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Epigenetics adaptations in response to the environmental stresses in plants

Elżbieta Bednarska-Kozakiewicz, Katarzyna Niedojadło

Faculty of Biological and Veterinary Sciences, Department of Cellular and Molecular Biology, 
Nicolaus Copernicus University, Lwowska 1, 87-100 Torun, Poland 
e-mail: ebedn@umk.pl

Plants growing in the changing and very hetero-
genous environments are exposed to many 
biotic and abiotic stresses. To deal with adverse 
conditions, plants have envolved epigenetic 
mechanisms to respond to the environmental 
factors. DNA methylation, histone modifications, 
chromatin remodeling and non-coding RNAs are 
included in the gene regulation and adaptation 
of plants to the environmental stress. Recent 
studies indicate that environment-related 
covalent modifications of DNA and histones can 
be passed only during mitosis or also during 
mitosis and meiosis. In the first case epigenetic 
changes induced by environmental factors are 
reset in the each generation. This phenomenon 
is called developmental epigenetic. The example 
of the developmental epigenetic is vernalization, 
the process which mediates in the adaptation of 
plants to the temperature. It is known that the 
vernalization markers are reset during sexual 
reproduction, so flowering is dependent on the 
exposure to cold in each generation. Vernalization 
involves the epigenetic silencing of floral repressor 
gene (FLC). In regulation of FLC expression 
are involved especially FRIGIDA protein and 
histone methylation enzymes (methyltransferases 
and demethylases). During vernalization in the 
locus FLC a changes in the pattern of histone 
markers are observed. The cold exposure leads 
to progressive reduction of H3K4 and H3K36 

methylation associated with active chromatin and 
increase of H3K27 methylation associated with 
silenced chromatin. It is interesting that DNA in 
the locus FLC is poorly methylated and it does 
not change during cold period. The vernalization 
memory persists through in vitro culture. Therefore 
the cells from vernalizing plants can be regenerated 
into plants that flower without cold period.

Transgenerational inheritance of the epigenetics 
modifications it is transgenerational epigenetics. 
There are two factors that allow the plants to have 
greater potential for heritable epigenetic regulation 
versus animals. First, the plant germline cells are 
differentiating from somatic cells and they carry 
epigenetic markers of sporphyte and second – there 
is no complete demethylation of DNA during early 
embryogenesis. The example of environmentally 
induces transgenerational inheritance in plants is 
the appearance of new phenotypes (resistant) in the 
response to external stress such as pathogenesis, 
salinity, drought. The heritability of epigenetic 
modyfications that regulate gene expression is based 
on the changes of DNA methylation. Transposable 
elements (TEs) and other repetitive DNA sequences, 
the activation of which leads to the formation of 
epialleles, play the main role in this process. It 
is believed that the acquired epigenetic changes 
are inherited mainly by the mother line and their 
transmission is usually short-lived and disappears 
after several generations.
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Stringent response in plant – the state of research
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Developmental and reproductive success of plants 
strongly depends on the ability of those organisms 
to adapt to the diurnal and seasonal changes 
in their environment. Plant RSH (homologs of 
bacterial RelA/SpoT genes) are nuclei-encoded 
and function in chloroplasts, where alarmones 
((p)ppGpp products) decrease transcription and 
translation and affect photosynthetic efficiency as 
well as plant growth and development (Dąbrowska 
et al., 2006, Boniecka et al., 2017). Guanosine 
tetra- and pentaphosphates – (p)ppGpp were 
identified in bacteria as a mechanism that 
orchestrates pleiotropic adaptations to nutritional 
deprivation and stress conditions (Dąbrowska et 
al., 2006a). Research results suggest that one of the 
mechanisms involved in the plant stress response 
and processes important for the plant growth 
and development is homologous to the bacterial 
stringent response. The plant RSH genes have been 
identified and characterized in a limited number of 
plant species, for example in Arabidopsis thaliana, 
Ipomoea nil, Brassica napus, Nicotiana tabacum, 
Suaeda japonica, Oryza sativa and Capsicuum 
annuum (Prusińska et al., 2019). RSH genes and 
alarmons as a signaling molecule play important 
function in response to environmental factors 
such as: heat shock, heavy metals, plant hormone 
treatment, wounding, drought, salinity, oxidative 
stresses and abrupt changes from light to dark 
(Prusińska et al., 2019; Szymańska et al., 2019). 
The expression of RSH, encoding enzymes 
responsible for metabolism of the effectors of the 
stringent response is downregulated in seeds of low 
vigour (Boniecka et al., 2019). Whether RSH gene 
expression and alarmons content are changed in 
plants grown under in vitro conditions is still not 
known. 
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Androgenesis is stress-induced sporophyte 
development from immature pollen grains 
(microspores). As a result, embryos capable of 
regenerating completely homozygous doubled 
haploid (DH) plants are formed. Since the DH 
production could possibly be the most important 
source of variability for rye (Secale cereale L.) 
breeding or selection, an effective method of 
androgenesis induction needs to be investigated. 
In this connection, an attempt was made to 
induce embryogenesis in anther cultures by 
using 5-azacitidine (AC). A positive outcome of 
DNA demethylation was observed in microspore 
cultures of triticale after four days of treating tillers 
with AC which significantly increased androgenic 
effectiveness (Nowicka et al., 2019).

To broaden our understanding of the 
mechanism of androgenesis initiation, the impact 
of the pre-treatment of tillers on reactive oxygen 
species (ROS) generation and antioxidant enzymatic 
responses was analyzed in Polish winter rye lines 
differing in embryogenic potential induced in anther 
cultures.

Anthers for analysis were sourced from control 
sample and tillers pre-treated with 5 μM AC 
for 4 days. Both treatments proceeded at low 
temperature (3 weeks at 4°C). The antioxidant 
enzyme responses (e.g. non-specific peroxidases 
POX, glutathione peroxidase GPX) were determined 
at the enzymatic activity and gene expression levels.

AC increased the effectiveness of androgenesis 
induction in the responsive line of rye due to the 

enhanced ROS production, associated with higher 
expression of some catalase (CAT1b), glutathione 
reductase (GR) and glutathione transferase 
(GSTF2) genes and higher activity of GPX that 
scavenges the hydrogen peroxide (H2O2). In the 
recalcitrant line, the excess of H2O2 increased 
the expression of CAT1b, glutathione peroxidase 
(GlutPX2), GR and GSTF2 genes. Moreover, 
elevated GlutPX2 expression coincided with 
increased enzymatic activity of POX and GPX. 

The epigenetic effect of AC depends on the 
H2O2 level regulated by the activity of POX and 
GPX in anthers. Optimal H2O2 concentration in 
microspores might promote androgenesis induction 
in recalcitrant lines. 
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Protoplast technology with particular emphasis 
on protoplast fusion can be valuable tool in crop 
improvement. Nevertheless, application of that 
technique to breeding programs must be preceded by 
developing a highly efficient, universal, and dedicated 
to specific tissue, plant regeneration procedure for 
a given species. Although there are some known 
protocols to obtain plants from protoplasts for 
hundreds of species, especially for a number of 
cultivated species, the regeneration is occasional 
or its efficiency is low. Moreover, the protoplasts 
isolated from different species, or even from different 
tissues within the same species may have different 
requirements and, for this reason, the procedures 
useful in a cultivated species can fairly seldom be 
applied to its wild relatives, even of the same genus. 

Various support systems can be used to overcome so 
called cell recalcitrance status and to stimulate the 
process of cell dedifferentiation, including selection of 
an appropriate culture medium in which, in addition 
to typical plant growth regulators, mainly auxins and 
cytokinins, other compounds are used.

In the presented studies, the effect of 
phytosulfokine – peptide signaling molecule and 
putrescine – a growth regulator from the polyamine 
group on mitotic activity and plant regeneration 
in protoplast cultures of some cultivated and wild 
species will be discussed.

The results indicate that each of the 
compounds used, alone or in combination, can 
improve protoplast dedifferentiation and plant 
regeneration capacity of some studied species.
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Cyathea delgadii as a model in the study of symplasmic communication 
during somatic embryogenesis
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Somatic embryogenesis (SE) is one of the most 
widely analyzed methods of plants in vitro 
propagation. Although, until 2015 this regeneration 
path was not available to any Monilophyta 
representative. Using the tree fern Cyathea 
delgadii Sternb., we established an effective system 
of SE in which embryos can be induced directly 
from explants cultured on hormone-free medium 
(Mikuła et al., 2015). Depending on the type of 
initial explant used, the base of somatic embryo 
formation are the divisions of single epidermal cell 
or a group of neighboring cells including epidermis 
and cortex. Moreover, the path of embryo formation 
can be reversed from multi- to unicellular origin, by 
stress treatment with high sucrose solution (Grzyb 
and Mikuła, 2019). The unique course of somatic 
embryo formation in 

C. delgadii allows for investigating these 
aspects of SE that were not available so far. Among 
them, the role of symplasmic communication, 
which is still poorly understood during 
embryogenic transition and explored only in the 
group of seed plants. Thus, the aim of the study 
was to analyze the correlation between changes in 
symplasmic communication and cell differentiation 
during SE of C. delgadii.

The research was carried out using etiolated 
sporophytes of C. delgadii as a source of initial 
explants (stipe and internode), that giving embryos 
of single- and multicellular origin, respectively. 
To show the dynamics of changes in symplasmic 
communication the low-molecular weight fuoro-

chromes of symplasmic transport, such as 
8-hydroxypyrene-1,3,6-trisulfonic acid, trisodium 
salt (HPTS) and fluorescein diacetate (FDA), were 
used. The confocal microscopy analyzes were 
performed on initial explants, and explants before 
and after embryogenic divisions. 

Our studies showed that cell differentiation 
at different stages of SE in C. delgadii depend on 
the symplasmic continuity within explants. Both, 
the embryogenic transition and somatic embryo 
formation were preceded by the changes in the 
fluorochromes flow within the explant and the 
cells of embryo. The differences in symplasmic 
connection between SE induced by uni- and 
multicellular path will be discussed.
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It is widely believed that the internal architecture 
of the cell nucleus greatly impacts its functional 
response to the current needs of a cell. However, the 
mechanisms that link nucleus spatial organisation 
to its functionality remain unclear. Particularly, little 
is known about the 3-D arrangement of parental 
subgenomes in natural and artificial hybrid plants 
and its impact on intergenomic interactions. 

To address this important topic, we applied 
a molecular cytogenetic approach to study nucleus 
architecture in oat-maize addition (OMA) lines. Oat 
and maize are among the most distantly related 
plant species that could be sexually hybridized and 
could produce stable fertile partial hybrids. In the 
wide crosses between oat and maize, a uniparental 
elimination of maize chromosomes results in 
euhaploid oat plants or, occasionally, aneuhaploid 
plants with one or more maize chromosomes added 
to the oat genomic background. 

We have recently developed a series of novel, 
fertile OMA lines, with the added chromosome 
numbers varying from one to four. Using fluorescence 
in situ hybridisation with various probes, confocal 
laser scanning microscopy, and state-of-the-art image 
analysis to perform 3-D reconstruction of nuclei, 
we aim to address following questions: (1) is there 
a referential positioning of the alien chromosomes 
in the nuclei of the recipient? (2) what are the factors 
that determine the position of the alien chromosomes? 
and (3) whether and how the different number of 
added chromosomes affects the spatial distribution of 
specific chromosome domains in the recipient’s nuclei.
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One of the most deeply studied aspects of 
microspore embryogenesis (ME) is the role of 
plant growth regulators (PGRs). Among them, the 
most important role is played by auxins (Auxs) 
and cytokinins (CKs). In order to gain a better 
understanding of the mechanism controlling ME 
in triticale (x Triticosecale Wittm.), changes in 
endogenous level of Auxs and CKs associated with 
ME induction were analyzed.

Plant material consisted of two doubled 
haploid (DH) lines of winter triticale: DH19 and 
DH28 of low and high embryogenic potential, 
respectively. Beyond the standard cold tillers 
treatment (3 weeks at 4°C), the effect of exogenously 
applied PGRs (2,4-D and melatonin (MEL)) as 
well as PGR inhibitor (p-chlorophenoxyisobutyric 
acid (PCIB)) was also tested. Determination of 
endogenous hormones was performed using 
protocols by Pĕnčík et al. (2018) and Svačinová 
et al. (2012) as described for Auxs and CKs, 
respectively.

After standard ME-inducing treatment, 
seven CKs and four Auxs were identified in 
triticale microspores. Microspores of DH28 were 
characterized by higher content of indole-3-acetic acid 
(IAA) and its derivatives, cis-zeatin ryboside (cZR),  
cis-zeatin-O-glucoside (cZOG) and isopen-
tenyladenosine (iPR) in comparison with DH19. 

Moreover, only in DH28 the presence of 2-oxindole-
3-acetic acid (oxIAA) and 6-benzylaminopurine (BAP) 
were detected. PCIB and MEL treatments increased 
the level of cZ and decreased the level of IAA, what 
was associated with increased number of green 
regenerated plants by ap. 35% and 40%, respectively. 
The obtained results suggest that effective ME 
induction and plant regeneration require a certain but 
various balance of PGRs.
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Nasturtium officinale R. Br. is an aquatic, 
partially protected in Poland perennial plant 
species. Its herb is the valuable medicinal, 
cosmetic and culinary raw material. It possesses 
scientific proven activities e.g. antioxidant, 
hepatoprotective and anticancer, conditioned by 
a rich chemical composition, e.g. glucosinolates 
(Gls), phenolic acids (PhA) and flavonoids (Klimek-
-Szczykutowicz et al., 2018). 

The aim of this work was the optimization of 
conditions for microshoot cultures of N. officinale. 
Different types of cultures (agar, agitated and RITA 
bioreactors) were studied. The MS medium variants 
supplemented with PGRs: cytokinins – BA, 2iP, 
KIN, Zea, and auxins – IAA, IBA, 2,4-D, IPA, NAA 
were tested. Cytokinins and auxins were tested 
at concentrations 1 mg/l each. The tested culture 
growth periods lased: 10, 20, 30-days for agar, and 
10, 20-days for agitated and bioreactors cultures 
(3 series). Gls and PhA production, and antioxidant 
activities were evaluated. The contents of Gls 
and PhA in methanolic extract s were determined 
spectrophotometrically and by HPLC-DAD. The 
antioxidant activity was measured using the Folin-
-Ciocalteu (FC), CUPRAC, FRAP and DPPH methods 
(Klimek-Szczykutowicz et al., 2019).

The highest total Gls production 
(195.92 mg/100g DW) was confirmed for the 
bioreactors cultures (20 days on MS medium 
with BA and NAA). Out of 27 PhA analyzed, 

ten were identified: caffeic, o- and p-coumaric, 
ellagic, ferulic, gallic, isoferulic, protocatechuic, 
rosmarinic and syringic. The highest total PhA 
content (236.74 mg/100g DW) and the highest 
total polyphenol content measured by FC method 
(8.69 mmol trolox/100g DW) was obtained for 
agitated microshoots grown for 10 days on MS 
medium with Zea and NAA. The highest antioxidant 
potential for CUPRAC and FRAP methods was 
confirmed for agitated cultures grown for 20 days 
on MS medium with KIN and IAA, respectively 
5.26 and 1.26 mmol trolox/100g DW. For DPPH, 
the highest potential was recorded for agar cultures 
grown for 30 days on MS medium with KIN and IAA 
(30.89 mmol trolox/100g DW). 
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of the family Ranunculaceae on the example of Aconitum bucovinense Zapał. 
and Ranunculus illyricus L.
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Currently observed climate change and human 
activity contribute to mass extinction of species. 
In vitro techniques of micropropagation of 
plants are very helpful in ex situ conservation of 
endangered species. In Poland, many species 
from the Ranunculaceae family are subject 
to legal protection. Studies conducted on 
two representatives of this family – Aconitum 
bucovinense Zapał. and Ranunculus illyricus L. – 
have shown that in vitro regenerated plants can be 
obtained by indirect organogenesis. 

Due to seed germination problems of the 
studied species, explants from vegetative organs 
were used to initiate in vitro cultures. After surface 
decontamination, the explants were places on 
medium with the addition of kinetin and picloram, on 
which callus tissue was obtained. Callus of Aconitum 
bucovinense was cultivated in the darkness on 
media supplemented with BAP and IBA, on which 
shoots also differentiated. After isolation and transfer 
to a medium with increased content of growth 
regulators and the addition of activated carbon they 
spontaneously rooted. Callus of Ranunculus illyricus 
was also differentiated on media supplemented with 

BAP and IBA, where rooted shoots appeared. The 
rooted shoots formed in this way were acclimated.

Plant material obtained in vitro could be used 
in active conservation activities, e.g. augmentation 
of existing population or creating of the secondary 
localities. Somaclonal variation of micropropagated 
plants can be observed as a consequence of 
cultivation conditions, particularly if indirect 
organogenesis is the way of regeneration. For this 
reason, in vitro-origin plants should be subjected 
to a detailed assessment, and usually they create 
collections in botanical gardens or are alternative 
plant material for industry. Despite somaclonal 
variation, it was speculated recently, if it would 
not be beneficial for a population with limited 
variability and restricted reproduction to be 
supplemented with plants from tissue culture.

Both, A. bucovinense and R. illirycus, are 
critically endangered species in Poland, and 
their national populations are very limited. The 
obtained plants will enable further studies on 
biology of species, maintaining plants in collections 
in botanical gardens or, in the long run, creating 
secondary localities.
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Phenolic acids are very important group of plant 
secondary metabolites with many valuable activities 
important for human health. 

Earlier studies from our Department con-
firmed high production of phenolic acids in in vitro 
cultures of Aronia melanocarpa (black aronia), 
A. arbutifolia (red aronia) and A. × prunifolia 
(purple aronia) (Szopa and Ekiert, 2014, Szopa et 
al., 2018).

The aim of the present studies was the 
investigation on influence of egzogenic biosynthetic 
precursors on the production of phenolic acids in 
agitated cultures of above- mentioned three aronias. 

The cultures were maintained for 20 days 
(3 series) on Murashige & Skoog medium (BAP – 
1 mg/l, NAA – 1 mg/l), without and with addition 
of phenylalanine, cinnamic acid, benzoic acid and 
caffeic acid (0,1; 0,5; 1; 5; 10 mM).

In the methanolic extracts from biomasses 
the quantitative analysis of 22 phenolic acids was 
performed using HPLC method (Ellnain-Wojtaszek, 
1999). 

The presence of seven compounds was 
confirmed. The maximal total content of phenolic 
acids ranged (depending on type and concentration 
of precursor) in A. melanocarpa from 503 to 
855 mg%, in A. arbutifolia from 350 to 1098 mg% 

and in A. × prunifolia from 387 to 603 mg%. 
The highest production of phenolic acids in 
A. melanocarpa and A. × prunifolia was obtained 
after addition of 5 mM of cinnamic acid and for 
A. arbutifolia after addition of 5 mM of caffeic acid. 

The results documented that the precursor 
feeding of culture media with biosynthetic 
precursors of phenolic acids could be an efficient 
way to increase production of phenolic acids in in 
vitro cultures of aronia species. 
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Lamprocapnos spectabilis (L.) Fukuhara 
(bleeding heart) is a popular horticultural and 
medicinal plant species, originating from Asia. 
Despite its significance on the m arket, there is 
little information on the in vitro tissue culture 
systems in the species. The aim of this study was 
to analyse for the first time the influence of PGRs 
(plant growth regulators) on the development, 
quality and physiological state of in-vitro-grown 
Lamprocapnos spectabilis. For this purpose, the 
single-node explants were inoculated on the MS 
medium (Murashige and Skoog, 1962) fortified with 
different auxins; i.e. IAA (indole-3-acetic acid), NAA  
(1-naphthaleneacetic acid), PIC (picloram); and 
cytokinins; i.e. BA (6-benzyladenine), KIN (kinetin), 
TDZ (thidiazuron); at various concentrations. It 
was found that the morphogenetic response of the 
explants was cultivar-specific. KIN was preferable 
for the proliferation and development of shoots 
in ‘Gold Heart’. On the other hand, none of the 
auxins or cytokinins improved the development 
of ‘White Gold’ explants compared with the PGRs-
free control medium. NAA was most effective in 
stimulating rhizogenesis in both cultivars, although 
IAA favored regeneration of the longest roots. 
TDZ, NAA and PIC suppressed the development 
of shoots in both cultivars tested, stimulating 
abundant callus formation instead. Indirect 
regeneration of somatic embryos was found on 
the NAA- and PIC-fortified media. Especially the 
latter one stimulated regeneration of the highest 
number of somatic embryos per one inoculated 
nodal segment (up to 12), regardless of its 
concentration. Composition of the culture medium 

also affected the content of primary and secondary 
metabolites in shoots and calli of L. spectabilis. 
NAA (at 1.0 mg·dm-3) stimulated the synthesis 
of chlorophyll a and carotenoids in ‘God Heart’, 
while BA and KIN (at 0.5 mg·dm-3) had a negative 
impact on the concentration of chlorophyll b 
in the shoots of this cultivar. None of the PGRs 
increased the content of the analyzed pigments 
in the shoots of bleeding heart ‘White Gold’. The 
concentration of chlorophylls and carotenoids in 
the callus of both cultivars tested was significantly 
lower compared to the shoots, however, it was 
abundant in flavanols. This study provided some 
basic know ledge on the in vitro development and 
physiological activity of bleeding heart cultivated 
in media with various PGRs, which can be useful 
in the in vitro reproduction of bleeding heart on 
a commercial scale. Further studies should focus 
on the synergistic effect of auxins and cytokinins on 
the in vitro development of bleeding heart.
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Purple coneflower (Echinacea purpurea (L.) Moench), 
belonging to the Asteraceae botanical family, is 
a species of high medicinal and ornamental value, 
and for these reasons, appreciated all over the 
world. Nowadays, there is a lack of standardized 
plant material with increased content of important 
components in purple coneflower. Selected lines 
of E. purpurea with high somatic embryogenesis 
(SE) capacity and with a higher content of valuable 
secondary metabolites can be desirable for the 
pharmaceutical and horticultural industries. The aim 
of this study was to analyze new lines of E. purpurea, 
selected and micropropagated via indirect somatic 
embryogenesis, on the molecular and biochemical 
levels. Genetic stability (within the line) and genetic 
diversity (between the lines) of the produced plants 
was studied with molecular markers: Random 
Amplified Polymorphic DNA (RAPD) and Inter-
Simple Sequence Repeat (ISSR). A higher mean 
polymorphism rate (>90%) was found with the 
RAPD technique, with a total of 1427 scorable bands 
produced (142.7 products per one primer). Unlike the 
RAPD analysis, ISSRs detected mostly monomorphic 
loci (63.4%), followed by polymorphic ones (36.6%), 
while there were no specific loci present. Cluster 
analysis of both marker systems showed that the 

tested specimens were grouped according to their 
respective lines. The main phenolic acids relative 
percentage composition was determined by the High 
Performance Liquid Chromatography (HPLC) method. 
Significant differences were found in the content of 
individual phenolic acids in the tested plant material. 
Among six selected lines of E. purpurea, three yielded 
higher cichoric acid content. The research has shown 
that the obtained lines can provide an enhanced 
content of secondary metabolites in purple coneflower. 
The present study confirmed also the applicability of 
SE in the selection and reproduction of genetically 
uniform E. purpurea plant material.
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New insights into somatic embryogenesis by Cyathea delgadii model system
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A clonal propagation process via somatic 
embryogenesis (SE), in which embryos are 
derived from somatic (non-sexual) cells of plant 
body under controlled in vitro culture conditions, 
has great potential for large scale production of 
different plants worldwide. For their commercial 
multiplication, the process offers opportunities to 
scale up for bulk production of desirable genotypes 
by using liquid culture medium and temporary 
immersion bioreactors. Moreover, the embryogenic 
tissue can be cryostored for many years, allowing 
long-term testing of clones in breeding programs. 
These systems currently provide the required 
conditions for both multiplication and maturation 
of somatic embryos, and also conservation of 
many economically important herbaceous and 
woody plants belonging to Spermatophyta. A 
few years ago, the first protocol of SE for fern 
production has also been developed (Mikuła et 
al., 2015). The discovery opens the way for both 
an effective fern micropropagation and research 
on the initiation of plant SE. Ferns, as sister to 
seed plants, can be important to understand 
evolutionary innovations specific to plant 
development and morphogenetic processes.

It is worth emphasizing that knowledge 
regarding the mechanism controlling the induction 
of the SE process is still limited. An experimental 

system that has been described for the tree fern 
Cyathea delgadii appears to be appropriate 
biotechnological approach in the study of some 
fundamental problems relating to somatic embryo 
initiation and development (Mikuła et al., 2018). 
In this system, the initiation of SE can occur 
independently or simultaneously along unicellular 
and multicellular pathways (Grzyb and Mikuła, 
2019). Moreover, the somatic embryos are induced 
and produced on hormone-free medium, in a short 
time, and with high multiplication and replication 
rate. Insight into plant SE by this experimental 
system, and its structural and physiological 
circumstances will be presented during the lecture.
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Chrysanthemum (Chrysanthemum × grandiflorum 
/Ramat./ Kitam.) ovaries are tiny, approximately 
1 mm long, with a single anatropous ovule, located 
at the bottom of the ligulate and tubular florets. 
Isolated ovaries are commonly used in gynogenesis, 
however, in chrysanthemum they also served as 
a source of off-type shoots useful in breeding (Miler 
and Jędrzejczyk, 2018). The aim of this study was 
to evaluate the regeneration effect of X-ray treated 
ovaries for further application of chrysanthemum 
ovaries in mutation breeding programs.

In the experiments, two chrysanthemum 
cultivars bred in UTP University of Technology and 
Science, Bydgoszcz: ‘Profesor Jerzy’ and ‘Karolina’ 
were used. Whole inflorescences at the stage of full-
flowering were cut off and put into the jar filled with 
distilled water. Pedicels were loaded with a pieces 
of plastic clay to keep the receptacles at the level 
of 2 cm under the water surface. A stream of 
photons (i.e. X-radiation) with an energy of 6 MeV 
was directed to the ovaries collected in the bottom 
of inflorescences, the dose rate was 3.18 Gy/min, 
doses of 5, 10 and 15 Gy were applied. Irradiation 
was carried out at the Bydgoszcz Oncology Center 
using the Vitalbeam particle accelerator. The 
control inflorescences were not treated with 

X-rays. After the treatment with the mutagenic 
agent, the irradiated, as well as control florets 
were detached from the receptacle and disinfected, 
followed by the precise dissection of ovaries. 
Isolated explants (ovaries) were placed in Petri 
dishes on MS induction medium supplemented 

with 1 mg/L BAP and 1 mg/L 2,4-D, and then 
placed in a growth room. After 12 weeks, explants 
with the regenerated callus were transferred to MS 
regeneration medium supplemented with 2 mg/L 
kinetin, 1 mg/L IAA and 4 mg/L glycine. After 
another 12 weeks, regenerated shoots were counted 
and subcultured onto MS medium for further 
cultivation. 

There were relevant differences in the ability 
of regeneration of shoots and callus from ovaries 
between cultivars. The callus diameter measured 
after the induction stage in ‘Karolina’ was 2 mm 
bigger than in ‘Profesor Jerzy’ (8.7 and 6,8 mm, 
respectively). In contrast, ‘Karolina’ ovaries 
produced only 5 shoots totally (two of them 
from the control explants), while ‘Profesor Jerzy’ 
produced 373 shoots. The number of regenerated 
shoots from ‘Profesor Jerzy’ decreased with the 
increase in the X-ray dose. The average number 
of regenerated shoots from control ovaries was 
2.24, while in X-ray treated ovaries there were 
1.78, 1.08 and 0.76 shoots per one explant for 5, 
10 and 15 Gy, respectively. The apogeum of shoots 
regeneration in 15 Gy treated explants was delayed 
for 6 weeks in comparison with control explants.
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DNA methylation relies on the addition of 
a CH3 group at the 5C position of deoxycytidine 
residues and is enzymatically established by 
DNA methyltransferases. Three functional DNA 
methylation sequence contexts: CG, CHG and CHH 
(where H = A, T or G) are recognized in plants. 
DNA methylation in CG context occurs exclusively 
in protein-coding genes and is associated with 
transcriptional activity. By contrast, accumulation 
of CG, CHG and CHH methylation in gene 
promoters and repetitive sequences suppresses 
transcription and leads to heterochromatinization. 
Modification of DNA methylation is possible by 
specific inhibitors. The most commonly used 
chemicals in the plant field are non-methylable 
cytidine analogs (e.g. 5-azacytidine, AC; 2’-deoxy-
5-azacytidine, DAC and zebularine, Zeb) and the 
methyl group synthesis inhibitor 3-deazaneplanocin 
A (DZNep). There is emerging evidence that 
epigenetic inhibitors cause genome instability, 
but the nature of this damage and its repair 
remain unclear. On the other hand, manipulation 
of DNA methylation levels can alter the plant 
developmental program. First, we compared the 
cytotoxicity of a few cytidine analogs, and DZNep 
using Arabidopsis plants growing directly on the 
drug-containing media (direct treatment, DT) or 

on drug-free plates and then on drug-containing 
media (postponed treatment, PT). An intermediate 
growth reduction was observed after the treatments 
with AC and zebularine and a strong one with 
DAC and DZNep. However, DZNep strongly 
suppressed shoot growth over the root when 
compared to other drugs. We confirmed that all 
inhibitors induced DNA damage and this damage 
was repaired by multiple pathways. In another 
experiment, we checked, whether modification 
of DNA may affect the process of microspore 
embryogenesis in triticale. To test this, we used 
two DH lines (DH19 and DH28), significantly 
different with respect to embryogenic potential. We 
found that DNA demethylation caused chromatin 
relaxation and dysregulation of marker genes 
related to microspore embryogenesis. We noticed 
that DH19 (low embryogenic) after inhibitors 
treatment, showed higher microspore viability, 
but its recalcitrancy was not overcome. For highly 
embryogenic DH28, we observed significantly 
higher effectiveness of embryo-like structure 
production and plant regeneration. In summary, 
our study provides new insights into the role of 
DNA methylation in ME induction and show the 
link between the formation of DNA damage and 
cytidine-analogs induced DNA demethylation.
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The fruits of bilberry (Vaccinium myrtillus L.) 
are one of the richest sources of biologically 
active compounds, mainly phenolics, including 
anthocyanins. This is much higher content 
compared to other Vaccinium species. On the 
other hand, the cultivation of highbush blueberry 
(Vaccinium corymbosum L.) is the fastest growing 
direction of fruit production in Poland. Growing 
interest in the consumption of blueberry fruits 
because of their pro-health importance increased 
breeding attention to develop improved new 
cultivars. The introduction of genes responsible for 
several valuable traits (new bioactive compounds 
or drought and frost resistance) from bilberry 
to the blueberry genome is theoretically possible 
by obtaining interspecific hybrids and further 
breeding. However, due to the cross-breeding 
barrier, such hybrids have not been obtained so 
far. Cultivated species of blueberry are tetraploids 
and wild species – bilberry is diploid. In Vaccinium, 
there is a strong triploid block, a post-zygotic 
genetic crossing barrier between the interploid 
crosses. The solution to overcome interploid 
crossing barriers may be to produce bilberry 
tetraploids. However, such tetraploid plants are not 
available yet. The aim of study was to develop an 
in vitro method of bilberry polyploidisation using 
shoot explants of one of the accessions held in 
germplasm collection of the Research Institute of 
Horticulture in Skierniewice.

In vitro shoot cultures of bilberry were 
established. The shoot explants, used for 
chromosome doubling, derived from standard 
five-week multiplication subculture. The shoots 
were incubated for six days on modified Anderson 
(1984) medium containing zeatin, gibberellic acid 
and indole-3-acetic acid, and one of the antimitotic 
agents, colchicine or amiprophos methyl (APM), at 
various concentrations. Subsequently, the explants 
were cultured on the medium without antimitotic 
agents and then subcultured on multiplication 
medium over a 16-h photoperiod. Tetraploids 
were detected using flow cytometry analysis. 
All tetraploids were then rooted and grown in 
a greenhouse. Early phenotype observation were 
performed after six months of growing plants ex 
vitro. The strongest phytotoxic effects of antimitotic 
agents were observed for colchicine. The highest 
tetraploid number (9), was obtained for treatment 
with APM. The tetraploids differed phenotypically 
from their diploid counterparts. Compared 
to diploids, tetraploid growth was very slow, 
tetraploids had shorter shoots and their chlorophyll 
index was higher. To our best knowledge, these 
are the first autotetraploids of bilberry obtained 
worldwide. These tetraploids will be further 
evaluated for their growth and development, 
especially their ability for producing viable pollen, 
which is critical for eventual hybridisation with 
other Vaccinium species.
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The cell suspension culture of tree ferns and their biological potential
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The aim of this presentation is to demonstrate the 
structure and metabolic activity of cell suspensions 
of tree-ferns. In cell suspensions, the plant material 
is totally submerged in a liquid medium and 
depends on moderate aeration of the latter for 
its respiratory needs. Agitation of the suspension 
culture has some technical advantages such as 
improved uniformity of cell growth, easier control 
of the culture process and easier cultivation on 
a larger scale. Plants produce a wide range of low-
molecular-weight, natural products via a network 
of typically complex metabolic pathways. These 
substances include: dyes, pigments, flavors, 
aromas, medicines and poisons but the following 
groups of chemical metabolites have also been 
listed in references relating to ferns: saccharides, 
polyketides, terpenoids, nitrogen-containing 
metabolites and phenolics. Fern cell suspensions 
were established using MS medium supplemented 
with various concentrations of 2,4-D and BAP. 
The optimal concentrations were 2.0 mgL–1 and 
0.2 mgL–1, respectively. For describing of biological 
processes happened inside of the cell various tools 
were employed; attention was paid for morphology 
of the cultured cells and confirmation of intense 
metabolite production. With the help of SEM 
numerous filaments on the surface of the cell 
wall were noticed. The second part of metabolic 
products was located inside of cell vacuole giving 
electron dense bodies tannosomes. With the help 

of autofluorescence excitation the high metabolic 
activity of the cytoplasm closely located to cell 
wall was improved. To induce morphogenic 
processes cell suspension were implanted on 
the media supplemented with various type of 
cytokinins in presence of NAA. The observations 
indicated various morphogenic response of the 
cell suspension in this type of the cultures. The 
processes of metabolism which occurred in 
suspension were showed with the help of post-
culture medium analysis by means of LC/MS and 
GC/MS. LC/MS analysis was used to identify the 
chemical composition of the yellow coloration of the 
post-culture medium. This revealed that the color 
was due to flavonoids. Among found flovanoids 
we payed attention for kaempferol-3-O-rutinoside, 
a bitter-tasting flavonol glycoside and cynarin, the 
natural product having wide spectrum of biological 
activity including even anti HIV. It is recently 
established as a potent and highly selective class 
of HIV-1 integrase inhibitors. In addition, based on 
retention (GC/MS) time, the following sugars were 
identified: fructose, sorbose, mannose, glucose, 
threose, trehalose, and number of organic acids 
too, namely: lactic acid, acetic acid, glucuronic 
acid, hexadeconic acid and galacturonic acid, as 
well as phosphoric acid. On the basis of presented 
results numerous hypothesis for future work would 
be developed mainly with genome modification for 
example: somatic hybridization or transformation.
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Stevia (Stevia rebaudiana Bertoni) is a perennial 
herb belonging to the Asteraceae family. In recent 
years, interest in this plant has increased due 
to steviol glycosides content. These compounds 
are more than 200 times sweeter than common 
sugar and resistant to high temperature. As 
natural sweetener, stevia is recommended for 
diabetes and phenylketonuria patients. Stevia 
is naturally propagated by seeds, however due 
to poor germination and a long period required 
for the development of seedlings suitable for 
planting in the field, the propagation by seeds is 
not the widespread method for stevia commercial 
production. There were already reported the 
possibilities of improving stevia seed germination 
by optimizing physical factors like light and 
temperature (Kumar and Sharma, 2012; Simlat et 
al., 2016). We have also investigate the effects of 
melatonin (Simlat et al., 2018), growth regulators 
(GA3, thidiazuron, kinetin, BA) (Simlat et al., 2019) 
as well as endophytic bacteria on stevia seed 
germination and subsequent seedling development 
in in vitro conditions. We also assess the quality 
of stevia plantlets in and the content of steviol 
glycosides.
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Ruta graveolens L. is a plant species, which 
comes from the Mediterranean area. It is used in 
medicine for centuries, because of its high amounts 
of bioactive compounds like: coumarins, phenolic 
acids, alkaloids, flavonoids and essential oil (Ekiert 
and Czygan, 2007). Other species of rue are less 
explored.

The object of this study was to examine the 
influence of type of culture (agar, stationary liquid 
and agitated cultures), time of growth cycles 
(4–6 weeks) and concentration (0.1–3 mg/L) of 
plant growth regulators (auxins: NAA and 2,4-D, 
cytokinins: BAP and Kin) on dynamics of accu-
mulation of secondary metabolites in shoot cultures 
of Ruta chalepensis, Ruta corsica and Ruta 
macrophylla. Cultures were supposed to grow 
on Linsmaier and Skoog medium (Linsmaier and 
Skoog, 1965). Five groups of secondary metabolites 
were analyzed by HPLC method: catechins 
(5 compounds), phenolic acids (24 compounds), 
flavonoids (29 compounds) alkaloids (2 compounds) 
and coumarins (26 compounds). Three groups of 
secondary metabolites were found: catechins, 
alkaloids, and coumarins. The presence of following 
metabolites was confirmed: catechin, γ-fagarin, 
isopentyloxy-γ-fagarin, bergapten, xanthotoxin, 
isoimperatorin, isopimpinellin, psoralen, osthol. 
Quantitatively dominated group of metabolites in all 
tested types of cultures were coumarins. Xanthotoxin 
was accumulated in the highest quantities. 

The highest total contents of coumarins 
confirmed in biomass of stationary liquid cultures 

of investigated rue species were as follows: 
R. chalepensis: 1789.3 mg/100g DW (6-week 
growth cycle), R. corsica: 4935.4 mg/100g DW 
(6-week growth cycle) and R. macrophylla: 
4727.7 mg/100g DW (6-week growth cycle). The 
highest total contents of coumarins confirmed 
in biomass of agar cultures were lower and were 
as follows: for R. chalepensis: 752.5 mg/100g 
DW (5-week growth cycle), for R. corsica: 
921.4 mg/100g DW (5-week growth cycle), for 
R. macrophylla: 2120.7 mg/100g DW (5-week 
growth cycle). The contents of coumarins in the 
biomass of agitated cultures reached respectively: 
1193.5 mg/100g DW (R. chalepensis, 5-week 
growth cycle), 1051.5 mg/100g DW (R. corsica, 
6-week growth cycle), 850.2 mg/100g DW 
(R. macrophylla, 6-week growth cycle). All types of 
tested in vitro cultures of three species of rue could 
be a potential rich source of bioactive coumarins, 
especially of xanthotoxin.
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Our earlier studies biotechnological studies, 
confirmed the high utility of in vitro cultures of 
Schisandra chinensis as rich source of bioactive 
metabolites (Szopa et al., 2017). These results, 
encourage us to establish in vitro culture of 
endemic for Yunnan China province, less known 
species – Schisandra henryi C.B. Clarke (Szopa et 
al., 2019).

Under the studies, optimization of culture 
conditions for microshoot and callus cultures, were 
carried out. The agar microshoot cultures were 
maintained on 6 variants of MS medium differing 
in concentrations of the PGRs: BA, IBA and GA3 
in the range from 0 to 3 mg/l. Callus cultures were 
maintained on MS medium with 1 mg/l BA and 
1 mg/l IBA. Different durations of growth cycles: 
10, 20 and 30 days (3 series) were tested. In the 
methanolic extracts from biomasses, lignans, 
flavonoids and phenolic acids contents were 
evaluated by HPLC. Additionally the lignans identity 
was confirmed by UHPLC-MS/MS. 

The maximal total contents of lignans for 
microshoot and callus cultures were equal: 
873.71 mg/100 g DW and 43.18 mg/100 g DW, 
respectively. The main compounds were: schisan-
therin B (max. 622.59 mg/100 g DW) and schisan-
therin A (max. 143.74 mg/100 g DW). Additionally, 
other types of lignans – tetrahydrofuran and aryltet-
rahydrofuran lignans and also triterpenoids, were 
identified. The highest total contents of phenolic 
acids for microshoot and callus cultures were equal: 
840.89 mg/100 g DW and 247.14 mg/100 g DW 

respectively. The main compounds were: neochloro-
genic acid (max. 472.82 mg/100 g DW) and caftaric 
acid (max. 370.81 mg/100 g DW). The highest fla-
vonoid total contents for both tested cultures were 
equal: 421.98 mg/100 g DW and 59.03 mg/100 g DW, 
respectively. The main compounds were: triofilin 
(max. 138.56 mg/100 g DW) and quercitirin (max. 
122.54 mg/100 g DW). 

This is the first report, documented the high 
biosynthetic potential of cells from in vitro cultures 
of S. henryi.
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The tree fern Cyathea delgadii is the species for 
which two pathways of somatic embryogenesis (SE) 
have been described. Somatic embryos initiated 
directly from stipe are the single-cell origin, while 
those induced on internodes are of multicellular 
origin. A well-known and fully controlled system of 
the somatic embryo initiation in this species allows 
us to better define the conditions underlying SE 
induction. The study aimed to indicate structural 
and physiological differences that could underlie 
a different way of somatic embryo production.

To compare stipe and internode initial 
explants 1) length of epidermal cells, 2) structure 
of cells, and 3) content of endogenous sugars, 
phytohormones, and phenolic acids were analysed. 
In experiments, etiolated sporophytes that had 
developed 4 or 5 leaves were used as a source 
of explants. The explants measuring about 
2.5 mm were excised from the youngest frond 
of sporophytes. Plant material was cultured in 
½ MS medium with 1% sucrose, without plant 
growth regulators, in constant darkness. The 
length of explant cells was measured by analysis of 
microscopic pictures using ImageJ. The content of 
sugars (i.e. fructose, glucose, 1-kestose, maltose, 
raffinose, starch, sucrose, trehalose, nystose), 
phytohormones (i.e. 9 auxins, 14 cytokinins, 

9 gibberellins, abscisic acid and its glucosyl ester, 
jasmonic acid and its precursor and derivative, 
salicylic acid and its precursor) and 14 phenolic 
acids in control explants was analysed using 
UHPLC-MS/MS. To the structural analysis, explants 
were fixed, embedded in Epon-Spurr resin, cut in 
three-mictrometer-thick sections and observed 
using a light microscope.

Our studies showed that the average length of 
epidermal cells of stipes and internodes was equal 
to 232.9 μm and 149.1 μm, respectively. In stipe 
explants, about 90% of epidermal cells that formed 
somatic embryos were in the range of 160 to 
500 μm, while internode explants were in the range 
of 44 to 160 μm. The content of 7 from 9 tested 
sugars was higher in stipes, and only the content 
of starch was higher in internodes. The high 
amount of amyloplasts in internodes was revealed 
by microscopic studies. The total concentrations 
of tested auxins, cytokinins, gibberellins, abscisic 
acid, jasmonic acid, and phenolic acids were 
significantly higher in stipe than internode explants. 
Among them, differences in the ABA and gibberellin 
contents were the most significant.

The hormonal relationships appear to be 
important in the trigger of embryogenic potential 
and the origin of somatic embryos.
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Research aimed at protoplast fusion and 
production of somatic hybrids within the genus 
Gentiana allowed to obtain several lines of hybrid 
calli and plants (Tomiczak et al., 2015). Among 
them somatic hybrids between two tetraploid 
species, i.e. Cross Gentian (G. cruciata L., 
2n=52) and Tibetan Gentian (G. tibetica King, 
2n=52) turned out to be the most promising in 
terms of vigorous growth and rooting in vitro, 
ease of being acclimatized to ex vitro conditions 
as well as stability of ploidy and nuclear DNA 
content. Cytogenetic analyses, especially genomic 
in situ hybridization, revealed that these hybrids 
possessed mostly 2n=88 chromosomes, from 
which about 40 were inherited from G. cruciata 
and about 20 – from G. tibetica. 

The rest of chromosomes showed a significant 
level of cross-hybridization, indicating a high degree 
of homeology between the genomes of parental 
species. According to the results of molecular AFLP 
and ISSR analyses, 31% of hybrid nuclear DNA 
sequences were inherited from G. cruciata, while 
21% came from G. tibetica. The sequences unique 
for somatic hybrids comprised about 1% and those 

specific for both parental species – about 47%. In 
contrast to nuclear DNA, chloroplast DNA in all 
hybrids came from G. tibetica, as revealed by CAPS 
analysis (Tomiczak, 2019). 

The genomic composition of somatic 
 hybrids was juxtaposed with their proteomic 
profiles generated using 2D-PAGE. Taking into 
consideration both the presence/absence of protein 
spots and their profiles of intensity, hybrids also 
showed greater similarity to G. cruciata than to 
G. tibetica. 
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Evaluation of shoot development and terpenes production 
in Lavandu la angustifolia plantlets in vitro cultured under red and blue light
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Lavandula angustifolia, belonging to the 
Lamiaceae family, is cultivated around the 
world. This is a significant perfume, cosmetic 
and pharmaceutical plant because of the high 
content and quality essential oils. The studies 
have documented antibacterial, antifungal, 
immunostimulatory and anticancer activity of oil 
compounds (Kraśniewska et al., 2017). The oil 
composition is determined mainly by the genotype 
of each cultivar (Cavanagh and Wilkinson, 2002), 
therefore micropropagation are an attractive way 
obtaining identical plantlets of cultivars with the 
high potential of metabolites biosynthesis. However, 
the accumulation of secondary metabolites in plants 
is influenced by various environmental factors and 
one of the key is light, especially spectral quality 
(Kopsell and Kopsell, 2008). Light is also one of the 
factors that influence the growth and development 
of different species of plants in vitro. It is essential 
for various physiological processes in plants, such 
as photosynthesis, hence influencing growth and 
development, as well as morphogenesis (Gupta and 
Jatothu, 2013). The aim of the study was to assess 
the influence of light quality on micropropagation of 
L. angustifolia and the ability to produce essential 
oils. 

The experimental material were the single-
node explants isolated from a 4-week-old culture, 
which were cultivated onto MS with 0,25 mg∙dm-3 

BAP, under white light and blue or red monochrome 
light. Continuous blue and red light growth 
conditions were obtained by placing explants in 

polystyrene culture vessels Phytatray II, which 
transmits light of wavelength 475 nm and 590 nm, 
respectively. 

Analysis of the shoot rate multiplication, the 
microshoots quality and the ability to essential 
oils production were made after 4 weeks of 
culture. In cultures conducted in white light 
the highest multiplication ratio was recorded, 
in addition, the shoots had also the best quality. 
Both the microshoots during in vitro culture and 
transferred to ex vitro conditions were able to 
produce essential oils, however, the ratio between 
the amounts of the components were different in 
comparison to plants from traditional cultivation.
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Plants are constantly exposed to naturally 
occurring nanoparticles. However, exposure to 
engineered nanoparticles is new and requires 
sufficient consideration (Dietz and Herth, 2011; 
Khot at al., 2012). The aim of this study was to 
evaluate the effect of silver and gold nanoparticles 
(20 nm-in-size) at the concentration of 10 and 
30 ppm, on the adventitious roots regeneration in 
Chrysanthemum × grandiflorum (Ramat.) Kitam. 
‘Bydgoszczanka’ and Gerbera jamesonii H. Bol. 
‘Suri’, as well as adventitious shoots regeneration 
in Streptocarpus × hybridus Voss. As for shoot 
formation in Chrysanthemum × grandiflorum 
(Ramat.) Kitam. ‘Lilac Wonder’ and ‘Richmond’, 
silver nanoparticles at the concentration of 
50 and 100 were applied. Chrysanthemum 
‘Bydgoszczanka’ shoot fragments and gerbera 
single rosettes were polarly inoculated on the 
modified MS medium with 2 mg L-1 indole-3-acetic 
acid for rooting. Leaf explants of Streptocarpus 
were horizontally inoculated on the modified MS 
medium with 0.1 mg L-1 1-naphthaleneacetic acid. 
Chrysanthemum ‘Lilac Wonder’ and ‘Richmond’ 
internodes were horizontally put o nto the modified 
MS medium with 0.6 mg L-1 benzylaminopurine 
and 2 mg L-1 indole-3-acetic acid. Nanoparticles 
were poured on the culture medium immediately 
after explants inoculation. Chrysanthemum 
shoot explants treated with silver nanoparticles 
regenerated less adventitious roots than control 

explants. These roots were also of the smallest 
area and diameter, but the length of the longest 
root was the highest in the experiment. Roots 
parameters after gold nanoparticles treatment were 
similar to those reported for the control object, 
expect for one parameter – the biggest values of 
root diameter. As for gerbera, the efficiency of 
adventitious roots regeneration was also reduced 
by silver nanoparticles, but the addition of 10 ppm 
gold nanoparticles stimulated rhizogenesis. 
Similarly to chrysanthemum, the greatest length 
of the longest root, the smallest root system area 
and root diameter were also observed under the 
influence of silver nanoparticles. The best effects in 
the stimulation of the rosulate and phyllomorphs 
regeneration on Streptocarpus leaf explants were 
reported for both silver and gold nanoparticles at the 
concentration of 10 ppm. Formation of adventitious 
shoots on chrysanthemum internodes was inhibited 
as a result of silver nanoparticles application.
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Biotechnological methods of new cultivars 
production are based on the formation of DH 
lines with completely homozygous plants. In oat 
(Avena sativa L.) the most efficient method for DH 
lines production is wide crossing with maize (Zea 
mays L var. saccharata). In this method embryo 
abortion is often observed and therefore embryo 
rescue is required. Abortion of oat haploid embryos 
is usually a consequence of failed development of 
endosperm. The culture medium replaces the 
endosperm and provides the nutrients to the 
developing embryo. The younger the embryos 
are removed from the ovaries, the more complex 
are the steps involved in rescuing them and the 
medium requirements. 

In our study developed embryos were 
transferred on the following media composition: MS 
(Murashige and Skoog, 1962) and 190-2 medium 
(Zhuang and Xu, 1983) supplemented with 3% 
(w/v) sucrose, 6 and 9% (w/v) maltose. The pH 
of the tested media was adjusted to 5.5 and 6.0. 
Analysis of variance showed significant differences 
in the efficiency of haploid embryo germination 
dependently on the type of media, plant growth 
regulators, sugars and media pH (Noga et al., 2016; 
Warchoł et al., 2018). The highest percentage of 
germinated haploid embryos was observed on 
the 190-2 medium containing 0.5 mg L-1 KIN, 
0.5 mg L-1 NAA and 9% maltose. The efficiency 
of oat haploid embryo germination ranged from 

3.25% to 19.0%. In total, we obtained 591 haploid 
embryos and 48 fertile DH plants which produced 
a total of 4,878 seeds. 
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Fusarium seedling blight (FSB) and Fusarium 
head blight (FHB) caused by Fusarium genera are 
the most devastating diseases in barely worldwide 
(Warzecha et al., 2019). The genotype influence 
the susceptibility which is reflected in the various 
levels of seedling growth reduction (Buerstmayr 
et al., 2004). The plant material for the study 
consisted of 32 spring barley DH lines developed 
by the Hordeum bulbosum technique and in vitro 
culture of immature embryos (Pickering and 
Devaux, 1992). In plate assay for resistance direct 
assessment (disease rating (DR) and fresh weight 
of seedlings) and selected physiological parameters 
(phenolic compounds, soluble sugars, chlorophyll a 
and b, and carotenoids) as well as chlorophyll 
fluorescence parameters (Fv/Fm – maximum PSII 
photosystem efficiency, P.I. – overall performance 
of PSII photosystem) were determined in control 
and F. culmorum infected plants. The objective 
of the studies were to test association of direct 
assessment with physiological parameters to 
facilitate the most resistant DH lines, and to check 
biochemical changes in plants caused by infection. 
The hulled lines revealed less roots susceptibility 
to infection of F. culmorum expressed in DR and in 
fresh weight. In roots infection caused significant 
increase of phenolics content, in contrast soluble 
sugars and pigment content in leaves (carotenoids, 
chlorophyll a, chlorophyll b) significantly decrease 

comparing with control. Inoculation affected 
significantly overall performance index of PSII (P.I.) 
photochemistry but not the maximum photochemical 
efficiency (Fv/Fm). Positive correlation coefficients 
were found between DR of roots and following 
physiological parameters: phenolics in leaves, soluble 
sugars in roots, and between fresh weight of roots and 
following physiological parameters: chlorophyll a, b, 
carotenoids and P.I. Negative correlation coefficients 
were found between DR of roots and following 
physiological parameters: soluble sugars in 
leaves, chlorophyll a, b, carotenoids, maximum 
photochemical efficiency (Fv/Fm).
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The process of somatic embryogenesis (SE) leads 
to the development of embryos from somatic plant 
cells and is widely used in plant biotechnology 
for in vitro plant regeneration. Genes encoding 
transcription factors (TFs) are the most frequently 
represented among the identified SE regulators 
and among them, LEAFY COTYLEDON2 (LEC2), 
a master regulator of zygotic embryogenesis 
was indicated to be essential for SE induction in 
Arabidopsis. In support, overexpression of the 
LEC2 was indicated to promote SE induction in 
planta and in in vitro cultured explants, while 
the lec2 mutant showed inhibited embryogenic 
potential. The relationship of LEC2 and hormones 
during SE induction was indicated. Accordingly, 
auxin treatment was found to promote LEC2 
expression in the embryogenic explant culture 
and overexpression of LEC2 significantly modified 
the hormone content in the seedlings including 
the increased auxin and salicylic acid level and 
decreased content of abscisic acid and most of 
cytokinins. Conclusively, LEC2 has been postulated 
to promote the SE induction by controlling auxin 
biosynthesis via regulation of three of the YUCCA 
genes (YUC1, 4, 10) encoding the key enzymes 
of the tryptophan-dependent pathway of IAA 
biosynthesis. In support, a decrease in YUCs 
expression was observed in the lec2 mutant and 
a reduced embryogenic potential was found in the 
yuc mutant culture.

The multi-level control of LEC2 activity was 
postulated in SE including miRNA-mediated and 
epigenetic processes. AUXIN RESPONSE FACTORs 
(ARF10, 16) and PHABULOSA, PHAVOLUTA TF 

that are repressed by miR160 and miR165/166, 
respectively, are suggested to positively regulate 
LEC2 during embryogenic transition (Wójcik et 
al., 2017). Moreover, LEC2 is assumed to be under 
DNA methylation and histone acetylation control 
as explant treatment with 5-AzaC (5-Aza cytosine) 
and TSA (an inhibitor of histone deacetylases) 
of SE-induction activity resulted in down- and 
up-regulated expression of LEC2, respectively 
(Grzybkowska et al., 2018). In addition, the 
RNAseq analysis of the TSA-induced SE indicated 
intensive de-regulation of LEC2 and numerous 
genes related with auxin and other hormones.
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Nowadays, all strategies for heterosis breeding of 
cereals include the use of double haploids (DH) at 
various stages of the breeding process. DH allow 
the use of homozygous lines in basic research, as 
well as in experimental plant breeding. The progeny 
of such lines does not segregate in subsequent 
generations. The progress observed in plant 
breeding, which is made thanks to homozygous 
lines, leads to the conclusion that in vitro induced 
androgenesis is currently the most effective 
biotechnological method used in breeding practice. 
Despite many efforts to develop an effective method 
for producing DH of cereal plants, many problems 
remain unsolved. One of them is that the genotype 
still remains the main factor that determines the 
efficiency of androgenesis in in vitro cultures. An 
indispensable condition for initiating microspore 
divisions leading to embryo formation and 
regeneration of the plant, is to subject microspores 
to stress. Applying the right stress at the proper 
stage not only stops the natural development of 
microspores, but also reprograms these cells to 
initiate embryo development. Moreover, the type of 
stress is related to the number of regenerated green 
and albino plants.

The phenomenon of albinism is inherent 
in the production of DHs and it applies to all 
cereals. Albino plants, due to their inability to form 
chloroplasts in cells, become heterotrophs and as 
such are only able to reach early developmental 
stages on nutrient media in in vitro culture, hence 
they are useless for breeding. It used to be once 
associated with the growth temperature of the initial 
plants and the culture conditions and to this day 
the causes of this phenomenon are not recognized, 
although one can partially influence the reduction of 
the number of regenerating albino plants. Despite 
many years of research on reducing albinism in 
androgenic cultures, a satisfactory remedy for them 
has not yet been invented. The present research 
focuses on minimizing its occurrence during haploid 
embryogenesis. The presented data indicate that 
albinism can be reduced by selecting the appropriate 
in vitro culture conditions, in particular the type of 
microspore reprogramming stress. It seems that 
the best stress in the context of minimizing this 
phenomenon is cooling the ears at 4°C for 21 days, 
and then incubating isolated anthers in mannitol 
solution for another 7 days at 4°C. But we have 
observed exceptions to this rule.
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Glutathione is the most abundant low molecular 
weight (LMW) thiol compound found in almost 
all eukaryotic cells. It occurs predominantly in 
its reduced form (GSH), continuously oxidized 
in redox reactions into glutathione disulphide 
(GSSG). The GSH/GSSG ratio regulates cell redox 
homeostasis and could be used as a parameter of 
oxidative stress intensity. Apart from being the most 
potent intracellular scavenger of reactive oxygen 
species (ROS), glutathione plays an important role 
in many physiological processes connected with 
plant growth, development and stress defence. 

In the present study, the effect of GSH on 
the process of microspore embryogenesis (ME) 
was studied using several DH lines of winter 
triticale significantly different in their embryogenic 
potential. Tiller treatment with low temperature 
(3 weeks at 4°C) and 0.3 mM GSH significantly 
increased the effectiveness of ME initiation in the 
majority of studied DH lines. The parameters 
influencing ME effectiveness (microspore viability, 
embryo-like structure (ELS) production and 
their regeneration potential) were associated with 
endogenous GSH and GSSG levels measured by the 
method of Knörzer et al. (1996), glutathione redox 
status (GSH/GSH+GSSG) and LMW antioxidative 
activity (Brand-Williams et al., 1995). It was 
revealed that glutathione plays a dual role in the 

process of ME, protecting cells from oxidative 
stress and stimulating ELS differentiation. 
However, further study revealed that the effect of 
GSH strongly depends on the physiological status 
of microspores and the activity of antioxidative 
enzymes. Our results suggest that ROS act as 
signalling molecules in microspore reprogramming, 
which is why its effective elimination increases 
microspore viability, but at the same time it can 
decrease the efficiency of ME initiation.
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Toxicological effect of metal oxide nanoparticles: ZnO, TiO2, Al2O3, ZrO2 
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Metal oxide nanoparticles are constantly gaining 
in popularity due to their characteristic properties 
which allow for their use, among others, for 
microbial protection (e.g. in food packaging, 
textiles) and as sunscreens. Due to the high risk of 
these nanomaterials getting into the environment, 
there is a real risk of exposure both aquatic and 
terrestrial plants to them.

This work investigates the cytotoxic effect of the 
most commonly used metal oxide nanoparticles: 
zinc oxide (ZnO-NPs), aluminum oxide (Al2O3-NPs), 
titanium oxide (TiO2-NPs) and zirconium oxide 
(ZrO2-NPs) on callus cells of two wheat (Triticum 
aestivum L.) varieties – Parabola (stress tolerant) 
and Raweta (stress sensitive). The evaluation of 
nanoparticle activity was made on the basis of 
determining the degree of lipid peroxidation, the 
amount of lactate dehydrogenase (LDH) released 
into the cell environment and the activity of 
antioxidant enzymes: superoxide dismutase (SOD) 
and peroxidases (POX). 

The studied nanoparticles caused oxidative 
damage to membranes of the Raweta variety. 
A significant increase in MDA production was noted 
as a result of the action of ZnO-NPs and Al2O3-NPs 
at the lowest tested concentration (3 mg/L). Other 
nanoparticles increased lipid peroxidation at 

a concentration of 6 mg/L. The concentration-
dependent rise in LDH leakage from the cells 
was observed as a result of treatment with all 
nanoparticles. The degree of membrane damage 
caused by contact with nanoparticles enhance in the 
following series: TiO2-NPs, Al2O3NPs, ZrO2-NPs and 
ZnO-NPs. For the sensitive variety, an increase in 
antioxidant enzymes activity was also observed as 
a result of the tested nanoparticles acting (with the 
exception of ZnO-NPs, which caused a significant 
decrease in SOD activity). No noticeable toxicity 
of these metal oxide nanoparticles was observed 
for the Parabola variety. ZnO-NPs caused an 
approximately 10% rise in LDH leakage only at 
a concentration of 12 mg/L. The action of the other 
NPs did not cause membrane damage that would 
result in uncontrolled outflow of LDH from callus 
cells. The increase in the level of MDA produced in 
stress tolerant cells was slight.

The cytotoxicity of metal oxide nanoparticles 
is highly dependent on the sensitivity of the cells 
which they interact with. The tested nanoparticles 
can damage membranes and generate the 
production of reactive oxygen species, leading 
to oxidative stress in the cells. Environmental 
pollution with engineered nanomaterials can 
significantly affect crop productivity.
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The mechanism of oxidative stress resulting from 
the action of many abiotic and biotic factors has 
still not been fully explained. The factors that 
initiate this stress in the cell are reactive oxygen 
species (ROS), which, generated in excess, change 
redox conditions, lead to disturbances in the course 
of important metabolic processes. In vitro methods, 
and studies of membranes in model systems in 
particular, may contribute to determine the initial 
stages of oxidative stress. 

In presented experiments, in vitro cultures 
of two wheat varieties (resistant and sensitive to 
oxidative stress) were directly exposed to ROS 
action for 30 min. Membranes of these cells were 
extracted and lipid fractions were separated 
by column chromatography. Physicochemical 
properties of phospholipids (PL) and mono-
galactolipids (MGDG) were characterized according 
to Langmuir technic. In this technic, monolayers 
formed from lipids are characterized by measuring 
surface pressure isotherms i.e. the dependence 
of surface pressure on area per molecule. On this 
basis, parameters such as Alim (area/molecule in 
condensed monolayer), πcoll (surface pressure 

corresponding to this state) and Cs
-1 (parameter 

describing the layer compressibility). These factors 
allow to quantify subtle changes in the monolayers’ 
structure.

It was shown that the ROS action modified the 
composition of membrane lipids particularly that 
of the sensitive variety. Generally, the percentage 
of PL fraction in membranes increased at the 
expense of the content of the MGDG fraction. The 
physicochemical parameters of monolayers formed 
from both lipid fractions were modified to a different 
degree. For the PL fraction, ROS leads to a reduction 
of the Alim and πcoll values only for lipids obtained 
from the sensitive variety. The change of these 
parameters for monolayers formed from MGDG 
fractions was noticed for both varieties. 

These results allow to conclude that in the 
mechanisms of protecting cells against the action 
of ROS, the changes of physicochemical properties 
of lipid membranes such as compressibility and 
elasticity are important factors. Modification within 
the MGDG fraction seems to be more important 
for membrane protection processes than in the PL 
fraction.
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Plantago major L. is a common plant species 
occurring in Poland with potential of medical use 
(Gonçalves and Romano, 2016; Samuelsen, 2000). 
Nevertheless, it is not widely used, due to its low 
efficiency of harvesting compared to other plants 
with similar properties. Increasing the ploidy level 
may be one of the possibilities to obtain specimens 
with desirable characteristics (Sabzehzari et al., 
2019). For this explants obtained from P. major 
leaves and seedlings were cultured on MS + 0.9 μM 
TDZ + 1.0 μM IBA and MS + 4.7 μM KIN + 4.5 μM 
2,4-D media respectively for callus induction 
and MS + 18.6 μM KIN + 0.05 μM NAA for 
morphogenesis. Observed callus was characterized 
by the presence of extracellular matrix (ECM). 
Multiplication of the chromosomes was induced 
by oryzalin addition in concentrations: 1 μM, 
5 μM and 10 μM. (with the exposition 7 days). The 
morphogenetic response obtained on callus differed 
from the assumed one, mainly by roots developing 
instead of adventitious shoots formation. As 
a result, 14 adventitious shoots were obtained from 
only one explant. The roots forming on callus were 
characterized by a green color and surprisingly 
were proved to be photosynthetically active. For 
some of them, the chromosome number was 
analyzed to assess the level of ploidy, which did not 
differ with the original roots. Adventitious shoots 

were rooted without success on MS + 2.7 μM NAA 
and ½ MS + 4.9 μM IBA and they produced 
deformed inflorescences. Histological analyzes 
revealed differences in structure between natural 
and in vitro roots, as well as the abnormalities 
in the achieved inflorescences with the presence 
of an embryo sac in it. In applied conditions the 
ploidy level was not changed, but the effect of 
oryzalin could be visible on the physiological level 
as the clear photosynthetic activity of the roots. The 
intended effect of regenerated plants with confirmed 
polyploidy was not obtained, however, this results 
have a big value for the future research of P. major 
polyploidization and its biology at all.
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Chalcone synthase (CHS) is a key enzyme of the 
flavonoids biosynthesis pathway. This secondary 
metabolites function in plants as protectives 
against unfavorable environmental conditions. In 
flax, seven CHS genes where recognized, but their 
role in stress defense is still poorly determined. 
In this study, six time points of low temperature 
(12°C) stress treatment were examined: before 
stress treatment, 24h, 48h, and 1 week after 
introducing stress conditions, 24h and 1 week 
after stress removal. Real Time PCR analysis of six 
CHS genes: LuCHS3, LuCHS4, LuCHS6, LuCHS7, 
LuCHS10, and LuCHS11 indicate, that they differ 

in expression levels and in time of expression 
induction by low temperatures. These results 
suggest, that some of them act as primary stress 
protection and others as protection from prolonged 
stress. Moreover, differences between three flax 
plant materials were examined: Linola – the oily 
flax type and two transgenic flax derived from 
Linola – one with introduced antisense fragment of 
LuCHS6 – named aCHS6, and one with antisense 
fragment of LuCHS4 – named aCHS4. LuCHS6 and 
LuCHS4 were chosen for transformation because 
they differ in expression patterns in flax stress 
responses.
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Common buckwheat (Fagopyrum esculentum 
Moench) belongs to Polygonaceae and has 
many advantages, such as well-balanced seed 
composition and high ecological value. However, 
cultivation area of buckwheat is limited due to low 
seed yield and the heterogeneity of its maturation. 
Seed set is insufficient and it amounts to 15-53%, 
depending on the genotype and growth conditions. 
One plant develops from 500 to 2000 flowers, but 
only a few percent of flowers produce seeds. Often, 
even if the flower is pollinated young embryos and 
fruits degenerate, probably for trophic reasons. 
Our experiments studied the impact of the trophic 
stress in in vivo and in vitro conditions on the 
embryological processes and seed yield. The 
studies were carried out on common buckwheat 
plants of Polish cultivar ‘Panda’ and strain PA15 
which show significant variation in term of the 
degeneration of the embryo sacs as well as yield 
productivity. The goal of first experiment was to 
study the trophic stress effect on megasporo- and 
megagametophytogenesis performed on isolated 
flower buds grown on different variants of medium 
(optimal, reduced to the half and third part of 
nutritional components) in in vitro conditions. The 
objective of second experiment was to investigate 
the trophic stress effect on seed yield in planta by 
reducing proper amount of flowers (50 and 75%) 
compared to that of the control. The both of studied 
genotypes demonstrated different responses to 
applied treatments. In the experiment conducted 

in vitro conditions strain PA15 seems to be more 
sensitive to trophic stress than cv. ‘Panda’. However, 
the most ‘poor’ medium increased embryo sacs 
degeneration in both genotypes. In the experiment 
performed in planta, 50% reduction of PA15 
flowers increased seed yield, while cv. ‘Panda’ 
showed the highest yield only in control plants. 
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Scutellaria lateriflora L. – also known as American 
skullcap is well famous medicinal plant species 
in traditional North American therapy. Herb of 
this plant species contains as main compounds 
flavonoids typical for genus Scutellaria – baicalein, 
scutellarein, wogonin, and their glucuronides. 
That metabolites have a lot of pharmacological 
properties like hepatoprotective, sedative, 
antioxidative and antiinflamatory (Barnes et 
al., 2007).

The aim of the research was to evaluate the 
effect of elicitation of agitated in vitro cultures 
of Scutellaria lateriflora L. on accumulation of 
flavonoids, verbascoside and phenolic acids.

Agitated cultures were grown on Linsmaier 
and Skoog medium containing 1.0 mg/l 6-ben-
zylaminopurine (BAP) and 0.5 mg/l 1-naphthale-
neacetic acid (NAA). After two weeks of the growth 
cycle, methyl jasmonate (ME) was added to each 
flask in such amounts as to obtain the final con-
centrations of 10, 50 and 100 μM. The methanol-
ic extracts from biomasses collected after 3 and 
7 days of growth cycles were analysed with DAD-
HPLC  method (Ellnain-Wojtaszek, 1999). 

The presence of 5 flavonoids (baicalin, 
scutellarin, wogonin, wogonoside and oroxylin A), 
verbascoside and 3,4-dihydroxyphenylacetic acid 
was confirmed. 

The main metabolite in both cases was verbas-
coside. The maximum amounts of this compound 
(after 3 and 7 days) riched 381.5 mg/100 g DW and 
121.6 mg/100 g DW (both by 10 μM of ME) respec-
tively and they are 10-, and 4-time higher than in con-
trol culture. Baicalin was accumulated also in high 
amount. The maximum amount was documented 
after 3 days (152.4 mg/100 g DW) by 10μM of ME. 
The total amounts of the estimated flavonoids ranged 
from 176.9 to 308. mg/100 g DW after 3 days of 
culture, and from 26.7 to 259.0 mg/100 g DW after 
7 days. Higher levels of flavonoids were obtained after 
using lower concentrations of ME.

The testing of elicitation conditions led to 
increased accumulation of verbascoside and some 
flavonoids specific for the Scutellaria genus.
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Metabolites characteristic for Brassicaceae family 
– glucosinolates (Gls), are recommended in the 
prevention of cancers, heart diseases and diabetes. 
The rich source of Gls is Nasturtium officinale 
R. Br. (watercress), plant of scientific proven 
activities e.g. antioxidant, hepatoprotective and 
anticancer (Klimek-Szczykutowicz et al., 2018). 

The aim of the study was to investigate the effect 
of selected plant growth regulators (PGRs) on Gls 
production in agar, agitated, as well as in RITA-
bioreactors microshoot cultures of N. officinale. 
Under the experiment six variants of MS medium 
(Murashige and Skoog., 1962) supplemented with 
different PGRs were studied. In the agar and agitated 
cultures the following PGRs were tested: BA and 
NAA, 2iP and NAA, KIN and IAA, KIN and IBA, Zea 
and IBA, Zea and NAA, in concentration of 1 mg/l 
cytokinin and 1 mg/l auxin. The bioreactor cultures 
were maintained on MS medium with 1 mg/l BA 
and 1 mg/l NAA. As control were assumed agar 
cultures cultivated on MS medium without PGRs. 
The different culture growth periods: 10, 20 and 
30-days for agar and 10 and 20-days, for agitated 
and bioreactor cultures, were tested (3 series). 
The estimation of total Gls content was performed 
spectrophotometrically (Gallaher et al., 2012).

In the control microshoot cultures the 
Gls content was equal (mg/100 g DW): 116.19 

(10 days), 89.51 (20 days) and 78.71 (30 days). 
In experimental agar microshoot cultures the Gls 
content ranged from 100.23 (MS with Zea and IBA, 
10 days) to 194.77 mg/100 g DW (MS with KIN and 
IAA, 30 days). In agitated microshoot cultures the 
Gls content ranged from 78.09 (MS with Zea and 
IBA, 20 days) to 182.80 mg/100 g DW (MS with BA 
and NAA, 10 days). The highest total Gls content 
(195.92 mg/100 g DW) was confirmed for extracts 
of microshoots collected from RITA bioreactors 
after 20 days of growth period.
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Microspore embryogenesis (ME) starts with stress-
-induced reprogramming of male gametophytic cells 
(microspores) towards sporophytic developmental 
pathway. As a result haploid embryos are formed, 
which can be regenerated into doubled haploid 
plants (DHs) after the chromosome-doubling 
process. It is known that ME effectiveness is 
controlled by numerous factors, but the knowledge 
concerning the molecular and physiological 
background behind this process is still fragmentary.

Epigenetic modifications, such as DNA methyla-
tion, are involved in many developmental and physio-
logical processes. A positive effect of DNA demeth-
ylation was observed in microspore and anther cul-
tures of triticale, where four days of tillers treatment 
with DNA methylation inhibitor (5-azacytidine, AC) 
significantly increased ME effectiveness (Nowicka et 
al., 2019). To widen our understanding of the mecha-
nism of ME initiation, the effect on reactive oxygen 
species (ROS) generation and antioxidant enzymatic 
responses were analyzed in two DH lines of triticale 
significantly differing in embryogenic potential.

ME effectiveness was evaluated in anther 
cultures. Anthers were excised from control and 
5 μM AC pre-treated tillers (the last 4 days). Both 
treatments proceeded at low temperature (3 weeks 
at 4°C). The antioxidant enzyme responses (non-
specific peroxidases POX, glutathione peroxidase 
GPX) were determined at the enzymatic activity and 
gene expression levels.

AC significantly increased ME induction 
effectiveness of the highly responsive DH line 

(DH28) due to the decreased production of ROS 
in parallel with the alteration of endogenous 
H2O2 content. However, the state of ROS was not 
maintained through POX and GPX. Additionally, 
RT-PCR analysis showed that expression level 
of GSTF2, a putative gene encoding glutathione 
transferase, was elevated.

To summarize, DNA demethylation, by 
modulation of ROS generation, helps to improve 
ME effectiveness in the highly responsive genotype. 
Probably, this process in triticale is maintained 
through ROS – scavenging enzyme, such as 
glutathione transferase F2 (EC:2.5.1.18) known 
as enzyme taking part in auxin-activated signalling 
pathway. Therefore, further examination of this 
complex phenomenon is still necessary to overcome 
the recalcitrance in the low responsive genotypes.
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Verbena officinalis L. is a medicinal plant with 
many valuable biological activities, e.g. anti-
inflammatory, antimicrobial and secretolytic. For 
these properties of investigated plant species, 
among others, phenylpropanoid glycosides such as: 
verbascoside and isoverbascoside are responsible 
(Kubica et al., 2018). Our earlier studies confirmed 
high production of these compounds in in vitro 
cultures of V. officinalis (Kubica et al., 2017).

Our recent research is concentrated on optimi-
zation of V. officinalis shoot cultures conditions for 
production of both glycosides. The agar cultures, 
stationary liquid cultures, agitated cultures and cul-
tures grown in Rita bioreactors were maintained on 
two basal media – Murashige and Skoog (MS) medi-
um and Schenk and Hildebrandt medium (SH). We 
tested different compositions of plant growth regu-
lators (6-benzylaminopurine – BAP, indole-3-butyric 
acid – IBA, tidiazurone – TDZ and 2-izopentyloade-
nine – 2IP) and adenine. The content of metabolites 
was determined in methanolic extracts from bio-
masses with HPLC-DAD method (Schönbichler et 
al., 2013).

The tested in vitro conditions showed 
a strong influence on the content of analyzed 
phenylpropanoid glycosides. The amounts of 
verbascoside accumulated in shoot cultures varied 

from 707 to 4956 mg%. The highest contents of this 
compound (4956 mg%) was documented in agitated 
cultures maintained on SH medium with addition 
of 2 mg/L 2IP and 0.22 mg/L TDZ. The highest 
amount of isoverbascoside was confirmed in the 
same conditions but amounts of this compounds in 
biomass were lower – from 63 to 287 mg%. 

The obtained maximal total amounts of 
verbascoside and isoverbascoside are interesting 
from practical point of view.
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Aronia species are a rich source of phenolic acids 
(PhAs) – very important antioxidants in pharmacy 
and cosmetology.

Our earlier studies with solid and agitated 
cultures of Aronia melanocarpa (black aronia) and 
A. × prunifolia (purple aronia) documented their 
ability to high production of (PhAs) (Szopa and 
Ekiert, 2014; Szopa et al., 2018). 

The aim of the present studies was the investiga-
tions on accumulation dynamics of (PhAs) in agitated 
cultures of both aronias. Additionally, the establish-
ment of bioreactors cultures (RITA and PlantForm 
bioreactors) was performed for the first time. 

Both types of cultures were maintained on 
Murashige and Skoog medium with BAP (1 mg/l) 
and NAA (1 mg/l). In methanolic extracts of 
biomasses collected in 1-week intervals during 
8-weeks growth cycles from agitated culture and 
after 4-weeks and 8- or 6-weeks growth cycles from 
bioreactors 26 (PhAs) were estimated by HPLC 
method (Ellnain-Wojtaszek, 1999). 

The presence of the same 11 (PhAs) were 
documented in biomass extracts of both aronias. 
The main metabolites in both type of cultures of 
black aronia were 3,4-dihydroxyphenylacetic acid 
(3,4-DPhAcA), 3-phenylacetic acid (3-PhAcA), 
cryptochlorogenic acid (CChlA) and isochlorogenic 
acid (IChlA). The main metabolites in purple aronia 
cultures were (3,4-DPhAcA), (3-PhAcA), (IChlA) and 
chlorogenic acid. 

In agitated cultures of black and purple 
aronias the total amounts of metabolites riched the 

maximum after 5th-weeks (1238 mg%) and after 
4-weeks growth cycles (1139 mg%), respectively. 
In black aronia bioreactors culture, the higher 
amounts of (PhAs) were confirmed after 4-weeks 
growth cycles (787 mg% – RITA and 693 mg% – 
PlantForm). In purple aronia culture maintained 
in RITA bioreactor the total amounts of (PhAs) 
estimated after 4 and 8-weeks were almost the 
same (693 mg% and 698 mg%, respectively), in 
PlantForm bioreactor were higher after 4-weeks 
(869 mg%).

The obtained maximal total amounts of (PhAs) 
are interesting from practical point of view.
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Over the past few decades, there has been a growing 
interest in the use of flax plants thanks to its 
nutritional and healing properties. The use-value 
of flax can be improved by increasing the content 
of compounds influencing both their of survival in 
the environment, and with a pro-health significance 
for humans. Examples of such compounds are 
anitoxidants, such as tocopherols.

The main point of this work is to estimate of 
the effect of genetic modification increasing the level 
of tocopherols on the composition of the cell wall of 
high-linolenic acid flax (Linum usitatissimum L.) 
of line Opal, obtained from field cultivation as 
phenotypic changes were observed in those plants.

Modification of the above-mentioned plants 
was performed in vitro cultures and consisted of 
the introduction of the vte-2 gene encoding the 

key enzyme of tocopherol biosynthesis pathway – 
homogentisate phytyltransferase from Arabidopsis 
thaliana.

First, the content of components involved in the 
cell wall of transgenic flax plants (lignin, cellulose 
and pectin) was determined. Subsequently the effect 
of transformation on the content of biologically 
active compounds derived from the terpene and 
phenylpropanoid biosynthesis pathways was 
estimated. The chemical analysis of cell wall 
structure of transgenic plants was confirmed by 
FT-IR spectroscopy.

The study revealed that a given modification 
does not significantly affect the structure and 
composition of the cell wall, but causes changes in 
the content of phenolic and terpene compounds in 
transgenic plants in relation to the control.
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Lachenalia doleritica belongs to ornamental 
geophytes from Asparagaceae family, naturally 
grown as endemic species in South Africa. It is 
highly valued plant amounted to 12–24 cm high 
with light green and pinkish flowers (Duncan, 
2012).

The presented study focused on germination 
of the L. doleritica seeds by means of in 
vitro cultures, as an alternative to traditional 
propagation methods.

Disinfected, chilled (1 week at 5°C) and non-
chilled seeds were sown on 100% MS media 
containing 3% sucrose. Cultures were maintained at 
23 ± 2°C, in darkness and then (after development 
of cotyledon) under 16h light condition. Gradual 
germination was observed within 20 weeks. All 
germinating seeds developed radicle, stolon and 
cotyledon, respectively. First radicles were seen two 
weeks after sawing, in the case of chilled seeds. The 

none-chilled seeds started to germinate five days 
later. Cotyledons appeared approximately three 
weeks after sawing. Mean length of the radicles, 
stolons and cotyledons of 8-week seedlings (from 
chilled seeds) amounted to: 66 mm, 6.5 mm and 
42 mm, respectively. Seedlings from non- chilled 
seeds, in the same phase of development, were 
smaller. Mean length of the particular organs 
amounted to: 58 mm, 5.5 mm and 33.5 mm.

Chilling accelerated and enhanced germination 
(100%) in comparison with non-chilled seeds (80%) 
of L. doleritica.

REFERENCES

DUNCAN GD. 2012. Botanical Magazine Monograph: The Genus 
Lachenalia. Kew Publishing, Royal Botanic Gardens, 
Kew, UK.



POSTERSDecember 4–6, 2019, Kraków, Poland

Vol. 61, suppl. 1, 2019 57

The influence of elicitors for total phenolic content in tissues 
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Iris pseudacorus, also known as yellow flag iris, is 
a fast growing and widely spread representative of 
the Iridaceae family, native to Europe, Western Asia 
and North Africa. It is an invasive species growing 
mostly on wetlands and banks of water reservoirs. 
It developed mechanisms of resistance to stressors 
like anoxia (due to submersion of the underground 
parts of the plants); pollutants of water and soil like 
heavy metals, pharmaceuticals, organic matter; as 
well as to herbivores and competitors. 

Such comprehensive adaptations are often 
connected with complex production of secondary 
metabolites in plant tissue. It is already known that 
I. pseudacorus synthesizes phenolic compounds 
(mangiferin, genistein, quercetin, kaempferol or 
daidzein). Extracts can modulate differentiation of 
osteoblasts and osteoclasts and contain compounds 
responsible for estrogenic activity observed both in 
vitro on cell lines and in vivo in rats. Polyphenols 
isolated from roots also can inhibit spontaneous 
colony formation of colon carcinoma cells HT-29.

Taking under consideration high biomass 
production and easily accessible source of the 
tissues, I. pseudacorus is a perfect candidate to 
look for biologically active compounds desirable 
in industry. Having in mind care for biological 
diversity in nature and limited resources of culture 
place, micropropagation in in vitro conditions 
is a suitable alternative. This brought us to ask 
two questions. Is it possible to increase the level 
of polyphenolic compounds in in vitro culture of 
I. pseudacorus plants in comparison to plants 

growing in vivo? Which stressors or factors can 
increase level of polyphenolic compounds in its 
tissues?

To answer these questions, two different 
approaches of the in vitro culture and six elicitors 
were used. I. pseudacorus was successfully 
introduced to in vitro from seeds. Plants cultured 
in liquid Murashige and Skoog medium in 
Erlenmeyer flasks with continuous shaking or in 
temporary immersion system – Plantform, were 
treated with stress factors. As biotic elicitors: 
bacterial lysates of Cronobacter sakazakii and 
Dickeya dadanti, also methanolic extract from 
Aphid sp., were used. As abiotic elicitors: jasmonic 
acid, phenylalanine and reduction of nitrogen 
source in medium were examined. Elicitors were 
added to the culture medium to stimulate phenolic 
production. Methanolic extracts were prepared 
from roots and stems and examined with the 
colorimetric Folin-Ciocialteu modified method. 
Metabolic profiles were also analyzed with the use 
of High-Performance Liquid Chromatography and 
compared with extracts from untreated plants. 

Preliminary results suggest that jasmonic 
acid increased the most phenolic production in 
I. pseudacorus tissue.
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Several metallophytes e.g. Viola tricolor, Silene 
vulgaris ssp. humilis, Arabidopsis hallerii, 
Armeria maritima occur abundantly on calamine 
soils polluted with high concentrations of Zn, 
Pb, Cd in Southern Poland (Nowak et al., 2011). 
So far, their tolerance to these metals has been 
tested mostly at the seedling and adult plant stage 
development (Wierzbicka, 2015). Here, we applied 
fairly new approach based on establishing cell 
suspension cultures from the callus tissue of these 
metallophytes obtained from their leaf fragments 
cultured on solidified half-strength MS medium 
supplemented with 2 mg L-1 2,4-D and 2 mg L-1 BAP. 
Viability of cells in suspensions treated with 0, 200, 
500 and 1000 μM of ZnSO4×7H2O or Pb(NO3)2 for 
24, 48 and 72h was measured using alamarBlue 
assay as described by Sychta et al. (2018). 
Metallophytes differed in their level of tolerance to 
Zn and Pb. A. hallerii and S. vulgaris ssp. humilis 
were tolerant to Zn, but poorly tolerant to Pb, 
contrary to A. maritima which, taking into account 
high Pb toxicity, revealed unexpected tolerance to Pb 
(75% of living cells after 72h). All three investigated 

species revealed overall lower tolerance than the 
violets, facultative metallophyte, V. tricolor and 
obligate metallophyte, V. lutea ssp. westfalica 
(Sychta et al., 2018). Higher cell tolerance levels of 
Viola metallophytes than the metallophytes of the 
other genera, suggest the development of specific 
adaptations in Viola.
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Lilium candidum L. is valuable medicinal and orna-
ment species in Liliaceae family. It is native to Medi-
terranean and Minor Asia region and it is treated as 
an endangered species in Israel. It is early flowering 
perennial with pure white and fragrant flowers that 
are popular in flower arrangements and garden art 
in Europe. Madonna lily contains biologically active 
compounds that are the objectives of pharmaceuti-
cal studies and harvesting in its natural environment. 
Traditional methods of both vegetative and genera-
tive propagation are not sufficient enough to meet 
the market demand. All these makes L. candidum L. 
an important subject of micropropagation attempts. 
LED light systems are energetically efficient and give 
an opportunity of spectrum selection which influences 
organogenesis in vitro.

Bulb scales used in the study have been 
obtained from the in vitro bulbs stored at 6oC 
for twelve months. Inner and outer scales were 
maintained separately on Murashige and Skoog 
solid medium without plant growth regulators. 
The aim of the study was to determine the effect 
of light quality on adventitious organogenesis. 
Different light wavelengths were tested: white 

LEDs; monochromatic blue (B); monochromatic 
red (R); a mixture of red and blue LEDs in the 
7:3 ratio (RB); these mixture improved with far red 
(RBfR), yellow (RBY), UV (RBUV) and green (RBG). 
Fluorescent light served as a control and one part 
of bulb scales was cultivated in darkness.

After 6 weeks of culture we observed bulbs, 
stems and roots formation. Percent of the 
regenerating scales range from 73.8% in darkness 
to 94.3% under fluorescent lamp. Outer scales 
regenerate in higher percent (87.1%) comparing to 
inner scales (77.9%).

Our results showed that under RBfR light 
outer scales gave the best results in most examined 
parameters of adventitious organogenesis. Percent 
of scales regenerating bulbs was 90.8%, single 
scale formed 1.3 bulb in average that gave 14.4 new 
bulbs form the single initial bulbs.

The highest number of stems (2.5) developed 
under white LEDs with the longest ones (21.1mm) 
under RBfR light. The highest root formation 
occurred (0.6 per one scale) under RBG and 
fluorescent light, the longest roots developed under 
the same type of light.

Morphogenetic response of Lilium candidum L. bulb scales 
to different light qualities in vitro
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Cyanogenic glycosides (CGs) have been identified in 
approximately 2,600 plant species, which is almost 
1% of all plant species described to date. There 
were identified in almond (amygdalin), manioc, 
sorghum, acacia, plum, apple, yew or flax. They are 
the main source of hydrogen cyanide in plants. By 
far, 4 cyanogenic glycosides have been demonstrated 
in flax: two L-valine derivatives (linamarin and 
linustatin) and two L-isoleucine derivatives 
(neolinustatin and lotaustralin). The main function 
of these compounds is protection against pathogens 
and herbivores, hence their highest concentrations 
are observed in seeds and seedlings. The content 
of CGs changes significantly during plant growth, 
it also depends on the mineral economy (sulfur 
content) and many environmental factors.

Cyanogenic monoglycosides are formed in 
a several-step process starting with L-amino 
acids. Then monoglycosides can be glycosylated 
to diglycosides, and both groups, under the 
influence of beta-glycosidases, are hydrolyzed to 
cyanohydrins. Cyanohydrins dissociate to carbonyl 
compounds to release hydrogen cyanide, which can 
be neutralized by conjugation with glutathione or 
incorporation into cysteine to form asparagine. If 
HCN is not neutralized, it can lead to blockage of 

the mitochondrial respiratory chain in a potential 
consumer.

Using IT tools, based on homology to the 
sequence of known genes from other cyanogenic 
plants, potential sequences encoding genes of CGs 
metabolism were identified in the flax genome. In 
silico analysis has been experimentally verified 
by checking the presence of transcripts in genetic 
material isolated from Linola variety flax. An 
analysis of the expression of selected genes 
associated with the cyanogenic glycoside pathway 
in development stages was performed. The tissue 
was harvested at the following time points: 2 days, 
6 days (seedlings), 10 days, 20 days, 30 days, 
40 days (plants at the stage of vegetative growth), 
in flowers, young seed baskets and seeds. Gene 
expression was verified using Real-time PCR. 
Literature premises and own data indicate the 
significant importance of 3 enzymes: valine 
monooxygenase, hydroxynitrilase and linamarase.

REFERENCES

NIEDŹWIEDŹ-SIEGIEŃ I. 1998. Cyanogenic Glucosides In Linum 
usitatissimum. Phytochemistry 49: 59–63.



POSTERSDecember 4–6, 2019, Kraków, Poland

Vol. 61, suppl. 1, 2019 61

The increasing salinity of surface waters and soils 
leads to environmental degradation and serious 
economic problems. The negative effects of salt 
stress have increased in recent years due to the 
significant reduction in fresh water resources, 
the use of more and more salt in industry and 
agriculture. The studies have confirmed that a high 
concentration of salt has a destructive effect on 
fresh surface waters and causes disturbance of 
hydrobiological balance. 

The aim of the study was to assess the effect 
of salt stress on the growth and development of 
macrophytes from the Lemnaceae family. The 
experiment was conducted in laboratory conditions 
on the model Spirodela polyrrhiza plant grown 
in vitro at the Department of Plant Ecophysiology 
at the University of Lodz. The plants were grown 
on a diversified culture medium including: 
standard “Z” medium, tap water, postferment 
from biogas plant in Piaszczyna, which were 
supplemented with various NaCl concentrations 
ranging from 25 to 100 nM. Plant cultivation 
was carried out under phytotron conditions 
at 24°C. After 10 days of culture, analyses of 
plant growth, fresh and dry biomass, as well as 
physicochemical parameters, i.e. chlorophyll 
content index, gas exchange parameters (net 
photosynthesis, transpiration, stomata conductivity 
and intercellular CO2 concentration), chlorophyll 
fluorescence measurement were performed. On 
the last day of the experiment, the percentage of 
starch was determined in Spirodela shoots using 

the Starch Assay Kit from Sigma-Aldrich, product 
Code STA20. The performed analyses and tests are 
commonly used indicators of the metabolic activity 
of plants (Badek et al., 2014). 

The obtained results showed that among the 
tested NaCl concentration variants, the one with 
tap water supplemented with 50 mM NaCl most 
effectively promoted high starch production by the 
macrophytes. The analysis of individual parameters 
of Lemnaceae plant growth and development 
indicates new biotechnological possibilities of this 
group of plants (in addition to the so-far confirmed: 
phytoremediation of waters, bioindication 
properties, animal feed supplementation) 
and confirms that these macrophytes can be 
successfully used in the production of biofuels 
(bioethanol). 
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Leucojum aestivum L. is a natural source 
of Amaryllidaceae alkaloids, especially 
galanthamine and lycorine. Galanthamine is 
an acetylocholinesterase inhibitor used for the 
treatment of Alzheimer’s disease, while lycorine 
may inhibit cell division. Several research works 
indicated that biotechnological methods using 
L. aestivum in vitro cultures could be alternative 
sources of Amaryllidaceae alkaloids for total 
chemical synthesis and extraction from field-
grown plants (Laurain-Mattar and Ptak, 2018; 
Ptak et al., 2019). Exploitation of that endophytic 
microorganism as a secondary metabolite-
promoting agent is a very important strategy 
in the biotechnological production of bioactive 
compounds. 

We isolated the endophytic bacterium from 
plant cultures of L. aestivum, and basing on 
the data from the 16S rRNA gene sequence we 
identified it as Paenibacillus lautus. Subsequently, 
we investigated the effects of dead endophytic 
bacterial elicitors, used at concentrations of 
0 (control), 0.01, 0.02 and 0.04% for 7, 14 
and 28 days, on biomass and Amaryllidaceae 
alkaloid production in L. aestivum in vitro 
plants. Elicitation with 0.04% extract of P. lautus 
for 28 days stimulated the growth of L. aestivum 
plants. Capillary GC-MS led to the identification 
of five alkaloids in obtained plant materials. 
Their number depended on the concentration 

and duration of the elicitor action. The highest 
galanthamine (44.47 μg/g DW) and lycorine 
(235.73 μg/g DW) contents were observed in plants 
treated with 0.02% bacterial extract for 14 days. 

This is the first report on the isolation of 
P. lautus from in vitro culture of L. aestivum and 
the use of that endophytic bacterium as an elicitor 
of Amaryllidaceae alkaloid biosynthesis. 
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Currently, the share of renewable energy sources 
in the EU’s energy balance is estimated at 18%. By 
2020, the World Commission of the Energy Council 
predicts an increase in the share of renewable ener-
gy to 21.3%, and the optimistic scenario assumes 
an increase of up to 29.6%. Such a high share of 
renewable carriers in the energy balance requires 
the activation and application of mechanisms 
supporting the development of renewable energy 
 sources, including the development of biomass 
from plants, which can be used for direct combus-
tion, production of biogas or liquid fuels (biodiesel 
and bioethanol) (Grzybek, 2011).

The research determined the effect of the 
addition of post-fermentation effluents from biogas 
plants (post-fermentation effluents, PFE) on the 
growth and development of aquatic plants belonging 
to the Lemnaceae family (Spirodela polyrrhiza and 
Lemna minor L.) and microalgae (Chlorella sp.). 
Lemna minor L. and Spirodela polyrhiza cultures 
were carried out in the media containing 2.5% PFE 
and microalgae ranging 0-20%. All experimental 
variants indicated the possibility of using PFE in 
breeding media, and its content can be increased 
up to 20%.

The results of analyzed parameters: plant 
growth, chlorophyll index, fresh plant weight, 
and parameters of the photosynthesis process 

(net photosynthesis, stomatal conductance, 
transpiration and concentration of intercellular 
CO2) indicated a beneficial effect of PFE on 
the growth of Lemna minor L. and Spirodela 
polyrhiza. The results obtained for Chlorella sp. 
in terms of cell density and measurement of 
chlorophyll fluorescence also indicated the potential 
for growing microalgae in the presence of PFE.

Conclusion: Lemnaceae plants and microalgae 
can be grown on the basis of PFE obtained from 
biogas plants, causing at the same time reduction 
of this waste and its utilization as part of the 
circular economy. Plants of the Lemnaceae family 
and microalgae can be useful in the production of 
bioethanol.
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Drosera gigantea is an endemic carnivorous 
plant, native to Western Australia, belonging to 
the perennial, tuberous genus Drosera (family 
Droseraceae) which is known from its ability 
to catch and digest small animals. Plants from 
Droseraceae family were used in traditional 
medicine, for example for their antitussive 
properties. Plants from Drosera species are rich in 
secondary metabolites like naphthoquinones and 
flavonoids. Plumbagin which is main secondary 
metabolite in carnivorous plants possess 
antibacterial, antifungal and cytotoxic activity. The 
propagation can be difficult because most of the 
species do not produce seed in cultivation and they 
are difficult to grow from leaf cuttings (Kim and 
Jang, 2004). D. gigantea produces tubers which 
have high potential in micropropagation. Each 
tuber can regenerate to mature plant. Because the 
production of secondary tubers is a slow process 
(Dixon and Pate, 1978), a method to increase 
tuber production could lead to more efficient 
micropropagation and receiving more plants from 
in vitro culture. The aim of the presented research 
was to increase tuber production in in vitro grown 
D. gigantea.

During our research we initiated cultures of 
D. gigantea on solid (0.75% agar), half strength 
Murashige and Skoog (½ MS) medium with 2% of 
sucrose and 0.1% MES, pH 5.5 at a temperature of 
20°C, light 30-35 μmol/m2×s and photoperiod 16/8 
h. For tuberization process various combinations 
of growth regulators [6-benzylaminopurine (BAP), 
abscisic acid (ABA)] and different concentrations of 
sucrose were tested.

We analyzed the effect of different culture con-
ditions on tuberization process: sucrose concen-
tration (4 and 8%) and plant growth regulators 
(1.5 mg/L ABA; 1.5 mg/L ABA + 5.0 mg/L BAP; 
1.5 mg/L ABA + 0.5 mg/L BAP). After eight weeks 
of growth, the number of tubers in each medium 
was counted and the tubers were weighted.

The best results were obtained for medium 
with 4% sucrose and 1.5 mg/L ABA + 5.0 mg/L BAP, 
where addition of plant growth regulators increased 
number of tubers by 259% in comparison to 
control medium (½ MS + 4% sucrose, but without 
plant growth regulators). Increasing medium 
sucrose concentration from 4% to 8% resulted in 
reduced plant viability and fitness as well as in 
lower average tuber mass. 
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Flax (Linum usitatissimum) is a plant commonly 
used as a food and in industry. Significant losses of 
crop is caused by Fusarium oxysporum infections. 
One of defense mechanism evolved by flax is 
synthesis of cyanogenic glycosides: linamarin, 
linustatin, neolinustatin and lotaustralin. Cyanide 
– cyanogenic glycosides degradation product is 
reassimilated with sulphuric aminoacids use. 
Influence of sulphur content in medium and 
Fusarium infection were investigated. Cyanogenic 

glicosydes synthese and gene involved in its 
metabolism expression were examined. Transgenic 
CD flax line accumulating sulphuric aminoacids 
showed reduced cyanogenic glycosides content 
in compare to Linola line. It was proved also that 
changes in cyanogenic glycosides synthesis genes 
are connected with changes in expression of genes 
responsible for their reassimilation. It is especially 
pronounced in CD line in Fusarium infection 
response.
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and biologic activity assay

Agnieszka Sawuła

Department of Genetic Biochemistry, Faculty of Biotechnology, University of Wroclaw, 
Przybyszewskiego 63/77, 51-148 Wroclaw, Poland, e-mail: agnieszka.sawula2@uwr.edu.pl



POSTERS XI Conference “In Vitro Cultures In Biotechnology and Plant Physiology”

ACTA BIOLOGICA CRACOVIENSIA Series Botanica66

Protective effect of manganese ions on zearalenone and its metabolites stress 
in wheat

Magdalena Skórka, Apolonia Sieprawska

Institute of Biology, Pedagogical University, Podchorążych 2, 30-084 Krakow, Poland, 
e-mail: apolonia.sieprawska@up.krakow.pl

Zearalenone, mycotoxin produced by Fusarium 
fungi, with its structure reminds an estrogen 
molecule, may displays a hormone-like effect in 
cells. Accumulated in the tissues of plants that 
constitute the basics of human and animal diet 
usually act carcinogens and initiate pathogenic 
changes in various organs (Ismaiel and Papenbrock, 
2015) Thus, many methods are searched for 
prevent the absorption of this substance. The 
mechanism of toxic effect of zearalenone in plants 
is based on the concept of involving the oxidative 
stress, as the final stage of a series of reactions 
occurring in cells.

The aim of the study was to check whether the 
addition of Mn ions may protect plants against ZEN 
diminishing the effects of oxidative stress action. 
The presence of Mn ions in antioxidant enzymes 
(e.g. superoxide dismutase), may suggest their 
direct involving in cell protection. Since ZEN after 
penetration into cells, undergoes biotransformation 
into derivatives such as α-zearalenol and 
α-zearalanol, the toxicity of ZEN versus its 
derivatives was also examined.

The experiments were performed in the in 
vitro conditions for calli cells of two wheat cultivars 
(sensitive and tolerant to oxidative stress) where 
ZEN and its derivatives were applicated to culture 
media at stressogenic concentration (30 μM) and 
Mn ions at non-stressogenic amounts. It was 
found that the introduction of especially ZEN 
and α-zearalenol to the culture media reduced 

the growth of calli in the sensitive wheat and this 
effect was dependent on the kind of toxin. Mn 
presence partly reduced the negative action of 
tested mycotoxins on growth of calli. The changes 
of antioxidative enzymes activity in what cells 
confirmed the stimulation of oxidative stress under 
these mycotoxins’ absorption. The lowered activity 
of SOD, POX, APX and CAT in the presence of Mn 
ions, in comparison to the increase observed under 
mycotoxins application, confirmed the Mn role in 
defense mechanisms, especially against ZEN and 
α-zearalenol induced stress. On the basis of this 
experiment the toxicity of tested mycotoxins was 
established as: ZEN ≥ α-zearalenol > α-zearalanol. 
For the media supplemented with Mn and ZEN or 
its derivatives it was noticed a significant protecting 
effect vs. the media with toxins alone. 
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Centella asiatica L. Urban (Apiaceae) is an 
important pharmacopoeial plant used not only 
in medicine but also in cosmetology (European 
Pharmacopoeia 9th Edition, 2017).

The aim of the experiment was to study the 
influence of different concentrations of plant 
growth regulators (BAP, NAA, GA3) and standard 
(3%) or increased (4.5%) saccharose content in 
the medium on the biomass growth and plant 
secondary metabolites accumulation (phenolic 
acids, flavonoids, triterpene saponins). Centella 
asiatica agitated shoot cultures were established on 
Murashige and Skoog (MS) (Murashige and Skoog, 
1962) liquid medium, and maintained for 4 weeks. 
Then the biomass was collected and dried. Methanol 
and ethanol extracts were prepared from the dried 
biomass. Qualitative and quantitative HPLC analysis 
of phenolic acids and flavonoids and LC/MS analysis 
of triterpene saponins were carried out.

Increased to 4.5% saccharose content 
in the medium stimulates the biomass 
growth. The following variants are the best 
growth media: A1(MS BAP – 1 mg/l, NAA 
– 0.5 mg/l, GA3 – 0.25 mg/l, saccharose 
4.5%), C1(MS BAP – 2 mg/l, NAA – 2 mg/l, 
saccharose 4.5%). The presence of the following 
secondary metabolites was confirmed in the 
biomass extracts: 5 phenolic acids (chlorogenic 
acid, rosmarinic acid, neochlorogenic acid, 
p-coumaric acid, o-coumaric acid), cinnamic 
acid, 6 flavonoids (cinnaroside, rutoside, 
luteolin, kaempherol, quercitrin, myricetin) 

and two triterpene saponins (asiaticoside, 
madecassoside). The highest metabolite contents 
in the biomass were: 296.92 mg/100 g DW for the 
total sum of phenolic acids and cinnamic acid 
(variant B – MS BAP – 2 mg/l, NAA – 0.2 mg/l); 
1009.03 mg/100 g DW for the total sum of 
flavonoids (variant B); 16.62 mg/ 100 g DW for 
the total sum of triterpene saponins (variant 
C – MS BAP – 2 mg/l, NAA- 2 mg/l). The highest 
productivity of biotechnology process (mg of the 
compound/culture flask) was observed on medium 
variant A for the most of the metabolites: 6.79 mg/
flask for the total sum of phenolic acids and 
cinnamic acid; 25.85 mg/flask for the total sum 
of flavonoids; 0.42 mg/flask for the total sum of 
triterpene saponins.

The highest, maximum contents of the analyzed 
compounds in the in vitro culture biomass 
usually exceed their concentration in the mother 
greenhouse plant. Centella asiatica agitated shoot 
cultures could be a potential source of biologically 
active secondary metabolites.
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The object of our study was endemic for Yunnan 
province in China, species – Schisandra 
henryi C.B. Clarke. This plant species has not 
been fully researched yet, but some available 
studies show similarity of its biological activity 
with Schisandra chinensis (Turcz.) Baill. 
S. chinensis is a pharmacopoeial plant species 
which shows e.g. hepatoprotective, antioxidant and 
anticancer activity (Szopa et al., 2019).

The aim of the study was the analysis of 
flavonoids in extracts of agar microshoot and callus 
cultures, as well as leaves of parent plant, using the 
DAD-HPLC method (Ellnain-Wojtaszek and Zgorka, 
1999). 

The microshoot cultures were maintained on 
6 MS medium variants, differing in concentrations 
of the PGRs: BA, IBA and GA3 in the range from 0 
to 3 mg/l. The callus cultures were cultivated on 
MS medium with 1 mg/l BA and 1 mg/l IBA. The 
cultures were maintained over 30 days growth 
periods (3 series). The leaves were harvested from 
the parent plant in May and September 2016 
(“Clematis”, Poland).

In methanolic extracts from biomasses of in 
vitro cultures as well as of parent plant leaves, 
the presence of 6 flavonoids, out of 14 tested, 
was confirmed: hyperoside, rutoside, trifolin, 
quercitirin, querctein and kaempferol. Their 
contents were dependent on culture type and 
MS medium variants. The highest individual, 
and total (421.98 mg/100 g DW) flavonoid 
amounts were reached in microshoots cultivated 

on MS medium with 1 mg/l BA, 1 mg/l IBA and 
0.25 mg/l GA3. The main compounds were: triofilin 
(max. 138.56 mg/100 g DW) and quercitirin (max. 
122.54 mg/ 100 g DW). 

In the leaf extracts the total flavonoid amounts 
were respectively 1.44- and 2.22-times lower 
than their maximal amount in in vitro cultures. 
The main compounds were also triofolin and 
quercitirin.

Our study proved the high utility of biomass 
of S. henryi in vitro cultures as rich source of 
flavonoids. This is the first report on flavonoids 
accumulation in S. henryi in vitro cultures.
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Two major methods for producing wheat doubled 
haploids (DH) are androgenesis (anther culture) 
and embryo culture using wide hybridization 
between wheat and maize. The aim of the study 
was to compare the efficiency of obtaining haploids 
of winter wheat. Greenhouse-germinated seedlings 
were vernalized for eight weeks then grown under 
greenhouse conditions for four to five weeks. 

Androgenic cultures of winter wheat were led 
in accordance with the methodology used in the In 
Vitro Laboratory of Poznan Plant Breeding. Spikes 
with microspores in the late uninucleate stage were 
collected and cold pre-treated (4°C) to stimulate 
androgenetic development. Anthers were isolated 
aseptically and transferred onto Petri dishes 
containing  modified induction media: C17 (Wang 
and Chen, 1983) or 190-2 (Wang and Hu, 1984). In 
all experiments, cultures were grown in the dark at 
26°C. Androgenic structures (calli and embryos) at 
approximately 1 mm in diameter were successively 
transferred onto the modified 190-2 regeneration 
medium (Wang and Hu, 1984).

In experiments using in vitro culture of 
embryos, spikes of wheat were given castrated, 
pollinated and treated by 2,4-D solution in 
glasshouse conditions. Embryos were isolated 
20 days after pollination and next were placed on 
the B5 medium (Gamborg et al., 1968), cultures 
were grown in the dark at 26°C. 

Our results showed a significant difference 
in the number of regenerants of winter wheat 

obtained, depending on the methods used. Embryo 
culture using wide hybridization between wheat 
and maize is an effective and handy tool among 
available methods for haploid induction in wheat. 
Its superiority over other methods includes higher 
efficacy, simple and less genotype dependent 
response.

ACKNOWLEDGEMENT

The research is carried out within the project 
entitled “New trends and technologies in 
breeding of cereals and legumes for sustainable 
agriculture”, co-financed by the National Centre 
for Research and Development from the European 
Regional Development Fund, grant agreement no. 
POIR.01.01.01-00-0449/18-01.

REFERENCES

GAMBORG OL, MILLER RA, OJIMA K. 1968. Nutrient require-
ments of suspension cultures of soybean root cells. Ex-
perimental Cell Research 50: 151–158.

WANG P, and CHEN Y. 1983. Preliminary study on prediction of 
height of pollen H2 generation in winter wheat grown in 
the field. Acta Agronomica Sinica 9: 283–284.

WANG XZ, and HU H. 1984. The effect of potato II medium 
for triticale anther culture. Plant Science Letters 36: 
237–239.



POSTERS XI Conference “In Vitro Cultures In Biotechnology and Plant Physiology”

ACTA BIOLOGICA CRACOVIENSIA Series Botanica70

Morphogenetic potential of Hypericum perforatum L. under in vitro conditions 
and its secondary metabolites level estimation from differential natural sites

Monika Tuleja1, Aleksandra Brankiewicz1, Maciej Gustab1, Diana Saja2, Elżbieta Szostak3

1 Department of Plant Cytology and Embryology, Institute of Botany, Jagiellonian University in Kraków, 
Gronostajowa 9, 30-387 Krakow, Poland, e-mail: monika.tuleja@uj.edu.pl

2 Institute of Plant Physiology, Polish Academy of Sciences, Niezapominajek 21, 30-239 Krakow, Poland 
3 Faculty of Chemistry, Jagiellonian University, Gronostajowa 2, 30-387 Krakow, Poland

Considered an antidepressant and anti-anxiety agent, 
Hypericum perforatum L. owns this properties to 
several bioactive constituents e.g. flavonol derivatives 
(quercetrin) as well as naphthodiathrones such as 
hypericin. What is more, hypericin showed to be 
cytotoxic, and it seems to be a chemopreventive 
agent and a good candidate for antineoplastic drug 
development (Mirmalek et al., 2016). Because 
of another pharmacological properties: wound 
healing, antiflammatory, antiviral, antimicrobal and 
antioxidant effect (Sevastre-Berghian et al., 2018) H. 
perforatum presently is one of the most consumed 
medicinal plant all over the world. Southwell and 
Bourke (2001) revealed that the concentration of 
this active substances can be seasonal dependent. 
Taking into account this variability, it seems 
interesting whether, depending on the place of 
growth, the content of active substances changes 
or not, and whether the in vitro conditions also 
affect their content. Therefore the protocol for 
H. perforatum regeneration in vitro based on 
indirect organogenesis was established. The best 
influence among used phytohormones (NAA+BAP, 
2,4-D+KIN and TDZ) on the internode culture 
maintained in the light, had thidiazuron (TDZ). In 
this conditions the organogenesis efficiency was 
13.63 with 71.43% reacting explants and here 
callus was inducted with the biggest intensity. 
Second type of used explants, parts of leaf blades 

reacted better in the darkness, were they produced 
callus in the higher intensity than in the light. 
H. perforatum was collected from several places 
(meadows: 1-Pychowice, 2-Bieszczady, 3-Skotniki, 
4- Norymberska Kraków antropogenic site) 
and their leaves and internodes were tested for 
bioactive substances content using FT-RS and 
FT-IR spectroscopy. The analysis of FT-Raman 
spectroscopy of the chemical composition of 
St. John’s wort leaves showed that the plants 
differed from each other depending on the places 
of growth. Most differences were observed in 
carotenoids and flavonoid compounds. The highest 
content was observed in plants which growing 
in the first site, and the lowest in the third, what 
coincides with FT-IR data considering “C-O” 
content. Comparison of chemical compounds in 
leaves and internodes showed first of all that there 
was a decrease in their content in the internode in 
relation to leaves.
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The Drosera genus is a natural source of phar-
macologically important secondary metabolites. 
Droserae herba is a source of cyanogens, fla-
vonoids, naphthoquinones, proteolytic enzymes, 
anthocyanins and phenolic compounds. Due to the 
fact that antioxidants with free radical scavenging 
activities may have great relevance in the prevention 
and treatment of free-radical-mediated diseases, the 
aim of our study was to examine the antioxidant 
potential of extracts from 28 plants from Drosera 
species.

Plants from Drosera sp. were grown in vitro on 
½ Murashige and Skoog medium with 2% sucrose 
and 1.5% active carbon, pH 5.5. Plant tissues were 
extracted with two methods: ultrasonic assisted 
extraction in methanol and microwave-assisted 
extraction in distilled water. The obtained extracts 
were tested for antioxidant properties with the use 
of the DPPH (2,2-diphenyl-1-picrylhydrazyl free 
radical) assay. DPPH is a free radical which undergoes 
decolorization when it binds electron. Methanol 
extract at concentrations from 10 to 0.15 mg/ml 
fresh weight (FW) and aqueous extracts at 30 to 
0.5 mg/ml FW were added to DPPH solution (final 
concentration 0.1 mM). After 30 min of incubation 
at room temperature decolorization of solution was 
measured at 517 nm wavelength. The decrease 
in absorbance of DPPH radical was calculated 

according to the formula: inhibition (%) = {[Abs 
(C) – Abs (S)]/Abs (C)} × 100, where Abs (C) is the 
absorbance of control (solution DPPH radical alone) 
and Abs (S) is the absorbance of sample with added 
extract. Then to compare obtained results IC50 (the 
half maximal inhibitory concentration) values were 
determined. All analyses were performed in triplicate.

In case of DPPH assay, aqueous extracts 
from Drosera aliciae, Drosera ramentaceone 
and Drosera capensis with IC50 values 0.881 mg 
FW/mL; 0.887 mg FW/mL; 0.959 mg FW/mL 
respectively, proved to be a very potent antioxidant. 
The best results and the highest antioxidative 
activity of methanol extracts were obtained for 
Drosera anglica and Drosera spatulata extracts 
with IC50 values 0.418 mg FW/mL and 0.483 mg 
FW/mL respectively. The lowest radical scavenging 
activity were identified in extracts from: Drosera 
gigantea, Drosera adelae and Drosera binata, 
where IC50 values were from 3 mg FW/mL to 
14 mg FW/mL.
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The analysis of the in vitro flax plant with tocopherol-pathway gene VTE2 
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The flax is a unique cultivated plant, it is one of 
the oldest plants domesticated by human. It 
provides fibers for the textile industry and the oil 
from flax seeds is used in the cosmetic, chemical, 
food and pharmaceutical industries. Flax seed 
oil contains a large number of biologically active 
components. One of these components is vitamin 
E, which is synthesized exclusively by plants and 
have to be supplied with food. In humans, this 
vitamin plays an important role in the prevention 
of neurodegenerative, cardiovascular diseases and 
cancer. In plants, vitamin E functions to protect cell 
membranes from oxidative stress. The antioxidant 
properties come from the ability to reduce free 
radicals, before their interaction with the biological 
membrane. In this wok we overexpressed the 
vte2 gene, which encode homogentisate phytyl 

transferase from Arabidopsis thaliana, the enzyme 
produces the first substrate in the tocopherol 
pathway. Which is considered as a key enzyme in 
the synthesis of tocopherols.

This report shows the analysis of the transgene 
plants. The introduced gene was confirmed by 
PCR, the increase level of tocopherol level of 
tocopherol was determined by high performance 
liquid chromatography. The terpenoid pathways 
activity was checked by real-time PCR and, and the 
content of the main metabolites formed in these 
pathways checked by HPLC. Also, the impact of the 
observed changes in metabolites were verified on 
the antioxidant potential of plant extracts. Affection 
of the improvement of the resistance against fungal 
infections using Fusarium fungi family was also 
examined.
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