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Quantitative changes in DNA methylation induced
by monochromatic light in barley regenerants
obtained by androgenesis

Zmiany ilosciowe metylacji DNA indukowane przez swiatto monochromatyczne
u regenerantéw jeczmienia uzyskanych na drodze androgenezy
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Changes in DNA methylation are one of the best known mechanisms of epigenetic regulation of gene expression, which
in the process of induced androgenesis is associated with reprogramming of haploid microspores development towards
the formation of embryos, as a result of exposure of anthers in ears and then anthers culture in vitro to stress factors.
The aim of the study was to test the hypothesis of whether the use of monochromatic light during induced
androgenesis might be associated with epigenetic phenomena. The experiments were carried out on DH
plants of spring barley (Hordeum vulgare L.) obtained by androgenesis modified by monochromatic light:
blue, green and red. A quantitative evaluation of the effect of light on the degree of DNA methylation was
performed using RP-HPLC for the comparison of regenerants obtained under standard, control conditions
(darkness) with those obtained with light usage. The differences in the amount of methylated cytidine in
comparison to the control were: 0.40%, 0.16% and -0.55%, for blue, red and green light, respectively. The level
of global genomic DNA methylation from control plants was in the range 21.32-21.52%. Methylation changes in response
to monochromatic light used during callus formation in anthers culture, determined by RP-HPLC, are significant
although small.
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Zmiany metylacji DNA to jeden z najlepiej poznanych mechanizméw epigenetycznej regulacji ekspresji genow, ktory
w procesie indukowanej androgenezy zwiazany jest z przeprogramowaniem rozwoju haploidalnych mikrospor
w kierunku wytworzenia zarodkow, w skutek ekspozycji pylnikow w klosach a nastepnie kultur pylnikowych na czynniki
stresowe. Celem przeprowadzonych badan bylo sprawdzenie hipotezy, czy zastosowanie §wiatta monochromatycznego
w trakcie indukowanej androgenezy moze by¢ zwiazane ze zjawiskami epigenetycznymi. Badania przeprowadzono
na ro$linach DH jeczmienia jarego (Hordeum vulgare L.) uzyskanych na drodze androgenezy modyfikowanej przez
$wiatto monochromatyczne: niebieskie, zielone i czerwone. Ilo$ciowa ocen¢ wplywu $wiatla na stopien metylacji
DNA wykonano za pomoca RP-HPLC poréwnujac DNA regenarantéw uzyskanych w standardowych, kontrolnych,
warunkach (ciemno$¢) z DNA regenerantow uzyskanych z wykorzystaniem s$wiatla. Stwierdzono, ze rdéznice
w ilo$ci zmetylowanej cytydyny w poréwnaniu do kontroli wynosza odpowiednio 0,40%, 0,16% i -0,55%, dla $wiatta
niebieskiego, czerwonego i zielonego, przy poziomie catkowitej metylacji genomu 21,32-21,52%. Zmiany catkowitej
metylacji genomu jeczmienia zachodzace pod wplywem $wiatta monochromatycznego zastosowanego na etapie
formowania kalusa w procesie androgenezy w kulturach pylnikowych, oznaczone za pomocg RP-HPLC, s3 istotne
aczkolwiek nieduze.

Stowa kluczowe: RP-HPLC, Hordeum vulgare L., LED, cytidine

Introduction atom in the pyrimidine ring and less frequently
on the methylation of NH," groups located either
at the 4™ carbon atom of cytosine or at the 6%
carbon atom of adenine (purine base). Methyla-
tion occurring in CpG dinucleotides and CpXpG
trinucleotides, where X is A, T, C is defined
as symmetrical methylation, while in CpXpX
sequences, as unsymmetrical.

The methyl group donor is 5’-adenosine

DNA methylation is a modification of deoxy-
ribonucleic acid, which occurs during the S
phase of the cell cycle, under the influence of
DNA methyltransferases, specific against ni-
trogenous bases: cytosine or adenine, which are
part of the nucleotides deoxycytidine (dC) and
deoxyadenosine (dA). It involves the attachment
of methyl groups (-CH,) mainly to the 5" carbon
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methionine and the reaction products are:5-me-
thyl-2’-deoxycytidine (5SmdC), the main product
of DNA methylation as well as N,-methyl-deoxycy-
tidine and N -methyl-deoxyadenosine. The amount
of 5mdC depends on both the enzymatically cataly-
sed methylation as well as demethylation, which
may be passive or active. Passive demethylation
occurs during replication and is not accompanied
by melyltransferase-1 (DNMT 1), thus resulting in a
lack of conservative methylation (Guz et al., 2010).
In contrast, active demethylation is catalyzed by
bifunctional DNA glycosylases from the DEMETER
family during the repair of replication errors (Li et
al. 2018). It is also associated with modifications of
histones and, most likely, non-coding RNA (Parril-
la-Doblas et al., 2019, Zhang et al. , 2012). In mam-
mals, the share of 5mdC in total dC content is 3-4%,
which is 0.75-1% in relation to all nucleosides (Guz
et al., 2010). It is estimated that 70-80% of CpG
dinucleotides in the entire mammal genome are me-
thylated (Law and Jacobsen, 2010).

On the other hand, the amount of methylated
cytidine in the plant genome is 20-30% (Finnegan
et al., 1998). In the Arabidopsis thaliana genome
CpG, CpXpG and CpXpX are methylated approxi-
mately at 24%, 6.7% and 1.7%, respectively (Law
and Jacobsen, 2010). The degree of DNA methyla-
tion changes with tissue age, wherein the methyla-
tion non-related to CpG islands is characteristic for
differentiating cells (Peredo et al., 2006).

The androgenesis in vitro of haploid micro-
spores allows for reprogramming their development
from the gametophyte, leading to the formation of
functional pollen grains, to sporophyte, leading to
embryo formation. This process is accompanied by
changes in genomic DNA methylation. Although
in mammals most aspects of epigenetic regulation
of both embryo as well as cancer cell development
are quite well understood (Guz et al., 2010), the
mechanisms of plant DNA methylation patterns
reset remains predominantly unexplored. Changes
in patterns of genomic DNA methylation in plant
tissues may appear as a response to environmental
stresses, associated with the redox signalling sys-
tem (Bednarek and Ortowska, 2020). It has been
shown that these changes are not only specific to
individual species, but also differ within genotypes
(Karan et al., 2012). Among others, plant regener-
ation by tissue culture in vitro also induces varia-
tion in the level of DNA methylation, depending
on plant regeneration system, genotype of donor
plants, explant, nutrient medium, as well as time
duration of the culture. Among factors likely af-
fecting changes in DNA methylation is also light. It
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was found that the total amount of methylated cyt-
idine increased in DNA of barley DH regenerants
obtained via androgenesis or somatic embryogenesis
in comparison with the donor plant, whereas in
triticale it decreased (Machczynska et al., 2014;
Orlowska et al., 2016). However, if one or more
subsequent generative propagation cycles are car-
ried out, the amount of 5mdC stabilizes in succes-
sive plants thus obtained. Quantitative changes of
methylated DNA are accompanied by changes in
methylation patterns (Bednarek i Ortowska, 2020;
Machczynska et al., 2014; Niedziela, 2018; Orlows-
ka et al., 2016).

Quantitative determination of genomic DNA
methylation can be carried out by RP-HPLC (Re-
versed Phase-High Performance Liquid Chroma-
tography). This method was used for analyses of
genomic DNA of cereal plants in response to abiot-
ic stress (Niedziela, 2018), as well as in studies of
barley and triticale in vitro regeneration (Ortowska
etal., 2016; Machczynska et al., 2014). The purpose
of the present work was to evaluate whether modi-
fications of the androgenesis process in anther cul-
tures in vitro, consisting of the use of monochromat-
ic light at the callus induction stage, affects changes
in the level of methylation of genomic DNA in re-
generants.

Materials and Methods

DNA from leaves of spring barley regenerants
(Hordeum vulgare 1.), genotype 2dh/8, were used
for the experiment. Regenerants were obtained in
anther culture in vitro, proceeded according to a
modified protocol by using different monochromat-
ic lighting at the stage of callus formation on induc-
tion medium (usually run in darkness). Regenerant
plants were grown in dedicated trays with wells for
single plants, in a phytotron at 18/14° C and in a
16/8 h day/night photoperiod. Leaves for DNA iso-
lation were taken from plants in the tillering stage.
The ploidy of regenerants genome was determined
using a CyFlow Ploidy Analyzer flow cytometer
(Sysmex Polska Sp. Z 0.0.). This stage of the ex-
periment and its detailed results are the subject of
a separate publication (Siedlarz et al., 2020). Here,
the subject of research was the DNA of regenerants
obtained as a result of androgenesis in vitro modi-
fied at the time of callus induction by monochromat-
ic LED light: blue 454.63 nm, green 525.95 nm and
red 630.84 nm. The control group consisted DNA of
regenerants obtained under standard conditions, i.e.
in the dark during callus induction (Ortowska et al.,
2016, Bednarek and Ortowska, 2020, Siedlarz et al.,
2020). DNA was isolated from pairs of regenerates
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obtained from the anther of the same ear: 10 in con-
trol conditions and 10 in light modified conditions.
Actotal of 60 DNA samples were isolated from leaves
of plants in the tillering phase using the DNasy
Mini Prepkit kit (Qiagen GmbH, Hilden, Germa-
ny), according to the manufacturer’s methodology.
DNA concentration and purity were determined
using a UV-Vis NanoDrop 2000¢/2000 spectropho-
tometer (Thermo Scientific, USA). The quality of
the samples was verified electrophoretically in 1.4%
agarose gel.

Quantitative analysis of DNA methylation was
performed using RP-HPLC (Waters 625 LC system
with a Waters 996 PDA detector) (Johnston et al.,
2005, Orlowska et al.,, 2016). DNA samples de-
natured at 100° C were digested with P1 nuclease
prior to dC and 5mdC determination after separa-
tion under isocratic conditions on a Max-RP C12
column, 4 um, 150x4.6 mm (Phenomenex, USA)
connected with a 4 um pre-column Max-RP C12,
eluted with a linear gradient: 0-55% buffer B within
0-10 minutes, 55-100% B within 10.1-20 minutes,
and then with 100% buffer A for 5 min, flow 1 ml/
min, where buffer A is: 0.5% methanol in 10 mM
KH,PO, pH 3.7 and buffer B is: 10% methanol in
10 mM KH,PO, pH 3.7. Detection was carried out
spectrophotometrically at A = 280 nm and concen-
tration [%] of 5-methyl-2’-deoxycytidine (5mdC)
was evaluated using Millennium 32 v. 4.0 software.
For each sample, the percentage of total genomic
DNA methylation was determined from the quotient
of the content of 5-methyl-2’-deoxycytidine (5SmdC)
in relation to the sum of 5-methyl-2’-deoxycytidine
and 2’-deoxycytidine (dC): SmdC [%] = [SmdC/
( 5mdC + dC)] x 100. The results were subjected
to ANOVA variance analysis and homogeneous
groups were determined based on the Tukey test.

Results and Discussion

The experiment was conducted to check
whether modifications of the in vitro androgenesis
by the usage of monochromatic light at the cal-
lus induction stage affects changes in the level of
genomic DNA methylation of regenerants. DNA
which was isolated from 60 plants, more speci-
fically 30 pairs of plants, obtained under control
and light-modified conditions, were subjected to
quantitative RP-HPLC analysis. Since the do-
nor plants were characterized by a constant level
of DNA methylation, as they came from generati-
ve reproduction (Ortowska et al., 2016), we assume
that the modifications of methylation observed in
this experiment were induced by light.

There is no information available on how many

generative cycles are needed to stabilize/elimina-
te (if possible at all) the effects of tissue cultures
on DNA methylation. Nevertheless, it has been
shown that in both the barley and triticale genome
the level of methylation stabilizes after one/two
cycles (Machczynska et al., 2014; Ortowska et al.,
2016). Thus, to stabilize DNA methylation chan-
ges induced in regenerants genome DNA during in
vitro tissue culture, the use of regenerants should
be considered as donor plants. The total range of
methylation changes in the barley genome determi-
ned in the present experiment was small and ran-
ged from 21.12 to 21.87%. Also, Ortowska et al.
(2016) showed 17.86% of methylation of the donor
plant genome of the barley cultivar Scarlett, while
the range of total DNA methylation of regenerants
and the next two generative generations were in
the range 19.88-20.09%. Machczynka et al. (2014)
for triticale (Bogo cultivar) showed a similar trend.
Regardless of the method used for in vitro cultures
(androgenesis in anther culture vs embryogenesis),
total DNA methylation, determined by RP-HPLC,
was 25.4% in the case of donor plants. In the ge-
neratively obtained first generation it decreased to
23.6% and then slightly raised, differentiating P2
from P1, but no longer differentiating future ge-
nerations. It should be noted that the level of to-
tal DNA methylation as well as the change in the
level of methylation due to in vitro reproduction
depend on the genome; e.g. the DNA methylation
degree of pannanian gentian donor plants (Gen-
tiana pannonica Scop) was 22.3%, while regene-
rants ranged from 28.1-30.9% (Fiuk et al., 2010). In
the present experiment, the total amount of 5dmC
in the DNA of control plants averaged 21.4% and
did not differentiate the tested regenerants obta-
ined under unmodified light conditions (Table 1).
However, in the group of regenerants obtained using
light at the callus induction stage, differences were
observed: for blue light conditions the amount of
5dmC was the smallest, significantly different from
the value registered for parallel control plants, while
for green light it was the largest and also different
from the control group (Table 1). The results obta-
ined for the group exposed to red light were am-
biguous. They did not differ significantly from the
value obtained for the group of plants under blue
light. However, they did not differ from the control
plants either. The difference in the amount of me-
thylated cytidine between control plants and plants
regenerated using light was on average: + 0.40%, +
0.16% and -0.55% for blue, red and green light (Fig.
1). In regenerants obtained in conditions modified
by red light, differences from control ranged from

49



BIULETYN IHAR Nr 288 / 2020

Patrycja Siedlarz, Stawomir Bany, Krystyna Rybka

-0.86% to + 0.92%. Those results were ambiguous
and require further investigation.

The changes in the global level of cytidine
methylation in cereal plants described in the lite-
rature, induced by generative reproduction, main-
ly concerned comparisons between donor plants
and regenerants under standard conditions for
particular laboratories, or between the applied
plant regeneration systems. It is interesting that
within the Hordeum vulgare L. species, in vi-
tro cultivation of wild forms caused changes in
cytosine methylation in both level and patterns
of methylation in comparison to the donor plant, in
which higher level of DNA methylation were fo-
und (Li et al., 2007). An inverse relationship was
observed for the barley cultivar Scarlett, since the
lowest average value of global methylation was ob-
served in donor plants, while the average value of
DNA methylation and their offspring was 20% and
20.13%, respectively (Orlowska et al., 2016). Hi-
gher levels of methylation were observed in triticale

Tabela 1
Table 1

Srednia ilo§¢ zmetylowanej cytydyny [%] w DNA

genomowym regenerantéow jeczmienia uzyskanych

na drodze androgenezy w warunkach standardowych

(kontrola) oraz w warunkach modyfikowanych przez

$wiatlo monochromatyczne o barwie niebieskiej, zielonej
badz czerwonej.

The average amount of methylated cytidine [%] in the

genomic DNA of barley regenerants obtained by andro-

genesis under standard conditions (control) and conditions
modified by blue, green or red monochromatic light.

5dmC [%]

warunki androgenezy
androgenesis condition

$wiatlo kontrola $wiatto

light control light

niebieskie 21.52a 21.12 b **

blue

zielone 21.32a 21.87 a **

green

czerwone 2145a 21.29bnd

red

Wartosci  oznaczone tq samq literq nie roznig si¢ istotnie

w grupie regenerantow kontrolnych (kontrola) i grupie regenerantow
uzyskanych w warunkach modyfikowanych swiattem (swiatlo) (liczby
w kolumnie)

** stotna roznica z P > 95% (nd — brak rozinic) pomiedzy
stopniem  metylacji  regenerantow  uzyskanych w  warunkach
kontrolnych —a  stopniem metylacji  regenerantow  uzyskanych
w warunkach modyfikowanych swiattem (liczby w wierszach)

Values marked with the same letter do not differ significan-
tly in the group of control regenerants (control) and the group
of regenerants obtained under conditions modified by light (light)
(numbers in a column)

** significant difference with P > 95% (nd - no differences)
between the level of methylation of regenerants obtained under control
conditions and the level of methylation of regenerants obtained under

conditions modified by light (numbers in rows)
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DNA for plants obtained in cultures of spontaneo-
usly released microspores, compared to regenerants
from the culture of immature zygotic embryos.
Differences between donor plants and regenerants
have been shown. The average methylation of the
genome of a donor plant was 25.4%, whereas re-
generants 24.1%. The first generative progeny was
characterized by 23.6% DNA methylation, the
second 23.8%, and the third generative progeny-
23.9%. (Machczynska et al., 2014). Changes in the
level of genomic DNA methylation are specific for
each species, and also depend on the in vitro culture
conditions. Exposure to UV-B light of an annual
plant, big sagebrush seedlings obtained from apical
meristem shoots induced a significant reduction in
the total level of DNA methylation (Pandey and Pan-
dey-Rai, 2015). The presented results also indicate
that the type of monochromatic light used during
callus induction in anthers in vitro culture causes
changes in the level of methylation of genomic
DNA, in a manner depending on the wavelength of
light used, i.e. the color of the monochromatic light.

Conclusions

The use of monochromatic light in androge-
nesis in vitro during the incubation of anthers on
the induction medium affects small but significant
changes in genomic DNA methylation. The level of
methylation depends on the wavelength of the light
used.
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Rys. 1. Srednie roznice [%)] w ilo$ci zmetylowanej cy-
tydyny w DNA regenerantow uzyskanych na drodze
androgenezy prowadzonej w warunkach kontrolnych
i warunkach modyfikowanych $wiatlem niebieskim,
zielonym i czerwonym z zaznaczona warto$cia odchyle-
nia standardowego, na podstawie wynikéw uzyskanych
dla 10 par regenerantéw z kazdych warunkoéw Swietlnych.

Fig. 1. Average differences [%] in the amount of methylated
cytidine in the DNA of regenerants obtained by androge-
nesis under control conditions and conditions modified by
blue, green and red lights, with marked standard deviation,
based on the results obtained for 10 pairs of regenerants
from each light condition.
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Some of the results were presented at the Young
Scientist Days Conference 2019 in Radzikow
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