
BIOSCIENCES BIOTECHNOLOGY RESEARCH ASIA, March 2016. Vol. 13(1), 53-58

* To whom all correspondence should be addressed.
Tel: +82-42-821-5730; Fax: +82-42-822-2631;
E-mail: supark@cnu.ac.kr

Silver Nitrate and Putrescine Enhance in vitro
Shoot Organogenesis in Polygonum tinctorium

Jae Kwang Kim1, Thanislas Bastin Baskar2 and Sang Un Park2*

1 Division of Life Sciencesand Bio-Resource and Environmental Center,
Incheon National University, Incheon 406-772, Korea.

2 Department of Crop Science, Chungnam National University,
99 Daehak-ro, Yuseong-Gu, Daejeon, 305-764, Korea.

http://dx.doi.org/10.13005/bbra/2002

(Received: 04 February 2016; accepted: 14 March 2016)

Polygonum tinctorium, also known as indigo plant, is widely distributed in
Japan. Only few studies have investigated the regeneration of the indigo plant. The aim of
this study was to develop an efficient protocol for shoot regeneration and shoot elongation.
Shoot organogenesis and plant regeneration from internode explants of P. tinctorium
were improved using the ethylene inhibitor silver nitrate (AgNO3) and the polyamine
putrescine. Culturing of internode explants on initial shoot regeneration media (Murashige
and Skoog media with 6-benzylaminopurine at 2 mg/L) supplemented with different
concentrations (0, 1, 5, 7, 10, 20 mg L-1) of AgNO3 significantly improved the regeneration
efficiency, resulting in higher number of shoots per explant and longer shoot length. The
greatest number of shoots (7.2 ± 0.8) and shoot length (2.1 ± 0.1 cm) were obtained in
media supplemented with 7 mg L-1 AgNO3, and further increase in the concentration of
AgNO3 decreased the shoot production and shoot length. Additionally, we evaluated the
effect of various concentrations (0, 10. 30, 50, 100, 200 mg L-1) of putrescine on shoot
regeneration and shoot length. The highest number of shoots (7.4 ± 0.8) and longest
shoots (2.2 ± 0.1 cm) were observed in cultures supplemented with 50 mg L-1 putrescine
and further increase in concentration reduced the shoot regeneration and elongation.
Our present study suggested that the addition of ethylene inhibitor AgNO3 and polyamine
putrescine could be applied in micropropagation and plant transformation protocols of
P. tinctorium.
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Polygonum tinctorium Ait. (= Persicaria
tinctoria H.Gross) is an annual herb from the
Polygonaceae family cultivated throughout
Southeast Asia. Polygonum tinctorium,
commonly known as indigo plant, has been used
by the dye industry1,2  and for thousands of years
as a source of blue color in traditional staining of
fabric in Japan. However, in the last decades,
indigo leaves have been used in the traditional
medicine in East Asia including Japan for treatment

of acute disorders because of its antipyretic,
analgesic, and antiphlogistic effects3. Indigo plant
has also been used in eastern traditional medicine
for detoxication, antinociception, and as anti-
inflammatory agent and antipyretic, although the
accurate process of its actions is not completely
understood4. Furthermore, the species has been
used as food ingredient in some local cuisine in
Japan. Such a diversity of applications of this plant
elicited our interest to further examine the
usefulness of indigo leaves as a promising source
of medicinal compounds or food additives. In recent
years, many bioactive compounds were extracted
from indigo plants including tryptanthrin with anti-
cancer and anti-inflammatory effects5,6. Several
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plants such as Ban-Lan-Gen is the dry root of Isatis
indigotica Fortune, Qing-Dai (Indigo naturalis) is
a dark blue powder prepared from the leaves of
Baphicacanthus cusia (Nees) Bremek
(Acanthaceae), P. tinctorium (Polygonaceae),
Isatis indigotica (Brassicaceae), Indigofera
suffruticosa Mill. (Fabaceae), and Indigofera
tinctoria L. (Fabaceae), all of which are also called
indigo plants. All these plants contain different
amounts of the blue dye indigo. Polygonum
tinctorium has been used for treatment of many
infectious diseases, and isolated bioactive
compounds of this medicinal plant have been
confirmed to possess anti-fungal, cancer
chemopreventive, anti-bacterial, and anti-
anaphylactic activities7-10. Polygonum tinctorium
leaves are used as coloring agents in the cotton
and textile industries due to high content of indigo
and indole alkaloid distinguished by an extremely
blue color11. The dying method is executed in the
mixture of composted leaves with the inclusion of
wheat bran, wood ash lye, and limestone at a
temperature of ca. 20°C and pH > 10, which result
in a lasting colorization of fabrics of different
kind12,13. The ethyl acetate extract from P. tinctorium
have antioxidant activity attributed to caffeic acid
and gallic acid compounds8,14,15.

In recent years, propagation of P.
tinctorium from seeds in its natural habitat has
declined. This process requires prolonged time due
to hard seed coat. Therefore, in vitro
micropropagation and regeneration have been
introduced for regeneration of plants that are used
in molecular biology. Plant tissue culture is the
technique that is used to regenerate plants for a
large-scale production under in vitro conditions
using plant cell tissues and organs. This tissue
culture method serves as an essential tool for both
basic and applied studies as well as in the
commercial production of economically important
crops16-18. Several studies reported in vitro
regeneration of various plants using growth
regulators such as in vitro shoot regeneration from
stem internodes of P. tinctorium19.

Accumulation of ethylene was related to
poor regeneration efficiency and lower gene
transfer capability of plants produced using in vitro
micropropagation20. Addition of ethylene inhibitors
in the shoot regeneration medium improves the
regeneration frequency. Kumar et al. 21 studied the

effect of different ethylene inhibitors on shoot
organogenesis in several plant species. Shoot
organogenesis of Gloxinia Sinningia speciosa
Baill. has been enhanced by ethylene inhibitors22,
and other studies confirmed that they improve
shoot regeneration and transformation efficiency23-

25. In this study, we developed an efficient method
for the regeneration of P. tinctorium plants from
internode explants by using different
concentrations of an ethylene inhibitor and
polyamine.

MATERIALS AND METHODS

Seed sterilization and germination
The seeds of P. tinctorium were obtained

from the experimental farm in Chungnam National
University (Daejeon, Korea). The seeds were
surface sterilized with 70% (v/v) ethanol for 30 s
and incubated in 4.5% (v/v) sodium hypochlorite
aqueous solution together with a few drops of
Tween 20 by mixing for 15 min. The seeds were
then thoroughly washed with sterilized distilled
water under aseptic conditions and cultured on a
solid basal medium for germination. The basal
Murashige and Skoog medium (Murashige and
Skoog, 1962)26 contained salt and vitamins
supplemented with 3% sucrose and solidified with
0.7% (w/v) plant agar. The pH of the medium was
adjusted to 5.7–5.8 using 1N hydrochloric acid
(HCl) and 1N potassium hydroxide (KOH) before
adding the plant agar and sterilized by autoclaving
at 121°C for 20 min. Ten sterilized seeds were
inoculated per each Petri dish, and the Petri dishes
were placed in a growth chamber at 25 ± 1°C,
illumination of 35 µmol s-1 m-2 provided by standard
cool-white fluorescent tubes, and 16-h
photoperiod. The seeds germinated within one
week of culture and the seedlings were then
transferred to a Magenta box (Magenta LLC,
Chicago, IL, USA) containing the same MS solid
medium and cultured for 3 weeks for the growth
improvement of plant material.
Enhancement of in vitro plant regeneration

Stem segments of P. tinctorium including
one internode, approximately 2.0 cm in length, were
aseptically cut from plants grown in vitro. The
explants were cultured on a medium containing 50
mL of the respective medium used during in vitro
growth in the Magenta box. In addition, for shoot
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regeneration from stem internodes, the MS medium
was supplemented with 2 mg L-1 6-
benzylaminopurine (BAP), which were added to
the medium before sterilization. For enhancement
of shoot regeneration, the media were optimized
by testing the effect of ethylene inhibitor AgNO3
at different concentrations (0, 1, 5, 7, 10, and 20 mg
L-1). For enhancement of shoot organogenesis, we
examined the effect of various concentration of
the polyamine putrescine (0, 10, 30, 70, 100, and
200 mg L-1) in combination with 2 mg L-1 BAP on
shoot formation and growth. Plant hormones were
purchased from Sigma-Aldrich Co. (St. Louis, MO,
USA). Cultures were maintained in a growth
chamber at 25 ± 1°C, with a 16-h photoperiod and
illumination of 35 µmol s-1 m-2 provided by standard
cool-white fluorescent tubes for 5 weeks.
Rooting of regenerated shoots

Regenerated shoots (~2.0 cm long) were
transferred into a rooting medium for root induction
in a Magenta box. The rooting medium consisted
of a MS medium solidified with 8 g L-1 of plant agar
with 1 mg L-1 indole-3-butyric acid (IBA) was
dispensed at 50 mL per culture vessel; four shoots
were cultured in each culture vessel. Regenerated
shoots were incubated at 25 ± 1°C in a growth
chamber with a 16-h photoperiod and illumination
provided by standard cool-white fluorescent tubes
(35 µmol s-1 m-2) for 4 weeks. After 4 weeks of
culture, the rooted plants were washed with sterile
water to remove plant agar, transferred to pots
containing autoclaved vermiculite, and coated with
polyethylene bags for 1 week to maintain high

humidity. The plants were then transferred to soil
and maintained in a growth chamber with a 16-h
photoperiod and a night/day temperature of 18/
20°C for 2 weeks. These hardened plants were then
transferred to the greenhouse for further use.
Statistical analysis

The data obtained were expressed as
means ± standard deviation of 50 stem internodes
tested.

RESULTS AND DISCUSSION

Effect of different concentrations of AgNo3 and
putrescine on shoot regeneration and shoot length

Significant shoot regeneration was
observed in P. tinctorium cultured on the MS
medium with 2 mg L-1 BAP, thus corroborating the
results reported previously by Park et al19. Whereas
the shoot development was not significant using
the same protocol. The addition of the ethylene
inhibitor AgNO3 enhanced shoot regeneration and
shoot elongation. Regeneration of the explant from
the internode commenced 15 days after the
inoculation. We examined the effect of different
concentrations of AgNO3 on regeneration. The
greater number of shoots developed (7.2 ± 0.8)
and longer shoots (2.1 ± 0.1 cm) were observed in
plants cultured in a medium supplemented with 7
mg L-1 of AgNO3 and 2 mg L-1 BAP; however,
increasing the concentration of AgNO3 decreased
the shoot regeneration and shoot length. The effect
of different concentrations of the polyamine
putrescine on shoot regeneration of P. tinctorium

Table 1. Effect of different concentrations of AgNO3
on shoot regeneration from stem internode explant
cultures of Polygonum tinctorium after 5 weeks of

culture on shoot regeneration medium (Murashige and
Skoog medium with 2 mg L-1 6-benzylaminopurine)

AgNO3 No. of Shoot
(mg L-1) shoots/explant* length* (cm)

0 4.8 ± 0.8 1.8 ± 0.08
1 5.2 ± 0.8 1.9 ± 0.1
5 6.2 ± 0.8 2.0 ± 0.1
7 7.2 ± 0.8 2.1 ± 0.1
10 6.6 ± 0.5 2.0 ± 0.1
20 3.4 ± 0.5 1.5 ± 0.1

* Values represent the mean ± standard deviation of 50
shoots

Table 2. Effect of different concentrations of putrescine
on shoot regeneration from stem internode explant cultures
of Polygonum tinctorium after 5 weeks of culture on shoot
regeneration medium (Murashige & Skoog medium with 2

mg L-1 6-benzylaminopurine BAP)

AgNO3 No. of Shoot
(mg L-1) shoots/explant* length* (cm)

0 4.8 ± 0.8 1.8 ± 0.1
10 5.5 ± 0.6 1.8 ± 0.1
30 6.0 ± 0.7 2.1 ± 0.1
50 7.4 ± 0.8 2.2 ± 0.1
100 5.6 ± 0.5 1.9 ± 0.1
200 4.6 ± 0.8 1.7 ± 0.1

* Values represent the mean ± standard deviation of 50
shoots
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was evaluated in the explants grown for 4 weeks.
Significant increase in shoot regeneration and
shoot length was observed in explants cultured in
media supplemented with 50 mg L-1 putrescine and
2 mg L-1 BAP. Further increase in concentration of
the polyamine decreased the shoot regeneration
and shoot length. The highest shoot number (7.4
± 0.8) and shoot length (2.2 ± 0.1) were observed at
50 mg L-1 putrescine with 2 mg L-1 BAP.

Plant tissue culture is an important tool
for regeneration and micropropagation of various
plants because of its requirement. For enhancement
of the plant regeneration system, we investigated
the effect of various concentrations of an ethylene
inhibitor (AgNO3) and a polyamine (putrescine) on
the efficiency of shoot organogenesis in P.
tinctorium. Previously established protocol for
shoot organogenesis and plant regeneration from
internode explants of P. tinctorium19. Results
suggested that the addition of AgNO3 and
putrescine to the culture medium enhanced shoot
regeneration of P. tinctorium (Tables 1 and 2).

Several studies reported that ethylene
induces shoot regeneration and elongation in some
plants27. However, micropropagation of many
plants is affected by the excessive production of
ethylene and accumulation of ethylene reduces
the regeneration frequency21. Therefore, ethylene
inhibitors improve the regeneration and shoot
length28. Herein, we added an anti-ethylene agent
to the regeneration medium. Higher number of
shoots and greater shoot length was achieved in
Aloe arborescens Mill., using ethylene inhibitors29,
and addition of AgNO3 improved the
micropropagation and regeneration frequency in
XXX30 and enhanced shoot number and shoot
length in Sinningia speciosa22. To establish a
regeneration method for P. tinctorium, we used
different concentrations of the ethylene inhibitor.
Previous studies revealed that treatment with 15
mg L-1 of AgNO3 increased the number of shoots
and shoot length in Musa acuminata L.31, whereas
treatment with 10 mg L-1 of AgNO3 increased the
number of shoots in Aloe arborescens. In the
present work, 7 mg L-1 AgNO3 increased
significantly the number of shoots and shoot
length.

We also studied the effect of polyamine
on the regeneration of P. tinctorium. Polyamines
regulate growth and secondary metabolism in
plants32. Thus, they improve shoot regeneration

in Cucumis sativus L. and Withania somnifera (L.)
Dunal33,34, enhance somatic embryogenesis via
suspension cultures in spine gourd (Momordica
dioica Roxb. ex. Willd.)35, and enhance somatic
embryogenesis and plant regeneration in upland
cotton (Gossypium hirsutum L.)36. In the present
work, we reported that 50 mg L-1 putrescine
increased the number of shoots and shoot length
in P. tinctorium. Herein, we used a highly efficient
system of internode explants and anti-ethylene
agent AgNO3 and polyamine putrescine for the in-
vitro micropropagation of P. tinctorium. To our
knowledge, this is the first study in which AgNO3
and polyamines were used for the regeneration of
indigo plants.

CONCLUSIONS

Plant micropropagation protocols are the
most important methods in tissue culture
techniques used for induction of genetic
transformation and plant growth improvement.
Today, shoot organogenesis is the most widely
used for in vitro plant regeneration in
transformation systems. The protocol used in this
study, which was employed successfully for
regeneration of a large number of plants, was
effective in the regeneration of P. tinctorium. The
ethylene inhibitor AgNO3 and polyamine
putrescine promoted the frequency of shoot
organogenesis and shoot elongation in this
species. Our findings might form the basis for the
genetic improvement of P. tinctorium.
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