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Abstract. The paper examines the features of obtaining planting material of rare representatives of Drosera spatulate L.
and Drosera aliciae L. using microclonal propagation for their preservation and subsequent cultivation in ex vitro
conditions. The method of sterilisation of D. spatulate and D. aliciae explants was developed with 80-90% production of
aseptic material. The influence of various sterilisation options on the development of microshoots was investigated. The
two best solutions for sterilisation are: 0.1% AgNO, solution and 12.5% H,0, solution. The features of organogenesis and
regeneration of the whole organism from cultured tissues and organs of representatives of Drosera L. are investigated.
The optimal nutrient medium was selected at the stage of introduction D. spatulate and D. aliciae into the in vitro culture
(MS with added PVP 2 mg*]'!). Optimal conditions for direct morphogenesis of Drosera spatulate L. and Drosera aliciae L.
tissues were determined, which allowed mass production of improved, genetically homogeneous planting material. The
effect of exogenous growth regulators at various stages of plant morphogenesis under in vitro conditions is shown. In
vitro rhizogenesis conditions were improved. In particular, according to the results of the study, the highest coefficient
of reproduction (1:8) and root system formation was obtained on a hormone-free medium with a halved content of
macronutrients and a nutrient medium with the addition of 0.5 mg/I'! IBA. Under such conditions, active morphogenesis
and the formation of a developed root system were observed in all propagated plants. Based on the results of the conducted
research, a method of microclonal reproduction was developed, which allowed for obtaining genetically stable, disease-
free regenerative D. spatulate and D. aliciae plants with an optimally formed root system and vegetative mass. The resulting
homogeneous planting material can be used in floriculture, creating terrariums, for pharmacological purposes, and for the
purpose of introduction
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Introduction

In Ukraine, due to the land reclamation works conducted
in the last century, the territories of wetlands and swamps
have substantially decreased. In addition, climate change
also causes swamps to dry up, causing swamp plants to suf-
fer. On the territory of wetland complexes, the area of local-
ities of red book plant species has substantially decreased
(Andrienko & Protopopova, 2010; Umanets & Moisienko,
2012; Chornobrov et al., 2019).

Biodiversity conservation is a major challenge in
the face of rapid environmental changes. The problem of
preserving extremely vulnerable stenotopic flora species is

particularly acute. Exactly the species of the Drosera genus
are indicators of climate change and are sensitive to fluctu-
ations in the water level, etc. All members of the Drosera ge-
nus are endangered species, except for species of the Drosera
rotundifolia genus, however, according to researchers (Rak &
Kachula, 2017), they are listed in the new edition of the Red
book of Ukraine in the category “vulnerable”.

On the territory of Ukraine, there are three types
of sundew: round-leaved (Drosera rotundifolia L.), English
(Drosera anglica Huds.) and oblong-leaved sundew (Drosera
intermedia Hayne) (Fig. 1).

Figure 1. Representatives of Drosera L.: a — Drosera rotundifolia L.; b — Drosera anglica Huds.;
¢ — Drosera intermedia Naupe; d — sundew appearence

D. rotundifolia is distributed in the arctic and
temperate zones of Eurasia and North America (GBIF
Secretariat, 2014). In Europe, it occurs almost all over the
territory, but very unevenly. It is quite abundant in North
and Atlantic Europe, occasionally in the middle and very
rarely in the South (except for the South-East) (Melzig &
Krenn, 2011).

In Ukraine quite recently D. rotundifolia was quite
common in the forest zone and in the north of the for-
est-steppe, occasionally in the south of the forest-steppe
and in the Carpathians, and very rarely in the north of
the left-bank steppe (Andrienko, 2009; Chorna, 2006;
Kiraly, 2009). However, according to recent observations,
today there are a large number of locations of D. rotundifolia
lost due to anthropogenic impact and drainage of swamps
(Andrienko, 2009; Umanets, 2012).

The use of biotechnological methods for obtain-
ing plant raw materials of Drosera L. is extremely relevant
in both landscaping and pharmacology (Egan & map der
Kooy, 2013), as they provide healthy, sterile plant material
in large quantities, regardless of the season.

The optimal area for developing conservation
strategies for endangered species is an integrated scien-
tific approach that combines the use of biotechnological
techniques for in vitro culture, rational collection man-
agement for efficient recovery of endangered popula-
tions and species (Chornobrov & Bilous, 2021), the use of
molecular genetic techniques to document and maintain
collections (Chung et al., 2013), assessment of the param-
eters of genetic diversity of natural and artificially cre-
ated populations, replenishment of collections, and their
exchange.

Using the in vitro culture method is an optimal mod-
ern solution that provides an opportunity of:

- restoration and reproduction of valuable, rare, and
endangered species of flowering plants that are difficult to
reproduce in situ and ex situ;

- creating a collection of genetically homogeneous
plants in vitro culture;

- getting healthy planting material,

- mass production of valuable plant genotypes from the
collections of botanical gardens.
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The originality of this area is the creation of a ge-
netic bank of samples of plant raw materials, which is an
indispensable resource for characterising the conserva-
tion and sustainable use of biodiversity of the plant world,
identifying the most productive genotypes of economic
crops and crops with the increased adaptive potential to
external environmental factors, quantifying the parame-
ters of genetic diversity of natural and artificially created
crops ex situ populations, and collections of individual taxa
(Matthews, 1994; Chorna, 2006).

The purpose of the study - determination of the
features of direct plant regeneration of Drosera spatulate L.
and Drosera aliciae L. at different stages of microclonal re-
production.

Until now, such representatives of species of the
Drosera genus were successfully cultivated in vitro: D. binata
La Billardier, D. natalensis Diels (Anthony, 1992; Caniato
et al., 1989), D. capensis L. (Curkovic & Berljak, 1996),
Drosera-regia Stephens (Janssens, 1986), D. rotundifolia L.
(Anthony, 1992; Bonnet et al., 1984; Kukulczanka &
Czastka, 1987; Simola, 1978) and D. spatulata Labill.
(Blehova et al., 1990, 1992). However, protocols for micro-
clonal reproduction and composition of nutrient media
(NM) have not yet been developed for D. spatulata (sun-
dew), in particular, in Ukraine. Because of this, the most
common method of propagation currently is the seed one
(Fernandez-Pascual, 2016), due to the ease of sterilisation
to create primary crops.

Given the substantial demand for carnivorous
plants (Baskin & Baskin, 2014) and the lack of developed
methods of microclonal reproduction, the conservation
and reproduction of rare and endangered species of this
group of plants ex situ, as the creation of a genetic bank
in vitro is becoming increasingly relevant.

Materials and Methods

The original explants were parts of the generative com-
plex that are formed from buds restored in a single visi-
ble growth cycle, which contain a stem, leaves, buds, and a
flower or inflorescence.

Methods and approaches generally accepted in bio-
technology were followed, modifying them individually
for each genotype to decontaminate the original explants
(Chornobrov & Bilous, 2021).

Cultivation of meristem sites was conducted on
modified Murashige and Skoog media (MS) (Murashige &
Skoog, 1962) by adding phytohormones of various concen-
trations to their composition (Aragjo et al., 2014; Baranyai
& Joosten, 2016; Clapa et al., 2010).

In addition, activated carbon (1 g*l'') was added
to the medium (once), as a hydrocarbon food - sucrose

(30 g*I'!), mesoinosite (100 mg*1'), agar (0.7%), and two
chelate forms of iron: ethylenediamine-di-2-hydroxy-phe-
nylacetic acid (Fe-EDDHA) and ethylenediaminetetraacetic
acid (Fe-EDTA), medium pH 5.6-5.7.

Explants were cultured at a temperature of 25+2°C,
with a 16-hour photoperiod, for illumination with an in-
tensity of 2000-3000 1x.

The main indicator of the effectiveness of the ster-
ilising agent was the number of explants that developed
normally.

Representatives of Drosera spatulate L. and Drosera
aliciae L. were used as donor plants in the study, taken from
container culture.

Results and Discussion

At the initial stage of introduction to in vitro culture Mu-
rashige and Skoog (MS) nutrient media with full or half-re-
duced mineral element content were used for regeneration.

During experimental work, a sterilising solution was
selected, which was easily washed out of the tissues with
distilled water to less harm the explant tissues. For this
purpose, generally accepted methods were used to obtain
sterile starting material. A solution of 70% ethyl alcohol
(C,H,OH), 1.7 per cent and 1.25 per cent sodium hypochlo-
rite NaCIO solutions, hydrogen peroxide solutions (H,0,)
of various concentrations — 12.5% and 25%, and 0.1% silver
nitrate solution (AgNO,). The reagents were used both sep-
arately and in combination with different exposures and
washing modes to achieve this goal.

Each of the sterilising solutions and exposure time
had a different effect on Drosera L. explants. Method of steril-
isation using a 70% ethanol solution (30 seconds), then hold-
ing in a 1.25% NaCIO solution with an exposure of 20 min-
utes and three times washing in sterile water did not damage
tissues and did not inhibit plant development and ensured
the sterility of explants by 60%. Notably, the sequence and
exposure of the use of various sterilising reagents were deter-
mined empirically during operation, depending on the type of
explant and the degree of its infection.

Sterilisation mode using 70% ethanol and holding
for 30 seconds and in 0.1% AgNO, solution for 5-7-10 min-
utes and three times washing in sterile water for 10 min-
utes each time affected the plants in different ways. Ster-
ilisation with a 10-minute exposure resulted in a complete
loss of plant material, resulting in all plants being sterile
but not viable.

In turn, the exposure is 7 minutes in 0.1% AgNO,
solution allowed getting 50% of viable explants, and the
exposure of 5 minutes was the most optimal. Under such
conditions, the number of aseptic and regenerative plants
was 80%.
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In parallel with the two previous schemes, a 50%
solution of hydrogen peroxide (H,0,) in two ratio options,
1:1 and 1:2, with different exposure times, was used to de-
termine the most optimal method of sterilisation.

When using a 50% hydrogen peroxide solution in a
ratio of 1:2, the yield of aseptic explants on the third day
after administration was 80-90%. Therewith, washing the
explants from the remains of the sterilising solution one
time is enough. This method is the least toxic and effective
for non-woody shoots.

Induction of organogenesis from Drosera L. mer-
istem culture was conducted by culturing the obtained
primary microshoots from aseptic explants obtained after
their preliminary sterilisation.

On the sixth day of cultivation, induction of axillary
buds was observed, which on day 10-14 had a size of 0.2-0.3 cm.

The yield of aseptic viable explants was 90-100%.
After 2-3 days, active release of phenolic compounds was
observed, which negatively affected the growth and devel-
opment of explants. Polyvinylpyrrolidone (PVP) (1-2 g*1')
was added to the MS nutrient medium to avoid this, the
adsorption properties of which contribute to the uniform
distribution of nutrients in the medium and reduce the
negative impact of secondary metabolic products.

The shoots were divided into segments and trans-
ferred to nutrient media containing different compositions
and concentrations of phytohormones to induce morpho-
genesis (Table 1).

Table 1. Composition of components of the nutrient medium for induction of organogenesis

Concentration by medium variants, mg*1-!
No. NM components
1 2 3 4 5
1 Macronutrients of MS 100 100 30 100 100
2 Microelements of MS 1.0 1.0 1.0 1.0 1.0
3 vitamins of MS 1.0 1.0 1.0 1.0 1.0
4 Fe chelate 10 5 5 10 5
5 BAP 1.0 - - 1.0 -
6 Glucocorticoids 0.1 - - - -
7 Glycine - - - 1.0 -
8 Kinetin - 0.25 - - 0.25
9 IAA 0.5 - - - -
10 Mesoinosite, g*I'! 0.1 0.1 0.1 0.1 0.1
11 Sucrose, g*1'! 30 20 20 30 20
12 Agar, g*I'! 6.7 6.7 6.7 6.7 6.7
13 PVP, g*I'! 1 - - 2 2
14 IBA - - 0.1 0.2 -
pH 5.6-5.7
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Induction of morphogenesis largely depended on the
composition of NM and at the initial stages of reproduction

—

took place mainly on basic MS media. Cultivation was con-
ducted for 21 days (Fig. 2).

Figure 2. Regenerative plants D. spatulate on morphogenic medium on day 21 of cultivation

Analysing the data, it was concluded that mor-
phogenesis of D. spatulate and D. aliciae most inten-
sively passed on a medium with the addition of kinetin
0.25 mg*l't and PVP 2 g*I'! explants had dimensions of
2.5-2.8 cm and typically rich green colour, formed roots

of 2-3 pcs. on an explant, 3.5-4.9 cm long (Fig. 3). In
turn, the release of phenols in the basal part and near
the roots was observed on a medium of ¥ MS without
the addition of PVP. The accounting results are shown
in Table 2.

Table 2. Features of explant development on different media variants (day 21 of cultivation)

. . Formation of shoots | Formation of roots
No Composition of NM | Hormone concentration, Number of
: (PGR) mg*I! explants, pcs.
pcs. cm pcs. cm
BAP 1.0
1 Glucocorticoids 0.1 2 2.7+0.9 0.5%1.3 - -
T1AA 0.5
2 Kinetin 0.25 2 3.3%0.56 2.3%1.1 2.5%4.3 1.6%3.2
3 IBA 0.1 2 2.8%3.6 0.62%0.8 3.8%3.1 1.3¥2.4
IBA 0.2 . . i i
4 BAP 1.0 2 3.4%3.3 0.26%0.5
Kinetin 0.25 . N N N
5 AA 50 2 4.9%1.5 2.6x1.5 2.5%1.5 2.8*%1.2

Note: AA- ascorbic acid; PGR - plant growth regulators: NM — nutrient medium
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Figure 3. Regenerative plants D. spatulate and D. aliciae on morphogenic medium on day 21 of cultivation

When added to the medium BAP 1.0 mg*l''+
GC 0.5 mg*l'! the attenuation of explants was deter-
mined(0.4-0.6 cm), which were characterised by the for-
mation of weakened, deformed leaves that had a light
colour. On a medium with the addition of 0.1 mg*]'' IBA
explants were also thin, weak — 0.4-0.7 cm, but simultane-
ously retained the ability to form roots (on one explant —
up to 3-5 pcs.).

On NM supplemented with 0.2 mg*l'! IBA +
1.0 mg*l'* BAP did not observe a substantial difference
in the size of explants, and the roots were formed much
smaller in size. The most optimal environment was the
use of 0.25 mg*l'! kinetin and the addition of PVP 2 g*I'!,
and hormone-free NM MS with a halved composition of

macronutrients. Active growth and induction of rhizogen-
esis were observed in this medium.

On 21-28 days of cultivation, formed regenerative
plants were obtained, the total size of which reached 8 cm
with a well-formed root system. The resulting regenerative
plants were used for further mass multiplication in vitro.

After the successful production of sterile viable
regenerative plants D. spatulate and D. aliciae, the compo-
nents of the nutrient medium for induction of rhizogen-
esis in vitro of Drosera L. were selected. For this purpose,
sterile plants were divided into separate microparticles
and planted on NM, different in composition: MS+IAA
(0.5 mg*I'Y); MS+IBA 0.5 mg*l''+ IAA 0.5 mg*l''; MS+IBA
4 mg*I''+ 0.5 mg*1'! BAP; h/f MS and ¥4 MS (Table 3).

Table 3. Influence of plant growth regulators on morphogenesis of D. spatulate and D. aliciae

Viable microshoots ffici
Medium Coe “ef“ Presence of a root system
reproduction
pcs. %
Hormone-free MS 10 100 9 available
Y5 MS 10 100 8 available
MS + BAP 0.5 mg*I'! 2 20 8 absent
MS +BAP 1.0 mg*I*! 3 30 3 absent
MS + BAP 1.5 mg*I'! 1 10 4 absent
MS + kinetin 1 mg*]*! 3 25 4 absent
MS + kinetin 2 mg*]*! 3 30 3 absent
Vol. 12, No. 2, 2021 Ukrainian Journal of Forest and Wood Science 76
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Table 3. Continued

Viable microshoots Coeffici
Medium oe aept Presence of a root system
reproduction
pcs. %
MS + kinetin 3 mg*]! 8 80 4 absent
MS +IBA + 0.5 mg*]! 10 100 5 absent

As can be seen from the table, the addition of low
concentrations of cytokinins BAP and kinetin to NM had
a positive effect on the growth of regenerative plants and
contributed to the formation of the root system in 50%
of plants. The addition of auxin IBA at a concentration
of 0.5 mg*l!also had a positive effect on the induction of
explant tissue rhizogenesis. Within two weeks, explants

: i
: 5
“D. spatulate’ .

formed a developed root system and doubled their growth.
As a result of research, the highest coefficient of repro-
duction (1:8) and root system formation was obtained on
a hormone-free medium with a halved content of macro-
nutrients and on NM with the addition of 0.5 mg*l'! IBA.
All plants showed active morphogenesis and formed roots
(Fig. 4).

Figure 4. Formation of a developed root system and induction of microshoot growth on NM ¥4 MS

Summarising the results obtained, the most effec-
tive can be considered NM %2 MS, which can be used both
for plant cultivation and root formation, with the only ex-
ception being forced induction. If rapid root formation to
transfer plants to the soil is necessary, it is best to use NM
with the addition of 0.5 mg*I'! IBA.

Conclusions
Based on the results of the conducted research, a method
of microclonal reproduction was developed, which allowed
for obtaining genetically stable, disease-free regener-
ative plants D. spatulate and D. aliciae with an optimally
formed root system and vegetative mass. The resulting
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homogeneous planting material can be used in floriculture,
creating terrariums, for pharmacological purposes, and for
the purpose of introduction. The method of explant sterili-
sation of D. spatulate and D. aliciae with 80-90% production
of the aseptic culture of plant tissues was developed. The
influence of various sterilisation options on the develop-
ment of microshoots was investigated. It was identified
that sterilisation using a 0.1% AgNO, (5 min) solution is
the most effective and three times washing in dH,0, and
sterilisation with explants kept for 30 seconds in a solu-
tion of 70% ethanol and 12.5% solution H,0, with a single
wash 10 min in dH,O. It was experimentally established
that NM MS with the addition of 2 g*I PVP is optimal at

the stage of introduction of D. spatulate and D. aliciae in
vitro. Microshoot regeneration of D. spatulate and D. aliciae
were investigated depending on the type of explant and the
composition of the NM. Morphogenesis was most effective
on NM with the addition of 0.25 mg*]"! kinetin and on h/f
MS. Such cultivation conditions provided 100% regenera-
tion of regenerative plants with a reproduction rate of 1:8.
After investigating the effect of cytokinins on microclonal
reproduction of D. spatulate and D. aliciae, it was identi-
fied that the development and induction of multiple shoot
formation in vitro works best in a h/f MS environment. It is
necessary to add NM 0.5 mg*I "' IBA to induce the formation
of the root system.
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30epekeHHS MpeacTaBHUKIB poxy Drosera L.
3 BUKOPVMICTAHHSIM 0iOTeXHOJIOTiYHMX METO/iB

CsiTnana IOpiiBua Binoyc, Onbra OnekcanapiBHa OmiliHUK, 0.0. 'yHBKO

HarmioHanbHMI1 yHiBepcuTeT 6GiopecypciB i mpMpomoKopuCcTyBaHHS YKpaiHu
03041, Byn. 'epoiB O6oponu, 15, m. Kuis, Ykpaina

AHoranjist. V po60Ti mpoBeeHo LOoCTiIkeHHSI 0cOO/MMBOCTe OTPMMAaHHSI CaIMBHOTO MaTepiany piAKiCHUX TpeICTaBHUKIB
Drosera spatulate L. Ta Drosera aliciae L. 3 BAKOPUCTaHHSIM MiKPOKJIOHAJILHOTO PO3MHOXKEHHS 3 METOI0 iX 36epeskeHHs
/i TIOJAIBIIOr0 KyJIbTMBYBAHHS B YMOBax ex Vitro. BimmpaipoBaHO MeTOmMKY cTepwiisaliii ekcriiaHtartiB D. spatulate
Tta D. aliciae 3 80-90 % oTpMMaHHSIM aceNTUUYHOTO MaTepianmy. BuBUeHO BIUIMB pi3HMX BapiaHTIB cTepwiisalii Ha
PO3BUTOK MiKpoOIaroHiB. Haiikpamymu po3umMHaMu IJjs1 cTepwiizaliii BusHaueHo pnBa: 0,1-BigcoTKoBMIT pO3UMH
AgNO, Tta 12,5-BigcorkoBuit posunn H,0,. JocmimKeHO 0cO6MMBOCTI OpraHoreHesy Ta pereHepaii Lioro opraHismy
3 KYJIbTMBOBAaHMX TKAHMH Ta OpTaHiB MpenacTaBHMUKIB Drosera L. IlizibpaHo omTuMaabHe KUBUIbHE CepeloOBHMILe Ha
eTarti BBeleHHs y Ky/lbTypy in vitro D. spatulate ta D. aliciae (MC i3 mogaBanusam PVP 2 mr-r!). BusHaueHO onTuManbHi
YMOBMU TIpsiMoro MopdoreHe3y TKauuH Drosera spatulate L. ta Drosera aliciae L., 0 Jano 3MOTy MacOBOTO OTPMMAaHHS
03J10pOBJIEHOTO, TeHETMYHO OJTHOPiJHOTO caiBHOrO MaTepiany. [Toka3aHo Jito eK30TeHHUX Pery/asTOpiB pOCTY Ha Pi3HUX
erarnax MopQoreHe3y POCIVH B YMOBAX in vitro. YIOCKOHAJeHO YMOBM pPU30reHesy in vitro. 3okpema 3a pesyibTaTaMu
IOCTiKeHb HaiBuiMii koedimieHT posMHokeHHs (1:8) Ta dopmyBaHHS KOpeHeBOi cucTeMu OyJlO OTPUMaHO Ha
6e3ropMOHaILHOMY CepeloBUINi 3 yOBiUi 3MeHIIeHMM BMIiCTOM MaKpOeJeMeHTiB i SKMBUIbHOMY CEepemOBMIIN 3
momaBanasiM 0,5 mr-m! IMK. 3a Takux yMOB y BCiX PO3MHOXXYBAaHMX POCIVH CIIOCTepiraay akTMBHUIT MopdoreHes i
(dbopmyBaHHS PO3BMHEHOI KOPEHEBOI CHCTEMM. 3a Pe3yIbTaTaMy MPOBENEHUX MOCTiIKeHb 6Y/I0 PO3PO6IEHO METOIUKY
MiKpOKJIOHAJIbHOTO PO3MHOKEHHSI, SIKa Jlajia MOK/IMBICTh OTPUMATH TeHeTUYHO-CTabiIbHi, BiJIbHI Bi XBOPO6 pOCIMHN-
perenepantu D. spatulate ta D. aliciae 3 onTuManbHO chOPMOBAHOI0 KOPEHEBOIO CUCTEMOIO Ta BEreTaTMBHOI Macoo.
OTpuMaHuii ONHOPIAHMII CaAVBHUII MaTepial MOXXHa BUKOPMUCTOBYBATM y KBITHMKApPCTBi, CTBOPEHHI TepapiymiB, AJis
(apmakonoriuHux 11ijieit Ta 3 METOI iIHTPOAYKIIi1
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