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Abstract: Polyamines, low-molecular-weight polycationic molecules are present in all plant cells that play a vital
role in cell division and differentiation. Therefore, an attempt was undertaken to evaluate the effects of polyamines
i.e., putrescine, spermidine and spermine on shoot organogenesis of Echinacea angustifolia DC. Leaf explants were
cultured in initial shoot-regeneration media with four different concentrations (10, 30, 70, and 100 mg/L) of
putrescine, spermidine and spermine. All polyamines showed better regeneration as well shoot growth except a few
than that of control. With increasing the concentration of putrescine, spermidine and spermine, increased
regeneration capacity and shoot growth upto the concentration 70 mg/L and then started to decrease in all the cases.
Among the polyamines, putrescine at 70 mg/L performed the best achieving for both regeneration and shoot growth.
Putrescine at 70 mg/L showed 20% more regeneration and produced the longest shoot length achieving 1.5 times
longer shoot than that of control. Our study suggests that polyamines especially putrescine may be utilized
efficiently in micropropagation for regeneration of E. angustifolia.
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1. Introduction 2. Material and Methods

The species Echinacea, belongs to the family 2.1. Plant materials and culture media
Asteraceae, is considered the most popular medicinal Seeds of E. angustifolia were purchased from
plants in both North America and Europe (Pepping, Otto Richter and Sons Limited (Goodwood, Canada)
1999; Percival, 2000). E. angustifolia DC has been and stored at 4°C. The seeds were surface-sterilized
used for the treatment of different ailments such as with 70% (v/v) ethanol for 30 s and 2% (v/v) sodium
venomous bites and stings, to infectious or hypochlorite solution for 10 min and then rinsed 3
inflammatory conditions like cold and flu, toothaches, times in sterilized water. Ten seeds were placed in
cough, sore eyes, and rheumatism (Kindscher, 1989; each petri dish (100 x 15 mm) containing 25 mL of
Barnes et al., 2005). agar-solidified culture medium. The basal medium

Polyamines (particularly putrescine, spermidine consisted of salts and Murashige and Skoog (MS)
and spermine) are present in both eukaryotic and vitamins (Murashige and Skoog, 1962) and 0.7%
prokaryotic cells (Galston, 1983), play a vital role in (w/v) agar. The medium was adjusted to pH 5.8 before
cell division and differentiation (Yamada et al., 1986; adding agar and then sterilized by autoclaving at
Basu et al., 1989) and also help in the regulation of 121°C for 20 min. The seeds were germinated in a
plant growth and development, and help to protect growth chamber at 25°C under standard, cool-white
from abiotic and biotic stress (Tisi et al., 2011). fluorescent tubes with a flux rate of 35 pmol-s™-m™
Besides, polyamines have been engaged in several and a 16-h photoperiod.
morphogenic processes i.c., somatic embryogenesis in
Dactylis glomerata L. (Li and Burritt, 2003) and in 2.2. In vitro shoot organogenesis
Daucus carota cells (Bastola and Minocha, 1995), t Stems of E. angustifalia were obtained from
regeneration of shoot from the leaves of Passiflora p]ants grown in vitro, and they were cut aseptically at
(Desai and Mehta, 1985), and cotyledonary explants the ends into sections of approximately 0.7 cm.
of Brassica campestris (Chl et al., 1994) and Cucumis Explants were p]aced in petri dishes (100 x 25 mm)
melo (Tian et al., 1994). containing approximately 25 mL of basal medium

Here, we report the establishment of an improved supplemented with 30 g/L of sucrose, 7 g/L of
method for plant regeneration applying polyamines on Phytagar, and 2 mg/L of 6-benzylaminopurine (BAP).
shoot organogenesis of E. angustifolia from stem Seven explants were cultured in each petri dish. The
explants. pH of the medium was adjusted according to that

required for the germination medium, and the medium
was sterilized using the same procedure mentioned
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above. Leaf explants were cultured in initial shoot-
regeneration media with four different concentrations
(10, 30, 70, and 100 mg/L) of putrescine, spermidine
and spermine Cultures were maintained at 25 + 1°C in
a growth chamber with a 16-h photoperiod under
standard, cool-white fluorescent tubes (35 pmol-s™-m"
%) for 6 weeks.

2.3. Rooting of regenerated shoots

Regenerated shoots (~1.5 cm in length) were
transferred to 1/2 MS medium in a Magenta box. The
medium was solidified using 8 g/L of plant agar, and
50 mL of the medium was placed in each culture
vessel. Four shoots were cultured in each vessel.
Regenerated shoots were incubated at 25 + 1°C in a
growth chamber with a 16-h photoperiod under
standard, cool-white fluorescent tubes (35 pmol-s™-m’
%) for 5 weeks. After 5 weeks, the rooted plants were
washed with water to remove the agar, transferred to
pots containing autoclaved vermiculite, and covered
with polyethylene bags for 1 week to maintain high
humidity. The plants were then transferred to the soil
and maintained in a growth chamber with a 16-h
photoperiod and a day/night temperature of 18/20°C
for 2 weeks. These hardened plants were then
transferred to the greenhouse.

2.4. Statistical analysis
Data for the 50 tested leaf explants are expressed
as mean + standard deviation.

3. Results and Discussion

For in vitro shoot organogenesis of E.
angustifolia, Kim et al., 2010, reported a protocol,
which was not efficient for shoot regeneration. In
order to get better shoot regeneration, we used
polyamines i.e., putrescine, spermidine and spermine
at different concentrations to find out the efficiency of
shoot organogenesis in E. angustifolia.

From the results of our study, it was found that
polyamines acted well for regeneration of E.
angustifolia (Table 1). Shoot regeneration as well as
shoot growth increased with increasing the
concentration of putrescine, spermidine and spermine
upto 70 mg/L and then started to decline. Among the
treatments, putrescine performed the best for higher
regeneration and better shoot growth of E.
angustifolia. 1t was observed that putrescine at 70
mg/L acted well and helps to produce 20% more shoot
regeneration and 1.5 times longer shoot than that of
control. This concentration of putrescine (70 mg/L)
showed 26% and 21% higher regeneration capacity
than that of spermidine and spermine 70 mg/L,
respectively and this (putrescine at 70 mg/L) also
produced 17% and 21% longer shoot than that of
spermidine and spermine 70 mg/L, respectively.

Table 1. Effect of polyamines on shoot regeneration and growth from Echinacea angustifolia explants after 6 weeks
of culture on regeneration medium (Murashige and Skoog medium with 2.0 mg/L BAP).

Polyamines (mg/l) Regeneration %

No. of shoots per explant’

Shoot length* (mm)

Control 68 33+£03
Putrescine 10 70 3.6+0.2
Putrescine 30 78 42+0.3
Putrescine 70 85 52+04
Putrescine 100 83 49+0.5
Spermidine 10 69 34+03
Spermidine 30 73 3.6+03
Spermidine 70 63 43+£04
Spermidine 100 52 3.8+£03
Spermine 10 71 3.1+£03
Spermine 30 70 35+04
Spermine 70 67 41+£04
Spermine 100 62 3.8+0.3

13.5+1.5
15.8+1.3
17.1+£1.3
203+23
19.6 £2.0
139+1.3
143+1.5
17.4+£3.0
17.5+1.8
139+1.4
13.8+1.4
156 +1.6
15.7+1.8

Regeneration frequency (%) = (No. of explants with shoot differentiation/all explants) x 100

" Values represent the mean + standard deviation of 50 shoots

17



Life Science Journal 2016;13(1)

http://www.lifesciencesite.com

Results revealed that the addition of polyamines
were effective for regeneration shoot growth of E.
angustifolia (Table 1). The best concentration of
polyamine was putrescine at 70 mg/L for regeneration
and shoot growth. Similar results were reported in M.
charantia, where putrescine performed better for
regeneration and increase in fresh weights of
organogenic calli of Momordica charantia (Paul et al.,
2009; Thiruvengadam et al., 2012). Some other
reports also suggested that PAs are important for cell
growth, somatic  embryogenesis, and shoot
morphogenesis (Kaur-Sawhney et al. 1986; Galston
and Kaur-Sawhney, 1990; Chi et al. 1994; Walden et
al., 1997). Earlier, it was reported that spermidine is
essential for shoot multiplication in cucumber
(Vasudevan et al., 2008) and sugarcane (Uma shankar
et al.,, 2011). However, here in this study putrescine
performed better than spermidine for shoot
regeneration and shoot growth of E. angustifolia.

In contrast, spermine performed better for
adventitious shoots formation in vitro from cotyledons
of cucumber (Zhu and Chen, 2005) and Brassica rapa
(Chi et al., 1994). In another study, it was reported
that putrescine, spermidine, and spermine were
involved in adventitious shoot formation through in
vitro in cotyledons of melon (Tian et al., 1994). This
evidence suggests that putrescine, spermidine, and
spermine may play dissimilar roles in different
explants which was supported by Zhu and Chen,
(2005). Martin-Tanguy  (2001) reported that
spermidine and spermine play significant roles in
adventitious shoot formation, which can be promoted
by exogenous polyamines treatment. Polyamines
interacted with phytohormones have been shown
positive response in in vitro culture of plant species
(Altman, 1982; Scholten, 1998; Tonon et al., 2001).

An efficient protocol is essential to the practice
of genetic engineering for plant improvement. In this
study, we developed an improved method for
regeneration of E. angustifolia by using polyamines
that might be facilitated future research on the genetic
enhancement of E. angustifolia.
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