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ABSTRACT 

 
Agrobacterium rhizogenes is known as a natural tool of 
genetic engineering in many plant species. For the first time, 
hairy root induction in Agastache foeniculum using A. 
rhizogenes, rosmarinic acid content and the effect of different 
culture media and inoculation methods on hairy root growth 
rate were investigated. Hairy root culture of A. foeniculum was 
established by inoculation of the 1-month-old leaf explant 
with A4 strain of A. rhizogenes and the effectiveness of light – 
dark conditions and two inoculation methods (immersion and 
injection) were tested. Furthermore, in immersion method, the 
effects of inoculation time (3, 5 and 7 min) on root induction 
were investigated. In the second part of the study, the hairy 
root culture of A. foeniculum was studied using different basal 
culture media (MS, 1/2 MS and B5). Rosmarinic acid content 
in hairy roots and non- transformed roots was analyzed using 
high-performance liquid chromatography (HPLC). There was 
no significant difference between various inoculation methods 
in the ability of hairy roots induction. Observations showed 
that percentage of hairy root induction was higher when the 
explants were immersed for 5 min in bacterial suspension. 
Light conditions displayed the highest hairy root induction 
rates compared with dark condition. Various culture media are 
different in terms of types and amounts of nutrients and have 
influence on growth rate. The maximum growth rate (1.61 g fr 
wt/50 ml) of hairy roots were obtained in 1/2 MS medium. 
Rosmarinic acid content in transformed roots (213.42 µg/g dry 
wt) was significantly higher than non-transformed roots (52.28 
µg/ g dry wt). 
 
Key words: Agastache foeniculum, Agrobacterium 
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IZVLEČEK 
   

VPLIV RAZLIČNIH DEJAVNIKOV NA INDUKCIJO 
LASASTIH KORENIN PRI JANEŽNEM OŽEPU 

(Agastache foeniculum (Pursh) Kuntze) 

Bakterija Agrobacterium rhizogenes je znana kot naravno orodje 
genskega inženiringa pri mnogih rastlinskih vrstah. V tej raziskavi 
so prvič preučevali indukcijo lasastih korenin pri janežnem ožepu 
(Agastache foeniculum (Pursh.) Kuntze) z uporabo bakterije A. 
rhizogenes, vsebnost rožmarinske kisline in vpliv različnih gojišč 
ter inokulacijskih metod na rast lasastih korenin. Kulturo lasastih 
korenin janežnega ožepa so vzgojili iz izsečkov enomesečnih 
listov inokuliranih z bakterijo A. rhizogenes sev A4 z uporabo 
dveh inokulacijskih metod – potapljanje in vbrizgavanje, v 
razmerah na svetlem in v temi. Pri metodi potapljanja izsečkov v 
bakterijsko suspenzijo so preučevali tudi vpliv časa (3, 5 in 7 min) 
na indukcijo korenin. V drugem delu raziskave so preučevali vpliv 
različnih osnovnih gojišč (MS, 1/2 MS in B5) na kulturo lasastih 
korenin. Vsebnost rožmarinske kisline v transformiranih lasastih 
koreninah in netransformiranih koreninah so analizirali s HPLC 
metodo. Značilna razlika v indukciji lasastih korenin v odvisnosti 
od metod inokulacije ni bila ugotovljena. Opazovanja so pokazala, 
da je bil odstotek indukcije lasastih korenin večji, če so izsečke 
listov potopili v bakterijsko suspenzijo za pet minut. Indukcija 
lasastih korenin je bila največja v razmerah gojitve na svetlobi v 
primerjavi z gojenjem v temi. Različna gojišča so se razlikovala v 
vrsti in količini hranil in so vplivala na rast korenin. Največja rast 
lasastih korenin (1.61 g sveže mase/50 ml) je bila dobljena pri 
polovični koncentraciji osnovnega gojišča (1/2 MS). Vsebnost 
rožmarinske kisline je bila v transformiranih koreninah značilno 
večja (213.42 µg/g suhe mase) kot v netransformiranih (52.28 µg/ 
g suhe mase).   
 

Ključne besede: Agastache foeniculum, Agrobacterium 
rhizogenes, gojišče, lasaste korenine, 
potapljanje, vbrizgavanje, rožmarinska 
kislina 
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1 INTRODUCTION 
 
Anise hyssop (Agastache foeniculum (Pursh) 
Kuntze) is a perennial herbaceous plant belonging 
to Labiatae family (Omidbaigi and Mahmoodi, 
2010). This plant is native to the United States and 
Canada (Mallavarapu et al., 2004) and is grown in 
all regions of the Mediterranean, in Northen and 
Central Europe (Omidbaigi et al., 2008). Clinical 
trials have shown that anise hyssop extract is 
effective in treatment of heart, lung, cough 
diseases and induction sweating to reduce fevers 
(Mallavarapu et al., 2004). Essential oils of this 
plant have anti-bacterial and anti- fungal 
properties. Anise hyssop has many useful 
constituents, including monoterpenes and phenyl 
propanoids. Among these constituents, rosmarinic 
acid, chlorogenic acid, rutin, apigenin and galangin 
are important. The antioxidant activity of A. 
foeniculum (98.6 mg.g dry plant) depends on the 
total content of polyphenols (Matei, 2012). 
 
Many valuable medicinal compounds are found in 
plant roots; root systems play an important role in 
determining the temporal and spatial patterns of 
the activity and synthesis of macromolecules: it 
has been revealed that in many species of 
Solanaceae alkaloids are synthesized in plant roots 
and are transported through vascular tissues to 
shoots where they accumulate or are converted to 
other compounds (Hector et al., 1999). 
 
In vitro conditions provide the environmental 
control and the possibility for addition of 
precursors needed to increase yields and 
production of specific secondary metabolites (Hu 
and Du, 2006). However, low yields and 
reproducibility of the cultures are the limiting 
factor in this context so these limitations have led 
to the development of new techniques in tissue 
culture, one of them is hairy root culture (Hu and 
Du, 2006). Rapid growth, low doubling time, easy 
maintenance and the ability to synthesize a range 
of chemical compounds in hairy roots are 
including the advantages that have made them a 
permanent source of valuable secondary 
metabolites production (Hasanloo et al., 2008). 
Agrobacterium rhizogenes (Riker et al., 1930) 
Conn. 1942 is a gram – negative soil bacterium, 
which is known as a natural tool of genetic 
engineering in many plant species, particularly in 
dicotyledon plants. A. rhizogenes is the causative 

agent for hairy root induction in wound site and for 
some biochemical changes in plant metabolism 
(Gandi and Giri, 2012). 
 
Gene transfer is a powerful tool for increasing 
productivity and production of secondary 
metabolites that are produced in low amounts in 
normal plants (Sharafi et al., 2013). T-DNA 
transfer from A. rhizogenes Ri plasmid to plant 
cells and its integration into the host genome leads 
to the induction of hairy roots (Srivastava and 
Srivastava, 2007). Hairy roots have rapid growth, 
high branching and plagiotropic growth in 
hormone-free medium and can increase the 
production of secondary metabolites compared to 
intact plants (Srivastava and Srivastava, 2007). 
 
Contact between the bacteria and plant cells could 
be increased by direct injection of bacteria 
suspension into explants or with immersion plant 
tissue in bacteria suspension culture (Tomilov et 
al., 2007). In Arachis hypogaea L. hairy roots 
induction was obtained by injection method (Geng 
et al., 2012). The effects of two different 
inoculation methods (co- cultivation and injection) 
on induction of hairy roots were evaluated in 
Trigonella foenum-graecum L.; the results showed 
that transformation performance was 26 % in 
injection method and 6 % in co- cultivation method 
(Akbarian et al., 2011). Amaranthus spinosus L. 
explants were inoculated using both injection and 
immersion in bacterial suspensions and highest 
transformation (98.57 %) was achieved using the 
immersion method (Ajantaa et al., 2012). Light 
plays a key role in the growth and production of 
secondary metabolites and hairy roots formation is 
strongly dependent on the light sensitivity of plants 
and light conditions applied (Wu, 2007). 
 
For the use of A. rhizogenes to transfer genes into 
plants, various factors such as culture conditions 
and inoculation time must be optimized 
(Kabirnetaj et al., 2012). Optimization of nutrient 
compounds of hairy roots culture medium is 
necessary to enhance the growth and production of 
secondary metabolites (Sharafi et al., 2013). The 
responses to various culture media have been 
reported in many studies, In Eucommia ulmoides 
Oliver effect of different culture media (B5, WPM 
and MS) on the hairy roots growth of were studied 
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and the results showed that the maximum amount 
of hairy roots dry weight (0.46 g) was found in 
roots grown on MS media as compared to roots 
grown on WPM media (Wu, 2007). The effect of 
four culture media (1/4 SH, 1/2 SH, SH, 2 SH) on 
the growth rate of Angelica gigas Nakai hairy roots 
was studied and 1/2 SH was the best medium for 
the growth of hairy roots (Xu et al., 2009). 
 
Technology of rosmarinic acid (RA) production 
with cell culture and hairy root culture, have been 
reported in several plant species (Petersen and 
Simmonds, 2003). Production of RA in Agastache 
rugosa (Fisch. & C.A.Mey.) Kuntze hairy roots 

increased 14 days after culturing (Lee et al., 2008). 
Increased production of RA in hairy roots of 
Plectranthus barbatus Andrews (Coleus forskohlii) 
and Salvia miltiorrhiza Bunge has been reported 
(Li et al., 2005; Yan et al., 2006). 
 
In the present study for the first time, hairy roots 
were successfully induced from leaves of A. 
foeniculum by A. rhizogenes A4 and synthesis of 
RA in transformed and non-transformed roots was 
investigated. In addition, the effects of culture 
media and inoculation methods were also 
evaluated for the growth enhancement of hairy 
roots. 

 
 

2 MATERIALS AND METHODS 
 
2.1 Seed culture and preparation of explant 

Agastache foeniculum (Pursh) Kuntze seeds were 
obtained from the botanical garden of the Urmia 
University - Iran and were surface sterilized using 
70 % ethanol for 1 min and 2.5 % (v/v) sodium 
hypochlorite (NaClO) for 10 min, rinsed three 
times with distilled sterile water. The seeds were 
cultured on MS (Murashige and Skoog, 1962) 
medium containing 7 g/l agar. Cultures were 
maintained at temperature of 25 ± 2 oC under a 16-h 
light/8-h dark photoperiod for seed germination 
and explants preparation. 
 
2.2 Establishment of hairy roots and culture 

conditions 

Agrobacterium rhizogenes (Riker et al., 1930) 
Conn 1942 agropine A4 strain (bank of microbes at 
the National Institute of Genetic Engineering and 
Biotechnology, Tehran-Iran) was used in 
transformation experiments. Bacteria were grown 
for 48 h (OD600 = 0.5– 0.6) in liquid LB (Luria-
Bertani) medium at 28 oC on a rotary shaker at 
180 rpm. Leaf segments from 1–month- old 
seedling of A. foeniculum were used as explants for 
co-cultivation and hairy root induction. The 
explants were immersed in a suspension of A. 
rhizogenes strain A4. All explants were then 
placed in MS hormone free media fortified with 
3 % sucrose for co-cultivation. After 48 hours co-
cultivation in the dark at 28 ˚C, the explants were 
transferred to the fresh MS medium containing 
200 mg/l cefotaxime. The emerging hairy roots 
were excised and transferred to 50 ml of 1/2 MS 

(half – strength MS) liquid medium supplemented 
with 3 % sucrose, in 250 ml conical flasks and 
grown at 25 ± 2 oC on a rotary shaker (Hei-dolph, 
Germany) in darkness for 2 months. 
 
2.3 Effect of inoculation method on hairy root 

induction 

The effects of two inoculation methods (injection 
and immersion) on hairy root induction by A. 
rhizogenes were evaluated. In the injection 
method, suspensions of A4 strain was injected in 
different parts of 1–month- old leaf explants by 
0.5 ml insulin syringes (Exel – America). In the 
immersion method, explants after wounding with 
scalpel were immersed into a beaker containing the 
same strain of bacterial suspension. Furthermore, 
in the immersion method, the effect of inoculation 
time (3, 5 and 7 min) on hairy root induction was 
examined. 
 
2.4 Effect of light-dark on hairy root induction 

To determine the effects of light and dark 
conditions on hairy root induction, the explants 
were immersed in a suspension of A. rhizogenes 
A4 strain and then incubated separately under dark 
or light at 28 ˚C. After 48 hours incubation, the 
explants were rinsed with sterile water and placed 
in Petri dishes containing 25 ml of solidified MS 
medium containing 200 mg/l cefotaxime. 
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2.5 Influence of various culture media on hairy 
roots growth 

To optimize suitable culture medium for growth of 
hairy roots, they were cultured in full strength MS, 
1/2 MS and B5 (Gamborg 5) basal media 
containing vitamins. Thereafter, 1 g of fresh roots 
were excised and transferred to 50 ml of the 
corresponding fresh liquid media in 250 ml conical 
flasks and grown at 25 ± 2 oC on a rotary shaker 
(100 rpm) in darkness. After 21 days of cultivation, 
the roots were washed with sterile distilled water 
and dried with sterile filter paper, then recorded 
their fresh mass. 
 
2.6 HPLC analysis of hairy roots 

Transformed and untransformed roots were oven 
dried (45°C) for one day. Then, approximately 
0.5 g of dry tissue was used to determine RA 
content. 5 ml of extraction solution (2.5 ml 

methanol and 2.5 ml water) was added to each 
sample and RA was quantified by an Agilent / 
1100 series HPLC system with DAD, model 
G1315B (USA) and a C18 reverse phase column 
(4.6 × 250 mm) at room temperature. The mobile 
phase (solution B) was acetonitrile / 5 % acetic 
acid (7: 3 v/v) with a linear gradient of 50 % 
solution B to 30 % solutions. RA was detected at 
254 nm. Retention time of rosmarinic acid was 
5.34 min. 
 
2.7 Statistical Analysis 

The experiment was carried out in randomized 
completely design (RCD) with three replicates. 
The data collected were subjected to analysis of 
variance test. The means were compared using 
Duncan’s multiple range tests. All statistical 
analyses were performed using SAS 9.1 software. 

 
 

3 RESULTS AND DISCUSSION 
 
3.1 Establishment of hairy roots 

In the present study, hairy roots were successfully 
induced (51.1 %) by infection of 1–month- old leaf 
explants of A. foeniculum with A. rhizogenes strain 
A4. Hairy roots emerged from wounded sites 10 
days after infection. Hairy root induction using 1–
month- old leaves as explants can be related to the 
high sensitivity of these explants to bacteria that 
depends on the physiological status of explants 
tissue (Pawar and Mathesh wari, 2003). Selection 
of an appropriate strain of bacteria is very 
important to produce hairy roots (Lee et al., 2010; 
Avansyans, 2009). The selected transformed roots 
showed rapid growth rate and tendency for profuse 
branching and active elongation on MS medium. 
 
3.2 Effect of inoculation method on hairy root 

induction 

ANOVA results indicated no statistically 
significant differences between the two inoculated 
methods in hairy root induction (Figure 1, 2). 
Effect of inoculation time (in immersion method) 
was investigated and it was found that immersion 
of explants for 3 min in the bacterial suspension 

was not sufficient to induce hairy roots. Long - 
term exposure to the bacterial suspension for 7 min 
lead to necrosis of explants, so inoculation of 
explants for 5 minutes was detected as the best 
time in the immersion method (Figure 3). Contact 
between bacteria and plant cells can be increased 
by direct injection of bacterial suspensions into the 
explants or by immersion (Tomilov et al., 2007). In 
Arachis hypogaea L., embryonic axes along with 
cotyledons were injected with a suspension culture 
of. A. rhizogenes using microliter syringes (Geng 
et al., 2012). In Leucaena leucocephala (Lam.) de 
Wit hairy roots were induced by injection of A. 
rhizogenes into the hypocotyls explants (Saifuddin 
et al., 2013). Various methods of inoculation have 
huge impact on the rate of entry of foreign genes 
and their integration into the host genome 
(Akbarian et al., 2011). Our results are in 
agreement with other studies, in Arachis hypogaea 
L. the highest rate of hairy root induction was 
achieved by immersion for 5 min and rooting 
percentage decreased with increasing time of 
inoculation time (Karthikeyan et al., 2007). 
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Figure 1: Transformed hairy roots of A. foeniculum by Agrobacterium rhizogenes. (A) Injection of bacteria 

suspension in the explant (B) Production of transformed roots on 1 – month – old leaf explant (C) Extension of 
transformed roots in MS solid medium including cefatoxim (D) fast growth of transformed roots in 1/2 MS liquid 
medium. 

 
 
 

 
Figure 2: Comparison of immersion and injection methods to induce hairy roots on 1 – month – old leaf explants in 

A. foeniculum. The data were obtained as mean of three replications. The different letters denote a statistically 
significant difference at P ≤ 0.05, as determined by Duncan’s multiple range test. 
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Figure 3: Effect of different co-cultivation times on the hairy root induction in A. foeniculum. The experiment was 

performed in triplicate and each experiment contained 8 explants. 
 
 
3.3 Effect of light- dark condition on hairy 
root induction 

In the present study, the induction of hairy roots in 
dark and light incubation was measured (Figure 4). 
Exposure of transformed explants in light 
condition improved the hairy root induction and 
finds it more favorable to hairy root formation than 
in dark conditions. The highest (39.81 %) and the 

lowest (23 %) hairy root induction frequency 
produced in light and dark conditions, respectively. 
ATP is required for hairy root elongation through 
cell division. Therefore, optimal photosynthetic 
capacity of explants under light environment is 
primary causes for high transformation (Taiz and 
Zeiger, 2006). 

 

 
 
Figure 4: Effect of different light – dark condition on the hairy roots induction in A. foeniculum. The experiment was 

performed in triplicate and each experiment contained 8 explants. The different letters denote a statistically 
significant difference at P ≤ 0.05, as determined by Duncan’s multiple range test. 
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3.4 Effect of basal medium on hairy root 
growth 

Media composition could have a significant impact 
on hairy root induction and growth in culture 
systems (Sivakumar et al., 2005). ANOVA results 
after 21 days showed significant difference 
between treatments. It was found that 1/2 MS 
medium produced more biomass (1.61 g fr 
wt/50 ml) compared to MS and B5 culture media 
and there was no statistically significant difference 
between MS and B5 media (Figure 5). The 
medium type has an important influence on the 
induction and growth rate of hairy roots. Culture 
media with high salt such as, MS and LS 
(Linsmaier and Skoog, 1965) are suitable for the 
formation of hairy roots in many plants (Giri and 
Narasu, 2000). Optimization of the hairy root 
induction and stabilization of the hairy root 
cultures is important to increase biosynthetic 
capacity of hairy root cultures (Sharafi et al., 
2013). Nutritional factors may influence the 
number and length of hairy roots (Hilton et al., 
1990). It is inferred that the difference in ions of 
the medium is the primary factor that affect the 

growth of hairy roots (Wu, 2007). In all three 
media (MS, 1/2 MS and B5) there is the same 
amount of calcium and phosphorus, while the 
nitrogen content was different. MS and B5 medium 
have the highest amount of nitrogen 
(approximately 5.22 and 8.26 mM) but the amount 
of nitrogen in the 1/2 MS medium is less. The 
growth of hairy roots was limited by high 
concentration of nitrogen (Wu, 2007). Thus, the 
nitrogen may be a factor that affects the growth of 
hairy roots. The effect of different culture media 
(MS, 1/2 MS, B5, 1/2 B5, WP, 1/2 WP) on the 
hairy roots of Pueraria candollei var. mirifica Airy 
Shaw et Suvat was studied and the results showed 
that, 1/2 MS medium produced the highest dry 
weight of hairy roots (0.13 ± 0.03 g) and the lowest 
dry mass was produced in 1/2 B5 medium 
(Udomsuk et al., 2009). SH and MS culture media 
were suitable for the growth of Angelica gigas 
Nakai hairy roots compared with B5 medium (Xu 
et al., 2009). Glycyrrhiza glabra L. hairy roots 
showed the best growth (fresh mass) in NB 
medium compared with MS, B5 and WP media 
(Mehrotra et al., 2008). 

 

 
 
Figure 5: Growth of transformed roots of A. foeniculum in different liquid media (MS, ½ MS and B5) after 21 days. 

The different letters denote a statistically significant difference at P ≤ 0.05, as determined by Duncan’s multiple 
range test. Vertical lines represent SE. 

 
 
Hairy roots were cultured in 1/2 MS liquid medium 
for 2 months and RA content was investigated by 
harvesting 3 flasks at intervals. RA Content in 

transformed roots (213.42 µg/g dry wt) was 
significantly higher than in non-transformed roots 
(52.28 µg/ g dry wt) (Figure 6, 7). 

 
 



Elnaz NOUROZI et al. 

 

 
Acta agriculturae Slovenica, 107 - 1, marec 2016    52

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: The rosmarinic acid content in hairy roots of A. foeniculum retention at 5/34 Min.  
 

 
Figure 7: The rosmarinic acid content in non-transformed roots of A. foeniculum retention at 5/34 Min. 
 
 
RA production by hairy root cultures have been 
reported in many plant species, such as: Coleus 
forskohlii (Li et al., 2005), Salvia officinalis L. 
(Grzegorczyk et al., 2006), Agastache rugosa 
(Fisch. & C.A.Mey.) Kuntze (Lee at al., 2008), 
Nepeta cataria L. (Lee at al., 2010). In present 
study it has been shown that hairy roots can be a 
valuable source for the production of RA, which is 
in agreement with the results of other researches. 
The increase of the amount of RA in hairy roots is 
probably due to some biochemical changes in plant 
metabolism by A. rhizogenes (Gandi and Giri, 

2012). It has been determined that the rol genes are 
active participants in the production of secondary 
metabolites, it is known that the rol genes act via 
transcriptional activation of defense genes 
(Bulgakov, 2008). Therefore optimization of 
culture media and other influencing factors on 
hairy root induction and formation can be used as 
an efficient method for continuous and high 
secondary metabolites production in important 
medicinal plant under in vitro conditions (Sharafi 
et al., 2013). 
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4 CONCLUSION 
 

The main outcome of the present study is the 
development of a reliable and well defined 
protocol for hairy root induction and increased 
growth rate in hairy root cultures in A. foeniculum. 
In the present study, transgenic hairy root cultures 
of A. foeniculum using A. rhizogenes A4 were 
established. Suitable explants for hairy root 
induction proved to be 1 – month – old leaf 
explants. The effects of injection and immersion 

methods on the hairy root induction were 
investigated. Hairy roots were induced with both 
methods. Hairy root induction was increased in 
light comparable to dark condition. ½ MS medium 
was the most appropriate medium for culture of 
hairy roots. Finally, hairy root techniques may be 
considered as a useful system for large-scale 
production of valuable secondary metabolites in 
cultures of A. foeniculum. 
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