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Successful Production of Hairy Root of Valeriana sisymbriifolium by
Agrobacterium rhizogenes
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Abstract: The successful induction and proliferation of hairy-roots of Valeriana sisymbriifolium explants
through the transferece of the rol4 gene by Agrobacterium rhizogenes (strain 15834) is reported. Hypocotyls,
petiole and leaf explants (0.5-2 cm) were cut from the young plants after sprouting of the sterilized seeds on
hormone-free Murashige-Skoog basal medium. The addition of 100 uM acetosyringone to YMB growth medium
for Agrobacterium rhizogenes was shown to enhance the inducing ability of the bacterium. Successful and
stable transfer of rold gene was illustrated by PCR using both forward and reverse primers of the gene.
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INTRODUCTION

Chemical synthesis of some desired natural plant
compounds is simply not feasible and gradual destruction
of the natural habitats of herbs and plants have
encouraged scientists to go for the mass production of
such compounds by means of biotechnological
techniques.

Some interesting secondary metabolites of plants
are synthesized in the roots where they are stored,
excreted from or transmitted to other organs. The cell
culture of the roots has been successful in some cases
(Mulabagal and Tsay, 2004) but it is not considered as
a generic approach mainly because of the genetic
instability, slow growth and low efficiency of the cell
cultures (Ming et al., 2003). Therefore, the advent of
the hairy root technique was welcomed by plant
biotechnologists to address the cell culture limitations.
Hairy root is produced as a result of transferring root
inductive genes into the plant cells/tissue by means
of a gene-gun or the gram-negative bacterium called
Agrobacterium rhizogenes (AgR) under in vitro
condition (Giri and Narasu, 2000). Hairy roots have shown
considerable genetic and biosynthetic stability. Fast
growth, simple maintenance and vast biosynthetic ability
are advantages that make hairy roots efficient sources for
plant metabolites production. Already several successful
reports of such have been presented in the literature
(Yazaki et al., 1998; Zarate, 1999, Krolicka et al., 2001).

Valeriana is a medicinal plant used mainly for its
tranquilizing, antispasmodic and sedative effects.
Valerian, a compound which is obtained from this
plant, was proven to be effective for treatment of
neuropsychiatric disorders. Preclinical studies suggest

that valerian has sedative and muscle-relaxant effects
(Krystal and Ressler, 2001). Frernandez and colleagues
have demonstrated the tranquilizing and sedative
properties of the flavone glycoside linarin extracted
from Valerian (Fernandez et al., 2004). However, the field
of research looks young if the discovery of more
substances like valtrate, valeranone, hydroxypinoresinol,
valerenic acid, valerianic acid, hesperidin, tamariscene and
even alkaloids in the root are come into account
(Hromadkova et al., 2002; Bent et al., 2006).

Valeriana sisymbriifoliim is the most famous
species of valeriana in Tran. In spite of its natural
abundance in the North-West region of the country and
that it is cultivated for medicinal purposes, the only report
on the species is limited to a rather recent survey on the
volatile oils of the herb (Tavidnia et al., 2006). Considering
the importance of the subject, this research was devoted
to the study of V. sisymbriffolium for hawry roots
production by AgR. Tt is noteworthy to mention that the
successful hairy roots production of only one species
of Valeriana sambucifolia, has been reported and studied
in detail so far (Granicher et al., 1992). Interestingly, the
research has shown the existence of derivatives in the
hairy root essential oil which is not observed in the
natural root of the species (Granicher et al., 1995). What
adds to the importance of this research is the fact
that one particular species of a family might be able
to produce substances not observed in the other species,
such as, the novel substances found in the roots
of V. priornophylla (Piccinelli et al., 2004). Furthermore,
this capability can be enhanced by the impact of
biodiversity. These considerations necessitate the study
of biotechnological potential of each individual species of
a valuable family like Valerina.
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MATERIALS AND METHODS

Chemicals, plant material and bacterial strain: All of
the chemicals used m this research were taken from
authentic samples mainly purchased from the Merck
distributor. The V. sisymbriifolium seeds were obtained
from the Medicinal Plants Research Institute of
Jahad Danenshgahi in Tehran. The sterilized seeds of
V. sisymbriifolium germinated on solid hormone-free
Murashige and Skoog (MS) basal medium (pH 5.8,
sucrose 30 g 17", agar 8 g I.7") in darkness at 25£1°C. The
resulting plantlets were subcultured on the same medium
and maintained under the conventicnal conditions of the
laboratory green house.

AgR (ATCC 15834) was provided by the Bank of
Microbes at the National Research Center for Genetic
Engineering and Biotechnology (NIGEB, Tehran, Tran).
Mono clones of AgR were proliferated in Yeast Manitol
Broth (YMB) medium with or without 100 pM
acetosyringone for 24 h on a shaker at 150 rpm and 28°C.

Plant explants infection: Hypocotyls, leaf and petiole
explants of 0.5, 1 and 2 cm long were cut from the two to
three-week old V. sisymébriifolivm plantlets. No specific
physical or chemical treatment was carried out on the
explants prior to the bacterial infection. So, the explants
were immersed in 50 mL of the AgR broth culture and
swirled for 20 min. To remove extra bacteria, the explants
were blotted on sterile filter paper and subsequently
transferred onto a hormoene-free MS medium and kept n
darkness at 25+1°C. The explants were not exposed to
antibiotic at this stage. After 3 days, the explants were
transferred onto fresh hormone-free MS medium
containing 500 mg L~' of cefataxime to remove the
bacteria. Explants were sub-cultured on the same medium
every 48 h the antibiotic concentration being decreased in
each subsequent subculture to 400, 200 and 100 mg 1.7
and eventually eliminated from the medium altogether.

The resulting hairy roots were cultured in liquid MS
medium containing 100 mg L™ cefataxime and 20 g L™
sucrose in darkness on a shaker (90 rpm) at 25+1°C.
Sub-cultures were prepared every 10 days. A few samples
of the natural root of the plant were cultivated under the
same conditions. The biomass of the natural and the
transformed roots was measured as follows. Root samples
were primarily dried by a hair dryer and then precisely
weighed. They were, then, maintained in an oven at 37°C
and reweighed intermittently until no further weight loss
was observed. The final weight of the dried biomass was
recorded.

rold gene detection: The extraction of DNA from leaf,
root and hairy root samples was carried out using the
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Dellaporta method (Dellaporta et al, 1983). The
conventional alkaline lysis method was used for extraction
of the bacterial plasmid. Concentration of the extracted
DNA was calculated by recording the optical density
of the sample at 260 nm using a Beckman DU-70
spectrophotometer.

PCR experiments were carried out with a set of
forward and reverse primers in a Touchgene Gradient
thermocycler. The primers for extending a 248 fragment
of 720 nucleotides rold gene were designed by Oligo
5 software and checked through the Blast search. The
primers consisted of 22 and 23 mucleotides with the
sequences of 5"-CGTTGTCGGAATGGCCCAGACC-3" and
5-CGTAGGTCTGAATATTCCGGTCC-3’ for the Forward
and Reverse, respectively.

The extracted bacterial plasmid DNA (140 ng) and the
plant genomic DNA (120 ng) in 25 pl. was used in each
PCR. The reaction mixture contained 30 pmole of
each primer, ANTP (2 mM), MgCl, (1.5 mM) and DMSO
(5% v/v). The extension reaction was carried out in the
presence of 1 unit of Taq polymerase. The initial
denaturation of the DNA strands was performed at 95°C
for 10 min followed by 35 cycles of 1 min denaturation at
the same temperature. Annealing and extension were done
at 55 and 72°C, respectively, for 1 min. Final extension was
performed at 72°C for 10 min.

The electrophoresis of the PCR products were
performed on 1.2% agarose gel (0.5x TBE buffer) applying
a constant voltage of 100 Volts. The gel was
subsequently stained in 0.8 pg mL™" ethidium bromide
solution and examined under TV light.

RESULTS AND DISCUSSION

AgR (ATCC 15834) has the Root mduction (Ri)
plasmid that mduces hairy roots in plants. The advent of
hairy roots can be caused by just one or a combination
rold, B, C genes which exist in T-DNA part of Ri plasmid.
Tt has been shown that the corresponding protein of rold
affects the Gibberellins metabolism (Mukundan et af.,
1997, Xu et al., 2004).

Wounded plants secrete acidic latex containing
different phenolic compounds that are able to stimulate
the AgR Vir genes. The most famous and effective Vir
genes inducers are acetosyringone and alpha-
acetosyringone which rarely exist in intact plants.
Therefore, freshly cut leaf, petiole and hypocotyls
explants of V. sisymbriifolium plantlets were exposed to
AgR and sub-cultured as explained in the experimental
section. The best response was observed in the explants
which had been wounded 24 h before exposure. It is
assumed that the latex secreted during this period
facilitates the induction process (Giri and Narasu, 2000).
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Antibiotic was applied to the culture medium of the
infected explants after three days of infection resulting in
the formation of hairy roots on the leaf and petiole
explants within 2 to 10 days after the infection. Longer
co-cultivation periods did not improve the results.
Similar observations about the length of the co-cultivation
period have been reported by the others (i ef al., 2000;
Tao and Ld, 2006). Hypocotyls did net respond to the
treatment as well as the leaf and petiole explants. The
observation is in agreement with the fact that plant
transformation efficiency differs significantly according
to the source of the explant (3hi and Kintzios, 2003).
However, the result can not be compared with the
V. sambrcifolin as Granicher ef of (1992) have nct
reported the source of the used explants in their
experiments.

Surveying the acetosyringone effect: In contrast to the
work of Granicher ef al. (1992) on V. sambucifolia, the
effect of acetosyringone on the induction ability of AgR
was also studied. Experiments of this research showed
that the number of the F. sisymbriffoliim explants
transtormed by the AgR doubled when 100 pbd
acetosyringone was added to the YME liquid medium in
which the bactermum was proliferated (Table 1) This
result supports the scientific literature which suggest that
adding certain phenolic compounds into the proliferation
medium of A¢R increases the hairy roots induction power
of the bacterium (Girt and Marasu, 2000).

The proof of reid gene transformation: There are
three distinct steps to prove successful transformation
of V. sispmbriffolitem by AgR. First, the existence of the
Ri gene in 15834 strain had to be confirmed. Hence, the
specific primers for the rold gene was synthesized as
explained in the experimental section. Strain 15834 DINA
was successfully  extracted and  amplified by the
synthesized primers. Considering the rold gene sequence
and the primers used, a 248 bp fragment was expected to
extend (Fig. 1).

In the second and third steps, it has to be shown that
the rold gene has been transferred mnto the transtormed
V. sigpmmbrialivem explants while it iz not seen in the wild
species. Therefore, the genomic DA of beth the wild
type and transformed root were extracted and subjected
to the rald gene amplification in the presence of the
synthesized primers by the PCE method described.
Results showed that a 248 bp fragment was extended in
the transformed V. sisymbrifolisn hairy roots and
confirmed the absence of rald gene homologous fragment
in the wild plant genome (Fig 2.
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Table 1: Parameters A-D represent the comparative manbers  of
V. sisymbriifolia explants which developed hairy root after getting
infected by AgR which was frdliferated in the presence of 0, 50,
100 and 150 mM acetosyringone, respectively. Parameters Foand
G represent the comparative bomass of the naturd and transformed
hairy roots, subcultured in licuid M3 for one m onth

Parameters A B c D F G

At ount in percent 100 144 202 197 100 327

Fig. 1:Bands of (1) DMNA marker and the (2) resulting
band of rold gene amplification

Fig. 2: The PCR amplification of reld gene of (1) the
blank PCR sample, (2} the AgR (Strain 15834)
DIMA, (3) the extracted DNA from the leaf of the
wild V. sisymbrifolia, (4) the extracted DINA from
the root of the wild V. ssymbriffolia, (5) the
extracted DNA  from the hairy root of the
transformed V. sispmbriffolic and (8) the DNA
marker
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Fig. 3: The appearance of the (A) natural root and the (B) transformed root of . sisymbriifolium by AgR after three sub-
cultures under identical conditions described in the experimental section

Biomass of the transformed root: Measuring the dried
biomass of the natural and transformed roots after three
sub-cultures under the same condition shows that the
transformed samples had produced more than 300%
biomass in comparison with the natural samples (Table 1).
Figure 3 shows the natural appearance of the samples
after three sub-cultures.

As mentioned earlier, the only report on the hairy
root of valeriana belongs to I sambucifolia which has
been directed mainly toward the analysis of the effective
substances (Granicher et al, 1992). As a result, little
attention was paid to the technical aspects of the hairy
root production. Considering the fact that one particular
species of a family might respond better than others to
this method of rooting, it is difficult to compare the results
of V. sisymbriifolium with the ones of V. sambucifolia.
However, results of this work indicate that the method
can be easily medified for the large scale production of
the V. sisymbriifolium hairy roots provided a survey of
the biosynthetic capabilities of the transformed roots is
performed in advance. The known compounds can be
traced by the introduced HPLC methods (Goppel and
Franz, 2004; Silva et al, 2002) and advanced mass
spectroscopy metheds can be used for scanning possible
novel substances.

ACKNOWLEDGMENTS

Funding for the current research provided by
National Research Institute for Genetic Engineering and
Biotechnology (NIGER). I would alse like to thank Jennifer
Moll for proofreading of the manuscript.

203

REFERENCES

Bent, 3., A. Padula, D. Moore, M. Patterson and
W. Mehling, 2006. Valerian for sleep: A systematic
review and meta-analysis. Am. J. Med,
119: 1005-1012.

Dellaporta, 8.L., J. Wood and J.B. Hicks, 1983. A plant
DNA minipreparation: Version II. Plant Mel. Biol.
Reptr, 1: 19-21.

Fernandez, S., C. Wasowski, A.C. Paladim and M. Marder,
2004. Sedative and sleep-enhancing properties of
Iimarin, a flavonoid-isolated from Faleriana
officinalis. Pharmacol. Biochem. Be., 77: 399-404.

Giri, A. and M.L. Narasu, 2000. Transgenic hairy roots:
Recent trends and applications. Biotechnol. Adv.,
18: 1-22.

Goppel, M. and G. Franz, 2004. Stability control of valerian
ground material and extracts: A new HPLC-method
for the routine quantification of valerenic acids and
lignans. Pharmazie, 59 {6): 446-452.

Granicher, F., P. Christen and I Kapetanidis, 1992.
High-yield production of valepotriates by hairy root
cultures of Valeriana officinalis L. var. sambucifolia
Mikan. Plant Cell Rep., 11: 339-342.

Granicher, F., P. Christen and I. Kapetanidis, 1995.
Essential oils from normal and hairy roots of
Valeriana officinalis var.
Phytochemistry, 40 (5 1421-1424.

Hromadkova, Z., A. Ebringerova and P. Valachovic, 2002.
Ultrasound-assisted extraction of water-soluble
polysaccharides from the roots of valerian
(Valeriana officinalis L.). Ultrason. Sonochemistry,
9: 37-44.

sambucifolia.



Biotechnology 7 (2): 200-204, 2008

Javidnia, K., R. Miri, M. Kamalinejad and H. Khazraii,
2006. Chemical composition of the volatile oil of aerial
parts of Valeriana sisymbriifolia Vahl. grown in Iran.
Flavour Fragance. 1., 21 (3): 516-518.

Krolicka, A., I. Staniszewska, K. Bielawski, E. Malinski,
I. Szafranek and E. Lojkowska, 2001. Establishment
of hairy root cultures of Ammi majus. Plant Sci.,
160: 259-264.

Krystal, A.D. and I. Ressler, 2001. The use of valerian in
neuropsychiatry. CNS Spectr, 6 (10): 841-847.

Ming, K.J., GN. Khang, CL. Sail and C.T. Fatt, 2003.
Recent advances in traditional plant drugs and
orchids. Acta Pharmacol. Sin., 24: 7-21.

Mukundan, U., H.G. Dawda and S. Ratnaparkhi, 1997.
Hairy Root Culture and Secondary Metabolites
Production. Agro Botanica. Bikaner, Vedams eBooks
Ltd.

Mulabagal, V. and H.S. Tsay, 2004. Plant cell cultures an
altemative and efficient source for the production
of biologically important secondary metabolites.
Int. T. Applied Sci. Eng., 2: 29-48.

Niu, X., P. L1, P. Veronese, R.A. Bressan, S.C. Weller
and P.M. Hasegawa, 2000. Factors affecting
Agrobacterium tumefaciens-mediated transformation
of peppermint. Plant Cell Rep., 19: 304-310.

Piccinelli, A L., S. Arana, A.Caceres, R. di Villa Bianca,
R. Sorrentino and L. Rastrell, 2004, New lignans
from the roots of Valeriana prionophylla with
antioxidative and vasorelaxant activities. J. Nat. Prod.,
67 (7): 1135-1140.

204

Shi, HP. and S. Kintzios, 2003. Genetic transformation
of Pueraria phasecloides with Agrobacterium
rhizogenes and puerarin production m hairy roots.
Plant Cell Rep., 21: 1103-1107.

Silva, AL., SB. Rech and GL. von Poser, 2002
Quantitative determination of valepotriates from
Valeriana native to South Brazil. Planta Med.,
68 (6): 570-572.

Tao, I. and L. Li, 2006. Genetic transformation of
Torenia fournieri 1. mediated by Agrobacterium
rhizogenes. 3. Afr. I. Bot., 72: 211-216.

Xu, T., L. Zhang, X. Sun, H. Zhang and K. Tang, 2004.
Production and analysis of organic acids in
hairy-roct cultures of Isatis indigotica Fort. (indigo
woad). Biotechnol. Applied Biochem., 39: 123-128.

Yazaki, K., S. Tanaka, H. Matsucka and F. Sato, 1998.
Stable transformation of Lithospernuum
erythrorvhizon by Agrobacterium rhizogenes and
shikomn production of the transformants. Plant Cell
Rep., 18 (3-4): 214-219.

Zarate, R., 1999. Tropane alkaloid production by
Agrobacterium rhizogenes transformed hairy root
cultures of Atropa baetica Willk. (Solanaceae). Plant
Cell Rep., 18 (5): 418-423,



	biotech.pdf
	Page 1


