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Summary  

Functional genomics has paved the way for directed approaches to generate 

genetically modified plants that produce novel and/or improved yields of 

pharmaceuticals. In present study, we established activation tagging mutagenesis 

(ATM) population by Agrobacterium-mediated transformation in Salvia miltiorrhiza 

Bunge – a medicinal plant. Under non-transformed conditions, roots of Salvia induced 

white callus when cultured on Murashige and Skoog’s basal medium supplemented 

with 4.5μM 2,4-dichlorophenoxyacetic acid (2,4-D) or red callus on medium with 

1.4μM trans-zeatin riboside (ZR) Optimum conditions for Agrobacterium 

transformation were measured by the expression of green fluoresce protein (GFP). 

Under optimized conditions, we obtained 1435 ATM lines by the activation tagging 

vector. Out of 1435 ATM lines, 6 lines (T1-T6) showed red color on selective 

medium with 2,4-D, which was used as a phenotypic model system to screen 

activated tanshinones. Of the 700 ATM lines tested in GUS assay, 35 showed blue 

color. Southern blotting analysis revealed 7 out of 8 ATM lines having single copy of 

T-DNA insertion. A comparative analysis of tanshinones identified by high 

performance liquid chromatograph (HPLC) of non-transformed (medium with 2,4-D 

or ZR) and ATM transformed calli induced on medium with 2,4-D exhibited varied 

amounts of tanshinones. There were negligible quantities of tanshinones in 

non-transformed white calli induced by 2,4-D. While, ATM line T2 showed 

significant increase in the yield of tanshinone-I (14 fold), and line T4 had 33 and 116 

times higher yields of tanshinone-IIA and cryptotanshinone, respectively than the 

non-transgenic lines in 2,4-D medium. 
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Introduction 

For centuries, plant secondary metabolites have remained among the most 

valuable pharmaceuticals. These metabolites play a major role in the adaptation or 

defense mechanism of plants to their environment. Thus, plants devote a substantial 

proportion of their genome to encode the enzymes and regulators required for this 

metabolism, and this resource largely remains untapped (1). 

Salvia miltiorrhiza Bunge (Lamiaceae) (Fig. 1A), is a well known oriental 

medicinal herb. Roots of S. miltiorrhiza (Fig.1B) generally known as Dan-shen with 

red color bio-active compounds have been used for multiple therapeutic remedies in 

Chinese traditional medicine system. The chief active compounds of Salvia 

miltiorrhiza, tanshinones, a group of quinoid ditepenes (tanshinone-I, tanshinone-IIA 

and cryptotanshinone) have attracted particular attention of medicinal chemists and 

clinicians because many of them exhibit diverse biological activities such as 

antibacterial, antioxidant (2), anti-inflammatory (3), cytotoxic (4) and anti-platelet 

aggregation (5), and also have been used to treat certain cardiac disorders (6). Due to 

these multiple therapeutic effects of tanshinones, there is a continued interest in 

development of biotechnology-based approaches to the production of these 

compounds.  

In the past few years, several strategies such as Ri transformed hairy root 

cultures (7), change in ploidy level by colchicine treatment (8), 

Agrobacterium-mediated transformation of cells (9), incorporation of cytokinin in the 

medium (10), use of elicitor (11), and multiple elicitation, in situ adsorption and 

semi-continuous operation (12) have been employed to induce/enhance tanshinones in 

S. miltiorrhiza. However, tanshinone content in hairy roots is usually much lower than 

in natural plant roots, which makes the culture process less competitive.  

Understanding of the plant genome has grown rapidly, making it possible to use 
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directed approaches to generate genetically modified plants that produce novel and/or 

improved yields of pharmaceuticals. Functional genomics strategy uses plants’ 

existing genes to generate a large mutant population, which then is screened for 

specific and unique pharmacological activity. Also, rapid gene rescue using T-DNA 

tagging allows implementation of this approach to discover small molecule drug/gene. 

(1). 

Recently, T-DNA activation tagging has been a method of choice to generate 

dominant mutations in plants or plant cells by the insertion of a T-DNA which carries 

constitutive enhancer elements that can cause transcriptional activation of flanking 

plant genes. Activation tagging involves the insertion of a transcriptional enhancer 

into random positions of the plant genome. When integrated near a plant gene, the 

enhancer will augment the transcription of this gene.  

Thus, an activation tagging experiment will produce a set of transformants, each 

with an enhancer inserted into a different genomic position, and therefore each with a 

different gene being expressed stronger than usual. If this strong expression has an 

effect on the plant phenotype, such lines can be identified, and the genomic region 

next to the enhancer can be isolated to identify the gene responsible for the altered 

phenotype. T-DNA activation tagging have been successfully used to isolate genes 

involved in ABA (13), cytokinin signaling (14), isolation of Arabidopsis mutants with 

altered phenotypes (15, 16), identify key regulators of anthocyaninnin pathways in 

tomato (17) and gibberellin catabolism gene from hybrid poplar (18). 

In the following study, we used a binary vector (pTag 8) for both gene trapping 

and activation tagging. This binary vector is constructed in such a way that it cannot 

only facilitate identification of promoter through GUS-staining, but also activate 

transcription of neighboring genes by the octamerized CaMV 35S enhancers. Here we 

present results on activation tagging used as a tool to enhance tanshinones production 
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in calli of S. miltiorrhiza. Aim of the present study was (i) to standardize 

Agrobacterium-mediated transformation in S. miltiorrhiza, (ii) to set-up ATM 

population and selective lines (iii) to screen ATM population by a phenotypic 

selection system having predominant tanshinones and (iv) to assess the improvement 

in yields of tanshinones in transgenic lines by high performance liquid 

chromatography (HPLC). 

To the best of our knowledge, this is the first report where quantitative and 

qualitative improvement in quinoid ditepenes production through activation tagging 

has been achieved in a medicinally important plant species. 
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Experimental Procedures 

Induction of callus 

Procedure for induction of callus in Salvia was followed as described in our previous 

report (10). Root pieces (0.5 – 1.0 cm long) from in vitro grown plantlets were 

cultured in Petri dishes (90 mm dia), each containing 20ml of Murashige and Skoog’s 

(19, 20) basal medium supplemented with 3% sucrose, 1% Difco bacto agar (Difco 

Laboratories, Detroit, Michigan, U.S.A.) and 4.5 μM 2,4-dichlorophenoxyacetic acid 

(2,4-D) as described earlier (10). Cultures were incubated at 25±1°C in dark for one 

month. The induced primary callus was subcultured (500-mg per dish) 3 times at 30d 

interval on MS basal medium with 4.5 μM 2,4-D (Sigma Aldrich St Lious USA.), 3% 

sucrose and 1% Difco Bacto agar. The proliferating callus (1000-mg) was subcultured 

on MS basal medium with 1.4 μM trans-zeatin-riboside (ZR) (MDBio, Inc Taiwan), 

while other supplements remained the same. The pH of all media was adjusted to 

5.7±0.1 with 1 N NaOH or HCl before autoclaving at 121 °C, 105 Kpa for 15 min. 

Petri dishes were sealed with Parafilm M. The cultures were incubated in dark. 

Observation on growth (in terms of dry weight) of calli on medium with 2,4-D or ZR 

was recorded after 0, 5, 10, 15, 20, 25 and 30d interval. Each treatment had 10 

replicates and experiments were repeated three times. 

Agrobacterium mediated transformation of Salvia callus 

Agrobacterium tumefaciens strain EHA105 with plasmid pCAMBIA 1302 was used 

to test the conditions of Agrobacterium-media transformation for Salvia. Conditions 

like concentrations of Agrobacterium (0.09, 0.9, 9 and 90 108CFU/ml) and 

acetosyringon (AS) (0.2 – 500 mM) (Sigma Aldrich) and co-culture period (3, 6, 12, 

24, 48 and 72 hr) were tested to optimize the transformation. Callus was co-cultivated 

with optimized concentration of Agrobacterium, AS and co-culture period. After 

co-cultivation, callus was transferred to MS basal medium with antibiotics 
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[hygromycin (40 mg/L)(MDBio, Inc), carbanicillin (200 mg/L) (MDBio, Inc), 

cefotaxime (200 mg/L) (Sigma Aldrich) and supplement of 4.5 μM 2,4-D] to 

eradicate Agrobacterium. Petri dishes were incubated in dark. Thereafter, every 

month, callus was transferred to fresh antibiotic medium with same concentrations of 

antibiotics for next transfers. Then individual calli were transferred to fresh MS basal 

medium with hygromycin (40 mg/L) and 2,4-D (4.5 μM) (herein after referred as 

selection medium) for 1 transfer at one month interval. After that, observations on 

color, growth (in terms of dry weight) of calli were recorded. For activation tagging, 

Agrobacterium tumefaciens strain EHA105 with the tagging vector pTag-8 was used. 

GUS assay 

GUS assay was performed as per procedure described by (21). Different callus lines 

were incubated in the GUS assay buffer (10 mM phosphate buffer [pH 7], 0.5 % 

Triton X-100, 1 mg/mL X-Gluc A, 2 mM potassium ferricyanide) for 1 day at 37°C 

and calli were incubated in ethanol. Photographs were taken with digital camera. 

PCR-Southern and Southern analysis 

Genomic DNA was isolated using a plant DNA extraction kit (Qiagen, GmbH Hilden 

Germany). PCR was performed by using 0.5 μg DNA and 

5’-TTTCTGTCAGTGGAGAGGGTGAAGGT-3’ and 

5’-TGCTTGTCGGCCATGATGTATACG-3’as primers to amplify 450 bp gfp. For Southern 

analysis, genomic DNA (10 μg) was digested with PstI (NEB, Inc. Beverly MA USA). 

The digested genomic DNA or PCR products were electrophoresed on 0.8% agarose 

gels, and transferred onto nylon membranes (Roche Diagnostics GmbH Mannheim, 

Germany). Hybridization was performed with in DIG Easy Hyb solution (Roche) for 

12 h at 420C. The membrane was then washed twice for 5 min each with 2X SSC and 

0.1% SDS at room temperature, and twice for 20 min each with 0.1X SSC and 0.1% 

SDS at 68 . Detection was carried out with anti℃ -DIG antibody conjugated with 
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alkaline phosphatase and its chemiluminescent substrate (CDPStar) (Roche). A probe 

(gfp or gusA gene) was PCR-amplified from pCAMBIA 1302 or pTag-8 using the 

gusA primers 

(5-GAAAGGTTGGGCAGGCCAGC-3/5-TCGCCTGTAAGTGCGCTTGCT-3) or 

gfp primer (5’-TTTCTGTCAGTGGAGAGGGTGAAGGT 3’ and 

5’-TGCTTGTCGGCCATGATGTATACG-3’), and labeled with digoxigenin 

11-dUTP using a PCR DIG Probe Synthesis Kit (Roche). 

Standard Compounds  

Authentic, HPLC grade samples of tanshinone I, tanshinone IIA and cryptotanshinone 

(purity: NLT 99%) for calibration were obtained from Formosa Kingstone 

Bioproducts International Corp., Taipei. 

Extraction and Quantitative Analysis of Tanshinone-I, Tanshinone-IIA and 

Cryptotanshinone 

The calli were harvested and freeze-dried in a lyophilizer (FTS System, New York, 

U.S.A.). The dried callus (0.5 mg) was finely ground with mortar and pestle and 

extracted independently with methanol (50 ml) under 20 min sonication (Branson 

Ultrasonic Cleaner, Branson Cleaning Equipment Co, Shelton, CT, U.S.A.) to ensure 

the complete extraction of tanshinones. The extracts of calli were filtered through an 

Advantec No. 1 filter paper (Toyo Roshi Kaisha, Ltd., Japan) and the methanol was 

evaporated in vacuo to dryness. The residue of the combined extract was redissolved 

in methanol (0.5 ml), filtered through a membrane filter (0.45 mm pore size, Nalgene, 

New York) and 50 μl of the solution was injected to HPLC thrice. Analysis was 

performed on a Waters high performance liquid chromatograph (Waters™, Milford, 

Massachusetts, U.S.A.), which was connected to an Intersil ODS-3: 5μm, 4.6 mm X 

250 mm HPLC column (GL Science Inc., Shinjuku, Tokyo, Japan) fitted with a Guard 

park pre column (Waters).The HPLC system consisted of a Waters™ 600 controller, 
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Waters™ 717 plus autosampler, a 996 photodiode array variable wavelength detector 

and Millenium32 software. The mobile phase (acetonitrile :water = 65 : 35) was 

pumped at a flow rate of 1.0 ml per minute. Ultraviolet (UV) detection was made at 

254 nm. The cycle time of analysis was about 50 min. Standard tanshinone I, 

tanshinone IIA and cryptotanshinone were dissolved in methanol and diluted to 

different concentrations (1, 0.5, 0.25, 0.125, 0.0625 mg/ml) and 10 μl portions of the 

samples were subjected to HPLC thrice. Calibration plots were obtained by measuring 

the peak areas. 

Statistical Analysis  

All treatments were repeated three times. Standard deviation (SD) was used for 

statistical analysis. 
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Results and Discussion 

Initiation of callus and tanshinones contents in non-transformed calli 

Callus in roots of S. miltiorrhiza could be induced by incorporating 2,4-D in the 

MS basal medium. Color of calli was white on 2,4D medium. On transfer of this 

callus to medium with ZR, color changed from white to deep red. It was observed that 

in ZR medium, intensity of color in the calli increased progressively with the 

incubation period (from 0-30 d) and the maximum intensity of red color was obtained 

at 25d of incubation (Fig. 1F,G, H, I and J). While, there was no change in white color 

in callus on medium with 2,4-D even after 30d of incubation (Fig. 1K). As confirmed 

by HPLC analysis, red color in callus in ZR medium was due to induction of 

tanshinones in the cells. HPLC analysis of the calli showed that red callus on ZR 

medium at 25d of induction had tanshinone-I (0.2±0.015 mg/g dry wt) (Fig. 2A), 

tanshinone IIA (0.23±0.035 mg/g dry wt. (Fig. 2B), and cryptanshinone (4.2±0.38 

mg/g dry wt) (Fig. 2C). While white callus on 2,4-D medium at 30d had only 

negligible contents of tanshinone-I (0.005±0.0008 mg/g dry wt.) (Fig. 2A), tanshinone 

IIA (0.002±0.0001 mg/g dry wt.) (Fig. 2B) and cryptanshinone (0.07±0.004 mg/g dry 

wt.)(Fig. 2B). Growth rate (g dry weight/day) of calli on medium with 2,4-D was 

better compared to ZR. (Table1).  

Tanshinones have been reported to be synthesized from the novel 

pyruvate/glyceraldehyde 3-phospahte pathway (22). Though, in several studies, these 

compounds in S. miltiorrhiza have been induced in different culture systems, however, 

its mechanism of metabolism is not yet known. Gao et al. 1996 obtained higher levels 

of tanshinones in two tetraploids of S. miltiorrhiza induced by colchicine treatment 

compared to controls. Chen et al. 1997, developed cell lines transformed by 

Agrobacterium tumefaciens strain C58 and showed higher tanshinones in suspension 

culture than the controls. By two stage culture method, they could obtain 22 mg of 
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tanshinone in 1 liter of medium. Also, for the first time, they identified 

cryptotanshinone as a phytoalexin. Diterpenoid production in Ri transformed root or 

hairy root cultures of S. miltiorrhiza has also been reported (7). Ge and Wu, 2005 used 

ß-aminobutyric acid and yeast elicitor (YE) to induce tanshinone production in hairy 

roots culture of S. miltiorrhiza. Wu et al. 2003 could induce tanshinones in in vitro 

propagated static callus cultures of S. miltiorrhiza by incorporation of benzyl adenine 

(BA) in the culture medium. More recently, Yan et al. 2005 could recover tanshinones 

in S. miltiorrhiza hairy root cultures by using multiple elicitation, in situ adsorption 

and semi-continuous operation. In present study we have induced tanshinones in 

non-transformed calli by use of ZR in the medium instead of BA. The quantities of 

tanshinones in calli in present study were higher then induced by BA as reported 

earlier (10).  

Transformation of Salvia callus 

Since different factors have affect on transformation efficiency, it becomes 

imperative to optimize the conditions. Out of 4 concentrations of Agrobacterium (0.09, 

0.9, 9 and 90 108CFU/ml) tested, maximum GFP positive lines (10 lines/1g fresh 

weight) were obtained with Agrobacterium concentration at 0.9 108 CFU/ml, 0.2 

mM acetosyringone (AS) and 3h co-cultivation period (Fig. 3I). Among the 6 

concentrations of AS tested (0.2 – 500 mM), the maximum selective lines (6 lines/1g 

fresh weight) were obtained with AS conc. 0.2 mM at Agrobacterium concentration of 

0.9 108 CFU/ml and co-cultivation period of 3 h. Though, Agrobacterium without 

AS could also affect transformation, but efficiency was lower and results were 

statistically non-significant (Fig. 3 J). Co-cultivation period (3, 6, 12, 24, 48 and 72 hr) 

had influence on T-DNA delivery efficiency in Salvia. The highest efficiency (5 

selective lines) was observed with 3 h co-culture period (Fig. 3K).  

To establish the high through put of ATM population, most of the model plants 
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already have the standard procedure for Agrobacterium-mediated transformation such 

as rice (23). Factors effecting the efficiency of Agrobacterium transformation may 

include cell growth (24) Agrobacterium conc. (25), acetosyringone conc. (25). and 

co-cultivation period (26). These factors need to be optimized for specific plant. 

Though in several studies, Agrobacterium-mediated transformation of Salvia has been 

achieved (9, 11), however, in all these reports, there is no mention of optimum 

conditions for transformation of Salvia callus. In present study, we could observe the 

CaMV 35S promoter over-expression in Salvia calli by GFP expression (Fig. 3F) and 

hygromycin selection, the transformation efficiency in Salvia was 1-10 GFP 

transgenic cell lines  per 1 g callus under 0.9X109 CFU/ml Agrobacterium 

concentration, 0.2 mM AS and 3hr co-culture (Fig. 3I, J, K). On PCR amplification of 

DNAs from GFP positive lines (G1-G5), it was observed that these selective callus 

lines had 450 bp fragment by PCR-southern with gfp gene probe (Fig.4A). By using 

this protocol, we have obtained 1435 ATM population from 600 g callus grown on 

hygromycin selection medium with 2,4-D. 

 

ATM selective lines, GUS Assay and DNA blotting 

By Agrobacterium-mediated transformation with activation tagging T-DNA construct 

containing CaMV 35S promoter with hygromycin selection gene (Fig. 3B), we have 

produced 1,435 ATM lines of Salvia exhibiting different color, growth rate and 

morphology on selection medium with hygromycin (40 mg/L ) and 2,4-D (4.5 μM). 

For the promoter trapping of right boarder franking, we used promoter-less gus 

reporter gene in the T-DNA (Fig. 3B). Out of 700 ATM tested, 35 lines showed blue 

color (GUS assay) in a 96-well plate (Fig.3G and H). We chose 8 ATM lines (T1-T6 

lines showing red color, T7 and T8 lines with white color) to identify the copy number 

of T-DNA insertion by Southern blotting. Genomic DNA, was digested by PstI and 
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hybridized with the gus gene probe. Out of 8 ATM transgenic lines, 7 lines had single 

copy insertion while one line had two copies (Fig.4B). These results confirm that the 

transformation process was successful.  

To establish a large ATM population for functional genomic study, it is 

necessary to calculate the number of transgenic lines depending on the genome size 

and gene numbers that transgenic plants contain on an average of 1 loci of T-DNA 

insert (27). For non-tractable plant, the information on genome size or number of 

genes in the plant is not easily available; hence, functional genomic study always has 

a focus on the specific purpose. For example, using a screening model in 

Catharanthus roseus, Fits et al., isolated 281 lines from a 400,000~500,000 ATM 

population (0.07~0.05%) (28, 29). While in our study, ATM population contained 

only 1435 tagged lines, a smaller population for screening compared to Fits et al. 

Nevertheless, about 0.4% (6/1435) ATM lines could be identified with tanshinones in 

the screening model. 

We used a construct that could be used for both gene trapping and activation 

tagging (Fig. 1B). For the gene trapping, Chin et al. (1999) reported a frequency of 

10.0% in Ds-tagged rice lines. In Arabidopsis, activation of the reporter gene in a 

gene trap vector was as high as 30% (30). Our results on GUS assay showed that 5% 

(35/700) of ATM lines had blue reaction, an indication of gene trapping (Fig. 3G,H). 

Phenotypic screening system and qualitative yield anlysis of selective lines 

It is necessary to carry out the quantitative and qualitative analysis of 

tanshinones for screening the ATM lines on the basis of phenotypes.  

In our research, red color of tanshinones, tanshinone-I (Fig.3B), tanshinone-II 

(Fig.3C) and cryptanshinone (Fig.3D) observed on medium with 2,4-D could easily 

be used to screen the ATM population.  

As per our screening model system, calli grown on 2,4-D medium should have 
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been white with almost negligible tanshinones content (Fig.5A and B). But if calli 

grown on selective medium with 2,4-D appear red then it can be assumed that ATM 

has been involved in the metabolic transformation of calli to produce tanshinones. 

Such ATM transformed calli showed varying profile of compounds in HPLC analysis 

then what was achieved in non transformed calli on medium with 2,4D (Fig. 5A,B) or 

ZR (Fig.5C and D). 

On screening of 1435 ATM selective lines, we could obtain 6 transgenic lines 

with bright red color on 2,4-D medium. In Fig.5F, G, J and K, we have shown only 4 

transgenic lines that matched with non-transformed calli grown on medium with ZR. 

All the four transgenic lines showed peak for cryptotanshinone at 14 min (Fig. 5 E, H, 

I and L). Only two transgenic callus lines had peak for tanshinone-I at 15 min (Fig.5E 

and H) and other two lines showed peak for tanshinone-IIA at 24 min (Fig. 5H and L).  

Further we observed that transgenic lines with white callus had no tanshinones 

(data not shown). We compared all the six screened transgenic lines with the 

non-transgenic line for growth rate (g D.W./day) and contents of tanshinones (mg/ g 

D.W.). If we take callus growth on medium with ZR as control (100%) then the 

relative growth rates of 3 transgenic lines were 277.5± 137.9% (T1), 430± 42.43%, 

(T4) 322.5± 145.0% (T6). These values were statistically not significant with respect 

to non-transgenic line on 2,4-D medium (350± 71.71%), however, with respect to 

transgenic line on ZR medium, increase in growth rate was 2.7 – 4 fold.  

After phenotypic screening, we further examined the transgenic lines to find out 

that which of the red transgenic lines had the maximum tanshinones content as well as 

high growth rate? We observed that the transgenic line T4 had 116 times higher yield 

of cryptotanshinone than the non-transgenic line on 2,4-D medium, and 2 times higher 

yield than on ZR medium. Yields of tanshinone-I and tanshinone-IIA in lines T2 and 

T4 were 14 and 33 times higher than on 2,4-D medium (Table 1). Thus our results 
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show that all screened transgenic lines had significantly higher tanshinones contents 

though their quantities varied greatly in 6 transgenic lines. 

The construct pTag-8 used for ATM transformation contains strong enhancer of 

transcription flanking the TDNA border, consisting of eight copies of the A1 domain 

of the CaMV 35S promoter (Fig. 3B). Since this CaMV 35S promoter derivative lacks 

a TATA box and ATG start codon, integration of this T-DNA in either orientation in 

the vicinity of a gene can activate expression from the endogenous core promoter. 

This could be a possible mechanism of induction of tanshinones (red color) in calli 

grown on selective medium with 2,4-D. The variation in quantities of 3 tanshinones in 

6 lines could be due to differential insertions of T-DNA in the Salvia genome which 

in turn might have affected the changes in metabolic pathways of tanshinones.  

In our study, the 35S enhancer element might have increased the expression of 

nearby genes without altering the original expression pattern as reported earlier (15, 

16, 28). Also it may have created the mutants with totally different expression 

patterns from the activation-tagging lines as observed in rice (31) and tomato (17). In 

our study, 4 ATM lines showing different patterns in HPLC analysis could be an out 

come of the changed synthesize ability of tanshinones by 35S enhancer element 

(Fig.5E, H, I, L). 

Thus, in the present study, we have developed an efficient 

Agrobacterium-mediated transformation system for calli of Salvia miltiorrhiza. Also 

we have devised a color based phenotypic model system for screening of ATM 

population and have developed transgenic lines with higher yields of tanshinone.  
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Fig. 1. Three diterpenoid quinones (tanshinone I, tanshinone IIA and 

cryptotanshinone) are the major bioactive compounds in S. miltiorrhiza, isolated from 

roots and could be induced in calli on MS basal medium with 1.4 μM 

trans-zeatin-riboside. One-year-old S. miltiorrhiza plant (A) grown in a greenhouse 

had reddish-brown color root (B). Chemical structures of tanshinone-I (C), 

tanshinone-IIA (D) and cryptotanshinone (E). Induction of tanshinones (orange-red 

colored pigments) in calli of S. miltiorrhiza increased progressively with incubation 

period at 5d (F), 10d (G), 15d (H), 20d (I), 25d (J) on MS basal medium with 1.4 μM 

trans-zeatin-riboside. In contrast, the callus grown on medium with 4.5μM2,4-D does 

not show such color pigments even after 30 days of incubation (K). 
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Fig. 2. Effects of trans-zeatin-riboside and 2,4-D on production of three tanshinones 

in calli of S. miltiorrhiza. Callus grown on MS basal medium supplemented with 1.4 

μM trans-zeatin-riboside for 5, 10, 15, 20, 25 days or with 4.5 μM 2,4-D for 10, 20 

and 30 days. Thereafter, tanshinone-I (A), tanshinone-IIA (B) and cryptotanshinone 

(C) contents of each callus cultures was analyzed by HPLC methodology. All 

compounds were quantified on 1g dry weight basis. 
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Fig.3. Optimization of conditions for Agrobacterium-mediated callus transformation, 

and visual screening of transgenic plants in S. miltiorrhiza. A, schematic diagram of 

the construct pCAMBIA1302; B, activation tagging vector TAG8; C, none-GFP 

transgenic callus observed through visible light; D, none-GFP transgenic callus  

observed through UV light; E, GFP-transgenic callus observed through visible light; F, 

GFP-transgenic callus observed through UV light; G-H, GUS staining in the ATM 

lines; I, Effect of Agrobacterium concentration (0.09, 0.9, 9, 90 108CFU/ml) on the 

transformation efficiency; J, Effect of co-culture period (3, 6, 12, 24, 48 and 72hr) on 

the transformation efficiency. K, Effect of acetosyringone concentration (0, 0.2, 2, 5, 

10, 100 and 500mM) on the transformation efficiency.  

LB= left boarder; RB= right boarder; T35S= CaMV 35S terminator; TNOS= NOS 

terminator; P35S= CaMV 35S promoter; GFP= green fluorescence protein; HPT= 

hygromycin phosphotransferase; GUS= β-glucuronidase. 
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Fig.4. PCR-Southern and Southern blot analysis of transgenic lines. A, GFP 

transgenic lines (G1~G5) show PCR amplification (450bp) by GFP probe set; B, 

Genomic DNA digested by PstI, probed with the GUS gene coding region showed 

hybridization signals differing in size and revealed a single-site integration of the 

T-DNA (T1-T7) while 2 copies (T8).  

V= vector; B= blank; M= marker; NT= non-transgenic line 
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Fig. 5. Effect of trans-zeatin-riboside or 2,4-D on production of three tanshinones in 

the non-transformed and ATM transgenic lines in S. miltiorrhiza. A,D, HPLC analysis 

of non-transformed lines on medium with 4.5 μM 2,4-D medium(B) or with 1.4 μM 

trans-zeatin-riboside (C). AMT transgenic lines F, G, J, K on medium with 4.5 μM 

2,4-D and their respective HPLC analyses as E, H, I, L.  

Arrows show the rotation time for cryptotanshinone (CRY) as 14 min , tanshinones-I 

(Tan-I) as 15 min and tanshinone-IIA (Tan-IIA) as 24 min. 
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Table 1 Comparison of the relative growth rates and yields of tanshinones between 
non-transformed and six ATM transgenic lines of S. miltiorrhiza 

*=(P<0.05) significant difference  

** yield of tanshinones = contents of tanshinones [mg/ g dry weight (DW)] X growth 

rate (g DW/day) X 25 days.  

ZR = MS basal medium with 1.4 μM trans zeatin riboside. 
T1 – T6 = ATM transgenic lines on selective medium with 4.5μM 2,4-D. 
 


