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SUMMARY

Biomass technology of plant cells based on cellular differentiation has been widely applied in many ficlds such
as pharmaccuticals, functional foods. food additives, agricultural and forestry. it both made matenals for production
and conserved plant genetic resources. A larger number of plant-derived active ingredients were produced by
biomass technology Ginseng products made from in wirro gINsCNg roots containing saponin are very popular
worldwide. Many studies have been conducted to produce ginseng rool biomass from adventilious and secondary
roots. In this study, the formanon of adventitious roots of Victnamese ginseng (Panax vieimamensis) from in vitro
call and teaf tissucs were compared. Culture media was also optimized for producing reot biomass in bioreactor.
After erght weeks of culture, all teaf explants on SH media supplemented with 3 mg/l NAA, 30 ¢/l sucrose, and 8 g/l
agar produced high adventitious roots with an average number of 24.73 roots per explant. These adventitious roots
could be used for rapid mb systems for saponins purposes. The
regencration system of adventitious roots from catlus and in vitro leaf could be apphed for transformation study of

Panax vietnamensis.
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INTRODUCTION

Vietnamese ginseng (Panax vietnamensis Ha et
Grushv.), an endemic to Vietnam, has high content
of (riterpenoid saponin (among the giseng specics
that have the highest dammarane, 12—15%), and low
level of oleanolic acid. Majonoside-R;, which
accounts for almost 50% of total saponin content in
Vietnamese ginseng, plays a major role in the
antidepressant, anti-stress, and memory-improving
effect of this plant (Dong er al., 2007).

The natural supply of Vietnamese ginseng 1s
very limited as these plants only grow on Mount
Ngoc Linh (in the Central Highland of Victnam),
and their ginsenoside level will not be
sufficiently accumulated until they reach four to
six years of age. The use of in vitro culture
systems including bioreactor to produce biomass
of medicinal plants within a short time is one of
the outstanding solutions. Adventitious and hairy
roots have been used for in vitro culture of
ginseng (Asaka er al., 1993; Choi et al., 2000).
Adventitious root culture is particularly useful
for biomass production for the fast growth and
consistent yield of natural products (Carvalho e

al, 1998). This type of research, however, 1s still
limited in Vietnamese ginseng. Thercfore, the
objective of this study 1s to optimize the
conditions for producing biomass of Vietnamese
ginseng from roots in in vitro condilions to
provide materials for medicinal products. We
determined the appropriate culture cxplants and
optimized the bioreactor conditions  for
producing high quanuty and quality of roots.

MATERIALS AND METHODS

Materials

In vitro leaf and callus ransversc thin cell layers
of Victnamese ginseng were used as culture
explants.

Cuiture media was based on the MS (Murashige,
Skoog, 1962) and SH (Schenk, Hildebrandi, 1972)
formulas, supplemented with 30 g/l sucrose, 8 g/l
agar and plant growth regulators at different
concentrations, pH was adjusted to 5.7-5.8 before
autoclave. Explants were cultured in 250-ml vessels
each of which contains 30 ml media.
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Methods
In vitro adventitions roos formation
Effect of culire medu

Callus explants were put o different medin,
including MS. % MS (hulf-sirength macroelements
and  full-strength meroclements), MS Ve (hadl-
strength macro- and  microclements), SH
supplemented wath 3 mg/l NAA.

Culture media with optimized salt concentration
were supplemented with NAA (0 5, 1.0, 2.0, und Y0
mg/l) and IBA (0.5. 1.0, 2.0, and 3.0 mg/l). Different
sources of carbohydrale. including fructose,
and sucrose, were also tested for thew cfleet on the
culture.

urose,

Effect of explant sowrce

Optimized cullure media was used 10 evaluale
the effect of explants from in vito leaf tissue and
calli on the formation of adventitious rools

Table 1. Effect of dfferent cullure media salt formula on the root q
after eight weeks of cullure. * Different letlers (a. b, and c) indicates significant diference (P = 0 05) with Duncan’s lest.
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Culture conditions

Adventious root formation was performed in
dink. at 25 ¢ 2°C and 40-45% relative humidity.
lixperiments were triplicated, and adventitious root
formation ratc and numbers were recorded after cight
wecks of culture. Dunca’s multiple range test (P =
0.05) for the data was performed with the statistical
analysis sollware SPSS 16.0.

RESUL.T'S AND DISCUSSION

Effect of culture media salts on adventitious root
formation from calli

Afer cight weeks of culture, adventitious rool
formation rate on SIH media was higher than that o
MS media (65% 10 45%) while no advenlitious roots
were observed on ¥: MS and MS %. Number of
adventitious roots per explant was also higher on SH
media (Table 1).

from calli of nseng

Treatments Adventitious root formation
Formation rate (%) Number of roots per explant

MS a0 400b*

YA MS 0 Oc

MS ¥ 0 Oc

SH 65 8.75a

The ratio of NHy":NO;" might play the critical
role for the high adventitious root formation raic on
SH media. This ratio is very low in SH media due to
the lack of NFHLNO;, while the content of that in MS
media 1s | 650 mg/l. In addition, the MS medra have
low concentration of NH(H,PO; (300 mg/l), and
high concentration of KNOj (2,500 mg/l). The low
ratio of NH,":NO,™ (1:9.5) with 382 mg/l nitrogen
was demonstrated to be optimal for improved fresh
weight and saponin biosynthesis in in vitro cullured
Koruan gmscng (P ginseng) Similar results were

in gl (P i g) (Jung et
al., 2005).

Vitamins also contributc to the better results
observed on SH media The amount of vitamins in
SH media 15 higher than that in MS media,
particularly thiamin-HC! (50 fold) and myo-inositol
(10 fold). Park er al. (2000) reported the usc of SH
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media for efficient culturc of Korean ginseng
adventitious roots in bioreactors resulted in high
growh and number of roots. Kim er al (2003) also
used SH media for Korean ginseng root culfwe.
From thesc results, we apphed SH media for
subsequent experiments.

Effect of NAA and IBA on adventitious root
formation from calli

Auxin is well known not only for inducing
rooting (Nemeth, 1986) but also for uts effect oo
improved root fresh weight, and both NAA and IBA
arc normally used for root induction (Georgt
Sherington, l984) Auxin is a cnncal factor affecting
the or ially ad root
formation, as it controls the cellular elongation and
division. Nevertheless, plant’s response to auxin is
often species- or variety-specific, and there is ¢
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threshold of auxin level beyond which cellular
growth  and  development  arc  inhibited
(Rakhakrishana er al, 2001). Thercfore, it is
necessary 1o determine the appropriate type and
concentration of auxin for adventitious rool
formation.

After eight weeks of culture. the highest
adventitious formation rate (100%) and number of

roots were recorded on media with NAA at 3 mg/l
compared to those on media with IBA (Table 2) Our
results agree with those of Bonfill e a/ (2002) that
adventitious roots formed on media supplemented
with NAA arc longer, thicker, and more abundant
while thosc on media with IBA are thinner and more
likely to die after subculture. Thus, SH media with 3
m/l NAA was “used for subsequent experiments.

Table 2. Effect of NAA and IBA al different concenirations on the advenlitious rool formation from calli of Vielnamese ginseng
alter eight weeks of culture. * Different letters (a. b, and ¢) indicates significant difference (P = 0 05) with Duncan's test

Concentration NAA 1BA
(mgh) Adventitious No. of adventitious  Adventitious No. of adventitious
formation rate (%) roots / explant formation rate (%) roots / explant
0s 45 1.05¢* 35 025¢
10 55 1.55¢ 80 2.83b
20 95 4.25ab 80 2.14b
3.0 100 7.80a 50 4.05ab
Effect of carbohydrate sources on the the best and most common carbohydrate sources

adventitious root formation from calli

The highest adventitious root formation rate was
obscrved on media with sucrosc while no roots were
formed on fructose-supplemented media. The
number of roots on sucrose-supplemented media was
almost 30-fold higher than that on media with
glucose (Table 3).

Sucrose, fructose, and glucose are threc major
carbohydrate sources for in virro plant tissue
culture. According to Khuri and Moorby (1995),

for in vitro culture is sucrose al the concentration
of 2 — 5%; the sugar mamnly accumulate in the
roots and is quickly absorbed. In contrast, the use
of glucose and/or fructose may cause insufficient
hexose absorption in in vitro plants. If occurring
during the initial phase of the culture, 1t may
interrupt with the root formation in several species

including Korean ginseng (Inomata er al, 1993),
Catharanthus roseus (Jung et al., 1992), Datura
stramonium  (Holmes er al, 1997), and

Erythrorhizon (Sim, Chang, 1997).

Table 3. Effect of carbohydrate sources on the

from calli of ginseng after eight

weeks of culture, * Different letters (a, b, and c) indicates sugnfcam difference (P = 0.05) with Duncan’s tes!

rate (%) No. of adventitious roots / explant

Carbohydrate sources root
Sucrose 100

Glucose 30

Fructose 0

11.95a"
0.40b
Oc

The presence of hexoses in culture media is
often associated with an increase in enzymatic
activities of the cell wall, (Wender er al., 1990), and
this has been observed in in vitro adventitious root
formation from calli of Korean ginseng (Odnevall,

Bjork, 1989). On the other hand, glucose and
fructose indirectly inhibit enzymatic activities
{phosphofructok gl d during in vitro

culture (Isla ef al, 1991). With sucrose as the
optimal carbohydrate source, our results for
Vietnamese ginseng are similar to those of Kim ez al.
(2005) for Korean ginseng.
Adventitious root formation from calli and leaf
tissue

Responses to cxogenous auxins are different
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one explanit 10 another, and these differences come
from the type and age of the explunts, and (he type
of exposure time of the auxin (Nemeth, 1986). Our
results showed that all lcaf and callus cxplants gave
higher number of adventitious roots from calh
(Table 4, Figure 1). Results from this study arc
different from those of notoginseng by Gao e af
(2005). in which side roots gave callus formation
after ten days and adventitious roots afler 35 days
of culture, while Jeal penioles gave catlus formation

Duong Tan Nhut ez gl

after 14 days and adventitious root formation afier
45 days of culture, and no difTerentiation and
adventitious rools were observed from leaves,
shoots, and roots.

Comparced to calli, leaf cxplants are more
favourablc ax they do nol requirc a formanon
period that is quite long m the case of calli. The
time for adventitious root formation from leaf
tissuc is also shorter (40 days) than that from callj
(50 days)

Table 4. Elfect of explant sources on the

of
Differont lelters (s, b, and c) indicates significant diforance (P = 0 05) with Duncan’s lest

ginseng after eighl weeks of culture *

Explant sources

Adventitious root formation rate (%)

No. of adventitious roots / explant

Callus 100
In vitro leaf 100

11 13ab"
24 73a

Figure 1. root of
from call
CONCLUSION
The optimized condition for in viro

adventitious root formation in Vicinamese ginseng
is the culture of leal tissue on SH medum
supplemented with 3 mg/l NAA and 30 g/i sucrosc.
Our study proves the feasibihty of generating
Viemamese ginscng advenhitious rools in a simple
tissue culture system.
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ginseng after enght weeks of cutture. a. from i vdro leal explants: b.
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ANH HUONG CUA MOQT SO YEU TO LEN KHA NANG HINH THANH RE BAT DINH
TU MO SEO VA LA IV VITRO CUA CAY SAM NGQC LINH (PANAX VIETNAMENSIS

HA ET GRUSHV.)

Duong Tén Nhyt", L& Nir Minh Thity, Pham Trung Tuyén, Hoing Xuin Chién

Vién Sinh hoc Tay Nguyén

TOM TAT

Cong ngh¢ sinh khéi té bao (huc vt dya trén co 5o tinh toan nang va tinh bm héa cba 1¢ bio thye vit da
duge img dung rong rai trong nhiéu fink vue: duge pham, san pham chirc ning, chat phu gia thuc pham, néng

* Author for correspondence: Tel: +84-63-3831056; Fax: +84-63-3831028, E-mail: duongtannhut@email.com

85



86

Duong Tan Nhut ef al

nghlcp Inm nghigp  vim tao it nbuy\n ligu, vira giop bho tdn l\guon gen quy mém. Rét nhlw céc hoal chit
npudn gde i thye viit ¢ gid tri kinh & cao 14 san phim coa sinh kNdi (& bao thyec vit. Sinh khm v¢ sam in vitro
cb ghun cie hop el saponin did vi dung duge st dung 1dm ngudn nguyén ligu dé sén xual rong rﬁl c4c san
pl\’un V& sim trén thé e D3 c() nhidu nghidn i duge thye hién véi imye dich sdn xuht sinh khél 7C sdm (i
nguon nguyén lign bon ddu 1 ré bt dinh va r& thu cp. Trong nghién cin nay, sy hinh thanh rc bal dinh da
duge o ol giita boi ||g\|n|\ mdu c6 ngudn gbe tr m s¢o v I I vitro sim Neoe Linh. Nubl chy néy nhém
Tao nguon nguyén hiéu ban diu cho san xuft sinh khdi rd (rong h¢ thdng bioreactor. Sau 8 1uan, che mau cly ti
18 1 vitser dioe nud ey trén mi Jrudng SH bd sung 3 my/l NAA, 30 g/l sucrosc va § g/l agar cho d I¢ hinh
thanh r& bat dinh cao (100%) vi 56 huemg & dgt 24,77 r¥miu, Nhimg r bt djnh nay cb hé sit dung dé nhan
nlunh trang ese hé thang nuér cay hiorenctor 08 theh chidt suponin. HE thdng tai sinh ré bat dinh tr mé sgo vA
1 i vitr o 6 thet img dung cho cdng tac wghién cim chuyén gen vdo cdy sém Ngoc Linh,

N . . Cora
Tir khda bioreactor, la i vitro, wii oo, Panax vietmamensis. re hat djnh





