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Development of methods of cryopreservation of Verbascum officinalis’ seeds

Introduction into the cryogenic collection of medicinal plant seeds allows maintaining their viability for a
long time. However, there are no universal protocols for freezing seeds of plants; so for each species, the
freezing and defrosting conditions need to be selected individually. The purpose of the present studies is to
determine the main conditions for cryopreservation of the seeds of the medicinal plant Verbascum officinalis.
During the development of the cryopreservation condition, optimal freezing containers, defrosting tempera-
ture, pre-freezing humidity of seeds and optimal cryoprotectors were selected. The results of the studies
showed that the maximum germination rates of seeds and germination energy were obtained using plastic
containers, seeds humidity of 3 %, defrosting in a water bath. The optimal cryoprotector is DMSO in concen-
tration 5 %. The results made it possible to introduce Verbascum officinalis into the cryogenic collection of
seeds of medicinal plants.

Keywords: medicinal plant, Verbascum officinalis, germination rate, energy of germination, seed humidity,
cryopreservation, type of container, defrosting, cryoprotertors.

Introduction

Kazakhstan has adopted a policy of developing the main industries, one of which is pharmaceutical. In
the Republic, the total production of medicines can meet the needs of the population at the level of 7-10 %.
The rest of the medicines are imported from the countries of the near and far abroad [1].

The development of the medicinal plant industry poses a large number of tasks for researchers,
including the organization of a seed storage system.

Seed storage is a complex process, during which it is necessary to ensure satisfactory germination and
seed germination energy for as long as possible [2—4].

During storage, the seeds continue to undergo physiological processes of respiration, metabolism,
oxidation, and others. The cells and intercellular space accumulate decay products, free radicals, which
contribute to cell aging and reduce seed germination [5, 6].

In recent decades, cryopreservation has been a promising direction for preserving plant seeds. Storage
in liquid nitrogen (or vapors of liquefied nitrogen) almost completely inhibits the physiological processes in
the body, thereby preventing the accumulation of radicals and decay products, providing an almost unlimited
storage period [7, 8].

Therefore, for the organization of the seed storage system, it is necessary to optimize a number of fac-
tors, such as freezing conditions (shock or step cooling), freezing containers (plastic, metal or paper), thaw-
ing conditions, the type and concentration of cryoprotectors.

The purpose of this study is to determine the degree of survival of the seed material of Verbascum
officinalis depending on the conditions of cryopreservation.

Objects and methodology

The object of research was the seed material and seedlings of plants Verbascum officinalis. The seeds
were collected on the collection of natural flora of the Mangyshlak experimental Botanical garden and 2017—
2020. The research was conducted on the basis of the laboratory of biotechnology and molecular genetics of
the faculty of biology and geography of E.A. Buketov Karaganda State University.

The seed material was dried to various degrees of humidity, Packed in paper containers and stored for
2.5 years. Quarterly samples were taken and evaluated for germination and germination energy.

The study of germination and seed germination energy was carried out according to the methodological
instructions of M.S. Zorina and S.P. Kabanov [9], M.V. Maltseva [10]. The morphology of seeds and seed-
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lings was studied using a binocular microscope MBS-1 in laboratory conditions at a magnification of 40—80
times. Seeding was performed on Petri dishes on 2-layer filter paper moistened with distilled water.

When organizing a cryopreservation experiment, seeds were divided into batches and packed in 2 types
of containers: plastic and aluminum foil bags (Fig. 1).

Figure 1. Containers for cryopreservation: A — plastic; B — foil

Seeds in a container were frozen in a Dewar vessel for 1 month. During organizing cryopreservation,
we used the guidelines of I.F. Zhimulev [11], V.L. Tikhonova [12], Dodonova and co-authors [13].

Thawing of seeds was carried out in two ways: 1) fast defrosting in a water bath at a temperature of 60—
70 °C; 2) slow defrosting at room temperature, 20—24 °C. In order to determine the optimal moisture content
of seeds for freezing at supercritical low temperatures, we have laid the appropriate experiments. We have
frozen three types of seeds with humidity 3; 7 and 12 %.

As the last group of experiments we studied the influence of cryoprotectors of different concentrations.
The control was seeds that were frozen without the use of cryoprotectors.

Statistical processing of the results was carried out according to the method of N.L. Udolskaya [14] us-
ing the Microsoft Excel 2010 software package.

Results and discussion

Verbascum officinalis’ seeds are small; 0.8—0.9 mm long and 0.3—-0.4 mm wide. The weight of 1000
pieces is 0.17-0.18 g. Form of seed is round-elliptical, the spout is obtuse; surface is rough. Color is from
light brown to dark brown.

When performing the research, we examined two containers-plastic test tubes and aluminum foil bags.
In the experiment, we used Verbascum officinalis’ seeds with a period of storage 2 years. The initial seed
germination rate was 45.3 %, and energy of germination was 33.0 %. The results showed that the germina-
tion of seeds after cryopreservation was higher than before freezing (Table 1).

Table 1
Germination rate and energy of germination of Verbascum officinalis’ seeds depending
on the container after cryopreservation
The conditions of the experiment Germination rate, % Energy of germination, %
Control (seeds without freezing, after 2 years of storage) 45.3+0.8 33.0+0.6
Seeds after cryopreservation, frozen in plastic containers 66.3£3.0 54.0+1.9
Seeds after cryopreservation, frozen in foil containers 68.84+3.2 60.442.7

The results of cryopreservation showed that after using plastic containers, the germination rate was
66.3 % that was on 21.0 % higher than in the control. The germination energy in this version of the experi-
ment was 54.0 %, which was also 21.0 % higher than the control data. The study of the dynamics of germi-
nation of Verbascum officinalis showed that after cryopreservation, there was a lag at the beginning of ger-
mination for 1-2 days (Fig. 2).
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Figure 2. Dynamics of germination of Verbascum officinalis’ seeds depending on the type of container

Thus, the results of research have shown that the seeds of Verbascum officinalis well tolerate to cryo-
preservation. The best container for freezing in liquid nitrogen is an aluminum foil container.
One of the most important conditions for maintaining the viability of seeds after freezing in liquid ni-

trogen is proper defrosting. We repeated experiments using two types of containers and two types of defrost-
ing (Table 2).

Table 2
Germination rate and energy of germination of Verbascum officinalis’ seeds depending
on types of containers and thawing conditions

The conditions of the experiment Germination rate, % Energy of germination, %
Control (seeds without freezing, after 2 years of storage) 45.3+0.8 33.0+0.6
Seeds gfter cryopreservation, freezing in plastic containers, 66.343.0 540419
defrosting at room temperature
Seed§ after cryopreservation, freezing in foil containers, 68.843.2 60442 7
thawing at room temperature
Seed§ aft.er cryopreservation, freezing in plastic containers, 72542 8 540416
thawing in a water bath
Seed§ aft.er cryopreservation, freezing in foil containers, 66.342.2 501415
thawing in a water bath

Our results showed that the maximum results were obtained in the experiment variant with using of
plastic container and thawed in the water bath: germination rate was 72.5 %; energy of germination —
54.0 %.

The results of cryopreservation seed with different humidity showed that the maximum results were for
variant with minimum humidity — 3 % (Table 3).

Table 3

Indicators of germination rate and energy of germination of Verbascum officinalis’ seeds
depending on the humidity

Humidity, % Germination rate, % Energy of germination, %
12 30,4+0.3. 19.0+0.2
7 56.8+2.0 41.0+0.8
3 70.5+3.6 64.3+£2.2

So, in this variant the germination rate after cryopreservation was 70.5 % and energy of germination
was 64.3 %. In this variant of the experiment, the germination rate was on 40.1 % higher than in variant with
humidity 12 %; and on 13.7 % higher than in variant with seed humidity 7 %.

Thus, for cryopreservation, it is necessary to dry the seed material until humidity 3 %.
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As the last group of experiments we studied the influence of cryoprotectors of different concentrations:
glucose, 20 and 40 %, fructose, 20 and 40 %; sucrose 20 and 40 %; glycerin, 10, 20 and 40 %; EDTA, 5 and
10 % (Table 4).

Table 4
Germination rate and energy of germination of Verbascum officinalis’ seeds
after application of different cryoprotectors
The variant Germination rate. % The excess over Energy of germina- | The excess over the
of the experiment ’ the control, % tion, % control, %
Control, without 72.4£2.8 - 66.0+3.0 -
cryoprotectors
Glucose 20 % 70.543.2 -1.9 58.9+1.5 7.1
Glucose 40 % 71.343.4 -1.1 69.0+2.3 +3.0
Sucrose 20 % 75.6£3.7 +3.2 60.5+2.4 =5.5
Sucrose 40 % 65.842.4 —6.6 54.4+1.7 -11.9
Glycerin 10 % 77.84£3.0 +5.4 70.1£3.1 +4.1
Glycerin 20 % 74.2+3.3 +1.8 70.5+3.3 +4.5
Glycerin 40 % 50.5+0.9 -21.9 45.0+0.7 —6.2
EDTA 5 % 81.3+3.7 +8.9 70.243.5 +4.2
EDTA 10 % 68.0£3.0 4.4 55.8+1.8 -10.2

The use of EDTA at a concentration 5 % allowed increasing germination rate until 81.3 % that was on
8.9 % higher than the control variant. Results, which were higher than in the control variants, were conduct-
ed with using sucrose at the concentration 20 %, glycerin at the concentration 10 % and 20 %. In other vari-
ants of the experiment, germination rate and energy of germination were lower than the control parametres.

Thus, the final experiments showed that the use of some cryoprotectors had the positive effect on in-
creasing the germination rate and energy of germination. The best option for Verbascum officinalis’ seeds is
to use EDTA at a concentration 5 %.

Conclusion

Freezing the seeds of Verbascum officinalis in liquid nitrogen allowed to maintain the viability of the
seed material. The best option for cryopreservation is freezing in plastic containers. The best results of sur-
vival of Verbascum officinalis’ seeds were noted with rapid defrosting in a water bath (at temperature 60—
70 °C); and using seed material with humidity 3 %.

The using of some cryoprotectors may increase the results of germination rate and energy of germina-
tion. The best results were obtained for application DMSO in concentration 5 %.

According to the results of the study, the seed material of Verbascum officinalis was introduced into the
seed cryo collection of medicinal plants.

The research was carried out within the framework of internal grant of E.A. Buketov Karaganda State
University Ne 218-B-19 «Cryopreservation of vegetative and animal biological materials for development
algorithm of storage of viability and creation of bank of frozen samplesy.
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Verbascum officinalis TYKbIMBbIH KPHOKOHCEPBALUSJIAY JICIH I3ipaey

Jopinik eciMIOikTepAi KPHOTEHIIK TYKbIM JKHHAFbIHA CHTI3y ONapblH OMIpLICHAIriH Y3aK YaKbIT caKrayra
MYMKiHZIIK Oepeni. Anaiiga, ©CiMIiK TYKBIMIApbIH MY3[aTyAbIH oMOeban xaTrraMasiapbl JKOK, SFHH ap Typi
YLIIH My3[aTy jKoHe ibiTy miapTTapbl jKeke TaHaalybl Kepek. Byn 3eprreymiH makcatel — Verbascum
officinalis nmopimik ©CIMIITiHIH TYKBIMIAPBIH KPHOKOHCEPBAIMSIAYIbIH HETi3ri MIapTTapblH aHBIKTAy.
KpuokoHcepBarusi kariaiiblH jkacay Ke3iHAe My3JaTyFa apHaJIFaH OHTAilIbl KOHTEHWHep, epiTy
TeMIIepaTypachl, MY3[aTy aJABIHAAFbl TYKBIMHBIH bUFAIJBUIBIFl JKOHE OHTAMIBI KPHOHIPOTEKTOPIAp
TaHAAIIBl. 3€PTTEY HOTIKENIEPl TYKBIMHBIH OHTIIUTIIT MEH ©HY DHEPTHSCHIHBIH €H JKOFapbl KOpCeTKilmTepi
IUIACTUKAJIBIK BIIBICTBI KOJIJAaHY, TYKBIMHBIH BUIFAJIIBUIBIFBI 3 % Cy MOHIIACBIHAA XKi0iTy Ke3iH/e albIHFaHbIH
kepcerti. OHTainbl Kpuompotektop 5 % konuentpauusanarsl JIMCO Goibin  TaOblaaabl. AJbIHFAH
HOTIDKETIep JOPUTIK ©CIMAIKTepIiH TYKbIMOAPBIHBIH KpHOKojuleKkimsichiHa Verbascum officinalis enrizyre
MYMKIHZIK Oep/i.

Kinm ce30ep: nmopinik ecimaik, Verbascum officinalis, TYKbIMHBIH OHTIIITITi, OHY 3HEPTHUSCHI, TYKHIMHBIH
BUIFAJIIBUIBIFBI, KPUOKOHCEPBAIHS, BIIBICTHIH TYPI, KiOITY, KpHOIIPOTEKTOpIIAp.

C.V. Tneykenona, JI.111. baiirapaes, C.H. AtukeeBa, A.K. Pamazanos,
E.A. I'aBpunrkosa, P.T. Mycuna

Pa3paborka MmeTona kpuokoHncepsauuu ceMsin Verbascum officinalis

BBeznenne B KpHOTCHHYIO KOJUIEKIMIO CEMSH JIEKAPCTBEHHBIX PACTEHMIT TO3BOJISET COXPAHAThH HX KH3HECIIO-
COOHOCTB JumTeNnsHOe BpeMs. OfHAKO He CYIIECTBYST YHHBEPCAJIBHBIX IPOTOKOJIOB 3aMOPAYKMBAHMS CEMSH
pacTeHHi, TO eCTh Ul KaXJOTr0 BHJa yCIOBHS 3aMOP)XUBAHUS M Pa3MOPAKUBAHUS HY)KHO MOAOMPATh UH-
muBuayansHo. Llens HacTosIIero ncciaenoBaHUS — OIPENEIUTh OCHOBHBIE YCIOBHSI KPHOKOHCEPBALHH Ce-
MSTH JIEKapCTBEHHOTO pacteHus Verbascum officinalis. Ilpu pa3paboTke yciIoBUs KpHOKOHCEPBAIIMU BBEIOMpa-
T ONTHMAIBHYIO Tapy Ul 3aMOPaXXMBaHUS, TEMIIEPATypy Ul pa3MOPa)KMBAHMS, BIKHOCTh CEMSH IIepes
3aMOpO3KOH M ONTHMaJbHBIE KPUOIPOTEKTOPHI. Pe3ynbTaTel HCCIEAOBAHUN MOKA3aiM, YTO MaKCHUMAaIbHBIE
MIOKA3aTeNl BCXOXKECTU CEMSH M 3HEPTUM MPOpPacTaHUs MOTyYeHbI MPH NMPHUMEHEHUH IUIACTHKOBOM Taphl,
BIIQXKHOCTU ceMsH 3 %, pa3sMOpaKMBaHUHM Ha BOJSHON OaHe. ONTHUMABHBIM KPUOMPOTEKTOPOM SIBIISETCS
JIMCO B xoHuenTpaimu 5 %. ITomydeHHbIe pe3yinbTaThl NO3BOJIMIN BBeCTH Verbascum officinalis B kpuo-
KOJUTEKIIHIO CeMSH JIEKapCTBEHHBIX PACTEHHUI.

Kniouesvie cnosa: nexapcTBeHHOE pactenue, Verbascum officinalis, BCX0XeCTh CeMsH, SHEPIusl IpopacTa-
HUS, BIAXKHOCTb CEMSH, KPHOKOHCEPBALKs, TUI Tapbl, Pa3MOPaKUBAHUE, KPUOIIPOTEKTOPBL.
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