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Abstract
Background: Papaver bracteatum Lindl. Commonly known as Iranian poppy is an important
medicinal plant due to the presence of benzylisoquinoline alkaloids.

Objective: To evaluate the hairy root culture as a novel method for thebaine production.
Methods: To optimize the hairy root culture of P. bracteatum, five strains of Agrobacterium
rhizogenes (ATCC15834, C318, A13, 9453 and A4) were used by means of Sonication-Assisted
Agrobacterium-mediated Transformation (SAAT).
Results: Strain C318 proved to be more efficient than the other strains to hairy root induction
ability. Among different experimental conditions, the highest transformation rate (28.5 %) was
observed 4 weeks after inoculation, once the explants were subjected to sonication (45 s) following
a heat treatment of 41°C for 5 min. Transgenic status of the hairy roots was confirmed by PCR
using rolB specific primers.
Conclusion: Strain C318 proved to be more efficient than the other strains to hairy root induction
ability. Among different experimental conditions, the highest transformation rate (28.5 %) was
observed 4 weeks after inoculation, once the explants were subjected to sonication (45 s) following
a heat treatment of 41°C for 5 min. Transgenic status of the hairy roots was confirmed by PCR
using rolB specific primers.

Keywords: Papaver bracteatum Lindl. Hairy root, Sonication-assisted Agrobacterium-mediated
transformation, Thebaine
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Introduction
Iranian poppy (Papaver bracteatum Lindl.)
is an important medicinal plant because of its
benzylisoquinoline alkaloids [1]. The plant is
naturally distributed in the mountains range of
Alborze and Zagros, Iran. The main alkaloid of
Iranian poppy (P. bracteatum) is thebaine,
which is used for semisynthetic codeine
production [2-4]. In recent years the global
demand of thebaine has increased due to its
non-narcotic properties and being an important
component for the manufacture of a number of
opiates
as
oxycodone,
oxymorphine,
buprenorphine, etc. This plant can be a potential
alternative to Papaver somniferum for
production of codeine. However, the perennial
nature of P. bracteatum and problems related to
field grown plants makes it uneconomical for
this replacement [5, 6]. To overcome these
problems and also to shorten the time of
production,
advanced
biotechnological
methods like hairy root culture could be used.
The cultivation of hairy roots is an in vitro
method that has many advantages for
commercial production. Hairy roots are
developed by infecting explants with
Agrobacterium rhizogenes, a gram-negative
soil bacterium that integrates a DNA segment
(T-DNA) into the host plant genome which
results in the active proliferation of the roots [7,
8]. Compared to normal root cultures, hairy
roots are fast-growing, genetically and
biochemically stable, easy to maintain, and are
able to grow in phyto-hormone free media.
They offer a continuous source of secondary
metabolites which are important for
pharmaceuticals, cosmetics, and food additives.
They are especially useful for the
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production of secondary metabolites that are
synthesized in roots and then accumulated in
aerial parts of the plant [9, 10]. Hairy root
induction is done in a variety of ways.
Technique
named
sonication-assisted
Agrobacterium –mediated transformation
(SAAT) has been developed to induce hairy
roots in those plant species which are difficult
to transform. Trick and Finer (1997) observed
that SAAT treatment produces small, uniform
fissures and channels in tissues of various
plants which facilitate the access of
A. rhizogenes to the internal plant tissues [11].
This technique involves subjecting the plant
tissue to brief periods of ultrasound in the
presence of agrobacterium [12]. SAAT
successfully has been applied for hairy root
induction in P. somniferum [13] and Verbascum
xanthophoeniceum [14]. The present study was
conducted with the major objective of
improving the transformation efficiency of
A. rhizogenes for hairy root induction in
P. bracteatum by sonication devise. This
system provides an efficient tool for getting
better transformation and is useful for
commercial
in
vitro
production
of
benzylisoquinoline alkaloids.

Material and methods
Seed sterilization
The mature seeds of P. bracteatum were
collected from Anjomaneh area in Kurdistan
Province, Iran. The seeds were surface
sterilized with 70 % (v/v) ethanol for 1 minute
and 2% (v/v) sodium hypochlorite solution for
15 min. Then, seeds were rinsed five times with
sterilized water. The basal medium containing
1/2 MS [15] salts and vitamins, was solidified
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with 0.6 % (w/v) agar. The medium was
adjusted to pH 5.8 before adding agar and was
sterilized by autoclaving at 121°C for 20 min.
The seeds were germinated at 22°C under a
16/8 h (day/night) photoperiod in phytotron.
Sonication and heat treatment on hairy root
induction
A. rhizogenes strains (9435, A4, A13, C318
and MTCC 15834) were provided by Institute
of Medicinal Plants (IMP), and stored at -80°C.
The bacteria were grown overnight in liquid LB
(Luria-Bertani) medium supplemented with 50
mg/l rifampicin, OD600nm = 0.6-0.8 at 28°C on
a shaker incubator (100 rpm) in dark. The
bacterial suspensions were centrifuged at 4000
rpm for 10 min and resuspended in liquid
inoculation medium, which was MS medium
containing 50 mg/l sucrose [4], and 100 µM
acetosyringone.
For the SAAT experiments explants
including leaves, hypocotyls and excised shoots
of 1-month-old papaver were cut and
transferred to the sterile 50 ml falcon tubes
containing inoculation medium (as explained
above). The plastic tubes were individually
placed in a sonicator and subjected to an
ultrasound with frequency of 40 KHz
(ultrasonic cleaner bath; Pars Nahand, Tehran).
The duration of treatments considered as 15, 30,
45 or 60s followed by heat treatment at 41°C
for 5 min.. Thereafter, explants were blotted on
filter paper (Whatman No.1) to remove excess
bacteria and then transferred to co-cultivation
medium (MS) in dark. After 2 days co-

cultivation, all the explants were transferred to
the solid MS media, supplemented with 30 g/l
sucrose, 300 mg/l cefotaxime sodium. Hairy
roots emerged from the wound sites of the
explants within 3-4 weeks. The hairy roots were
excised from the explant tissues and subcultured on hormone free MS medium at
25±2°C in the dark every 2 weeks. The
concentration of cefotaxime was gradually
decreased and finally was omitted after 2
months of culture [4].
Hairy root induction was confirmed by
Polymerase Chain Reaction (PCR) test using
rolB and virD specific primers (Table 1). The
total genomic DNA from hairy root and natural
root were isolated according to the CTAB (cetyl
trimethylammonium bromide) method [16].
Also the plasmid DNA from A. rhizogenese was
prepared by alkaline lysis with SDS [17].
Polymerase chain reaction (PCR) was
performed according to Grabkowska et al. with
the following modification [18].
Establishment of hairy roots and HPLC
analysis
Three to four weeks old hairy roots were
subcultured into a hormone-free MS liquid
medium. The cultures were maintained at 90
rpm in an orbital shaker under 25 ± 2°C in 24 h
darkness. Hairy roots were subcultured to fresh
media every 15 days of culture. HPLC analysis
of thebaine was performed according to
modified method base on BP 2013 [19]. The
conditions of the HPLC set are presented in
Table 2.
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Table 1- The sequences of rolB and virD primers and Thermal Cycler Condition of Polymerase Chain Reaction
Genes

Primer Sequences

Denaturatio
n Temp.(°C)

Annealin
g Temp.
(°C)

Extension

Numbe

Amplified

Temp.

r of

segment

(°C)

cycle

(bp)

rolB

Forward:5'-GCTCTTGCAGTGCTAGATTT-3'
Reverse:5'- GAAGGTGCAAGCTACCTCTC-3'

95

55

72

35

423

VirD

Forward: 5'-GCTCTTGCAGTGCTAGATTT-3'
Reverse: 5'-GAAGGTGCAAGCTACCTCTC-3'

95

59

72

35

438

Table 2- Chromatography set conditions
Detector
Column
Flow rate
Detector wavelength
Standards concentration
Mobile phase
Inject volume
Apparatus
Temperature
Retention time

Statistical analysis
The transformation experiments were set up
in a factorial arrangement based on completely
randomized design with three replications. All
data were subjected to one-way ANOVA,
followed by the statistical significance test. The
significant difference among the mean ±
standard error (SE) was carried out using
Duncan’s Multiple range test and significance
level of P ≤ 0.01 (IBM, SPSS ver. 19).

Result and Discussion
Effect of A. rhizogenes strains and explant
type on hairy root induction
The results showed that all A. rhizogenes
strains ((C318, 9534, A13, A4 and MTCC
15834) had the ability of induction of hairy
roots in P. bracteatum explants (Fig. 1).
Transformation rate and frequency of hairy
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UV
CN/4.9×250 mm
1.5 ml/min
254 nm
100, 250, 500, 1000 ppm
Mixing of Ammonium acetate, Dioxane,
Acetonitrile & Methanol
20 μl
Knauer
Pump K-1001
Detector K-2501
Room temperature
About 10 min.

roots induction significantly depended on the
applied A. rhizogenes strains and explants
types. The highest rate of hairy root induction
was obtained for excised shoot explants by
C318 strain (28.5%), while A13 strain induced
hairy roots in only 9% of the hypocotyl
explants. The hypocotyl explants showed
necrosis with a low rate of hairy root induction
(Fig. 2). The difference in the induction of hairy
roots between strains could be due to the
difference in virulence of various strains of A.
rhizogenes. Sharafi et al. showed successfully
using of excised shoot explants for transformation
of Iranian poppy [4]. Rate of hairy roots induction
was found to be low in the leaf and hypocotyl
explants (Fig. 2). Influence of A. rhizogenes strain
and the type of explants on hairy root induction
has been documented earlier in several plant
species [20, 21].
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Fig. 1- A. rhizogenes mediated transformation of P. bracteatum. (a) hairy root induction in leaf explants; (b)

a
b

A13

de

g

318
9534
15834
Agrobacterium strains and explants type

Hypocotyl

Excised Shoot

hi
Leaf

Hypocotyl

Excised Shoot

Leaf

Hypocotyl

Excised Shoot

i

c

cd

Excised Shoot

ef

Leaf

g

h
Leaf

h

Hypocotyl

hi

fg

Hypocotyl

cd

Excised Shoot

35
30
25
20
15
10
5
0

Leaf

Hairy roots induction (%)

induction of hairy root on wound site of excised shoot

A4

Fig. 2- Effect of different bacterial strains and explants on percentage of hairy root induction of
P. bracteatum. Data are provided as a mean of three replications. Vertical lines represent standard error

Effect of sonication on hairy root induction
Sonication-assisted
Agrobacteriummediated genetic transformation (SAAT) is an
improved approach to induce hairy roots
formation in plant species, which are difficult to
transform [13]. The enhanced transformation
efficiency using SAAT, probably results from
thousands of microwounds on and below the
surface of the target tissue stimulated by
sonication. These microwounds facilitate
Agrobacterium penetration into the target tissue
and provide efficient delivery of T-DNA for
transformation [11, 14]. We investigated the

influence of sonication on transformation
efficiency of A. rhizogenes in Iranin poppy by
sonication of explants in suspension for time
duration of 15, 30, 45 and 60s, which was
followed by a heat treatment of 40°C for 5 min.
Result showed that interaction sonication time
with explants type and agrobacterium strains
were significant (P ≤ 0.01). The highest rate of
hairy root induction was obtained for excised
shoot explants (19.1%) and C318 strain (22%)
in 45s sonication (Fig. 3-4). After 45s
sonication, viability of types of explants
decreased. Georgiev [22] reported the highest
77
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percentage of hairy root induction (75%) was
obtained through 45s ultrasound exposure. Le
Flem-Bonhomme et al. [1] showed which this
technique is effective for transforming the
hypocotyl of P. somniferum plants but, there
are no reliable report on SAAT method for
hairy root induction in P. bracteatum. In all
Hairy roots induction (%)

30

cases hairy roots appeared 3-4 weeks after
transformation. It should be noted that the time
for hairy roots formation depends on species,
age and type of plant tissue. For instance, when
Papaver hypocotyls were infected with
A. rhizogenes LBA 9402 via ultrasound, hairy
roots occurred after 5 weeks of culture [1, 22].
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To confirm hairy roots induction, the
insertion of T-DNA segments in root genome
was verified by PCR analysis with specific
genes primers of rolB (Fig. 5).
Establishment of hairy root culture and
HPLC analysis
The potential growth of hairy roots in liquid

(MS) shake flask culture without hormone was
successfully achieved in the present study. The
HPLC profile of thebaine in induced hairy root
is shown in Fig. 6. Data confirmed a
considerable amount of thebaine (4.34 mg/g),
which was identified with peaks corresponding
to standard thebaine markers.

Fig. 5- PCR detection of rol B gene in hairy roots

Fig. 6-
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b

Fig. 6 - HPLC analysis of Thebaine production in hairy root culture. a: Standard Thebaine, b: Thebaine from hairy roots

The accumulation of higher levels of
thebaine in hairy roots could be explained due
to the effect of T-DNA integration on the
secondary metabolite production as reported in
many plant species [20]. In accordance with our
findings, Sharafi et al. [4] and Rostampour et
al.
also confirmed the presence of
benzylisoquinoline alkaloids in transformed
hairy root cultures of P. bracteatum.

Conclusion
The highest percentage of hairy root
induction was obtained with A. rhizogenes
strain C318 in P. bracteatum excised shoot
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explants through 45s sonication. In the other
conditions also hairy root growth was observed;
however, the transformation frequency was
significantly lower (Fig. 3-4) and even necrosis
of explants was observed which exposed to 60s
ultrasound. These transformed hairy roots are
able to produce bioactive compounds. To the
best of our knowledge, this is the first report of
A. rhizogenes-mediated transformation using
sonication method in P. bracteatum. This
system provides an efficient tool for hairy root
production and seems beneficial for
commercial production of thebaine under
in vitro condition.
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