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Abstract

In this study, the following features were determined:
biological (the optimal histogen as explant and the optimal
age of donor fruit), biotechnological (type, dosage and com-
bination of growth regulators supplements in culture medium
Murashige and Skoog as well as sucrose dosage), and physical
(light regime), to induce callusing and biomass accumulation
in vitro from the succulent chokeberry (Aronia melanocarpa
(Michx.) Elliot) fruit. It turned out that it was much easier to
induce callus from explants composed of the epicarp and hypo-
derm cut from fruits at 50-60 days after flowering. The role of
light regime and varied supplementation of the basic MS me-
dium with different doses of growth regulators was established;
they resulted in four pigmented carpomass: violet, cream-pink,
cream-white and green. The best combinations for the prolif-
eration of fruit callus were culture media with 0.2-2.5 mg x
dm™ 2,4-D+0.5 mg x dm™ KIN +60 g x dm™sucrose, while for
fruit biomass accumulation enriched with phenolic substances —
2.5-3.5 mg x dm” NAA+0.5 mg x dm™ KIN+60 g x dm™su-
crose. The chemical study of phenolic compounds by HPLC
coupled with the mass spectrometry method identified chlo-
rogenic acid, hiperozide, quercetrin, isoquercitrin and rutozide
quantitatively and qualitatively in all pigmented carpomass and
fruits; an exception is p-coumaric present only qualitatively
in green carpomass and absent in fruit and quercetol absent in
green carpomass.
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INTRODUCTION

At the beginning of the third millennium, the
interest in Aronia melanocarpa (Michx.) Elliot fruits
has increased thanks to their content of phenolics, vi-

tamins, organic acids, minerals, and carbohydrates
[1-3]. Its fruits serve as a valuable source of biologi-
cal active substances with pharmaceutical therapeutic
virtues: vasoprotective, hypotensive [4], antioxidant
[5], antimutagenic, chemopreventive, gastroprotec-
tive, antiviral, hypoglycaemic, anti-inflammatory, and
antimicrobial [2,3,6]. Today, there is a demand for
chokeberry fruits in the world market as a quality and
antioxidant product; they supplement the daily food
intake necessary to strengthen the body and are called
“super fruits” [2,3].

A. melanocarpa is a native plant of North
America and because of the decorative and cura-
tive qualities of its fruit it is grown on large areas in
Asian and European countries, including the Republic
of Moldova where various forest plantations occupy
an area of 157.8 ha [7]. It is not always possible to
pick good quality fruit in large amounts for various
reasons observed in recent decades: frequent extreme
weather events (frost and cold rains during flowering,
drought, heat waves during the long summer period
of fruit ripening), pollution (acid rains, gas emissions,
harmful elements), which all have a negative effect on
plant biology; lengthy and costly seasonal manage-
ment practices for pest control and crop protection;
difficulties with collection, transportation and storage.
These impediments can be removed by applying in
vitro culture microtechnology, with obvious advan-
tages: independence of ecological-climatic factors and
seasonal rotation, possibility of using physical and
chemical factors, production proportions, continu-
ous controlled environmental conditions, and direct
cotroling accumulation of useful metabolites, reduc-
ing the risk of contamination by effective isolation
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of pathogens, and purification of useful compounds.
Biomass obtained in vitro can serve as source material
for traditional alternative materials in alimentary, culi-
nary and pharmaceutical industries [7-9].

Scientific papers on induction of in vitro cul-
tures, especially from succulent fruits, are scarce [7,9].
Fruits perform many functions, including the perpetu-
ation of the species, and possess a certain level of self-
adjustment and relative autonomy, keep extramaternal
vitality for a long time thanks to the accumulation of
trophic reserves, one of the specific features formed
during the evolution [7-10], and require complex stud-
ies (especially succulent fruits) of their involvement
in in vitro culture. Hence, the objective of the present
study was to elucidate the biological, chemical and
physical criteria for biotechnological strategies in in-
duction and accumulation of in vitro carpomass of A.
melanocarpa succulent fruits.

MATERIALS AND METHODS

Chokeberry (Aronia melanocarpa (Michx.) El-
liot) fruits, at different ontomorphogenetic phases, from
the collections of the Botanical Garden (Institute) of the
Moldova Academy of Sciences and the Centre of Cul-
tivation of Medicinal Plants of the State University of
Medicine and Pharmacy “Nicolae Testemitanu” of the
Republic of Moldova served as the source of explants.
Pieces (0.5cm x 0.5cm) of four pericarp histogens
(epicarp; epicarp with hypoderm; external subzone of
oval-rounded cells of mesocarp; internal subzone of
oval-rounded cells of mesocarp and endocarp) sampled
10, 20, 30, 40, 50, 60 and 70 days after flowering to
mature chokeberry fruits were used as explants. The
explants were sterilized for 10—15 minutes in 1.0-1.5%
hypochlorite, then rinsed three times in sterile distilled
water and inoculated aseptically on semisolid culture
media Murashige Skoog with the following inorganic
components (mg x dm™): NH,NOs-1650, KNO; -1900,
MgSO, x 7H,0 - 370, KH,PO, — 170, CaCl, 2H20 —
440, H;BO; — 6.2, MnSO, - 4H20 — 223, CoCl, 6H,0
- 0,025, CuSO, " 5H,0 - 0.025, ZnSO,-7H,0 — 8.6,
Na,MoO, x 2H,0 - 0.25, KI - 0.83, FeSO, x 7H,O
—27.8, Na,EDTA-37.3, at pH 5.8. The incubation tem-
perature of 24°+C2°C was maintained with complete
darkness for good callus initiation for four days, then
at 18/6h dark/light photoperiod for callus proliferation.
Friable white and soft textured initial callus, formed es-
pecially at the cut ends of explants, was used for the fol-
lowing inoculations in different nutritive and light re-
gimes. The basic Murashige Skoog media was supple-
mented with combinations of cytokinin — 0.5 mg x dm™
Kinetin (KIN) or 0.5 mg x dm™ of 6-Benzylaminopurine
(BAP) and different doses of auxin — 1.0-4.0 mg x dm™
of Naphthalene acetic acid (NAA) or 1.0-4.0 mg x dm™
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of 2,4-dichlorophenoxyacetic acid (2,4-D) growth regu-
lators. We tested 28 growth regulator variants of supple-
mented culture medium and each variant with 6 doses
(10-60 g x dm™) of sucrose — a total of 168 nutritive var-
iants. 14 nutritive variants of growth regulator combina-
tions were selected for callus proliferation: 7-0.5 mg x
dm?KIN, 1.04.0 mg x dm™ of NAA plus 60 g x dm™
of sucrose; 7-0.5 mg x dm™ KIN, 1.0-4.0 mg x dm™ of
2,4-D and 60 g x dm™ of sucrose. 350 cm’ culture flasks,
containing 30 ml of culture medium, were used for tis-
sue culture inoculations. Subcultures were done every
four weeks by transferring the obtained callus mass onto
fresh culture media of the same composition. Inoculated
callus on selected 14 nutritive variants were maintained
at 24°+C2°C and in the following light regimes: natural
photoperiod 16/8 h; continuous light with an intensity of
40-70 uM.m™.s™"; ultraviolet — 30 uM.m™.s™" and infra-
red — 80 uM.m™.s™".

For the determination of the callus growth in-
dex, fresh and dry weights were measured. The initial
weight of inoculums was about 30 mg fresh weight and
2 mg dry weight. The callus mass was harvested after
five weeks and the final fresh weight and dry weight
were determined. The growth index was calculated: fi-
nal dry weight — initial dry weight/initial dry weight.
The experiments were repeated three times for three
successive subcultivations.

Histo-anatomical investigations of chokeberry
pericarp fruit were performed on thin cross sections
using an optical microscope (Micros, Austria). Callus
mass was analyzed for a set of features (color, con-
sistence, direction of growth, surface relief, etc.) under
a stereoscopic binocular loupe (MBR-10, Russia). To-
tal polyphenols were determined by the Folin- Ciocal-
teu method and were expressed as mg of Gallic acid
equivalents (GAE) per kg of fruits. The data presented
are mean=standard deviation [11]. For identification
and assay of phenolic compounds in the analyzed
extracts of chokeberry fruits and pigmented (violet,
cream-pink, cream-white and green) carpomasses, we
used HPLC-MS modified method [12].

RESULTS

Histological zonality of chokeberry pericarp

Succulent fruits of Aronia melanocarpa
(Michx.) Elliot belong to the carpotype pommum with
specific histo-anatomical traits and phenolic metabo-
lism. Therefore special precautions and individual bi-
omicrotechnology was required at the cell, tissue and
organ levels.

On cross section of chokeberry fruit pericarp,
three histological zones were evidenced: epicarp,
mesocarp (differentiated into 4 subzones: 1 — hy-
poderm; 2 — external subzone of oval-rounded cells;
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3 — subzone of radial oval-elongated cells; 4 — internal
subzone of oval-rounded cells) and endocarp, which
is formed at the initial phases and stabilizes during the

I1

ontomorphogenesis period. The histological zonality
of A. melanocarpa fruit pericarp 50 days after flower-
ing is presented in Figure 1.

Fig. 1. Cross section of Aronia melanocarpa pericarp fruit: I — epicarp; II — mesocarp; III — endocarp, x300: 1 — hypoderm; 2 — external
subzone of oval-rounded cells; 3 — subzone of radial oval-elongated cells; 4 — internal subzone of oval-rounded cells.

Effect of donor-fruit age and explant type

To determine the optimal age of the donor or-
gan as explants, the histological nature of explants,
and the explant position in relation to culture medium
for inducing callogenesis and biomass accumulation in
vitro, microscopic investigations were carried out.

The type of explants and the age of donor fruit
were determined by tapping placing various histogens
(epicarp; epicarp with hypoderm; external subzone of
oval-rounded cells of mesocarp and internal subzone
of oval-rounded cells of mesocarp with endocarp)
from the period of 10-70 days after flowering to ma-
ture fruit on culture media with different combinations
of growth regulators and different dosage of sucrose
(Table 1). To identify the location of phenolic accu-
mulation, histological analyses were done by applying
specific reagents (solution of 2%AICl; or solution of
109%NaOH in ethanol) to the thin sections. Phenolic
inclusions were observed around the cell wall and ton-
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oplast of small vacuoles in the cells of all histological
zones of juvenile fruits (10—40 days after flowering).
Beginning from 50 days after flowering until mature
fruits, the parenchyma cells of mesocarp become larg-
er and larger and many small vacuoles form one large
vacuole by fusing, which serve as the main deposit for
phenolic accumulations.

The explants (all histogens) cut from the juve-
nile fruit (1040 days after flowering) inoculated on
culture medium necrosed after five days. Necrosis also
affected fruit explants collected after 70 days from
flowering to maturity. Only explants consisting of
epicarp and hypoderm taken from fruit at 50-60 days
after flowering possess proliferative qualities, but the
intensity of callusing correlates with the combination
of growth regulators in culture media and the ontoge-
netic phase of fruit development. The histogens at
50 days demonstrated the highest intensity of callus-
ing (excellent) and those at 60 days after flowering one
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degree less (very good) on medium with 0.5 mg x dm™
KIN+1.0-4.0 mg x dm™2,4-D. For all histogens cut
from fruit at 50-60 days after flowering, the intensity

of callusing was the same — it was good on medium
supplemented with the combination of 0.5 mg x dm™
KIN+ 1.04.0 mg x dm” NAA.

Table 1
Reactivity of Aronia melanocarpa (Michx.) Elliot fruit explants and intensity of callusing by age of donor organ,
type of histogen, combination of growth regulators and dosage of sucrose

Age of donor - .
fruit (days after 1};};&6 21f1 Comblnatlczrl;ofxg ii(;;)v%l regulator (Sicfffzi) h;zrllsitl}r; of Explant reactivity
flowering) g g £ Sg
0.5 BAP+ 1.0-5.0 NAA 10-60 - Necrosis
10 - 40 All 0.5 BAP +1.0-5.0 2,4-D 10-60 - Necrosis
) histogens 0.5 KIN and 1.0-5.0 NAA 10-60 - Necrosis
0.5 KIN and 1.0-5.0 2,4-D 10-60 - Necrosis
Epicarp 0.5 BAP and 1.0-5.0 NAA 10-60 - Necrosis
Epicarp’ 0.5 BAP and 1.0-5.0 NAA 60 + Translucent islets
Mesocarp” 0.5 BAP and 1.0-5.0 NAA 10-60 - Necrosis
Endocarp” 0.5 BAP and 1.0-5.0 NAA 10-60 - Necrosis
Epicarp 0.5 BAP and 1.0-5.0 2,4-D 10-60 - Necrosis
Epicarp’ 0.5 BAP and 1.0-5.02,4-D 60 + Translucent islets
Mesocarp” 0.5 BAP and 1.0-5.0 2,4-D 10-60 - Necrosis
50 Endocarp” 0.5 BAP and 1.0-5.0 2,4-D 10-60 - Necrosis
Epicarp 0.5 KIN and 1.0-5.0 2,4-D; 60 ++ Incipient, translucent callus.
Epicarp” 0.5 KIN and 1.0-5.0 2,4-D 60 +++++ Green and soft callus.
Mesocarp” 0.5 KIN and 1.0-5.0 2,4-D 10-60 - Necrosis
Endocarp” 0.5 KIN and 1.0-5.0 2,4-D 10-60 - Necrosis
Epicarp 0.5 KIN and 1.0-5.0 NAA 60 + Incipient, translucid callus
Epicarp” 0.5 KIN and 1.0-5.0 NAA 60 +++ Violet and viable callus.
Mesocarp” 0.5 KIN and 1.0-5.0 NAA 10-60 - Necrosis
Endocarp” 0.5 KIN and 1.0-5.0 NAA 10-60 - Necrosis
All 0.5 BAP and 1.0-5.0 NAA 10-60 - Necrosis
histogens 0.5 BAP and 1.0-5.0 2,4-D 10-60 - Necrosis
Epicarp 0.5 KIN and 1.0-5.0 2,4-D 60 ++ Incipient, translucent callus.
Epicarp” 0.5 KIN and 1.0-5.0 2,4-D 60 ++++ Green and viable callus.
60 Mesocarp” 0.5 KIN and 1.0-5.0 2,4-D 10-60 - Necrosis
Endocarp” 0.5 KIN and 1.0-5.0 2,4-D 10-60 - Necrosis
Epicarp 0.5 KIN and 1.0-5.0 NAA 60 + Incipient, non-viable callus
Epicarp” 0.5 KIN and 1.0-5.0 NAA 60 +++ Violet and viable callus
Mesocarp” 0.5 KIN and 1.0-5.0 NAA 10-60 - Necrosis
Endocarp” 0.5 KIN and 1.0-5.0 NAA 10-60 - Necrosis
0.5 BAP and 1.0-5.0 NAA 10-60 -
70 days — All histosens 0.5 BAP and 1.0-5.0 2,4-D 10-60 - Culture medium turns
mature fruits & 0.5 KIN and 1.0-5.0 NAA 10-60 - pink and callus, necrosis
0.5 KIN and 1.0-5.0 2,4-D 10-60 -

Legend: Epicarp*- epicarp with hypoderm; mesocarp* - external subzone of oval-rounded cells, endocarp* - endocarp with internal
subzone of oval-rounded cells; Grading of callusing intensity: + poor; + + relative; + + + good; + + + + very good; + + + + + excellent.

The inoculated explants had different histogens
in contact with culture medium: epicarp, hypoderm, pa-
renchyma of mesocarp, and endocarp. The examination
made under a binocular loupe showed that the reaction
of explants correlates with the type of histogen which
is in contact with media. The analysis of the obtained
results showed that only the hypoderm in contact with
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culture media had proliferative potency in vitro and
generated new cells. The progressive callus induction
was observed on the hypodermic lateral sides of the ex-
plant incisions, but callusing from the inside side of the
explants was reduced by the mechanical strength of the
medium, so proliferation prevailed on the lateral inci-
sions, favoring horizontal biomass accumulation.
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Effect of growth regulators and sucrose

To initiate callusing and biomass accumula-
tion in vitro, it is important to select an appropriate
balance of growth regulators. 168 nutritive variants
based on different doses of auxin (2,4-D or NAA) and
cytokinin (KIN or BAP) were tried (explored). The
observations and analyses permit us to select 14 com-
binations of growth regulators for explants consisting
of epicarp and hypoderm from fruits aged 50 days af-
ter flowering for which the callus growth index was
more than 45% (Table 2). It was found that explants
which grew on media with KIN+2,4-D combinations
had higher values of the growth index (53.6-78.8%)

than those inoculated on the media with KIN+NAA
(45.8-64.3%). The medium concentrations of 2,4-
D (1.5-3.0 mg x dm™) stimulated the growth index
(72.2-78.8%), but the lower (1.0-2.0 mg x dm™) and
higher (3.5-4.0 mg x dm™) ones was disadvantageous.
The highest callus growth index was obtained in the
case of 2.5 mg x dm™ of 2.4-D. A lower callus growth
index was determined for the combination of 0.5 mg x
dm?KIN + 1-2 mg x dm” NAA. The doses of 0.5 mg
x dm~KIN + 3.0-3.5 mg x dm” NAA demonstrated
that this combination of growth regulators was most
efficient for callus growth (64.3 and 62.4%, respec-
tively).

Table 2
Effect of growth regulator combinations on the callus growth index and callus color
Age of donor s Growth
fruit (days after Explant Combmatl(zrr)nof ffﬁ:lvg? regulators (Sllcgl)fli) index Callus color
flowering) & & (%)

0.5 KIN + 1.0 2,4-D; 60 53.6+2.9 Pale green
0.5KIN+1.524-D 60 67.4+4.7 Green
0.5KIN +2.02,4-D 60 72.2+4.6 Green

Epicarp 0.5 KIN +2.52.4-D 60 78.8%5.1 Green

and hypoderm
0.5 KIN + 3.0 2,4-D; 60 73.5+4.1 Green
0.5 KIN + 3.52,4-D 60 56.8+4.9 Pale green
0.5 KIN +4.02,4-D 60 54.4+5.1 Pale green
50

0.5 KIN + 1.0 NAA 60 45.8+4.7 Cream-white
0.5 KIN + 1.5 NAA 60 50.8+5.1 Cream-white
0.5 KIN + 2.0 NAA 60 51.2+4.6 Cream-white

Epicarp 0.5 KIN + 2.5 NAA 60 59.8+5.9 Violet

and hypoderm

0.5 KIN + 3.0 NAA 60 64.3+5.6 Violet
0.5 KIN + 3.5 NAA 60 62.4+3.9 Violet
0.5 KIN + 4.0 NAA 60 53.6+4.9 Cream-pink

It should be noted that the combination
KIN+2.4-D is suitable to obtain more vigorous cal-
lus with only green colour. The callus obtained on
the media with KIN+NAA was mostly friable and
with a large range of colours, depending on the doses
of NAA: white-cream — 1.0-20 mg x dm™; violet —
2 .5-3.5 mg x dm™; cream-pink — 4.0 mg x dm™.

Another objective was to determine the optimal
dose of sucrose as the principal source of carbon for
callusing in vitro. We tested a sucrose concentration of
10 to 60 g x dm™ added to culture media supplemented

© The Author(s) 2014

with two combinations of growth regulators: 0.5 mg
x dm?KIN + 3.02.5 mg x dm”*NAA and 0.5 mg x dm™
KIN + 2.5 mg x dm™2,4-D (Table 3). The observa-
tions showed that the value of sucrose dosage does not
affect callus induction, but increasing the sucrose con-
centration stimulates the callus growth index in both
growth regulator combinations and the highest value
was found for the dose of 60 g x dm™. It should be
mentioned that for all sucrose doses the values of the
growth index were higher for the medium with 2.4-D
than for the one with NAA.
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Table 3
Effect of sucrose level on the callus growth index depending on growth regulator combinations

Sucrose dose

Callus growth index (%)

(g x dm™) 0.5 mg x dm”KIN + 3.0 mg x dm>NAA 0.5 mg x dm?KIN +2.5 mg x dm>2,4-D
10 26.4+4.0 38.8+3.9
20 20.1£3.2 40.1£4.0
30 31.0+3.4 49.0+3.6
40 44.6+4.9 67.8+5.0
50 50443 74.4+5.3
60 64.3+5.1 78.8+5.6
Effect of light +3.02.5 mg x dm® NAA and 0.5 mg x dm” KIN +

Light is an essential exogenous factor for mor-
pho-functional development of plant cells and phe-
nolic metabolism activity. The study investigated the
effect of the following light regimes: natural photoper-
iod (day/night 16/8 h) as a control, continuous light,
obscurity (7 days) followed by natural photoperiod;
obscurity, red and ultraviolet light, depending on the
growth regulator combinations of 0.5 mg x dm™ KIN

2.5 mg x dm™ 2,4-D, on fruit callus intensity and some
morphological characteristics of callus mass (Table 4).
Explants inoculated on culture media supplemented
with 0.5 mg x dm” KIN+2.5 mg x dm™ 2,4-D initiate
callusing earlier and the intensity of callusing is higher
than on the ones with 0.5 mg x dm”KIN+3.02.5 mg
x dm® NAA in all light regimes, except for obscurity
(Table 4).

Table 4
Effect of light regime and growth regulator group of culture medium
on A. melanocarpa (Michx.) Elliot carpocalogenesis

Licht regime Growth regulator Callus Intensity Some morphological
ghtreg combinations inducing of callusing characteristics of callus mass
-3
) 0.5 mg x dm_3 KIN +2.5 at 5" day ++++ Green, shiny, soft and viable callus.
Natural photoperiod mg x dm™2,4-D
16/8 h (control) 0.5 mg x dm™KIN + 3.0 " Violet callus with cream sectors
& at 6" day ++
mg x dm”NAA and green islets. Non-viable callus.
-3
) . 0.5 mg x dm,3 KIN +2.5 at 4™ day +++ Green and mate callus with cream sectors.
Continuous light mg x dm*2,4-D
(40-70uM.m?s™) 0.5 mg x dm”KIN + 3.0 at 5" da " Cream, mate and friable callus with violet
mg x dm°NAA Y sectors.
. 0.5 mg x dm” KIN +2.5 at 6" da it First cream callus, then green, soft
Obscurity (1-7 days), mg x dm>2,4-D Y and viable with cream and mate borders.
followed by natural P -
photoperiod 0.5 mg x dm~KIN + 3.0 at 6" day + Cream, mate gmd frlable callus
mg x dm®NAA with pink islets.
0.5 mg x dm” KIN +2.5 " First gray callus, after 12 days
mg x dm>2,4-D at 6" day + it becomes brown.
Obscurity
0.5 mg x dm”KIN + 3.0 at 6" da - First gray callus, after 10 days
mg x dm“NAA Y it becomes brown.
-3 .
0.5 mg x dmr3 KIN +2.5 at 7 day et Cream,. spongy and friable callus
Red light mg x dm~2,4-D with small green areas.
(80 M. 0.5 mg x dm”KIN +3.0 at 8"da ++++ Violet, viable, shiny callus
mg x dm? NAA y ’ » shiny :
3
. 0.5 mg x dm_3 KIN +2.5 at 4" day +++++ Green, viable, soft and shining callus
Ultraviolet mg x dm~2,4-D
(30pM.m?.s™) 0.5 mg x dm”KIN + 3.0 N . .
mg x dm? NAA at 5" day +++ Violet, friable and mate callus.
© The Author(s) 2014  Published by Polish Botanical Society
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It has been shown that the presence of light is
not required for callus induction, but the quality of
light affects the time of induction (red light reduced
this time, while ultraviolet radiation increases it by
1-2 days compared to the control) and light is manda-
tory and crucial to further development of fruit callus
mass. The natural photoperiod is beneficial to start and
develop green, shiny and viable callus mass on media
with 0.5 mg x dm™® KIN+2.5 mg x dm™2,4-D and just
to initiate callusing on that with 0.5 mg x dm™ KIN
+ 3.0 mg x dm” NAA. Red light facilitates the accu-
mulation of violet viable and shiny callus on media
with NAA. Ultraviolet radiation is beneficial for cal-
lusing in both growth regulator combinations. In all
light regimes, the intensity of callusing was found to
be higher on culture media with 0.5 mg x dm™ KIN
+ 2.5 mg x dm” 2,4-D with one exception — under
red light a higher intensity was found on media with
0.5 mg x dm™ KIN + 3.02.5 mg x dm” NAA.

Callogenesis period
and carpomass accumulation

Many biotechnological experiments have found
that the chokeberry callogenesis period is equal to
35-40 days, divided into four successive phases: lag,
logarithmic growth, stationary and senescence. The
biosynthesis processes and the mass accumulation ca-
pacity correlate with the callogenesis phase. In the lag
phase (4-5 days duration), there were initial processes
of adaptation and cell preparation to initiate prolifera-
tion. In the second phase — logarithmic growth (from
the 6™ to the 18™ day), cell division was initiated at the
end of the lag phase, resulting in intensive callusing
and an increase in the number of cells in the 1* half of
the phase, but in the 2™ half of this phase, at the same
time, there was a reduction in cell division and cell
expansion increased. The green color prevails in all
carpomasses by the middle of the logarithmic growth
phase, but at the end of this phase a difference in pig-
mentation appears, which correlates with the growth
regulators added to the culture media: KIN+2,4-D
— the prevalent color is green, while on KIN+NAA-
supplemented media the cream and violet colors ap-
pear. The quantitative values increase very slightly
during the 1 part of the stationary phase, which lasts
from the 18" to the 34™ day. In this phase, the colors
of callus mass become more intense, depending on the
growth regulator combinations, from pale to intense
green on KIN+2.,4-D and from white-cream to violet
on KIN+NAA. In the stationary phase, the maximum
callus mass accumulation was observed for both com-
binations of growth regulators, but a higher value was
found for the medium with 2,4-D compared to the one
with NAA. In the senescence phase, a slight mass loss

© The Author(s) 2014

is observed. From the periphery to the centre, the cal-
lus mass becomes mate and friable and loses its viabil-
ity; the processes are more intense on media with NAA
than on those with 2,4-D.

A system of criteria was developed for describ-
ing and assessing polymorphism of fruit callus mass:
growth vector (vertical, horizontal), degree of packing
(compact, soft, spongy) and friability (disaggregated,
not disaggregated), appearance of surface (mate, shine),
and color (mono-, polychromatic, alternating colors).
The growth regulator combinations with auxin and cy-
tokinin conditioned the development of pigmented fruit
callus mass: 1.5-3.0 mg x dm™2, 4-D+0.5 mg x dm™
KIN - green; 2.5-3.5 mg x dm”NAA+ 0.5 mg x dm™
KIN 2- violet; 4.0-5.0 mg x dm”and 0.5 mg x dm™
KIN - cream-pink; and 1.0-2.0 mg x dm”® NAA +
0.5 mg x dm™ KIN — cream-white (Fig. 2).

Phenolic content
in pigmented biomass in vitro.

Chokeberry fruits and fruit callus extracts were
analyzed using the Folin-Ciocalteu method in order to
determine their total polyphenol content (Table 5). The
content of polyphenols in chokeberry fruits is 11 892
mg/kg"'. The polyphenol content in pigmented callus
mass ranges from 3 780 mg/kg’ in the green mass,
grown on culture media supplemented with 0.5 mg x
dm?KIN+1.0-4.0 mg x dm~2,4-D growth regulator, to
12 570 mg/kg™ in the violet mass, grown on media with
0.5 mg x dm”KIN+1.0-4.0 mg x dm” NAA growth
regulators. It was found that in the pigmented mass
(violet, cream-pink and cream-white), obtained on me-
dia supplemented with different doses of NAA+0.5 mg
x dm™ KIN, the polyphenol content was much higher
than in the green callus mass, grown on those supple-
mented with the doses of 2,4-D+0.5 mg x dm™ KIN.

The evaluation of alcoholic extracts from choke-
berry fruits and in vitro-generated pigmented callus
mass, in order to identify and determine the content
of phenolic compounds by the CLIP method, found
a quantitative variation in phenolic constituents. The
concentrations and percent distribution of individual
phenol compounds in the analyzed extracts are shown
in Table 6. Chokeberry extracts and their biomass in
vitro contained a mixture of different phenolic compo-
nents and the most abundant was chlorogenic acid. The
phenolic content in aronia extract (25.474 ug/ml) has an
intermediate position: it is less than in the violet (36.216
pg/ml) and cream-pink (34.024 pg/ml) callus mass and
more than in the cream-white (20.300 ug/ml) and green
(14.495 pg/ml) callus mass. P-coumaric acid was not
identified in chokeberry fruits, while it was identified
only qualitatively in the green callus; quercetol was not
found in the green callus mass, either.
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In section

C. General aspect In section

D. General aspect In section

Fig. 2. Pigmented carpomass, obtained on supplemented MS medium: A. Green — 2.0 mg/1 2, 4-D and 0.5 mg/l KIN; B. Cream-
white — 1.0-2.0 mg/l NAA and 0.5 KIN; C. Cream-pink — 4.0-5.0 mg/l and 0.5 mg/l KIN; D. Violet — 2.5-3.5 mg/l ANA
si 0.5 mg/1 KIN.
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Table 5
Total polyphenols in chokeberry fruit and callus mass in vitro extracts
Total polyphenols
Analyzed extracts (mg/ke!)
Violet 12 570+600
= g
2 &  Cream-pink 10 910320
g 2
&= Cream-white 9 170+300
a8
Green 3 780+280
Chokeberry fruit 11 892+630
Table 6
Quantitative estimation of phenolic compounds in the chokeberry fruit and pigmented carpomass in vitro extracts
Pigmented callus mass
Fruit - - -
Phenolic Tr+SD Violet Cream-pink Cream-white Green
Compounds (min) % % % / % / %
pg/ml  oftotal pg/ml  oftotal upg/ml of total He of total He of total
phenolics phenolics phenolics phenolics phenolics
Chlorogenic acid  5.62+0.05 18.31 7191 21.037 58.08 19.682 57.84 1290  63.55 10.636 73.37
P-coumaric acid ~ 8.70+ 0.08 A A 1.334 3.69 1.755 5.16 0.221 1.08 Qv Qv
Hiperozide 18.60+0.12  2.016 7.93 3.638  10.06  3.571 1049 0927 4.56 0.409 2.83
Quercetrin 23.00£0.13  2.102 8.25 3.212 8.86 2.148 6.31 2,104 1036 1990 13.72
Isoquercitrin 19.60+0.10 1.947 7.64 5795 16.02 5030 1478 3411 16.80 1254 8.65
Rutozide 20.20+0.15 0.948 3.72 0.948 2.62 1.393 4.09 0.429 2.11 0.206 1.43
Quercetol 26.80+0.15 0.142 0.55 0.252 0.69 0.445 1.33 0.307 1.51 A A
Total 25.47 100 36.216 100 34.024 100 20.30 100 14.495 100

Note: Overlapping in UV detection, only qualitative analysis possible using MS detection; A— Absent; Qv — only qualitative.

DISCUSSION

Succulent fruits of Aronia melanocarpa (Michx.)
Elliot belong to the carpotype pommum with specific
histo-anatomical traits and phenolic metabolism spe-
cialization and therefore they require special treatment
and individual biomicrotechnology. The pommum
carpotype has a receptacular and appendicular origin
and is characterized by histo-anatomical zonality. The
zoality is a result of ovarian and extra-ovarian flower
parts fusion and formation of pentacarpelar pericarp.
The histo-anatomical zonation, tissue architecture, the
distribution and location of primary and secondary me-
tabolites play the main role in proliferative processes
in vitro [10]. The determined histological zonality of
fleshy chokeberry fruit pericap is the same as for al-
most all species from the Pomoideae subfamily, but
with some cyto-biochemical characters which sup-
port the determination of the proliferative capacity in
vitro. The structural and biochemical characteristics of
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chokeberry pericarp zonality correlate with successive
ontomorphogenetic stages of fruit development [14].
This justified the need to determine the following: the
optimal age of donor organ as explant; the histologi-
cal nature of explant; the explant position in relation to
culture media to induce callogenesis and biomass ac-
cumulation in vitro, called “carpoculture”, by a group
of researchers [9]. The proliferative reactions in vitro
overcome and include the continuity of manifestation
of the organ-specific pre-proliferative potential of peri-
carp cells [9,15].

Chokeberry fruits are specialized in the biosyn-
thesis of phenolic compounds [1]. Explants (all his-
togens) cut from the juvenile fruit (10-40 days after
flowering) were characterized by high phenolic con-
tent, in particular in the cell wall as a result of adaptive
reactions to protect the fine cell structure from high
temperature and irradiation [7,9,10]. Massive accumu-
lation of phenolic inclusions in the cell of the excised
explants, is a result of the immediate defence reaction
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of fine in vitro cells [7,11], which formed a barrier
against cell proliferation and led to the cell necrosis.
Necrosis of explants taken from fruits at 70 days af-
ter flowering was provoked by vacuolated cells, which
very easily cause the destruction of cellular integrity
and phenolic compounds removal.

Our results show the high proliferative po-
tency of explants at the middle age (50 and 60 days
after flowering) of fruits, is possible due to balanced
biochemical and cyto-anatomical parameters (the small
size of cells, the low degree of vacuolization, moderate
phenolic content, starch granule with energyability for
early dedifferentiation). These features support in vitro
cell viability and disclosure of proliferative potency.
Similarly, several authors have mentioned the influ-
ence of explant nature and donor-fruit age, especially
in the case of succulent pericarp, on callus initiation
and accumulation [9,15-17]. Explant type and prob-
ably its anatomical structure seem to play a significant
role in chokeberry callus initiation and accumulation.
Variation in callus-forming ability of different explant
types has been reported for many other succulent fruits
[15,16,18].

It is also generally accepted that due to the
cyto-anatomic characteristics and role of histogen
constituents, the hypoderm, as a constituent part of
explants being in contact with media, promotes cal-
lus induction and the epicarp ensures its viability by
performing a natural defense function, protecting
hypodermic cells from negative preparation process
for in vitro inoculation [9,18]. These two constituent
parts (the epicarp with the hypoderm) of explant, by
combining complementary functions and structural
features, determine the maximum proliferative poten-
cy and callusing intensity [7]. We suggest that pro-
gressive callusing inside is reduced by the mechani-
cal strength of culture media, so proliferation on the
lateral incisions prevails, favoring horizontal biomass
accumulation.

It should be noted that the auxin and cytokinin
combination is suitable to induce callusing, stimu-
late callus proliferation and obtain vigorous biomass
[15,16,18]. Sucrose was identified as the most effi-
cient source of carbon necessary for vital activity of
the cell, phenolic biosynthesis and proliferation in
vitro [17]; the most suitable sucrose concentration for
chokeberry cell growth and polyphenol formation was
60 g x dm™.

The positive response of callogenesis on culture
media with the doses of 2,4-D or NAA and KIN with
sucrose as a source of carbon has already been reported
for other species of plants [10,18,19]. These results are
in agreement with other authors [7,9,20] who showed
that light is absolutely necessary for callus accumu-
lation. According to several authors [7,15,20], accu-
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mulating callus mass has certain characteristics, de-
termined by cell biosynthesis processes that correlate
with the callogenesis phase. The appearance of violet
islets in biomass in the stationary phase shows the bio-
synthesis of phenolic metabolites, especially anthocya-
nins. Boris Matienco et al. [9] reported that a slight cal-
lus mass loss in the senescence phase of callogenesis
is determined by cell dehydration, one characteristic of
old plant cells.

According to other authors [9,18,20], light re-
gime and growth regulator balance of NM may inhibit
or stimulate the structural and biosynthetic transfor-
mations in carpomass cells, thus modifying only the
phase correlation length, but their sequence is main-
tained. The results of this study show that the callogen-
esis cycle consisting of four successive phases occurs
in the chokeberry fruit, each with specific structural
and biosynthetic characteristics serving as the basis for
determining the optimal period for subcultivation on
fresh culture medium to ensure the continuity and sus-
tainability of fruit mass in vitro.

The phenolic compounds differ in carpomasses
in vitro, according to their pigmentation determined
by growth conditions in vitro (light regime, doses and
type of growth regulators supplemented to media). The
abovementioned factors were adequately used to en-
hance functional specialization of callus mass in the
biosynthesis and storage of secondary metabolites, es-
pecially phenolic compounds. The data presented by
other authors [10,17,21,22] have also confirmed that
the amount of total polyphenols and the content of
phenolic compounds in biomass in vitro differ depend-
ing on doses and combinations of growth regulators.
This suggests that the chemical composition of fruit
biomasses in vitro can be manipulated by physical and
nutritive factors.

CONCLUSIONS

Biological, physical and biotechnological con-
ditions for callus initiation in succulent chokeberry
fruit were optimized in this study. The basic reaction
of fruit explants (epicarp and hypoderm), inoculated
on media with combinations of 0.5 mg x dm™ KIN
+ 1.0-4.0 mg x dm™ of NAA+60 g x dm™ of sucrose
and 0.5 mg x dm” KIN+1.0-4.0 mg x dm” of 2,4-D +
60 g x dm™ of sucrose, was callusing, but with differ-
ent intensity, growth index and morphological charac-
teristics, depending on the type and specific dose of
growth regulator.

Fruit explants on media with the doses of 2,4-D
growth regulator showed significantly higher callus-
ing intensity than on media with the doses of NAA.
Morphological variability of callus mass demonstrates
the morphogenetic labiality of explant, which is an
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expression of genetic potential driven by the exoge-
nous chemical agents.

The results of biotechnological testing show
that culture media containing 0.5 mg x dm™ KIN +
2.5 mg x dm™2,4-D and natural photoperiod or ob-
scurity, followed by natural photoperiod, were the best
for callus initiation and mass accumulation and that
with 0.5 mg x dm”KIN+3.0 mg x dm” NAA, under
red light was efficient for mass accumulation in vitro
and enrichement of phenolic compounds.

The phenolic compounds differ in fruit callus
mass in vitro, according to their pigmentation deter-
mined by growth conditions in vitro (light regime and
doses and type of growth regulators). This suggests
that the chemical composition of fruit callus mass
in vitro can be manipulated by physical and nutritive
factors.
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Indukcja kalusa i akumulacja
biomasy in vitro z owocu aronii
(Aronia melanocarpa (Michx.) Elliot)

Streszczenie

W przeprowadzonym badaniu najpierw okreslo-
no nastepujace cechy: biologiczne (optymalny histogen
jako explant oraz optymalny wiek owocu dawcy), bio-
technologiczne (rodzaj, dawka i kombinacje regulato-
réw wzrostu dodanych do pozywek Murashige i Sko-
oga oraz dawki sacharozy) i fizyczne (cykl swietlny),
w celu indukcji kalusa i akumulacji biomasy in vitro
z owocu aronii (Aronia melanocarpa (Michx.) Elliot).
Okazalo si¢, ze o wiele tatwiej jest indukowac kalus
z eksplantéw ztozonych z egzokarpu i hipodermy wy-
cigtych z owocéw majacych 50-60 dni po kwitnieniu.
Okreslono role cyklu swietlnego oraz uzupeinienia
podstawowej pozywki MS zréznicowanymi dawkami

regulatoréw wzrostu; zastosowane regulatory wzrostu
spowodowatly powstanie kalusa o czterech zabarwie-
niach: fioletowym, kremowo-ré6zowym, kremowo-bia-
tym i zielonym. Najlepszymi kombinacjami do roz-
mnazania kalusa z owocu byly pozywki zawierajace
0,2-2,5 mg x dm™ 2,4-D+0,5 mg x dm” KIN +60 g x
dm™ sacharozy, podczas gdy dla akumulacji biomasy
owocu wzbogaconej o substancje fenolowe, pozywki
zawierajace 2,5-3,5 mg x dm” NAA+0,5 mg x dm™
KIN+60 g x dm™ sacharozy. Na podstawie analiz che-
micznych zwiazkéw fenolowych przeprowadzonych
przy uzyciu HPLC w potaczeniu z metodg spektrome-
trii mas oznaczono jakosciowo oraz ilosciowo kwas
chlorogenowy, hiperozyd, kwercetryng, izokwercetry-
ne i rutozyd w zabarwionym kalusie i owocach; wy-
jatkiem jest kwas p-kumarowy, ktéry byt obecny wy-
tacznie jakosciowo w zielonej masie kalusa i nieobec-
ny w owocach, oraz kwercetrol, ktéry byt nieobecny
w zielonym kalusie.
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