BUoIorus
BIOLOGY

UDC 68.03.03

Sh.A. Mukhanova', A.Sh. Dodonova', A.V. Pavlov’

'Ye.A. Buketov Karaganda State University, Kazakhstan;
’N.1.Vavilov All-Russian Institute of Plant Genetic Resources (VIR), Saint Petersburg, Russia

Cryopreservation of the seed material of Achillea ledebourii

In the article is described the method of cryopreservation of seed material of Achillea ledebourii. This endem-
ic plant contains essential oils, alkaloids and glycosides. Conservation of species with limited distribution ar-
eas is a priority task. The most promising method for storing biological material is preservation in liquid ni-
trogen or in vapors. To maximizing viability of seeds various endocellular cryo protectants are used: glycerol,
sucrose, ethylene glycol, dimethyl sulfoxide, and preservative mixtures. Seeds are frozen by simple immer-
sion in liquid nitrogen. As a result of the experiments, it was determined that sucrose at a concentration 5 %
and dimethyl sulfoxide — 10 % shew the best cryo protective properties. In the first case, seed germination
after cryo freezing was 113 % concerning control data, which could be explained by the affection of the strat-
ification effect; in the second case — 92 % from control data. The use of mixtures of cryoprotectants showed
no synergistic effect, and, in comparison with pure substances, the degree of preservation of seed viability
was less. The obtained data can be used for introducing this species into the cryo collection of seed material
of endemic plants of Kazakhstan.
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The main causes of the disappearance of plants are known for a long time, they are grazing cattle, de-
forestation in the tropics, the use of chemicals that affected on the ecosystems, the excessive harvesting of
herbs for an industrial scale, the destruction of natural pollinators-insects. If we summarize all of the above,
then we can see the destructive and thoughtless activity of a human being as a species living on the plan-
et [1].

The traditional way. of conservation was previously the way of creating collections of living plants, as
well as seed material./However, living collections are an expensive method, which need in require constant
care, protection from pathogens and insect pests. Seed banks cannot always fully ensure the identity of varie-
tal qualities, since there isno way to track the direction of pollination of plants. Often, the obtained seed ma-
terial gives a great diversity and splitting of the genes [2].

At present, an interesting method of preserving of plant material is cryopreservation with using ex-
tremely low.negative temperatures. The most inexpensive and effective method is the storage in liquid nitro-
gen vapor.

Achillea ledebourii Heimerl (Asteraceae family) is a perennial plant until 70 cm tall. It grows predomi-
nantly on forest edges, meadows, grows well in steppes, along roads and along margins of fields, on the
banks of reservoirs, among bushes, on fallow lands and wastelands, in villages [3].

Chemical composition. Yarrow is rich in phytoncides, alkaloids, saponins, polysaccharides, essential
oils, tannins, resins and organic acids [3].

In the leaves of yarrow there is an essential oil rich in chamasulene, alkaloid achillein, esters, camphor,
borneol, thujone, glycosides (luteolin and apigenin), cineoleum, tannins, resins, carotene, organic acids, ami-
no acids, vitamins K, C, bitter. Minerals such as magnesium, potassium, boron, zinc, calcium, selenium,
copper, and molybdenum have also been discovered [3]. It is an endemic plant of Altay and Kuznezkiy
Alatau.
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Methodology

Seed freezing was carried out in plastic tubes by direct immersion in liquid nitrogen. Thawing was car-
ried out in two ways: slow, at room temperature; and fast — in a water bath with a temperature 80 °C.

When using the cryoprotectants the seeds were immersed in a protective substance or mixture for
10 minutes before deep freezing. After thawing, the cryoprotectants were washed three times with distillated
water. After thawing the seeds were planted in Petri dishes on two layers of filter paper for determining their
viability. The viability of the seeds was determined by two indicators: seed germination and germination en-
ergy [4].

Germination was determined as the percentage of sprouted seeds to the total number of seeds sown.
Counting was carried out for 14 days. The energy of germination was defined as the germination.on the 7th
day. This parameter characterized the unity of germination and was one of the indicators of the preservation
of the viability of the seed material.

One of the most important conditions for the preservation of biological material is viable; preventing
cell cryo damage is the use of cryoprotectants. Endocellular cryoprotectants penetrate thescells and prevent
the formation of intracellular ice, which destroys the cell mechanically [5, 6]. In our«experiments, we used
penetrating cryoprotectants, such as sucrose, glycerin, ethylene glycol and dimethyl sulfoxide. Seeds without
freezing used as a control.

Results and discussion

After carrying out the experiment with sucrose solutions in various concentrations as a cryoprotector, it
was determined that the best result of Achillea ledebourii’s seed viability was maintained by a 10 % sucrose
solution. The seed germination’s rate in this case was 52.1+0:3'%; which was in 1.35 times greater than in
the control variant, the germination energy was 47.8+0.2 %, which was in 3.12 times greater than in the con-
trol (Fig. 1). The lowest germination and germination energy values were obtained after using a sucrose solu-
tion 5 % — 43.4+0.2 % and 34.7+0.1 %, but the indices were higher than in the control variant in 1.13 and
2.26 times, respectively. Thus, the best option is a 10 % sucrose solution, while an increase in seed germina-
tion energy is almost 3 times, which is explained by the stratification effect.
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Figure 1. Influence of different concentrations of sucrose on the survival of seeds after cryopreservation

In an experiment with glycerin as a cryoprotectant in various concentrations, it was determined that the
results of the viability of the seeds were practically identical. With increasing concentrations of glycerin, the
energy of germination increased on 4 %. When using a solution of glycerin in concentrations 100 %, 50 %
and 25 %, the germination rate was 52+0.7 %, the germination energy was 24+0.3 %, and 24+0.2 % and
20+0.1 %, respectively. In control, the germination rate was 54+0.4 %, the germination energy was
20+0.2 % (Fig. 2).
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Figure 2. Influence of different concentrations of glycerin on the survival of seeds after cryopreservation

Thus, we determined that the concentration of glycerin does not have a significant effect on the preser-
vation of Achillea ledebourii’s seed material. However, if one takes into account'the germination energy, the
best option is a pure polyhydric alcohol, as well as its 50 % solution.

In an experiment after using different concentrations of ethylene‘glycol as a cryoprotectant, we deter-
mined that the best percentage of germination is promoted by a solution of ethylene glycol 5 % — 44+0.4 %,
the germination energy in this case was 16+0.3 %, similar as:use of the ethylene glycol 10 % solution

(Fig. 3).
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Figure 3. Influence of various concentrations of ethylene glycol in cryopreservation on the survival of the seed

The best indicator of conservation of germination energy belonged to a solution of ethylene glycol
20.% — 37.2+0:5 %. The germination rate after using an ethylene glycol solution 10 % was — 40+0.6 %,
and after usinga solution of ethylene glycol, 20 % was 39.5+0.5 %. As a result, it can be concluded that eth-
ylene’ glycol as a cryoprotector didn’t have a significant ability to preserve the viability of Achillea
ledebourii’s seed material, which was probably due to its toxicity. This was also evidenced by the fact that as
the concentration of the ethylene glycol solution increased, the number of surviving seeds decreased. Thus, it
is determined that ethylene glycol is not recommended to be used as a cryoprotectant for preserving Achillea
ledebourii seeds in liquid nitrogen.

When we used dimethyl sulfoxide as a cryoprotectant in various concentrations, it was determined that
the best results for maintaining the viability of the seeds was DMSO 10 % (Fig. 4). The germination rate was
50 %, the germination energy was 45.7+0.4 %, which was in 2.3 times higher than in the control data. The
second place belonged to a solution of DMSO 20 %, germination was 48+0.6 %, and germination energy
was 44+0.3 %.
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Figure 4. Effect of different concentrations of DMSO on the preservation of viability of seeds after cryopreservation

The germs of DMSO solutions 50 % and DMSO 5 % were 22+0.4 % and 20£0.2 %, the germination
energy was 4+0.1 % and 6+0.1 %, respectively. It can be assumed that 5 % solution of DMSO was not suffi-
cient to maintain the viability of the seed embryo, while a concentration of 50:%.led to the death of some
seeds due to the toxicity of the cryoprotectant.

From the above data, it could be concluded that a solution.of dimethyl sulfoxide 10 % had the best re-
sults of maintaining the viability of the seeds in comparison with other variants of dimethyl sulfoxide.

In the literature it is described that the use of mixtures of cryoprotectants contributed to better preserva-
tion of vital signs of biological objects during freezing in liquid nitrogen. This is due to the synergistic inter-
action of substances or their complementary action, in addition, in mixtures, lower concentrations of toxic
compounds can be used, which increases the survival of cells. In our experiment, we applied freezing with
glycerol and sucrose at various concentrations.

In an experiment we used a polyhydric alcohol-glycerin as a cryoprotector and its mixture with sucrose
in various concentrations (Fig. 5). It was determined that the best protective ability belonged to a mixture of
glycerol and sucrose 10 %, the germination rate was 44.4+0.6 %. Increasing the concentration of sucrose
reduced the number of survivors seed after cryopreservation, the germination rate was 21.7+0.4 %.
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Figure 5. Effect of pure glycerin and its mixture with sucrose in various concentrations
on the survival of the seed material after cryopreservation

In general, it should be noted that the use of this mixture of cryoprotectants did not show a synergistic
effect, the number of surviving seeds was comparable in comparison with freezing in mono substance.
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Conclusion

Studying the effect of sucrose on the survival of seeds during cryopreservation, it turned out that su-
crose solution 10 % contributed to the best result of viability preservation. The seed germination rate in this
case was 52.1+£0.3 %, which was in 1.35 times greater than in the control, the germination energy was
47.84+0.2 %, which was in 3.12 times greater than in the control. The lowest germination and germination
rates were obtained after using a sucrose solution of 5 % — 43.4+0.2 % and 34.7+0.1 %.

It is found that ethylene glycol was not recommended as a cryoprotectant for the conservation of
Achillea ledebourii’s seeds in liquid nitrogen, since the growth indices in this variant of the experiment were
lower than with other cryoprotectants.

When we used dimethyl sulfoxide as a cryoprotectant in various concentrations, it was determined that
the best results for maintaining the viability of the seeds were DMSO 10 %. The germinationrate was 50 %,
the germination energy was 45.7+£0.4 %, which was in 2.3 times higher than in the control. Both a decrease
and an increase in the concentration of dimethyl sulfoxide led to a less secure seed material.

After using a mixture of glycerin and sucrose in various concentrations as a cryoprotector, it was found
that the joint use of these protective substances did not lead to a greater preservation«of the viability of the
seeds, so their use was considered not rational.

The obtained results can be used for introducing this endemic plant species into the cryogenic collection
of Kazakhstan plants.
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[II.A”MyxanoBa, A.ILl. /lononosa, A.B. [1aBnoB

Achillea ledebourii TyKbIMIaPbIHBIH KPUOKOHCEPBAIUSICHI

Maxkanana Achillea ledebourii TyKpIM MaTepuajbH CybIKTa CakTay 9ici KapacThIpbUIFaH. byn KypambiHzaa
a¢hup MaillIapbl, alnkalouaTap, rIMKo3uaATepi 6ap suAeMusIIbIK ociMaik. Tapany aiiMarel ekTeyi, Typiepai
cakray 0acpiM MiHJCT OOJBII caHala bl. BUONOTHAIBIK MaTepHAaNbl CaKTayblH €H IEPCIEKTHBAIBI dJici
CYHMBIK a30TTa HeMece CYIBIK a30TTHIH OybIHAA caKTay OOJBIN TaObutagsl. TYKBIMHBIH ©MipIIeHAIriH OapbIH-
A caKray YLIiH 9pTYpPJi SHAOLEIUTIONSAPIIBI KPHOMPOTEKTOpIAp: INIMIEPHH, caxapo3a, STHICHIINKOIb, J1-
METHIICYJIb(OKCH]], COHAM-aK CaKTaWThIH KocHaiap KOJIaHbULABL. TYKBIMIBI CYHBIK a30TKa Kail Oarsipy
apKbUTbL My37aTThIK. JKypri3iiren Toxipubenep HOTIKECIHIES €H YKaKChl KPHOIPOTEKTOPIIBIK KaCHETTepre
5 % caxaposa xoHe 10 % numeTHncynbpoKcHI e eKeHAIri aHbIKTanapl. bipiHin jkaFnaiifa KpHOKOHCEpBa-
LMAIaH KeiiH ecKiHIepiH caHbl OacTankbl TYKBIMHBIH 113 % Kypazbl, MyHbI CTPAaTH()UKAIMIIBIK dCEPIiH
naiina OomybIMEH TyciHIAipyre Oonaisl; eKiHIIi kaFmaiiia — OakeinaymaH 92 %. Kpuomportekropmapasig
KOCIalapblH MaiifanaHy CHHEPreTHUKANBIK dCepli KOpCEeTIeAl JKOHEe Ta3a 3aTTapMEH CaJbICThIPFaHIa
TYKBIMHBIH OMIPIICHAIrIH cakKTay aopekeci a3 Ooymbpl. AJBIHFaH Jepekrep ochl Typai KasakcTaHHBIH
SHAEMUSIIBIK OCIMIIKTEPiHIH TYKBIMABIK MaTepUaJbIHBIH KPUOKOJUICKIMSCHIHA CHII3TeH Ke3Je MaijanaHbl-
JIyBI MYMKIH.

Kinm coe30ep: Achillea ledebourii, xppokoHCepBaUUACH, TYKBIMIAPHI, S3HAOLETIONAPIBI KPHOIIPOTEKTOPIIAp.
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[II.A. MyxanoBa, A.ILl. JlononoBa, A.B. I1aBios

KpuoxkoncepBanus cemsin Achillea ledebourii

B craree paccMOTpeH METOX KPHOXpaHEHHsS! CeMEHHOro Marepuana Achillea ledebourii. D10 sHEEMHUYHOE
pacTeHHe COIEpKUT dPHUPHBIC Maciia, alKalIoOuabl, MHKo3uasl. CoXpaHeHHe BUIOB C OTpPaHUYCHHBIMU apea-
JIaMH pacHpOCTPaHEeHUs SBISIETCS NMPUOPUTETHOH 3amadeil. Hanbonee mepcrieKTUBHEIM METOJIOM XpaHEHHS
OMOJOTHUECKOr0 MaTepuaia SBISIETCS COXpaHEHHE B XKHIKOM a30Te WM B Iapax XHUIKOTo a3oTa. s Mak-
CHMAaJIbHOTO COXPAHEHUs JKH3HECIIOCOOHOCTH CEeMSH MPHUMEHSIN PAa3IMYHBIE 3HAOLEIUTIONAPHBIE KPUOMPO-
TEKTOPBI: TNIMLEPUH, Caxapo3y, 3THICHIIHUKONb, AUMETHICYIb(OKCHA, a TaKKe KOHCEPBUPYIOIIUE CMECH.
3aMOpaXyBalM CEMEHA MPOCTHIM MOTPYKEHHUEM B XKUAKHUH a30T. B pesysnbrare MpoBEIEHHBIX SKCIIEPUMEH-
TOB OTIPEENEHO, YTO HAMIYUIIUMU KPUOMIPOTEKTOPHBIMU CBOMCTBaMM 00/IaIaf0T caxapo3a B KOHIIEHTPAIUN
5 % u mumetmcynspokeun — 10 %. B mepBoM cirydae KOJHMYECTBO IPOPOCIINX ITOCIIE KPHOKOHCEPBAIINI
ceMsiH cocTaBmiIo 113 % 0T HCXOAHOTO, YTO MOXKHO OOBSICHATH MPOSBICHHEM CTpaTH(GUKAINOHHOTO Y dek-
Ta; BO BTOPOM cirydae — 92 % ot xontpoist. Mcnone3oBanue cMeceil KpHONIPOTEKTOPOB He MOKa3alo CHHEp-
retudeckoro 3(¢dexra, U, B CpaBHEHHU C YHCTHIMU BEUIECTBAMH, CTETICHb COXPAHEHHS XU3HECIIOCOOHOCTH
ceMsiH Obu1a MeHbIe. IlomydeHHbIe JaHHBIE MOTYT OBITh HMCIOJIB30BaHbI MPH BBEACHWU JAHHOTO BUA B
KPHOKOJUIEKIIUIO CEMEHHOTO MaTepuala 3HAeMUYHBIX pacTeHni Kasaxcrana.

Kniouesvie cnosa: Achillea ledebourii, xpuoxoHcepBauus, CEMEHHON MaTepHal, SHAOUEIIIONIPHbIE KPHO-
HPOTEKTOPBIL.
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