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Optimization in vitro cultivation conditions for an endemic species of Regel's pear

The decline in plant diversity is a pressing global issue driven by climate change, plant diseases, and human
activities. This reduction in biodiversity poses significant threats to food security and the sustainability of
ecosystems. Conserving wild plant species is crucial as they harbor genes that confer resistance to various bi-
otic and abiotic stresses. One such important species is the Regel pear, endemic to Kazakhstan, known for its
resistance to drought and diseases. During research efforts, samples of Regel pear were collected from their
natural habitats. Using SSR markers, researchers identified samples that exhibited resistange to scab. In a pi-
oneering step, optimal in vitro cultivation conditions were developed to preserve thistegonomigally valuable
species. The sterilization process for establishing in vitro culture and subsequent Tegeneration was estab-
lished. The multiplication conditions were refined using DKW nutrient mediumfsupplemented with 1.0 mg/1
BAP, 0.5 mg/l IBA, and 0.2 mg/l GA3. These measures aim to ensure the lofig-term gonservation of genetic
diversity and enhance agricultural resilience to environmental changes.
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Introduction

Declining biodiversity has a negative impact on foed“security, leading to the deterioration of ecosys-
tems. According to the report on the state of plant genetic/resources, several factors contribute to the decline
in biodiversity, including climate and habitat changes,"fivasive species, and the over use of plant resources
beyond their natural restoration levels [1, 2, 3].

Kazakhstan holds a leading positionsin, plant diversity within Central Asia, boasting approximately
5,700 species of higher plants, of whieh,14 % are endemic. However, like many regions worldwide, Kazakh-
stan faces biodiversity loss due to anthrepogenic influences, soil degradation, deforestation, and other fac-
tors [4]. The use of biotechnological methods is effective for preserving biodiversity and promoting sustain-
able development [5, 6, 7].

Kazakhstan is the homeland of*many nut and fruit plant species, which are now cultivated globally [8,
9, 10]. According to Vavilev's ¢enters of origin of cultivated plants, the Central Asian center includes species
such as apple trees,geasycherries, plums, pistachios, grapes, and others [11]. Pear species, represented by a
wide variety of wild'afid cultivated local varieties, have significant importance in this region. Central Asia is
a key center for the speciation of the genus Pyrus L. [12].

Pear production ranks second worldwide after apples. Pears are susceptible to various diseases, with
some of the most dangerous being fire blight and scab. Scab is caused by fungi of the genus Venturia, specif-
ically V. naschicola infecting Asian pear species and V. pirina affecting common pears [13, 14].

Wild pear species of fer allelic diversity and combinations that provide resistance and tolerance to vari-
ous abiotic and biotic stresses. Many wild pear species, including P. ussuriensis, P. pashia, P. korshinskyi, P.
syriaca, P. hopiensis, P. gharbiana, P. betulifolia, P. calleryana, P. cossonii, P. dimorphophylla, P. fauriei,
P. pyrifolia, P. ussuriensis, P. regelii, P. communis, and P. xerophila, possess straits of drought, cold, and
disease resistance [15, 16, 17].

Regel's pear (Pyrus regelii) is an endemic species growing in the Tien Shan and Pamir-Altai regions,
with its habitat gradually shrinking. It grows singly or in groups on dry rocky slopes and rocks, among
shrubs, in xerophytic woodlands, and thermophilic juniper forests [18]. In southern Kazakhstan, the Regel
pear grows, recognized as an economically valuable species due to its significant drought resistance. This
species can be utilized for a forestation of arid areas with poor soil conditions. Its fruits are very tart and as-
tringent but can be used as drought-resistant roots tocks [19].
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The purpose of this study is to optimize the cultivation conditions of the endemic Regel pear species,
which is resistant to scab, in in vitro culture to preserve biodiversity and enhance sustainable development in
Kazakhstan.

Experimental

The object of research was plant material of the Regel pear, which was collected in the Sairam-Ugam
State National Natural Park, Tyulkubas branch (Fig. 1). Table 1 presents the coordinates of the selected
samples.

N8 T R

A) specimen 1 B) specimen 2, C) specimen 3
Figure 1. Regel's pedhyi @xal habitat
Table 1
f Regel's pear growth
Species Number ] ongitude Latitude Height above sea level, m
Regel's pear specimen 1 WE070915.33". N42°40.33° 880
Specimen 2 §70°15.091' N42°41.345' 917
Specimen 3 E70°15.645' N42°40.789' 864
DNA extraction
DNA extracti plant material was carried out according to the CTAB protocol. CTAB lysis

buffer contained 2 % rimethylammonium bromide, 20 mM EDTA, 100 mM Tris-HCI, 1.4 mM NaCl,
and 1 % PVP. Purification with chloroform was carried out twice.

Isolation protocol: Leaves were homogenized in 500 ul CTAB buffer for 3 min. at 30 Hz using a high-
speed homogenizer Tissuelyser Il Qiagen. After incubation at 65 °C for 60 minutes, samples were
centrifuged at 20,000 rpm for 10 minutes, then the supernatant was extracted with an equal volume of
chloroform and centrifuged for 15 minutes at 20,000 rpm. The extraction procedure was repeated twice.
DNA was precipitated with 2/3 isopropanol and centrifuged at 14,000 rpm for 30 minutes. The precipitate
was washed twice with 70 % ethanol, dried and dissolved in 100 ul of TE buffer [20].

Molecular genetic analysis

To study the genetic potential of pear resistance to pathogens, molecular genetic analysis was carried
out. To select resistant genotypes to scab (Venturia nashicola), the SSR marker TsuENH101 (AB621905)
was used. Sequence: F: TGCCTAATGGAAGGGTCCTA R: CAAGGAAGAGAAGACCGACG [21]. The
25 pl PCR reaction mixture contained the following: 5 pl template DNA (50 ng/pl); 3 ul PCR buffer (10x);
1.5 pul MgCl, (25 mM); 1.5 pl off or ward and reverse primers (10 pmol); 0.3 pl of Taq polymerase and
1.8 pl of ANTP (2 mM), the rest of the mixture was made up with deionized distilled water. Amplification
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was performed using a 96-well thermal cycler (Applied Biosystems) with the following conditions: 95 °C for
2 min; 40 cycles 95 °C 30 sec, 55 °C 30 sec, 72 °C 45 sec; 72°C 5 min.

Sterilization and establishment in vitro culture

To sterilize annual axillary buds of the Regel pear, the effects of different concentrations of hydrogen
peroxide (H,O,) were studied. The following concentrations were tested: I — 3 % H,O,; II — 6 % H,0,; 111
— 9 % H,0,; IV — 12 % H,0,, in all cases the exposure time was 5 minutes.

The effect of nutrient media with the addition of the cytokinin 6-benzylaminopurine (BAP) at a concen-
tration of 1.0 mg/l on the formation of the main shoot was studied. The following options were studied: I —
MS with the addition of BAP — 1.0 mg/l; I — DKW with the addition of BAP — 1.0 mg/l; IIl — QL with
the addition of BAP — 1.0 mg/l. In each variant, 30 explants were cultured.

Multiplicaton stage

To multiply shoots, we studied various combinations and concentrations of growth regulators BAP,
gibberyllic acid (GA3), and indolyl-3-butyric acid (IBA) on the DKW nutrient medium. Treatments: | —
DKW without growth regulators; I — DKW with BAP 0.1 mg/l, IBA 0.1 mg/l, GA 0.2 mg/l; Il — DKW
with BAP 0.5 mg/l, IBA 0.1 mg/l, GA 0.2 mg/l; IV — DKW with BAP 1.0 mg/l, IBA'0.1 mg/l, GA 0.2 mg/l;
V — DKW with BAP 0.1 mg/l, IBA 0.5 mg/l, GA 0.2 mg/l; VI — DKW with BAP"®:5 mg/l, IBA 0.5 mg/l,
GA 0.2 mg/l; VI — DKW with BAP 1.0 mg/l, IBA 0.5 mg/l, GA 0.2 mg/l;¥IIlh+ DKW with BAP 0.1
mg/l, GA 0.2 mg/l; IX — DKW with BAP 0.5 mg/l, GA 0.2 mg/l; X' =DKW with BAP 1.0 mg/l,
GA 0.2 mg/1.

In each treatment, 30 shoots were used.

Statistical processing

The experimental results were analyzed using one-way ‘and two-way ANOVA, and significant differ-
ences were screened using Tukey's post hoc test. The, results'were analyzed in the statistical package SPSS
23.0 (IBM Inc., New York, USA). Data are expressed asymeans * standard error.

Results and Discussion

The habitat of the Regel pear is declining due to diseases, climate change, anthropogenic impact, insuf-
ficient watering, and other factors [22]. Scab, ®aused by two species of fungi, Venturia pirina and Venturia
nashicola, is one of the most severe and ¢ommon diseases affecting European and Asian pears. Scab patho-
gens impact the leaves, fruits, and brancheswefpears. Scab resistance is a crucial goal in pear breeding, along
with improving fruit quality, yield,@nd stofage ability. Despite the development of a few scab-resistant pear
varieties, none are produced in latgequantities [23].

Several studies have focusedwon mapping the pear genome to identify scab resistance genes, one of
which is Vnk. Based on this%gene; molecular markers such as SSR, AFLP, and RAPD have been devel-
oped [24]. SSR markeTs)inparticular, were developed to determine resistance to black spot [25].

To select scab-gesistant samples of Regel pear, molecular genetic analysis was conducted using a mi-
crosatellite marker. In%ghe first stage, DNA of the required quality and quantity was extracted from pear
leaves. DNA concentration was measured using a small volume spectrophotometer. PCR was carried out
with the SSR marker TsuENH101 to select scab-resistant samples. Detection was performed in 8 %
polyacrylamide gel (Fig. 2).

M — molecular weight marker
(Ferment as, 25-700 bp);
1 — specimen 1;
2 — specimen 2;
3 — specimen 3

Figure 2.
Electropherogram of Regel pear using
the TsuENH101 SSR marker
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According to the results of the analysis, it was shown that all samples tested with the SSR marker Tsu
ENH101 were resistant to Venturia nashicola. A polymorphic allele with a length of 127 bp was amplified,
which demonstrated a significant connection with the Vnk gene responsible for scab resistance (Venturia
nashicola). Consequently, a study of three Regel pear trees confirmed their resistance to scab. These trees
were then established in vitro culture for further micropropagation.

One of the critical stages of micropropagation is the sterilization nofex plants for establishment in vitro
culture. Hydrogen peroxide (H,O,) was used as the primary sterilizing agent, a common practice in
micropropagation of various plant species [26, 27, 28, 29].

Sterilization of explants was performed in two stages. In the first stage, one-year-old axillary buds were
washed multiple times in a soap solution on a magnetic stir restore move surface dust and dirt. Then, under
aseptic conditions, they were treated with hydrogen peroxide according to the concentrations specified in the
research methods. The results were analyzed on the 14th day of cultivation. Sterilization was considered
most effective when the explants remained green and showed no signs of infection (bacterial or fungal) or
tissue necrosis.

The study revealed that the most optimal sterilization for Regel pear involved treating the explants with
12 % H,0, for 5 minutes. This method resulted in 70 % of the explants being viable (Eig. 3).

Other studies on pear sterilization have used various sterilizing agents. For eXample, sodium hypo-
chlorite was found effective for the Pyro dwarf rootstock of the species P. communis®l. [30]. Additionally,
4 % HgCl, has been used in several works for the sterilization of common _pear and Syrian pear [31, 32].
Czech researchers used 0.15 % HgCl, in their work on the micropropagationsefpear [33]. Therefore, it is
necessary to select an appropriate sterilizing agent for each specific type@and variety of pear.
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Figure 3. Results of sterilization of axillary buds of the Regel pear

The next step after selecting the optimal sterilization regime is the formation of the main shoot. For
micropropagation, the main shoot must be produced by direct organogenesis, without evidence of callus
formation, as somaclonal variation may occur.

We studied several variants of culture media with the addition of BAP 1.0 mg/l. The highest average
value of shoot regeneration was observed 10—15 days after cultivation on DKW medium. A BAP concentra-
tion of 1.0 mg/l caused earlier induction of the main shoot without necrosis. Callus was observed on other
variants of nutrient media (Fig. 4).

In the micropropagation of plants, the main goal is to obtain the maximum number of genetically iden-
tical shoots that can easily take root, acclimatize, and grow successfully under field conditions [34]. Among
plant grow the regulators, cytokinins are the most commonly used. Cytokinins in plants regulate shoot
branching, initiation of apical growth, and other critical growth processes [35].
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A) Explants on QL medium

on DKW medium medium

C) shoots on the 21st day of cultivation D) shoots Ou@ day of cultivation
Q
Figure 4. Regel pear shoots formed on rﬁ@medmm
1

<
The widely used synthetic cytokinin BAP (6-benzyl% ) is effective, versatile, and can be rap-
iclu

idly metabolized in plant tissues [36, 37]. BAP is of in micropropagation protocols for various
pear species [38, 39, 40, 41].

The optimal nutrient medium for the formation of the main shoot in Regel pear was found to be the
DKW nutrient medium. This medium was used for th Itiplication of Regel pear shoots. To select the op-
timal multiplication conditions, Regel pear shoots measuring about 0.9 cm were cultivated in DKW medium
with various concentrations of plant gro tors. The concentrations of growth regulators BAP, GA
(gibberellic acid), and IBA (indole-3 id) had different effects on the multiplication of shoots (Ta-
ble 2). The largest number of multip shoots perex plant (10.60+£0.53) was observed on DKW medium
with BAP 1.0 mg/l and GA 0.2 mg
tion to 1.0 mg/l in treatmen
cantly differ from option X,

and X. The presence of IBA in the nutrient medium did not signifi-
A was absent.

s have been developed for the main varieties of P. communis L. [42, 43, 44,

¢ @ lies*have been conducted on wild and domesticated Pyrus species, there is a lack of

scientific research o @ icropropagation of Regel pear. This study addresses that gap by providing a de-

tailed protocol for the“effective micropropagation of Regel's pear using optimal concentrations of plant

growth regulators.
Table 2
Optimizing the multiplication of the Regel pear
Treatment Plant growth regulators, mg/1 Phenological parameters
BAP IBA GA Shoot height, cm Shoots, pcs. Number of leaves, pcs

1 - - - 1.25+0.04 1.07+0.27 5.60+0.12

11 0.1 0.1 0.2 0.96+0.04 2.03+0.35 13.83+0.11
111 0.5 0.1 0.2 1.07+0.08 4.37+0.56* 18.53+0.14*
v 1.0 0.1 0.2 0.92+0.04 8.43+0.59* 35.7340.15*
\% 0.1 0.5 0.2 1.36+0.04 4.70+0.54* 23.30+0.15*
VI 0.5 0.5 0.2 1.42+0.05 7.90+0.45* 22.50+0.17*
VII 1.0 0.5 0.2 1.68+0.04* 9.77+0.69* 61.73+0.27*
VIII 0.1 - 0.2 0.57+0.05* 4.87+0.74* 19.374+0.25*
X 0.5 - 0.2 1.50+0.06 5.77+0.55* 41.97+0.31*
X 1.0 - 0.2 0.71£0.06* 10.60+0.53* 65.40+0.29*
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A) Shoots with BAP 1.0 mg/l, GA 0.2 mg/l, IBA 0.5 mg/1 B) Shoots with BA%)\ GA 0.2 mg/l
*

C) Shoots with BAP 0.1 mg/l, \@A 0.1 mg/l D) Shoots with BAP 0.1 mg/l, GA 0.2 mg/l, IBA 0.5 mg/1
0 Figure 5. Multiplicated shoots of Regel pear
Thus, the most concentration of growth regulators for the formation of shoots that can be used

for rooting in vitro of Regel pear is BAP 1.0 mg/l, IBA 0.5 mg/l and GA 0.2 mg/I.
Conclusion

Work has been carried out to establish scab-resistant Regel pears in vitro culture. The most optimal ster-
ilization for Regel pear is the treatment of explants with 12 % H,0, with an exposure time of 5 minutes,
where the viability was 70 %. Conditions have been selected for the formation of the main shoot and multi-
plication of the Regel pear; the most optimal concentration of growth regulators for the formation of shoots
of the Regel pear is BAP 1.0 mg/l, IBA 0.5 mg/l and GA 0.2 mg/1.
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. Hrocembekona, . Camarosa, C. basu6aii, A. YmMup3akosa,
I'. Kenucoexymnsl, A. Kakumxanoa

JHAeMHUKAJIBIK TYP Peresib aamMyprsl yliH in vitro
ocipy KarJailJIapbIH OHTAHJIAHABIPY

OciMaiKTepaiH SpPTYPIILIIriHIH a3ai0bl KIMMATTBIH ©3repyiHeH, eCIMIIKTepIiH aypyiapsl MEH ajiaM dcepiHeH
TybIHAAFaH kahaHOblK Mocene. byn OuoamyaH Typiinikke Tepic ocep eTim, €3 Ke3eriHjae a3bIK-TYIIK
Kayinci3airi MeH SKOXKYHeHIH TypaKTBUIBIFBI MocenesepiHe okeneni. JKabaifbl eciMaik TyprepiH cakray
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epeKIle MaHbI3Fa ue, ce0edi onapaa OMOTHKAIIBIK JKOHE aOHOTUKAJIBIK (aKkTopIapra TO3IMIUTIKTI KaMTaMachl3
eTeTin reHmep Oomysl MyMmKkiH. Kazakcranga KypFakIIBUIBIK MEH aypyra Te3iMuaulik Oenrijgepi Gap
SHAEMHKAIBIK Typ — Perenms ammypTsl eceni. 3epTTey OapbICBIHAA OJIAPABIH OCKEH JKEpiHEH Yiriiepai
i3aecTipy KOHE JKHHAY J>KYMBICTAphl XKYpri3unmi. Perems anmMypTeIHBIH mapmiara Tesimai yirinepi SSR
MapKepiHiH KeMeTiMeH aHBIKTAIIbl. Byl 5KOHOMUKaIBIK KYHABI TYP/l CaKTay YIIH aiFall peT in vitro ecipy
LIapTTapbl OHTAMIaHIBIPBULIBL. [n Vitro-Fa DaKbULIBl CHTI3Y KOHE pereHepanusiiay YIIiH CTepHIn3alis Ipo-
tokonbl azipneHmi. 1,0 mr/n, UMK 0,5 mr/n, 'K 0,2 mr/n BAIl-men tombikteippuiran DKW kopekTik
OPTACBIHBIH MYJIBTHUIUIMKALAS HIAPTTAphl TAHIAJIbL. BYJ )KYMBIC T€HETHKAIBIK OPTYPILUTKTI y3aK Mep3iMai
CaKTayIbl KaMTaMachl3 €Tyre »OHE e3repMelli KOpLIaFaH opTa JKarjailgapblHa aybUIIapyallblIbIFbIHBIH
TYPaKTBUIBIFBIH apTThIPYFa OaFbITTaJIFaH.

Kinm ce30ep: Pyrus regelii, in vitro TakpUTbl, SHAEMHUK, MUKPOKIOHAIBIBI KOOECIO.

. Hrocembekona, . Camarosa, C. basu6aii, A. YMup3akosa,
I'. XKenuncbekynnl, A. Kakumxanona

OnTuMu3anus ycJa0BUi KyJIbTUBMPOBAHUS in Vitro
IHAEMHUYHOr0 BuJa rpymu Peress

CokpaleHre pacTHTEIBHOTO Pa3HOOOpa3us SBISIETCS TIO0ANBHON MPoOIIeMON,$BEIBBAHHON \II3MEHEHHEM
KIIMMaTa, OONE3HAMH PAaCTEHUH M aHTPOIIOTEHHBIM BO3AEHCTBHEM. DTO HETAaTUBHO Ckas3bIBdeTes Ha Omopas-
HOOOpa3uH, 4To, B CBOIO OUepe/b, IIPUBOJUT K IPOOJIeMaM MPOJOBOIECTBEHHON OE30MaCHOCTH M yCTOIUIH-
BocTH 3KocrcTeM. Oco0yI0 BaXKHOCTD IPECTaBISIET COXPAaHEHNE TUKHX BUJIOB PACTCHMI, TaK KaK OHU MOTYT
CoZepXKaTh I'eHbl, 00ECIIeUNBAIOIINE YCTOWIMBOCTE K OMOTHYECKUM U abuoTHuecknM ¢axropam. B Kazax-
CTaHe Ipou3pacTaeT YHIEMUYHbBIH BHJ — rpyiia Peremns, koTopblii 00fagaeT Mpu3HakaMyu yCTOWYHBOCTH K
3acyxe u Oone3HsAM. B xone mccnenoBaHus mpoBelneHb! paboThI 10 @OUCKY M cOopy 00pasLioB B MeCTe MX
npouspactanud. OmnpeneneHsl ycToiumBble oOpas3ubl rpymig, Peress k mapime ¢ ucrnoiab3oBaHuHeM SSR-
Mapkepa. BriepBbie ObUTH ONTHMH3MPOBAHBI yCIOBHS KyJIBTUBHPOBAHMUS in Vitro IJIsl COXPAHEHUS 3TOTO XO-
3STUCTBEHHO-IIEHHOTO BHAA. OTpaboTaHBl CTepUIM3AIMS AP BBESACGHNS B KyJIBTYpE in Vitro M pereHepartis.
TTomoGpans! ycitoBHs My IbTUILTHKAaNUK — mrTatenbHas cpega DKW ¢ BAII 1,0 mr/n, UMK 0,5 mr/n, 'K 0,2
MI/1. DTH YCUIIHS HalpaBJIeHbI Ha oOecrieueHne JOITOCPOIHOM COXPaHHOCTH T'€HETHYECKOro pa3HooOpas3us
U MIOBBIIICHHE YCTOHYMBOCTH CEIBCKOT0 X03SHCTBAK M3MEHSIIOIIMMCS YCIIOBHSIM OKPY KaroOLIeH Cpeibl.

Kniouesvie cnosa: Pyrus regelii, in vitro, KynbTypa, JHIEMHK, MUKPOKJIOHAIEHOE Pa3MHOXKEHUE.
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