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ABSTRACT

The experiments were carried out to determine the optimum conditions for the
induction of hairy roots in ginseng(Panax ginsneg C.A. Meyer) by Agrobacterium spp.
We were examined the antibiotics resistance of Agrobacterium spp and various ginseng parts,
and the media for induction of hairy roots. The optimum concentration of NaOCI for
sterilization of ginseng root segments without tissue damage with reduce of contamination
was 7% NaOCl for 15-20 min and 9% NaOCI for 5 min, respectively. The more ginseng ages,
the more contamination of ginseng root segment by sterilized in 7% NaOCI for 20 min,
and especially in ginseng root segments with epidermis in six-year old roots. The growth
of Agrobacterium spp were inhibited, but ginseng root segments was death in 30mg/L
tetracycline. In 500mg/L cefotaxime or 500mg/L carbenicillin, the growth of Agrobacterium
spp were inhibited, and root segments was grown normally. The optimum conditions for
induction of hairy roots were using the root segments of three-year old ginsneg cultured
in 1/2MS medium supplemented with 500mg/L cefotaxime, and inoculation of Agrobacterium
to root segments were better co-culture than smear method. After 2 weeks co-culture,
the callus induced in cambium of root segments cultured in 1/2MS solid medium with 500mg/L
cefotaxime. And then after 2 weeks, ginseng hairy roots were induced in callus of root segments.
PCR analysis of rol C gene fragment confirmed that hairy roots were transgenic tissues.

Key words : Agrobacterium rhizogenes, Panax ginseng, hairy roots, antibiotics resistance

A AT AgEEst e gl B9

M A (Lam, et al., 1984). Agrobacteriumo] 2 & %2} 2} A}

A Hojo 7+ %A crown gall tumor(ZF )}

AT ANERATESL A ENTY] FAATES hairy root(27¢ )7} + =¥ th(Inze et al., 1984). o]
3 F8 FRA =, A28 ER A FoF R L Agrobacteriumo| 7}A] 3l )& Ti, Ri-plasmid 9]
g d7Ha vk o] k2 A EA 2 T-DNAZ}e] EA3tEe 25 T2E auxin
ARG EFATR Agrobacterium®] E7do] x cytokinin®] gt ol #oAst= FAA7E E A Fhod



Hge AEszEe F4E 5 U

crown gall tumort} hairy root+ in vitro’d

w &0l v,
el A 4
A

E3282 FHAMG WAAE A% (L 5 3l

oflt
i

JHAGA 2 7E FE3 o]z JARIEE A itst
g uhoto 2 Rk wgS B3 A
d B HPFRLE A A0 Ee] g
3 9)th(Shimomura et al., 1991; Subroto et al.,
1996). & A Fxo] ddez A3 e =] o
EAHA APAEQ A4 el d 2 ginsenosides
o Ao #T A77 Ao} gtom, NEFFE
ol A9 Zgrlde] BrEAHA Q4te] oF g3
F¥o] dZ53 ¢ o] (Chepurnov, 1994), ¢14te] #
A8 EZ qFAo]l FadA tHFH
Atk AT 14k Azt Ak, AT
A7) zto] @ =W, AZo] £Vl WE
LA o] Aela] 25 FEZAIFA Rt e
]3] o] th(Yang et al., 1996). w2} <l4ke] A&
EZE di#F Aastast ste Wde g AR
& FEEY Qi UERAJN AYEE 22
2 4 3l ginsenosides?] o FA 4} st A} &= AT
7} 213 ¥) 71 9} th(Hwang et al., 1989; Yang et al., 1996;
Yoshikawa and Furuya, 1987). Z22i1} Q140 2 HE
229 f7le ws oy, AgA A =
A2E 873 BEL Yoshikawa} Furuya(1987),
Hwang 5(1989) 2 Yang $(1996)8] 2 &2 2 %
FHol A AxolH, oA e AFA= AFF UAA

% N
Mg o

o

> Q& 10 ki oo

oy o

Pl Fe Al e 93 2 el

5@ A EF Aol

M=

#a
0z
Iz

ABAE L 75

AEANZE 1, 3, 6dA A2 (Panax ginseng C.A.
Meyen) & FAI R oH, BA2E A7 g
T F ¥ Agrobacterium rhizogenes 8196, 13257,
13264, 158342 AL&3l9 00, 0] ATCCol A T
213} 91 T} (Shen et al., 1988). IE3F A. rhizogenes A«Jouanin
etal, 1987)& Aduigtn Sl gs= ) Fofit
9k o.v, A. rhizogenes R1000(Nicoll et al., 1995)2
A vbet UBCAA A&t

NaOCl 2| & 4 )

QU3 o) AHE AFE]
(NaOCD¢] HH 5% o
3led, NaOCIS] A B EE 1,3,5,7,9% 2 st o,
g AZEE 5, 10, 15, 20, 2580 2 dto] 23HA] &l
@ F 1AMSHA o)A 3U7E 3. 28° Col A w
¥y &, Agrobacterium®] F2 BT E ZALSIH T
L dEE E Ry 29 egUEE S
28t cambium, cambium+pith, cambium + pith +
epidermis ¥ © 2 1}50] 7% NaOCle|| 4] 2087+ 2
Fatol, ok BAR AN IR F AW
°d J=2 2y}An

(e}
o}
[

Agrobacterium spp®] A5l g ZF FYA 9
s

gAY A) = cefataxime, carbenicillin, kanamycin,
tetracycline 2 A}8-3199 31, A 8l =¥ cefotaxime}
carbenicillin-& 25, 50, 100, 250, 500 mg/LE 3} 0.1,
kanamycin-& 15, 30, 45, 60, 75mg/L. 71 2] 31 tetracycline
£ 35, 10, 20, 30, 40mg/L2 3} 3 t}h. 84 A & membrane
filter2 B3 A A 2 # 3 T autoclaved 2YTH] *] (16g
tryptone, 10g yeast extract, 5g NaCl, 1L H.O, pH
7.0)7F 2 55°CH = =HASu HUhste 3¢ <t
28°Co] HabEl o)A M F S F colony B4 AFF =

st



ko

&g A 2]

o

Azt B9l AP AKel AW 7
g &

172MSH) x) & 121°C(15 PSI)oj} A} 1587t H 7 3
% ok 55° CH 5 2192 o filtration® A8 A] (S00mg/L
cefotaxime, 500mg/L carbenicillin, 100mg/L cefotaxime+30mg/L.
kanamycin, 100mg/L. cefotaxime+10mg/L tetracycline,
250mg/L carbenicillin+30mg/L kanamycin, 250mg/L
carbenicillin+10mg/L tetracycline, 75mg/L kanamycin,
40mg/L tetracycline)2 H7}3ta] EEo] & F, 4l
4:3) Petri dishol] FF89th 34 Q4] Bl
7% NaOCl &H o X 208, &7+ 2% A 158,
a8 3 FAE 5% A 208 242 3 A &,
T SHTE 335 AlHste FA4A 7 H7HE 12MS

WA oA 25 WG F 4B 24 s

BAZ Sz ol Agrobacterium spp R 1A}
e AR uhg-

Cefotaxime©] 500mg/L 719 o8] =AT - =)
AA QB AHE ZAFI] Aol
Agrobact-erium¥} QA AF 7] ARG FA| | L3 T
1/2MS 2 1/4MS 8] =](0.8% agar, 3% sucrose), “L&]
32 1/2MS(0.8% agar, 3% sucrose) Hl| X] &} water agar(0.8%
agar, 3% sucrose) H|X| ]l 94 AH S X443 F,
Agrobacterium< QA HY o =Lsle] 257 &4
ZHe), 25° Col| A b 9F3}e] Agrobacterium®) 22 3} 91
AT e 2R

BZAT 7]

AAF B2 XHE 2T 55 93 discg ¥
E7] ]38t 70% ethanolel] 10
NaOCl §-of} A 2083t 3 2 F 2 S/HT
2 33] Al sl "Ei#stsT). A rhzzogenes R1000
Z2YTH| R o] A 2 7 & ehuf 2sk 3 600nmol A
optical density”} 0.8(cell density 109/mL)= Z2 3}
o, 2A1 7t B<F clean bencholl A 7122 A1 71 Q14F ¥
2 AT 24N FAu| A By AAH S
7+ 3 filter paperol] A 1A]7F A ZA] 71 & cefotaxime©]
500mg/L & 7}¥ 1/2MS(Murashige and Skoog, 1962)
B} R) (3% sucrose, 0.8% agar)ol] X]A}sle] vl 95} <5

T e Agozty frlHE ®
28 A w3led carbenicilline] 250mg/L A 7}
12MSH] R o] 5] R 2o Fo} Sl 2 A

O rin o.,>1

F 2 2H(540 bp)o] EA A FE &let7] 95t
PCR (Thermal cycler, Perkin Elmer Cetus)E A}-&3}
Attt 2AZ o 2 BE DNAY #32 Edwards &
(1991)9] = o] £3}9 2™, Taq polymerase, NPT,
MgCL, buffer, dye's-©] &35 o] ¢+ Premix(Bioneer,
Korea)el] &3 DNA 50ng, primer 20pmol< & 7}
3t} FFE 2042 A Th PCRES A8 ¥hg =4
< Yang ?(1998)/] W] 3t 2, PCR ¥H-§
Al Ab&-%F primere rol C 2] 25 93t
Oono=-(1993)0] AlL3+ 5 -ATGGCTGAAGACG-
ACCTGTT- 3,5 -TTAGCCGATTG-CAAACTTGCAC-
3% 47 22merE ALS3FA T

2w 1@

©

>

Z,
&

Qo
a
_)ll_l’
u

e Ao 2

8t7] 938t NaOCl«l HAHF
Atat7] 98t FE ek A E
3} = Table 1 3} 2t} 3% NaOCl
g sted 3 b hufj ksl o,
E%on, A4 FH e 7HgAE
, NaOClol| 9@ 22 &42
t}h. 5% NaOClol| A 587t A 2l Al ol & 3%
NaOCol M 2533t Aelalsh o9 B =7t FAFSHS
o} 102X 2087t A o A=rt HAast
2 RAR 2 FEola, 24 &4 7HE
A7 AU B E e 2| gkskt.

=
7% NaOCl, 15-20% = =7}

-0,
>
]
1,
S
ng f
[ B

3y
We
e
=l
>
R

>

W

o
S o
m

8w oo PZ‘J
N it

—_ 2

Wi

:['j:’ )

w
32 - M
o B
AR

=

¢

=

jalo

M,

o,

Y

o,
o o 29
% ox to

o

)

o

T

A8 AP AT 27 F7
| NG R B2 S §7187) ddew
AFESH7] o8 AEE ol Rt 7% NaOCl, 25



Table 1. Contamination rate of ginseng root explants
after sterilization with various concentration of
NaOCI. Root explants were cultured on 1/2 MS medium
at 28°C for 2 weeks on dark condition.

Time(min.) 10 15 20 25
NaOCI(%).
1 +++ +++ 4+ +++
3 +++ +++ A+t +++
5 ++ ++ ++ ++ +
7 ++ ++ + + -
9 + - - - -

+++: very high and explants was normal,
++: high and explants was normal,

+: low and explants was small damage,
-: none and explants was death.
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Table 2. Contamination rate according to parts and
ages of ginseng after sterilization with 7% NaOCl for
20min. Root explants were cultured on 1/2 MS
medium at 28° C for 2 weeks on dark condition.

(unit: %)
Parts Cambium®
Ages(years) Cambium Cambium+Pith Pith + Epidermis
1 - 3.0 24.5
3 11.1 34 333
6 16.5 15.2 49.2
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Table 3. Minimum inhibitory concentration of Agrobacterium
rhizogenes strains on the media with various concentration
of antibiotics.

Strains

8196 13257, 13264 15834 RI1000 A.
Antibiotics(mg/L)
Cefotaxime
25 +++ ++H+ +++
50 ++ ++ ++ ++ ++ 4+
100 - + + - + -
250 - - - - - -
500 - - - - - -
Carbenicillin
25 +++ +++ +H+ 4+ +++
50 ++ +++ ++ ++ +++
100+ ++ + + ++ +
250 - + + - + -
500 - - - - - -
Kanamycin
15 ++ +++ ++ ++ +++  ++
30 + ++ + + ++ +
45 - + - - + -
60 - - - - - -
75 - - - - - -
Tetracycline
5 ++ +++ ++ +++ +++  ++
10 + ++ + ++ ++ +
20 - + - + + -
30 - - - - - -
40 - - - - - -

Agrobacterium rhizogenes strains were cultured in

2YT medium at 28° C for 3 days on dark condition.
Growth of Agrobacterium spp : +++; well growth,
++; good growth, +;slight growth, -; negative growth.
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Table 4. Vitality of ginseng explants infected by A.
rhizogenes R1000 on the media with various antibiotics.

Ginsneg parts

Antibiotics Roots Stem Embryo R1000

Cefotaxime(500mg/L)  +++ +++  +++ -

Carbenicillin(500mg/L) +++ +++  +++ -

Cefotaxime(100mg/L)*
+++ -
Kanamycin(30mg/L)
Cefotaxime(100mg/L)*
+++ -
Tetracycline(10mg/L)
Carbenicillin(250mg/L)
+++ -
Kanamycin(30mg/L)
- "
Carbenicillin(250mg/L) et — _
Tetracycline(10mg/L)

Kanamycin(75mg/L) + + - -

Tetracycline(30mg/L) + + - -

+++ ; very high, ++ ; high, + ; low, -; death.
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Table 5. Contamination rate and vitality of ginseng root explants infected by A. rhizogenes strains on various

medium.
A. rhizogenes  strains
i 8196 13264 15834 R1000 As
Media Response
1/2 MS(L) Contamination rate(%) 0 12.5 0 0 0
Vitality ++ ++ ++ +++ +++
1/4 MS(L) Contammatm.n rate(%) 13.6 38.5 25.8 25 13.2
Vitality + - - ++ ++ ++
WA(S) Contamination rate(%) 0 0 6.4 0 13.7
Vitality - - + +
1/2MS(S) Contamination rate(%) 10 5.0 2.5 0 2.1
Vitality + - - + ++

1/2MS(L) : liquid co-culture, 0.8% agar+3% sucrose+500 mg/L cefotaxime
1/4MS(L) : liquid co-culture, 0.8% agar+3% sucrose+500 mg/L cefotaxime
WA(S) : solid co-culture, 0.8% agar+3% sucrose+500 mg/L cefotaxime
172MS(S) : solid co-culture, 0.8% agar+3% sucrose+500 mg/L cefotaxime

Vitality of root explants : +++ ; very high, ++ ; high, + ;

low, -; death.
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Fig. 1. Hairy roots induced from root explants by
Agrobacterium rhizogenes R1000 in Panax ginsneg
C.A. Meyer. A; Root explants after 2 weeks culture, B;
Hairy roots after 4 weeks culture, C; Hairy roots cultured
in hormone-free 1/2MS solid medium(3% sucrose)
for 3 weeks on dark condition.
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