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Abstract 

 Different Agrobacterium rhizogenes strains were tested to investigate the ability for 
transformation and production of secondary metabolites in Rubia akane Nakai. All the strains of A. 
rhizogenes (13333, 15834, R1000, R1200 and R1601) used in this study were able to produce hairy 
roots. The strain R1601 performed the highest infection frequency (85.6 %) along with the highest 
number of hairy roots (5.3) per explant and root length (1.6 cm). The growth and anthraquinone (alizarin 
and purpurin) production in each hairy root of R. akane from infection by five different A. rhizogenes was 
investigated. The highest growth (11.1g dry wt/l) and production of alizarin (4.3 mg/g D.W.) and 
purpurin (4.9 mg/g D.W.) was found in R1601. The selection of an effective A. rhizogenes strain for the 
production of transformed root cultures is important, and must be determined for further experiment.  
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Introduction 

  
 Agrobacterium rhizogenes is a genus of gram-negative soil bacteria belonging to the 

Rhizobiaceae, responsible for hairy root formation at the site of infection. This bacteria can 
transfer T-DNA, excised from Ri (root inducing)-plasmids several hundred kb in size, from the 
bacterial to the plant cell [1]. It is the causal agent of 'hairy root' diseases in plants, and has been 
used for the production of hairy root cultures from a multitude of species [2]. Nowadays hairy 
root cultures from plants are getting considerable attention because of their genetic and 
biochemical stability, rapid growth rate and ability to synthesize secondary products at levels 
comparable to the original plants [3-5].  

 The perennial herb, Rubia akane Nakai, is a member of the Rubiaceae family and one 
of the Indigenous medicinal and natural dye plants in Korea [6]. Rubia akane hase been 
reported to show various biological activities including antiplatelet, antifeedant, and anti-tumor 
activities [7-9]. 

 Alizarin and purpurin (Figure 1) are anthraquinones derived from the root of R. akane 
and have been used since ancient times as a vegetable red dye in Korea [10]. In addition, 
anthraquinones have been reported to exhibit various pharmacological and biological activities 
including anticancer [11-12], antimalarial [13], antimicrobial [14-15], antifungal [16], and 
antioxidant activities [17].  
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Figure 1. Chemical structures of (A) alizarin and (B) purpurin 

 
 Recently, we reported the development of hairy root culture of R. akane [18] and the 

influence of media and auxin treatment on anthraquinone production in R. akane hairy root 
culture [19]. Previous studies have reported the efficiency of various A. rhizogenes strains in 
affecting the formation and growth of hairy roots from explants and secondary metabolite 
biosynthesis in hairy root cultures [20-21]. No studies have been carried out for the induction of 
hairy roots in R. akane using various A. rhizogenes strains. Therefore, our study was designed 
to develop hairy root culture from R. akane using different strains of A. rhizogenes for 
production of anthraquinones, alizarin and purpurin.  
 
Materials and Methods 
   
  Seed sterilization and germination 

 Seeds of R. akane were surface-sterilized with 70% (v/v) ethanol for 1 min and 4% 
(v/v) sodium hypochlorite solution for 10 min, then rinsed three times in sterilized water. Six 
seeds were placed on 25 ml of agar-solidified culture medium in Petri dishes (100 x 15 mm). 
The basal medium consisted of salts and vitamins of MS (Murashige and Skoog) medium [22] 
and solidified with 0.8% (w/v) agar. The medium was adjusted to pH 5.8 before adding agar, 
and then sterilized by autoclaving at 121 oC for 20 min. The seeds were germinated in a growth 
chamber at 25oC,  under standard cool white fluorescent tubes with a flux rate of 35 µmol s-1m-2 
and a 16-h photoperiod. 
  Growth of Agrobacterium rhizogenes  

 The culture of five A. rhizogenes strains (13333, 15834, R1000, R1200 and R1601) 
was initiated from glycerol stock and grown overnight at 28oC with shaking (180 rpm) in liquid 
Luria-Bertani medium, to mid-log phase (OD600 = 0.5). The A. rhizogenes cells were collected 
by centrifugation for 10 min at 224g and resuspended in liquid inoculation medium (MS salts 
and vitamins containing 30g sucrose per liter). The A. rhizogenes cell density was adjusted to 
give an A600 of 1.0 for inoculation. 
  Establishment of hairy root cultures 

 Leaves of R. akane were taken from plants grown in vitro and were cut at the ends into 
sections 7 X 7 mm. Excised leaves were dipped into five A. rhizogenes strains (13333, 15834, 
R1000, R1200 and R1601) cultures in liquid inoculation medium for 10 min, blotted dry on 
sterile filter paper, and incubated in the dark at 25°C on agar-solidified MS medium. After 2 
days of co-cultivation, the explant tissues were transferred to a hormone-free medium 
containing MS salts and vitamins, 30 g/l sucrose, 500 mg/l cefotaxime, and 8 g/l agar. 
Numerous hairy roots were observed emerging from the wound sites of explants within 2 weeks. 
The hairy roots were separated from the explant tissue and subcultured in the dark at 25°C on 
agar-solidified MS medium. After repeated transfer to fresh medium, rapidly growing hairy 
root cultures were obtained. Isolated roots (0.5 g D.W./l) were transferred to 30 ml of MS liquid 
medium, containing 30 g/l sucrose, in 100 ml flasks. Root cultures were maintained at 25°C on 
a gyratory shaker (100 rev/min) in a growth chamber under standard cool white fluorescent 
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tubes with a flux rate of 35 μmol s-1 m-2 and a 16-h photoperiod. After 21 days of culture, hairy 
roots were harvested and dry weights and anthraquinone contents were determined. Three 
flasks were used for each culture condition, and experiments were performed in duplicate.  
  Analysis of alizarin and purpurin   

 Hairy roots were dried at -80oC for at least 48 hr using freeze dryer (Model FD-5508, 
Ilsin Engineering Co., Seoul, Korea). Dried samples were ground into a fine powder using a 
mortar and pestle. Samples (0.5 g) were extracted twice with 10 ml methanol at 50oC in a water 
bath for 1 hour. After centrifugation, the supernatant was concentrated under reduced pressure 
and the residue dissolved in 1 mL methanol. 

The quantitative analysis of alizarin and purpurin produced in the hairy root cultures was 
done by Beckman Coulter DU 700 series UV/Vis spectrophotometers. The absorbances of 
alizarin and purpurin were detected at 572 and 516 nm, respectively, and their amounts were 
calculated comparing with the calibration curves obtained with standard compounds. The 
standard chemicals, alizarin and purpurin were purchased from Wako Pure Chemical Industries, 
Ltd. (Osaka, Japan) and Sigma-Aldrich Korea (Seoul, Korea). The analysis of alizarin and 
purpurin was performed using the method of Shin [10].  
  Statistical analysis 

 The data obtained was expressed as mean ± standard deviation. 
 

Results and Discussions 
 

 Five different  A. rhizogenes strains: 13332, 15834, R1000, R1200 and R1601 were 
investigated to check their ability of transformation and production of anthraquinones in R. 
akane. Hairy roots of R. akane were initiated in leaf explants inoculated with five A. rhizogenes 
strains. After 2 days of co-cultivation with A. rhizogenes, explant tissues were transferred to 
agar-solidified MS medium containing 500 mg/l cefotaxime, to eliminate A. rhizogenes. Hairy 
root initials emerged from wound sites on R. akane leaf explant within two weeks after 
inoculation. After four weeks, hairy root began to grow more rapidly. About six weeks after 
co-cultivation with A. rhizogenes, hairy roots were excised from the necrotic explant tissues 
and subcultured on fresh agar-solidified medium containing 500 mg/l cefotaxime. 
Table 1. Effect of different strains of A. rhizogenes on the frequency of infection and the growth of R. akane hairy 
root cultures. Values represent the mean ± SD of three independent measurements 30 days after inoculation.  

 
Wounded R. akane leaves were highly susceptible to infection by each strain of A. 

rhizogenes, as shown by the percentage of leaf explants from which hairy roots emerged. We 
found that there was no difference in the morphological characteristics between hairy roots 
induced by the five strains of A. rhizogenes. All the strains of A. rhizogenes used in this study 
were able to produce hairy roots at the site of infection of explants (Table 1).   

 The highest infection frequency (85.6 %) along with the highest number of hairy roots 
(5.3) per explant and root length (1.6 cm) were found in strain R1601 followed by 81.5 % 
infection frequency with an average of 4.2 hairy roots and 1.3 cm root length in the strain 
R1000. The lowest infection frequency (56.4 %), number of hairy roots (2.7) per explant and 

Agrobacterium  strains Infection 
frequency(%) 

Number of 
hairy roots 

Root length 
(cm)  

13333 61.5 ± 5.2 3.1 ± 0.3 1.1 ± 0.1 
15834 56.4 ± 5.3 2.7 ± 0.3 1.0 ± 0.1 
R1000 81.5 ± 7.8 4.2 ± 0.4 1.3 ± 0.2 
R1200 
R1601 

75.2 ± 6.7 
85.6 ± 7.3 

3.7 ± 0.3 
5.3 ± 0.5 

1.3 ± 0.1 
1.6 ± 0.1 
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root length (1.0 cm) was displayed in the strain 15834. The other two strains (13333 and 
R1200) were medium productive for hairy root induction and growth.  
Table 2. Effect of different strains of Agrobacterium rhizogenes on hairy root growth and alizarin and purpurin 
production in  Rubia akane cultures.  

Agrobacterium  
strains  

Dry Weight 
(g/L)  

Alizarin 
/D.W. (mg/g) 

Purpurin 
/D.W. (mg/g) 

13333 10.2 ± 1.1 3.3 ± 0.3 4.0 ± 0.3 
15834 9.6± 0.8 3.2 ± 0.2 3.9 ± 0.4 
R1000 10.5 ± 1.3 3.8 ± 0.3 4.4 ± 0.4 
R1200 
R1601 

10.3 ± 1.0 
11.1 ± 1.2 

3.5 ± 0.5 
4.3 ± 0.4 

4.3 ± 0.3 
4.9 ± 0.5 

 
  Each hairy root resulted from infection by the five tested strains of A. rhizogenes was 

subcultured to fresh medium for two to three months and then the rapidly growing hairy roots of 
R. akane were transferred to liquid culture. Hairy roots were cultured in MS liquid medium for 
21 days. The growth and anthraquinone (alizarin and purpurin) production in hairy root of R. 
akane was investigated by harvesting six flasks and the data were presented in Table 2. The dry 
weight of the hairy root cultures increased from the original inoculum level of 0.5 g/l to 
9.6-11.1 g/l in 21 days culture period. The highest growth (11.1g dry wt/l) was found in R1601 
strain, followed by 10.5 g/l in strain R1000. The strains R1200 and 13333 produced an amount 
of 10.3 and 10.2 g/l dry weight, respectively and the lowest dry weight (9.6 g/l) was found in 
strain 15834. Among the five different hairy root lines, R1601 performed the highest amount of 
both alizarin (4.3 mg/g D.W.) and purpurin (4.9 mg/g D.W.). In contrast, the lowest production 
of alizarin (3.2 mg/g D.W.) and purpurin (3.9 mg/g D.W.) was found in strain 15834. 

 Previously, other studies have also reported the differential efficiency of various A. 
rhizogenes strains in promoting the induction, growth and secondary metabolite production of 
hairy roots. For example, different A. rhizogenes strains affected growth rate, saponin 
production and the ratio of different astragalosides in transgenic root cultures of Astragalus 
mongholicus Bge. [20]. The strain of Agrobacterium also influenced the development, the 
growth rate and tropane alkaloids production in transformed root cultures of H. muticus [21, 23]. 
Hairy root cultures of Gentiana macrophylla were established by infecting with four A. 
rhizogenes strains and each hairy root lines showed different response regarding growth and 
production of secoiridoid glucoside gentiopicroside in transformed hairy root cultures [24]. 
Clearly, the selection of an effective Agrobacterium strain for the production of transformed 
root cultures is highly dependent on the plant species, and must be determined empirically.  
 
Conclusion 

  
 Our results indicate, for the first time, an efficient A. rhizogenes-mediated 

transformation protocol for the establishment of R. akane hairy root cultures using five 
different  A. rhizogenes strains: 13333, 15834, R1000, R1200 and R1601. Among the five 
different strains of A. rhizogenes, R1601 has a potentiality to be an effective means of inducing 
hairy root formation and especially for the production of alizarin and purpurin. Specifically, we 
achieved an effective induction, growth and production of anthraquinones from transformed 
roots of R. akane  by using the A. rhizogenes strain R1601.  
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