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Summary. The microclonal propagation protocol including initiation, propagation, rootage, and adaptation in the
premises of the Botanical Garden-Institute FEB RAS was developed for the first time for a vulnerable endemic spe-
cies of Primorye Territory Leontopodium palibinianum (Palibin’s edelweiss). It was shown that the medium’s mineral
composition as well as changes in the concentration of exogenous growth regulators under the same light and tempera-
ture conditions had a substantial impact the processes of growth and morphogenesis of Palibin’s edelweiss. Optimal
components of the microclonal propagation medium of the species were full strength Murashige and Skoog medium.
Reducing in the salt amount leads to a slowdown and arrest of in vitro culture growth. Adding 2 mg/l of 6-BAP to
the full strength MS medium led to mass production of plant material with the propagation factor of 9.8. It should be
noted that GK, has a positive effect on the Palibin’s edelweiss culture development in vitro when used together with
low concentrations of 6-BAP. When 2.4-D was used at the concentration of 1 mg/l in the medium, direct organogen-
esis was observed after 14 days of cultivation and further accompanied by formation of additional plant shoots. Also,
addition of 1 mg/l 2iP to the MS medium had the same effect. The growth regulators caused a low propagation factor
(2.4), which in turn led to production of 2-3 regenerative plants. The IBA concentration of 2 mg/1 stimulated formation
of the root system capable of positively withstanding acclimatization under unsterile conditions, but lowering the IBA
concentration to 1 mg/L of the medium also contributed to formation of such root system, with a slower pace. During
acclimatization to ex vitro conditions plant survival did not depend on the types of mixtures being used. After the ac-
climatization plants are stretched in height and produced additional shoots on 20-25th day.

Pa3mHoxkeHUe U COXpaHEeHUE B KYJIbTYype in vitro Leontopodium palibinianum
Beauverd (Asteraceae) — 3naemuka Ilpumopckoro kpas

A. C. ITesinoBa (bepaacosa), A. B. Canoxun, FO. E. CaOynxwuii

bomanuueckuii cao-uncmumym J{BO PAH, yn. Makoeckoeo, 142, e. Bradusocmox, 690024, Poccus

Kntouesvie cnosa: MUKPOKIOHAIBHOE PAa3MHOXXCHHUE, PEIKHE BUJBI, YKOPEHEHHUE in vitro, snenbieiic [lanubuna,
SHJIEMUYHBIE BHIBI.

Annomayusn. BuepBeie pa3paboTaH MPOTOKOJI MHKPOKIIOHAJIHHOTO Pa3MHOKCHHS YS3BHMOTO BHUJIA, SHICMHUKA
Ipumopckoro kpast, Leontopodium palibinianum (sneneeiic IlanuOuHa), BKIIIOYAIOUIMA BBEICHHE B KYJIBTYpY, pa3-
MHOXXCHHUE, YKOPCHEHHUE U aJIanTaluio Ha 6a3e borannueckoro capa-uncrutyta JIBO PAH. [TokazaHo, 4To MUHEpaIIb-
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HBIN COCTaB Cpe€abl IPU OJHUX M TEX KE€ CBCTOBLIX U TEMIICPATYPHBIX PEKUMAX, a TAKKEC N3MCHCHUC KOHICHTPAIINU
9K30I'€HHBIX PEryJSITOPOB POCTA CYIIECTBEHHO BIMSIOT Ha MPOLIECCH pocTa U MopdoreHesa syenbieiica [Tannduna.
OnTUMalIbHBIMH KOMITOHEHTAMH Cpeabl 14 MUKPOKJIIOHAJIBHOTO pasMHOXKCHUA N3y4aE€MOIro BuJa ABJIAIOTCA ITOJTHBIC
COCTaBBI cojiel mo mpornucu Mypacure—Ckyra, yMEHbIICHHE KOJMYECTBA COJICH MPUBOJIUT K 3aMEJIJICHUIO U OCTaHOB-
Ke pocTa KyJlbTypsl in vitro. Jlo6asnenue B cpeny MC ¢ osiHbIM cocTaBoM codieit 2 mr/i 6-bATT npuBoauT kK MaccoBo-
MY MOJY4EHHIO PACTUTEIBHOrO MaTepraia ¢ kodhunnentom pasmMHokenus 9,8. Creyer OTMETHTh OJIOKHUTEILHOE
BJIMAHUEC HA PA3BUTUEC KYJIBTYPhI B YCIIOBUAX in vitro FKS IIpU COBMCCTHOM IPUMEHCHUHN C HU3KUMH KOHIICHTpalluAMU
6-BAIlL. ITpu ucnonszoBanuu 2,4-J1 B KoHLeHTpauu 1 Mr/i cpeabl ciyctsi 14 nHel KyJbTHBHPOBAHUS HAONOIAIN
IpsSIMOI OpraHoreHes3, KOTOPbIi B JAbHEHIIIEM COMPOBOXK/IAIICS 00pa30BaHUEM JIOTIOJIHUTEIBHBIX TI00ETOB y pacTe-
HU#, TaKOe e BIMSHUC OKa3bIBaso mobarieHue B cpeny MC 1 mr/n 2iP. Tlpu uconb30BaHUM TaHHBIX PETYIISITOPOB
pocTa MBI OTMEYATH HU3KUH KOA(PGHUIMEHT pa3MHOKeHUS (2,4), MPUBOAAIINI K IMOTYyYCHHUIO 2—3 pacTeHHH-percHe-
panToB. D dhexkTHBHOE 00pa30BaHNE KOPHEBOW CHCTEMBI, CIIOCOOHOM MOIIOKHUTEIBHO MEPEHECTH aKKINMATH3AIUI0 B
HECTEPUIIbHBIX YCIOBUSX MPOUCXOAMIIO TIpH ucnonb3oBanuu MBK B koHuneHTpannu 2 mr/in. CHHKEHHE KOHIIEHTpa-
ur UMK 10 1 Mr/n takke crocoOCTBOBAIO KOPHEOOPa30BaHUIO, HO ¢ DoJiee MEIJICHHOM CKOPOCThIO. [IpH aKkiIu-
MaTH3alUK K YCIOBUSIM ex Vitro IPUKUBAEMOCTb PACTEHUM HE 3aBHCeEla OT MCIOJIb3yeMbIX TUIIOB cMmecell. [locne

AKKJIMMaTUu3aluu paCTCHUA BBITATUBAJIUCH B BBICOTY M JaBaJIM JJOIOJIHUTEIIbHBIC noOeru Ha 20-25 CYTKH.

Introduction

Genus Leontopodium R. Br. ex Cass. includes
more than 30 species distributed in mountain-
ous regions of Eurasia and South America. Eleven
species of the genus grow in the Russian Far East.
L. palibinianum Beauverd (Palibin’s edelweiss) is
perennial herbaceous plant with height of up to 35
cm, and also with a branched rhizome and fibrous
roots. Its greyish or greenish tomentose pubescent
stems are 1 to 6 cm long. The radical leaves are
lanceolate-elliptic, up to 7 cm long, greenish spi-
dery pubescent in the top and white pubescent in
the bottom. The cauline leaves are up to 6 cm long
and up to 10 mm wide. The bracteal leaves are 5 to
10 cm, densely white tomentose, less often with a
greenish or yellowish tint, forming a large, almost
regular star of 4-9 cm diameter. The anthodes are
hemispherical from 4 to 11. The distribution area of
L. palibinianum is limited to the sea coast. It is an
endemic nemoral species distributed in the eastern
macroslopes of Sikhote-Alin, which grows in coast-
al meadows outside the active salinization area, in
rock clefts and on gravelly slopes, while being more
numerous on limestone outcrops and occasionally
distributed in supralittoral zone. It is protected in the
Sikhote—Alin and Lazov Reserves (Galanin et al.,
2004; Kozhevnikov, Kozhevnikova, 2012; Pimeno-
va et al., 2016; Kozhevnikov et al., 2019). This spe-
cies is also reported in Nakhodka Municipal District
(Prokopenko, Nechayev, 2016) and the Kavalerovo
District (Pospelova et al., 2019). The Palibin’s edel-
weiss is registered in the Red Data Book of Primor-
sky region (plants) and has the status of vulnerable
endemic species (Barkalov, 2008). L. palibinianum
is considered to be one of the most decorative edel-
weiss in Russia.

The data available on attempts to introduce of
Palibin’s edelweiss by traditional methods are quite
scarce. For instance, S. K. Malysheva published
the results of introduction of L. palibinianum in the
V. L. Komarov Gornotayozhnaya Station. However,
the results of that experiment turned out to be unsuc-
cessful (Malysheva, 2018). Attempts to introduce
L. palibinianum also were made in the Botanical
Garden-Institute FEB RAS, but the plant’s life did
not exceed three years and after that period it died
(personal message from V. A. Kalinkina). Of all rep-
resentatives of genus Leontopodium only L. nivale
(Ten.) Heut ex Hand.-Mazz. (Pace, 2009; Wawrosch
et al., 2014), L. alpinum Cass. (Hook, 1993; Zapar-
tan, 1996; Lulli et al., 2012; Wawrosch et al., 2014)
and L. coreanum Nakai (Park et al., 1987) were in-
troduced. Data on microclonal propagation of Pali-
bin’s edelweiss was obtained for the first time and
the microclonal propagation protocol for L. pali-
binianum was also developed. Viable callus tissue
was obtained and the plants were regenerated. The
obtained plants could serve as material for further
introduction into outdoor planting.

Materials

Objects

1. Mature seeds of L. palibinianum.

2. Sprouts and parts of the plants produced in
vitro.

Reagents

1. Macro- and microelements, as well as vita-
mins of Murashige and Skoog medium (Murashige,
Skoog, 1962).

2. Agar (Sigma-Aldrich, USA).

3. 2/4-dichlorophenoxyacetic acid, 2.4-D (Sig-
maAldrich, USA).
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4. N6-benzylaminopurine, 6-BAP (SigmaAl-
drich, USA).

5. Indolyl-3-butyric acid, IBA (BioReagent, Sig-
maAldrich, USA).

6. Gibberelinic acid, GA, (BioReagent, Sig-
maAldrich, USA).

7. N6-(2-isopentenyl)-adenine, 2iP (BioReagent,
SigmaAldrich, USA).

8. Sucrose (Helicon, Russia).

Equipment
1. Constant climate chamber KBF 720 (Binder,
Germany).

Procedures

Culture medium

1. In all experiments, 0.7 % agarized Murashige
and Skoog (MS) medium with 3 % sucrose was
used.

2. The medium’s pH was adjusted with HCI solu-
tion to 5.6-5.8 before autoclaving.

3. Autoclaving was carried out at 121 °C, 1 at-
mosphere for 20 min. Growth regulators were added
to the medium after autoclaving.

Sterilization and planting of seeds.

1. The seeds were washed with chlorhexidine 3
times for 10 min. each time, and then with distilled
water.

2. They were sterilized with 1 % silver nitrate
and washed three times with sterile distilled water.

3. They were then placed onto hormone—free
MS culture medium and incubated in a refrigerated
chamber at 5 + 1° C for 30 days to stimulate germi-
nation.

4. After 30 days, the test tubes were transferred
to the constant climate chamber maintaining a con-
stant temperature of 17 + 1° C for germination.

5. After germination, cultivation was carried out
in a room under white fluorescent light bulbs (Phil-
ips, Poland) with the illuminance of 2 000 to 3 000
lux illumination with the light/dark photoperiod of
16/8 hat23 +2 °C.

Preparation of explants

1. After 12 days of cultivation in light, the sprouts
were transferred to the test tubes containing the MS
medium without adding growth regulators.

Induction of organogenesis

1. Explants from the produced plants were placed
onto the surface of MS culture medium with the ad-
dition of growth regulators of various concentra-
tions (see Table).

2. After 21 days of cultivation, the morphogenet-
ic response was assessed. If necessary, the observa-
tions were continued.

Table
Culture medium options
No. of Mineral composition Content of growth regulators, mg/L Propagation

experience 2.4-D 6-BAP 2iP IBA GA, factor

1 MS 1 - - - - 24

2 MS - 1 - - - 5.0

3 MS - 2 - - - 9.8

4 MS - 0.5 - - - 2.8

5 Y2 MS - 1 - - - 0

6 Ya MS - 1 - - - 0

7 MS - - 1 - - 2.4

8 Y2 MS - - 1 - - 0

9 Y MS - - 1 - 0

10 ¥>» MS - - - 0.5 - 0

11 MS - - - 1 - 1.4

12 MS - - - 2 - 1.4

13 MS - - - - 1 1.6

14 MS - 0.25 - - 1 24

15 MS (control) - - - - 2.0
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Acclimatization of plants to aseptic conditions

1. The rooted plants were adapted to the soil by
sowing onto sterile vermiculite and a mixture of ver-
miculite and perlite at 1:1 ratio, as well as into a
sterile mixture of 2/4 peat, 1/4 vermiculite and 1/4
of crushed decayed birch wood.

2. The containers were covered with polyeth-
ylene bags to maintain humidity and placed under
LED lights.

3. Irrigation was carried out at room temperature
water as the soil dried.

Conclusion

The first sprouts were registered on the 4th day
of cultivation in the constant climate in climatic
chamber at 17 £ 1°C (Fig. 1). All sprouts were vi-
able and produced additional shoots, which served
as material for further study of the impact of various
growth regulators on morpho- and rhizogenesis of
L. palibinianum in the in vitro environment.

Fig. 1. The sprouts emerged during cultivation in the constant climate chamber (A) and after 12 days of cultivation in

light (B). Ruler interval: 1 cm.

Fig. 2. Root system on the 21st day of cultivation after emergence of the first routes at the IBA concentrations of 1 mg/1
(A) and 2 mg/l (B). Ruler interval: 1 cm.
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The main factor during the microclonal propaga-
tion of Palibin’s edelweiss is the concentration of
the culture medium’ mineral base (MS, 2 MS and
Vi MS), as well as exogenous growth regulators.
It was found that reduction in the concentration of
Murashige and Skoog medium’s macrosalts to %
MS resulted in slowed growth without formation of
additional shoots, so this protocol could be used to
maintain L. palibinianum in vitro. During further re-
duction of macronutrients to ¥4 MS, tissue necrosis
on the 16th day of cultivation and their further death
were observed, what was apparently associated with
a lack of macronutrients, despite the presence of
6-BAP and 2iP hormones at 1 mg/l concentration.

The exogenous growth regulator 6-BAP plays a
significant role in regulating the in vitro organogen-
esis of L. palibinianum. For instance, when the con-
centration of this growth regulator was increased to
2 mg/l, we observed the highest propagation factor
(see Table) with formation of up to 12 new addi-
tional shoots from a single initial explant.

The direct organogenesis was observed after 14
days of cultivation when using 2.4-D at the concen-
tration of 1 mg/1 of the medium and accompanied by
the formation of additional plant shoots. Addition of
1 mg/L 2iP to the MS medium had the same effect.
Using these growth regulators, we obtained only
2-3 new clones. It should also be noted that the for-
mation of additional shoots in L. palibinianum also
occurred during cultivation on a medium with IBA
(see Table), which was not previously described for
edelweiss. Thus, the most effective micropropaga-
tion occurred on the full strength MS medium with
addition of 6-BAP at mg/I concentration.

Also we used regulators to stimulate stem inser-
tion growth and root formation. For instance, ad-
dition of 1 mg/l GA, to the medium contributed to
elongation of the shoots, while supplementing the
medium with the hormone in combination with 0.25
mg/l of 6-BAP resulted in formation of the longest
and largest leaves. The IBA concentration had an
impact not only on the number, but also on the size

of the roots formed. The maximum size and larger
number of roots were observed during cultivation on
the medium with complete mineral composition and
use of 2 mg/L of IBA (Fig. 2), while the first roots
were observed as early as on the 7th day of cultiva-
tion. Decrease in the IBA concentration to 1 mg/l
contributed to slow—down of these processes (Fig.
2), where formation of the first roots was recorded
on 21st day of cultivation, but their number after a
longer period of time was equal or almost equal to
that at the previous concentration. Decreasing the
IBA concentration to 0.5 mg/1 did not produce posi-
tive results, root formation wasn’t observed, though
this may also be due to the fact that at this concen-
tration the number of macroelements in the basic
medium was reduced as well.

Based on the previously obtained results on pres-
ervation of rare species in vitro (Kritskaya, Kashin,
2016; Molkanova et al., 2016), part of the L. pali-
binianum collection in the form live plants in flasks
was placed in the lower temperature environment
(5 £ 1 °C) for long—term deposition. After 120 days
of storage of plant vessels at lower temperature
we successfully obtained explants and regenerated
plants from them under normal conditions.

After 20-25 days of cultivation in containers
with soil, the plants produce additional shoots and
stretched in height. The plants’ survival rate did not
depend of the type of mixture.

This study could help introduce L. palibinianum
into outdoor planting, as well as contribute to the
conservation of natural populations of this unique
plant of the Russian Far East.
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