardenolides™*
Anderson

-62-

1980

(147)

kaloid™*®
one
1986

(lag phase)



2. (Elicitor)

(150)

(Cinchona ledgeriana)

15  (151)

1980

saikosaponin

imperatorin

berberine
somniferum

sanguinarine

phase)

Robin and Rhodes (1986)
XAD-7 anthraquinones
Shimokawa Bupleurum falcatum

XAD-2 XAD-4 XAD-7

XAD-2
(159 1994
20 g /. XAD-7
(109 1987  Funk
(yeast extract)
glycellin Thalictrum rugosum
(153 10988 Tyler Papaver

fungal homogenate

di-hydrobezophenanthridine oxidase™

(log
(stationary phase)
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George and Sherrington (1984)
1. 2.

(125)

Kandeel and Hughes (1988)
(155)

Ichihashi and Kako (1977)

(159 1985
Hasegawa Cymbidium faberi

(157)

1989  Tsay

(158)

Earle and Langhans (1974)

(Chrysanthemum cinerariaefolium)

(158 1994
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(159)
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( )pH

pH
pH
pH 5.2-5.8 (
pH 5.7 5.2) pH
pH
1986 Skirvin
pH (159 Rose and Martin (1975)
pH pH
(18" auxins
pH
pH 6.0 I1AA
auxins
pH
Smith and Krikorian (1990)
1nM  NH4 oH
preglobular stage proembryos
(PGSPs) ©n
1990
pH

(162)
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()

50
1958 Steward
49 1987  Shoyma
60 rpm
() (9elling agent)
(agar)
0.5-1% 1981 Fujita
shikonin
30 mi
powder shikonin

) Hiraoka (1990)

150 rpm

Lilium japonicum
(163)

shikonin
15 g agar

gelrite (Kelco) purified agar (Difco) agar (Nakarai)

phytagar (Gibco) phytagar (commercia grade, Gibco)

gelrite (Kelco) purified agar

(Difco) naphthoquinone pigments

6-9

()

George and Sherrington (1984)
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(

)

(125)

(165)

14/10
Dioscorea alata
12
16

1987

D. rotundata

4

flavonoid cardenolide betacyanins

eleagnifolium
Takio
chlorophyll
Malingre
podophyllotoxin

1987

(168)

1. 2.
Economou
1978 Mantell
16
12
(186 Chee and Pool (1989)
(167)
Nigra Solanum
solasodine (190 1990
Barbula unguicula
1989

Podophyllum hexandrum

-68-
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(

)

(lag phase) (log phase) (stationary

phase)
(cell counting) (fresh weight or dry weight)
(Packed cell volume PCV)
(1991) (Angelica dahurica)
imperatorin 20-24 (170)
(1993) (Angelica sinensis)
ferulic acid 12 n-butylidene
phthalide 24 (120)
1.
2.
3.
(171)
George and Sherrington (1984)
25 + 2
121979  Lane 28

172)
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Gautheret (1969)

Helianthus tuberosus 26 5
(173 1986
Hatano 4
0
(55)
70%

Arnold and Eriksson (1984) Picea abies
™ 1991  Ritchie

Beta vulgaris (175)

Hendre (1975) (Zea mays) (Triticum

aestivum) (Sorghum bicolor)
Cheng et al. (1978)

‘%9 Biebel (1986) 10 % CO;
Petunia Cattleya
Johansson  (1984) CO,
embryogenesis™"® Co, O,
(chenopodium) MS
1% CO;, (19w/m?) 18

7
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165 % 1979

MS 1.6 MM NAA 1.5 nM
IPA (iso-pentenylamino purine) 120-235 nE/m’s
5 1.5-3.0 1% CO,
3 CO,
@7 inus
(1986) O potato tuber O,
(18) 1989  Kobayashi
O, (Thalictrum minus)
berberine (181) 1908

(18) 2001  Sagareet al.

(Scrophularia yoshimurae)
(183)
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