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R9923 HPLC R9923 Rgl Re Rf Rbl
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1.4 PCR
CTAB "
DNA  0.5g

90°C 2 x CTAB

14 A4
PCR
TATATTCGCACAACG3'

Slightom

CGATGAAATCAAGTA TCC3'

100p:L
10pL. dNTP
Il 3ul. Taq
96°C Smin 94°C
70s 30
1%

15

1.5

HPLC "
Irregular-HC18

LC-10ATVP
10pm

MS  1/2MS

Ri T-DNA

1 5'CGAAGCTTC-
2 5" GCGAATTCG

PCR
10pL. 50ng
2.5pm 8plL 1

Su/pl. 0.5pL

45s 50C

70C 8min

EtBr

10 x PCR

50s 72°C

A =10

mmol/L. KH, PO,-CH;CN 80:20 B = H,0-CH;CN 15:

85 Iml/min

1.6

25C "°

1.7
R9923
N /5 MS KNO; NH,NO,
25C
140 r/min
1 4

30g/L

30/L

203nm

MS

MS 1/2MS

5
80 r/min 110 r/min
2

15¢/L

lg 2g 35 4g

0.1L
0.5L 2.0L
2
2.1
5~6
1
60 11 19
18.3% 1.72
lem
MS 5~7d 1
3
16
2.2
MS 1/2MS
5
2 1/2MS
MS
1/2MS MS
1 Ay
Fig.1 Hairy roots from explants of
ginseng root transformed by A, strain
2.3 rolC PCR
rolC Ri T, -DNA
rolC
PCR DNA
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1
3
R9923
4 28.8
X
R9923
2 MS
Fig.2 State and feature of hairy roots on MS medium 1~4 R9923
872bp 3 HPLC 2
1% DNA marker 2000 7
0.8kb 3 18me/g 3 °
A4 TL- 2
DNA
bp ;
— 2000 Table 1 Specific growth rate and total ginsenoside
— 800 content of main ginseng hairy root clones
A o Dry weight of Total  ginsenoside
. Growth rate hairy roots/
Strains 1! Content/ % Yield/ g 17!
R9912 25.82 22.2 1.14 0.253
3 rolC PCR R9923 28.80 28.4 1.52 0.432
Fig.3 PCR amplification of 70lC gene in Ro%4s 2. 18.8 156 0.293
ginseng hairy roots genome
1 2 3 hairy root R9912 R9923and R9915 2.5 R9923
4 A,Ri plasmid 5 molecular weight marker
6 mnon-transformed ordinary ginseng roots 2.5.1
2.4 R9923
MS 1/2MS
N/SMS 80r/min  110r/min 140
r/min
2 1/2 MS 110 r/min
16 3 14 d
2 1 4 R9923

Table 2 Total ginsenoside and monomer gisenoside content in hairy root R9923 cultured from 1 to 4 weeks

Culture time Rgl Re Rf Rbl Re Rb2 Rd Total ginsenoside
/ week / mglg / mglg / mglg / mg/g / mg/g / mgl/g / mgl/g / mgl/g
1 6.25 4.68 0.88 3.30 0.83 1.18 1.43 18.55
2 5.56 3.28 0.63 2.25 0.75 0.90 1.63 15.00
3 7.23 3.73 0.65 2.88 0.95 1.18 2.25 18.87
4 5.75 3.80 0.55 2.35 0.85 0.93 1.60 15.83
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20
7.97 5d
3 30g/LL 15¢/L
R9923 ' 4
Table 3 Effect of liquid culture factors
on specific growth rate of ginseng hairy root
Ratatory speed of shaker/ r/min
Culture medium 100mlL 250 mlL 500 mL
80 110 140 .
1/2MS 25°C 110r/min 4
MS 7.55+0.7 7.97+1.3 7.68+0.9 5
1/2MS 7.28+£0.9 7.52+0.8 7.36+1.1
N/5MS 5.15+1.0 5.35+1.2 5.42+0.7
* Data for 14 day. Fresh weight of the hairy roots before culture was about 1.0g
d
4
3 2 : . _—
Table 4 Effect on biomass and ginsenoside content
0~14d 3~4 14 ~28 d of hairy roots by different carbohydrate
4 Hairy roots
4 Treatment Dry weight Ginsenoside Ginsengoside yield
/ oL 1% / gL
Glucose  30g 3.527 0.442 0.016
Sugar 30g 10.754 1.695 0.182
Sugar 15g 5.505 1.082 0.059
100mL
+II:I/ledimnA exchanged 1g 2 g 3 g 4 g 5
—o— No medium exchanged
_— 4 1 6
&
—~ 104 T
3 —
B
=
g
bl
g
g 2.5.3
a 14
0 IIO 2I0 3I0 4IO
Culture time/d
4
Fig.4  Growth curve of ginseng hai
& gisens ety 0.1L 0.5L 2.0L
roots in liguid-culture condition 5
2.5.2
2
4 2 1
4
5
Table 5 Biomass and ginsenosides content of hairy roots in different culture volume
Culture volume/mL Average first-weight/g First-weight/ g/L Biomass fresh weight/g Biomass/ g/L. Ginsenoside content/ %
100 1.34 13.40 15.72 157.2 1.04
250 2.95 11.80 36.01 144.0 0.95
500 6.13 12.26 53.90 107.8 0.75
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6 4
7 Table 6 Effect on biomass of hairy roots with
different inoculation cultured 4 weeks
Inoculation/g Specific growth rate Fresh weight/g
48 30g 1.0 13.76 6.878
60g 270g 2.0 13.24 13.236
3 3.0 13.09 19.632
4.0 10.74 21.484
5
Fig.5 Three steps culture and growth state of ginseng hairy roots in liquid culture
7
Table 7 Relationship between inoculation and biomass in the scale-up process of hairy roots
0.1L volume 0.5L volume 2.0L volume
Treatment
1 2 3 4 5 6 ) ) ® I I I
Inoculation g 4.38 3.73 3.78 4.20 4.83 2.76  10.59 1 20.24 2+3 33.38 4+5+6  28.95  37.58 59.36
2weeks yield g 10.59  10.54 9.70 10.56  13.72 9.10 28.95 37.58 59.36
4weeks yield g 108.20  159.50  270.10
R9923
A4
A4
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Induction of Hairy Roots of Panax ginseng
and Studies on Suitable Culture Condition of Ginseng Hairy Roots

ZHAO Shou-Jing'* LI Chang-Yu’
LUO Xiao-Pei' ZHANG Xin' WANG Xue-Song'
College of Biology and Agricultural Engineering

QIAN Yan-Chun'

KANG Bo-Yu!'
Changchun 130022 China
Jilin 132109 China

Jilin University

% Institute of Special Economic Animal and Plant Science  Chinese Academy of Agricultural Sciences

Abstract Ginseng is a valuable medicinal plant with ginsenosides as its mian effective components. Because ginseng is a peren-
nial plant and has a very strict demand for soil conditions the way of cultivating ginseng by cutting woods is still used in China
at present and thus forest resources has been extremely destroyed. Increasing attention has been paid to the hairy roots induced by
the infection of Agrobacterium rhizogenes in the production of plant secondary metabolic products for the hairy roots are character-
ized by rapid growth and stable hereditary and biochemical traits. That has opened a new way for the industrial production of gin-
seosides. However there is little report for such studies from China. In this paper hairy roots of ginseng were induced from the
root explants of two-year-old ginseng by Agrobacterium rhizogenes A, with directly inoculating. The transformed hairy roots could
grow rapidly on MS medium and 1/2 MS medium without hormones. The cultured clones of the hairy roots were established on a
solid 1/2MS medium. After 4 ~ 5 subcultures the hairy roots still maintained a vigorous growth. A pair of primers were designed
and synthesized according to the analytical results of RiA4TL-DNA sequence by Slightom et al . 0.8kb rolC was obtained by PCR
using the genome DNA of hairy root of ginseng. Transformation was confirmed by PCR amplification of rolC genes from the hairy
roots of P. ginseng. Growth rate of hairy roots on liquid medium increased by 2 times then that of the solid medium. The growth
of the hairy roots can be divided into three stages high speed in the first two weeks middle speed in the 3 ~ 4 weeks and low
speed hereafter. Changing the culture solution at 2 weeks regular intervals is conductive to maintaining the rapid growth of the
hairy roots. By means of determination for specific growth rate and ginsenosides content the high-yield hairy root clone R9923
was selected. The content of monomer gisenoside of Rgl Re Rf Rbl Re Rb2 and Rd in hairy root clone R9923 was determined
by the HPLC. The total ginsenosides content in the hairy toot clone R9923 came up to 15.2mg/g. The suitable culture conditions
for ginseng hairy roots growing were 1/2MS liquid medium 30g/L glucose  in a shaker at 110r/min changing the culture solu-
tion at 2 weeks and subculture time 4 weeks. In the liquid fermented culture of 2L medium the yield of the hairy roots could
amount to 270.10g in 4weeks . The industrial production of ginsenosides has been preliminarily realized. Effect factors on biomass
and ginsenosides content such as culture volume inoculation in steps cultural technology at the scale-up process of hairy roots
culture were also explorated. Our results have laid a foundation for defining optimum culture manner for large-scale cultivation

and large-scale production of ginsenosides.

Key words Agrobacterium rhizogenes PCR amplification ginsenosides liquid culture in steps cultural technology
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