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Abstract. Medicinal plants are sources of important therapeutic aid for aleviating human ailments. With increasing
redization of the health hazards and toxicity associated with the indiscriminate use of synthetic drugs and antibiotics,
interest in the use of plantsand plant-based drugs has revived throughout the world. However, a large number of
medicind plants remain to beinvestigated for their possible pharmacologica value. Most of the pharmaceuticd in-
dustry ishighly dependent on wild populations for the supply of raw materids for extraction of medicinaly impor-
tant compounds. Due to a lack of proper cultivation practices, destruction of plant habitats, and the illegal and
indiscriminate collection of plants from these habitats, many medicina plants are severdly threatened. Advanced
biotechnologica methods of culturing plant cells and tissues should provide new means of conserving and rapidly
propagating va uable, rare, and endangered medicina plants. This paper describes the work carried out at the Taiwan
Agriculturd Research | ngtitute and Chaoyang University of Technology on in vitro propagation of some important
medicind plants.
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Introduction

Medicinal plantshave been the subjects of man’ s curi-
osity since timeimmemoria (Constable, 1990). AImost ev-
ery civilization has a history of medicinal plant use
(Ensminger et d., 1983). Approximatey 80% of thepeople
in the world’ sdeveloping countriesrely on traditiona
medicine for their primary health care needs, and about
85% of traditional medicineinvolvesthe useof plant ex-
tracts(Vieiraand Skorupa, 1993). Interest in phytomedicine
has exploded in thelast few years, and about 500 different
plant species are used as key ingredients, and many are
still being collected from the wild (M endelsohnm and
Balick, 1994). The resurgence of public interest in plant-
based medicine coupled with rapid expansion of pharma-
ceutical industrieshave necessitated an increased demand
for medicinal plants, leading to over-exploitation that
threatensthe survival of many rare species. Also, many
medicinal plant speciesaredisappearing at an darming rate
dueto rapid agricultura and urban devel opment, uncon-
trolled deforestation and indiscriminate collection. Combi-
nations of in vitro propagation techniques (Fay, 1992) and
cryopreservation may helpin conservation of biodiversity
of locally used medicinal plants. Cryopreservation isare-
liable method for long-term storage of the germplasm of
endangered species (Bramwell, 1990). Severa medicinal
plant species have been successfully cryopreserved (Bajg),
1995; Naik, 1998). In vitro cdll and tissue culture method-
ology isenvisaged asamean for germplasm conservation
to ensure the survival of endangered plant species, rapid
mass propagation for large-scal e revegetation, and for ge-
netic manipulation studies.

Plants play adominant role in theintroduction of new
therapeutic agents, and also drugs from the higher plants
continue to occupy an important nichein modern medi-
cine(Dev, 1997). Many compounds used in today’ smedi-
cine have a complex structure, and synthesizing these
bi oactive compounds chemically at alow priceisnot easy
(Shimomuraet a., 1997). With deforestation, medicina
wedlth israpidly lost, such that many valuable plantsare
threatened with extinction. Pharmaceutical companies de-
pend largely upon materials procured from naturally oc-
curring standsthat arebeing rapidly depleted. Plant tissue
culture is an dternative method of propagation (George
and Sherrington, 1984) and is being used widely for the
commercial propagation of alarge number of plant species,
induding many medicina plants(Rout et a ., 2000).

The central mountain range of Taiwan ishometo many
highly valued medicinal herbs. These are beingindiscrimi-
nately collected in large quantities from the wild to meet
theever-increasing demand for traditiona crudedrugs.
Currently, collection of plantsfromwithin anationa park
isillegd in Taiwan. Oneof the solutionsfor protecting rare
endemic medicinal herbsisto develop an efficient in vitro
propagation method and to encourage commercial
cultivation. TheNational Sdence Council (NSC) of Taiwan
has been promoting research on traditional Chinese me-
dicinal plants since 1988. The main objectives of thisre-
search programme are: (a) to collect information about
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important and rare traditiona medicina herbs, (b) to de-
velop simple methods of identifying medicina herbs, (c)
to develop methods for mass propagation of medicinal
herbs through tissue culture, (d) to study active principles
and pharmacology for their safer use, and (e) to promote
export of traditional medicinal herbs. At our research
center, work hasbeen carried out on mass propagation of
some important native and traditional Chinese medicinal
herbs. Thisreview summarizes the information about tis-
sue culture studies on Chinese medicinal plants and re-
lated species reported earlier. Also, it describes mass
propagation of valuable medicinal herbs, Limonium
wrightii, Adenophora triphylla, Gentiana davidii var.
formosana, Anoectochilus formosanus, Scrophularia
yoshimurae, Pinellia ternata, Bupleurum falcatum,
Zingiber zerumbet, Dendrobium linawianum, and Fritil-
laria hupehensis through shoot morphogenesis, and 4n-
gelica sinensis and Corydalis yanhusuo through somatic
embryogenesisdone at Taiwan Agricultural Research In-
gtitute and Chaoyang University of Technology, Tawan.

In Vitro Studies of the Traditional Chinese
Medicinal Plants

Plants can be regenerated and mass propagated in vitro
either by shoot morphogened s or somatic embryogenesis.
Many important Chinese traditional medicinal herbs have
been successfully regenerated in vitro (Table1). Each has
a particular group of bioactive compounds. Taxol
(plaxitaxol), acomplex diterpeneakaloid found in thebark
of Taxus tree is one of the most promising anticancer
agents due to its unique mode of action on microtubular
cell system (Jordan and Wilson, 1995). Latex from the
opium poppy, Papaver somniferum,isacommerdal source
of theana gesics, morphineand codene(Tam et al., 1980;
Yoshikawaand Furuya, 1985; Siah and Doran, 1991). The
root of Panax ginseng C.A.Mayer, has been widely used
asatonic and pred ousmedicinesince ancient times(Chang
and Hsing, 1980b). Theprimary bioactive constituents of
ginseng are ginsenosides, agroup of triterpenoid sgponins
(Proctor, 1996; Sticher, 1998). Berberineisanisoquinoline
alka oid found in roots of Coptis japonica (Nakagawa et
al., 1982). Diosgenin from Dioscorea deltoidea, isa pre-
cursor for the chemical synthesis of steroida drugsand
possess tremendous importanceto the pharmaceutica in-
dustry (Zenk, 1978; Yeh et a., 1994). Camptothecin, apo-
tent antitumor a kaloid, was isolated from Camptotheca
acuminata (Liuand Li, 2001). Tenshinonesare agroup of
quinoid diterpenoids believed to be active principles of
Danshen (Salvia miltiorrhiza), awell-known traditiona
Chinese medicine. Tanshinonel and cryptotanshinone pre-
vent complicationsof myocardial ischemig; tanshinonell
A hasundergone successful clinical trialsfor the trestment
of anginapectorisin China(Shimomurag d., 1991). Podo-
phyllotoxin is an antitumor aryltetralin lignan found in
Podophyllum peltatum and Podophyllum hexandrum. It
also serves asa starting materia for the preparation of its
semi-synthetic derivatives, e¢oposideand teniposide, both
widely used in anti-tumor thergpy (Issell etd., 1984). These
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Table 1. In vitro studiesin someof the important traditional Chinese medicina plants and their related species.
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Species

Mode of regeneration®

Reference

Aconitum carmichaeli DebX.

Adenophora triphylla Thunb.
Alpinia galanga Willd.
Angelica acutiloba Kitagawa

Angelica sinensis (Oliv.) Dids

Anoectochilus formosanus Hayata

Aralia cordata Thunb.

Artemisia annualL.

Astragalus membranaceus Bunge
Atractylodes japonica Koidz.
Atractylodes lancea DC.
Atractylodes ovata DC.
Bupleurum falcatum L.

Bupleurum scorzonerifolium Willd
Camptotheca acuminata Decaane

Coptisjaponica
Cnidium officinale MAKINO

Coriandrum sativum L.

Corydalis ambigua Chem. et Schlecht

Corydalis pallida
Corydalisyanhusuo

Cuminum cyminum L.
Curcuma longa Linn.

Curculigo orchioides (Gaertn.)

Dendrobium linawianum Rdchb. f.
Digitalis lanata

Dioscorea bulbifera L.

Dysosma pleiantha (Hance.)

Eleutherococcus senticocus Maxim.

Foeniculum vulgare Miller

Fritillaria hupehensis Hdao et K.C. Hsa

Fritillaria thunbergii Miq.

Fritillaria unibracteata Hsa0 etK.C.

ANT-CA-SE-P
STRAB-MS-P
SI- AS- MS-P
RHB - MS- P
PD-CA-SE-P
PD-CA-CS-&E-P
FB- CA-EMD-P
ST-AB-P
IM-CA-CS-CC-SE-P
IM-CA-CS-SE-P
STP- MS- P
N-S-P

STP- MS
CU-SD-SH - AS-P
IB-CC-E-P
L-CAS-P

STP- MS- P
STP-MS- P

FB - MS- P
STP-MS- P

R- CA- AR
LS-CA-S-P
LS-CA-CS- &E-P
L-CA-CS-E-P
L-CA-CS-E-P
HY - EC-CS-PR-CA-E-P
SN-CA-P-SE-P
AB,STP- MS- P
SEM- SEL-P
PD-CA-SE-P
PD-CA-CS-&E-P
STP- P
STP-CA-S-P
S-
S-CA-AS-H
TB-E-P
ST-CA-P
MTP-EC- SE-P
PSE- D&E- P
HY,L-CA-EMD-P
RHB - MS- P
IFS,IFB - S- P
RHB - MS- P
RHB - MS- P
LS-SCA-P
RH-CA-P

LB- AS- P

STP- MS- P
SN-MS- P
ISD,ZE-~ CA-EMD- P
RH,L - EMD,EC- P
HY - E-EC-E-P
FEL-EC-CS-FE-P
HY -CA-FE-P
PT-EC-CS- PR-SE-P
PT-EC-CS-&E-P
HY - CA- SES-P
BS,SS-EC-PLB-P
BS- CA-PLB

BS- ADB- P

BP- ADB - MB

[Hatano et al., 1987]
[Hatano et al., 1988]
[Chen et d., 2001]
[Borthakur et d., 19994
[Nekagawaet d., 1982]
[Nekagawaet d., 1982]
[Miuraetd., 1988]
[Watanabeet d., 1998]
[Huang et d., 1997]
[Tsay & Huang, 1998]
[Livuetd., 1987]
[Huang et d., 1991]
[Duetd., 1998]
[Shiau et d., 2002]
[Leecet al., 2002]
[Veegauweet a., 1998]
[Fujiokaet d., 1983]
[Hatano et al., 1990]
[Hiraokaet d., 1984]
[Hatano et al., 1990]
[Wang & Huang, 1982]
[Wang & Huang, 1982]
[Wang & Huang, 1982]
[Hiraokaet al., 1983]
[Hiraokaet al., 1986]
[Bangetd., 1999]
[Xiaetd., 1992]

[Liu & Li, 2001]

[Nekagawaet d., 1982]
[Nekagawaet d., 1982]
[Shimomuraet d., 1980]
[Shimomurae d., 19814

[Kataeva& Popowich, 1993]

[Hiraokaet d., 2002]
[Ikutaet d., 1974]
[Sagareetd., 2000]
[Kuo et al., 2002]
[Tawfik & Noga, 2002]
[Nadgaudae d., 1978]
[Savi etd., 2000]
[Shirgurkar et d., 2001]
[Savietd., 2002]

[Augustine& D'Souza, 1997]

[Chen et d., 1995]
[Erdei et dl., 1981]

[Forsyth & van Staden, 1982]

[Chuang & Chang, 19874
[Chuang & Chang, 1987b]
[Choi et d., 19994

[Choi et d., 1999b]
[Choi et d., 2002]
[Miura& Tabata, 1986]
[Miuraetd., 1987]
[Anzidei et a., 2000]
[Shiau et d., 2000]

[Yang etdl., 2001

[Paek & Murthy, 2002]
[Gao et al., 1999]
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Table 1. (Continued)
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Species

Mode of regeneration®

Reference

Gardenia jasminoides Ellis

Gentiana crassicaulis Duthieex Burkill
Gentiana davidii va. formosana
Gentiana lutea L.

Gentiana scabra Bunge

Gentiana triflora

Gentiana triflora Pal.

G. triflora X G. Scabra

Glehnia littoralis F. Schimidt ex Mig.
Glycyrrhiza glabra L.

Holarrhena antidysenterica Wal.
Houttuynia cordata Thumb
Hyoscyamus niger

Isatis indigotica Fort.
Kaempferiagalanga

Limonium wrightii (Hance) KTZE.
Linum usitatissimum

Lithospermum erythrorhizon Sieb. Et Zucc.

Lonicera tatarica
Macleaya cordata
Mentha p.

Murraya koenigii
Panax ginseng C.A. Meyer

Panax japonicus C.A. Meyer

Panax notoginseng (Burk.) FH. Chen
Papaver bracteatum

Papaver somniferum L.

Pinellia ternata (Thunb.) Breitenbach

STP- S-P
STRAB-MS-P

HY - CAP- PR- EC- SE- CP
SN-MS- P

SM, STP,AB - MS- P
STP,IB-MS- P
L-CA-S

AB - MS- P
L,SSR-AS-P
L-PR-S-P

NS- MS- P

STP- MS- P
STRAB-MS-P

AB - MS- P

AB - MS- P
E-FE-P
RHB- S- P

STP, L, IFS- MS- P
R,HY,CO-CA-P
IS-CA-SSE-P
NS- AS- P
ST-CA-P

AB - MS- P
STP,S-S

IS- MS- P
R-CA-CS-P
R-CA-SE-H
R-CA-FE-P

FB- CA- SE-MS-P
ZE-EC-E-PR-EC-E-P
FB,ST,L - SE-MSP
MS- EC- E-P
CO- &

CO-E-P
ZE-ECSE-P

CO- SEAS-P

CO- &E-P
ZE-CA-FE-SE-P
FB,RH-CA-SE-P
FB,L,ST,RH,R-CA-SE-S-MS-P
FB-CA-SE-P
IS- B

SEL - CA-MM P
ST,R,CU- CA - SB
HY -CA-CS-FE-P
HY -CA-CS-FE-P
HY -CA-S

HY -CA-FE-P
HY,R- CA-RSE
HY -CA-SB-FL,P
HY - CA- MM - SE
HY -CA-FE-P
CU- SEAS-P

PE- AS- P
TBS-BU-P

TBS- MS- P
TBS-SB-S-P
TBS-L-CA-B-P
LB,PT, TB-TB-P
TBS-TM - TMS- P
LB,BU,PT-AS PLB-P

[Economou & Spanoudaki, 1985]
[Georgeet dl., 1993]

[Meng et al., 1996]

[Chueh et d., 2001]
[Viola& Franz,1989]
[Feijoo & Iglesias, 1998]
[Jomori et d., 1995]
[Yamadaet al., 1991]
[Hosokawaet d., 1996]
[Nakano etd., 1995]
[Hosokawaet al., 1998]
[Hiraoka& Oyanagi, 1988]
[Thenganeed d., 1998]
[Raha& Roy, 2001]
[Borthakur et al., 1999b]
[Tuetd., 1996]

[Huetd., 1999]
[Vincentetd., 1992]
[Huang et d., 2000]
[McHughen & Swartz, 1984]
[Yuetd., 1997]

[Pdecioset d., 2002]
[Ikutaet d., 1974]

[Rech & Pires, 1986]

[Reed, 1999]

[Bhuyanetd., 1997]

[Jhang etd., 1974]

[Chang & Hdng, 19804
[Chang & Hsing, 1980b]
[Shoyamaet al., 1988]
[Aryaetd., 1991]
[Kishiraet d., 1992]
[Askaet ., 1994]

[Choi & Soh, 1997]

[Choi et d., 19984

[Choi et d., 1998b]

[Choi et d., 1999c]

[Choi et d., 1999d]
[Aryaetd., 1993]
[Fujiokaet d., 1986]
[Shoyamaet al., 1987]
[Shoyamaet al., 1997]
[Ikutaet d., 1974]

[Day etdl., 1986]

[Ikutaet d., 1974]

[Nessler, 1982]
[Schuchmann & Wdlmann, 1983]
[Yoshikawa& Furuya, 1985]
[Wakhlu & Bajwa, 1986]
[Laurain-Matter et ., 1999]
[Yoshikawa& Furuya, 1983]
[Galewsky & Nesder, 1986]
[Wakhlu & Bgjwa, 1987]
[Oveckaet d., 2000]
[Oveckaet d., 2000]
[Shoyamaet ., 19834
[Shoyamaet al., 1983b]
[Hatano et al., 1986]
[Hatano et al., 1986]

[Seong et d., 1988]
[Nishioka, 1988]

[Tsay etal., 1989]
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Table 1. (Continued)
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Species Mode of regeneration® Reference
PT-CS-PR-CA-P [Heetd., 1996]
L,P,ST,RH-C-S-P [Wan et d., 1995]
TB-C-PLB,S-P [Su, 1989]

Piper longum STP,L,SI, SN AS- P [Sarasan & Nair, 1991]

Platycodon grandiflorum A. DC. AB,STP- MS- P [Yonemitsu et d., 1998]

Plumbago zeylanica L. NS- S- P [Selvekumar et d., 2001]

Podophyllum peltatum L. RH- AS- P [Moraes-Cerdeiraeta., 1998]

Rehmannia glutinosa Liboschitz L-PR-CA-S-P [Xu & Davey, 1983]
L-MS [Xu & Davey, 1983]
PT,ST-CA-S [Xu & Davey, 1983]
STP- MS- P [Shoyamaet ., 1983¢]
LS-RS-P [Matsumoto et ., 1986]
STP- S MS-P [Nishioka, 1988]
SAM,NB - MS- P [Paek et al., 1995]

Rheum rhaponticumL. SM - MS- P [Walkey & Matthews, 1979]

Rheum emodi Wl. STP,L - MS-P [Ld & Ahuja, 1989]

Ruta graveolens ST,LLR-CA-S [Abou-Mandour, 1982]

Saposhnikovia divaricata Schischkin L® CA® CS® SE® P [Hiraokaet al., 1987]

Saussurea lappa COL-S-P [Arora& Bhaojwani, 1989]

Scopolia japonica Max. S-CA-S-R-P [Shimomurae d., 1981b]
STP- MS- P [Shimomuraet d., 1981c]

Scrophularia yoshimurae Yamazaki

Scutellaria baicalensis Georgi.

Solanum melongena var. depressum Baley

Stevia rebaudiana
Swertia pseudochinensis Hara

Vitex negundo L.
Zingiber officinale Roscoe
Zingiber zerumbet Smith.

STPNB,SS,L - S-P
STPNB,SS,L - S-P
IS- MS- P
EHY - AS- P
S-CA-S-P

NS- S-P

R,L, -CA-EMD-P
IS-HY,R-CA-RSE-P
AB - MS- P
RHB - AS- P

STP- ASR- P

[Linetd., 1998]
[Sagareetd., 2001]
[Lietad.,2000]

[Ja& Potrykus, 1981]
[Yangetd., 1981]
[Kitamuraet d., 1988]
[Kitamuraet d., 1989]
[Sahoo & Chand, 1998]
[Hosoki & Sagawa, 1977]
[Hsu et d., 1991]

3AB = axillary bud; ADB = adventitious bulbs; ANT = anther; AR = adventitious roots, AS = adventitious shoot; BP = fresh bulb
pieces; BS = Bulb scale pieces; BU = bulbil; CA = cdlus, CAP = calusprotoplasts;, CC = cell clumps; CO = cotyledons; CP =
complete plants; CS = cell suspension; CU = capsule; DSE = direct somatic embryogeness; EC = embryogenic calus;, EHY =
etiolated hypocotyl; EMD = embryoid; FB = flower bud; FL = in vitro flowering; HY = hypocotyl; IB = inflorescence bud; IFB =
immature flora bud; | FS = inflorescence segment; IM = immature embryos; IS = intact seedlings; 1 SD = immature seeds; L = ledf;
LB = ledf blade; LS = leaf segment; MB = mature bulbs, MM = meristemoid; MS = multiple shoots, MTP = mature tuber pieces,
NB = node-buds; NS = noda segments; P = plant; PD = pedicedl; PLB = protocorm-like bodies; PSE = primary somatic embryo; PT
= petiole; PR = protoplagts; R = root; RH = rhizome; RHB = rhizome bud; S = shoot; SAM = shoot apical meristems; SB = shoot
bud; SC = shoot clugters;, SD = seeds; SE = somatic embryos;, SEM = seed embryo; SEL = seedling; SI = stem internode; SM =
shoot meristem; SN = stem node; SS = sem segments; SSE = secondary somatic embryo; ST = stem; STP = shoot tip; TB = tuber;

TBS = tuber segment; TM = tissue mass;, TM S = tissue mass segment; ZE = zygotic embryo.

plants, which grow very slowly, arecollected fromthewild
and arethus becoming increasingly rare. This limitsthe
supply of podophyllotoxin and necessitates the search for
aternative means of production. The foll owing sections
summarize the results obtained on in vitro cell and tissue
culture of native and traditiona Chinese medicina herbs
by our group.

Plant Regeneration Via In Vitro Induction of
Shoots/ShootMorphogenesis

In Vitro Propagation of Limonium wrightii (Hance)
Ktze. (Plumbaginaceae), an Ethnomedicinal Plant,

from Shoot Tip, Leaf, and Inflorescence Node
Explants

Limoniumwrightii (Hance) Ktze. are herbaceous peren-
nial plants, distributed in the Japanese Bonins and
Ryukyusidands and in the southern part of Taiwan, in-
cludingtheTawaneeidandsLanyu and L utao (Kan, 1978;
Li, 1978). Naturaly it growsamong rocks aong the sea-
shoreand isalso cultivated on alimited scale by afew
farmerson Lutao Idand using seeds. However, produc-
ing alarge number of elite plantswithin a short period us-
ing seeds is impossible because it flowersonly in the
autumn and seed set and germination are very poor. The
dried plants, devoid of leaves, are used in traditional Chi-
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nese medicinal preparationsfor the treatment of asthma,
tuberculosis, cold, hypertension, and backache (Kan,
1978). It isdso used asahedth-strengthening agent (Kan,
1978). The demand for L. wrightii is met solely by the
farmers, astheplants arerardy found inthe natural habitat.

Wehavestandardized aprotocol for rapid invitro propa
gation of thismedicinal plant using primary and lateral
shoot tip, leaf bases, and inflorescence node explants
(Huang et d ., 2000). The explants induced adventitious
shoots on M urashige and Skoog’ s(1962) medium (MS
basal medium) supplemented with 8.87 uM N&-
benzyladenine(BA) and 1.07 M a-ngphthal eneacetic ecid
(NAA) after two months of culture. The adventitious
shoots were proliferated by subculturing on MS medium
supplemented withBA (2.21-17.75 pM) incombination with
NAA (1.07 uM). Maximumprate of shoot multiplication was
observed on M 'S medium supplemented with 8.87 uM BA
and 1.07 uM NAA (Figure1A). Thepercentage of explants
forming shoots and the average number of adventitious
shoot buds produced per explant were stimulated by in-
cread ng thestrength (1/4x, 1/2x, 1x, 2X) of theM Smedium.
The shoots wererooted on M S basal medium with 4.92
UM indole-3-butyricadd (IBA) and transferred to soil. The
percentage surviva of plantlets was 80%. The plants did
not show any morphologicd variation. Results obtained
onrapidinvitro propagation for L. wrightii would helpin
conserving the germplasm and commercid cultivation of
thiseconomically important species.

In Vitro Propagation of Adenophora triphylla
(Thunb.) A. DC. (Campanulaceae) from Stem
Internode Explants

Adenophora triphylla (Thunb.) A.DC. (Campanulacese),
commonly known as* shashen” in Chinese, is distributed
in mainland China, the Japanese Bonin and Ryukyus
Isands, and Taiwan (Kao and De Vol, 1974 ). Thefleshy
rootsof A. triphylla, which contain saponins (Read, 1982)
and insulin, have antifebrile pharmacol ogical action (Lee
et a., 2000) and aso have been used asan expectorant in
the trestment of chroni ¢ bronchitis and whooping cough
(Reid, 1986; Huang, 1993a). It stimulatesthe myocardia
contraction and also has an antibacteria effect (Huang,
19934). It is also used as general tonic to restore bodily
vigor (Stuart, 1979). The extracts of plant exerted
tumoricida effects on human Jurkat 7 cells by inducing
apoptosis(Lee et d., 2000). In Taiwan, the commercial
crudedrug (dried roots of A. triphylia) isimported from
Mainland China, as the roots collected from the plants
growing naturaly in themountains of Taiwan areinsuffi-
cient to meet local demand. Dueto over-exploitation of the
natural population for medicina use and thelack of sys-
tematiceffort for cultivation, A. triphylia isthreatened with
extinction in Taiwan. Hencein vitro studies were carried
out for the conservation of thewild population.

In A. triphylla, we have standardized an efficient plant
regeneration system from stem internode explants (Chen
et a.,2001). Plantswere collected from thenatural habitat
andreplanted in pots, pruned, and grown under controlled,
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hygieni c conditions. The stem internode explants of the
new shoots, sprouted after three to four weeks of trans-
planting were used for the induction of adventitious
shoots. Adventitious shoots were induced by culturing
the explants on M S basd medium supplemented with 2.22
- 35.51 uM BA in combination with 0.54 uM NAA. The
regeneration potentid varied with the devel opmenta stage
of thestem explant and growth regulator combinations. The
stem explants obtained from the uppermost region of the
shoot, near to the shoot tip, were the most competent for
the regeneration, and the competence decreased as the
stem matured. Further shoot multiplication was achieved
when the adventiti ous shoots were separated and trans-
ferred to M Smedium supplemented with 17.75 uM BA for
fifty days (Figure 1B). Shootswere rooted on 1/4-strength
M Sbasal medium supplemented with 5.37 uM NAA. Plant-
lets produced from in vitro rooted shoots weretransferred
to soil and acclimatized inagrowth chamber. Regenerated
plants appeared morphologically norma relativeto those
grown naturally. This protocol could be useful inthe pro-
duction of alarge number of uniform plantsof A4. triphylia
for cultivation, germplasm conservation, and detailed
study of the saponinsfor pharmacological studies.

In Vitro Propagation of Gentiana davidii var.
formosana (Hayata) T.N. Ho (Gentianaceae) - an
Endemic Medicinal Herb from Stem Node
Explants

Thegenus Gentiana (Gentianaceae) comprises of about
400 species distributed throughout theworld (Skrzypczak
etdl., 1993). Of thesxe, deven speciesand two vaietieshave
been identified in Taiwan (Chen and Wang, 1999). Among
the species in Taiwan, Gentiana davidii var. formosana
(herein after referred to as G. davidii), asmal perennia
herb up to 12 emtall, ismostly widespread throughout the
central mountain range of theidand (Chen and Wang,
1999). The whole dried herb, collected from the wild
habitat, isused asacrude drug in thetraditional medicine
of Taiwan for the treatment of hepatic and cholesteric
diseases. Considering its medicinal value, in vitro studies
were carried out for the multiplication and conservation
of this herb.

We have developed a highly reproducibleand simple
protocol for in vitro propagation of G. davidii (Chueh et
al.,2000; Chueh et d., 2001). Induction of multiple shoots
(6.3 shootsper explant) was achieved in theaxillary buds
of the stem node explants (5 mm long) on M S basal me-
dium supplemented with 4.44 uM BA. A more than two-
fold increase in the number of shoots per explant (15
shoots per shoot cultured) was observed when the shoots
weresub-cultured on M Smedium supplemented with 1.07
UM NAA and 8.88 uM BA (Figure 1C) over theother BA
and NAA combination tested. Elongated shoots from the
multiple shoot cluster wererooted on MS basal medium
supplemented with or without various auxins. The opti-
mum rooting response was obtained on the growth regu-
lator-free medium. Rooted shootswere transferred to peat
moss.vermiculite mixture and acclimati zed in the growth
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chamber under high humidity conditions. The contents of
gentiopicroside and swertiamarin, the two important
secoiridoid glucosides, in different plant materia werede-
termined by high performance liquid chromatography
(HPLC). The analysis revealed that the content of
gentiopi croside and swertiamarin in the aeria and under-
ground partsof G. davidii var. formosana washigher than
the marketed crude drug (underground partsof G. scabra)
and varied with the age of the plant. Shoot cultures of G.
davidii have been successfully maintained for over five
years without any significant decreasein the rate of shoot
multiplicaion.

In Vitro Propagation of Anoectochilus formosanus
Hayata (Orchidaceae) Terrestrial Orchid from
the Shoot Tips Explants

Anoectochilus formosanus (Orchidaceag) is an impor-
tant medicinal herb and bel ongs to a group of terrestrial
orchids commonly known as * Jewel Orchids’ (Cavestro,
1994) dueto their attractivefoliage (Teuscher, 1978). The
whol e plant of A. formosanus, fresh or dried, isboiled in
water and taken oradly for the treatment of chest and ab-
domina pains (Hu, 1971), diabetes, nephritis (Chiu and
Chang, 1995), fever, hy pertension, impotence, liver and

Figure 1. In vitro propagation via shoot morphogenesis (A-F). (A) Induction of multiple shoots from shoot tips of Limonium
wrightii (Bar=0.74 cm); (B) Multiple shoots induced from the stem internode node explantsof Adenophora triphylla (Bar=0.69 cm);
(C) In vitro multiple shoots developed from the axillary buds of Gentiana davidii var. formosana (Bar=0.62 cm); (D) Proliferating
shoots of Anoectochilus formosanus (Bar=0.62 cm); (E) Shoot proliferation from the node explants of Scrophularia yoshimurae
(Bar=0.84 cm); (F) Adventitious shootsinduced from protocorm-like bodies of Pinellia ternata cultured on liquid medium (Bar=0.71

cm).
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spleen disordersand pleurodynia(Kan, 1986). The aque-
ous extract of A. formosanus wasfound to possess anti-
viral (Chan et al., 1994), anti-inflammatory, and
liver-protectiveproperties(Linet d., 1993). Anoectochilus
formosanus isasow growing perennia herb and flowers
only oncein ayear. To meet the ever increasing demand
for the crudedrug, theherbsareindiscriminately collected
from the naturally grown aress, often before they have
chanceto bloom.

For the conservation of the germplasm and commercial
cultivation of dlite plants, we have optimized amethod for
mass propagation of A. formosanus by atificid cross-pol-
lination and asymbiotic germination of seeds (Liu et al.,
1987; Shiau & d., 2002). Fifty plants (gpprox. 10-15 cmin
haght) of A. formosanus Hayata(collected from the Shuish-
eta Shan mountain area of Nantou County in central
Taiwan) showed uniform flowering eight months after re-
planting and transfer in the growth chamber. The success
of hand pollination and fruit set was found to be depen-
dent on the developmental stage of male and female
gametophytes. Fruit setting of hand-pollinated flowerswas
86.7%. The seeds from 7-week-old capsules were germi-
nated by culturing on half-grength M S basal medium sup-
plemented with 0.2% activated charcoal and 8% banana
homogenate for four months. Germinated seedlings were
cultured in half-strength liquid M'S medium containing 2
mg/l BA in 125-ml Erlenmeyer flasksfor two months. Seed-
lingsdevel oped further into healthy plantlets and prolifer-
ated when cultured on fresh agar-gelled half-strength M S
basal medium supplemented with 0.2% activated charcoal,
8%banana homogenate, and 2 mg/l BA + 0.5 mg/l NAAn
500-ml Erlenmeyer flasks for four months (Figure 1D). A
high percentage of seed-derived plants(90%) survived two
months after transfer to peat moss;vermiculite potting mix-
ture and incubation in the growth chamber under high hu-
midity conditions.

In Vitro Propagation of Scrophularia yoshimurae
Yamazaki (Scrophulariaceae) from the Shoot Tip,
Leaf Node Stem Node and Stem Internode Explants

Scrophularia yoshimurae Yamazaki (Scrophulariaceae)
is aherbaceous perennia plant indigenousto Taiwan. It
isused as*“ Xuanshen,” asubgtitute for S. ningpoensis,
in traditional Chinese medicine. The roots of S.
ningpoensis have been used to treat inflammation,
laryngitis, tonsillitis, abscesses of carbuncles, and consti-
pation (Qian et d., 1991). It can lower blood pressure and
blood sugar levels and also has antibacterial and antioxi-
dant effects(Huang, 1993c; Anonymous, 1999). In Taiwan,
S. yoshimurae isnot cultivated on acommercial scale, and
theroots collected from plants growing naturally in the
mountains of Taiwan and used as crude drug areinsuffi-
cient to meetlocal demand. Devd opment of arapid in vitro
propagation systemfor S. yoshimurae would help in com-
mercial cultivation and conserving the germplasm of this
medicinally important species.

We hav e standardi zed an efficient protocol for in vitro
induction of multiple shootsand complete plant regenera-
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tion of S. yoshimurae (Lin et a, 1998; Sagareetd., 2001).
The explants used for thein vitro studies were obtained
from the actively growing shootsof plants, growing in con-
trolled conditions. Induction of multiple shoots was
achieved by culturing various explants like shoot tip, |eaf
base, stem node, and stem internode on M 'S basal medium
supplemented with 4.44 uM BA and 1.07 pM NAA. A maxi-
mum number of stem node (100%) and shoot tip (100%)
explants devel oped multipl e shoots after four weeks of
culture. Multi ple shoots were induced from pre-existing
meristems of the shoot-tip and stem-node explantsand dso
from the cut end of the stem-internode and |eaf-base ex-
plants without an intervening callus phase. The percent-
age of leaf-base explants showing induction of
adventitious shoots was lower than that of stem-intern-
odeexplants. Theinduced shootswere further proliferated
by subculturing themin fresh medium of similar composi-
tion (Figure 1E). Multiple shoots were transferred to MS
basal mediumwithout growth regulators and cultured for
three weeks for e ongation. Elongated shoots rooted on
growth regulator-free M S basal medium after three weeks
of culture. The plantlets weretransplanted to soil and ac-
climatized in thegrowth chamber under high humidity
conditions. This study may be useful in rapid
micropropagation, commercia cultivation and germplasm
conservation of S. yoshimurae.

In Vitro Propagation of Pinellia ternata (Araceae)
from Bulbils Leaf Blade and Petiole Explants

Pinellia ternata (Aracese) isaperennial medicina herb
that growswildly in Japan and China. The tuber of P.
ternata contains homogentisic acid, its glucoside, 3,4-
dihydroxybenzaldehyde, its diglucoside and ephedrine
(Shoyamaet al., 1983a,b) and has been used in Chinese
medicineto prevent vomiting and for analgesic and seda-
tive effects. The tubersare important component of the
traditiond Jgpanese herbd (Kampo) medicine” Sho-seiryu-
to,” used for the treatment of cold syndromes (Nagai and
Yamada, 1994). Pindlicad d from thetubershad shown oral
adjuvant activity for nasal influenzaHA vaccine (Nagai
et d., 2002). The plants are not cultivated because of dif-
ficultiesinvolving seedling- and bulbil-collection. The tu-
bers collected from the plants growing naturally in the
mountains arenot sufficient. Therefore, thetissue culture
studies were carried out with aview to mass propagation
of thismedicina plant.

An efficient method of plant regeneration via
adventitious buds or protocorm-like body formation
directly from the bulbils, leaf-bl ade, and petiole explants
without intervening call us has been developed (Tsay et
al., 1989). The explants devel oped adventitious budswhen
cultured on M S basd medium supplemented with 1-15 mg/
| BA and 0.0 - 0.2 mg/l NAA. Theregeneration efficiency
varied with the explant type. Maximum response was
observed in bulbils, followed by leaf-blades and petiole
explants. The protocorm-like bodiesdevel oped in BA-and
NAA-containing medium multiplied a aprolific ratewhen
cut into pieces and transferred to liquid M S basal medium



Nalawade et al. —Studies on tissue culture of Chinesemedicinal plant 87

supplemented with 1-15 mg/l BA and 0.2 mg/l NAA or 0.2
mg/l 2,4-D (Figure 1F). The regeneration ability of the
cultures could be maintained by culturing aternately in
solid and liquid medium. Plant regeneration from
protocorm-like bodies was observed after continuous
culturein liguid medium. Rooting was achieved in half-
strength MS basal medium supplemented with 1.0 mg/I
NAA. A high percentage (96%) of plants survived when
trangplanted to amixtureof vermiculite:loam soil: pest moss.
Plants from thein vitro cultures were morphological ly
similar to thefield-grown plants. Using this procedure it
ispossibleto produce 1.7 x 10% plantlets from asingle
bulbil in one year. Thisis an excellent method for mass
propagation of P. ternata.

In Vitro Propagation of Zingiber zerumbet Smith
(Zingerberaceae) from Shoot Tip Explant

Zingiber zerumbet (Zingerberaceae) isaperennia me-
dicina herb. Theginger grows well in a partly shaded,
moist environment and flowersin August and September.
The sweet smelling flower has an ornamental value. The
herb isalso known as shampoo ginger asthe cone-shaped
bracts containsa clear liquid which isan excellent natura
hair conditioner.

Traditionally the plant was propagated using rhizome,
Therhizome cannot be stored for long timeasit is sus-
ceptible to fungal diseases, which affect thequality of the
tubers. To achieve high productivity, homogeneity, and
good quadlity tubers, pathogen-free planting materia is
crucid.

An efficient and rapid method of masspropagation has
been standardized using the shoot tip explants of Z.
zerumbet (Hsu et a ., 1991). Thisstudy’ s main objective
wasto develop an effectivein vitro method to mass propa
gate Z. zerumbet in the short time commercial cultivation
requires. Adventitiousbuds devel oped directly on the ex-
plantson M S basal medium supplemented with 2 mg/l BA,
0.5 mg/l NAA, 40 mg/l adenine sulphate, 170 mg/I
NaH,PO,- H,O and 3% sucrose after one month of
incubaion. The adventitiousbuds further proliferated and
developed 4.78 new shoots per responding explants when
cultured on M S basal medium supplemented with 4 mg/I
BA for six weeks (Figure 2A). Theshoot multiplication rae
in liquid medium was higher than in semi-solid medium.
The number of multiple shoots produced per cultured ad-
ventitious bud was higher when the growing shoot of the
explantswere cut and recultured, on the same medium, than
the explants cultured with intact growing shoots. Using
this protocol, 8 x 19° seedlings could be produced from
oneshoot tip explant in one year.

In Vitro Propagation of Fritillaria hupehensis
Hsiao et K.C. Hsia (Liliaceae) from Bulbscales

Fritillaria hupehensis (Liliaceag), commonly known as
Bei-mu in Chinesg, is an important traditional medicina
plant. Bei-mu wasfirst recorded in Shen-Nung-Pen-Ts ao-
Ching under the middle herb category and was recorded
in successive Pen-ts aos of later dynasties. It ishighly ef-

fective for relieving cough, removing phlegm, and reduc-
ing fever. The plant isusually propagated by bulbscales.
Astheamount of bul bscales collected from the naturally
grown and traditionally cultivated plantsfallsfar short of
medicinal demand, we have optimized amethod of rapid
mass propagation of Bei-mu using bulbscales (Chen et d .,
2000; Shiauetd.,2000; Yangetd., 2001).

The bulbscales cultured on M'S basal medium supple-
mented with 0.5 mg/I kinetin induced callusand protocorm-
like bodies(PLB). PLB masswhen cultured on MS basd
medium supplemented with either 0-8 mg/l 2,4-D or NAA
in combination with 0.5 mg/I kinetin proliferated and pro-
duced bulblets and callus. NAA was found superior to 2,
4-D in both PLB mass propagétion and calli formation. PLB
mass was cultured for sixty dayson MS medium supple-
mented with 0-4 mg/l NAA in combination with 0.5 mg/I
BA for further growth and proliferation (Figure2B). Anin-
creased PLB masswas observed when cultured in 125 ml
Erlenmeyer flakscontaining 5-15ml of liquid M S medium
supplemented with 0.5 mg/l NAA and 0.5 mg/l BA. The
quantity of medium in the flasks aswell asits state (solid
or liquid) werefound to influence the proliferation of PLB
mass and bulblets. Sixty-five percent of bulblets rooted
when cultured in ha f-strength M'S basal medium supple-
mented with 0.5 mg/l BA and 4 mg/l NAA, in sixty days.
Thein vitro propagated bulbletswith we|-devel oped roots
could be transpl anted to the mixture of autoclaved soil,
peat moss and sand (2:1:1). Ninety percent of bulbletssur-
vived after one month of hardening in the growth
chambers.

In Vitro Propagation of Bupleurum falcatum
(Umbelliferae) from Terminal and Lateral Buds

The genus Bupleurum (Umbelliferag) consists of about
200 specieswidely cultivated in China, Japan, and Korea
Bupleuri radix, roots of two species B. chinense DC (Bei-
Chaihu) and B. Scorzoneraefolium Willd. (Xiaye-Chaihu)
have been used as a Chinese medicine since ancient times.
It containsthree major saponins, saikosaponinsa, ¢ and
d. Saikosaponinsaand d posses anti-allergic activity and
anagesic and anti-inflammatory action (Shibata, 1980;
Yamamoto, 1980). The plant also contains many minor sa-
ponins (Ishii et d., 1980). Kusakari et d. (2000) reported
the enhancement of saikosaponinsby the root cultures
using two-step control of suger concentration. In the stud-
ieswithinvitro root cultures, Yamamoto and Kamura(1997)
observed that the main roots contained more
saikosaponinsthan thelaterd roots.

We have developed asimple and effective method for
plant propagation of B. falcatum using terminal and | at-
erd buds(Hsu et a., 1993). Among thetwo explantstested
for regeneration potential, termind bud explants were most
responsive. Theinduction of shootswas achieved in the
one-fourth MS basal medium (containing full-strength or-
ganic constituent) supplemented with 1 mg/l BA, 0.2 mg/I
NAA, and 1% sucrose. The maximum number of adventi-
tious buds (13 adventitious buds per responding explant)
devdoped when theterminal budswere culturedin thelig-
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uid MS basa medium supplemented with 1 mg/l BA for
one month (Figure 2C). Addition of amino acids [proline
(200 mg/l), tryptophan (100 mg/1), glutamine (L00 mg/l) and
asparagine (100 mg/l)] or coconut milk (10%) to the cul-
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ture medium facilitated shoot growth and reduced brown-
ing of tissue. These results on in vitro propagation of
plants could be utilized for future breeding programs of
the plant and a so for mass propagation.

Figure 2. In vitro propagation viashoot morphogenesis (A-D). (A) Multiple shoots induced from the shoot tip explantsof Zingiber
zerumbet (Bar=0.56 cm); (B) Shoot induction from the protocorm-like bodiesof Fritillaria hupehensis (Bar=0.63 cm); (C) Adventi-
tious shoots developed from the terminal bud explant of Bupleurum falcatum (Bar=0.37 cm); (D) adventitious shoots induced from
the latera buds of Dendrobium linawianum (Bar=0.17 cm). In vitro propagation via somatic embryogenesis (E-F). (E) Development
and germination of somatic embryos of Angelica sinensis on MS basal medium (Bar=0.76 cm); (F) Proliferating somatic embryos of

Angelica sinensis (Bar=0.62 cm).
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In Vitro Propagation of Dendrobium linawianum
Reichb. f. (Orchidaceae) from Lateral Buds

The genus Dendrobium isthesecond largest in the en-
tire Orchidaceae and exhibitsavast diversity of vegeta
tiveandflora characterigtics. It isof considerable interest
dueto itsbroad geographic distribution and the high value
of hybridsasa floricultural commodity (Hawkes, 1970;
Joneset a., 1998). The Chinese name of Dendrobium is
Shih-hu. “ Shih” meansrock and “ hu” meansliving, signi-
fyingthe plant living onrocks, areferenceto thesaxicol ous
habit of the species (Hu, 1970). Dendrobium Species are
used intraditional Chinese medicine asatonicto improve
digestion, promotethe production of body fluid, nourish
“yin” and eiminate “ evil-heat.” The herb Dendrobium
linawianum Reichb. f. isone source of the Chinese herb
“Jin-Chai-Shi-Hu.” Whatever herb can be collected from
plants growing naturdly in the mountain or propagated
through traditiona methods isfar from ableto meet me-
dicinal needs. The establishment of a successful propa
gation method is a prerequisite for the use of these
medicind herbs.

We have carried out study to establish an efficient seed
germination and seedling development from the seeds of
D. linawianum and to evaluate the suitable culture
conditions for plant growth (Chen et al., 1995). The
maximum number of adventitiousbudsdevel oped when the
lateral buds were cultured on the MS basal medium
supplemented with 3 mg/l BA, 0.2 mg/l NAA, and 3%
sucrose (Figure 2D). Incorporation of 0.3% activated
charcoal in the medium wasfound beneficia for shoot
growth. Peptone at 2 g/l in the MS basal medium
supplemented with 3 mg/l BA, 0.2 mg/l NAA, 0.3%
activated charcoal, and 3% sucrose supported proliferation
of shoots. Rooting of shootswas achieved on 1/4 M S
basal medium with 5% sucroseand 9.0 g/l agar.

Plant Regeneration Via Somatic
Embryogenesis

In Vitro Induction of Somatic Embryo and Plant
Regeneration in Angelica sinensis (Oliv.) Diels
(Umbelliferae)

Angelica sinensis (Umbelliferag), also known as Dang
Guei, isavery valuable herb that has been used in tradi-
tional Chinese medicine prescriptions sinceancient times
(Chen et d ., 1994). It has been used in the treatment of
hy pertension, rheumati sm, ulcers, anemia, constipation,
and to regulate menstruation and relievepain (Zhang and
Cheng, 1989). Dang Gue a so contains compounds that
stimul ate the central nervous system, and it is aso used
asamild energizer (Chen, 1973).

We have optimized an efficient system for repetitive so-
matic embryogenesisin Angelica sinensis using theim-
matureembryo-derived cdlus(Tsay and Huang, 1998). The
explants developed embryogenic cdli aswell asnormal and
abnormal plantlets, after onemonth on MSbasa medium.
Full-strength M S medium and hal f-strength M S basal me-

diumwere found best for the proliferation of embryogenic
callus. Embryogenic competence was maintained by cul-
turing the cdlusin liquid media, supplemented with 0.5 or
1.0mg/l 2, 4-D. In this medium the embryogenic callus re-
mained ascellsand cell clumps. The cellsand cell clumps
grew (Figure2F) and devel oped into somatic embryo upon
subculture on M S basal medium devoid of 2,4-D (Figure
2E). Forty percent of the somatic embryos converted into
plantletsafter culturing on filter paper moistened with lig-
uid half-strength M S basal medium containing 3% sucrose.
The plantssuccessfully survived transfer to soil. The em-
bryogenic cell suspension has been maintained
successfully, without any loss in embryogenic
competence, for thepast ten yearsin our laboratory. This
regeneration system could be useful for mass production
of A. sinensis plantsthroughout theyear, without any sea-
sona constraints.

In Vitro Induction of Somatic Embryo and Plant
Regeneration in Corydalis yanhusuo W.T. Wang
(Fumariaceae) — a Traditional Chinese Medici-
nal Plant

Thegenus Corydalis (Fumariaceae or Papaveraceae)
compri ses of about 320 species, widely distributed in the
northern-hemisphere, of which about seventy have been
used in traditional herbal remediesin China, Japan, and
Korea (Kamigauchi and Iwasa, 1994). Thedried and pul-
verized tubers of C. yanhusuo, also called Rhizoma Cory-
dalis or yan-hu-suo, are rich sources of several
pharmacol ogicaly important alkal oids(Huang, 1993b; Lee
et al., 2001). These are used in traditional Chinese medi-
cinefor the treatment of gastric and duodenal ulcer, car-
diac arrhythmia disease (Kamigauchi and Iwasa, 1994),
rheumatism and dysmenorrhea (Tang and Eisenbrand,
1992). Corydalis yanhusuo is asow-growing herb, sus-
ceptibleto fungal diseaseswhich cause serious crop loss
and affect the quality of tubers (Gao et d., 1991). Patho-
gen-free planting materials are essential to boost the pro-
ductivity and obtain high tuber qudity (Sagaree d., 2000).

We have standardized an efficient method for regenera-
tion of complete plants via somatic embryogenesis in
Corydalis yanhusuo (Fumariaceae) using tuber-derived
calus(Sagareet al., 2000; Kuo et a., 2002). Surface steril-
ized mature tubers (Figure 3A) were aseptically cut into
pieces (5%5%2 mm) and used as explants for theinduction
of primary calus. Caluswasinitiated by culturing explants
on M S basal medium supplemented with 2.0 mg/l BA and
0.5 mg/l NAA in darknessfor onemonth. Thiscallus pro-
liferated asydlow friablecali when separated from the par-
ent tissue and transferred to fresh medium (Figure 3B).
Somatic embryos wereinduced by subculturing the pri-
mary cdluson M S medium supplemented with 0.5-4.0 mg/
| BA, kinetin, or zegtin, withintwo weeksof culturein light
(Figure3C). Theembryos progressed through the globular,
late-globular, heart, early cotyledonary, and cotyledonary
stages. After five weeks, somatic embryos showed devel-
opment of cotyledonary leaves. For the development of
roots, embryos with well-developed cotyledonary |eaves
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Figure 3. A-J, In vitro induction of somatic embryo and plant regeneration in Corydalis yanhusuo (Fumariaceae) — atraditiona
Chinese medicina plant. (A) Mature tubers of Corydalis yanhusuo (Bar=0.78 cm); (B) Tuber-derived callus after one month culture
in dark on M'S basal medium supplemented with 2.0 mg/l BA and 0.5 mg/l NAA (Bar=0.33 cm); (C) Tuber-derived callus showing
emergence of somatic embryos after 15 days of cultureon M'S medium supplemented with 1.0 mg/l zeetin (Bar=0.41 cm); (D)
Converted somatic embryos with well-developed shoot and tuber (Bar=0.61 cm); (E) Development of somatic embryos directly on
the surface of converted somatic embryo after two months of culture on MS medium supplemented with 2.0 mg/l ABA (Bar=0.055
cm); (F) Synchronized development of secondary somatic embryos on converted primary somatic embryoson 2.0 mg I'* ABA
(Bar=0.18 cm); (G) Converted somatic embryosafter culturein MSliquid medium supplemented with 0.1 mg/l GA  (Bar=0.36 cm);
(H) Converted somatic embryos showing developed tuberson M S basal medium after four months of incubation (Bar=0.78 cm); (1)
A somatic embryo-derived plantlet showing flowering and well-devel oped tuber after four months of culture on M S medium with-
out phytohormones (Bar=0.61 cm); (J) Hardened somatic embry o-derived plant in pot (Bar=2.5 cm).
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weretranderred in half-strength liquid M Smedium supple-
mented with 1.0 mg/l zegtin ribod defor threeweeks(Figure
3D). Converted somatic embryos were cultured on half-
strength M'S medium supplemented with 6% sucrose and
with 0.5-10.0 mg/l ABA, paclobutrazol, or ancymidol, 0.5-
5.0mg/l GA,, and 15-100 mg/l polyethylene glycol (PEG)
4000 for further development of plantletsand in vitro tu-
ber formation. The devel opment of somatic embryos over
the surface of tuber and/or cotyledonary leaf baseregion
of the converted primary somatic embryo was observed
in medium supplemented with 5.0 mg/l ABA (Figure3E). A
synchronized development of embryoswas achieved us-
ing an appropriate concentration of ABA (Figure 3F). The
conversions of somatic embryos were found to be opti-
mumin theGA -containing medium(Figure3G). Converted
somatic embryos developed tubers on MS basal medium
devoid of phytohormoneswhen incubated for two months
(Figure3H). Morethan 50 percent of cultures showed pre-
cocious in vitro flowering (Figure 31). Before ex vitro es-
tablishment of somatic embryo-derived plants, plants with
well-developed tuberswere cultured on half-strength MS
mediumwith 2%sucrose and 0.1 mg/l GA,, for threeweeks.
Plants with developed roots, shoots, and tuber were trans-
planted to a sand: peat moss mixture and kept in growth
chambersfor adaptation (Figure3J).

Conclusions

Theresearch work carried out by our group has been
summarized inthisreview. In vitro conservation of tradi-
tiona medicinal plant germplasm isimportant to support
chemical analysisand pharmacologica and genetic trans-
formation studies. With resurgence of public interest in
plant-based medicineand the rapid expansion of pharma-
ceutical industries, thesein vitro techniques and innova
tive approacheswill be useful. Using in vitro propagation
techniquesitis now possible to produce alarge number
of pathogen-free uniform clones of dite, rare, and impor-
tant native medicinal plantsof Taiwan for reintroduction
in their natural habitat and safe exchange of germplasm
acrossinternational borders.
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