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UV-C, published earlier. In this study, the data on the relationship between the
X-ray exposure, stimulation of the synthesis of secondary metabolites under different types
of irradiation and the epigenetic changes in the plant organism are
Remote effects, presented. It was shown that DN A methylation was switched to the de novo
Secondary metabolites, mode in plants of all studied genotypes of M. chamomilla under both types
Epigenetic distance. of irrqdiation. That %ndicates changgs in the epigenetic program of the plant
organism. Comparison of the epigenetic pattern between control and
irradiated samples, based on the difference in DNA methylation patterns in
terms of a statistical indicator, shows that there is no unambiguous
relationship between the epigenetic changes and increasing yield of
antioxidant synthesis. This is additional evidence of the diversity of
metabolic rearrangements and adaptive strategies of the plant organism
under radiation exposure even within one species.

1. INTRODUCTION

One of the directions of modern pharmacology is the identification of substances that are
effective for medical practice and the stimulation of their formation in plant materials. The
study of plant responses to stress factors has shown the possibility of stimulating the synthesis
of secondary metabolic products, which include substances with antioxidant, anticancer,
immunomodulatory, and anti-inflammatory effects (Dai & Mumper, 2010; Hassan et al., 2017,
Jan et al., 2012; Kaur & Mondal, 2014; Klein et al., 2018). The most effective approach is
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associated with the use of both ionizing and UV radiation with different wavelengths (Alothman
et al., 2009; Hassan et al., 2017; Jan et al., 2012; Klein et al., 2018; Nocchi et al., 2020).

Presowing irradiation of medicinal plants has several biotechnological advantages. It is
based on the systemic and long-term response of the organism to a single exposure. Presowing
irradiation leads to remote effects, long-term changes in metabolism, and stimulation of the
production of target substances in newly formed non-irradiated plant organs, for example,
inflorescences during weeks or months after the exposure. It is crucial to utilize exposure in
"low" doses that promote the production of target substances without diminishing the yield of
pharmacological raw materials. Furthermore, such exposure can even stimulate it in certain
species and varieties of plants (Sokolova et al., 2021).

A parallel study investigating various pharmacological characteristics of the Matricaria
chamomilla L. genotype group was conducted through a series of experiments utilizing both X-
ray and UV-C radiation exposure. The data concerning the changes in the productivity of
pharmacological raw materials and stimulation of the synthesis of low molecular weight
antioxidants as markers of secondary metabolism induction were published earlier.

Significant differences were observed in the stimulation of medicinal raw material
(inflorescences) yield among different chamomile genotypes exposed to X-ray and UV-C
irradiation (Sokolova et al., 2021). Also there was indicated a difference in the intensity of
stimulation of the specific content of marker metabolites-antioxidants. This phenomenon
suggests the involvement of various biophysical and biochemical mechanisms that influence
sensitivity to specific types of radiation, along with potential variations in the development of
protective reactions (Zhuk et al., 2021).

Recent-year research has significantly changed our understanding of the formation of the
metabolic organism response to radiation. Switching of the activity of dozens and even
hundreds of genes in the first minutes after the radiation exposure was established (Coleman et
al., 2005). Significant rearrangements of the methylome under different modes of irradiation
(Sokolova et al., 2013; Kravets et al., 2013, Kravets & Sokolova, 2020), large-scale changes in
the proteome, stimulation of not only reparative and protective mechanisms, but also
restructuring of the entire metabolon including various blocks of both primary and secondary
metabolism (Danchenko et al., 2009; Klubicova et al., 2013) became known with the use of
"omic" technologies in a radiobiological experiment. These facts not only have made a
significant contribution to the transformation of the radiobiological paradigm, but are also
important from a practical point of view.

The question arises as to the extent to which global metabolic changes in response to stress
are linked to the release of practically valuable substances. Hence, one of the objectives of the
research was to evaluate the correlation between the extent of generalized metabolic switching
during pre-sowing irradiation of medicinal plant seeds and the yield of target metabolites. One
possible approach to addressing this issue was to assess the overall epigenetic differences
between control and irradiated samples, followed by comparison with antioxidant yield.

Currently, research on epigenetic mechanisms, such as gene expression mechanisms, is
being conducted in various directions: from studying changes in chromatin organization to
exploring mRNA translation and interference mechanisms under the influence of climatic
factors and various stresses (Flores et al., 2013; Ng & Bird, 1999; Teif, 2015). DNA
methylation stands out as the most studied chromatin modification, serving as a key factor in
gene expression control and the primary mechanism of transgenerational "epigenetic memory"
(Hauser et al., 2011). This process constitutes a crucial, inseparable component of the multilevel
epigenetic regulation system (Flores et al., 2013; Xu et al., 2019). Consequently, in addressing
several practical issues, the "distance™ between methylation patterns is utilized as a measure of
the impact on epigenomes by environmental or stress factors (Flores et al., 2013).
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The aim of this research was to investigate changes in the methylome under radiation
exposure of different physical natures and to evaluate the relationship between these changes
and the yield of secondary metabolites. In addition to a visual analysis of electrophoregrams,
valuable information was derived from the assessment of their quantitative characteristics,
illustrating differences in the distribution of ITS-ISSR-PCR amplicons as restriction products
in control and exposed variants.

2. MATERIAL and METHODS

Research was carried out on 8 genotypes of chamomile: 1 - generative breed of the mutant
Perlyna Lisostepu (Ukraine); 2 - Quedlinburg variety (Germany); 3 - Goral variety (Slovenia);
4 - variety Azulena (Russia); 5 - Zlaty Lan variety (Poland); 6 - Perlyna Lisostepu variety
(Ukraine). Additionally, unsorted material, specifically the edaphic ecotypes, were included in
the study: 7- from the Golden Garden supplier (Ukraine), hereinafter referred to as the Golden
Garden ecotype; 8 — from the supplier Seed Era (Ukraine), hereinafter referred to as the Seed
Era ecotype. The varietal material was obtained from the Central Research Station of Medicinal
Plants of the Institute of Agroecology and Nature Management of the National Academy of
Sciences of Ukraine in Lubny. The experiment was repeated three times. Dry seeds were
exposed using the RUM-17 X-ray installation (Russia) at a dose of 10 Gy, with a dose rate of
1.42 cGyls. The choice of the X-ray irradiation dose was based on the authors' results,
confirmed by a patent (Shilina et al., 2018). UV-C exposure was conducted at a dose of 10
kJ/m2 using an OBM-150 M installation (Ukraine) with two Philips Special TUV 30 W lamps
(Netherlands). The choice of the UV-C irradiation dose was based on preliminary studies, also
confirmed by a patent (Kravets et al., 2021). DNA methylation research was carried out through
restriction analysis followed by ISSR-ITS-PCR (Ausubel, 2004; Hernandez et al., 2013).

DNA was isolated from the plant vegetative mass during the flowering phase using a set of
reagents ZymoResearch (Quick-DNA Plant/Seed Miniprep Kit) according to the
manufacturer's protocol. The nativeness of the isolated DNA was checked in a 1.7% agarose
gel with TBE buffer in the presence of ethidium bromide and visualized on a UV
transilluminator (Figure 1) When setting up electrophoresis 5 uL. of DNA solution was put into
the "pocket” of the gel. GeneRuler 50 bp was used as a molecular weight marker. Three types
of markers were used for PCR: ISSR-5 (CAC-ACA-CAC-ACA-CAC-AACQ), ITS (ITS1 (TCC-
GTA-GGT-GAA-CCT-GCG-G) and ITS4 (TCC-TCC-GCT-TAT-TGA-TAT-GC) and ready-
to-use PCR MIX 2x-R («Neogene», Ukraing).

ISSR-PCR reaction mix 25 uL volume included: 12.5 uL. PCR MIX 2x-R), 1.75 uL
ISSR/OPAQ9 markers, 5.75 uL deionised water and 5 uLL genome DNA. ITS-PCR reaction mix
25 pL volume included: 12.5 pLL PCR MIX 2x-R), 0.6 puL ITS1 marker, 0.6 uL 1TS4 marker,
5.75 uL deionised water and 5 uL. genome DNA. Amplification with ISSR-primers included
stages: initial denaturation 4 min under 94 °C, 40 cycles; denaturation under 94 °C — 45 sec.,
annealing under 52 °C — 45 sec., elongation under 72 °C — 45 sec.; final elongation 7 min under
72 °C. Amplification with OPA09-primers included stages: initial denaturation 5 min under 94
°C, 40 cycles; denaturation under 94 °C — 40 sec., annealing under 36 °C — 40 sec., elongation
under 72 °C — 2 min.; final elongation 10 min under 72 °C. Amplification with ITS-primers
included stages: final denaturation 5 min under 94 °C, 40 cycles; denaturation under 94 °C —40
sec., annealing under 52 °C — 40 sec., elongation under 72 °C — 2 min; final elongation 10 min
under 72 °C.

For restriction analysis two types of restrictase-isoschizomers were used: Mspl (C...C*GG
and C...CGG) and Hpall (C...CGG), (Fermentas, Litva). Enzymes Hpall and Mspl cleave the
CCGG sequence, but the action of Hpall is directed only at unmethylated cytosine. Mspl, as
an isoschizomer of Hpall, cleaves both methylated and unmethylated sites. Restriction reaction
with endonuclease Mspl was in volume 20 pL, included 0.6 u of enzyme (0.6 pL), 6 puL
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10xBuffer Tango, 500 ng genome DNA (5 uL), and 5.75 uL deionised water. Reaction mix for
the restriction with Hpall in volume 20 pL included 0.2 u of enzyme (0.2 uL), 6 uL. 10xBuffer
Tango, 500 ng genome DNA (5 pL), 8.8 uL of deionised water. The reaction was done 3 h
under 37 °C, termination of the reaction — 20 min under 65 °C (for Hpall) and 20 min under 80
°C (for Mspl).

The products of PCR and restriction were separated in 1.7% agarose gel with TBE buffer in
the presence of ethidium bromide and visualized on UV transilluminator. When setting up
electrophoresis the same volume of PCR and restriction products (5 pL) was add into the gel
"pocket"”. GeneRuler 50 bp was used as a molecular weight marker.

As an indicator of the difference between the set of electrophoregrams of control and
exposed samples the indicator D = epigenetic distance (hereinafter - ED) was used. It was
calculated similarly to the estimation of the genetic distance according to Nei (Nei, 1974).

At the same time D = 0 with absolute coincidence between the set of bands in the
electrophoretic spectra that are compared; D = 1 under conditions of complete difference
between the set of amplicons in the electrophoretic spectra.

3. FINDINGS

Assessment of the isolated DNA's quality confirms its high purity and integrity (Figure 1) in
both control and exposed experimental variants, enabling further restriction analysis. Analysis
of the data obtained revealed that both ionizing and UV-C pre-sowing irradiation of seeds led
to a transition in the DNA methylation process from maintenance to de novo mode across all
genotypes during plant formation (Figure 2 and 3).

M 1 2 3 4 5 6 M7 8 9101112131415 M16 171819 20 21 22 2324

B b -

S el e - —

Figure 1. Electrophoregram of the isolated DNA nativity.

M — molecular weight marker GeneRuler 50 bp, 1 — genotype 1, control; 2 — genotype 1 + UV-C; 3 — genotype 1+
x-ray; 4 —genotype 2, control; 5 — genotype 2+ UV-C; 6 —genotype 2+ x-ray; 7 — genotype 3, control; 8 — genotype
3+ UV-C; 9 — genotype 3+ x-ray; 10 — genotype 4+ control; 11 — genotype 4+ UV-C; 12 — genotype 4+ x-ray; 13
— genotype 5, control; 14 — genotype 5+ UV-C; 15 — genotype 5+ x-ray; 16 — genotype 6, control; 17 — genotype
6+ UV-C; 18 —genotype 6+ x-ray; 19 — genotype 7, control, 20 — genotype 7+ UV-C, 21 — genotype 7+ X-ray; 22
— genotype 8, control; 23 — genotype 8, UV-C; 24 — genotype 8 + x-ray

M 1 2 3 4 5 6 M 78 9101112131415 M 16 1718 19 202122 2324

Figure 2. Amplification of Hpall restricts with ISSR markers (Designation as in Figure 1).
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Significant changes in methylation of Hpall restriction sites were observed for minisatellite
sequences (Figure 2) across all genotypes. In the mutant Perlyna Lisostepu variety, methylation
patterns (Figure 2, positions 1-3) were altered relative to the control variant under both UV-C
and X-ray exposure. Notably, relatively large amplicons of 600, 500, and 400 bp were
maintained for all variants. However, amplicons of 450 and 300 bp disappeared under UV-C
exposure, indicating the removal of methylation in specific areas of the minisatellite sequence.
Upon exposure to X-rays, a "short™ amplicon of 300 bp was retained, while a relatively "long"
one of 700 bp appeared, also suggesting the removal of methylation in certain areas of the
minisatellite sequence, given that Hpall restrictase cleaves sites with unmethylated cytosine
(C...CGQG).

Similarly, changes in methylation of Hpall restriction sites were observed for minisatellite
sequences in the Quedlinburg variety (Figure 1, positions 4-6). Amplicons of 500 and 400 bp
were retained for both control and exposed variants. Under UV-C exposure, "long" amplicons
of 600-800 bp were maintained, and "short" ones of 300 and 450 bp appeared. Additionally,
amplicon 300 bp appeared under X-ray exposure, although with this type of irradiation, all
"long" amplicons disappeared.

For the Goral variety (Figure 2, positions 7-9), changes in Hpall restriction site methylation
within minisatellite sequences under UV-C and X-ray irradiation were also noted. Across all
variants, amplicons of 700, 600, 500, and 350 bp were maintained.

The most significant difference was observed for the Azulena variety under UV-C exposed
variants (Figure 2, positions 10-12). Amplicons of 500, 350, and 300 bp were present for both
control and exposed variants. Under UV-C exposure, the longest band of 600 bp disappeared,
reflecting an increase in methylation yield in the satellite DNA sequence. Conversely, under X-
ray exposure, a “long” amplicon of 700 bp appeared, indicating the removal of methylation in
certain areas of the minisatellite sequences.

Similarly, Zlaty Lan variety plants reacted to irradiation, with the largest change in
methylome observed under UV-C exposure. Across all variants, only amplicons of 500, 400,
350, and 300 bp were retained (Figure 2, positions 13-15). Perlyna Lisostepu variety was
characterized by the appearance of additional amplicons of 550 and 400 bp under both types of
exposure (Figure 2, positions 16-18) (Figure 2, positions 16-18).

M 1 2 3 4 5 6 M 78 9 101112 13 1415 M 16 1718 19 20 21 22 2324
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Figure 3. Amplification of Mspl restricts with ISSR markers (Designation as in Figure 1).

There were no changes observed in the methylome of the Golden Garden variety under both
types of radiation exposure (Figure 2, positions 19-21). The Seeds Era variety demonstrated the
same set of amplicons under UV-C exposure as the control, but under X-ray exposure, the 350
bp amplicon disappeared (Figure 2, positions 22-24). Amplification of Hpall restricts with ITS
markers did not indicate any difference between the amplicon sets in both control and exposed
variants.
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Significant changes in methylation of Mspl restriction sites were also observed within
minisatellite sequences (Figure 3). For example, in the mutant Perlyna Lisostepu variety,
amplicons of 550 and 400 bp were maintained for all variants, and two "long" amplicons of 800
and 700 bp appeared additionally after X-ray exposure (Figure 3, positions 1-3). Similarly, for
the Quedlinburg variety, amplicons of 550 and 400 bp were maintained for all variants.
However, the "long" amplicon of 800 bp disappeared under both types of exposure, and the 450
bp amplicon disappeared only under X-ray irradiation (Figure 3, positions 4-6).

Significant rearrangements of the methylome were observed for the Goral variety, where
amplicons of 550, 500, 350, 300, and 250 bp were detected for all variants (Figure 3, positions
7-9).

For the Azulena variety, the most significant changes (Figure 2, positions 10-12) relative to
the control were observed under UV-C irradiation. Amplicons of 500, 350, and 300 bp were
presented in both control and irradiated variants. Under UV-C exposure, the longest amplicon
of 600 bp disappeared, indicating an increasing methylation level for this satellite sequence.
Conversely, under X-ray exposure, a long amplicon of 700 bp appeared, indicating the removal
of methylation in certain areas of the minisatellite sequences.

For the Zlaty Lan variety, general amplicons of 400, 350, and 300 bp were observed for both
control and exposed variants. Under UV-C exposure, a new band of 550 bp appeared (Figure
3, positions 13-15). The 600 bp amplicon appeared only in the control variant of the Perlyna
Lisostepu variety and disappeared under both types of irradiation. Moreover, bands of 550, 500,
and 350 bp were common for all variety variants (Figure 3, positions 16-18).

For the Golden Garden ecotype, amplicons of 400 and 350 bp were common for all variants
of the experiment. Under UV-C irradiation, amplicons of 550, 500, 400, and 350 bp were
maintained, and amplicons of 300 and 250 bp appeared in the control variant. The same
amplicons also appeared under X-ray irradiation. Longer amplicons presented in control and
UV-C exposed variants disappeared (Figure 3, positions 19-21).

The 350 bp amplicon was common for all variants of the Seeds Era variety. Under UV-C
exposure, there were no changes within the set of 4 amplicons relative to the control variant,
but under X-ray exposure, the additional 500 bp amplicon appeared (Figure 3, positions 21-24).

Thus, no changes in the methylation pattern of transcribed DNA sequences were detected
for most Perlyna Lisostepu genotypes. The appearance of a new 600 bp amplicon during
amplification of Mspl restricts with ITS markers was detected only under UV-C exposure of
the Perlyna Lisostepu variety.

At the same time, changes in DNA methylation patterns, mostly through satellite DNA
sequences, have been significant for gene expression regulation. Depending on current data,
satellite DNA is considered to play an important role in chromatin remodeling, altering its effect
on denaturation, and increasing the availability of transcription and repair factors. Thus, it could
immediately affect DNA sensitivity to radiation damage and determine epigenetic control of
metabolic processes (Flores et al., 2013; Kravets & Sokolova, 2020; Ng & Bird, 1999; Teif,
2015; Xu et al., 2019).
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Figure 4. Amplification of Mspl restricts with ITS markers (Designation as in Figure 1).

The restriction analysis with restrictases - isoschizomers did not indicate any general trend
of changes in the overall DNA methylation yield under UV-C or X-ray exposure across the
studied genotypes, which could have been reflected in a common increase or decrease in the
yield of "long™ amplicons. However, significant changes in the DNA methylation pattern were
observed. These results confirm our previous findings and those of other studies, indicating that
phenotypic variation is not attributed to the overall DNA methylation yield but rather to its
pattern (Xu et al., 2019; Kravets & Sokolova, 2019; Kravets & Sokolova, 2020).

4. DISCUSSION and CONCLUSION

The comparison of the epigenetic distance between control and exposed variants with the
experimental results of pharmaceutical raw material yield and antioxidant content is presented
in Table 1 (Sokolova et al., 2021; Zhuk et al., 2021). The highest deviation rates from the
control methylation pattern under both types of exposure were observed for the mutant of the
Perlyna Lisostepu variety. Additionally, this genotype exhibited greater responsiveness to UV-
C irradiation in terms of pharmaceutical productivity.

Table 1. Epigenetic distance of exposed variants relative to the control.

D-epigenetic distance of D- epigenetic distance of
Variety exposed variants relative Variety exposed variants relative
to the control to the control
10 Gy 10 kJ/m? 10 Gy 10 kJ/m?
Mutant of Perlyna ) 0.04 Zlaty Lan 0.01 0.01
Lisostepu variety

Quedlinburg 0.01 0.04 Perlyna Lisostepu 0.04 0.04
Goral 0.02 0.03 Golden Garden 0.02 0.01
Azulena 0.04 0.01 Seed Era 0 0.03

For the Quedlinburg variety, a higher distance between the methylation patterns of the
control and exposed variants was observed under UV-C exposure. The yield of inflorescences
was higher under X-ray exposure, and an increase in the specific yield of flavonoids was
observed under both types of irradiation.

In the case of the Azulena variety, there is a correlation between a high rate of DNA
methylation pattern deviation under X-ray exposure relative to the control (0.04) and an
increase in the yield of both inflorescences and flavonoids. The Perlyna Lisostepu variety
exhibited the highest specific content of flavonoids in the control variant. A significant increase
in the indicator and the yield of inflorescences was observed under both types of exposure,
accompanied by similar deviations in the DNA methylation pattern between exposed variants
and the control.

The comparison of the degree of deviation in the methylation pattern with indicators of
pharmaceutical productivity indicates the absence of a straightforward relationship between
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these quantitative characteristics. This result suggests a diversity even within one species. In
the context of biotechnological implementation of various types of irradiation, this diversity
should be considered as a basis for exploring a wider range of useful substances that could be
produced by plants under stress exposure.

Acknowledgments

This work was supported by funding Scientific Investigative Projects NAS of Ukraine by
project 1230/3 “Studying the effect of biotic and abiotic stress factor exposure to the
accumulation of secondary metabolites and recombinant compounds in genetically modified
and native plant systems” and I11-6-22 "Stimulation of production substances with antioxidant,
anticancer, immunomodulatory and anti-inflammatory effects use of presowing exposure
lettuce vegetables and medicinal plants”.

Declaration of Conflicting Interests and Ethics

The authors declare no conflict of interest. This research study complies with research and
publishing ethics. The scientific and legal responsibility for manuscripts published in 1JSM
belongs to the authors.

Authorship Contribution Statement

Daryna Sokolova: Investigation, Methodology, Visualization, Software, Writing original
draft. Vladyslav Zhuk: Investigation, Methodology, Visualization, Software. Ludmila
Hlushchenko: Resources. Alexandra Kravets: Investigation, Methodology, Formal Analysis,
Validation and Writing original draft, supervisor.

Orcid

Daryna Sokolova @ https://orcid.org/0000-0002-4540-0177
Alexandra Kravets @ https://orcid.org/0000-0002-4979-5022
Vladyslav Zhuk @ https://orcid.org/0000-0003-1966-7537
Ludmila Hlushchenko @ https://orcid.org/0000-0003-2329-5537

REFERENCES

Alothman, M., Bhat, R., & Karim, A.A. (2009). Effects of radiation processing on
phytochemicals and antioxidants in plant produce. Trends in Food Science & Technology,
20(5), 201-212. https://doi.org/10.1016/j.tifs.2009.02.003

Ausubel F.M. (2004) Current protocols in molecular biology. Biophotometer Operating
Manual. http://www.eppendorf.com

Coleman, M.A., Yin, E., Peterson, L.E., Nelson, D., Sor-ensen, K., Tucker, J.D., & Wyrobek,
A.J. (2005). Low dose irradiation alters the transcript profiles of human lymphoblastoid cells
including genes associated with cytogenetic radioadaptive responses. Radiation Research,
164(41), 369-382. https://doi.org/10.1667/RR3356.1

Dai, J., & Mumper, R.J. (2010). Plant Phenolics: Extraction, Analysis and Their Antioxidant
and Anticancer Properties. Molecules, 15(10), 7313-7352. https://doi.org/10.3390/molecule

Danchenko, M., Skultety, L., Rashydov, N.M., Berezhna, V.V., Matel, L., Salaj, T., Pret'ov4,
A., & Hajduch, M. (2009). Proteomic analysis of mature soybean seeds from the chernobyl
area suggests plant adaptation to the contaminated environment. Journal of Proteome
Research, 8(6), 2915-2922. https://doi.org/10.1021/pr900034u

Flores, K.B., Wolschin, F., & Amdam, G.V. (2013). The role of methylation of DNA in
environmental adaptation. Integrative and Comparative Biology, 53(2), 359-372.
https://doi.org/10.1093/icb/ict019

Hauser, M-T., Aufsatz, W., Jonak, C., & Luschnig, Ch. (2011). Transgenerational Epigenetic
Inheritance in Plants. Biochimia Biophysica Acta, 1809(8), 459-468. https://doi.org/10.101
6/j.bbagrm.2011.03.007

312


https://orcid.org/0000-0002-4540-0177
https://orcid.org/0000-0002-4979-5022
https://orcid.org/0000-0003-1966-7537
https://orcid.org/0000-0003-2329-5537
https://doi.org/10.1016/j.tifs.2009.02.003
http://www.eppendorf.com/
https://doi.org/10.1667/RR3356.1
https://doi.org/10.3390/molecule
https://doi.org/10.1021/pr900034u
https://doi.org/10.1093/icb/ict019
https://doi.org/10.1016/j.bbagrm.2011.03.007
https://doi.org/10.1016/j.bbagrm.2011.03.007

Sokolova et al., Int. J. Sec. Metabolite, Vol. 11, No. 2, (2024) pp. 305-314

Hernandez, H.G., Tse, M.Y., Pang, S.C., Arboleda, H., & Forero, D.A. (2013). Optimizing
methodologies for PCR-based DNA methylation analysis. BioTechniques, 55(4), 181-187.
https://doi.org/10.2144/000114087

Hassan, W., Noreen, H., Rehman, S., Gul, S., Kamal, M.A., Kamdem, J.P., Zaman, B., & da
Rocha, J.B.T. (2017). Oxidative Stress and Antioxidant Potential of One Hundred Medicinal
Plants. Current Topics in Medicinal Chemistry, 17(12), 1336-1370. https://doi.org/10.2174
/1568026617666170102125648

Jan, S., Parween, T., Siddigi, T.O., & Mahmooduzzafar. (2012). Effect of gamma radiation on
morphological, biochemical, and physiological aspects of plants and plant products.
Environmental Reviews, 20(1), 17-39. https://doi.org/10.1139/a11-021

Kaur, S., & Mondal, P. (2014). Study of total phenolic and flavonoid content, antioxidant
activity and antimicrobial properties of medicinal plants. Journal of Microbiology and
Experimentation, 1(1), 23-28. https://doi.org/10.15406/jmen.2014.01.00005

Klein, F.R.S., Reis, A., Kleinowski, A.M., Telles, R.T., Amarante, L. do, Peters, J.A., & Braga,
E.J.B. (2018). UV-B radiation as an elicitor of secondary metabolite production in plants of
the genus Alternanthera. Acta Botanica Brasilica, 32(4), 615-623. https://doi.org/10.1590/
0102-33062018abb0120

Klubicova, K., Danchenko, M., Skultety, L., Berezhna, V.V., Rashydov, N.M., & Hajduch M.
(2013). Radioactive chernobyl environment has produced high-oil flax seeds that show
proteome alterations related to carbon metabolism during seed development. Journal of
Proteome Research, 12(11), 4799-4806. https://doi.org/10.1021/pr400528m

Kravets, A., & Sokolova, D. (2019). Epigenetic Factors of Biological Variability and Individual
Sensitivity to Biotic Stresses. Global Journal of Science Frontier Research: C Biological
Science, 20(1), 1-7. https://doi.org/10.1080/09553002.2020.1767819

Kravets, A.P., & Sokolova, D.A. (2020). Epigenetic factors of individual radiosensitivity and
adaptive capacity. International Journal of Radiation Biology, 96(8), 999-1009.
https://doi.org/10.1080/09553002.2020.1767819

Sokolova, D.A., Kravets, A.P., & Vengzhen, G.S. (2013). An Analysis of the Correlation
between the Changes in Satellite DNA Methylation Patterns and Plant Cell Responses to the
Stress. CellBio, 2, 163-171. https://doi.org/10.4236/cellbio.2013.23018

Kravets, A.P., Sokolova, D.A., Vengzhen, G.S., & Grodzinsky, D.M. (2013). Fractionated UV-
C irradiation effects on the changes of transcribed and satellite DNA methylation profile and
unstable chromosomal aberration yield. Radiation Biology Radioecology, 53(6), 583-592.
https://pubmed.ncbi.nim.nih.gov/25486740/

Kravets, A.P., Sokolova, D.A., Zhuk, V.V., Sakada, V.l., Glushenko, L.A., & Kuchuk, M.V.
(2021). The method of stimulating the synthesis of antioxidants in the raw materials of
medicinal plants through pre-sowing UV-C irradiation of seeds. Patent of Ukraine No.
149151 [Data set]. Patent and trademark office. Kyiv, Ukraine. https://ukrpatent.org/uk/arti
cles/bases?

Nei, M. (1974). A new measure of genetic distance. Genetic distance. Plenum Press.
https://doi.org/10.1111/j.1469-1809.1977.tb02032.x

Ng, H.-H., & Bird, A. (1999). DNA methylation and chromatin modification. Current Opinion
in Genetics & Development, 9, 158-163. https://doi.org/10.1016/s0959-437x(99)80024-0

Nocchi, N., Duarte, H.M., Pereira, R.C., Konno, T.U.P., & Soares, A.R. (2020). Effects of UV-
B radiation on secondary metabolite production, antioxidant activity, photosynthesis and
herbivory interactions in Nymphoides humboldtiana (Menyanthaceae). Journal of
Photochemistry and Photobiology B: Biology, 112-121. https://doi.org/10.1016/j.jphotobiol

Shylina, Y.V, Pchelovska, S.V., & Litvinov, S.V. (2018). Method to increase flavonoid content
in medicinal plant raw material with pre-sowing radiation exposure of seeds. Patent of
Ukraine No. 129749 [Data set]. Patent and trademark office. Kyiv, Ukraine.

313


https://doi.org/10.2144/000114087
https://doi.org/10.2174/1568026617666170102125648
https://doi.org/10.2174/1568026617666170102125648
https://doi.org/10.1139/a11-021
https://doi.org/10.15406/jmen.2014.01.00005
https://doi.org/10.1590/0102-33062018abb0120
https://doi.org/10.1590/0102-33062018abb0120
https://doi.org/10.1021/pr400528m
https://doi.org/10.1080/09553002.2020.1767819
https://doi.org/10.1080/09553002.2020.1767819
https://doi.org/10.4236/cellbio.2013.23018
http://europepmc.org/abstract/med/25486740
http://europepmc.org/abstract/med/25486740
http://europepmc.org/abstract/med/25486740
https://pubmed.ncbi.nlm.nih.gov/25486740/
https://ukrpatent.org/uk/articles/bases2
https://ukrpatent.org/uk/articles/bases2
https://doi.org/10.1111/j.1469-1809.1977.tb02032.x
https://doi.org/10.1016/s0959-437x(99)80024-0
https://doi.org/10.1016/j.jphotobiol

Sokolova et al., Int. ]. Sec. Metabolite, Vol. 11, No. 2, (2024) pp. 305-314

https://ukrpatent.org/uk/articles/bases2

Sokolova, D., Kravets, A., Zhuk, V., Sakada V., & Gluschenko, L. (2021). Productivity of
medicinal raw materials by different genotypes of Matricia chamomilla L. is affected with
pre-sowing radiation exposure of seeds. International Journal of Secondary Metabolites,
8(2), 127-135. https://doi.org/10.21448/ijsm.889817

Teif, V.B. (2015). Nucleosome positioning: resources and tools online. Briefings in
Bioinformatics, 17(15), 745-757. https://doi.org/10.1093/bib/bbv086

Xu, J., Chen, G., Hermanson, P.J., Xu, Q., Sun, C., Chen, W., Kan, Q., Li, M., Crisp, P.A., Yan,
J., Li, L., Springer, N.M., & Li, Q. (2019). Population—level analysis reveal the widespread
occurrence and phenotypic consequence of DNA methylation variation not tagged by genetic
variation in maize. Genome Biology, 20, 243-260. https://doi.org/10.1186/s13059-019-
1859-0

Zhuk, V., Sokolova, D., Kravets, A., Sakada, V., & Gluschenko, L. (2021). Efficiency of pre-
sowing seeds by UV-C and X-ray exposure on the accumulation of antioxidants in
inflorescence of plants of Matricaria chamomilla L. genotypes. International Journal of
Secondary Metabolites, 8(3), 186-194. https://doi.org/10.21448/ijsm.889817

314


https://ukrpatent.org/uk/articles/bases2
https://doi.org/10.21448/ijsm.889817
http://www.ncbi.nlm.nih.gov/pubmed/26411474
https://doi.org/10.1093/bib/bbv086
https://doi.org/10.1186/s13059-019-1859-0
https://doi.org/10.1186/s13059-019-1859-0
https://doi.org/10.21448/ijsm.889817

	Hernández, H.G., Tse, M.Y., Pang, S.C., Arboleda, H., & Forero, D.A. (2013). Optimizing methodologies for PCR-based DNA methylation analysis. BioTechniques, 55(4), 181–187. https://doi.org/10.2144/000114087
	Kravets, A.P., Sokolova, D.A., Zhuk, V.V., Sakada, V.I., Glushenko, L.A., & Kuchuk, M.V. (2021). The method of stimulating the synthesis of antioxidants in the raw materials of medicinal plants through pre-sowing UV-C irradiation of seeds. Patent of U...
	Nei, M. (1974). A new measure of genetic distance. Genetic distance. Plenum Press. https://doi.org/10.1111/j.1469-1809.1977.tb02032.x
	Shylina, Y.V, Pchelovska, S.V., & Litvinov, S.V. (2018). Method to increase flavonoid content in medicinal plant raw material with pre-sowing radiation exposure of seeds. Patent of Ukraine No. 129749 [Data set]. Patent and trademark office. Kyiv, Ukra...

