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(& FF 20 (cryptotanshinone) % (Takahashi et
al. 2002) » = EARF LG AAE S EAH
SALE M K58 K H H A B FRRE ) (Wang et
al. 2003) « Hr > PFEFH T BLER S 216 5E 49 1]
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41 e B i i e 41 BELAE [0 4R AL T (Yuan et al.
2003) - [EFH2E AR AEEFEREGEEA
AYUERE ST (Lee et al. 1999) #b » A AT AL
& 4 )& & A 0§ (matrix metalloproteinases) °
EAPUMAE AR 5 A= R HT B A st iR s AL S 30 A
(Suh et al. 2006) -

FIFEFRIREEE (Agrobacterium rhizogenes)
HEIE B B~ BAR IR (hairy root) - RE A Z 5
HAERRER > SR ERMER  BEASARN
ARFEEEE TR E R Z(ES - BARRHA
RO dipaEE: > BT BERENR S BR
“RREHYEERS 2 ER - BALIEE(LTT
ARBAEESEEZEY XA A7
(Flores et al. 1999; Guillon et al. 2006; Ono
& Tian 2011; Zhou et al. 2011) - & F= 1Y B 3¢
BEMNSEREEAEESNSE 2B > 1
FH 78 B B AR Ay BLRN SR 5 1B 2R iR & &
HifY 7 & (Chen et al. 2008, 2010; Chan et al.
2012) - pE4h - FIF 2 88 LRI & Z /A
VI & B8 B A 3RS 2 — (Dhawan & Lava-
nia 1996) - 4 {548 (4N) EjRIRZH (LT ERER
%) BIE 2 £33 (2N) HEg - £ XA #H Y=
BHHARSZHEL  fI4EEFEELF
BEZWNELE Urtemisia annua) H AN &2
EEZEEE TS N AN 6 £ (De Jesus-Gon-
zalez & Weathers 2003) » {H 18 & W} 50 3 & (&
DL 4 {& 4N TR 2 fF R &5 B ERE
ARAR 7 25 9T LRV AH R sm G - Berkov
et al. (2003) #| B 2N Kk 4N & [¢ 28 (Datura
stramonium) TEIEZEF - DIEBIEIREE ET
AT HIEE] 2N K AN Z BARRAG fnDAEL# -
ERERTESHRERERET  LANREAR
Z Bigilig (hyocyamine) 7 & iy o AWFFTRE
FHATEAEE BT S Z 12 AN fR 2 BF (Hsia et al.
2013) > AH3: 103 {f 4N AR £ DL 48 2 b iy
B HSETE ORISR > MEMNSHaENERE
W E 2 AN R oo M &K B e 5 = B R AN AR
A4 REEZXRHY 2B LR G
REf A H AN IR A E B e 20 E & R Ig e
AT

MEET A
ERRAIH

2N BRI B LAFF 2 (Salvia miltiorrhiza)
R CHEEREE RI601 L ETL R
H1 i 8 2 HR % (Lin 2006) » 4N fR Za 8 fy bl
2N AR Z & FH R K AL 22 8 B A DA A X 4 e e
02 103 {E 4N f £ (Hsia et al. 2013) °

ERSIEEETE 4N 1RR

LA 103 {E 4N R £ 2N 1R Z 17 [E #S 5F
B HEASA BS EWHRL )7 (Gamborg et al.
1968) ~ 3% JFfEEL 0.9% Bacto agar * F&E X
SEEERSS mm -~ 5 15 mm E2E 0 &8t
12,5 mL ZEA - R B IEEE
&)1 em 2R 4t 6 1R > HEMR LB 2 M
R 2SCRIFIRE R 8 wk 1% - K EIRIRHL
HHEEREEET A2 E 8kt EHE
& o LT 3 IR ST -

RIS EEEHEFFIEE 4N IBRR

s Egg R s A P A& 4 wk 18 2 BRR
TE BB REA R > DTELRSY 1-1.5 cm Z 2R Ky
BERE RS o RASIEE A B BE e E A A E
ERMABRBYE  BEEER 125 mL =/
W > PIEEA 20 mL B0 BRI S (iR -
R ELEA R ES2HZINRLR S B—1E
FZILEEE 30 BRI 25 CREFIRE A A
AEAE SR EBLL 70 rpm BEHE - 58
8 wk &R B IRIRELH - & 2 75 H BLE 58 5
BB fHE o LT 3 W EE -

B aayar e T BRIE R E A - B
TR By 4N-16 578 30 5% 7 R 22 DL R AE Ry 3
WA 2NIR Z > 2 HIREEE 6810 K 12
wk 1% » & HUEE 3 B T BLE RS S B E 2 5
& o

FSHZ S E DM

RS 4SCHUAEEZNR 2 d Z BRIREE - DL
CEHGE B = 14 BRIETBEEINES
ZEHY 30 min RUTEERTEIR - FRIE BRI — &R
WO & R - AR ER E A& LL 0.45 pm
TERAMEIE - HPLC 3 i Z R fF Ry i EhAH S
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VO Mg : KESRE : K =18:35:1:46>
FiE 1 mL min > YO 254 nm 0 53 B
F=FF 220 (cryptotanshinone; Crypto) ~ FF£2:ii I
(tanshinone I; Tan I) ~ J} 22 ITA (tanshinone
IIA; Tan [1A) 2 &8 4228 (mgg') =
SRS EEE (mgg') + FI2E 1 &8 (mgg') +
FHEEI A & & (mg g') -4EfFSHE R (mg L)
= ISERMEEE (g L) x fft2HHa g
(mgg) e
et DTS4

s B Bk 58 &2 @R ET (completely ran-
domized design; CRD) - BB AT {5 & KH4L SAS
Enterprise Guide 7.1 (SAS Institute Inc. 2014)
EAEGET o ITIER 1T ANOVA #5717 » 45
R A BB (P < 0.05) » HIF]F least sig-
nificant difference test (LSD) FREZ & & 3 215
(ElCPSE -

WBR

A B ERIEEEE 4N B3R

LA 103 fl 4N R Z #1728 = #E KAV E S
g pHHEESRACZEEE - FI2HaR
(BTGS2 ~ P20 1 P20 TA) > WEt
HHEFSHEEE MBS ES > # 103 (F
4N 1R £ 3 fit | 2 E I EDAE 77 i )7 =
FToRAE L FEEEHE  ANRAF £
HENAE3.2-40 g L' 2K (B 1A)
W3 By 3.54 g Lo A 2N HR a2 S {H 5.27
gL' R ONFRAN 67.2% - BFI2HE &
JiE > AN IR ABEE B AL 2.4-3.6 mg g
% (& 1B) - P95 3.50mg g’ > 2 2N fi
ZFH{H 0.52 mg g #Y 6.73 % > 103 {ii 4N f§
ZhHA 1 {ERZ (0.97%) ZEF}SES 8K
R2NR A - fI2E 187 H  ANRAHS
5L 1.0-1.8 mg g % (& 1C) > F
HE1.51 mgg'  E2INFRZFHE{E0.48 mg g
By 3.15 £% > 103 {H AN 1R 2 A 2 H R &
(1.94%) 221 8RN 2NIRE LR - 12
fiil A 2 & J7H AN AEE S =71 2L0.3-0.6
mg g 2 [Ef% ([E 1D) > ¥k 0.53 mg g

rere

]

67% H11H

£ ON R ZF9{H 0.19 mg g 1Y 2.79 fZ > 103
{lEl 4N fE 2 A 5 @R £ (4.85%) ZFH&0H
A EEEAN2NIRA - B 2WEEHE
AN fR A By M 1E 3.75-5.25 mg g 2 M %
(& 1E) » “FH9{H K 5.55 mg g > /& 2N fR & °F
¥ {H 1.19 mg g #9 4.66 fZ > 103 {ii 4N f§ %
FHA 1 ERZ (0.97%) 24820 & 285
INRZ - EHFISEERTTH > AN R ZAEE57
Ll 16-24 mg L' 2 % ([& 1F) > EI{E
B520.07 mg L' » 2 2NFR 2 FEH9{E 6.10 mg L™
[93.29 £% > 103 i 4N R Htf LA 4 H R &
(3.88%) Z#AFH M E 2K 2N IR & - el
3 EH#ER AN IR R B 2 IS 2 E - P26 1
K& A &R G EEf] - 20 2 Frs - 2N
R&RZ 3 P SHEELL BT Fs 43.7 ~ 40.3
16.0% ; [ AN R A B2 3 IS & ERVLE
B FE By 63.2 ~ 27.1 F2 9.7% > 8% 4N R %
LB 2SS LA R % > 2 19.5%
LIPS 1 & &R 13.2% 5% » 120
A ZZLEHTRD 6.3% HZ -
FAREIEEEENE 4N 1BR

KB EREE ANRAZESHES
15 103 {E AN fR 2 Pk ZE BRI 32 B 2R &
SRl EITEE I MR AR E > B 32
4N R % 3 fh a2 E I E DR 73 46 7 =
KR E3 - FAEBEITH  ANRARAEE
ENMLL3.75-525 g L' 2 &% FH R
528 gL' (£ R ONR & FH{E 8.54 g L' 1Y
61.8% > 32 {H AN IR 20 A 1 (iR £ (3.13%)
ZHEBEENNE R (E3A) - BF2EE
EJ7H > 2 {HAINRABEE 7ML 1.8-4.2
mg g 2% (& 3B) - Fi#952.87 mg g
EONR 219 {H 0.24 mg g 9 12.0 £ » 32
& 4N IR A Z BH 2 E B2 EN 2N R A -
FF2HE 1 & & 5H > 4N R &ABE 7R LL 0.6-1.8
mg g [ % (8 3C) > ¥/ 1.38 mg g’
HEONR 29 {H 0.75 mg g #9 1.84 f% » 32
fEl AN R 2 A 5 R % (15.63%) Z FF20 1
SEEN 2NIRA « P20 A S 8770 » 4N
RABEESESML 0.3-09 mg g 2R (&
3D) > P95 0.68 mg g & 2N R AP (E
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Mean distributions from 103 lines of 4N hairy roots of S. miltiorrhiza on biomass (A), content of cryptotan-

shinone (B), tanshinone I (C), tanshinone IIA (D), total tanshinone (E), and production of tanshinones (F) after three

consecutive cultures on the solid medium.
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Fig. 2. Tanshinone compositions of 2N and 103 lines
of 4N hairy roots of S. miltiorrhiza cultured on the solid

medium. Tan I: tanshinone I, Tan IIA: tanshinone ITA
and Crypto: cryptotanshinone.

0.41 mg g' #91.66 %> 324N A F H6
R Z (18.75%) Z F+ 2 H 1A & &K A 2N
R - 2 EEHH 4N R AR AT
4.0-6.0 mg g 2 5% (8 3E) » EH9{E B 4.93
mg g F 2N ATFH{E 1.41 mg g Y 3.50
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Fig. 3. Mean distributions from 32 lines of 4N hairy roots of S. miltiorrhiza on biomass (A), content of cryptotan-
shinone (B), tanshinone I (C), tanshinone IIA (D), total tanshinones (E), and production of tanshinone (F) after three

consecutive cultures on the liquid medium.

ZAN-16 8l % DIRAEESEHNZHEE
fR {2 4N-30 SEAR B2 2N R & [FIRF E TR
B SR EEE 6~ 8~ 10 R 12 wk 1R U
HELTHE - GERWE 4 KE S PR o BIREZ
INRZJY 8 wk BB A EEET RS - 14
FrE 10 wk REGGH T > HBST2E - T2
I P20 HA B R IIE5 12 16 5 4N-16
SRl ON S IRAHAN R - A RAEERE > £HE
PSR 12 BT R - HERBMSE - 72
A 1oy e FH 20 TIA RIRYES 8 B & Bl
ZIRIIEUTE © AN-30 5TAR £ 8-10 wk 4
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RBA2E -~ P28 1 TS0 A TR 8
Bl - ZRIINHE N B2 HE 8T
M 2NRZRPE 12 FHER S - {5 4N-16 57

K30 SRR AR S AL 8 ME RSBk T -
SHERTTEH INRARSE 2BERS
AN-16 37} 30 SRR A B AESH 8 HER SR T
B > HEZR AN-16 5RIR R AESE 10 HERAFET 2
M HARB\BESHE Y =8 (B4 - 1)
2N k2 {& AN fR&ANERBERAKE - (JHEE
2N B AN IR A E R B P B > 4N-30 5EiR
A A A REGESIRE Z 4L (E 5) -

i
FIFHE5E IR HU AR BERS (in vitro)
R PR  AES G B AR P S A F
AT > HU{EE TR (chemical factories) DLE
BT REBEESHEIEY —RAHY > 2
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Fig. 4. Time course for 2N (CK) and 4N hairy root lines (line16 and 30) of S. miltiorrhiza on biomass (A), content
of cryptotanshinone (B), tanshinone I (C), tanshinone IIA (D), total tanshinone (E), and production of tanshinone (F).

AR AR EE S RAVH# 2, (Guillon ef al.
2006; Georgiev ef al. 2007; Ono & Tian 2011;
Zhou et al. 2011; Habibi ef al. 2017) - $f %2
S EAR TR AV AR EE R ] DAGE 25 7 2R e >
EEMASERS - BLEERG - NI
E X RH#H a2 U SFHEY R ES R
EEHIEZ (Georgiev et al. 2007; Srivastava
& Srivastava 2007) - LM o FIF 2 5 aa (b 2K
E _RARBHYEETRHBERCRIEZ — - f£K
W9 s DARKK A Z R B 2 2N BIRIRGEI 2
103 {il 4N 1R R TS - 71 B RS E = P EQE'J
GEREUR 0 99.03% Z AN IRAHLE M 2 &

B ANR ARG HESEREE T ‘)’Zﬁ&ﬁ%

SEAFRA 2R o WA RifgEF 2 103
&l AN R A BF55E H [6]— 2N 1R £ (Hsia et al.
2013) > FEFTG 2 ANR L8l Gy L HEEHR
WEER — 2 - EEZE L AN R 09
K AR ERRAEEREFFI2HNE
BEURERTEHEERENZESE - fl0 - Kt
FAEE R EIEE  ANRAEE B e i
% M > #F A2 5.9 % (10.40 DW g L
1.76 DW g L) » 48P [ & & 5t = Bl i (K AT
ﬁ*\ »ZEFETEE 66.1 £% (12.56 mg g'/0.19 mg g) >

BP0 E B i e P R AR > =R
48.4 f&% (40.20 mg L7/0.83 mg L) (k&
) B R AN IRARE ZRAHYNEE ER
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5. 2N AN ERIR A GORASHEE 8 wk (15 F 12 wk (M B ZZE R 2NIR % (A) ~(D); 4N-16 55 (B) ~

(E) B 4N-30 5%fR % (C) ~ (F) -

Fig. 5. Root growth of 2N and 4N hairy root lines of S. miltiorrhiza at various culture times. Upper row: 8-wk-cul-
ture, lower row: 12-wk-culture. 2N (A), (D), 4N-16 (B), (E), and 4N-30 (C), (F).

AHERZZREME -

Lavania (2013) 5 % % #8 £, R 82 2N
ERREEAFTEH 2 ZRAH FEEZEYHE
H HESEXEgEASEL HFEE L
REFEYINI G B2 - B A S R LAYIT ST
o BEZEBLCES ZRARHEYEEDN
AR L B AR NE S S - BER
L BAE FHEE AL > DA DNA HRAbE
ik P IR 5 (epigenetic phenomena) 7
B (Lavania 2005, 2013) o — i 20 5 44 (0 B fi
MEEEFERERNMERNGHENEM > T8
RS EHERNBENARE - JHOEAR
T AR B RS AN - HIRNRIE D &
BHRMEANE - NiL > BARIRS &8 (au-
topolyploidy) 7£ DNA HYE(LIR/)N » {HITEH
AR R LA K DNA H B AL A B 22 B A& (E Y 2
o MELTF L EMNEL - BN A
T IN R A Z B —RRIEZ ERRLFEERE
FErp o BEREERAARMEE - HRE—RALE
FE RN AR — 2 TREEEAEEE
Z DNA HEAL » 3B 4N IR R BE{E P2 B Y
G EAMHEERNERNE -

IE4h - Berkov et al. (2003) 5 2N fz 4N =

FE4E (Datura stramonium) THIRFE MK~ 2N
o AN ERAR > BUR R E A Yl AE 58 oy A B
ZHEE LAMEEREZARE - AutgeHEmH
3TEPHSEY S & o W AR A R AEH Y
R EENE(L - HtEAMMELE - (HA
WFFEHIEE SRR ER » AN AR 8 2N AR Za i
£ 3 @2 a By R A 2= 2%
DEf2magfliighngs - A2l aE
ELBIRE/ D B % > TIPS E HA & & L fiE/D 2
R-B|EZ  HWAINHKRARZIEMNSEHEE
BEZRN AN > B 32 H 2 &2 W IELAH
B LL GG A0 o BEoh - 828 AN AR R B 2 48 FH &
fleESHERS  FrBEZLEEELER
INRABBERZEY  EHEEEE K INE
27 67.2% o

Lavania (2013) D2 fH %% ko & FLAE 1) e
T2 BRI - SEREREB S SR LR
REEY) —RAHYNEE > (HRERSEY
B & (body size) HYIE K o JRIATEN % EH81E
e RE G AT RS TR (cell size) HYE AN » [HEERS
TE YIRS HY N R FBEHUA A Z A R E R
REVE AR - IREI AR R s o
UL =20 R 0L 25D | Iy N = =) st <) [



VU5 HE ST 2 BRI RN 101

P12 AN 1R 2 4HAEAE 52 = — KA Y & Ry [E]
I AR ERAERME 2 —RAHYEKEN
FHER/D - B RIIENE LA R R FETE
AN IR ABFEE EREE -

I sERS 52 A EE Y — A H Yot
7% REIRETDAANRESS & A 40 1T - AR
A RPIEER - BAE _XAHYEEBK
Bt ENREERE - HEONEFRK - "Tgeil
M AE I B 1% - RIEEEIREE S T ARE(E
M NER R R EA R R - Hf o =
RAH e B ESNHENE > REEERRE
TEF LR ES S HIFERE T A SR 4R
FiT o5 ) B 031 o o =2 4 e 2 A Sy 4 i 22
TFE - DRI A A 7 AR R R E = Y
N (Yesil-Celiktas et al. 2010) - {EME Y740
PREVET B HE Y > NEYAIEA £4 (ag-
gregate) 2Rl - B4l EEAR 5 0 HEA
A B B B R TR g T - AH S B — R Y &
—ER B N - BiIRR R AV R A A ] A
MR Ry BLAT T % - E 2 YK EE—RAE
REGG LR AERER  FEHEBEARBIEE RS
BEPZARIBMMHETEER] - ZFERES
ERZER -

Mallol et al. (2001) £ A ZEARIR i 22
F| 3 AR AR - 705 B - Em5
HERRERZ E 31 HEEEERSA
2 EHEEZ IR EENEERMRE - £
KRR IRA L2 822 - FIAITE 4N-30 554R
ZEIRFRGHMRNER (B 5 > HF2mm
a2 EREEERIRIPRE Z 4N-16 55 1E 2 MH#K
R e FEAIZE ORI R B 52 103
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Screening on Tanshinone Production and Time Course
Culture of Tetraploidy Hairy Roots of
Salvia miltiorrhiza

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

Abstract

Hisa, C. N., C. Y. Tsao, T. Y. Wu, and U. C. Chen. 2018. Screening on tanshinone
production and time course culture of tetraploidy hairy roots of Salvia miltiorrhiza. J.
Taiwan Agric. Res. 67(1):94-105.

Salvia miltiorrhiza Bunge, a perennial herb of Labiataec Family, has been used to cure cardiol-
ogy disease in traditional Chinese medicine for long history. Polyploidy hairy roots containing higher
concentration of secondary metabolites than its diploidy are considered as better explants for in vitro
production of valuable secondary metabolites. The objective of this study was to establish a selection
strategy on tanshinone production of tetraploidy hairy root lines (4N lines) which were induced from
the diploid hairy root line (2N line) by colchicine treatment. Three consecutive cultures in solid me-
dium were first conducted on 103 lines of 4N. Among them, 32 lines with the highest tanshinone pro-
duction were selected for another 3 consecutive liquid medium culture. Meanwhile, two 4N lines and
the 2N line were used to conduct the time course culture in liquid medium for 12 wk span. Screening
results from solid cultures showed that the average biomass of 103 lines of 4N was only counted
67.2% of the 2N line. However, average total tanshinone contents and productivity of 4N lines were
counted 4.66 times and 3.29 times higher than that of the 2N line, respectively. Composition ratios of
cryptotanshinone, tanshinone I, and tanshinone IIA contents on 4N lines and 2N line were compared.
It was found ratio of cryptotanshinone increasing the most in contrast decreasing ratios of tanshinone I
and tanshinone ITA. The ten best lines of 4N selected from solid medium on production of tanshinones
were found having only 2 lines remaining in the best ten after liquid medium selection. In order not to
miss elite lines, lower selection strength was recommended in the stage of solid culture on 4N lines.
Results of time course culture showed that lagging growth of 4N lines than that of 2N line. Moreover,
two 4N lines had slightly different growth rates. The highest tanshinone contents were found after 8
wk of culture on 4N lines which was much earlier than that of 12 wk of culture on 2N line. In conclu-
sion, although 4N lines have lower biomass than that of the 2N line, 4N lines have higher tanshinone
contents and shorter culture period on tanshinone accumulation which would provide better efficacy
on tanshinone production than that of 2N lines. It is thought that selection of elite 4N lines will pro-
vide a good foundation for in vitro production secondary metabolites.

Key words: Salvia miltiorrhiza Bunge, Hairy root, Polyploidy, Tanshinone, /n vitro culture.
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