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Abstract Pueraria lobata is a perennial legume plant,
widely distributed in the countries of East Asia. It is a
medicinally important leguminous plant and produces various
isoflavones such as puerarin, daidzein etc which have potential
for preventing several chronic diseases including osteoporosis,
cardiovascular disease and cancer. In this study, we tried to
induce hairy roots in vitro from Korean wild arrowroot P.
lobata and investigated the effects of hormones and light
conditions. Initially leaf and stem segments were infected
with Agrobacterium rhizogenes and incubated in different
conditions. Hairy roots were induced from only stem
segments and the induction was best at dark condition and
the presence of IBA during incubation. Secondary roots
were also significantly much more induced at the dark
condition than at the 16 hours light condition. Among plant
growth regulators of auxin, IBA was best for secondary root
formation while 2,4-D, IAA and NAA produced callus or
less hairy roots. The presence of the foreign gene rol/C
transferred by 4. rhizogenes that plays a major role in hairy
root induction was confirmed by PCR. The accumulation of
isoflavones such as puerarin and daidzin was also confirmed.
These results will facilitate mass production of hairy root and
can be used for the production of functional substances from
wild arrowroots.

S. Kim + M.-S. Cha - E. Lee - T.-H. Park (?X)
Department of Horticulture, Daegu University, Gyeongsan
712-714, Republic of Korea

e-mail: thzoo@daegu.ac.kr

1. Kim
Functional Food & Nutrition Division, National Academy of
Agricultural Science, RDA, Suwon 441-853, Republic of Korea

J. E. Kwon - S. C. Kang
Department of Life Science, Gachon University, Seongnam
461-701, Republic of Korea

Introduction

The genus Pueraria is a perennial legume plant widely
distributed in tropical and subtropical countries of East Asia
and one of the oldest medicinal plants in Korea, China
and Japan (Chen and Li 2007; Kim et al. 2009). These
plants possess estrogen-like effects and have been used for
the treatment of angina pectoris, hypertension, deafness,
optic nerve and atrophy and as antipyretic, antidiarrheic,
diaphoretic and antiemetic substances (Kinjo et al. 1987
Sato et al. 1992; Thiem 2003; Cherdshewasart et al. 2007).
One of the genus Pueraria, P. lobata commonly called
arrowroot or kudzu grows in Korea and is a Korean
indigenous herb with the local name of ‘Chihk’. Its tuberous
root yields phenolic compounds, various isoflavonoids of
high antioxidant properties such as daidzin, daidzein,
genistin, and puerarin (Kinjo et al. 2000; Chansakaow et
al. 2000; Kim et al. 2003; Pandey et al. 2007). The con-
tents of the isofavonoids in the tuber are variable due to
environmental conditions depending on the regions and
seasons resulting different quality of tubers (Pappert et al.
2000; Cherdshewasart and Sriwatcharakul 2008) and phenolic
compounds in medicinal plants have been reported to be
unstable depending on factors like temperature, light and
oxygen (Santos-Gomes et al. 2002). These problems led to
establish plant tissue technologies to standardize a method
for the production of such secondary metabolites.
Previous investigation of plant tissue cultures with the
genus Pueraria was mostly limited to cell suspension and
callus cultures. Boonsnongcheep et al. (2010) and Korsangruang
et al. (2010) have developed a system of cell suspension
culture and investigated its growth and isoflavonoid accu-
mulation for P. candollei and Thanonkeo and Panichajakul
(2006) have also reported on successful callus cultures of
P. candollei while remarkable efforts have been reported
on cell suspension cultures and enhancement of isoflavonoid
accumulation for P. tuberosa (Vaishnav et al. 2006; Goyal
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and Ramawt 2007, 2008; Rathore and Shekhawat 2009).
Moreover, Sharma et al. (2009, 2011) tried to scale up
production of isoflavonoids in cell suspension cultures of
P. tuberosa using a bioreactor. For P. lobata, a few results
related to both tissue culture and isoflavone production
were reported (Barbara 2003; Thiem 2003; Reppert et al.
2008). In addition to these, hairy root culture was used to
improve isoflavonid production from P. candollei (Udomsuk
et al. 2011) and P. phaseoloides (Shi and Kintzios 2003)
as the induction of a stable and high rate of secondary
metabolite production have been reported using hairy roots
(Giri and Narasu 2000). Hwang (2006) also reported that
hairy roots obtained through the transformation of higher
plants using Agrobacterium rhizogenes produced various
higher amounts of secondary metabolites than normal field-
grown plants did. This technology has successfully been
applied to other plant species (Bonhomme et al. 2000;
Villalobos-Amador et al. 2002; Limpens et al. 2004;
Bulgakov et al. 2005; Crane et al. 2006; Ko et al. 2007).
The technology in which plant tissue culture is combined
with hairy root induction has not been developed for P.
lobata, especially Korean wild arrowroot although it has
advantages for the production of secondary metabolites. In
the present study, therefore, we set up a system of hairy
root induction and culture and investigate the effects of
plant growth regulators and light conditions for Korean
wild arrowroot (Chihk), P. lobata. In addition to these, we
compared the accumulation of isoflavones in the produced
hairy root with that in tubers of Korean wild arrowroot.

Material and methods

Plant materials

Two different lines of Korean wild arrowroot, P. lobata
collected in Mungyeong and Daejeon early spring were
used. The collected plants were planted to clay pots and
maintained in a greenhouse at Daegu University. When the
plants were sprouted, stem and leaf segments were dissected.
Twelve 0.5-1 cm long stem segments and twelve 0.5 cm
x 0.5 cm leaf segments from two collected lines were
used. They were surface-sterilized with 70% ethanol for 2
minutes and commercial bleach containing 1.5% sodium
hypochlorite for 20 minutes and rinsed four times in sterile
distilled water.

Hairy root induction and culture

A single strain of A. rhizogenes (KCTC2744), which were

kindly provided by Korean Collection for Type Culture
(KCTC), were used to infect two P. lobata lines. The
strain was grown in 100 ml NB medium and collected by
the centrifugation at 3,200 rpm for 10 minutes, followed
by resuspension in growth regulator-free liquid MS medium
(Murashige and Skoog 1962) for inoculation. The stem
and leaf segments excised from the greenhouse plant of
two lines were infected by dipping into the inoculum and
the infected explants were cultured on MS medium in the
dark at 23+2°C. After 48 hours of co-cultivation, the explants
were transferred to 1/2 MS medium with 500 mg cefotaxime
(CF)/L supplemented with or without 0.5 mg/L indole-3-
butyric acid (IBA) and cultured in the dark or in the 16
hours light and 8 hours dark condition. At 2-week intervals,
infected segments were transferred to 1/2 MS medium with
300 and 100 mg CF/L. Medium and light conditions were
continuously identical to the initial treatment. When the
hairy roots were induced, they were subcultured on 1/2
MS medium containing 0.5 mg/L IBA and cultured in the
dark or in the 16 hours light and 8 hours dark condition
for two weeks to investigate the effect of light condition
on the induction of secondary roots from the primary
hairy roots. In addition to these, transformed hairy roots
of P. lobata were subcultured on 1/2 MS medium supple-
mented with 0.5 mg/L of 2,4-dichlorophenoxy acetic acid
(2,4-D), 1-naphthalene acetic acid (NAA), indole 3-butyric
acid (IBA) and indole acetic acid (IAA) each and incubated
in the dark at 23+2°C to examine the effect of different
auxins.

DNA isolation and PCR analysis

Colonies of bacterial strain 4. rhizogenes KCTC2744 and
genomic DNA of transformed and untransformed plant materials
were used to analyze whether or not induced roots con-
tained hairy root induction gene. Genomic DNA was isolated
from hairy roots and from the control roots frozen in
liquid nitrogen by the method slightly modified from
Doyle and Doyle (1990), Bousquet et al. (1990) and Park
and Jones (2009). The polymerase chain reaction was used
to confirm the presence of the ro/C gene in the bacterial
strain and roots. PCR experiments were performed using
primers at the position 51-69 (5’-TGTGACAAGCAGCGA
TGAG-3’) and 550-532 (5’-GATTGCAAACTTGCACTCG-
3), designed for the amplification of a 490 bp rolC frag-
ment (Bonhomme et al. 2000). Samples for PCR reaction
were subjected to 35 cycles of 30 sec denaturation at 94°C,
30 sec annealing at 56°C and 1 min extension at 72°C.
Amplified DNAs were detected on 1% agarose gels.
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Isoflavones extraction and analysis

To analyze the accumulation of isoflavones (puerarin and
daidzin) in the produced hairy root, tubers and callus of
Korean wild arrowroot, two lines were used. The following
reagents were used as standard substances: puerarin, P-5555
Sigma-Aldrich (MG, USA); and daidzin, D-30408 Sigma-
Aldrich (MG, USA). An SIL-20A equipped with SPD-
M20A PDA and CTO-20A column oven (SHIMDZU Corp.,
Kyoto, Japan) was used for HPLC analysis. Data were
analyzed using the attached software. The fractions were
separated at 40C on a ACE-121-2546 (Advanced Chromato-
graphy Technologies Corp., Aberdeen, Scotland) using a
one-step linear gradient. Mobile phase A [water : acetic
acid (100:1)] and B [water : acetonitrile : acetic acid (50:
50:1)] ratios where changed after 5 minutes from 7:3 to
3:7 for 40 minutes at a flow rate of 1.0 mL/min.

Statistical analysis

Counts of the stem segments at which hairy roots and
secondary root were induced were made every week. To
analyze the effects of each treatment, the number of stem
segments and secondary roots scored six and two weeks
after initial culture were analyzed using analysis of variance
(ANOVA), respectively. After defining the effects of two
or one factors and interactions between factors, Duncan’s
multiple-range test (DMRT) were applied to analyze the
effects of each treatment.

Results and discussion

For setting up the system of hairy root induction and culture
from Korean wild arrowroot P. lobata, stem and leaf
segments of two lines collected from two different regions
were infected with 4. rhizogenes strain KCTC2744 as the
pathogen has been known to be able to induce hairy roots
due to its root-inducing plasmid (Bonhomme et al. 2000;
Villalobos-Amador et al. 2002; Bulgakov et al. 2005; Crane
et al. 2006; Kim et al. 2010). Continuous culture of infected
stem segments generated hairy roots while leaf segments
did not (Fig. 1A and 1B) and secondary roots were success-
fully induced and elongated by subculture of the primary
hairy roots (Fig. 1C and 1D).

For the investigation of effects of IBA and light on
hairy root induction, 12 infected stem explants of each
line were incubated at different conditions: 1) continuous
dark with 0.5 mg/L IBA in the medium, 2) continuous
dark without IBA in the medium, 3) 16/8 hours light/dark

with 0.5 mg/L IBA in the medium and 4) 16/8 hours light/
dark without IBA in the medium as each condition was
applied to induce or culture hairy roots in Pueraria species
(Thiem 2003; Reppert et al. 2008; Rathore and Shekhawat
2009; Udomsuk et al. 2011) and other plant species (Ko
et al. 2007; Ono et al. 2012; Swain et al. 2012). The data
on hairy root induction scored six weeks after initial
incubation were used for statistical analysis. As shown in
Table 1, the efficiency of hairy root induction on the dark
condition and the supplement of 0.5 mg/L IBA in the
medium was 91.7% and the number of explants with the
induced hairy root was significantly higher than those on
other treatments. Successive experiment for the induction
of secondary roots resulted that the continuous dark con-
dition was much better than the 16 hours light and 8 hours
dark condition (Table 2) and average numbers of the sec-
ondary roots were 32.5 and 14.6, respectively. In most
cases of experiments for hairy root induction, the infected
explants were transferred to fresh medium with reduced
antibiotics and without plant hormones every two or three
weeks and routinely incubated at the dark condition or
under continuous light for 16 hours (Crane et al. 2006; Ko
et al. 2007; Prasain et al. 2007; Kim et al. 2010; Udomsuk
et al. 2011). However, the effects of auxin-type hormones
and light conditions were not investigated for the initial
induction of hairy roots from P. lobata. The results obtained

Fig. 1 Hairy root induction of Korean wild arrowroot, P. lobata.
A: Stem and leaf segments grown in root induction medium, B:
Hairy root induced from stem segments after four weeks of culture,
C: Hairy root explants, D: Secondary roots initiated from hairy
root explants after two weeks of subculture
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Table 1 Effects of IBA and light conditions on hairy root induction from stem segment of P. lobata in 1/2 MS medium six weeks

after initial incubation

Light IBA Number of incubated Number of explants with Efficiency of hairy root
condition (0.5 mg/L) explants hairy root' induction (%)

Dark Presence 24 11+ 14 91.7

Dark Absence 24 2+0 16.7

Light Presence 24 2+ 28 16.7

Light Absence 24 0.5+ 0.7° 42

"The values represent mean + standard deviation. Mean values with a different letter are significantly different at P=0.05 by DMRT.

Table 2 Effect of light condition on the induction of secondary roots from the primary roots of P. lobata in 1/2 MS medium

containing 0.5 mg/L IBA two weeks after subculture

Light condition

Number of incubated explants

Number of secondary roots'

Dark
Light

325 + 5.7°
146 + 3.8°

"The values represent mean + standard deviation. Mean values with a different letter are significantly different at P=0.05 by DMRT.

in this study could conclude that the supplement of IBA
during medium refreshment and the incubation under the
continuous dark condition during the primary hairy root
induction and secondary root induction were effective (Table
1 and 2). Additionally, plant growth regulators of auxin
including TAA, IBA and NAA were often tested to accelerate
the growth of roots, when induced hairy roots or adven-
titious roots were subcultured (Thiem 2003; Reppert et al.
2008; Uddin et al. 2012). We also tried to select the optimal
plant hormone of auxin for secondary root formation and
growth. As shown in Fig. 2, both IBA and IAA formed
secondary roots, but IBA was better than IAA on the number
and growth of secondary roots. 2,4-D and NAA mainly
formed callus. These results were contradictory to those of
some other researches. Thiem (2003) reported that IAA is
clearly more effective in promoting root induction from
the regenerated shoots than NAA or IBA and Reppert et
al. (2008) used NAA for root suspension culture. However,
IBA has commonly been used in several plant species and
was identified as the best auxin-type hormone for root
induction and root growth (Verma et al. 2002; Ko et al.
2007; Rathore et al. 2009; Swain et al. 2012; Uddin et al.
2012).

A. rhizogenes is a plant pathogen capable of inducing
hairy roots in a variety of plants (Cardarelli et al. 1987).
Therefore this bacterium has often been used to induce
hairy roots. The integration of the root-inducing plasmid
into the plant genome was successfully performed and
confirmed using hairy root induction-related genes in various
plant species such as Atropa belladonna (Bonhomme et al.
2000), the genus Pinus (Villalobos-Amador et al. 2002),

Fig. 2 Effect of different plant growth regulators of auxin on
secondary root formation. A: 0.5 mg/L 2,4-D, B: 0.5 mg/L 1AA,
C: 0.5 mg/L IBA, D: 0.5 mg/L NAA

Pueraria phaseoloides (Shi and Kintzios 2003), Medicago
truncatula (Limpens et al. 2004; Crane et al. 2006), Eritrichium
sericeum and Lithospermum erythrorhizon (Bulgakov et al.
2005), Panax ginseng (Ko et al. 2007) etc. In this study,
stem explants of two different lines of P. lobata were
infected with the A. rhizogenes strain KTCT2744. After
hairy roots were induced from the infected stem explants,
DNA was isolated from both transformed and untrans-
formed roots. PCR analysis (Fig. 3) showed that the 4.
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Fig. 3 PCR amplified DNA fragments of the ro/C gene. Lane
A: Marker ladder, lanes B-C: DNA from A. rhizogenes KCTC2744
as positive controls, lane D: DNA from the intact roots of P.
lobata line 1 as a negative control, lane E: DNA from hairy
roots of P. lobata line 1 incubated with 4. rhizogenes KCTC
2744, F: DNA from the intact roots of P. lobata line 1I as a
negative control, G: DNA from hairy roots of P. lobata line 11
incubated with A. rhizogenes KCTC2744

rhizogenes strain and the transformed lines contained the
rolC gene (lanes B, C, E and G) and no band was observed
for the untransformed roots (lanes D and F). Amplification
with the 70lC primers showed bands around the 500 bp
size marker. The size of the bands is coincident with the
expected size of rolC. This result indicated that the hairy
root inducible gene from A. rhizogenes has properly been
integrated to the genome of P. lobata.

To investigate a possibility of producing functional sub-
stances from the produced hairy roots, isoflavones such as
puerarin and daidzin were analyzed using a HPLC method
in two different lines of Korean wild arrowroot. As shown
in Table 3 and Fig. 4, both of the substances were detected
in the hairy root. The amounts of them were less than those
in wild tubers. However, the accumulation of isoflavones
in tissue-cultured Pueraria has been reported to be variable
depending on the treatment of abiotic and biotic elicitors
(Korsangruang et al. 2010; Udomsuk et al. 2011). Therefore,
the accumulation of isoflavones in hairy root could be

Table 3 Isoflavone contents in different tissues of Korean wild arrowroot

Line I Line II
Puerarin Daidzin Puerarin Daidzin
Tuber 1.170 0.720 0.660 0.270
Callus 0.041 0.006 0.002 0.004
Hairy root 0.382 0.026 0.310 0.021
Puerarin and daidzin content are given in milligram per gram dry weight.
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Fig. 4 HPLC-PDA analysis of puerarin (1) and daidzin (2) from callus and hairy root of Korean wild arrowroot. A: Callus of line
I B: Callus of line II C: Hairy root of line I D: Hairy root of line II
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expected to be enhanced and the system of hairy root in-
duction and culture developed in this study can be applied.

In conclusion, we developed an in vitro system for hairy
root induction and secondary root formation from Korean
wild arrowroot, P. lobata. The addition of IBA to the culture
media remarkably improved hairy root induction and sec-
ondary root formation under the continuous dark condition.
The accumulation of puerarin and daidzin in the hairy root
was also confirmed. These root induction and growth systems
will facilitate the mass production of arrowroots that could
be used for a wide variety of purposes such as an extraction
of functional substances and a development of functional
foods and cosmetics.
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