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Table 1. Effect of 2.5 mM colchicine incubation time on hairy root formation of Salvia miltiorrhiza.

Incubation of colchicine Total treated Root formation No. of roots/ % of root formation

(d) roots (%) explant 2 wk 4 wk 8 wk

2 100 80.0 a” 0.80 a 71.3+0.08 18.8+0.12 10.0+0.04
4 100 21.0b 0.21b 19.1+£0.09 76.2+0.08 4.8+0.04
6 80 213b 0.21b 17.7+0.10 58.82+0.03 29.4+0.12

“Means in the column with different letters are significantly different (P < 0.05) by LSD test.
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Fig. 1.

SHTHIEE (A)

Growth of Salvia miltiorrhiza hairy roots three weeks after 2.5 mM colchicine treatment. Incubation days for

colchicine treatment is (A) control, 0 day; (B) 2 days; (C) 4 days and (D) 6 days. Bar=1 cm.
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Table 2. Effect of 2.5 mM colchichine incubation time on polyploidy hairy root induction of Salvia miltiorrhiza.
Ploidy (%)
Incubation of colchicine (d) Total roots examined 2C 4C Stop growth
2 80 36.3 a” 55.0a 8.8b
4 21 333a 524a 143b
6 17 41.2a 17.6 b 412 a

“ Means with different letters in the column are significantly different (P < 0.05) by LSD test.
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Table 3. ANOVA of explant types of root, concentration of colchicine and its incubation time on polyploidy induc-
tion of Salvia miltiorrhiza hairy root.

Mean Square

Ploidy (%)
Source DF Root formation (%) No. of roots/explant 2C 4C Stop growth
Day for colchicine (D) 2 12,912.5%* 2.503*%* 4,826.1%* 1,076.2 371.05
Con. of colchicine (C) 1 138.9 0.117 1,953.1 67.1 830.40
Explant type (E) 1 14,450.0%* 0.087 1,509.3 4,908.5%* 58.38
DxC 2 476.4 0.115 2,750.3* 303.3 159.85
DxE 2 1,287.5%* 0.055 574.4 1,228.3 80.76
CxE 1 200.0 0.007 1,099.4 284.1 265.76
DxExC 2 29.2 0.014 401.6 1,217.8 241.20

* **significant at 0.05 and 0.01 levels, respectively.

Fed FFP RGN T R 8] % 0y Y
Table 4. Effect of colchicine incubation time and types of root explants on polyploidy induction of Salvia miltior-
rhiza hairy root.

Root explant Treatment Root Formation Ploidy (%)
Colchicine (mM) (d) (%) No. root /explant Roots analyzed 2N 4N Retardant
Tip
1.25 1 98.3 a" 0.98 a 59 743 a 17.0 ¢ 8.7a
2 66.7 ¢ 0.67 ¢ 40 34.0 be 594a 6.6a
3 36.7d 0.37d 22 50.2 be 40.9 abc 89a
2.5 1 85.0 ab 0.85 ab 51 649 a 23.5bc 11.6a
2 71.7 be 0.72 be 43 62.1 ab 30.4 be 75a
26.7d 0.27d 16 23.6 abc 45.8 ab 139a
Section
1.25 1 533a 1.08a 65 753 a 247 a 0.0a
2 30.0 bed 0.48 bed 29 702 a 13.1a 0.0a
3 233 cd 0.30 cd 18 639a 18.1a 18.1a
2.5 1 51.7 ab 0.8 ab 48 633a 155a 213 a
2 40.0 abc 0.57 be 34 644a 23.6a 12.0a
3 16.7d 0.20d 12 27.1a 229a 16.7 a
“Means with different letters in the same explant type are significantly different (P < 0.05) by LSD test.
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Flg 2.

J}-{J‘T‘*Lngl“?ﬁ % 8wk £ =V ?”I/ (A) = Pff
Growth of Salvia miltiorrhiza hairy roots 8 weeks after subculturing. (A) 2 C; (B)4 C. Bar =1 cm.
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Table 5. Comparison of 2 C and 4 C hairy root lines of Salvia miltiorrhiza on biomass and tanshinone production.

Tanshinone” (mg g")

Ploidy of hairy root ~ Dry weight (g L) Crypto Tan I Tan ITA SUM Productivity (mg L™)
2C 6.40 +0.80 0.19+0.03  033+0.00 0.07+0.00  0.60+0.00 3.83
4C 3.13+1.00 213+1.09 087+040  0.18+0.12  3.18+1.52 9.98

“ Tanshinones include cryptotanshinone (Crypto), totanshinone I (Tan I) and totanshinone IIA (Tan IIA).

¥ Total 33 lines analyzed.
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Polyploidy Hairy Roots Induction of
Salvia miltiorrhiza

Chi-Ni Hsia"", Uei-Chern Chen’, Chin-Yi Tsao’, Choi-Yi Lee*, and Tzu-Ying Wu*

Abstract

Hsia, C. N., U. C. Chen, C. Y. Tsao, C. Y. Lee, and T. Y. Wu. 2013. Polyploidy hairy roots
induction of Salvia miltiorrhiza. J. Taiwan Agric. Res. 62(3):280-288.

Salvia miltiorrhiza Bunge is a perennial herb of Labiatae Family. Its roots contain rich tanshi-
nones and have been used for long history in traditional Chinese medicine to cure cardiology disease.
Using fast growth hairy roots is becoming a new strategy for production of valuable secondary me-
tabolites. Application of polyploidy hairy roots may provide an advanced approach to enhance in vitro
secondary metabolite production. The objective of this study was to establish an efficient polyploidy
induction method for S. miltiorrhiza to generate sufficient amounts of polyploidy hairy roots for selec-
tion of high medicinal content hairy root lines. Hairy roots induced from in vitro leaves of dipoloid S.
miltiorrhiza plants were used as induction explants. Ploidy of regenerated roots derived from colchi-
cine treatments were analyzed using a flow cytometry. A leaf from a 2 N plant was used as the control
for flow cytometry which would indicate as 2 C (complement quantity). Root explants were cultured
in a solid medium containing with 2.5 mM colchicine for 2, 4 and 6 days to induce polyploidy hairy
roots. Treatment of 2-day-exposure colchicines had the highest root formation rate of 80%. The high-
est polyploidy induction rate of 52.4-55% was obtained from 2- and 4-day-exposure of colchicine.
Furthermore, root explants of tips and sections were used as induction explants incubated in a liquid
medium containing 1.25 mM and 2.5 mM colchicine for 1, 2 and 3 days to induce polyploidy. It was
found that explant type and exposure duration of colchicine had significant effects on root formation
and polyploidy induction rate however effect of colchicine concentration was found not significantly.
The highest root formation rate was found from root tip explant for 2-day-exposure. The highest 4 C
induction rates were found from either 2- or 3-day-exposure of the tip explant. In conclusion, root tips
are more suitable explants than that of root sections for in vitro polyploidy induction. Root tip explant
incubated in a solid medium containing 2.5 mM colchicines or in a liquid medium containing 1.25
mM colchicines for 2-day-exposure had the 4C hairy root induction rate higher than 55%. A total 33
lines of 4C hairy roots were subcultured to a new medium for 8 weeks of culture. The average bio-
mass obtained from 4C hairy root lines showed only in 49% of the diploid hairy roots. In contrast, the
average contents of cryptotanshinone, tanshinone I, and tanshinone IIA obtained from 4 C hairy root
lines were all found higher than that of the diploid hairy roots. Moreover, an 11.2 folds increasing of
the cryptotanshinone contents obtained from 4 C hairy root lines and making a 2.6 folds increasing for
the total tanshinone production than that of the 2 C hairy roots.

Key words: Salvia miltiorrhiza Bunge, Hairy root, Colchicine, Polyploidy, Tanshinone.
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