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Abstract

Due to outstanding nutritional and health benefits, and also to its ornamental value, black chokeberry was gaining
recently high interest from the small fruit growers in Europe. Together with vegetative propagation, in Vvitro
micropropagation from meristems and adventitious shoots offers suitable methods for the rapid clonal propagation of
new or improved cultivars, to provide sufficient quantities of planting material to the growers and to accelerate the
establishment of large black chokeberry plantings. In this respect, different concentrations of N6-benzylaminopurine
(BAP), dichlorophenoxyacetic acid (2,4-D) and indole butyric acid (IBA) in Murashige and Skoog (MS) and Lee-
Fossard (LF) basic culture media, respectively, were assessed for their effects on adventitious shoot regeneration of the
black chokeberry cultivar 'Nero'. The ability of callus formation and shoot regeneration from petiole segments was
assessed using various combinations of BAP (2.5; 5.0; 10 mg L™), 2,4-D (0.25; 0.5; 1.0 mg L™), and IBA (0.25; 0.5;
1.0 mg L™). Data on callus formation and shoot regeneration were recorded after 60 days of culture. The highest
percentage of black chokeberry petiole explants forming callus (100%) was found in treatments containing a
combination of 2.5 mg L™ of BAP, 0.25 mg L™ of 2,4-D, and 0.25 mg L™ of IBA in MS medium. The only growth
regulators combination which resulted in 100% petiole explants forming callus on both MS and LF media was
5mg L™ of BAP, 0.5 mg L™ of 2,4-D, and 0.5 mg L™' of IBA. Adventitious shoot regeneration from petiole-derived
callus was high in treatments with 10 mg L™ and 1.0 mg L' IBA, on both MS and LF basic media. Excepting the
cytokinin-auxin combination of 2.5 mg L' of BAP, 0.25 mg L™ of 2,4-D and 0.25 mg L™ of IBA, shoot regeneration
from petioles of 'Nero' cv. was better on MS medium. However, the best adventitious regeneration and the highest
number of shoots formed per explant ocurred by direct organogenesis. Thus, an average number of 4.3 shoots per
petiole explant was achieved through direct organogenesis on MS medium supplemented with BAP at 5 mg L™, 0.5 mg
L' 0f2,4-D, and 0.5 mg L™ of IBA.

Key words: Aronia, in vitro culture, growth regulators, callus, organogenesis.

INTRODUCTION al., 2010; Ochmian et al., 2012; Rugina et al.,
2012).
Aronia melanocarpa (Michx.) Elliot (black  Aromia melanocarpa berries constitute a very
chokeberry), a native North American shrub rich source of numerous substances exerting a
which was naturalized and is well adapted in ~ beneficial impact on health, including mainly
Europe, is an extraordinary medicine plant  polyphenols (proanthocyanidins, anthocyanins,
(McKay, 2001). ‘Nero’, ‘Rubina’, ‘Viking’, flavonoids, and phenolic acids), possessing
‘Galicjancka’, ‘Fertddi’, ‘Hugin’, ‘Aron’ and antioxidative, anti-inflammatory, antiviral,
‘Melrom’ are among the most popular varieties  anticancer, antiatherosclerotic, hypotensive,
of A. melanocarpa in Europe (Strigl et al., antiplatelet, and antidiabetic  properties
1995; Kulling and Rawel, 2008; Walther and (Benvenuti et al., 2004; Slimestad et al., 2005;
Schnell, 2009; Borowska and Brzoska, 2016; Naruszewicz et al., 2007; Jakobek et al., 2012;
Sutan et al., 2017). They differ from each other Badescu et al., 2015; Borowska and Brzoska,
in the efficiency of juice extraction, content of  2016; Park et al., 2017). Now it is well known
total polyphenols, anthocyanins and proantho-  that black chokeberry possesses one of the
cyanidins, total antioxidative capacity, as well ~ highest antioxidant activities among fruits
as the weight and diameter of the fruit (Rop et  (Denev et al., 2012).
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A. melanocarpa berries are also known to be
rich of cyanidin glycosides (Wiczkowski et al.,
2010). Therefore, black chokeberries has been
extensively investigated for their phenolic
compound content, antioxidant properties and
potential positive influence on the health
(Tanaka and Tanaka, 2001; Jakobek et al.,
2007; Rop et al., 2010; Jakobek et al., 2012;
Litwinczuk, 2013).

From the researches on the antioxidant
(Kahkonen et al., 2001; Wu et al., 2004;
Oszmianski and Wojdylo, 2005; Olas et al.,
2008; Denev et al., 2012), anti-inflammatory
(Zapolska-Downar et al., 2012), hepato-
protective (Kowalczyk et al., 2003; Valcheva-
Kuzmanova et al., 2004), cardioprotective (Bell
and Burt, 2007; Naruszewicz et al., 2007),
hypotensive and lipid lowering (Hellstrom et
al., 2010; Park and Park, 2011), hypoglycaemic
and antidiabetic effects (Simeonov et al., 2002;
Rugind et al., 2011; Badescu et al., 2015;
Banjari et al., 2017), to those on antimutagenic
(Gasiorowski et al., 1997; Duthie et al., 2007)
and antitumoral effects (Malik et al., 2003;
Bermudez-Soto et al., 2007; Olas et al., 2010;
Sharif et al.,, 2013), or those on protective
action against degenerative diseases, the
scientific literature is rich in information
highlighting their prophylactic and therapeutic
properties, without suggests on any unwanted
or side effect of their use (Kokotkiewicz et al.,
2010).

Zielinska-Przyjemska et al. (2007) studied the
in vitro effects of Aronia melanocarpa juice on
oxidative metabolism and apoptosis of
neutrophils from obese and non-obese
individuals, and reported that Aromia juice
exert beneficial effects in cells and may,
therefore, be useful in the treatment of obesity
disorders.

Bijak et al. (2011) and Sikora et al. (2012)
reported the anticoagulant properties of Aronia
extract, based on the results of their studies,
which showed significant inhibition of platelet
aggregation after black chokeberry extract
administration.

Experimental data indicate that not only the
fruit but also the leaves of A. melanocarpa and
their products may be effective means for
prevention and treatment of the effects of toxic
action of some xenobiotics in humans
(Borowska and Brzoska, 2016).
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Recently, Park et al. (2017) reported that A.
melanocarpa show beneficial effects against
hepatic lipid accumulation along with
improvements in body weight, liver functions,
lipid profiles and antioxidant capacity
suggesting the potential therapeutic efficacy of
its juice on nonalcoholic fatty liver disease (a
hepatic manifestation of metabolic syndrome).
Aronia phenolics are considered to be also
beneficial for cardiovascular health (Wu et al.,
2017).

Successful plant micropropagation from in
vitro cultured meristems has been reported for
Aronia species, including A. melanocarpa
(Brand and Cullina, 1990; Brand and Cullina,
1992; Petrovic and Jacimovic-Plavsic, 1992;
Velchev and Mladenova, 1992; Staniene et al.,
1999; Litwinczuk, 2002; Maheéi¢, 2009,
Litwinczuk, 2013; Kwak et al., 2015; Sutan et
al., 2017) and A. arbutifolia (Kane et al., 1991).
However, there is no relevant information on
adventitious shoot regeneration using somatic
tissue explants in Aronia melanocarpa.
Adventitious shoot organogenesis and somatic
embryogenesis are the basis for implementing
new genetic variability and biotechnological
approaches in woody species, particularly if
somatic tissues from valuable cultivars are used
(Silvestri et al., 2016). Regardless of the type
(direct organogenesis, indirect organogenesis
or somatic embryogenesis), regeneration
process is usually influenced by biotic factors
including genotype, explant type, and abiotic
factors such as culture media and
environmental conditions. Although plant cell
totipotency theoretically enables any of the
cells to retain the ability to regenerate whole
new plants through organogenesis or somatic
embryogenesis, the regeneration capacity of
plant cells usually varies between species,
cultivars, and explant types (Ganeshan et al.,
2002). Proper regeneration of adventitious
shoots rely on composition of nutrient medium,
plant grow regulators and types of explant
(Popescu and Isac, 2000; Isac and Popescu,
2009).

In the present study, we investigated the ability
of adventitios shoot regeneration of ‘Nero’, one
of the most valuable black chokeberry cultivars
in both central and south-eastern Europe, using
petiole explants, and found that both basic
culture medium and growth regulators



combination and concentration affected

adventitious shoot regeneration.
MATERIALS AND METHODS

Petiole segments of about 10 mm in length,
excised from in vitro micropropagated shoots
of chokeberry cultivar ‘Nero’, were cultured on
Murashige and Skoog (MS) (1962) and Lee
and Fossard (LF) (1977) basic culture media,
respectively, supplemented ~ with ~ N6-
benzylaminopurine (BAP) in concentration of
either 2.5, 5.0 or 10 mg L’], dichloro-
phenoxyacetic acid (2,4-D) in concentration of
either 0.25, 0.5 or 1.0 mg L"l, and indole
butyric acid (IBA) in concentration of either
0.25,0.5 or 1.0 mg L' (Table 1).

For medium preparation, separate stock
solutions of macronutrients and micro-nutrients
were used. Iron was added to the medium as
separate stock solution of ferric sodium salt
EDTA (32 mg L'). BAP and IBA were
disolved in IN HCI and 1IN NaOH,
respectively. Dextrose was used as carbon
source in the culture media (40 g L™"). The pH
of the culture medium was adjusted to 5.7 with
0.IN KOH before autoclaving for 20 minutes at
121°C.

The freshly prepared explants were placed
aseptically onto regeneration medium in 100 ml
glass jars (four petiole segments per jar), each
containing 40 ml of sterile medium solidified
with 0.9% plant agar (Duchefa Biochemie).
Based on our previous experience with
raspberry petiole segments cultured in vitro
(Popescu and Isac, 2000), the cut ends of
chokeberry petiole segments were slightly
deeped into the culture medium in order to
prevent dehydration and promote the nutrients
and growth regulators uptake. The explants
from the same donor plantlet were randomly
distributed in different jars in order to avoid the
possible errors in interpretation of results due
to the differences in physiological state of the
source of explants. Each treatment consisted of
20 petiole segments, in five replications.

For all treatments, the petiole segments
cultured in vitro were subjected to an initial
dark treatment for one week, at 20-22°C.
Subsequently, the cultures were maintained in
the growth chamber at 23+1°C, under a 16
hours photoperiod of 30 IE m™ s from cool
white fluorescent tubes. Transfer of the
explants to fresh medium was performed every
4 weeks.

Table 1. Composition of the culture medium used for in vitro adventitious regeneration of shoots
in ‘Nero’ cultivar of 4. melanocarpa (Michx.) Elliot

Growth regulators

Experiment Basal medium (mg L™

2,4-D IBA BAP
El MS 0.25 0.25 2.5
E2 MS 0.5 0.5 5.0
E3 MS 1.0 1.0 10.0
El LF 0.25 0.25 2.5
E2 LF 0.5 0.5 5.0
E3 LF 1.0 1.0 10.0

The observations on adventitious shoot  the standard analysis of variance (ANOVA)

formation by direct organogenesis or via callus
were made weekly, and after two months of
culture, when  regeneration frequency
(percentage of the petiole explants with at least
one shoot) and number of shoots per explant
were recorded. For all treatments were
calculated both the percentage of petiole
explants forming shoots and the average
number of shoots per explant. Data for shoot
regeneration were analyzed for significance by
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with mean separation by Duncan’s test (p >
0.05).
RESULTS AND DISCUSSIONS

The in vitro response of black chokeberry
petiole explants from cultivar ‘Nero’ was
significantly influenced by both the culture
medium and concentration of growth regulators
tested. The highest percentage of petiole
explants forming callus (100%) was found in



treatments containing a combination of 2.5 mg
L™ of BAP, 0.25 mg L™ of 2,4-D, and 0.25 mg
L' of IBA in Murashige-Skoog medium.

The only growth regulators combination which
resulted in 100% petiole explants forming calli
on both Murashige-Skoog and Lee-Fosard
media was 5 mg L' of BAP, 0.5 mg L' of 2,4-
D, and 0.5 mg L' of IBA.

While petiole explants cultured on MS medium
formed small amounts of callus in all
treatments, only a few on those cultured on LF
medium were induced to form callus in
treatments with IBA and 24-D in
concentrations of 0.25 mg L™ and 0.5 mg L™,
respectively. Although the presence of two
different auxins in the culture medium, which
is not usual, would be expected to induce a
higher potency of callus formation, a
synergistic effect of IBA and 2,4-D was not
obvious. This observation is important in the
context of recent reports showing the
production and accumulation of hydroxy-
benzoic acids and other biologically active
phenolic acids in shoot and callus cultures of
Aronia melanocarpa (Michx.) Elliott (Szopa et

al., 2013; Kwiecien et al., 2013; Szopa and
Ekiert, 2014).

We did not find a strong correlation between
the concentrations of the auxins in the culture
medium, and type and amount of callus formed
by the petiole explants. However, the green
calli derived from petiole explants cultured on
MS medium containing auxins in smaller
concentrations showed a higher ability to form
adventitios buds and regenerate shoots by
indirect organogenesis (Figure 1C). Highly
proliferative petiole-derived calli (Figure 1B)
did not show ability to form adventitious buds.
Depending on the treatment, shoot regeneration
was  observed  either through  direct
organogenesis where the regenerants emerged
mostly at the cut edge of explants or wound
sites (Figure 1 and Figure 2), or indirect
organogenesis (via callus), where regenerants
appeared on the entire surface of the petiole-
derived calli (Figure 1).

Optimum combination of plant growth
regulators for shoot regeneration was medium-
dependent (Table 2).

Table 2. Frequency of adventitious shoot regeneration in vitro by either direct organogenesis
or indirect organogenesis (via callus) from petiole explants of black chokeberry cultivar ‘Nero’

Average number of

Average length

Average number
& Average number

Experimental adventitious shoots .. of calli formed
. . of adventitious . of shoots regenerated per
variants regenerated per petiole per petiole . .
explant shoots (cm) explant petiole-derived callus

EI-MS 0.9+0.41 ¢ 2.23+0.15 ab 1.140.20 a 0.6+0.15 b
E2-MS 43+0.62 a 2.80+0.48 a 0.9+0.06 ab 1.0+0.00 a
E3-MS 3.4+0.42 ab 2.030.60 abc 1.0+0.00 ab 0.9+0.10 a
EI-LF 1.4£0.36 ¢ 0.97+0.19 cd 0.10.06 d 0.9+0.06 a
E2-LF 2.140.80 be 0.92+0.12 d 0.4+0.20 cd 1.0+0.05 a
E3-LF 2.6:0.48 be 1.56+0.21 bed 0.6+0.17 be 0.9+0.06 a

*Values presented are mean + SE. Means followed by the same letter are not significantly different (Duncan test, p>0.05)

The best development of adventitious buds and
formation of shoots was achieved on MS
medium supplemented with 0.1 mg L™ IBA,
0.1 mg L' 24-D, and 0.5 mg L' BAP.
Excepting the cytokinin-auxin combination of
2.5 mg L' of BAP, 0.25 mg L' of 2,4-D and
0.25 mg L™ of IBA, shoot regeneration from
petioles of ‘Nero’ cv. was better on MS
medium. However, the statistical analysis
showed that there is no difference between the
percentages of adventitious shoots regenerated
in vitro by direct organogenesis from petiole

86

explants of black chokeberry cultivar ‘Nero’
cultured onto LF medium, and those of
adventitious shoots regenerated on MS medium
(Table 2). The best adventitious regeneration
and the highest number of shoots formed per
explant ocurred by direct organogenesis
(Figure 1 and Figure 2). Thus, an average
number of 4.3 shoots per petiole explant was
achieved through direct organogenesis on MS
medium supplemented with BAP at 5 mgL ™',
0.5 mgL™" of 2,4-D, and 0.5 mg L™ of IBA
(Table 2).



Figure 1. A-D: Adventitious shoot regeneration of black chokeberry cultivar ‘Nero’
through direct organogenesis from petiole segments

The petiole-derived shoots formed from
adventitious buds through direct organogenesis
were not uniform in appearance (Figure 2),
probably due to interaction between the
endogenous hormones in the plantlets used as
source of explants and plant growth regulators
added in the shoot induction (regeneration)
medium.

Regardless of the culture medium, when petiole
explants from chokeberry cultivar ‘Nero’
formed multiple adventitious buds (Figure 1D),
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only a few shoots grew and suppressed the
development of the rest. Although a high
frequency of shoot formation is most often
desired even from the initial tissue explants,
individual shoots rather than clusters are
generally advantageous, because they have a
higher vigor (and consequently a better ability
to multiplicate), and also because the thin and
crowded clusters of shoots could not be
separated easily for the stage of multiplication.



V4

Figure 2. A-D: Length and vigour of the adventitious shoots regenerated in vitro by direct organogenesis
from petiole explants of black chokeberry cultivar ‘Nero’

As with micropropagation of Aronia, which is
considered far more efficient than other
conventional cloning methods like layering or
softwood  cuttings  (Litwinczuk,  2013),
adventitious shoot regeneration from somatic
tissue explants (e.g. petiole segments) proved
to be effective by direct organogenesis and
even from tissue-derived calli (at a lower
frequency) on Murashige and Skoog medium,
and much more less effectively on Lee and
Fossard medium. The effectiveness of MS
medium for the in vitro culture of chokeberry
was emphasized in many published reports
(Brand and Cullina, 1990; Kane et al., 1991;
Brand and Cullina, 1992; Petrovic and
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Jacimovic-Plavsic, 1992;  Velchev and
Mladenova, 1992; Staniene et al.,, 1999;

Litwinczuk, 2002; Maheci¢, 2009; Litwinczuk,
2013; Sutan et al.,, 2017). Even the use of
Woody Plant Medium (WPM) (Lloyd and
McCown, 1980) became frequent with woody
plants, including Aronia (Kwak et al., 2015;
Chen, 2017), MS medium is a choice with
reliable results, supported by many authors,
such as Brand and Cullina (1990; 1992), who
reported that both MS medium and WPM
medium supported vigorous shoot proliferation
in Aronia arbutifolia and A. melanocarpa.

Currently, experiments are underway in our
laboratory to improve the conditions of in vitro



culture of A. melanocarpa, in order to achieve
higher regeneration percentages per petiole
explant.

CONCLUSIONS

We have undertaken the first studies to
investigate the ability of adventitious shoot
regeneration by either direct or indirect
organogenesis from somatic tissues of Aronia
melanocarpa.

In the current study, shoots were induced by
both direct and indirect organogenesis from
petiole segments of in vitro cultured plants of
A. melanocarpa, cultivar ‘Nero’.

Our results showed the possibility of
establishing an effective in vifro adventitious
shoot regeneration system for Aronia
melanocarpa, which holds great promise for
either  micropropagation and/or  genetic
transformation studies in black chokeberry.
Also, the results of this investigation may be
useful in optimizing shoot regeneration systems
for other cultivars of Aronia melanocarpa, and
also as an alternative allowing rapid mass
propagation of elite genotypes independent
from seasonal influences.
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