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Abstract  Purple passion fruit (Passiflora edulis Sims) is one
of the introduced tropical plants, an increasing interest has
arisen due to its distinctive taste and attractive flavor. It is
expected that passion fruit production and planted area will
increase gradually in the years ahead because of high profitability
and consumer’s demands of healthful ingredients. So we tried
to investigate the effect of plant growth regulators and
antioxidants on in vitro plant regeneration and callus induction
from leaf explants of passion fruit for an establishment of
optimal mass propagation system. Young leaf explants of
purple passion fruit were cultured in Murashige and Skoog
(MS) medium containing different growth regulators and
antioxidant additives to induce the shoot organogenesis. After
8 weeks, the highest embryogenic callus formation rate
was obtained in MS medium supplemented with 1 mg-L"
6-benzylaminopurine (BAP) and 2 mg-L" 2,4-dichloro-
phenoxyacetic acid (2,4-D), furthermore, the shoot development
via organogenesis was also observed. Silver nitrate (AgNOs),
which was added into the medium to minimize the adverse
effects of leached phenolics, was effective for reduction of
medium browning and sudden explant death. In the medium
supplemented with 1 mg-L" BAP and 1 mg-L" gibberellic
acid (GA;), shoots were most vigorously regenerated and
elongated. Most shoots rooted successfully in half strength
medium with 1 mg-L" indol-3 acetic acid (IAA), and more
than 90% of plantlets survived after 4-month acclimatization
period.
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Introduction

The genus Passiflora is one of the family Passifloraceae
which consists of 24 subgenera and 465 species distributed
in tropical and subtropical regions (Garcia et al. 2011). It
is considered as an economically important crop because
of the nutritional value of fruits, pharmaceutical properties
of leaves and ornamental value of flowers. Passiflora edulis
Sims, the purple passion fruit, is the most important and
popular species in many countries, which are particularly
valued for its edible sweet fruits and ornamental qualities.
It can be propagated by seeds, cuttings, air-layering or
grafting. But seedlings generate high levels of genetic
variability, and the conventional propagation methods such
as cutting or grafting depend on some factors including
plant age, physiological condition and cultural practices.
Therefore in vitro tissue culture techniques for Passiflora
species can be useful for clonal propagation of superior
genotypes and disease-free plants as well as breeding materials.

Several studies also reported that the plant regeneration
of passion fruit could be obtained via organogenesis from
a wide range of species and types of explants such as leaf,
hypocotyl, root and cotyledon (Braglia et al. 2010; Fernando
et al. 2007; Lombardi et al. 2007; Nhut et al. 2007; Pinto
et al. 2010; Silva et al. 2011). Two morphogenic pathways
are known to be related to in vitro plant differentiation and
regeneration process, de novo organogenesis and somatic
embryogenesis (Rochas et al. 2015). The most common in
vitro plant development pathway is de novo organogenesis,
which has the monopolar structure formation, either shoot
meristems or root meristems are formed from cultured ex-
plants. On the other hand, somatic embryogenesis shows a
bipolar structure formation, in which shoot and root meristems
are differentiated simultaneously at opposite poles. It is an
artificial process in which a plant or embryo is derived from

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



336

J Plant Biotechnol (2017) 44:335-342

a single somatic cell or group of somatic cells. Somatic
embryos are formed from plant cells that are not normally
involved in the development of embryos, i.e. ordinary plant
tissue. These morphogenic pathways can be dependent on
the balance of plant growth regulator (PGR) and tissue culture
conditions (De Klerk et al. 1997; Fehér et al. 2003).
Here we aimed to investigate the effect of plant growth
regulators and antioxidants on in vitro plant regeneration
and callus induction from leaf explants of purple passion
fruit, and compare the respective morphogenic responses
in order to find the optimal mass propagation methods
amenable to large-scale vegetative production system.

Materials and Methods

Plant materials

In May and June, young leaves were obtained from 1-year
old grafted nursery trees in a greenhouse of Chungcheong-
buk-do Agricultural Research and Extension Services. The
apical expanded leaves were washed briefly, and sterilized
with 2% (v/v) sodium hypochlorite solution and 0.1% (v/v)
Tween-20 for 12 ~15 min, followed by three rinses in
sterile distilled water. The explants were taken from the
central part of leaves, which contained the midvein, and
cut into the discs (approximately 12 ~ 13 mm in diameter).
These leaf explants were individually placed abaxial side
up in the plant culture dish (©100 x h40 mm).

Effect of plant growth regulators on in vitro plant regeneration
and callus induction from leaf explants of purple passion
fruit

The callus induction medium was Murashige and Skoog (MS)
medium (Murashige and Skoog, 1962) including B5 vitamins
with BAP (0, 0.5, 1 and 2 mg-L™") and 2,4-D (0, 1, 2 and
4 mg-L™"). This each medium was supplemented with 30
g-L" sucrose, 100 mg-L" myo-inositol and 8 g-L" agar.
The pH was adjusted to 5.8 before autoclaving (at 121°C
and 1.2 kgf-cm” pressure for 15 min). 100 ml of medium
was poured onto each plant culture dish (100 x h40 mm).
This experiment was designed randomly. Each treatment
had six replicates and was conducted three times. Leaf
explants were individually placed into the plant culture dish,
and they were incubated in darkness at 23 £+ 1°C during
2 weeks at the beginning of culture, and kept under 23 +
1°C and 16h photoperiod (40 pmol-m~-s™ light intensity)

for 4 weeks. The rates of callus formation, somatic embryo
like tissue induction and shoot development were counted
after 6 weeks of culture.

For rapid plant regeneration and vigorous shoot elongation,
explants were transferred into the MS medium including
B5 vitamins with BAP (0, 0.5, 1 and 2 mg-L'l) and GA;
(0, 0.5, 1 and 2 mg-L"). This each medium was sup-
plemented with 30 g-L™ sucrose, 100 mg-L" myo-inositol
and 8 g-L"' agar. The pH was adjusted to 5.8 before auto-
claving (at 121°C and 1.2 kgf-cm™ pressure for 15 min).
100 ml of medium was poured onto 450 ml glass culture
vessel. This experiment was designed randomly. Each treat-
ment had six replicates and was conducted three times.
Explants were incubated under 23 + 1°C and 16h photo-
period (40 p-mol-m™-s" light intensity) for 4 weeks, and
then, they were newly subcultured into the each medium.
After 4 weeks of culture, their growth characteristics including
shoot number, length and survival rate were calculated.

The elongated shoots (5 cm high) were transferred to
rooting medium, which was half strength MS medium
supplemented with TAA (0, 0.5, 1, 2 and 3 mg-L"), 15
g-L" sucrose and 8 g-L" agar. And they were cultured
under 23 + 1°C and 16h photoperiod (40 p-mol-m>-s’
light intensity). After 4 weeks, their rooting percentage and
survival rate were calculated.

Rooted plants were taken out of the culture vessels and
washed several times with distilled water to remove traces
of medium on root surfaces. Then, they were transferred
to pots with a mixture of common horticultural substrates
and perlite (1:1), and placed in the glasshouse for accli-
matization. During 4-month acclimatization and hardening
phase, the general plant growth characteristics and survival
rate were recorded periodically.

Effect of antioxidants and adsorbents on in vitro plant
regeneration and tissue browning of purple passion fruit

To reduce the negative effect of leached phonolics on explant
regeneration and induce the vigorous shoot growth, several
antioxidants (ascorbic acid and silver nitrate) and adsorbents
(activated charcoal and polyvinylpyrrolidone) were tested.
Ascorbic acid (100 mg*L'l), silver nitrate (AgNOs, 2 mg°L'1),
activated charcoal (1 g-L") and polyvinylpyrrolidone (PVP,
1 g-L™") were respectively added into the callus induction
and plant regeneration medium. The pH was adjusted to
5.8 before autoclaving (at 121°C and 1.2 kgf* em” pressure
for 15 min). This experiment was designed randomly. Each
treatment had six replicates and was conducted three times.
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Statistical analysis

Data from each experiment were subjected to Duncan’s
multiple range test using SAS program (Version 6.21, SAS
Institute Inc., Cary, NC, USA).

Results and Discussion

Effect of plant growth regulator on in vitro plant regeneration
and callus induction from leaf explants of purple passion fruit

Table 1 showed the effect of two plant growth regulators,
BAP and 2,4-D, on in vitro organogenesis from culture of
leaf explants of purple passion fruit during early culture

stage. After 6 weeks of culture, the highest callus formation
rate (84.6%), somatic embryo like tissue induction rate
(88.2%) and survival rate (85.1%) were obtained from MS
medium supplemented with 1 mg-L"' BAP and 2 mg-L"
2,4-D after 6 weeks. Leaf segments with the adaxial surface
in contact with this medium gave rise to pale green or
yellowish compact calluses with friable regions at the wounded
surface (Fig. 1). Plant regeneration via organogenesis was
also observed from the wound surfaces and midvein of
leaf segments cultured in the presence of light with the
adaxial surface in contact with the medium containing 1
mg- L' BAP and 2 mg-L"' 2,4-D, at frequency of 48.9%.
Auxins and cytokinins are the main PGRs involved in the
regulation of plant cell differentiation, and their ratio is
very critical for the specification of cell identity during early
stages of morphogenesis (Fehér et al. 2003; Gaj 2004; Jiménez

Table 1 Effect of BAP and 2,4-D on in vitro callus formation, somatic embryo like tissue induction and shoot formation from leaf

explants of purple passion fruit after 6 weeks of culture

BAP 24D Callqs . SOIl:lath t?mbry? Shoqt Survival
(m -L'l) (m -L'l) formation like tissue induction formation rate
¢ £ %) %) (%) (%)
0.0 0.0 124 35 ¢ 00 g 88 f
0.5 0.0 526 ¢ 464 f 55 f 56.4 ¢
0.5 1.0 649 ¢ 54.0 e 164 ¢ 69.5 ¢
0.5 2.0 69.8 bc 655 ¢ 25.6 d 72.0 ¢
0.5 4.0 59.7 d 62.4 cd 149 e 70.5 ¢
1.0 0.0 70.8 bc 59.7 d 242 d 75.1 b
1.0 1.0 762 b 729 b 324 ¢ 82.4 a
1.0 2.0 84.6 a 882 a 489 a 85.1 a
1.0 4.0 68.9 bc 63.1 cd 30.9 ¢ 753 b
2.0 0.0 75.1 b 60.6 d 35.4 be 71.7 ¢
2.0 1.0 71.1 be 66.4 ¢ 44.8 ab 79.2 ab
2.0 2.0 61.3 d 62.5 cd 50.1 a 75.6 b
2.0 4.0 60.9 d 52.0 e 39.7 b 65.2 d

*Means followed by the same letter within columns are not significantly different at the 5% level of significant using Duncan’s

multiple test

Fig. 1 In vitro organogenesis from culture of leaf explants of purple passion fruit. (A) Somatic embryo like tissues were derived
from compact calluses, and shoots (arrows) were developed from the midvein of leaf segment cultured with the adaxial surface in
contact with the medium supplemented with 1 mg-L'1 BAP and with 2 mg-L'1 2,4-D after 6 weeks. (B) Plants were regenerated
in the medium supplemented with 1 rng-L'1 BAP and with 1 rng-L'1 GA; via somatic embryogenesis after 10 weeks. (C) Newly subcultured
plants were proliferated and elongated after 14 weeks. (D) Roots were formed in the half strength medium with 1 mg-L'1 IAA
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Table 2 Effect of BAP and GAs3 on in vitro growth characteristics of shoots developed from leaf explants of purple passion fruit

after 14 weeks of culture

BAP GA3 Plant regeneration Number of shoots Shoot Survival
g

(mg-L']) (mg-L’l) (%) (per explant) length rate

(cm) (%)
0.0 0.0 0.0 d* 0.0 e 0.0 e 0.0 ¢
0.5 0.0 56.4 ¢ 23 d 30d 702 b
0.5 0.5 65.3.b 24 d 35¢ 75.5 ab
0.5 1.0 71.5 ab 25d 4.2 be 794 a
0.5 2.0 70.1 ab 30 ¢ 48 b 73.8 ab
1.0 0.0 64.7 b 29 ¢ 34 ¢ 74.6 ab
1.0 0.5 68.8 ab 3.5 be 4.1 be 79.8 a
1.0 1.0 75.7 a 4.6 a 55 a 82.1 a
1.0 2.0 773 a 40 b 57 a 804 a
2.0 0.0 69.2 ab 3.6 bc 34 ¢ 75.3 ab
2.0 0.5 76.2 a 41Db 4.1 be 81.0 a
2.0 1.0 70.2 ab 4.8 a 46 b 712 b
2.0 2.0 65.5 b 4.6 a 46 b 69.3 b

*Means followed by the same letter within columns are not significantly different at the 5% level of significant using Duncan’s

multiple test

2005). Somatic embryogenesis and shoot organogenesis are
particularly considered as complicated and sophisticated
developmental processes, which are supposed to involve
the different hormonal requirements and a series of bio-
chemical or morphological changes (Duclercq et al. 2011;
Yang and Zhang 2010). Gordon et al. (2007) also proposed
that the balance between auxin and cytokinin specify the
identities of shoot meristems cells from Arabidopsis calli
derived from root tissues through the induction of specific
gene expression patterns. Somatic embryos of P. edulis Sims
were obtained when zygotic embryo were cultured in the
medium supplemented with high 2,4-D/BAP ratio (Paim-Pinto
et al. 2011). Haensch (2007) reported that an addition of
2,4-D and BAP was very critical on callus growth and the
subsequent regeneration of somatic embryos in long-term
cultures of Pelargonium x domesticum cv. Madame Layal.
Rajabpoor (2007) reported that 1 mg*L" BAP and 2 mg-L"
2,4-D was the best treatment for somatic embryogenesis
induction of saffron. Rocha et al. (2015) mentioned that
2,4-D was very essential to induce the callus formation and
somatic embryo induction as well as plant regeneration of
P. edulis. Nodal segments cultured on the medium sup-
plemented with BA formed green and compact calluses,
and shoot development from these calluses occurred on
the medium containing 13.2 uM BA after 60 days of culture
with the highest regeneration efficiency (Pacheco et al. 2012).

Emergence of the first adventitious shoots via organogenesis
was mostly observed at the cut surfaces of the mid nerve.
This particular morphogenic response and subsequent for-
mation of primordia on the injured zones may result from
the accelerated cell division reaction caused by the incision

and the contact with growth regulators in the culture medium
(De Klerk et al. 1997). Some factors promoting morphogenesis
or organogenesis may exist in the mid nerve and petiole
of leaf, particularly, the meristematic activity of the paren-
chyma and epidermal cells in the mid nerve region is
supposed to be critically involved (Pereira et al. 2000).
Fernando et al. (2007) also reported direct organogenesis
from leaf discs and indirect organogenesis from hypocotyls
of P. edulis.

In the medium supplemented with 1 mg-L"' BAP and
1 mg-L'1 gibberellic acid (GAs3), shoots were most vigorously
regenerated from somatic embryo like tissue and elongated
well, its regeneration rate was 75.7%, the number and length
of shoot were respectively 4.6/explant and 5.5 cm (Table 2,
Fig. 1). Adventitious shoot production from leaf segment
has been previously observed in P. alata (Pinto et al. 2010;
Rodriguez et al. 2007). The use of cytokinins for in vitro
organogenesis in Passiflora species has also been reported
with induction of adventitious buds in response to BAP
alone or in association with NAA, TDZ or kinetin (Becerra
et al. 2004; Dornelas and Vieira 1994; Hall et al 2000;
Trevisan and Mendes 2005). Shoots from root explants of
P. cincinnata and P. edulis grown in MS medium with 2.89
uM GA; were elongated about 2 cm after 10 days in culture
(Silva et al. 2011). The shoot bud elongation of P. dlata was
more efficient using 2.88 uM GA3, its percentage was 35.0%,
on the other hand, none elongated shoots were obtained in
control medium (Pinto et al. 2010).

Table 3 showed the effect of IAA on in vitro rooting
of shoots developed from leaf explants of purple passion
fruit after 14 weeks of culture. The highest root formation
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Table 3 Effect of IAA on in vitro rooting of shoots developed from leaf explants of purple passion fruit after 14 weeks of culture

1AA ROOF Number of roots Root Survival
(mg- L formation (per explant) length rate
(%) (cm) (%)

0 285 d” 2.0 d 14 ¢ 60.6 b

0.5 594 ¢ 45 ¢ 26 b 742 a

1.0 82.7 a 6.1 a 34 a 774 a

2.0 72.6 b 53 b 35a 78.9 a

3.0 70.8 b 55b 35a 733 a

*Means followed by the same letter within columns are not significantly different at the 5% level of significant using Duncan’s

multiple test

Table 4 Effect of antioxidants and adsorbents on in vitro plant regeneration and tissue browning of purple passion fruit

Somatic embryo like Plant Browning Shoot
Treatment tissue induction Regeneration Occurrence Number Length Death rate
(%) (%) (%) (per explant) (cm) (%)
Non-treatment 61.4 d& 655 b 68.5 a 39b 42 b 32,6 a
Ascorbic acid 725 b 74.8 a 26.5 ¢ 43 ab 54 a 13.8 ¢
AgNOs 79.3 a 76.0 a 8.0 d 47 a 52 a 45d
ACY 66.0 ¢ 70.0 ab 377 b 38 b 4.8 ab 214 b
PVP* 652 ¢ 71.1 ab 32.1 be 43 ab 477 ab 19.7 b

“Means followed by the same letter within columns are not significantly different at the 5% level of significant using Duncan’s

multiple test.

AgNO; (silver nitrate), >AC (activated charcoal), *PVP (polyvinylpyrrolidone)

Table 5 The growth characteristics of plants regenerated from leaf explants of purple passion fruit after 2 and 4 months of ex vitro

acclimatization

Acelimatisation Plant Stem Survival Leaf
eriod height diameter rate Number Length Width
p (cm) (mm) (%) (per explant) (cm) (cm)
2 months 10.2+0.8" 1.9+0.1 93.3+£3.7 5.8+0.4 4.4+0.2 2.3+0.2
4 months 33.542.6 3.3+0.2 90.7+4.0 10.4+0.5 8.0+0.4 4.6+0.2

“Each value represents the mean+SE.

rate (82.7%) was gained when shoots were cultured in the
medium with 1 mg-L'1 IAA, in which their root number
and length were respectively 6.1/explant and 3.4 cm. Auxins
are one of the main plant hormones that play a key role
in the creation of initial root growth. In particular, IAA is
known to be involved in every aspect of plant growth and
development, including the formation of embryo development,
induction of cell division, stem elongation, vascular tissue
differentiation, fruit and flower development, tropic behaviors
(leaves and stems moving toward the light source) and the
induction of rooting. In the culture of several Passiflora
species, rooting of juvenile shoots initiated in the MS medium
supplemented with 5 uM IAA (Drew 1991). Kawata et al.
(1995) also reported that rooting was achieved on TAA
supplemented or hormone-free medium.

After 2 and 4 months of ex vitro acclimatization, the
general growth characteristics of plants derived from leaf

explants of purple passion fruit were surveyed (Table 5).
During this period, regenerated plants were normally grown
and their survival rate was over 90%. After 4 months,
plant height was averagely 33.5 cm and leaf number was
10.4/plant (Fig. 3).

From these results, it was suggested that an addition of
appropriate plant growth regulators could efficiently induce
the shoot organogenesis from in vitro culture of leaf explants
of passion fiuit, and the optimal medium composition might
be applied for an establishment of mass propagation system.

Effect of antioxidants and adsorbents on in vifro plant
regeneration and tissue browning of purple passion fruit

Table 4 showed the effect of antioxidants and adsorbents
on in vitro plant regeneration and tissue browning of purple
passion fruit. The addition of AgNO; was most efficient for
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Fig. 2 Browning inhibition in in vitro culture of leaf explants
with the addition of AgNO;. (A) Explants and medium turned
brown in the non-added medium. (B) Browning occurrence due
to the leaching of phenolics from explants was reduced and
plant regeneration was improved in the medium supplemented
with AgNOs

somatic embryo like tissue induction and plant regeneration,
in comparison with other treatments such as ascorbic acid,
activated charcoal and PVP. Particularly, the browning rate
of explant tissue decreased most significantly, it was 8%
in the medium with AgNOs, compared with non-treatment
(68.5%). Shoots were also grown most vigorously in AgNO;
containing medium. Figure 2 also explained the browning
inhibition of in vitro leaf explants cultured in AgNOs-
supplemented medium.

There are two main direct reasons for browning in the
process of plant tissue culture. The first reason is programmed
cell death caused by environmental stress or natural necrosis,
the other reason is the formation of quinones from phenolic
compounds in plant cell under the effect of polyphenol
oxidase (Gao 1999). Many phenolic substances exist in the
tissue explants, their oxidation reaction may happen under
an appropriate conditions such as pH, temperature and poly-
phenol oxidase, and then poisonous substances (lignin, tannins
or pigments) may be also produced and the incisions of
explants quickly turn brown or black at last (Zhang et al.
2004; Zhou et al. 2000). If these oxidized phenolic com-
pounds such as quinones spread into medium and continue
to be accumulated, they would suppress the activity of other
enzymes and poison the explants, the culture medium would
be also polluted (Armaldos et al. 2001; Rathore et al. 1991).
Therefore it is very important to minimize the lethal browning
or blackening of explants caused by phenolic compounds
during plant tissue culture. These include treating explants
with polyphenol adsorbents such as activated charcoal and
PVP, or with antioxidants such as cysteine, ascorbic acid
and silver nitrate into the culture medium (Arditti and Ernst.
1993; Lainé and David 1994; Sanyal et al. 2005).

Nowadays silver nitrate has been used widely as an
efficient antioxidant for overcoming explant browning in a

Fig. 3 Acclimatized regenerated plants after 4 months of transfer
from in vitro culture

various culture process. Silver nitrate is considered as a
potential inhibitor of ethylene activity and plant growth
modulator (Kumar et al. 2009). It has several properties such
as easy availability, solubility in water, specificity and
stability, which can make it very useful and powerful for
various applications in exploiting plant growth regulation
and morphogenesis in vivo and in vitro. Silver ions in the
form of nitrate, such as AgNO;, play a major role in
influencing somatic embryogenesis, shoot formation and
efficient root formation. Particularly, it is capable of spe-
cifically blocking the action of exogenously applied ethylene
in classical responses such as abscission, senescence and
growth retardation (Bais et al. 1999; Bais et al. 2000a; Bais
et al. 2000b; Bais et al. 2001a; Bais et al. 2001b; Bais et al.
2001; Beyer 1976).

Passiflora species are generally considered to produce
ethylene at high rates, and the tissue culture medium sup-
plementation with ethylene action inhibitors has proved to
improve the bud formation and enhance shoot growth as
well as differentiation (Faria and Segura 1997; Trevisan and
Mendes 2005). Pinto et al. (2010) reported that in vitro
organogenesis induction of sweet passion fruit occurred
more efficiently when hypocotyl segment-derived explants
were cultured in MS medium supplemented with BAP and
AgNO; under 16-h photoperiod. Trevisan et al. (2005) also
reported that the bud induction and shoot development of
P. edulis Sims. F. flavicarpa was enhanced TDZ and AgNO:s-
supplemented media.

Our results demonstrated that the rapid and reproducible
in vitro plant regeneration derived from organogenesis of
leaf explants could be obtained efficiently by supplementing
an proper antioxidant into culture medium in order to reduce
the negative effect of leached phenolics on explant regeneration.
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