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Induction and growth of adventitious roots and bioreactor culture
in Codonopsis lanceolata
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ABSTRACT This paper reported the establishment of mass production system of adventitious roots of
Codonopsis lanceolata through shake flask and bioreactor culture. Induction of adventitious roots was started
from the explants of leaf, stem and root on 1/2 strength Murashing and Skoog (MS) solid medium. Stem
segments were the best explants for induction of adventitious roots compared to leaf and root segments.
Among the different auxins tested (NAA, IBA and IAA), number of adventitious root per explant was highest
on solid medium with 1.0 mg/L IBA, and produced 9.9+1.2 roots per explant. However, growth of
adventitious roots was fast in the presence of IBA at low concentration (0.1 mg/L). In shake flask culture,
maximum production of adventitious roots (fresh weight) was obtained in half-strength MS medium compared
to full-strength and one-third MS medium, When the adventitious roots produced in shake-flask culture were
transferred to 5 L air-lift bioreactor, 16 times of fresh weight increase was gained after one month of culture.
These results indicate that this protocol for the production of C. /anceolata adventitious roots can be applied
to large scale culture for practical application.
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Aol 71e of§HIL Utk HY Y 7| vk ofHljcfo
ASOE A= HAT (Lee et al. 1980), A AZHE ¢
Ao} 28 2 H2FA Fol o]Fojx 8 It (Ahn et al.
1986). o AGHH WG 2T AAZapAYa A2
Aol Bt A7) ool F o] (Min et al. 1992), 7] ¥
siot AAlzu) TAE T FEPEANAHPE HHEUL
L} (Choi et al. 1994, Choi et al. 1996), 7]} #j%¥F& E3t &
AT 7= B FAf U A7 d+E o gl

(Yu et al. 2000).

o AEEEEREE EREREER
X vkl R wA), 924 S gz AL Setn, By
29 e} AA SR ARISIIS 0l 3 B
2 FA% 5] st AAE

e Shad oA opi oz AAYSET Q= HY
(Codonopsis lanceolata) AEAE Y3t 71jul kS $3)
£7) A9 S A% SRTE PAT T 70% oHEE 302
7t 25314 29, 1% sodium hypochloriteo]] 108 FoF &%
fol B 3l o] B2 39 A3 £ 27] F
FES % 1 emZ st AEAE fEo A
s}

=

= U A= 1/2 MS vl A]of| 3% sucrose, 0.3% gelriteE A}

Ol

N

A
43t on, pH 582 A% T 121 CoflN 2087 P}
of ZefAel Petri-disho] 22} 20 mLA £ sheick w9
AL 40 pmol m” 5™, WA PRFO2 16417 B2, 84
7 azAor 25k 25T R WA S35t

o 272 Aese] ALIAL, 2712 2] 242t S )
712 122 MS (Murashige and Skoog 1962) 7]2az]¢] | mg/L
NAA (IBA E+ IAAE 718 B4 f& djA]ol 248t
of 437t wiet ol freE AT 5 2ARKIY. £
SEE HAo] 240 NAAL 0.1, 0.5, 1.0 2 2.0 mgLE
213 IBA=0.01, 0.05, 0.1, 03 2 0.5 mgLE &3t 3
7}k 12 MS e o)) eF | em 27)9] EA L Petri-dish
2 10708 3709) Petri-disho]] X]AYatSi.om, 4271 wiok &
3, AUA g f=d BT o 9 LolE 2A8I0] F4E

g Hwsigct
o He} He)

A wiRE T8 FATY S Sl HiAFE B
4 o84 A 24 ARG TAEAOA =8 2
(0.2 gL MS, 12 MS U 13 MSO.E =58 draldt i
uj Aol ZFzF 0.1 mg/L IBAQ} 3% sucrose S A1 v Ajo} 3
Forch W71 250 mL HAESAIE o] &5 o
100 mLA] E3=51¢ick HH -G 2241 (BA)TEE &
A517] SJ8) 12 MS A5|uix]e] BA (0.1, 05 2 1.0 mg/L)
£ 93 A7) 22 o R FEEg AN WYgS7=
250 mL =27|9] 4ZF SHAIE o835 en 457k 100
rpm o2 AgulF st o, i T HAHIFS SAHATH
YSHS7| B

ATHEGATA S48 Hd BT (BAF 10 )23
L 172 MS ®i2]7} 7HE 5 L 8559 371594 AE8s7]
(air-lift bioreactor)o] A3}tk o|mf 22419 et A}
7 EA89F 0] 0.1, 0.5 U 1.0 mg/L IBAS gajsle] 2
A Aol AEe 2.&4] FEE AL o A2y
2719} F7) 2982 0.1 vvm (air volume/culture volume/min)
o= Ao, ik dxrdA A7ist FUgt ok
Aol A 457k et hZ A5 2 A5 F4E 24
pil

pites

ol




Y (Codonopsis lanceolata)S] $83 | L MEO| D|X|= HIYZHI} HSHIST| HIQE - 157
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100%2] B4 FAES By oul ByAEyoA=
NAAS} IBA AT 22} 80%, 86.6% 2 ThA) A o2 i)
sotct F33Hch (Table 1). 2 FHAY I8 B2
T 99 AL 1AA Ao M 1.0 mglgzolA 742 7}
2 WU, 719 He2)9] 7% IBA AFoA= 1.0 mg/Lo]
A Z¥Zk 997, 6702 7 wetTh (Table 2).
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Aol A s FgZol gdo] F=Hqieh (Table 3). HHd
A 34" #8327l 0.5 mg/l NAAZHBAOYA
47 50102, 954042 714 FEstgy, R4 dole
0.1 mg/L NAAS} 0.01 mg/L IBAO|A Z+zZ} 1.0£0.2, 1.7+0.3
Table 1 Effect of growth regulators on adventitious root induction

from explants of leaf, stem and root of Codonepsis lanceolata after
4 weeks of culture.

Auxin Frequency of adventitious root formation
(mgiL) Leaf Stem Root
Control 0 0 26,615.0
NAA 1.0 26.615.0 100 80.014.5
iBA 1.0 40.0£5.0 100 86.615.0
1AA 1.0 80.044.5 100 60.0:4.5

*Data represent the mean $S.E. of triplicates,
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AT (Yu et al. 2000). B3 459 F9E A2 4B 0.1
mglL 24-D7k W7HE MS HRje] Afst] 477k wherstol
BHAE GE O, o) ARARYE BHIL 5
kT B3 o et Kim et ol. 1995). 2 AL
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M| HEHY

AAHlFe 2w B FFUY HoL A ZH,
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Table 2 Effect of growth regulators on adventitious root induction from explants of leaf, stem and root of Codonopsis lanceolata after

4 weeks of culiure.

Leaf Stem Root
Auxin No. of Length of No. of Length of No. of Length of
(mglL) adventitious adventitious adventitious adventitious adventitious adventitious
roots roots (cm) roots roots (cm) roots roots (cm)
Control 0 0 0 0 0 0
NAA 1.0 42419 0.3£0.1 8.710.2 1.3+0.1 4,0£2.6 0.540.2
BA 1.0 5.2+1.3 0.5+0.2 9.9+1.2 1.0£0.2 6.0£1.3 0.3£0.1
I1AA 1.0 7.0+0.6 0.520.2 7.3£26 0.9+0.2 4.8+0.3 0.410.2

*Data represent the mean #+S.E. of triplicates.
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Table 3 Effect of NAA and IBA concentrations on adventitious
root induction and their growth from adventitious roots of
Codonopsis lanceolata after 4 weeks of culture.

Auxin No. of adveLnetE%Sso:oots
(mgit) adventitious roots
{cm)
Control 0 0
NAA 0.1 4.8£0.3 1.010.2
05 5.0+0.2 0.8+0.1
1.0 3.6£0.3 0.640.1
2.0 3.3:0.2 0.4:0.1
IBA 0.01 3.410.2 1.740.3
0.5 7.7¢0.9 14101
0.1 8.840.2 1.320.1
0.3 8.9+0.8 0.740.1
0.5 9.5:0.4 0.610.1
1.0 5.410.3 0.50.1
2.0 5.0:¢0.4 0.4:0.2

*Data represent the mean £S.E. of triplicates.
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Figure 1. Formation of adventitious roots from the roots
explants of Codonopsis lanceolata in the presence of different
concentrations of IBA. A: Control; B: IBA 0.1 mg/L; C: IBA
2.0 mg/L. D-F: Enalrged views of adventitious roots of A, B,
and C, respectively.
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Figure 2. Effects of medium strength on the growth of Codonopsis
lanceolata adventitious roots in 250 ml flasks containing 0.1 mg/L
IBA and 3% sucrose after 4 weeks of culture
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Figure 3. Growth of Codonopsis lanceolata adventitious roots in 250 mL flasks containing different IBA concentration during 4 weeks

of culture. A : Fresh weight; B : Dry weight.

Controt IBA 0.1 BA 06

Contral 18A 0.1 mg/t.

1BA 0.5 mgiL. IBA 10:mgr.

Figure 4. Formation of adventitious roots from root explants in
flasks containing modified 1/2 MS liquid medium with IBA.
A: Culture in 250 mL flask; B : Control; C : IBA 0.1 mg/L;
D : IBA 1.0 mg/L, E and F culture in 5 L air-lift bioreactor.
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Figure 5. Growth of Codonopsis lanceolata adventitious roots in 5 L air-lift bioreactor containing different concentration of IBA

during 4 weeks of culture. A: Fresh weight; B : Dry weight.



160 - Journal of Plant Biotechnology

(Yu et al. 2002), Hypericum perforatum (Zobayed and Saxena
2003), Rehmannia glutinosa (Jeong et al. 2004) 5 FEAE
FgAEARY o] AEEgt £
w9} 22 7|BS BEUS7] WL Satel Hopshe 4
= FEHlAIZET fA4, AgsEos Qb2 o)of
A Z714Q1 Aadel A3 ARZ oJAA ot (Bourgaud
et al. 2001; Yu et al. 2002; Lazaridou et al. 2002; Paek and
Chakravarthy 2003).
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