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Tablel. Effects of different auxin types and concentration on callus proliferation of Corydalis yanhusuo in darkness *

Callus fresh weight (g)”

Auxin concentration (mg/L)

TIAA IBA 2,4-D NAA
0 0.64a 0.64 a 0.63b 0.63 ¢
0.5 0.33c 0.63 a 1.11a 1.10b
1 0.40 be 0.62a I.11a 1.51a
2 0.43 abc 0.50 ab 0.97a 131a
4 0.55 ab 042b 0.85a 1.00 b

“ Callus was cultured on MS basal medium supplemented with 3% sucrose, 1% Difco Bacto-agar and various types

and concentration of auxin.

Y Fresh weight was collected from the proliferated callus after 4 weeks of culture. Means of 20 samples in column
with the same letters are not significantly different at 5% by LSD test.

F 2. AT SRR IR AR R BRI AR L R
Table 2. Effects of different cytokinin types and concentration on callus proliferation of Corydalis yanhusuo in

darkness *

Callus fresh weight (g)”

Cytokinin concentration (mg/L)

Kinetin Zeatin BA TDZ
0 0.63 a 0.64 a 0.63b 0.64 c
0.5 0.59a 0.60 a 1.10a 1.44b
1 0.63a 0.70 a 0.78 ab 2.08a
2 053 a 0.63 a 0.75 ab 1.94 ab
4 0.55a 0.66 a 0.52b 1.21 be

? Callus was cultured on MS basal medium supplemented with 3% sucrose, 1% Difco Bacto-agar and various types
and concentration of cytokinin.

¥ Same as Table 1.
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Table 3. Effects of NAA in combination with dlfferent cytokinin types and concentration on callus proliferation of

Corydalis yanhusuo in darkness *

Concentration (mg/L) Callus fresh weight (g)¥

NAA Cytokinin TDZ BA Kinetin Zeatin
0 0 0.62b 0.64d 0.65b 0.64 be
0.5 0.5 1.58 ab 1.04 cd 097b 0.56 be
0.5 1 2.09a 1.69 a 1.03 ab 0.38¢
0.5 2 2.06a 1.55 ab 1.09 ab 0.49¢
1 0.5 1.88a 1.01 cd 0.89 be 0.86 be
1 1 2.19a 1.23 be 1.04 ab 0.72 be
1 2 1.06 be 1.95a 1.19a 1.03b
2 0.5 213 a 1.17¢ 1.04 ab 1.56a
2 1 1.15 ab 1.26 be 1.16a 0.84 be
2 2 2.07a 1.09¢ 1.09 ab 0.69 be

? Callus was cultured on MS basal medium supplemented with 3% sucrose, 1% Difco Bacto-agar and various plant
growth regulator combinations.

¥ Same as Table 1.
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Fig. 1. In vitro callus proliferation and mini-tuber formation of Corydalis yanhusuo. Callus proliferated on MS basal
salts medium containing 1 mg/L NAA, 1 mg/L TDZ, 3% sucrose, and 1% Difco Bacto-agar in darkness for 4 weeks
of culture, Bar = 15 mm (A), and mini-tubers, Bar = 5 mm (B); somatic embryo (SE) and somatic seedling formatted
on MS basal salts medium containing 0.5 mg/L IBA 3% sucrose, and 1% Difco Bacto-agar under light condition for 8
weeks of culture , Bar = 2.5 mm (C, D); Somatic seedling grew-up on half-strength MS basal medium without

phytohormone for 4 weeks of culture, Bar = 5 mm (E).
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Table 4. Effects of auxin types and concentration on mini-tuber formation of Corydalis yanhusuo callus under light

culture conduction ”

Mini-tuber formation (Number)*

Auxin concentration (mg/L)

TIAA IBA 2,4-D NAA
0 242 a 24.0a 20.0 a 244 a
0.5 25.1a 284a 72b 20.0a
1 26.1a 252a 3.1b 19.5a
2 234a 257 a 33b 212 a
4 122b 23.7a 25b 15.1b

* Callus was cultured on MS basal medium supplemented with 3% sucrose, 1% Difco Bacto-agar and various types

and concentration of auxin.

Y Number of mini-tubers were collected from the proliferated callus after 8 weeks of culture. Means of 20 samples in
column with the same letters are not significantly different at 5% by LSD test.

F 5. A5 ISk R R PR ™ SO | R Ty VYA
Table 5. Effects of cytokinins types and concentration on mini-tuber formation of Corydalis yanhusuo callus under

light culture condition”

Mini-tuber formation (Number) ¥

Cytokinin concentration (m g/L)

Kinetin Zeatin BA TDZ
0 21.5a 225a 25.1a 185a
0.5 13.5ab 21.6a 10.1b 19b
1 14.5 ab 12.2 ab 6.3 be 1.5b
2 12.2 ab 99b 2.1c 3.1b
4 6.9b 7.8b 1.7¢ 3.6b

“ Callus was cultured on MS basal medium supplemented with 3% sucrose, 1% Difco Bacto-agar and various types
and concentration of cytokinin.
Y Same as Table 4.
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flat | eIy o I B e 0 ERAE ffj/ | BRI RS RIHIR9 5T 8.6-12.4 [l s RIS IS B 2 B
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Table 6. Effects of NAA in combination with different cytokinin types and concentration on mini-tuber formation of

Corydalis yanhusuo under light culture condition”

Concentration (mg/L) Tuber formation ¥(Number)

NAA Cytokinins TDZ BA Kinetin Zeatin
0 0 183 a 16.5a 199a 17.6a
0.5 0.5 1.2b 11.0b 22.5a 10.4 ab
0.5 1 1.6b 10.1b 8.8 de 2.5d
0.5 2 3.6b 10.7b 11.8 cd 9.2 ab
1 0.5 430 1240 13.1cd 0.8d
1 1 19b 169 a 11.3 cd 7.2 be
1 2 I.1b 8.6b 6.6 de 54cd
2 0.5 0.5b 10.6b 153 be 3.0d
2 1 1.1b 9.8b 16.8 ab 13e
2 2 2.0b 9.5b 10.3 cde 2.6d

* Callus was cultured on MS basal medium supplemented with 3% sucrose, 1% Difco Bacto-agar and various

cytokinin types and concentration combination.

¥ Same as Table 4.
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Hiraoka et al. (2004) rj]J,l“?}fFF?p (C. amblgua) ’FJIZI‘“‘W fF’[L[' » TDZ B ?E'f! E'E Jﬁ_lg\_J?"F\]'T R EET
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AN (Solanum tuberosum) | U AY HRLE Ef*f,%l FIFiEE (George 1993) 5 Zt’filfﬂm?
PR A +—‘FF[ £ 2 FF?p T IETEY o Sagare et al. (2000a) 3‘4’“'. » FEHIEE R (abscisic acid;
ABA) ~ 2 ¥ (paclobutrazol) B |PpELH (ancymidol) 5% w?‘ﬂﬁ’ﬂ’}"’?‘]&{%ﬁ‘ [ | BTy o A
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A n\%%\'mﬁﬁ ; ﬁi@%;ﬁ SO (Y1 Rk 2.4-D W NAA 531555 Fsk V TDZ) »
PP £ R0 5T Gk P RCERE ’F (JI'NAA+TDZ)> 'iﬁf*ﬁémfft? IR F{FEI“?*”
R IE - G A mg/L NAA [ T mg/L TDZ VACEIR ) RS ok (A BT
S ﬁljfééﬁ?‘%ﬁﬁiﬁ%[ EE o T ,m?iim?ﬁi{?ﬁf*‘wiﬁéﬁlﬁwi RV IBA Y TAA - TR E
& SRR RSP Fﬁ' (NAA+kinetin) ﬁﬁ‘;‘éﬁ;ﬁf?{w}ﬁﬁ&*i}w@ TEer |t i@,‘gﬁ
ARG R ] fFJf‘?E:E"FT BE‘EQF[U#“%@%%%&( f'*ﬂi‘ e *EWE@TF FFEE > F e ’] (LENEE &2
Fﬁ*ﬁ%‘“ (good agricultural practice, GAP) i | FIJF* BT = 861 % % -

|

APPAEERAR] > s e SR [ R R SR SRR R AR
PR R OS82 B ) Ak R I



ST AT 2 Y 61

S| RE (Literature cited)

Zhang, Y. L., M. Zhou, and B. H. Zhao. 1991. Tissue culture of yanhusuo (Corydalis yanhusuo). Chinese
Traditional Herbal Drugs 22: 463-465. (in Chinese with English abstract)

Chang, W. D., C. C. Chen, Y. S. Chang, and H. S. Tsay. 1993. Study on tissue culture of Angelica
dahurica var. formosana I. Callus induction and medium evaluation. J. Agric. Res. China
42:253-264. (in Chinese with English abstract)

Chen, U. C., F. S. Chueh, C. N. Hsia, M. S. Yeh, and H. S. Tsay. 2005. Influence of
2,4-dichlorophenoxyacetic acid on leaf callus induction, proliferation and saikosaponin formation
of in vitro Bupleurum kaoi Liu, Chao et Chuang. Crop Environ. Bioinformatics 2:39-49. (in
Chinese with English abstract)

Gaspar, T., C. Kevers, C. Penel, H. Greppin, D. M. Reid, and T. A. Thorpe. 1996. Plant hormones and
plant growth regulators in plant tissue culture. In Vitro Cell. Dev. Biol. 32 (P):272-289.

George, E. F. 1993. Plant Propagation by Tissue Culture, Part 1. The technology. Exegetics Ltd, England.
574 pp.

Hiraoka, N., Y. Kato, Y. Kawaguchi, and J. I. Chang. 2001. Micropropagation of Corydalis ambigua
through embryogenesis of tuber sections and chemical evaluation of the ramets. Plant Cell Tiss.
Org. Cult. 67:243-249.

Hiraoka, N., D. B. Indra, Y. Sakurai, and J. I. Chang. 2004. Alkaloid production by somatic embryo
cultures of Corydalis ambigua. Plant Biotechnol. 21: 361-366.

Hu, K. 1998. Studies on tuber and second age plants of yanhusuo (Corydalis yanhusuo). Chinese
Traditional Herbal Drugs 29:410-412. (in Chinese with English abstract)

Hu, K., and Y. Liang. 1996. Studies on tuber and first age plants of yanhusuo (Corydalis yanhusuo).
Chinese Traditional Herbal Drugs 27:687-689. (in Chinese with English abstract)

Kuo, C. L., A. P. Sagare, S. F. Lo, C. Y. Lee, C. C. Chen, and H. S. Tsay. 2002. Abscisic acid promotes
development of somatic embryos on converted somatic embryos of Corydalis yanhusuo
(Fumariaceae). J. Plant Physiol. 159: 423-427.

Murashige, T. and F. Skoog. 1962. A revised medium for rapid growth and bioassays with tobacco tissue
cultures. Physiol. Plant. 15:473-497.

Nalawada, S. M., A. P. Sagare, C. Y. Lee, C. L. Kao, and H. S. Tsay. 2003. Studies on tissue culture of

Chinese medicinal plant resources in Taiwan and their sustainable utilization. Bot. Bull. Acad. Sin.
44:79-98.

Nigra, H. M., M. A. Alvarez, and A. M. Giulietti. 1989. The influence of auxins, light and cell
differentiation on solasodine production by Solanum eleagnifolium cav. Calli. Plant Cell Rep.
8:230-233.

Sagare, A. P., Y. L. Lee, T. C. Lin, C. C. Chen, and H. S. Tsay. 2000a. Cytokinin- induced somatic embryogenesis
and plant regeneration in Corydalis yanhusuo (Fumariaceae), - a medicinal plant. Plant Sci. 160:139-147.



62 PRSP By 56 & BV 1

Sagare, A. P., Y. L. Lee, and H. S. Tsay. 2000b. Application of biotechnological tools in conservation and
utilization of medicinal plant genetic resource. p.171-187 in Agriculture of the New Century:
Managing Bio-research and Bio-diversity. (W. S. Wu, S. T. Chang and B. T. Guan. eds.). College
of Agriculture, National Taiwan University. Taipei.

SAS Institute Inc. 2001. SAS/STAT User’s Guide. Version 8.2, vol 2. USA: SAS Inst., 943 pp.

Stuart, G. A. 1987. Corydalis ambigua, p.128-129. in: Chinese medicine series (1) Chinese material
medica — vegetable kingdom, SMC publishing Inc. Taipei.

Tang, W. and G. Eisenbrand. 1992. Corydalis turtschaninovii Bess. f. yanhusuo Y. H. Chou et C. C. Hsii,
p-377-393 in: Chinese Drugs of Plant Origin, Chemistry, Pharmacology, and Use in Traditional
and Modern Medicine. (W. Tang and G. Eisenbrand. eds.). Springer-Verlag, Berlin.

Xu, X. H,, G. D. Yu, and Z. T. Wang. 2004. Resource investigation and quality evaluation on wild
Corydalis yanhusuo. China J. Chinese Materia Medica 29:399-401. (in Chinese with English
abstract)

Yen, K. Y. 1997. Corydalis tuber. p.81 in: The illustrated Chinese Material Medica — Crude and Prepared.
(translated by Nigel Wiseman). SMC publishing Inc. Taipei.

Zhang, D. X. 2003. Effects of culture environment on callus growth and dl-tetrahydropalmatine content in
cultures of Corydalis remota. Bul. Bot. Res. 23:86-90. (in Chinese with English abstract)

Zhang S. and K. C. Cheng. 1989. Angelica sinensis (Oliv.) Diels.: In vitro culture, regeneration and the
production of medicinal compounds. p.1-22 in: Biotechnology in Agriculture and Forestry, Vol. 7
(Bajaj. Y. P. S. ed.). Springer-Verlag, Berlin.



SR (RS Y 63

Effects of Plant Growth Regulator and Light Treatment on
Callus Proliferation and In Vitro Mini-tuber Formation of
Corydalis yanhusuo '

Uei-Chern Chen ?, Yih-Juh Shiau , Hsin-Sheng Tsay > and Chi-Ni Hsia **

Abstract

Chen, U. C,, Y. J. Shiau, H. S. Tsay, and C. N. Hsia. 2007. Effects of plant growth regulator and light
treatment on callus proliferation and in vitro mini-tuber formation of Corydalis yanhusuo. J. Taiwan Agric.
Res. 56:53-63.

A two-stage micropropagation system for Corydalis yanhusuo W. T. Wang, an important traditional
Chinese medicinal plant, through callus proliferation followed by light treatment for tuber formation has
been established in this study. The best callus proliferation was obtained under darkness on a Murashige
and Skoog’s (MS) basal medium supplemented with 1 mg/L o-naphthaleneacetic acid (NAA) in
combination with 1 mg/L thidiazuron (TDZ). An 11-fold increasing of callus fresh weight was recorded
after 4 weeks of culture. Although callus growth was inhibited in the same growth regulator treatments
while cultured under the illumination, it was found that tuber formation increased along with some
somatic embryogenesis. Among all auxin treatments, phytohormone-free, 0.5-2 mg/L indole-3-acetic acid
(IAA) or indole-3-butyric acid (IBA) had the best mini-tuber formation under light culturing condition
with tubers range from 23 to 28 mini-tubers per 0.2 g callus. Conclusion from our results, a two-step
production protocol for in vitro micropropagation of C. yanhusuo was suggested. Callus would first
proliferate on a MS basal medium containing NAA and TDZ in darkness, after subculturing into the MS
basal medium only or containing lower concentration of IBA (0.5 mg/L) under light condition, a good
number of mini-tubers would form from callus. Mini-tuber micropropagation with many advantages
superior to seeds or in vitro seedling proliferation system, and by providing good quality tuber propagules
for cultivation of C. yanhusuo may be beneficial for development and utilization of medicinal resource in
Taiwan.

Key words: Yan-hu-suo, Medicinal plant, Callus, Micropropagation, Thidiazuron.
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