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ABSTRACT

Kazakhstan has one of the highest diversities of Tulipa species, most of which are threatened. The threat of their extinction
necessitates the use of biotechnological approaches, such as in vitro micropropagation, which allows the preservation of
valuable genotypes without harming natural populations.

In the process of increasing climate change and anthropogenic impact, these endemic species are at high risk of extinction.
In this regard, the study and conservation of biodiversity of endemic plant species is considered a global priority throughout
the world.

The aim of the work was to study the effect of temperature and growth regulators on germination of 7. auliekolica, T.
turgaica seeds for their introduction into in vitro cultures.

In vitro germination was carried out on %2 MS media with and without the addition of GAs (13 and 52 mg/l). Germination
was recorded for 60 days, germination (%) and Tso were calculated.

According to the results of the tetrazolium test, the viability of T. turgaica and T. auliecolica seeds was 95% and 100%,
respectively. The studied species showed different temperature preferences; for 7. auliecolica seeds, the optimal temperature
was 4°C, and for T. turgaica, 10°C. In addition, 7. auliecolica seeds germinated faster than 7. turgaica seeds. The results
showed that temperature significantly affects seed germination. Seeds of both species germinated only at low temperatures (4
and 10°C), at 20°C, seed germination was absent in both species. The obtained data are of significant practical importance for
the creation of effective methods for in vitro cultivation of these rare Tulipa species. Selection of optimal GAs concentrations
in combination with temperature regimes significantly increases the success of in vitro propagation, which plays a key role in

programs for the conservation of biodiversity of endemic plants.

Key words: biodiversity conservation, endemic and rare species, growth regulators, in vitro culture, micropropagation,

Tulipa.

INTRODUCTION

At present, the anthropogenic impact on the biosphere has
become global, and the scale and rate of impact continue to
increase year by year [1, 2]. In the process of increasing an-
thropogenic impact on natural complexes, endemic species
occurring in nature in small numbers or in very limited areas
are particularly endangered [3].

Endemic plants are more vulnerable to anthropogenic
threats and climate change, and are at high risk of extinction
because of their low levels of genetic diversity due to inbreed-
ing and genetic drift [4]. Conservation of these species is a se-
rious problem worldwide, and the use of in situ conservation
methods alone does not guarantee their preservation. Habitat
destruction due to anthropogenic factors is the main cause of
endemic species extinction. Human activity due to the devel-
opment of the agro-industrial complex, industrialization or ur-
banization leads to the fragmentation of the distribution areas
of most endemics, the fragmentation of populations and their
complete disappearance [5]. In this regard, the conservation
of biodiversity of endemic plant species is seen as a global
priority worldwide [4, 6].

Kazakhstan, which is part of the Central Asian Genetic
Center, is the center of domestication of many endemic spe-
cies, which account for about 12% of the total number of
vascular plants [7]. A significant number of endemics (about
20%) are represented in the genus Tulipa [8]. The main pri-
mary centers of origin of representatives of the genus Tulipa
are located in the foothills of the Pamir-Altai and Tien Shan

ranges, later diversification occurred in Western Europe and
in the east through Western China, therefore Kazakhstan is
considered one of the key territories for the distribution of tu-
lips in the world [9]. Of the 34 wilds Kazakh Tulipa species,
12 are endemic, and 18 are listed in the Red Book of the Re-
public of Kazakhstan [10].

In the territory of Northern and Central Kazakhstan, 9 spe-
cies of Tulipa have been established to grow, of which 3 spe-
cies are endemic — T albertii, and 2 relatively recently dis-
covered of Tulipa species — T. turgaica and T. auliekolica [11,
12, 13]. Despite the high popularity of tulips worldwide, the
taxonomy, ecology and biological characteristics of most en-
demic species have not been studied, although endemic tulips
are an important genetic resource and play an important role
in ecosystems [14].

Tulips reproduce in situ mainly by seeds, but the dor-
mancy period of seeds results in a low germination rate. Dor-
mancy is a biological adaptation of seeds, regulated by many
factors.

Temperature is the main environmental factor responsi-
ble for various changes in seed dormancy, and the dormancy
period can be disturbed by temperature fluctuations or warm/
cold stratification [15]. Hormones also influence the process
of seed dormancy and germination.

Seed germination is the first stage in the life of a plant and
is of great importance for maintaining the population size and
diversity. The transition from dormancy to germination be-
gins when a dry seed comes into contact with water and ends
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when the root emerges through all the membranes of the de-
veloping embryo.

This process is sensitive to the influence of many factors,
including the levels of exogenous and endogenous phytohor-
mones, the content of internal storage proteins, water in seeds,
seed age, as well as abiotic stress conditions, among which
an important role belongs to temperature and light conditions.
Temperature is the main environmental factor responsible for
the various changes in seed dormancy, and dormancy can be
disrupted by temperature fluctuations or warm/cold stratifi-
cation [16, 17, 18].

It is known from literary data that tulip seeds are charac-
terized by a deep complex morphophysiological type of dor-
mancy. The reason for such dormancy is the underdevelop-
ment of the embryo and a strong physiological mechanism of
inhibition of germination (Su et al. 2020).

Low positive temperatures (the optimum of which is in
the range from 0° to 10°C) contribute to the removal of phys-
iological dormancy of the embryo, the consequence of which
is its relatively rapid intrafamily growth.

Phytohormones, among them exogenous gibberelins such
as GAs, GA4, GA7, are widely used for dormancy termination
and seed germination. Gibberellic acid plays a key role in dor-
mancy termination and germination. To initiate seed germi-
nation and increase seed germination, it is necessary to select
the exact concentration of the phytohormone used [19, 20].

The aim of this study is to investigate the effect of tem-
perature and growth regulators on the germination of 7. au-
liekolica, T. turgaica seeds. The germination requirements of
these Tulipa reproduce in situ mainly by seeds, but the dor-
mancy period of seeds results in a low germination rare spe-
cies have not been studied previously, and we have attempted
for the first time to optimize the seed germination protocol for
the endemic species T. auliekolica and T. turgaica of North-
ern and Central Kazakhstan.

MATERIALS AND METHODS

Collection of source material of endemic Tulipa species
of Northern and Central Kazakhstan (T.auliekolica, T.turga-
ica) for introduction into in vitro culture

The objects of research were seeds of endemic species
of tulip plants - 7. auliekolica and T. turgaica, collected in
their natural habitats in Northern and Central Kazakhstan. To
collect material of endemic Tulipa species, expeditions were
made to the territory of Northern and Central Kazakhstan. The
collections were made by scientists of the Astana Botanical
Garden under the leadership of S.A. Kubentayev at the stage
of mature seeds (June-July) in compliance with the principles
of preserving natural populations - no more than 10% of seeds
from the total number per individual.

The collected material underwent primary processing and
was identified by Kubentayev, S.A. in the Botanical Garden of
Astana (Kazakhstan). Herbarium specimens were stored in the
Herbarium Fund of the Botanical Garden of Astana.

Morphological characterization of Tulipa plants

The analysis of morphological characters of 7. auliekolica
and T turgaica plants was carried out by six quantitative char-
acters in 10-fold repetition. Morphological characters such
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as: plant height, bulb diameter, boll length, seed size, embryo
length, embryo/seed length ratio were studied.

Seed size and embryo length were measured in triplicate
using an Axioscope 5 microscope. Additionally, the ratio of
embryo length to seed length was calculated as an important
indicator of maturity and potential germination.

Determination of seed viability

Seed viability was determined using 10 g/L -1 solution
of 2,3,5-triphenyltetrazolium chloride (2.3.5-TTC). Twenty
seeds each were used in three repetitions.

The assessment was carried out visually under an Axio-
scope 5 microscope: completely stained red — viable; stained
at least 2/3 of the basal part of the cotyledon — conditionally
viable; unstained — non-viable.

Seed sterilization

Seeds were pre-incubated in soap solution with stirring on
a laboratory rocker for 30 minutes, then washed three times
with distilled water. Sterilization was carried out with 0.01%
sulphur solution for 20 minutes followed by threefold rinsing
with sterile distilled water [21].

Production of sterile seedlings under in vitro conditions

Sterile viable seeds were placed on media with half the
composition of Murashige and Skoog mineral salts (MS) with
the addition of 13 and 52 mg/1 gibberellic acid (GAs), 2 MS
and distilled water were used as a control. Gibberellic acid
was added after autoclaving by membrane filtration (0.22 um
filter). The pH of the media was adjusted to 5.8 before steril-
ization. For each variant, 20 seeds were placed in three repe-
titions. Seeds were considered germinated when the seed stalk
appeared 1-2 mm long. Seed germination was recorded daily
until the seeds stopped germinating. The observation was car-
ried out for 60 continuous days. The percentage of germina-
tion (G) was calculated using the formula:

G = (Np/Nt) x 100%, (1)
where Np is the number of germinated seeds, Nt is the to-
tal number of seeds.

The time of 50% seed germination (T50) was calculated
using the following formula:

T50 = ti + (N+1)/2-ni)/nj-ni)*(tj-ti), (2)

where N is the final number of germinated seeds, ni and nj
are the number of seeds germinated by the time points ti and
tj, respectively (ni < N/2 < nj).

Temperature test

The seeds were cultivated at different temperature condi-
tions: 4°C, 10°C and 20°C.

RESULTS

Collection of source material of endemic Tulipa species of
Northern and Central Kazakhstan (T. auliekolica, T. turgaica)

As a result of expedition trips, plant material was collected
(T auliekolica, T .turgaica). The species T. turgaica is part of
the fescue-wormwood steppe with the dominance of Festuca
valesiaca Gaudin and Artemisia schrenkiana Ledeb, the spe-
cies T. auliekolica is part of the wheatgrass-forb communi-
ties with the dominance of Elytrigia repens (L.) Nevski. The
coordinates of the location of the populations of T.auliekol-
ica are Kostanay region, Auliekolsky district, 10 km from the
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turnoff to Karamendy on the road Karamendy - Auliekol (N
64.395259; E 51.983026) and T. turgaica - Kostanay region,
Amangeldy district, the outskirts of the village of Tasty, near
the mausoleum of Keiki-batyr (N 66.026724; E 50.486579)

Morphological characteristics of T. auliekolica and T. tur-
gaica plants

Morphometric analysis revealed significant differences be-
tween the species 7. turgaica and T. auliekolica (Table 1).

Table 1 - Comparative morphometric characteristics of the
species T auliekolica and T. turgaica

Sign T. auliekolica | T. turgaica
Plant height, cm 11,0£0,6 14,5+ 0,8
Bulb diameter, cm 2,0+0,3 1,6 £0,2
Capsule length, cm 35403 52404
Seed size, mm 50£02 3,55+03
Embryo length, mm 45403 28404
Embryo/seed length

ratio 0,90 + 0,05 0,79 £ 0,07

The species T. turgaica is characterized by a greater plant
height of 14.5+0.8 cm, while in 7. auliekolica this figure was
11.0+£0.6 cm. At the same time, the bulb diameter in T fur-
gaica was smaller - 1.6£0.2 cm compared to 7. auliekolica,
which reached 2.0+0.3 cm. Significant differences were also
noted in the sizes of the seed capsules: in T turgaica their
length was 5.2+0.4 cm, while in 7. auliekolica it was 3.5+0.3
cm (Figure 1).

Figure 1 - Capsule and seeds of tulip species T. auliecolica (A), T.
turgaica (B)

The seeds of T auliekolica were significantly larger in
size, 5.0 £ 0.2 mm, while in T. furgaica this figure was 3.55
+ 0.3 mm. The embryo of T. aulickolica was well developed,
its average length was 4.5 + 0.3 mm. The ratio of the embryo
length to the seed length was 0.90 + 0.05, indicating a high
degree of seed maturity. In 7. turgaica this ratio was lower,
0.79 £ 0.07. In addition, in some seeds of this species the em-
bryo was not visually determined.

Determination of seed viability

Determination of the viability of seeds of the species T
auliecolica and T. turgaica allowed a quick and high-quality
assessment of the percentage of live seeds. The principle of
the method is based on the presence of dehydrogenase activ-
ity in viable seed tissues during respiration. Dehydrogenase
can catalyze a colorless solution of 2,3,5-triphenyltetrazolium
chloride to form the red dye formazan.

Tetrazol test showed high viability of seeds of both spe-
cies. For 7. auliekolica, 100% of seeds gave a positive reac-

tion (full staining), while for 7. turgaica this indicator was
90%, the remaining 10% were conditionally viable seeds. It
is worth noting that among the uncolored seeds of 7. turga-
ica, seeds with a visually indistinguishable embryo predomi-
nated. The data obtained indicate high physiological activity
of the seeds and confirm their suitability for subsequent in vi-
tro culture studies.

Obtaining sterile seedlings in vitro.

To obtain sterile seedlings, seeds of both species were
placed on %> medium with the addition of different concentra-
tions of gibberellic acid, and cultivation was carried out under
different temperature conditions (from 4 to 20°C) (Figure 2).

Figure 2 - Germination of 7 auliecolica (A) and T. turgaica (B)
seeds on 2 MS + 13 mg/L GAs medium

Analysis of the effect of temperature factors and phytohor-
mones on the rate of seed germination showed species differ-
ences (Table 2).

Table 2 - Seed germination (%) depending on cultivation
conditions

Cultivation conditions ‘ T. auliekolica | T. turgaica
4°C

Y2 MS 63 +2,1 12+1,5
H,0 60 + 3,1 10+1,2
15 MS + 13 mg/l GAs 72+3,5 30£2,8
Y. MS + 52 mg/l GAs 68 +2,8 25+2,1
10°C
2 MS 51+2,5 60+32
H,0 48 £2,1 55+3,1
Y5 MS + 13 mg/l GAs 53+2.8 65+3.,5
% MS + 52 mg/l GAs 51+£23 58+29
* Data on seed germination (%) at 20°C are not provided due to the
absence of germinated seeds in both species.

For T. auliekolica, a constant temperature of 4°C was
found to be optimal, at which maximum germination (72%)
was achieved on the 2 MS +13 mg/l GAs medium. Increas-
ing the GAs concentration in the cultivation medium to 52
mg/l reduced germination to 68%. On the control variants of
Y5 MS and water, the germination percentage was 63% and
60%, respectively. Increasing the temperature to 10°C led to
a decrease in germination by 23-25%, and at 20°C the seeds
did not germinate at all. For 7. turgaica the picture was dif-
ferent: maximum germination (65%) was observed at 10°C
on a medium with 13 mg/l GAs, while at 4°C this figure did
not exceed 30%. As with the species T. auliekolica, a tem-
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Table 3 - Time to reach 50% germination (T50) under different conditions

. . Germination rate T50, days
Temperature conditions Media T anliecoli T ¢ -
. auliecolica . turgaica

AMS (control) 42,3 45,1

4°C H,O (control) 44,8 472
LMS + GAs 13 mr/n 35,0 37,0

IMS + GAs 52 mr/n 37,5 38.4

1AMS (control) 39,6 40,2

10°C H,0O (control) 43,0 42,5
LMS + GAs 13 mr/n 37,5 354

VLMS + GAs 52 mr/n 38,8 39,0

perature of 20°C completely inhibited the germination of the
species T. turgaica. Analysis of the time parameters of germi-
nation revealed interspecific differences in the rate of germi-
nation, assessed by the TS50 indicator - the time to reach 50%
of the maximum germination (Table 3).

For the analysis, /2MS nutrient medium and water were
used as a control variant. The control with water showed de-
layed germination, which confirms the importance of macro-
and micronutrients in the medium for successful seed germi-
nation. The concentration of 52 mg/L was less effective than
13 mg/L: in T. auliecolica plants, germination at 4°C (T50)
increased from 35.0 to 37.5 days, while in T turgaika at 10°C
(T50) it increased from 35.4 to 39.0 days.

It was found that for the species T. auliecolica the mini-
mum germination time (35 days) was recorded at a constant
temperature of 4°C. An increase in temperature to 10°C in-
creased T50 to 37.5. For T. turgaica the optimum germina-
tion temperature was 10°C (35.4). At 4°C a slowdown in ger-
mination was observed (38.0).

DISCUSSION

In the context of global anthropogenic impact on ecosys-
tems, the problem of preserving endemic plant species is be-
coming especially urgent. Preserving rare and endemic plant
species is a global problem, since traditional methods of in
situ conservation do not provide their reliable protection.

In this regard, biotechnological approaches, in partic-
ular, in vitro cultivation methods, which allow to multiply
and preserve valuable genotypes, are of particular relevance.
The studied species T. auliekolica and T. turgaica, being nar-
row-areal endemics of Northern and Central Kazakhstan, are
of special value as unique elements of steppe ecosystems.

In this work, the effects of temperature and growth regu-
lators on seed germination of T. auliekolica and T. turgaica
were investigated.

The aim of this study is to investigate the effect of tem-
perature and growth regulators on seed germination of 7. au-
liekolica, T. turgaica. The conditions of seed germination of
these Tulipa species have not been studied before, and in this
work for the first time an attempt to develop an optimal ger-
mination protocol for endemic species of 7. auliekolica and
T. turgaica in Northern and Central Kazakhstan.

The studies revealed significant differences in tempera-
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ture preferences and response to gibberellic acid for these en-
demic species. The optimum temperature for 7. auliekolica
was 4°C (germination rate 72%), while for T turgaica it was
10°C (germination rate 65%).

The high germination rate of the tulip seeds at these tem-
peratures indicates their adaptation to early spring vegetation,
which is typical for many steppes Tulipa species [22]. Of par-
ticular importance is the identified mechanism of thermodor-
mancy (no germination at 20°C), which ecologically pro-
tects species from germination under unfavorable conditions
[18]. According to IPCC data, average annual temperatures
in Central Asia may increase by 2-3°C by 2050, posing seri-
ous threats to species with a narrow ecological amplitude [1].

The results obtained confirmed the key role of gibberellic
acid in seed germination. The mechanism of action of GAs in
this case can be explained by its ability to activate the pro-
cesses necessary to overcome morphophysiological dormancy
characteristic of many species of the genus Tulipa. The ob-
tained results confirmed the key role of gibberellic acid in
seed germination. The mechanism of action of GAs in this
case can be explained by its ability to activate processes nec-
essary to overcome morphophysiological dormancy, charac-
teristic of many species of the genus Tulipa.

As our results show, the optimal concentration of GAs (13
mg/L) significantly increases seed germination of both spe-
cies. This effect is particularly pronounced in combination
with optimal temperature regimes for each species - 4°C for
T auliekolica and 10°C for T. turgaica. It is worth noting that
a higher concentration of GAs (52 mg/l) demonstrated a less
pronounced stimulating effect, which may be due to hormonal
imbalance. According to literature, excessive concentrations
of exogenous gibberellins can disrupt the fine regulation of
endogenous phytohormones, in particular, cause a compensa-
tory increase in the content of abscisic acid, the main inhibi-
tor of germination [23].

The effect of GAs on mitigating dormancy and ensuring
germination is consistent with current understanding of the
role of gibberellins in overcoming seed dormancy in species
[10].

The conducted research made it possible to determine the
optimal conditions for germination of seeds of rare endemic
species T. auliekolica and T. turgaica, growing in Northern
and Central Kazakhstan. The obtained data are important for
the development of effective in vitro reproduction protocols,
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which opens up prospects for the conservation and restoration
of populations of these unique representatives of the flora of
Kazakhstan in the context of increasing anthropogenic

CONCLUSION

The conducted research allowed to determine the key fac-
tors affecting seed germination of endemic species 7. aulie-
kolica and T. turgaica of Northern and Central Kazakhstan.

It was found that the optimum temperature conditions for
seed germination differed between species: for 7. auliekol-
ica, the most favorable temperature was 4°C, while 7. turga-
ica demonstrated maximum germination at 10°C. The use of
gibberellic acid (GAs) at a concentration of 13 mg/l contrib-
uted to the acceleration of germination, while a higher con-
centration (52 mg/l) had a less pronounced effect.

Morphological analysis revealed differences between spe-
cies, including seed size, embryo length and other parame-
ters, which may be related to their adaptation to different en-
vironmental conditions. The tetrazolium test confirmed high
seed viability (7. auliekolica — 100%, T. turgaica — 95%), in-
dicating a good physiological condition of the embryos. This
is an important condition for successful germination and sub-
sequent micropropagation.

The obtained results have important practical significance
for the development of effective methods for in vitro cultiva-
tion of these rare species. Optimization of GAs concentra-
tions in combination with species-specific temperature condi-
tions allows to significantly increase the efficiency of their in
vitro cultivation, which is especially important for programs
for the conservation of biodiversity of natural populations of
rare, endemic species.

Thus, this work contributes to the conservation of endemic
Tulipa species in Kazakhstan and can serve as a basis for de-
veloping strategies for their protection using biotechnologi-
cal approaches.
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BHNOJIOT'UA TIPOPACTAHUSA CEMSH PEJIKUX BUJTOB TIOJIBITAHOB B CEBEPHOM U
OEHTPAJIBHOM KA3AXCTAHE

Tarumanosa J1.*, Paiizep O.*, Harmerosa I'., Xanuauna O.

Hayuonanenuiii yenmp ouomexuonoeuu, Kypeanvocurnckoe wiocce 13/5, Acmana, 010000
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AHHOTAN A

Kazaxcran sBnsieTcsi BaXXKHOH TeppUTOpUEl Mpou3pacTaHus TIONBIIAHOB, BKJIIOYasl peJKue YHAeMUYHbIe BUABI Tulipa
turgaica v Tulipa auliekolica. Yrpo3a nx ucue3HoBeHHs TpeOyeT NpUMEHEHNsI OMOTEXHOJIOTHH, TAKMX KaK MUKPOpPa3MHOXKe-
HUE in Vitro, NO3BOJSIIONINX COXPAHATH LIEHHBIE TeHOTHUIIBI 0€3 Bpeaa sl IPUPOIHBIX ITOITYIISIIIHA.

B Iponecce yCWICHNUA U3MEHEHU KIIMMaTa U aHTPOIIOTE€HHOTO BO3,[[€I>'ICTBI/I$[ OTH S3HAEMHWYHBIC BUABI ITIOABEPTAKOTCS BBI-
COKOMY PHCKY UCUYE3HOBECHUA. B cBs3u ¢ aTHM N3YYCHHUE U COXPAaHCHUE 61/10pa3H006pa31/I;1 OHIACMHUYHBIX BHJIOB paCTCHI/II\/‘I CUH-
TaeTcs I100aIbHBIM IIPUOPUTETOM BO BCEM MHUPEC.

[IpopamuBanwue in vitro mpoBoxuny Ha cpene 2 MS ¢ nobasnennem GAs (13 u 52 mr/m) u 6e3 Hero. BexoxkecTs peructpu-
poBaiu B TedeHne 60 qHeH, pacCUNTHIBAIN BCXOXKeCTh (%) 1 Tso.

[To pe3ynbraram TETpa3oIMEBOTO TECTa KU3HEeCIocoOHOCTh ceMsiH 1. turgaica n T. auliecolica cocraBuna 95% u 100%
COOTBETCTBEHHO. V3yuaemble BU/IBI [TOKa3alK pa3Hble TEMIEpaTypHbIE IpeIIouTeHus: uist ceMsiH 1. auliecolica onTuMans-
HOU Temmeparypoi Obuta 4°C, a mis T, turgaica — 10°C. Kpome Toro, cemena 1. auliecolica mpopactanu OsicTpee, 4eM ce-
MmeHa T. turgaica. Pe3yabTarsl MoKas3ajiy, 4To TeMIlepaTypa CyIleCTBEHHO BIHseT Ha npopacTanue ceMsiH. CeMeHa 000HX BHU-
JIOB [IPOPACTaJIH TOJBKO MpU HU3KUX TeMneparypax (4 u 10°C), mpu 20°C npopacraHue ceMsiH OTCYTCTBOBAJIO y 000X BUJIOB.

[TonyyeHHBIC TaHHBIC UMEIOT BAXKHOE MPAKTHYCCKOE 3HAUCHUE YIS CO3MaHus dP(PEKTUBHBIX METOJIOB KYJIBTHBUPOBAHHUS
in vitro 3TUX PEIKUX BUJIOB TIOIBIIAHOB.

[Ton6op onTuManbHBIX KOHIEHTpanuii GAs B COYETaHUH C TEMIIEPATypPHBIMHU PEKUMaMH CYIIECTBEHHO TTOBBIIIAET yCHel-
HOCTBh Pa3MHOXKEHHUS i1 Vitro, 9TO UTPaeT KIIOYEBYIO POJb B IIPOrpaMMax 10 COXPaHEHHIO OMOpa3HO00pa3us SHAEMHYHBIX
pacTeHuil.

KuroueBble ciioBa: coxpaHeHHe OHOPa3HOOOPa3us, SHAEMHYHBIE H PEIKUe BUIIBI, PErYJIATOPBl pOCTa, KyJIbTypa in vitro,
MHUKpOpa3MHOXeHue, Tulipa.
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COJITYCTIK K9HE OPTAJIBIK KASAKCTAHJIA CUPEK KE3JECETIH KBI3FAJIIAK TYPJIEPI
TY¥KBIMBIHBIH OHY BUOJIOTUSACHI

Tarumanosa J1.*, Paiizep O.*, HarmeroBa I'., Xanuiuuna O.

¥ammeix 6uomexnonoaus opmanviev, Kopeanicoin mac sconvt 13/5, Acmana, 010000
*tagds@mail.ru

TYWUIH

Kasakcranma KeI3ranmak TYpIepiHiH adyaH TYPILIIr >KOFaphl, OapIbIH KOIMIIITi XKOHBLTY Kaymiaae. OnapasiH KOHBLTY
KayTli TaOWFH MOMYJISIASIIapFa 3USH KeNTipMECTEH KYH/IbI TEHOTUITEPII caKTayFa MYMKIH/IIK OepeTiH in Vitro MUKpokeOeHTy
CHSKTBI OMOTEXHOJIOTHSIIBIK TOCLUTICPAl KOIIaHyIbl KaKET €Tel.

KirMatTeIH e3repyi MeH aHTPOIIOTeH/IIK SCepAiH KYIIeroi OapbIChIHAA OYI1 HAEMHUKAJIBIK TYPICPIiH )KOUBLTY KayIIi >KOFaphbI.
Ocpiran OaltlaHBICTHI SHAEMUKAIBIK 6CIMIIK TYPIepiHiH OHOATyaHTYPILIITiH 3epTTey JKoHe cakTay OYKLT anmeme skahaHmbIK
0aCBIMIBUIBIKKA HE.

JKymeictein makcatsl - T.auliekolica, T turgaica TYKbIMIAPBIHBIH OHYIHE TEMIIEpaTypa MEH 6Cy PETTETIIITEPiHIH dCepiH
3epTTey, OJIapAbI in Vitro KyJIbTypachlHa €HTi3y.

In vitro kysnbTypackiHa enrizy GAs (13 xoHe 52 Mr/i1) KOChUIFaH jkoHe KocbuiMaraH 2 MS opranapbiHzaa xyprisinai. Ocipy
60 xyH Ooiibl OakbuTaHbL, 6HY (%) xkoHe Tso ecenTeni.

Terpa3onuyMm ChIHAMACHIHBIH HOTHXKecl OoiibiHIa T turgaica xoue T.auliecolica TYKbIMIapBIHBIH OMIPIICHIIITI CO¥i-
kecinme 95% xone 100% Kypasl. 3epTTeNreH Typiep apTypili TeMIepaTypablK apThIKIIBUIBIKTapabl kepcerti; Tauliecolica
TYKBIMJIapB! YIIiH OHTainbl Temrnieparypa 4°C, an T. turgaica ymin 10°C 6onxel. ConsiMeH Karap, T.auliecolica TyKpIMaapsl
T turgaica TyKpIMJIapbIHA KaparaH/ia T€3 OHIeH. AJIBIHFaH HOTH)KE TeMIIepaTypaHblH TYKBIMHBIH OHYiHE alTapIIbIKTal acep
eTeTiHiH KepceTTi. Exi TypaiH TYKbIMIapsl TeK ToMeH TeMreparypaja (4 xone 10°C) enir mbIkThl, 20°C-Ta TYKBIMHBIH 6HY1
eKi Typae e 00aMabL.

AJTBIHFaH MOIIIMETTEPIIH OCHI CHPEK Ke3/IeCeTiH KbI3Faliak TYPJIepiH in Vitro skarmaibIHa ©CipymiH THIMII OiCTepiH XKa-
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cay YIIIiH MaHbI3/Ibl TPAKTUKAJIBIK MaHBI3bI O0ap.

Omnraitnel GAs KOHICHTpaUAIapbl MEH TEMIIEPATyPANIbIK PeXXUMACPMEH YHIIECTIpe TaHAay SHIEMHKAIBIK 6CIMAIKTepIiH
OuoayaHTYpJILIIriH caKTay OaFmapiaManapblH/a MENIyIIi pes aTKapshll, in vitro keOeromiH TaObICTBUIBIFBIH alTapIIbIKTal
apTTHIPAJIBL

KinTTi ce3nep: OHOOPTYPIILTIKTI caKkTay, SHAEMUKAIBIK XKOHE CHPEK Ke3IECETIH Typiep, oCy PETTETilTepi, in vitro Kyiab-
Typachl, MUKpokeOelTy, Tulipa.
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