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Hairy roots of Solenostemon scutellarioides were induced by inoculation of leaf explants with 
Agrobacterium rhizogenes strains TR 105, LBA 9402, 8196 and ATCC 15834. These strains showed 
different abilities to induce hairy root formation on the leaf explants. Assessment of the plant’s 
susceptibility to the different strains of A. rhizogenes showed that strains ATCC 15834, TR 105, LBA 
9402, and 8196 produced 56.3, 25.5, 21.5 and 13.8% transformation efficiencies, respectively. 
Acetosyringone was found to be useful for the enhancement of hairy roots formation in S. 
scutellarioides.  
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INTRODUCTION 
 
Solenostemon scutellarioides (syn. Coleus blumei) is a 
popular ornamental plant which belongs to the Labiatae 
family (Garcia and O’Neil, 2000). Cell suspension and 
transformed callus cultures of this plant are known to 
produce rosmarinic acid (Razzaque and Ellis, 1977; De-
Eknamkul and Ellis, 1987; Petersen, 1991, Bauer et al 
2004), which possesses antibacteria, antioxidation and 
anti-inflammatory properties (Petersen and Simmonds, 
2003). Rosmarinic acid can also be used to prevent 
bronchial asthma, apasmogenic disorders, hepatotoxicity, 
ischaemic heart disease, and cancer (Al-Sereiti et al., 
1999; Park et al., 2008) and has been reported to be a 
potent active substance against human immunodefi-
ciency virus types1 (HIV-1) (Mazunder et al., 1997). How-
ever, cell suspension culture is not genetically and bio-
chemically stable due to its high rate of disorganized cell 
division (Phillips et al., 1995; Oksman-Caldentey and 
Hiltunen, 1996). In contrast, organ cultures such as hairy 
roots are genetically stable and contain differentiated 
cells.  
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Hairy root is a pathological syndrome of dicotyledonous  
plants following wounding and infection with Agrobac-
terium rhizogenes (Draper et al., 1988). A. rhizogenes 
strains are classified by their opine types with the com-
monly used strains being of the agropine and mannopine 
types (Hamill and Lidgett, 1997). In several plant species, 
the presence of higher amounts of secondary metabolites 
has been observed in hairy root cultures when compared 
to the mother plants (Chae et al., 2000). For example, a 
13.3-fold increase of ajmalicine production was observed 
in the hairy root culture of Catharanthus roseus (Bhadra 
et al., 1993) and a 7-fold increase of saponins production 
in the hairy root of Pinax ginseng (Misawa, 1994). 

Currently, no record of rosmarinic acid production in 
hairy root culture of S. scutellarioides has been docu-
mented. Thus, as an initial step towards the production of 
rosmarinic acid in a genetically stable organ culture, we 
were able to induce hairy root formation in S. scutella-
rioides using different strains of A. rhizogenes.  
 
 
MATERIALS AND METHODS 
 
Plant Materials 
 
Shoot tips of S. scutellarioides were obtained from field grown 
plants and surface sterilized. The  shoots  were  then  cultured  onto  
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Table 1. Characteristic of selected A. rhizogenes strains. 
 

Strain Plasmida Opine type Reference 
8196 pRi8196 Mannopine Dommisse et al. (1990) 
ATCC 15834 pRi15834 Agropine Dommisse et al. (1990) 
TR 105 UCRi Agropine Dommisse et al. (1990) 
LBA 9402 pRi1855 Agropine Nguyen et al. (1992) and Ionkova et al. (1997) 

 

 aUCRi: uncharacterized Ri plasmid. 
 
 
 
MS basal medium. Aseptic leaves (approximately 1-2 cm2) were ob-
tained from two-week old axenic plants and were used for hairy root 
induction.  
 
 
Bacterial strains  
 
Four bacterial strains were used in this study, namely TR 105, LBA 
9402, ATCC 15834 and 8196. The first three strains were of the 
agropine type and the last strain was of the mannopine type (Table 
1).  
 
 
Activation of bacterial strains 
 
Stocks of A. rhizogenes strains (TR 105, LBA 9402, 8196 and 
ATCC 15834) in dimethyl sulfoxide (DMSO) stored at -80oC were 
streaked onto separate fresh yeast extract nutrient broth (YEB) 
plates (13.3 g/l nutrient broth, 1 g/l yeast extract, 5 g/l sucrose, 0.24 
g/l MgSO4, 15 g/l gelrite agar, and pH 7.5). The plates were incu-
bated at 30oC in the dark for 2 days. A single bacterial colony from 
each strain was picked and inoculated into 5 ml YEB liquid medium 
in 15 ml Falcon tube, and incubated with shaking at 28oC for 2 days 
in the dark at 150 rpm. Prior to infection and co-cultivation with 
plant tissues, the bacterial cultures were centrifuged for 15 min at 
3000 rpm and resuspended in 5 ml hormone-free MS liquid medium 
(OD600 = 0.6) in the absence or presence of 50 µM acetosyringone.  
 
 
Hairy root induction 
 
Induction of hairy roots were performed by placing cut axenic leaf 
explants into a Petri dish containing 10 ml of A. rhizogenes culture 
in the presence or absence of acetosyringone (Sigma Chemical 
Co.).  In order to test the effect of acetosyringone on the transfor-
mation efficiency of S. scutellarioides, 50 µM acetosyringone was 
added to A. rhizogenes and leaf explants co-cultivation medium and 
incubated in the dark for 12 h, and agitated at 40 rpm in the dark. 
The explants were then cultured onto hormone-free MS basal solid 
medium for 2 days in the dark at 25 ± 2oC. Two days later, the in-
fected leaf explants were rinsed with sterile distilled water supple-
mented with 100 mg/l of carbenicillin (Sigma Chemical Co.), blotted 
dry onto sterile filter papers and subcultured onto fresh hormone-
free MS basal solid medium containing 500 mg/l carbenicillin in 
order to eliminate A. rhizogenes. Stepwise elimination of A. rhizo-
genes was performed gradually by subculturing the infected 
explants with reduced concentration of carbenicillin (250 and 100 
mg/l) and washed with sterile distilled water before each subculture. 
Control experiments were performed by culturing the explants into 
10 ml of bacteria-free MS basal liquid medium with or without aceto-
syringone. Hairy roots appeared at the cut edge and midrib of the 
leaf explants. The roots (about 15 to 20 mm in length) were cut and 
transferred onto hormone-free MS basal solid medium containing 
30 g/l sucrose, and 100 mg/l carbenicillin. Root tips were clear of 
bacterial growth after one or two cycles of weekly subcultures. The 

subsequent subcultures were done on the same medium without 
antibiotics.  
 
 
Statistical analysis 
 
One-way analysis of variance (ANOVA) was done using the 
MSTAT-C program (Gomez and Gomez, 1984). The analysis was 
performed with Duncan’s Multiple Range Test at a probability of 
95%.  
 
 
RESULTS AND DISCUSSION 
 
Effect of different A. rhizogenes strains on hairy root 
induction  
 
Four strains of A. rhizogenes (TR 105, LBA 9402, 8196 
and ATCC 15834) were tested for their infection capabi-
lities on S. scutellarioides explants. The virulence of each 
of the strains differs as shown in Table 2. In the absence 
of acetosyringone, the induction of hairy root occurred 
after 18 ± 1.8 days with strain ATCC 15834 and 21 ± 1.0 
day with strain TR 105. However, the other strains (LBA 
9402 and 8196) did not induce any hairy root in the ab-
sence of acetosyringone. In the presence of 50 µM aceto-
syringone, hairy roots occurred in 12 ± 3.1 days with 
strain TR 105, 11 ± 2.7 days with strain LBA 9402, 12 ± 
3.4 days with strain 8196 and 11 ± 2.2 days with strain 
ATCC 15834. A similar result in hairy root induction was 
also reported in Allium cepa (Dommisse et al., 1990). 
This indicated that the presence of acetosyringone 
induced hairy roots formation in shorter time with strain 
ATCC 15834 and TR 105. Similar observations have also 
been documented in other plant species where aceto-
syringone was able to induce and enhance the expre-
ssion of A. rhizogenes virulence genes (Stachel et al., 
1985; Bolton et al., 1986; Draper et al., 1988; Hu and 
Alfermann, 1993; Królicka et al., 2001, Kumar et al. 
2006). No induction of hairy root was observed in the 
control experiments (Table 2). These leaf explants gra-
dually became necrotic and died. 

The results in Table 2 show that different strains of A. 
rhizogenes displayed various abilities to induce hairy 
roots on these leaf explants. Transformation frequencies 
of 13.8 ± 1.1, 21.5 ± 6.2, 25.5 ± 5.5 and 56.3 ± 4.5% were 
achieved  for  A. rhizogenes strain  8196,  LBA 9402,  TR  
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Table 2. The occurrence of hairy root induction (number of days in culture and its frequencies) 
in S. scutellarioides leaf explants in the presence or absence of acetosyringone induced by 
different strains of A. rhizogenes. 
 

Hairy root appearance  (days) Hairy root transformation (%)* Bacterium 
strain with AC without AC with AC without AC 

Control NI NI NI NI 
TR 105 12 ± 3.1 21 ± 1.0 25.5 ± 5.5b 8.5 ± 1.0 
LBA 9402 11 ± 2.7 NI 21.5 ± 6.2b NI 
8196 12 ± 3.4 NI 13.8 ± 1.1c NI 
ATCC 15834 11 ± 2.2 18 ± 1.8 56.3 ± 4.5a 24.1 ± 3.4 

 

AC: Acetosyringone.  
NI: no induction of hairy root.  
*Mean ± SE followed the same letter is not significant different 5% level by Duncan’s test. Each value 
is the result of 3 replications from a single experiment. 

 
 
 
105 and ATCC 15834, respectively when they were 
cultured in the presence of acetosyringone. Only 8.5 ± 
1.0 and 24.1 ± 3.4% transformation efficiencies were ob-
tained when strains TR 105 and ATCC 15834 were used 
in the absence of acetosyringone, respectively. Without 
acetosyringone, no hairy root induction was observed 
when strains 8196 and LBA 9402 were used. These 
results showed that among the four different strains of A. 
rhizogenes used, A. rhizogenes strain ATCC 15834 was 
most efficient in inducing hairy roots in S. scutellarioides. 
The enhancement of hairy root formation by acetosyrin-
gone was similarly reported in other plant species such 
as Arabidopsis thaliana (Sheikholeslam and Weeks, 
1987), Glycine max (Owens and Smigocki, 1988), Salvia 
miltiorrhiza (Hu and Alfermann, 1993), Brassica oleracea 
(Henzi et al., 2000), Alhagi pseudoalhagi (Mei et al., 
2001) and tobacco (Kumar et al., 2006). These results 
also indicated that acetosyringone was a key factor that 
contributed to the high rates of transformation efficiencies 
of these plants. Consequently, acetosyringone treatment 
of A. rhizogenes may be useful in improving the transfor-
mation rates of other plant species which are recalcitrant. 
The low rate of hairy root induction in S. scutellarioides in 
the absence of acetosyringone may be due to two rea-
sons. Firstly, the natural exudates of the wounded tissues 
may not be sufficient to elicit the activities of the vir gene 
in the A rhizogenes strain. Secondly, the exudates re-
lease may have an inhibitory effect on the A. rhizogenes 
strains used. For strains 8196 and LBA 9402, this inhibit-
tory effect was successfully overcome when acetosyrin-
gone was added.  

Hairy roots were induced by all strains of A. rhizogenes 
in the presence of acetosyringone. The transformation 
efficiencies varied significantly among the different strains 
used where by the percentages of hairy root formation of 
strains TR 105, LBA 9402 and ATCC 15834 were higher 
than that of strain 8196 (Table 2). The type of opine pro-
duced by the former three strains (TR 105, LBA 9402 and 
ATCC 15834) is agropine, whereas the later (strain 8196) 
produces    mannopine    (Table 1).    Perhaps,   agropine  

strains contain both the TL and the TR regions in their Ri 
plasmids which make them more virulent than the man-
nopine strains that do not contain auxin biosynthesis 
genes (Otani et al., 1993; Oksman-Caldentey and 
Hiltunen, 1996).  

In some of the leaf explants, hairy roots induction oc-
curred at the cut midrib as well as at the cut edge of the 
leaf explants (Figure 1A). Generally, for all of the leaf 
explants treated with A. rhizogenes in the presence or 
absence of acetosyringone, hairy roots appeared at the 
cut midrib of these explants. A similar observation on 
hairy root induction was documented in B. oleracea by 
Henzi et al. (2000). According to Mei et al. (2001) the di-
verse responses in leaf the explants’ susceptibilities to A. 
rhizogenes may be due to differences in their physical 
conditions and to the physiological characteristics of the 
tissues in response to culture conditions. The phenotypes 
of the hairy roots induced by all strains of A. rhizogenes 
growing onto hormone-free MS basal solid medium 
showed that they were highly branched and not geotropic 
(Figure 1B). Similar phenotypes were observed for hairy 
roots of Lycopersicon esculentum (Hashimoto et al., 
1999) and Ammi majus (Królicka et al., 2001). The hairy 
roots induced by strains ATCC 15834, TR 105, and LBA 
9402 grew more vigorously than those by strain 8196 on 
hormone-free MS basal solid medium. According to 
Nguyen et al. (1992) and Hamill and Lidgett (1997), the 
plasmids of A. rhizogenes strains ATCC 15834, LBA 
9402 and TR 105 are of the agropine type and thus are 
less dependent on the internal auxin levels in the ex-
plants than those of the mannopine type like A. rhizo-
genes strain 8196. 
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Figure 1. A) Hairy roots appeared at the cut edge of a leaf explant of S. scutellarioides. Arrows indicate the hairy root induced 
on different parts of the explant, B) Hairy roots of S. scutellarioides growing on hormone-free MS medium. 
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