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ABSTRACT

We established sterile clones of a medicinal plant dragonhead Dracocephalum charke-
viezii Prob. (Lamiaceae). We used shoots of t}ie plants from natural habitat, notably
leal?\fL nodes with axillary bud, as explants, sterilized the explants in 0.1 % Diocide
for 4 minutes and cultivated them on agarized nutrient half-strength MS medium
with vitamins, 2 % sucrose, 0.4 % agar, 1 mg/1 indolylbutyric acid (IBA), or 0.5 or
1.0 mg/1 6-benzyladenine (BA). Medium p%l was 4.6 or 5.4. We took hormone-
free half-salt MS medium as a control. We observed the maximum propagation
coefficient equal to 9.4 in microplants cultivated on the medium with 1 mg/I BA.
Application of hormone-free MS medium can be recommended for D. charkeviezii
propagation due to its simglicity. The use of the medium protocol with 1 mg/1 BA
on the first step and with IBA on the second step will allow rapid multiplication and
establishment of full-fledged plants of D. charkeviczii for different purposes such as
restoration of natural populations, source of valuable metabolites, landscaping, etc.

Keywords: microcloning, reproduction, rare species, conservation, cultivation conditions,
in vitro, Dracocephalum charkeviczi.

PE3IOME

T'ajpunxasa H1.B., besaeaes A.B., Hakoneunaa O.B. 3meerososnux Xap-
xesuua (Dracocephalum charkeviczii Prob.) in vitro. IToayaenst crepuab-
HbIE KAOHBI PEAKOTO ACKAPCTBEHHOIO PACTCHUA 3MEETOAOBHUKA XapKEBHYIA
(Dracocephalum charkeviczii Prob. (Lamiaceae)). B xagectse akcriaanToB OpaAn we-
PEHKM pACTEHHH U3 IPUPOAHBIX MECTOOOHTAHHH (AMCTOBOH y3€A C ITA3YIIIHOM
roukoit), crepuausopasn 0.1 % pactBopoM Amaruaa B TedeHue 4 MUH U BEI-
PAIIUBAAY HA TBEPAOH IIUTATEABHOI CPEAE C MI/IHCEHAI)HOIZ ocHosol 110 Mypa-
cure u CKyTy, COACpP/KABIICH BUTAMHUHBL, caxaposy 2 %, arap-arap 0.4 %, 1 mr/a
napoarAMacAsaon kucaotel (MMK), BAIT — 0.5 mr/a man 1 mr/a. pH cpeast
4.6 mam 5.4. AAf KOHTPOAS HCITOAB30BAAN OE3TOPMOHAABHYIO CPEAY, COACPKA-
IIIYIO HOAOBHHHYIO KOHIIEHTPAIIMIO MHKPO- I MAKPOCOAEH. MaKCHUMaABHBIH KO-
5 PUIHIEHT PA3MHOKEHUA OTMEUCH ¥ PACTCHHIH, KYABTHBHPOBAHHBIX HA CPCAC
c ro6aBaernem 1 mr/a BATT, cocrapua 9.4. FicrioAb3oBanme 6€3ropMOHAABHOLT
CpPeABI (KOHTPOAB) MOKET OBITh PEKOMEHAOBAHO AAA pasMHoxerus D. charkeviczii
H3-32 OAHOITAIIHOCTH H HAUMEHBIIEH pecypcosarpaTHocTH. [Ipumenerue mpo-
TOKOAQ € A0OaBAcHUEM 1 Mr/A BAIT Ha mepBoM atarre KyAbTrsrposanusg u FIMK
HA BTOPOM 9TAII€ ITIO3BOAUT OBICTPO PA3MHOKUTH AO HEOOXOAUMOIO KOAMIECTBA
1 TIOAYYHTH ITOAHOIICHHBIC pacteHus D. charkeviczii ANl BOCCTAHOBACHUSA IIPH-
POAHBIX IOIYAAITUI, KAK MCTOYHUK ITEHHBIX BAB, aan o3eaenenus.

KaroueBbIe CAOBA: MUKPOKAOHUPOBAHIE, PA3MHOKECHIE, PEAKHI BHA, COXPAHCHIE, YC-
AOBUA KyABTUBUpOBaHUA, Dracocephalum charkeviczii, in vitro

Dracocephalum charkeviczii Prob. is a herbaceous perennial
plant (Fig. 1a, b) from the large Lamiaceae family, close to
D. argunense Fisch. ex Link. It is a circum-Japan sea coas-
tal meadow and psammo-petrophilic species that inhabits
seaside meadows, slopes of sea terraces, seaside sands and
pebbles on the islands of the Peter the Great Bay near Vla-
divostok; in Ussuriysk, Partizansk, Khasan, Ternei districts
of Primorye Territory; in Sikhote-Alin Reserve; in Yuzhno-
Kurilsk (Kunashir island), Sakhalin Region. Outside Russia,
it is found in coastal areas of Japan and China (Probatova
& Krestovskaya 1995, Seledets 2007, Probatova et al. 2016).
The range of the species is elongated and fragmented due to
certain habitat condition demands. Biotopes of this species
undergo considerable anthropogenic influence as the sea
coasts are increasingly used by population for recreation.
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Habitat destruction or degradation in result of active
exploitation by humans lead to a significant population
decline and put its existence at risk.

D. charkeviczii is a medicinal plant. Leaves of this plant
contain rosmarinic acid and rabdosiin (Nakonechnaya et al.
2022, in press). Rosmarinic acid displays antiviral and anti-
inflammatory properties (Swarup et al. 2007), and is used
as an anticancer agent (Anusuya & Manoharan 2011). Rab-
dosiin possess antiallergic, antioxidant, neuroprotective and
anti-HIV activity (Trifan et al. 2020).

The plants of D. charkeviczii are attractive and used for
decoration of alpine slides and rocky gardens. The use of
natural populations of D. charkeviczii for medical application
is impossible due to its rarity. Therefore, itis necessary to find
a method for rapid and reliable plant propagation without
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damage to natural populations for practical application
of D. charkeviczii. Method of micropropagation is a good
alternative. The aim of this work was to develop approa-
ches for D. charkeviczii micropagation, which is important
as the first step to save and restore the natural populations.

MATERIAL AND METHODS

The studies were conducted at the Federal Scientific
Center of the East Asia Terrestrial Biodiversity, Far Eastern
Branch of the Russian Academy of Sciences (FSCEATB
FEB RAS, Vladivostok), in the sector of microclonal
propagation of forest, agricultural and ornamental plants
in 2018.

Dracocephalum  charkeviczii, a perennial summer-green
herbaceous sympodially growing polycarpic plant with
short rhizome and elongated mocarpic ascending stem
(Bezdelev & Bezdeleva 2006, Voronkova et al. 2008), was
the object of the study. The plant grows up to 55 cm tall,
with erect or ascending foliose stems with active axillary
branching, linear-lanceolate leaves up to 7 cm long and 5
(8) cm wide, overall round-oval inflorescence up to 5 (9)
cm long, blue-violet flowers up to 7 cm long, and rounded
triangular, unclearly ribbed on the back, dark-brown seeds
about 3 mm long (Probatova & Krestovskaya 1995).

Plants of D. charkeviczii were collected in natural popu-
lations on the gently sloping areas of the coastal gravelly-
stony cliffs covered with vegetation usual for the coastal
meadows on the Zhitkov Peninsula (Russian Island,
Primorye Territory).

Stem samples with one leaf node and two axillary buds
were used as explants. Diocide (0.1 % solution) for 2—4 min
was used for explant sterilization (Butenko 1964).

Two ways were used to obtain microplants: one-step way
with auxin application (microplants cutting) and two-steps
way with cytokinin application (formation of a large quan-
tity of microshoots followed with their rooting). Five dif-
ferent solid nutrient media were used to grow microplants.

Medium 1 — Murashige and Scoog MS (Murashige &

Scoog 1962) half-strength hormone free medium supple-

mented with vitamins by Butenko (1964), 2 % sucrose and
0.4 % agar.

Medium 2 — the same medium, supplemented with 1 mg/1
IBA (indolylbutyric acid) at pH 4.6.

Medium 3 — the same medium with 1 mg/l IBA and
pH 5.4.

Medium 4 — MS with 0.5 mg/1 6-benzyladenine (BA) and
pH 5.0.

Medium 5 — the same medium with 1 mg/1 BA and pH 5.0.

On the second step we transferred the established mul-
tiple microshoots from the medium with cytokinin IBA to
the medium 2 with 1 mg/1 IBA and pH 5.0. Medium 1 was
used as a control.

The media were autoclaved for 20 minutes at 0.8 atmo-
spheres. Plantlets were cultivated at 24 + 1°C, with 70 %
air humidity and 16 hours photoperiod under fluorescent
lamps with an illumination intensity of 4 000 lux. I vitro cul-
tivation was carried out for 8 weeks. After that plantlets were
transferred into soil "BIUD Flower "PALISAD" Garden
without chemistry (pH 5.6-6.7)" from LLC "Eco-AgTi".

Morphometric measurement of plantlets (plant height,
root number and length) was carried out weekly during the
cultivation period. The data were analyzed using "Statistica"
package version 10.0 and MS Excel 2010. Results were
represented as mean with standard error of mean.

RESULTS AND DISCUSSION

Introduction Zr vitre. Sterilization of explants with
0.1 % Diocide for 4 minutes allowed us to establish 92 %
of sterile explants capable to regenerate. This method
appeared to be optimal for successful introduction of
D. charkeviczii into culture.

We observed callus formation on the explant end dipped
into medium (Fig. 1c). Callus cells then formed roots.
Proliferation of the bud shoots and root development took
place 3—4 days after planting. Microshoots contained 2—4
leaf nodes. We used microplants established after 4 weeks
of culturing for further microclonal propagation.

Microclonal propagation. We noticed the beginning
of axillary shoots proliferation and root rudiments laying
after 3—4 days of culturing on media 1-3. The highest rates
of axillary buds induction and microshoots development
were observed in control (MS half-strength hormone-free
medium). Plantlets on this medium reached 3 cm high after
four weeks of culturing (Table 1). Microshoot and root
formation took place identically with what was previously
shown during introduction into culture. Only 29.17 % of
explants formed roots. The root length reached 6.5 cm
with the maximum of 2 roots on the explant. Propagation
coefficient was equal to 3 (Table 1).

Nutrient media supplemented with IBA provided the
slowdown of bud induction in explants, comparing with
control hormone-free medium. Growth of microplants on
medium 2 (IBA, pH 4.6) was equal to growth of control
microplants, whereas root formation was more intensive
(Table 1). After two weeks of culturing almost half of the
microshoots (44.74 %) had roots of different length. Some
microshoots (18.42 %) had two and more roots (Fig. 1d).

Table 1. Morphometric characteristics of Dracocephalum charkeviczii

. Medium 1 Medium 2 Medium 3 Medium 4 Medium 5
Microplant parameters (control) (IBApH4.6)  (IBApH54)  (0.5mg/IBA) (1 mg/lBA)
Microplant hight, mm 29.56 £ 2.51 28.83 £ 2.08 26.04 £ 2.26 30-120 30-120
The number of roots 0.45+0.16 1.08 £0.18 0.27 £0.19 - -
Length the first root, mm 6.46 £ 241 15.98 + 3.26 5.78 £ 3.93 - -
Length the second root, mm 3.04 £1.70 8.36 £ 2.44 221 £221 - -
Length the third root, mm 00 3.68 £ 1.72 00 - -
Portion of rooted microshoots, % 29.17 52.63 22.22 — —
Propagation coefficient 3 2.90 2.01 4.2 9.4
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Figure 1 Dracocephalum charkeviczii. Prob. A — plants in population; B — inflorescence; C and D — explants after 1 and 2 weeks of cultivation,
respectively; D — plant in the soil

After three weeks of cultivation root length increased
3 times, comparing with previous measurement. We noted
positive growth dynamics for 7.89 % more explants. Thus,
52 % of explants have rooted by this time (Table 1). After 4
weeks of cultivation the growth processes slowed down, the
microshoot height and root length increased insignificantly,
what may be due to a medium degradation.

Microshoots on the medium 3 (IBA, pH 5.4) grew slower
than microshoots in control group and on medium 2. We
noticed rooting in 20 % of explants. The root length was
the smallest among all experimental groups (Table 1). Pro-
pagation coefficient was lower than that for control micro-
shoots.

On the media supplemented with BA 0.5 and 1.0 mg/1
(media 4 and 5) multiple shoots started to develop 5-7
days after planting. Microshoots grew higher than those
in other experimental groups (Table 1). Addition of BA
to the media caused the formation of watered (aqueous)
microshoots. On the medium 4 with less BA content 32 %
of microshoots were watered, and 14 % of microshoots
wete watered on the medium with 1 mg/1 BA. Propagation

coefficient for explants on media 4-5 was higher, comparing
with the other media (Table 1). We observed maximal
propagation coefficient on medium 5 with 1 mg/1 BA. It
should be noted that the greater the number of nodes on
microshoots, the more material for micropropagation will
be obtained.

On the second stage of the experiment, we took mul-
tiple microshoots established on media 4 and 5, and placed
them on the medium 3 in order to stimulate rooting, During
6 weeks of culturing plantlets on this media grew higher
(53.83 £ 1.34 mm) than plantlets on other media in the first
experiment. Root number was equal to 30.8 £ 3.1; the first
root length was equal to 101.2 = 11.0 mm, the second root
length was equal to 70.7 £ 9.7 mm, the third root length
was equal to 44.4 £ 5.2 mm.

Based on the results of the experiment with five medium
variants we can conclude that different protocols can be
applied for different purposes: scientific (preservation and
restoration of natural populations) and industrial (multipli-
cation and build-up of material for production of valuable
biologically active compounds). Application of hormone-
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free medium (control) allowed us to obtain full-fledged
microplants, and can be recommended for further propa-
gation, as it is a one-step and less resource-intensive way. At
the same time, the use of medium 5 (1 mg/1 BA) on the first
culturing step and medium 2-3 (with IBA) on the second
step will enable fast establishment of a large quantity of
microplants that can be used for any purposes.

Micropropagation method was previously applied for
propagation of other rare medicinal plants of the genus
Dracocephalum — D. kotschyi Boiss. (Otroshy & Moradi 2011,
Zeinali et al. 2014), and D. ruyschiana (Klavina et al. 2004).
The authors used hormone-free MS medium (Klavina et
al. 2004), or supplemented it with BA or kinetin in three
concentrations (0, 1.0, 2.0 mg/1), together with indoleacetic
acid (IAA) or a-naphthaleneacetic acid (NAA) (Otroshy &
Moradi 2011).

Medium 2 (IBA, pH 4.6) provided the highest quantity
of the rooted microplants, which was two times higher
than that on medium 1 (control) and medium 3 (IBA,
pH 5.4). Previously, Zeinali et al. (2014) showed the same
best rooting percentage equal to 30% for another species
D. kotschyn on MS medium supplemented with 0.2 mg/1
IBA or 0.5 mg/1 IBA and 1 mg/1 kinetin. Otroshy & Moradi
(2011) reported on a 90.08 % of rooted explants using the
medium supplemented with 2 mg/1 BA and 0.5 mg/1 NAA.

The propagation coefficient for D. charkeviczii appeared
to be lower (3) (Table 1) than that reported for D. ruyschiana
on hormone-free MS medium — 4.2 (Klavina et al. 2004).
The difference can be explained by a cultivation period or
features of the studied species.

Adaptation of plantlets to soil. The use of the soil mix-
ture and closed cultural vessels ensured the survival of
72.5 £ 7.5 % plants. During two months of cultivation the
plantlets grew in size (Fig, le), developed abundant root
system and were ready to a transfer to an open soil. Zeinali
et al. (2014) showed that plants of D. kofschyi displayed
100 % survival rate and active growth after planting into
a mixture of peat, coconut flakes, and perlite (2:1:1).
This index was lower for D. ruyschiana reaching only 28 %
(Klavina et al. 2004).

CONCLUSION

Thus, an effective method of introduction of D. char-
keviczii into culture was developed. Our results showed
that control hormone-free MS medium was optimal for
D. charkeviczii plantlets cultivation, as it was less resource-
intensive. However, application of distinct plant growth
regulators such as 1 mg/1 BA on the first cultivation stage
and IBA on the second cultivation stage would allow rapid
production of a large quantity of full-fledged microplants
ready for use for different purposes.
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