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Abstract. Chickpea (Cicer arietinum L.) is a vital legume whose
post-harvest quality is frequently compromised by opportunistic storage
fungi, posing both economic losses and potential health risks due to
mycotoxin contamination. Despite its agricultural importance, information
regarding storage fungi affecting chickpea seeds in Kazakhstan remains
limited. This study aimed to isolate and identify Aspergillus species
contaminating chickpea seeds cultivated in the Akmola region. Over 200
seed samples representing local agricultural production were evaluated.
Initial microbiological analysis and microscopic examination were
followed by accurate molecular identification through the amplification
sequencing of the internal transcribed spacer (ITS) region of ribosomal
DNA. Phylogenetic analysis of the obtained sequences confirmed the
presence of two distinct species: Aspergillus niger and Aspergillus
fumigatus. The isolation of these ubiquitous saprophytes indicates
significant post-harvest fungal proliferation, likely exacerbated by local
climatic factors and storage microclimates. These findings highlight a
critical vulnerability in regional post-harvest infrastructure and underscore
the necessity for rigorous phytosanitary monitoring. Implementing
improved, sustainable storage management strategies is essential to
mitigate fungal contamination and ensure the safety of local agricultural
commodities.
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Molecular identification and diversity of Aspergillus storage fungi in chickpea seeds
from the Akmola region, Kazakhstan

Introduction

Chickpea (Cicer arietinum L.) is one of the most important grain legumes cultivated
worldwide and represents a major source of plant protein for human nutrition [1]. The crop
is widely grown in semi-arid and temperate regions of Asia, the Middle East, and Africa, and is
increasingly grown in Europe and Central Asia [2]. By fixing atmospheric nitrogen and offering
high nutritional value, chickpea is integral to sustainable agricultural systems and soil fertility
management. [3]. However, the productivity of chickpea is strongly constrained by numerous
fungal diseases affecting plants at different developmental stages [4-6].

Aspergillus spp. are ubiquitous filamentous fungi widely distributed in soil, air, and plant
debris [5-7]. Numerous Aspergillus species opportunistically colonize agricultural commodities,
particularly when elevated temperature and humidity during storage promote fungal proliferation.
In chickpea seeds, Aspergillus species can develop under inadequate storage conditions, such as
high moisture content, poor ventilation, or prolonged storage periods [8]. These fungi can rapidly
colonize seed surfaces and internal tissues, leading to deterioration of seed quality, reduced
germination capacity, and potential loss of market value [9].

In addition to causing economic losses, contamination of food products by Aspergillus
spp. represents a potential risk to human health [10-14]. Some species in this genus produce
mycotoxins, including aflatoxins and ochratoxins, which can accumulate in contaminated food
products. Furthermore, Aspergillus spores and fungal metabolites may trigger allergic reactions
in susceptible individuals. Exposure to fungal spores through inhalation or consumption of
contaminated food may lead to hypersensitivity reactions, respiratory symptoms, or other
allergic manifestations. These effects are associated with the presence of allergenic proteins and
secondary metabolites produced by certain Aspergillus species [15].

Because chickpea seeds are widely consumed and often stored for extended periods before
processing or consumption, monitoring for fungal contamination is essential to ensure food safety
and quality [16]. The identification of Aspergillus species associated with stored chickpea seeds
is therefore important for understanding the sources of contamination and assessing potential
risks for consumers [17]. Traditional morphological identification of fungi may be limited by
similarities among species; therefore, molecular methods, such as PCR amplification and sequencing
of ribosomal DNA regions, provide a reliable approach to accurate species identification [18].

Despite the importance of chickpea production in many regions, information regarding the
occurrence and molecular identification of storage fungi associated with chickpea seeds remains
limited in several countries, including Kazakhstan. Therefore, studying the diversity of Aspergillus
species contaminating chickpea seeds is necessary to improve phytosanitary monitoring and to
support the development of effective storage management strategies aimed at reducing fungal
contamination and associated health risks [19, 20].

Materials and methods

Sample collection

Chickpea (Cicer arietinum L.) seed samples were collected from agricultural fields located
in the Akmola region of Kazakhstan. The samples were provided by the A.l. Baraev Scientific
Production Center for Grain Farming (Shortandy, Kazakhstan). In total, more than 200 chickpea
seed samples were examined during the study period. Seeds were collected from different batches
representing local agricultural production. All samples were placed in sterile containers, labeled,
and transported to the laboratory for further mycological analysis.
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Prior to microbiological analysis, seeds underwent visual inspection to detect overt fungal
contamination and morphological anomalies. Individual seeds from each sample were selected
randomly for further microscopic and molecular investigations.

Microbiological analysis and microscopic examination

Chickpea seeds were subjected to microbiological analysis to isolate fungal contaminants.
Individual seeds were placed on Petri dishes containing potato dextrose agar (PDA) medium and
incubated at 25 + 2 °C for 5-7 days. Emerging fungal colonies were monitored daily, and colonies
with morphological characteristics were selected for further examination.

For microscopic analysis, small fragments of fungal colonies were transferred onto
microscope slides in a drop of sterile distilled water and covered with a coverslip. Microscopic
observations were performed using a Zeiss Axio Scope light microscope (Carl Zeiss, Germany).

DNA extraction and PCR amplification

Genomic DNA was extracted from fungal mycelium of Aspergillus spp. grown on potato
dextrose agar (PDA). A small fragment of fungal mycelium (approximately 0.5 x 0.5 cm) was
transferred from the culture plate into a sterile mortar. Then, 300 pL of extraction buffer con-
taining 2 M Tris-HCI (pH 8.0), 0.5 M EDTA, NaCl (3.27 g), and CTAB (0.8 g) was added together
with Proteinase K. The mixture was thoroughly homogenized and incubated at 65 °C for 14-16
h. Genomic DNA was subsequently extracted using the standard phenol-chloroform purification
method [21]. The quality and concentration of the isolated DNA were determined using a Nan-
oDrop 2000 spectrophotometer (Thermo Fisher Scientific, USA).

For molecular identification of Aspergillus spp., the internal transcribed spacer (ITS) region
of ribosomal DNA was amplified using the universal fungal primers (ITS1 F: TCCGTAGGTGAACCT-
GCGG, ITS4 R: TCCTCCGCTTATTGATATGC) [22]. PCR reactions were performed in a total volume
of 25 pL containing template DNA (50 ng/uL), PCR Mastermix 2x (Biolabmix, Russia) 12,5 pL,
and nuclease-free water 8uL. PCR amplification was carried out in a thermal cycler under the
following conditions: initial denaturation at 95 °C for 5 min; followed by 35 cycles of denaturation
at 95 °C for 30 s, primer annealing at 55 °C for 30 s, and extension at 72 °C for 1 min; with a final
extension step at 72 °C for 7 min. Amplified PCR products were separated by electrophoresis in
1.5% agarose gel stained with ethidium bromide and visualized under UV illumination.

DNA sequencing and sequence analysis

Successful PCR products were purified and subjected to Sanger sequencing. The obtained
nucleotide sequences were edited and assembled using BioEdit software version 7.0.5. Sequence
quality was manually inspected and trimmed where necessary. Species identification was per-
formed by comparing the obtained sequences with reference sequences available in the NCBI
GenBank database using the BLASTn algorithm. Identification of fungal isolates was based on
the highest sequence similarity with previously deposited sequences of Aspergillus spp.

Phylogenetic analysis

To confirm the taxonomic placement of the obtained isolates, phylogenetic analysis was
conducted. Multiple sequence alignment of ITS sequences was performed using the ClustalW
algorithm implemented in MEGA version 11 software. Reference sequences of related Aspergil-
lus species retrieved from GenBank were included in the analysis. A phylogenetic tree was con-
structed using the Maximum Likelihood method to infer evolutionary relationships among the
studied isolates and reference sequences [23]. The reliability of the phylogenetic tree topology
was assessed by bootstrap analysis with 1000 replicates.
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Results

Microbiological analysis of chickpea seeds resulted in the isolation of fungal colonies
belonging to the genus Aspergillus. Fungal growth was observed on potato dextrose agar (PDA)
after 5-7 days of incubation. Initial morphological and microscopic characterization tentatively
placed the isolates within the genus Aspergillus. Subsequent molecular identification using
ITS rDNA sequencing confirmed the presence of two species, Aspergillus niger and Aspergillus
fumigatus, among the isolates obtained from chickpea seeds. The morphological characteristics
of the colonies and microscopic structures of the identified species are presented in Figure 1,
while the phylogenetic relationships inferred from ITS sequences are shown in Figure 2.

Figure 1. Cultural morphological characteristics of Aspergillus niger 1A and 1B; Aspergillus
fumigatus 1C and 1D

Aspergillus niger colonies (Figure 1A and 1B) on PDA are characterized by rapid growth
and intense sporulation. Initially, the mycelium is whitish, but as conidia form, the colony surface
becomes dark brown or black. The colonies are dense, velvety-powdery, with a distinct radial
structure and jagged edges. The colony diameter rapidly increases and can occupy a significant
portion of the Petri dish. The colony reverse is usually light, yellowish-beige, or almost colorless.

Microscopic examination reveals a well-developed, septate, hyaline mycelium. The conid-
iophores are long, smooth, and colorless, ending in a spherical vesicle. The vesicle is completely
covered with metulae and phialides, forming a radial structure. The phialides produce long chains
of darkly pigmented conidia, giving the conidial head its characteristic black color. The conidia
are spherical, rough-surfaced, and collected in dense radial heads.

Aspergillus fumigatus (Figure 1C and 1D) colonies on PDA medium are characterized by
rapid growth and a velvety surface. Young colonies are initially whitish, later acquiring a charac-
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teristic gray-green or olive-green color as conidia form. The colony surface is dense, sometimes
slightly folded, with jagged or slightly serrated edges. Colonies may form isolated areas of intense
sporulation. The colony reverse is usually pale yellow or cream.

Microscopic examination reveals thin, septate mycelium and smooth conidiophores ex-
tending from the substrate mycelium. A club-shaped or slightly rounded vesicle form at the apex
of the conidiophores. The phialides are arranged in a single row (uniserial) and cover only the
upper portion of the vesicle. The conidial chains form a compact columnar head. The conidia
are small, round, smooth or slightly rough, form long chains, and give the colonies their charac-
teristic green color.

The phylogenetic tree included the ITS sequences obtained in this study together with
reference sequences of Aspergillus species retrieved from the GenBank database.

Figure 2. Maximum likelihood phylogenetic analysis of Aspergillus species based on ITS
gene among the studied isolates and reference sequences

In the phylogenetic tree, isolates obtained in the present study are indicated by red cir-
cles and bold text. One isolate (PZ097651) clustered with reference sequences of A. fumigatus
(PX232454, MN588001, MZ452428, and KX090299), forming a clade corresponding to this
species. Another isolate (PZ097652) grouped with reference sequences of A. niger (KX664345
and PX658551), confirming its placement within the A. niger lineage.

Bootstrap values indicated moderate to strong support for several nodes within the tree.
To root the phylogenetic tree, Cordyceps ningxiaensis (KF309668) was used as an outgroup and
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is indicated by a blue triangle in the figure. The resulting topology clearly separated the analyzed
isolates into distinct clades corresponding to recognized Aspergillus species.

Discussion

The phylogenetic analysis based on the ITS1 region confirmed that the fungal isolates ob-
tained from chickpea seeds belong to the species Aspergillus fumigatus and Aspergillus niger. Both
species are widely distributed saprophytic fungi commonly associated with stored agricultural
products and are frequently reported as storage contaminants of grains and legumes [24, 25].

Species of the genus Aspergillus are well known for their ability to colonize seeds during
post-harvest storage, particularly under conditions of elevated humidity and temperature [26].
Consequently, the isolation of A. niger and A. fumigatus from chickpea seeds indicates post-har-
vest fungal proliferation rather than active field infection. Similar findings have been reported in
previous studies investigating fungal contamination of stored legumes and cereal grains [27, 28].

The detection of these species in chickpea seeds is also important from a food safety
perspective. Several Aspergillus species are known to produce allergenic spores and secondary
metabolites that may affect human health [29]. Consumption or inhalation of fungal spores may
trigger allergic reactions or respiratory symptoms in susceptible individuals [30]. Beyond direct
health implications, the contamination of chickpea batches by potential mycotoxin-producing
Aspergillus strains represents a significant economic barrier.

As chickpea cultivation expands in Central Asia to meet growing global demand for plant-
based proteins, adherence to strict international phytosanitary frameworks - such as the strin-
gent mycotoxin limits enforced by the European Union - becomes paramount. Consequently, the
identification of these specific storage pathogens is not merely a localized quality control issue,
but a fundamental step in ensuring the export viability of regional agricultural commodities.
Therefore, rigorous molecular monitoring of Aspergillus species in stored legumes is essential
for maintaining food safety and mitigating health risks. Moving forward, addressing this con-
tamination requires a shift toward integrated, agroecological storage management. Rather than
relying on chemical fungicidal treatments, which may compromise organic certification and con-
sumer safety, strategies should prioritize holistic environmental control. Implementing advanced
moisture monitoring, optimizing natural aeration systems to disrupt condensation cycles, and
exploring the application of bio-based fungal inhibitors or antagonistic microbial agents offer
promising, sustainable pathways to enhance the resilience and safety of stored chickpea crops.

Conclusion

This study successfully utilized ITS rDNA sequencing to identify Aspergillus niger and
Aspergillus fumigatus as prominent storage contaminants in chickpea seeds cultivated in the
Akmola region of Kazakhstan. The isolation of these opportunistic saprophytes underscores
a critical vulnerability in current post-harvest storage conditions, where fungal proliferation
threatens the economic and export viability of the crop while posing significant health risks due
to potential allergenic and mycotoxigenic contamination. To ensure the safety and quality of these
vital agricultural commodities, it is imperative to implement rigorous molecular phytosanitary
monitoring. Ultimately, mitigating these post-harvest losses requires a paradigm shift away from
conventional chemical treatments and toward integrated, agroecological storage management.
Future strategies must emphasize the adoption of sustainable agricultural technologies, such as
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utilizing bio-based fungal inhibitors and optimizing natural environmental controls, to sustainably
enhance crop resilience and ensure food safety.
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Ka3sakcTraHHbIH AKMOJIa 06/IBICBIHAAFbI HOKAT TYKbIMAApbIHAAFbl Aspergillus cakTay
CaHbIpayKyJ/IaKTapbIHbIH MOJIEKY/IAJbIK, UAeHTUPUKALUSCHI )KIHE dPTYPJIijiri

P.C. YaxuT!, A.M. C™marynoBa?, A.C. A6aur?, B.C. Kusan*, K.A. llocem6aeB™

1245 BuoapmypAinik d#caHe 2eHeMUKA/IbIK pecypcmap 3epmxaHdachbl,
Y¥ammuobik 6uomexHosoz2usi opmasvwirsl, AcmaHa, KazakcmaH
3)KapambulibicmaHy FolabIMOAPbIHbIH HCOFAPLI MeKMeoi,

AcmaHa xanviKapaaslK yHugepcumemi, Acmana, Kazakcmax
SBuomexHo.102usl JHaHe MUKpOBUO.102Usl Kaghedpachl,

JLH. I'ymunes amviHdarbsl Eypa3usi yimmuiK yHugepcumemi, Acmana, KazakcmaH

AnpgaTtna. Hokat (Cicer arietinum L.) - eriH )KMHay/JaH KeHliHTi canachl )KMi ONNOPTYHUCTIK
caKTay CaHblpayKyJlaKTapbIMeH TOMEeH/IeTiH, MUKOTOKCHH/EPMEH JIaCTaHyblHA Oal/IaHbICThI
3KOHOMHUKaVJIBIK, IIbIFbIHAPFa KoHe JleHcay/IbIKKa 9/1eyeTTi Kayill TeH/[ipeTiH MaHbI3/bl OyplIaK
Jlakblibl. OHBIH ayblIIIapyallblIbIK MaHbI3bIHA KapaMacTaH, KazakcTaHia HOKAT TYKbIM/IapbIH
3aKbIMJAUTBIH CaKTay CaHblpayKyJaKTaphl TypaJbl aKnapaT LeKTeyJli KyHhae KaJabll OThIp. by
3epTTeyAiH MaKcaTbl AKMoJia 00JIBICBIH/A 6CipiireH HOKAT TYKbIM/IapblH JIaCTaUTbIH Asper-
gillus TypJiepiH 6eJiin any xoHe aHbIKTay 60J1bl. KeprinikTi aybliapyalbliblK, eHipiciHEH
asibiHFaH 200-1€eH acTaM TYKbIM yJrijiepi 6aFrasaHabl. bBacTankbl MUKPOOHOJIOTUSJIBIK, TaJ 1Ay
MeH MUKPOCKONHUSJIBIK 3epTTey/ieH KeliH pubocoManblK JJHK-HBIH ilIKi TpaHCKpUNLKATIaHATBIH
cnericepi (ITS) aiimarbiH aMmIInUKALUANAY )KoHE CEKBEHUPJIEY apPKbL/Ibl HAKThI MOJIEKYJIA/IbIK
UJeHTUOUKALMSA XKacabl. AJIbIHFaH Ti36eKTep/liH puIoreHeTUKABIK TaAAaybl eKi TypJi TYPAiH;
Aspergillus niger xoaHe Aspergillus fumigatus 6ap ekeHiH pacTtazbl. Ocbl 6apJibIK XKep/ie TapajfaH
canpoUTTePZiH 06J1iHIN albIHYbI )KePTiJiKTi KIMMaTTbIK GpaKTOpJap MeH KoMMa MUKpPOK/IUMa-
Thl 9CEPiHEH YIIbIFATbIH, €TiH XKUHAy/JaH KeHiHTi caHblpayKyJaKTap/AblH alTapJibIKTall KebewiH
KepceTesi. by HoTHKeslep aMaKThIK eriH )KWHay/JaH KeliHri MHQpaKypblIbIM/IaFbl MaHbI3/bl
OCaJIIbIKThI KOpPCETE/1i )koHe KaTaH, GUTOCAHUTAPHUSJIBIK MOHUTOPUHT KQXKETTI/IriH 6aca alTazpbl.
’KakcapTbliFaH, TYpaKThbl CaKTayZAbl 6acKapy CTpaTerusiJlapblH €Hri3y caHblpayKyJlaKTapMeH
JIaCTaHy/lbl a3aUTY K9He KePriiKTi ayblIapyallbl/IbIK 6HIMAEPiHiH Kayinci3AiriH KaMTaMa-
CbI3 €Ty YIIiH 6Te MaHbI3/bl.

Ty#iH ce3gep: Cicer arietinum, caKkTay caHbIpayKyJlaKTapsbl, Aspergillus niger, Aspergillus
fumigatus, ITS p/IHK, duTocaHuTapUsabIK MOHUTOPHHI, €TiH XKUHayAaH KeUiHri cana
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Molecular identification and diversity of Aspergillus storage fungi in chickpea seeds
from the Akmola region, Kazakhstan

MouiekynsapHasa uaeHTUGHUKALUA U pa3HOOGpa3ye rpu60B XpaHEeHU
Aspergillus B cemeHax HyTa B AKMOJIMHCKOH 06J1acTu Ka3axcraHa

P.C. YaxuTt!, A.M. C™marynoBa?, A.C. A6am?, B.C. Kuan*, K.A. [llocem6aeB”™

1245 Jlabopamopust 6UOpa3HO06paA3Usl U 2eHemuUYecKUXx pecypcos,
HayuoHaavHblll yeHmp 6uomexHoozuu, Acmawna, Kazaxcman;
3Boicuiast wWKo/1a ecmecmeeHHbIX HaYK,
MedcdyHapodHnblii yHusepcumem AcmaHa, Acmana, Kazaxcmah;
SKagpedpa 6uomexHosozuu u Mukpobuosozuu, Eepazutickuii HayuoHa/bHbIl yHUBepcumem
umeHnu JI.H. I'ymuneea, Acmana, Kazaxcmau

AuHoTauus. HyT (Cicer arietinum L.) - BakHasi 3epHO0000Basi KyJIbTypa, 0cjaey60poy-
HO€e KaueCTBO KOTOPOU YaCTO CHMUXKAETCS U3-3a ONNOPTYHUCTUYECKUX TPUOOB XpaHEHHs], UTO
NPUBOJUT K 9KOHOMUYECKUM NOTEPSAM U MOTEHIMAJIbHbIM PUCKaM /J1Jisl 3/J0POBbsI B CBSI3U C
KOHTaMHUHalMeld MUKOTOKCMHAaMU. HecMOTps1 Ha ero cesibCKOX03s1MCTBEHHOE 3HaYeHue, UHQOop-
Malus o rpubax XxpaHeHHUs], IopaXKallUX ceMeHa HyTa B KazaxcTaHe, ocTaeTcsl orpaHUYeHHOM.
llesib1o JAaHHOTO KUCC/IEeJOBAaHUSA ObLIO BblieJieHUE U U eHTUPUKaLus BUJ 0B Aspergillus, KoH-
TaMUHUPYIOLIMX CEMeHa HYTa, BbIpallleHHOr0 B AKMOJIMHCKOM 06J1acTU. BbL10 o1jeHeHo 6oJiee
200 o6pa310B ceMsH, MOJy4YeHHbIX U3 MECTHOTO CeJIbCKOX035MCTBEHHOI 0 NPOXU3BO/CcTBA. [lo-
cJie IepBUYHOT0 MMKPOOHOJOTUYECKOT0 aHa/IM3a U MUKPOCKOITUYECKOI0 MCC/Ie/J0BaHUsA Oblia
NpoBeJieHa TOYHasi MOJIeKyJIsipHas UAeHTUPUKALUSA TyTeM aMIVIMPUKALIMK U CEKBEHUPOBaHUS
peruoHa BHyTpeHHero TpaHckpubupyemoro cnercepa (ITS) pubocomuoit IHK. ®unoreneru-
YeCKMU aHaJIU3 NOJIyYeHHbIX M0CJAe/[0BaTe/bHOCTEN NOATBEPAU HAJTUUUE ABYX PAa3JIUYHbBIX
BUJI0B: Aspergillus niger v Aspergillus fumigatus. BolgesieHre 3THX MOBCEMECTHO pacnpocTpa-
HEHHBIX CAalpOPHUTOB YKa3bIBaeT HAa 3HAYUTEJIbHOE PAa3MHOXKEHUE N10CIeyOO0POYHbIX IPUOOB,
ycyry6J/sieMoe MECTHBIMU KJIUMAaTUYeCKUMU GaKTOPaMHU U MUKPOKJIMMATOM XPaHUJIUIL. ITH
pe3y/IbTaThl BhISBJSIOT 3HAYUTENbHYIO YI3BUMOCTb B pETMOHAJIbHOU 10CIey60pPOYHON UH-
bpacTpyKType ¥ NoA4EPKUBAIOT HEOOXOJUMOCTb CTPOTOro GUTOCAHUTAPHOTO MOHUTOPHUHTA.
BHespeHue yyUllleHHbIX, YCTOMYUBbBIX CTpAaTerui yrpaB/ieHHs XpaHEHHEM UMEET pellaloliee
3HauYeHHe JIJIs1 CHIXKeHHUsI TPUOKOBOM KOHTaMUHALMU U o6ecrieyeHusi 6e30MacHOCTU MECTHOM
CeJIbCKOX03IMCTBEHHOM NPOAYKI U H.

KiroueBsle cioBa: Cicer arietinum, rpu6sl XxpaHeHnus, Aspergillus niger, Aspergillus fumi-
gatus, ITS p/IHK, duTocaHUTapHBI MOHUTOPUHT, 10CJEYH60POYHOE Ka4eCTBO

ABTOpJIap TypaJibl M3JIiMeT:
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JIUTIK YKoHe reHeTUKAaJIbIK pecypCcTap 3epTXaHaCbIHbIH aFa FblIbIMU Kbi3aMeTKepi, 010000, AcTaHa,
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Cmazynoea AiiHypa MypamoeHa — 610JI0THS FhIJIbIMAAPbIHbIH, KAHAUAATHI, YJITTHIK
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ara reuibiMU Kbi3MeTKepi, 010000, Actana, KazakcraH.

A6aw AamvuiHeya Cem6aiiKbi3bl — AcTaHa XaJibIKapaJiblK yHUBepcUTeTi JKapaThuibiCTaHy
FbLJIBIM/IAPbI )KOFapbl MeKTeOiHiH JokTOopaHThl, 010000, AcTtaHa, KazakcTaH.
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Bbuoxumunuyeckas ¥ yHKIMOHA/IbHAA XapaKTepPUCTUKA
3HAoHyK/ea3bl NucS u3 Mycobacterium tuberculosis

¥.0. 3eitn! “, B.11I. fikynog 2%, C.A. Tumomyk 3“, A.M. Typrumb6aeBa+”,
P. U. Bepcumo6au 57, C.K. AGenbaeHOB ¢*
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AHHoTauuAa. Hapacrawiuas jekapcTBeHHas yCTOMYUBOCTb M. tu-
berculosis 06ycioB11BaeT He06X0AUMOCTb O CKA HOBBIX MOJIEKYJISIPHBIX
MuUlleHel. [lepcneKTUBHBIM 06'b€KTOM B 3TOM OTHOLIEHUU SIBJISETCS
3HAoHyKJea3a NucS — QyHKIIMOHA/IbHbIW aHaJIOT KAHOHUY€eCKOH
CUCTEeMBI penapalyu OlIKUO60YHO ClapeHHbIX 0CHOBaHUK MutS-MutL-
MutH, oTCyTCTBYIOUIUX Y MUKOGAKTEPUH.

B HacToflleil paboTe mpoBejeHa OUOXUMUYeCKaAs U
byHKIMOHaNbHasA XapakTepucTuka NucS us M. tuberculosis. Pekom6u-
HaHTHbIe 6esiku MtbNucS 1 MtbDnaN nostyyensl B cucteMme E. coli Arctic
Express (DE3). [lokazaHo, yto MtbNucS nposBJ/isieT uU36upaTeJbHYIO
HYKJIEa3HY0 aKTUBHOCTb B OTHOLIIEHUH Cy6CTPaTOB ¢ MUcMaTyaMu GeT
U UeG; onTUMaJibHbIE YCI10BUSA KaTanau3a — 25 MM Tris-HCI (pH 8,0), 40
MM MgCl; u 2,5 MM MnCl,. Ckonp3samuii 3axkuM MtbDnaN okasbiBaeT
AByxda3HbI{ 10303aBUCUMBbIN 3QPeKT Ha aKTUBHOCTb pepMeHTa. CalT-
HallpaBJeHHbIN MyTareHe3 MoATBePAUJI KJIIOUYEBYIO POJib OCTAaTKOB
W52 1 D137 B popmupoBanuu aktuBHOro 1eHTpa NucS. [losiydyeHHbIe
JlaHHbIe 000CHOBBIBAIOT NepcrneKTUBHOCTb MtbNucS kak Mulenu s
pa3paboTKU HOBBIX IPOTHUBOTYOEPKYIE3HBIX IPENapaToB.

KiroueBsble cioBa: Ty6epkyies, Mycobacterium tuberculosis,
NucS, penapanus /IHK, penapanys omin604HO clapeHHbIX OCHOBaHUH,
aHTUOUOTUKOPE3UCTEHTHOCTb.
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BBegeHue

[To nanubiM BO3 3a 2021-2024 roasl, Kazaxctan BxoauT B uucio 30 cTpaH c HauboJiee
BbICOKOM PacHpOCTPaHEHHOCTbIO MHOXKECTBEHHOM JIeKapCTBEHHOU YCTOWYUBOCTbIO (MJIY-
TB) u ycroitunBoro k pudpamnuuuny (PY-TB) [1]. B 2023 rogy B cTpaHe 3aperucTpupoBaHoO
14 000 cayyaeB Ty6epkyJiésa (70 Ha 100 000 HacesneHus), u3 kotopbix 5 600 (28 Ha 100 000)
npuxouaocb Ha MJIY-TB/PY-TB [2].

CyuiecTBymoliMe aHTUOMOTUKU BO3/I€UCTBYIOT Ha KJIl0OUeBble KJIeTOYHbIe MPOLLECCHI,
O/IHAaKO HapacTarollas JiekapCTBeHHasl yCTOUYUBOCTb Mycobacterium tuberculosis cyiiecTBEHHO
orpaHu4uBaeT UX 3G PEeKTUBHOCTb. ITO 0OYCI0BIMBAET HEOOGXOJUMOCTb MOUCKA HOBBIX
MOJIEKYJIIPHBIX MUILIEHEN, CpeZi KOTOPBIX 0COObIA UHTEPEC NPEeCTaBASI0T CUCTEMbI penapalnuu
JHK, urpariye Kjir04eBy0 poJb B BBKMBA€MOCTH U BUPYJIEHTHOCTU MUKOOaKTepuH [3].

B xozne nHdeKkLMOHHOrO0 npolecca reHoM M. tuberculosis HenpepbIBHO MOJBEPTaeTCs
MOBpEX/1alolleMy BO3/IeICTBHIO0 CO CTOPOHBI MaKpodaroB X03s1MHA U aHTUOUOTHUKOB, & CUCTEMBI
penapauuu /IHK o6ecrneyrBaloT reHOMHYIO CTaOU/IbHOCTD MAaTOTe€HAa U €ro NaTOreHHOCTh [4,
5]. [IpuMeyaTesbHO, YTO, B OTJIMYUE OT GOJIbIIMHCTBA OPraHU3MoOB, M. tuberculosis 1uiéx
KJIACCUYECKUX 6eJIKOB CUCTEMbI penapaluyi HecnapeHHbIX ocHoBaHUM (MMR) — MutS u MutL
[6], HECMOTpPS Ha TO YTO YACTOTA U CIEKTP CIIOHTAHHOTO MyTareHesa y HEro COnoCTaBUMbI C
BUJaMU ¢ PYHKIMOHAJIBbHOU penapanue oln604YHO CllapeHHbIX OCHOBAHUH [7], YTO yKa3bl-
BaeT Ha CYIleCTBOBaHMUE aJIbTEPHATUBHOTO MeXaHU3Ma penapanyy OlMO04YHO CllapeHHBbIX
ocHoBaHu# (MMR).

Y MUK0GaKTepuH poJib KAHOHUYECKOU cucTeMbl MutS—-MutL-MutH BbinoJiHsIeT 6GeJioK
NucS. leneuus nucS y M. smegmatis BocnporusBoAUT peHoTun MMR-gepUIUTHBIX IITAMMOB:
pe3Koe Bo3pacTaHUe YacTOThl MyTalUH, Ipeo6sia/jaHre TPaH3UIMK U yCUJIeHHe TOMOJIOTUYHON
pekoMm6uHanuu. B kommiekce ¢ JIHK-nonuMepazoit DnaE1 NucS o6ecrnieyrnBaeT HUCKJIIOUYUTENbHO
HM3KHMH ypOBEeHb MyTareHesa — nopsgka 1071° na Hykaeotus 3a nokosienue [7].

dusoreHeTUYECKUMN aHaAU3 NMOKa3bIBaeT, 4TO NucS BO3HUK y apxel mocje ux
JIUBEPreHI MU U ObLI Nlepe/laH aKTUHOOGAKTepUsM NOCPeICTBOM FOPU30HTANILHOTIO IlepeHoca
TeHOB, CONPOBOXAaBLIerocs yrpatoi cucreMmbl MutS-MutL y ux obuero npejika. 3a npeseaamMmu
aKTHHOOaKTepuil u rpynnbl Deinococcus-Thermus NucS-no/jo6Hble 6eJIKM He 0OHAPY>KeHbI, YTO
00bSICHSIET UX MO3au4YHOe puUoreHeTUYeCKoe pacnpeaeeHue [7].

XoTA paHee BbICKa3bIBaJIOCh MPEJAIOJIOXEHHWE O TOM, UYTO OJJHOHYKJIEOTUJHbIE
noJiIMMOP(HU3MbI B reHax penapaluu U pelyivKaluy JexaT B OCHOBe TMIepMyTabe/lbHOCTU
M. tuberculosis [8], ux pakTHUeCKHUU BKJIaJl B MyTareHes okasaJics He3HauUMTeJbHbIM. BMecTe
C TeM ObLIM UJeHTUOULUPOBAHbI TUIIepMyTabesibHble KIUHUYeCKHUe U30aThl M. tuberculosis
CO CHU>KEHHOM aKTUBHOCTBIO 6esika NucS [7], uTo nofguépKuBaeT ero KJaH4eByI0 POJb B MO/
Jlep>KaHUU TeHOMHOM CTabUJIbHOCTU NaTOreHa.

WHakTuBauuda nucS y M. smegmatis noBbIlIaeT 4acTOTy MyTanui npumepHo B 100 pa3
[9], a B 3aBUCMMOCTH OT BU/ja OpraHM3Ma U aHTUOHOoTHKa — B 86-280 pas, 4To conocTaBUMO C
3pdeKkTOM MHAKTUBALMK MutS/mutL, npy KOTOPOX NpHUpoCT MyTareHe3a gocturaet 100-1000
pas [10].

CpaBHUTeJIbHBIN aHa/IU3 Nocaef0BaTesbHOCTer NucS us S. ambofaciens v ero opToJioroB
u3 M. smegmatis, M. tuberculosis v C. glutamicum moxasaJi BbICOKYI0 CTelleHb UJIeHTUYHOCTH —
75%, 78% u 72% cOOTBETCTBEHHO, — CBU/IETEJILCTBYIOLYI0 O 3HAYUTEJNbHOU 3BOJIIOIJMOHHOU
KOHCEpPBAaTUBHOCTH 6eJika cpeiu akTUHObOakTepul. CTpykTypHO N-KOoHIIeBoU AoMeH NucS
oTBeuaeT 3a cBa3biBaHMue JIHK, Torga kak C-koH1eBo¥ RecB-11oj06HBIN JOMeH HECET KaTaJIu-
TUYEeCKY10 HyKJIea3Hylo akTUBHOCTb [11]. KaTanuTudeckas aktTuBHOCTb NucS f,0N0JTHUTENIBHO
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yCUJIMBaeTCd PU B3aUMOJENUCTBUH CO CKOJIB3SIUM 3aKMMOM: Y apXeu 3Ty POJib BbINOJHAET
PCNA, cBsi3bIBaHHE C KOTOPbIM OCYyIeCTBJSAETCS Yepe3 KOHCcepBaTUBHbIN PIP-moTuB [12].
[IpvBeiéHHbBIE JaHHbIE 000CHOBBIBAIOT EPCIEKTUBHOCTL pepMeHTOB penapauuu JHK
KaK MOJIEKYJISIPHBIX MUILIEHEeH JJ1s pa3paboTKU HOBBIX IPOTUBOTY6EPKY/IE3HBIX IPENapaToB B
YCJIOBUSIX HapacCTawIl el JeKapCTBEHHOM yCTOMUUBOCTH [3, 4, 13]. HacTosas paboTta nocssieHa
6MOXMMHUYECKOM U QYHKIMOHAJbHOM XapaKTepucTUKe HykJea3bl NucS us M. tuberculosis.

MaTepl/laJIbl M MeTOoAbl HCC/IEJOBAHUA

AmMnaugpukayus u KaoHuposaHue 2eHos nucS u dnaN

['enbl nucS v dnaN amninunupoBasu u3 renomHon JJHK M. tuberculosis H37Rv ¢
ucnoJsib3oBaHueM JIHK-nonvmmepassl Phusion (1xHF 6ydep, 0,2 MM gHT®, 42 Hr MmaTpuibl).
Jist kouupoBaHus nucS B pET28c(+) u pMBP-parallel2 ucnosib3oBasiu npaiiMepsl ¢ calTaMu
Ndel/EcoRI u Ncol/EcoRI cooTBeTcTBeHHO; A1 dnaN — npaiiMepsl ¢ caiitamu Ndel/BamHI.
TemnepaTypHbiii npodusb A nucS: +98°C 1 muH; 35 nukios (+98°C 10 ¢, +55°C 30 ¢, +72°C
30 ¢); +72°C 7 muH; gy dnaN — aHaJIOTUYHO, HO 3JioHTauus +72°C 1 MUH u duHanbHasA +72°C
10 mMuH.

[ILP-npoaykTel ouniaau HabopoM Monarch PCR & DNA Cleanup Kit (NEB). BcraBku
Y BEKTOPbI TUAPOJIU30BaIM COOTBETCTBYOLUIMMHU PeCTPUKTA3aMU U JIMTUPOBaIU npu +4°C B
TeyeHue 16 yacoB (50 Hr BekTOopa, 40 Hr BcTaBky, 0,5 en. T4 JHK-1urassi). Knetku E. coli DH5a
TpaHCcHOPMUPOBAIM TEMJIOBBIM LIOKOM; MOJIOXKUTEIbHbIE KI0HBI 0TOUpasu [IP-ckpuHUHrOM €
npaiimepamu T7 wiau M13. [lnasmuguyto JAHK Boigensisiu Habopom MiniPrep (Thermo Scientific)
¥ BepuPUIUPOBAIU CeKBeHHpOBaHueM 1o CaHrepy.

[ amnindUKaLuu reHoB UCI0J1b30Ba/u cleAyoliue npaiMepsl (Tabauna 1).

Ta6suna 1
Cnucok npaiMeposB

Ndel-MtbNucS_fw 5" GGTTTCATATGAGTCGGGTGCGTCTAGTC 3’
EcoRI-MtbNucS_rv 5" CCGGAATTCCTCAGAACAGCCGGTACTCG 3’
Ncol-MtbNucS-parallel2 | 5" GCCATGGGAAGTCGGGTGCGTCTAGTC 3’

EcoRI-MtbNucS-paral- | 5 CCTTTGAATTCTCAGAACAGCCGGTACTCGCC 3’
lel2

Ndel-MtbDnaN 5" GGGTTTCATATGGACGCGGCTACGACAAGAGTTG 3’
BamHI- MtbDnaN 5" CGCGGATCCTCAGCCCGGCAACCGAAC 3’

Catlim-Hanpas/eHHbIU MymazeHe3

MyTtaHTHbIe BapuaHTbl NucS W52S 1 D137A noJiy4ajiu MeTOJ,0M CalT-HalpaBJeHHOTO
MyTareHe3a Ha BekTope pMBP-parallel2/MtbNucS c ucnosnbzoBanuem Hab6opa QuickChange® XL
(Stratagene) u cooTBeTCTBYOIIMX Map npaiiMepos. [Tocse [P peakyuonHyo cMech (15 MkJ1)
nHKyouposasu ¢ Dpnl (0,5 Mku1) npu +37°C B Teduenue 1 yaca ass aerpajganuu matpuynou JJHK,
nocse yero TpaHchopMmupoBasiu KiaeTku E. coli DH5a TensioBbIM mokoM. Hasinuue 1iesieBbIX
3aMeH BepuUIIMPOBaIM CEKBeHUpPOBaHUeM 1o CaHrepy.
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Jl151 calT-HanpaBJIeHHOT0 MyTareHesa UCI0/1b30BaJu caefytoline npaiimepsl (Tabauua 2).

Ta6una 2
CnucoK npaiiMepoB AJisl CAlT-HallpaBJIEHHOT'0 MyTareHe3sa

MtbNucS_W52S_Fw 5" GTTGAACTCGATGAGTCCGCCGTGCT 3’
MtbNucS_W52S_Rv 5" GACTCATCGAGTTCAACGGCTTGTAG 3’
MtbNucS_D137A_Fw 5" GCGATCGGCCCCGTCGACCTGCTGT 3’
MtbNucS_D137A_Rv 5’ TCGACGGGGCCGATCGCGGTCATGT 3’

Xpomamoepaguueckas ouucmka pekomMbuHaHmHwlx 6esakoe MtbNucS u MtbDnaN

Benku MtbNucS gukoro Tuna u mytaHTHbIe BapuaHTbl W52S 1 D137A skcnpeccupoBaiu
B E. coli Arctic Express (DE3), TpaHcdopMUpOBaHHON COOTBETCTBYIOLIMMU IJ1Ia3MuaMu pMBP-
parallel2. 3kcnpeccuto unayuuposaiu 0,5 MM UIITT npu ODggo = 0,6 c mocieaytoleit MHKy6a-
nuei npu +18°C, 100 06/muH B TeueHue 16 yacoB. Knetku ocaxaanu (6000xg, +4°C, 7 MUH),
pecycnenupoBasiu B 6ydepe 20 MM Tris-HCl pH 8,0, 200 MM NaCl, 1 MM 3/ITA c unru6uTOpamMmu
npoTeas v pa3pyuiaju 06paboTkol nsonumom (3 Mr/mJ, 20 MUH) U yabTpa3ByKoM. JIu3aT oca-
»Janu nentpudpyrruposanreM (40 000xg, +4°C, 1 yac). OYUCTKY NPOBOAU/IN OCAE0BATENIbHO
Ha KosioHkax MBPTrap HP, HisTrap, Q/SP u Sephacryl S-200 (Bce Cytiva) na cucreme AKTA go B
rpaZiueHTe MajabTo3bl 0 10 MM.

Besnok MtbDnaN skcnpeccupoBasiv aHaJOTMYHO U3 mia3Muabl pET28c(+)/MtbDnaN u
OYMILIaIM MeTaJlJI-XeJaTHOM xpoMaTorpadueid Ha kosoHKe HisTrap HP B rpasnenTe nuMuziasosa
50-500 MM. Bce 6enkoBbie ppakyuu xpanuau npu -20°C B 50% ruvnepuse.

OnpedesieHue penapayuoHHOl aKmueHocmu

CybcTpaTHyto crieldPpUIHOCTb UCCIe0BaJIH C UCII0JIb30BAaHUEM 22-MEPHBIX U 75-MePHbIX
JAHK-nynnekcoB popmaTa XeN, rae X — omin604Ho criapeHHbIM HykaeoTU[ (A, G, C, T uau U)
B TAMRA-MeveHo# nienu, N — koMmnaeMeHTapHbli HykaeoTUs (A, G, C uau T) B npoTUBONO-
JIOXKHOM Lenu. [lyniiekcel nosy4yanu oxurom B 6ydepe 50 MM KCl, 20 MM HEPES-KOH (pH 7,5)
npu +65°C B TeueHHe 5 MUHYT C MOCJAeAYIOIIUM OXJIBKAEHUEM 10 KOMHATHON TEMIIEpPATyPhI
B TeyeHue 1 yaca.

PeakuuoHnHas cMech (20 Mki1) cofeprkania 20 HM cy6cerpaTta 5>-TAMRA-XeN, 25 MM Tris-
HCI (pH 8,0), 5 MM DTT, 0,1 mr/ma BSA, 0,1% Triton X-100 u pepMeHT B BapbUpPyeEMbIX KOHLIEH-
Tpauusax. UHKyb6auuo npoBoAuu npu +37°C; peakiyMio ocTaHaBAKWBa/H cTomn-6ydepom (0,2%
JCH, 20 MM 3/ITA). [IpoayKThI peakiuu 06eccoiMBaid Ha KosloHKax ¢ cedpagekcom G25 (GE
Healthcare, 7,5 M MoueBuHa) u pa3gensiiv anekTpodope3oM B AeHaTypupytoweM 20% [TAAT
(7,5 M moueBuHa, 0,5% TBE). 'esiu ckanupoBa/iv Ha cucteMe Molecular Imager® PharosFX™ u
aHaJIM3UPOBaJIU B nporpamMmMme Image Gauge v.4.0.

CNUCOK OJIMTOHYKJIEOTH/ OB, UCIOJIb30BAHHBIX [JIs1 ONpeJiesieHUsA CyOCTPaTHOU
cnenuduruiHocTy pepmenTa (Tabauna 3).
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Ta6smna 3
CnMCOK OJIMTOHYKJ/ICOTU/A0B

U-22-TAMRA TAMRA-d(CACTTCGGAUTGTGACTGATCC), rne U - 2’ ne30KCUypUAUH
22-COMPL-G 5’ GGATCAGTCACAGTCCGAAGTG 3’
U-75-TAMRA TAMRA-d(CATTACAGCGCCTGCAAGCTCAATTAA TCGTAXTGCTACACTG-

GAGTACCGGAGCGTCGTCATGACAACGAATGG), rae X - 2’-deoxyuridine

75-mer_compl-G

5" CCATTCGTTGTCATGACGACGCTCCGGTACTCCAGT GTAGCAGTACGAT-
TAATTGAGCTTGCAGGCGCTGTAATG 3’

75-mer_compl-A

5" CCATTCGTTGTCATGACGACGCTCCGGTACTCCAGT GTAGCAATACGAT-
TAATTGAGCTTGCAGGCGCTGTAATG 3’

TAMRA - Mis- | 5 CGAACTGCCTGGAATCCTGACGACGTGTAGCGAACG ATCACCTCA 3’
match-G
TAMRA - Mis- | 5 CGAACTGCCTGGAATCCTGACGACTTGTAGCGAAC GATCACCTCA 3’
match-T

Mismatch-T-compl

5" TGAGGTGATCGTTCGCTACATGTCGTCAGGATTCCA GGCAGTTCG 3’

Mismatch-C-compl

5" TGAGGTGATCGTTCGCTACACGTCGTCAGGATTCC AGGCAGTTCG 3’

A-22-TAMRA TAMRA-d(CACTTCGGAATGTGACTGATCC),
rae A B 10 nosoxeHUH

C-22-TAMRA TAMRA-d(CACTTCGGACTGTGACTGATCC),
rae C B 10 moJsiokeHUH

G-22-TAMRA TAMRA-d(CACTTCGGAGTGTGACTGATCC),
rae G B 10 moJsioxkeHUH

T-22-TAMRA TAMRA-d(CACTTCGGATTGTGACTGATCC), rae T B 10 moJsio>keHUH

22-COMPL-T 5" GGATCAGTCACATTCCGAAGTG 3’

22-COMPL-A 5" GGATCAGTCACAATCCGAAGTG 3’

22-COMPL-C 5" GGATCAGTCACACTCCGAAGTG 3’

22-COMPL-G 5" GGATCAGTCACAGTCCGAAGTG 3’
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QusaozeHemuveckull aHau3 u nocmpoeHue Mooeau

AMUHOKMCIOTHYO nocaefoBaTesbHOCTh MtbNucS nosyvyanu us NCBI GenBank; nouck
rOMOJIOTOB NPOBOAUIN anropuTMoM BLASTp, MHOXKeCcTBEHHOe BbIpaBHUMBaHKe — B IporpaMMax
Clustal Omega u MEGA11. CtpykTypy romoJsiora EndoMS T. kodakarensis (PDB ID: 5GKE) 3arpy-
*aJii u3 6a3bl JaHHbIX PDB; npegckasanue crpykTypbl MtbNucS BbINOJIHANU € MCTIOJIb30BAHUEM
niatdopMel AlphaFold. HasnoxxeHue cTpyKTyp ¥ CpaBHUTEJIbHBIM aHA/IM3 PaCloJI0’)KeHUs aMU-
HOKUCJIOTHBIX OCTAaTKOB MpoBoAuIU B mporpamMme PyMOL (Schrodinger, NY).

Pe3ysibTaThl M 06CyKAEHUE

KaonuposaHue eeHos nucS u dnaN u3 M. tuberculosis e gekmopa pET28¢c(+) u pMBP-parallel2

['enbl nucS (681 n.0.) u dnaN (1209 n.0.) 66111 aMIIMPUIUPOBAHBI U3 reHOMHOM JIHK
M. tuberculosis v k1oHUpoBaHbI B BeKTOpbl pET28c(+) u pMBP-parallel2 no cooTBeTcTBYy!10-
MM cauTaM pecTpukyuu. CekBeHMpoBaHue 1o Canrepy nogreepauio 100% naeHTUYHOCTD
NOJIy4YeHHBIX 0C/e[0BaTe/ibHOCTEN pepepeHcHBIM AaHHBIM GenBank (NC_000962.3) u oTcyT-
CTBUe MyTalMH. B pesysibTaTe 66114 CKOHCTpYyUMpoBaHbl mia3Mmuzbl pET28c/MtbNucS, pMBP-
parallel2/MtbNucS v pET28c/MtbDnaN.

Onmumu3sayus skcnpeccuu u ouucmka 6esaka TEV

Jna otwennenusa MBP-mMeTku ot ru6pugHoro 6eaka MBP-NucS 6b11a nosydena
pekom6rHaHTHas TEV-nipoteasa. OnTuMasibHbIe ycaoBus akcnpeccuu — 0,5 MM UIITT, +18°C,
HOYHas MHKyOalus — OblIK Nofo6paHnbl B itTaMMe E. coli Arctic Express (DE3) nyTém cpaBHeHUs
TPEX LITAaMMOB IPU Pa3/IMYHbIX KOHI|EHTPAIMSIX UHAYKTOpa. OYHUCTKY NPOBOJWJIU JBYX3TAHO:
adpuHHOM XpoMaTorpaduet Ha kosoHKe HisTrap HP (uepe3 N-koH1eBy10 His-MeTKy) ¢ no-
cJlelylollel KaTUOHOOOMeHHOW XxpoMaTorpaduei Ha kosioHKe SP HP (uepe3 C-koH1eBy10
NOJIMapTrUHUHOBYI0 MeTKY). [lonydyenHas ¢pakuusa TEV-npoTeass! (puc. 1) 6bp11a Ucnio1b30BaHa
st ruaposinza MBP-NucS c 11es1b1o BbICBO60XK1eHUsI HATUBHON ¢popmbl NucS .

A b

PucyHok 1. 'esu aByxaTanHoi ounctku TEV-npoTteassl: (A) adpdrHHas xpomatorpadus
Ha koJsioHKe HisTrap HP, ocHoBaHHas Ha B3auMoieiCTBUY N-KOHII€BOW TMCTUAUHOBOW METKHU C
HUKeJIbCcoJiepKaluM copbeHTOoM; (B) MOHHO-06MeHHas XxpoMaTorpadusi HA KATHOHOOOMEHHOM
koJsioHKe SP HP, ucnosb3syromas nosoxurenbHbid 3apsaj C-KOHeBON IOJIMAPTMHUHOBON METKHU
JIJ1s1 IOTIOJIHUTEJIbHOM OUMCTKHU OeJiKa
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Onmumu3ayus ycaos8ull skcnpeccuu u xpomamozpagpuyeckas ouucmka 6eaxka MtbNucS u3
sekmopa pET28c(+)/MtbNucS

Jxkcnpeccuto 6esika NucS TecTupoBasu B Tpéx mwtaMMax E. coli — Arctic Express (DE3), BL21
(DE3) u Rosetta2 (DE3). Haub60/b1mui ypoBEHb 3KCIPECCHU ObL JOCTUTHYT B IITaMMe Arctic
Express (DE3), Torna kak B BL21 (DE3) u Rosetta2 (DE3) uesieBoii 6eJ10K onpeaesisacs JUlllb
B CJIeJIOBbIX KoJiM4ecTBaxX. O4HAKO BO BcexX yca0BUAX NucS npenMylecTBEHHO HaKaIJIuBaJICs
B HEpaCTBOPHUMOU PppaKLKK, YTO CBHU/IETEIBCTBYET O €ro CKJIOHHOCTH K arperamuu.

JlonosHuTeNbHAsA onTUMHU3aLus B iiTaMmMme Arctic Express (DE3) nokasasa, 4To Hausy4diuye
pe3yabTaThl gocTurarTcd npu uuaykuuu 0,5 MM UIITT Ha craguu ODggo = 0,6 c UHKybOaL e
npu +18°C B TeueHue 16 yacoB. [loBriieHne koHueHTpauuu UIITT 1 onTHUYeCKON MJIOTHOCTH
KyJbTypbl 10 ODgoo = 0,8 IpUBOAUIIO K CHUXKEHUIO YPOBHA 3KCIIpecCUU. [Ipy onTUMaIbHbIX
YCJ0BUSX U3 3 J1 KYJIBTYpPbl ObLJIO MOJy4Y€HO BOCIIPOXU3BOAMMOE KOJIUUECTBO PACTBOPUMOTO
NucS, goctaTouHoe /11 6HOXUMHYECKUX IKCIIEpUMEHTOB (puc. 2). B duHanbHON Pppakuuu
npucyTcTBoBas wanepoH Cpn60, yianuTh KOTOPbIM NOJHOCTBIO HE y/1aJ10Ch, OJJHAKO ero npu-
CYTCTBHE He BJIMAJIO HAa KaTaJIMTUYECKY0 aKTUBHOCTb NucS.

PucyHnok 2. 3nektpodoperpamma (SDS-PAGE) ouncTku pekoM6uHaHTHOTO 6es1ka NucsS.

Onmumu3sayusi ycaosutl akchpecuu u xpomamozpaguyeckasi ouucmka 6esaxka MtbNucS u3
eekmopa pMBP-parallel2/MtbNucS

s noBeilieHUd pacTBOpUMOCTH NucS rcnosib30Baiy cTpaTeruro cauaHusa ¢ MBP Ha
ocHoBe BekTopa pMBP-parallel2. 9kcnipeccuto rubpuanoro 6eska MBP-NucS npoBoaunu B E. coli
Arctic Express (DE3) (600 ma JIB, 0,5 MM UIITT, ODggo = 0,6, +18°C, 16 yacoB). [locsie appun-
HOU 04MCTKU Ha KosioHKe MBPTrap 6b1s1a nostyyeHa BeicokoouuiieHHas ¢ppakuusa MBP-NucS c
MoJieKyisipHOU Maccolt ~70 k/la (pucyHok 3).

Jl/1s1 BICBOOOXAeHUsI HAaTUBHOT0 NucS npoBoauau ruaposu3 TEV-npoTeasoi B pa3any-
HbIX ycaoBUsX: +37°C (2 1 3,5 4) u +4°C (16 4) c BappbupOBaHHUEM KOJIMYeCcTBa npoTeasbl (5-40
e/l.). Bo Bcex ciy4asix pacluienjieHue 0CTaBajJoCh HEMOJIHBIM: Ha 3JIEKTPopopes3e BbISBJISAINUCh
noJsiocel HepacuienénHoro MBP-NucS (~70 k/la), MBP (~45 k/la) u nesieBoro NucS (~25 k/la).
HenosiHbIM ruiposin3, 1o Bcell BUAMMOCTH, 00YCJIOBJIEH CTEPUYECKON HEJOCTYIIHOCTBIO caTa
pacuienyieHus WU YaCTUYHOU arperanyei ru6puiHoOro 6eska (puc. 3).
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PucyHok 3. Pe3ysibTaT XpoMaTorpadpruieckoi 04MCTKU peKOMOUHAHTHOI'O TMOPHU/IHOTO
6esxka MBP-NucS 13 BogopacTBopuMoi ¢ppakiuu Ha MBPTrap HP koJsioHKe: A - XpoMaTorpaMmma,
b - anekTpodoperpamma

Jl1s1 Bb1JjesieHUs LieJieBoro 6esika nocie rugposnsa TEV-npoTeasoit 6b11a npyuMeHeHa
adpdunHasg xpomaTorpadusa Ha kosnoHke HisTrap HP, o6ecnieunBaromas yaepxanue His-MmeueHon
npoTeasbl U cBo60HOTO MBP. AiekTpodopeTruyeckuii aHaIu3 okKasas HaJlhudue ABYX KOMIIO-
HeHTOB: HepacieniénHoro MBP-NucS u niesieBoro NucS, 4To cBUAETENbCTBYET 06 3P PeKTHBHOM
yAaneHnu ceo6ogHoro MBP (puc. 4).

PucyHoK 4. Ounctka 6eska NucS nocsie rugposausa TEV npoTeasoit u pa3aesieHre Ha
MBP-NucS u NucS c ucnosbzosanuem kosonku HisTrap HP

OnTuMa/IbHBIM COOTHOLIEHUEM JJIS IPOTEe0JIn3a 0Ka3anochb 1 MKr/mi 6eska Ha 0,1 Mkr/
Mk TEV-nipoTtea3ssl, ogHako nosiHoro pacuierienuss MBP-NucS goctruub He yzanocs, mo Bcei
BU/JIUMOCTH, BCJIEICTBHE CTEPUYECKON HEJOCTYITHOCTH CakTa y3HaBaHUs NPOTEA3bl.

@uHanbHy ouncTKy NucS npoBojuiu resib-ounbTpanuen Ha kosoHke Sephacryl S-200,
YTO MO3BOJIMJIO Pa3/leJIUTh KOMIOHEHTHI CMECH 110 TUJIPOANHAMUYECKOMY 00bEMY, YIAJIUTh
ocTaTKu HepacienéHHoro MBP-NucS u TEV-nipoTeassl ¥ moJIy4uTh 060TalléHHY0 GpaKI[UI0
1jeJ1eBOr0 OeJsiKa AJis NOCAeAYI0IIUX OMOXMMHUYECKUX IKCIEPUMEHTOB (pHcC. 5).
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A b
PucyHok 5. XpomaTtorpamma (A) u anektpodoperpamma B SDS (B) ouucTtku
pekoMbuHaHTHOTO 6eska MBP-NucS Ha kosioHke Sephacryl S-200 nocsie rugposausa TEV-
npoTea3oun

Xpomamoepaguueckas ouucmka 6esaxka MtbDnaN u3 eekmopa pET28c(+)/MtbNucS

Pexom6uHaHTHBIN 6es10k MtbDnaN 6611 skcnipeccupoBad B E. coli Arctic Express (DE3) u
OYHIIeH MeTaJlJI-XeJlaTHOM xpoMaTorpadueid yepe3 N-koH1eByto His-MeTKy. dnekTpodopeTrye-
CKMU aHaJIU3 MOATBEPAMJI YUCTOTY NpenapaTa Ha ypoBHe ~95% (puc. 6). B pactBope MtbDnaN
CYyLLEeCTBYET B BU/IE UMepa C MOJIEKYJIAPHOU Maccou ~84 k/la.

PUCyHOK 6. JsiekTpodoperpama xpomatorpadpruieckor 04UCTKH PEKOMOUHAHTHOTO
oeska MtbDnaN

OnpedeseHue penapayuoHHoli akmueHocmu MtbNucS

KaTanuTuyeckywo akTUBHOCTb NucS vccieoBalv B peakiiuu ruiposinsa 45-MmepHoro
cy6erpata 45GT (5-TAMRA, 10 HM) B 6ydepe 25 MM HEPES-NaOH (pH 6,5), 2,5 MM MgCl,, 5
MM DTT, 0,1 mr/mu BSA, 0,1% Triton X-100 npu +37°C B TeueHHe 1 yaca. brisia 3adpukcrupoBaHa
ciabasi, HO BOCIPOU3BOJUMasi aKTUBHOCTb ¢pepMeHTa (pHUC. 7), YTO MOXKET ObITh 00YCI0BJIEHO
HeNoJIHbIM OTIleNJieHneM MBP-MeTKH, yacTUYHOU arperanueit 6esika ujiu He06X0AMMOCTbIO
JIOTIOJIHUTEIbHBIX KOPAKTOPOB, B YaCTHOCTH CKOJIb3si1ero 3axkuma DnaN.
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PucyHok 7. OnpepesieHre akTUBHOCTH 6esika NucS B oTHomeHUU GIyopecLeHTHO-
MeveHoro cy6ctpaTta 45GT (5>-TAMRA).

st onpesiesieHUs Cy6CcTpaTHOM criequUIHOCTH 6esika NucS 6bl/1a poBeieHa cepust
peakuuii ¢ HA60POM 22-MepHBIX OJIMTOHYKJIEOTUAHBIX CYOCTPaTOB, MeYeHHbIX G1yopodpopoM
TAMRA Ha 5>-KOHIl€e, B CTaHJapTHBIX peaKIiMOHHbIX yca0BuUsx (25 MM Tris-HCl pH 8.0; 2,5 MM
MgCl,; 5 MM DTT; 0,1 mr/mu BSA; 0,1% Triton X-100; +37°C; 1 yac). AHanu3 NpoAyKTOB pe-
aKLMU NoKasaJ, 4yTo 6es0k NucS nposiB/isieT U36rMpaTesbHY0 KaTaJIMTUYECKY0 aKTUBHOCTD
B OTHOIIEHUHU CybCcTpaTa, cofepxkailero MucMaty UeG — ypalyu/ HapoTUB ryaHHWHa (puc.
8). [losiyyeHHbIEe JJaHHBIE COTJIACYIOTCS C Mpe/rnoaraeMou posibio NucS B pacno3HaBaHUU U
penapalnuy olIMO0YHO CIapeHHbIX OCHOBAaHUH.

PucyHok 8. AkTuBHOCTb 6eJsika NucS B OTHOIIEHHUM Cy6CTpaTa, CoJieprKalllero ypauui
HaNpOTHUB r'yaHHWHaA

C 1eJsiblo OLleHKH 3aBUCMMOCTH NpoueccuBHOCTH NucS OT KOHLleHTpauuu 6eska 6bL1a
NpoBeJleHa cepHus peakiui ¢ 75-MepHbIM cyocTtpaToM 75 UG, copepkauiuM mucmaTtyd UeG u
MeueHHbIM TAMRA Ha 5>-KOHI1e, B aHaJIOTUYHBIX YCJI0BUSX (puUc. 9). Pe3ynbTaThl NoKasajiy, 4To
NOBbIIIEHUE KOHI[eHTpaLuu 6esika NucS B peakIJMOHHOM CMeCH CONPOBOXKAAETCS yMePEHHBIM,
HO BOCIIPOM3BOJMMbIM yBeJIMUEHUEM NPOLECCUBHOCTU PepMeHTA B OTHOLIEHUHU JAHHOTO
cybctpaTa. /10303aBUCUMBIN XapaKTep akTUBHOCTH CBU/IETEJbCTBYET O TOM, UTO KaTaJUTHUYeCKast
addexkTuBHOCTb NUcS onpejesisieTcss B TOM YUCJIE JOCTYNHOCTbIO pepMeHTa OTHOCUTENbHO
cybcTparta, YTO MOXKET UMeThb 3HaYeHHUe /15 peryJIsiiiui penapaldoHHON aKTUBHOCTH B YCJIOBUSAX
KJIETKHU.
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PucyHOK 9. BiiMsiHue KoHIleHTpanyu 6esika NucS Ha NpoLeCCUBHOCTb NIPH JIeUCTBUHU
Ha cyo6ctpaT 75GT (5-TAMRA)

3asucumocms 3HOOHYKAea3HOU akmusHocmu MtbNucS om npucymcmaus kogpakmopoa
Memasnos

[locko/IbKY aKTUBHOCTb psijia 3HJ0HYKJea3 MMR-crucTeM 3aBUCHT OT JBYyXBaJIEHTHBIX
rvoHoB MeTas1oB [30, 31], 6b61/10 MCCIeJOBAaHO UX BMsIHUE Ha akTUBHOCTb NucS. [TokasaHo,
4yTO noBbllieHHe KoHneHTpauuu MgCl, ((puc. 10) u MnCl, koHIIeHTpalMOHHO-3aBUCUMO CTHU-
MyJIMpyeT aKTUBHOCTb GepMeHTa, TorAa Kak JjobaBiaeHue CoCl, oka3biBaeT MHTHOUpPYIOIee
JlelicTBHe — JacTU4yHoe B kombuHauuu ¢ MgCl, u nonHoe B koMm6uHauuu ¢ MnCl,, BepossTHO
BCeiCTBYE KOHKypeHLuK Co?* 3a KoOpIMHALMOHHbIE [IeHTPbl aKTUBHOTO caifTa. Jis JaibHeAInxX
3KCIIEpUMEHTOB ObLIU BbIOpaHbl KOHIeHTpanuu 40 MM MgCl, u 2,5 MM MnCl,.

Pucynok 10. Biusinue nonoB MgCl2 Ha akTuBHOCTB 6esika NucS.

Cmumyasyusi akmusHocmu 3HOOHyKaeasbl MtbNucS ¢ nomowbro -3axcuma

Ckousb3saiui 3akuM DnaN KoopMHUPYeET aKTUBHOCTb pepMeHTOB penapanuu JHK
y M. tuberculosis [14, 15] n Hanpsamyto B3auMmogenctByeT ¢ NucS yepe3 KoHCepBaTUBHBIN
IeHTanenTUAHbIM MOTUB Ha C-KOHIle nocaeJHero, CTUMYyJIMpys pacllenjieHue MUCcMaTy-
cogepxanieit [IHK [16, 17]. KpuTuyeckasi poJib 3TOT0 B3aMMOJEeNCTBUSA NMOATBEPKAeHa Ha
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Mozesn M. smegmatis [18]. B Haiel paboTe 6b1J10 yCTAaHOBJIEHO 4YTO A06aBaeHue MtbDnaN k
peakuusiM ¢ NucS 13 0601x BEKTOPOB BbI3bIBaeT JByxda3Hblil 3P PeKT: HU3KHe KOHIIeHTPaLUU
DnaN yMepeHHO CTUMYJIUPYIOT NPOLECCUBHOCTbL NUcS, Tor/ia Kak U30bITOK 6eJika IPUBOJAUT
K IPaKTHUYeCKU NOJIHOMY MoAaBJeHUIo ruposinsa (puc. 11). /laHHbIN 3P PeKT MoXKeT ObITh
00yCJ/I0BJIEH HapylleHueM cTexuoMeTpur komiiekca NucS-DnaN u TpebyeT pasnbHeliero
WU3y4YeHUs.

PucyHnok 11. BiusHue 6eska MtbDnaN Ha akTuBHOCTB NucS (A) — peakijus ¢ 1o6aBJIeHUEM
MtbDnaN; (B) — BiusiHUe yBenimueHus koHLeHTpayuu MtbDnaN Ha pacuiensienue cy6ctpaTa

ToMmos02uvHOE MOJeaupo8aHue U calim HaNpasAeHHbsIll MymazeHes

CpaBHUTeJIbHBIN 6MOUHPOopMaTUdecKkui aHanula NucS M. tuberculosis u EndoMS T.
kodakarensis BbisiBUJ1 KOHCepBaTHUBHbIe ocTaTku W52 u D137, cOOTBETCTBYIOLIIME KJIIOUe-
BBIM /1J1s1 B3aUMO/ZlelcTBHUA ¢ cyocTpaToM no3unusaM W77 u D165 EndoMS [19]. HanoxxeHue
AlphaFold-mozenu NucS Ha kpuctannudeckyto ctpyktypy EndoMS (PDB ID: 5GKE) B PyMOL
NO/JATBEP/IUJIO CTPYKTYPHYIO KOHCEPBATUBHOCTh JAHHbIX OCTATKOB (puc. 12A). MyTaHTHbIE
BapuaHTbl W52S u D137A, nosiydyeHHble CalT-HaNpaBJeHHbIM MyTareHe30oM, NpaKTU4YeCKH
IOJIHOCTBIO YTPauuBaJu aKTUBHOCTb B OTHOLIeHUU cyocTpaTa 45GT, 4To aKciepuMeHTaIbHO
NOATBEPK/AEeT KJIUYEBYIO POJIb 3TUX OCTATKOB B KaTaJlM3e U KOHCEPBATUBHOCTb MeXaHU3Ma
JleMCTBHS 3H/I0HYKJ/Iea3 JaHHOI'0 ceMelcTBa y 6akTepul U apxel (puc. 12B).
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b
PucyHok 12. (A) CpaBHeHHe TpEXMepHBIX CTPYKTYp 6es1koB NucS M. tuberculosis u EndoMS
Thermococcus kodakarensis. (b) AKTHUBHOCTb HATUBHOTO U MyTaHTHBIX BApUaHTOB 6esika NucS
M. tuberculosis npu rugposuse JJHK-cy6crpaTa 45GT.

3aK/IloyeHue

Bblsa npoBeeHa 6MoxuMHUueckas U QyHKIIMOHAIbHas XxapaKTepUCTUKa HyKJea3bl NucS
u3 M. tuberculosis — K/1104eBOT0 KOMIIOHEHTA a/IbTEPHAaTUBHOM CUCTEMBbI penapandy OLIMO0YHO
CllapeHHbIX OCHOBaHUH, PYHKIUOHUPYIOLIENH Y MUKOOAKTEPUI BMECTO KAHOHUUYECKOM CUCTEMBI
MutS-MutL-MutH.

['enbl nucS v dnaN 6b111 yCIleIHO KJIOHUPOBaHbI B 3KCIIpeccuoHHble BeKTopbl pET28¢(+) u
pMBP-parallel2, a cooTBeTcTBy0OIIME peKOMOHMHAHTHBIE 6eJIKU oJy4eHbl B cucTeMe E. coli Arctic
Express (DE3). [lokazaHo, uto 6es10k MtbNucS nposiBisieT Hyk/ea3Hy10 aKTUBHOCTb B OTHOILEHU U
JAHK-cy6cTpaTos, conepxamux MmucMaTyu Tuna GeT u UeG. OnTUMa/IbHBIE YCJI0BUSA KaTaJiu3a
onpezesneHsl Kak 25 MM Tris-HCI (pH 8,0), 40 MM MgCl, u 2,5 MM MnCl,, npu atoM nons! Co?*
MOJTHOCTbIO UHTUOUPYIOT aKTUBHOCTb GepMeHTA. Y CTAaHOBJIEHO, UYTO CKOJIb3S1IUK 3auUM MtbD-
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naN oka3sbIBaeT [0303aBUCUMBIH ABYXda3HbIN 3P PeKT Ha aKTUBHOCTb NUcS: CTUMYJIMPYIOIIUI
IPU HU3KUX KOHLLEHTPALUAX U UHTMOUPYIOLIMU TPU U30bITKe 6esika. BuonHdopmaTruueckuit
aHaJIU3 U CalT-HallpaBJIEHHbIW MyTareHes noJTBePAUJIN KJIKYEBYIO POJb KOHCEPBATUBHbIX
octatkoB W52 1 D137 B GopMHUpPOBaHUHU aKTUBHOTO LieHTpa dpepMeHTa U UX PYHKIIMOHATbHYIO
aHasioruto ¢ octatkamu W77 u D165 apxeiiHoro romosiora EndoMS.

COBOKYITHOCTb NOJIy4€HHBIX JAHHbIX CBUZETENbCTBYET 0 TOM, UyTO MtbNucS obecneunBaeT
F€HOMHYI0 CTabUJIbHOCTb M. tuberculosis v, c y46TOM ero yHUKaJbHbIX CTPYKTYPHO-PYHKIHO-
HaJIbHBIX 0COOEHHOCTEN U OTCYTCTBHS FTOMOJIOTOB Y YeJIOBEKA, IPe/ICTaBJISIET IEPCIEKTUBHYIO
MHUIIEHb [1JIs1 pa3pab0TKU HOBBIX IPOTUBOTYOEPKY/IE3HBIX NPENAPATOB, AKTYaJbHbIX B YCJI0BUSX
HapacTawllel MHOKeCTBEHHOH JIeKapCTBEHHOW YCTOMYUBOCTH.
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¥.3. u C.A. - pyKOBO/ZCTBO MCC/Je[JOBaHNEM, KDUTUYECKHUU NIEPECMOTP COJZepPKaHHUS;
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Mycobacterium tuberculosis anbiHFaH NucS 3HA0HYK/Iea3aCbIHbIH,
GUOXUMMSIBIK, )K9HEe PYHKIMOHAJIABIK CHIIATTaMaChl

Y. 0. 3eiin?, b. I1I. fIkynog?, C. A. Tumomyk3, A. M. Typrum6aeBa*,
P. U. Bepcumo6aii®, C. K. A6esibaeHOB®

L35 JL.H. Tymusnee amviHdarsl Eypasus yammeolk yHueepcumemi, Acmata, Kasakcmat
245 Y immublK 6uomexHo.102usl opmabiFel, Acmaua, Kazakcmau

AHgaTtna. M. tuberculosis-TiH Japire Te3iMAiMIriHiH apTybl 3kaHa MOJIeKY/IaJIbIK HbICaHAAp-
Zibl i3aecTipyai KaxeT eTefii. Bys1 TypFbl/laH IepCNeKTUBTI 06 bEKT 60JIbINT MUKOOAKTepUsiIapa
»KOK KaHOH/IbIK, MutS—-MutL-MutH caiikecci3 Heri3fiepai xkeHjey xyheciHiH QyHKIHUOHANbIK
a”asiorbl NucS 3H/J0HYKJIea3achbl TaObLIAbI.

Ocnl x)kyMmbicTa M. tuberculosis-TeH anblHFaH NUucS-TiH 6MOXUMUSJIBIK KoHe PYyHKIUO-
HaJIJIbIK CUNIaTTaMachl xyprisisnji. MtbNucS xxaHe MtbDnaN pekoM6uHaHTThI 6esi0KTaphI E.
coli Arctic Express (DE3) »xy#ecinge anbiHabl. MtbNucS GeT koHe UeG calikeccizikTepi 6ap
cybcTpaTTapFa KaTbICThI TaHAaMaJlbl HyKJiea3asblK 6eJicCeH/i/iK KepceTeTiHi JAaienaeH i;
KaTaJIu3/iH oHTambl )Kafaaiaapel — 25 MM Tris-HCI (pH 8,0), 40 MM MgCl, xxane 2,5 MM
MnCl,. MtbDnaN cbIpFbIMasibl KbICKbIIIBI pepMeHTTIiH 6esiceH/ iliriHe eki ¢pasasbl f03aFa
Tayes /i acep eTei. CaiTKa 6arbiTTasFaH MytareHes W52 xxaHe D137 KanbiKTapblHbIH NucS
6eJiceH/li OpTaJbIFbIHBIH KaJIbIITACyblHAAFbl MaHbI3/1bl POJIiH pacTa/ibl. AJIbIHFAH MaJIIMETTED
MtbNucS-Ti )kxaHa Ty6epKyJie3re Kapchbl lpenapaTTap 93ipJiey/iH HbICaHbl peTiHAeri nepcrnek-
TUBTIJIITiH Herizgenai.

Ty#iH ce3aep: Ty6epkysnes, Mycobacterium tuberculosis, NucS, IHK penapauusicel, KaTe
KYIITaJIFaH HeTi3/epai )KeHiey, aHTUOUOTHUKKE TO3IM/IiJiK.

Biochemical and functional characterization of NucS
endonuclease from Mycobacterium tuberculosis

U.0. Zein', B.S. Yakupov?, S.A. Timoshchuk?, A.M. Turgimbayeva*,
R.I. Bersimbay?®, S.K. Abeldenov®*
L35 L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
2*6National Center for Biotechnology, Astana, Kazakhstan

Abstract. The growing drug resistance of M. tuberculosis necessitates the search for new
molecular targets. A promising candidate in this regard is the NucS endonuclease — a functional
analog of the canonical MutS-MutL-MutH mismatch repair system, which is absent in mycobacteria.
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Buoxumuyveckas u yHKYUOHAIbHAS Xapakmepucmuka sHdoHyKaeas3wbl NucS u3 Mycobacterium tuberculosis

In the present study, the biochemical and functional characterization of NucS from M.
tuberculosis was performed. Recombinant proteins MtbNucS and MtbDnaN were expressed in
the E. coli Arctic Express (DE3) system. MtbNucS was shown to exhibit selective nuclease activity
toward substrates containing GeT and UeG mismatches; optimal catalytic conditions were 25 mM
Tris-HCI (pH 8.0), 40 mM MgCl,, and 2.5 mM MnCl,. The sliding clamp MtbDnaN exerts a biphasic,
dose-dependent effect on enzyme activity. Site-directed mutagenesis confirmed the critical role
of residues W52 and D137 in the formation of the NucS active site. The data obtained support
the potential of MtbNucS as a target for the development of novel antituberculosis drugs.

Keywords: tuberculosis, Mycobacterium tuberculosis, NucS, DNA repair, mismatch repair,
antibiotic resistance.
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Study on the application of hyperspectral imaging for
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Introduction

Barley loose smut,
diseases of cereal crops,

Abstract. This paper presents a study of the potential of
hyperspectral imaging for identifying barley infection by Ustilago nuda
at various stages of disease development using machine learning methods.
The study focused on barley samples (Hordeum vulgare L.) collected
from agrocenoses in the northeastern part of Pavlodar region. Analysis of
spectral characteristics revealed significant differences between healthy,
infected, and desiccated plant areas, including reduced reflectance and the
absence of a distinct red edge in infected tissues. The Maximum Entropy
algorithm was employed for classification. The training set comprised
243 samples, while the testing set included 352 samples with pronounced
class imbalance. The model demonstrated high classification accuracy
of up to 95%. The results confirm the effectiveness of hyperspectral
imaging combined with machine learning for disease detection and
monitoring, including at early stages, which can be applied in precision
agriculture systems to enhance phytosanitary control efficiency and
promote sustainable grain production.

Keywords: hyperspectral imaging, loose smut, barley, monitoring
of agrocenoses, disease stages.

caused by the fungus Ustilago nuda, is among the economically significant
leading to substantial yield losses and deterioration of grain quality. A

distinctive feature of this disease is the latent nature of infection during the early stages of plant
development, where infection occurs at the flowering stage, after which the pathogen persists
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Study on the application of hyperspectral imaging for identifying barley loose smut at different
stages of development using machine learning methods

within tissues for an extended period without producing visual symptoms. Spores can overwinter
on plant debris and in soil, infecting young plants in spring. Traditional diagnostic methods
based on morphological traits prove largely ineffective for the timely detection of infection and
prevention of its spread.

Driven by advances in precision agriculture technologies, remote diagnostic methods
designed to detect physiological changes in plants before visible disease symptoms appear are
gaining particular relevance. One of the most promising approaches is hyperspectral imaging,
based on recording the reflectance properties of objects across a broad range of wavelengths.
Hyperspectral imaging (HSI) surpasses conventional methods in speed, objectivity, and automation
[1]. HSI is used to detect phytopathogens in cereal seeds [2], assess barley seed quality and hardness
[3-5], and determine protein, starch, lipid, mycotoxin [6-8], and nutrient content in barley [9].

HSI also enables the detection of fungal infection in grains at the individual kernel level
[10, 11], for instance, rice false smut [12], and facilitates mapping of infection foci across fields
[13]. The accuracy of loose smut detection using HSI can reach 90% [12, 14], allowing automatic
assessment of infection severity [15]. Classification models for detecting non-viable barley grains
have also demonstrated accuracy exceeding 90% [16]. Classification models are developed
using SVM, Random Forest, neural networks [17, 18], PLSR [19, 20], PLS-DA [21], and CNN [22],
employing both pixel-based and object-based classification [23]. Hyperspectral imaging is actively
applied to the detection of barley diseases, enabling the identification of infections at various
developmental stages [24].

Despite significant progress in the field of hyperspectral plant analysis, questions concerning
the identification of barley loose smut specifically remain insufficiently studied. The high sensitivity
of hyperspectral methods and their potential for integration with machine learning algorithms
open new prospects for developing accurate and automated diagnostic systems.

Accordingly, the aim of the present study is to investigate the application of hyperspectral
imaging for identifying barley loose smut using machine learning methods.

Materials and research methods

The study focused on common barley (Hordeum vulgare L., 1753) infected with the loose
smut pathogen Ustilago nuda ((Jensen) Rostr.,, 1889). Barley samples were collected from fields
in the main grain-producing districts of the northeastern part of Pavlodar region, Republic of
Kazakhstan. Healthy barley samples served as controls for comparing spectral patterns and
determining reflectance characteristics. Infected and healthy samples were collected during
the key barley developmental stages (BBCH 25-35, 39-59, 61-75). The climatic conditions of
the study area are characterised by a sharply continental climate, uneven precipitation during
the field season - from 15-22 mm to 65-70 mm, winds of 3-5 m/s from the NE and SW, mean air
temperatures of +13 to +22 °C, and variation in productive soil moisture reserves from 30 to 90
mm throughout the growing season. Plants were collected from sampling plots using rectangular/
triangular or checkerboard/diagonal transect patterns [25].

Analysis, hyperspectral imaging, and subsequent investigation were conducted at the
Biological Research Laboratory of Toraighyrov University, Pavlodar, Kazakhstan. Imaging was
performed using a FigSpec FS-13 camera operating in the 400-1000 nm wavelength range,
encompassing both the visible and near-infrared regions. The imaging process employed a CMOS
detector with a frame rate of 128 fps, spectral resolution of 2.5 nm, and spatial resolution of 1920
pixels, with a pixel size of 5.86 um. The acquired images were imported into Breeze software for
preprocessing and visualisation of spectral data. To obtain accurate, informative data, calibration
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was performed using dark and white reference standards, and the model preprocessing stage
included the application of a Savitzky-Golay filter for smoothing and noise reduction, SNV, and
centering.

To reduce the dimensionality of the large hypercubes obtained, a PCA model was constructed,
enabling visualisation of the most informative principal components (PC1 and PC2). Raw Spectrum
plots were used to visualise the spectral characteristics of the studied samples, while Variance
Scatter point clouds were employed to reveal the distribution of signatures across individual
principal components and their variability with respect to features of disease lesions in the
hyperspectral images. All these steps ensured noise minimisation, background pixel exclusion,
and manual selection of regions of interest using a grid-based approach.

The imaged samples and extracted spectral features were subsequently used for machine
learning to test the performance of the algorithmic model. The Maximum Entropy algorithm
was selected as the basis for training, distinguished by its applicability to large datasets and
suitability for multiclass tasks. The preceding segmentation stage (Figure 1) was conducted
on the training set, which included 243 sample segments - 13.2% were healthy areas used as
controls, and 86.8% were loose smut-infected areas. The application of cross-validation helped
to improve training accuracy.

Figure 1. Workflow of the machine learning model from raw data acquisition to automatic
detection of disease features

The performance of the machine learning algorithm was tested on samples infected with
loose smut at different stages. Based on visual symptoms, and in accordance with State Standard
12044-93 “Methods for determining disease contamination” [26] and the pathogen developmental
stages [27] (Figure 2), the infected samples were classified into three stages: early, middle, and
late. The number of lesion segments selected for the study across the three developmental stages
of loose smut in the testing set totaled 352.

The model was developed on spectral data subjected to analysis of variance (ANOVA) and
processed using descriptive statistical methods at p>0.05. Model performance and effectiveness
were evaluated using the Confusion Matrix and the key quality metrics Precision, Recall, and
F1-score, while indicators such as Accuracy and Matthews Correlation Coefficient were used to
confirm model performance.
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Figure 2. Life cycle of barley loose smut pathogen
Results

The figures present hyperspectral images of barley, Raw Spectrum plots with curves reflecting
the spectral characteristics of plant areas, and Variance Scatter diagrams. The hyperspectral
image is rendered in false colours corresponding to the intensity of light reflectance. Warm
colours (red and yellow) indicate areas with high reflectance, while cool colours (cyan and blue)
represent zones of low reflectance. The Raw Spectrum plot contains curves reflecting the spectral
characteristics of a specific portion of the hyperspectral image and serves as a basic representation
of spectral data, showing the dependence of an object’s reflectance coefficient on wavelength
(400-1000 nm). This indicator is a key source of information on the physiological state of plant
tissues. Variance Scatter diagrams reflect the distribution of objects in principal component space,
where t[1] explains the main share of variance and t[2] accounts for the presence and primary
characteristics of additional variations. Such visualisation enables assessment of data structure,
degree of homogeneity, and differences between disease stages.

Healthy sample

Figure 3 presents a hyperspectral image of a healthy barley sample. The Raw Spectrum
plot shows that the highest reflectance intensity is exhibited by spike glumes, with a reflectance
coefficient of 30% at the first peak and 27% at the second. The yellow, cyan, and blue curves
also correspond to spike areas, with first-peak reflectance intensities of 19%, 18%, and 12%,
and second-peak values of 28%, 20%, and 17%, respectively. The green spectrum represents
the leaf and some awn areas, where the first-peak reflectance is 10% and the second-peak 17%.
The lowest reflectance intensity is observed in the stem and awns, described by the red curve
with a reflectance of 5% at the first peak and 16% at the second. The first peak range lies within
500-700 nm, and the second within 700-780 nm. Notably, a sharp decline in the curves with a
pronounced red edge is observed at 700 nm.

The Variance Scatter diagram is characterised by a compact, dense cluster in the region
of negative or near-zero t [1] values, high point concentration, and limited dispersion. The first
principal component t[1] explains 56.7% of total variance, while t[2] explains only 2.16%, which
is associated with low intra-class variability.
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Figure 3. Spectral characteristics of healthy barley

Sample infected with loose smut

Figure 4 shows a barley spike infected with loose smut. In the Raw Spectrum plot, the
red curve corresponds to the blue-coloured spike areas affected by the disease, characterised
by low spectral intensity with a reflectance coefficient of 5-6%. The remaining spectra belong to
intact plant tissue and exhibit higher reflectance. The green, yellow, and blue spectra describe
green barley tissue and display two distinct peaks: first-peak reflectance values reach 22.5%,
30%, and 37%, with second-peak values of 20%, 30%, and 35%, respectively. Here, the first peak
lies in the 550-700 nm range, while the second is recorded in the 700-780 nm range. The cyan
and purple curves represent desiccated spike areas with reflectance of 37.5-46%, with the peak
located in the 600-700 nm region.

In the Variance Scatter diagram, the first principal component t[1] explains 74.8% of total
variance, while the second component t[2] accounts for approximately 6.17% of variance with less
significant variations. Additionally, a broad point distribution, a pronounced arc-shaped structure,
and strong elongation along t[1] are observed, indicating high heterogeneity of spectral features.

Figure 4. Spectral characteristics of barley infected with loose smut
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Testing set

Early stage
Figure 5 shows a sample at the early stage of loose smut development.

Figure 5. Spectral characteristics of the early stage of loose smut development

The red curve corresponds to infected areas with reflectance in the range of 7-17%, while
the green spectrum describes awn areas with reflectance values from 10% to 19%. The yellow,
blue, and cyan curves represent healthy stem and spike areas with reflectance of 30-40%, and the
purple spectrum depicts healthy spike areas with reflectance reaching 55%. Overall, all curves
except the purple one exhibit a pronounced red edge at 700 nm. In the Variance Scatter diagram,
the first principal component t[1] explains 77.4% of total variance, while t [2] accounts for only
4.34% of the explained feature variation. The resulting point cloud forms a dense cluster with a
distribution tail extending toward positive t [1] values and moderate dispersion. Here, spectral
changes are just beginning to emerge, a transitional state is forming, and a significant portion of
the sample retains healthy characteristics.

Middle stage

Figure 6 shows a sample at the middle stage of loose smut development, where the red
curve corresponds to infected areas with reflectance in the 5-13% range. The green curve describes
awn areas with reflectance varying from 10% to 17%. The purple spectrum is characterised by
reflectance of 27% and represents unaffected spike areas. The yellow, blue, and cyan curves
correspond to healthy stem and spike areas with reflectance ranging from 27% to 38%. All
curves except the purple one exhibit a pronounced red edge at 700 nm. In the Variance Scatter
diagram, the first principal component t [1] explains 62.4% of total variance, while t [2] accounts
for only 4.52% of variance. A marked broadening of the distribution, a clear arc-shaped form, and
a rightward shift of the distribution center (along t [1]) are observed, explained by intensifying
physiological changes and increasing variability of spectral responses.
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Figure 6. Spectral characteristics of the middle stage of loose smut development

Late stage

Figure 7 shows a sample at the late stage of loose smut development. In the Raw Spectrum
plot, the red curve with a reflectance of 5-6% describes areas infected with loose smut. The
purple and cyan spectra represent desiccated sample areas with a peak in the 550-700 nm region
and reflectance of 35-37.5%. The remaining curves correspond to healthy areas and exhibit two
peaks with a pronounced red edge. The first peak is characterised by reflectance values ranging
from 16% to 30%, and the second peak from 15% to 28%. According to the Variance Scatter
diagram, the first principal component t [1] explains approximately 58.6% of total variance,
while the second principal component t [2] explains 8.26% of variance, indicating increased
variability and heterogeneity of spectral signatures due to overt disease manifestation. In this
case, the distribution exhibits maximum spread, a significant shift along t [1], and a high degree
of dispersion and sparsity of points.

Figure 7. Spectral characteristics of the late stage of loose smut development

Statistical analysis

In order to identify patterns in the pathological process during smut infection, both healthy
and infected samples were examined based on reflectance indicators and spectral parameters.
For healthy barley, the maximum reflectance was recorded in the spike (mean 21%), the lowest
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in the stem with awns (10.5%), and intermediate reflectance intensity was observed in the leaf
(13.5%). Particularly noteworthy is the coefficient of variation, ranging from 6.59% for the leaf
to 13.30% for the stem with awns, identified as within-group variability, where the greatest
heterogeneity according to the indicators was found for stem structures. Additionally, healthy
spikes may be characterised by a wider dynamic signal range, manifested primarily through
maximum rate of change and delta reflectance values of 11.54 and 18, respectively (Table 1,
Figure 8). In healthy plants, all structural elements exhibit reflectance within the 500-780 nm
range, with a bandwidth of 280 nm, a contrast ratio of 1.56, a relative bandwidth of 0.219, and a
contrast of 0.359 (Table 2, Figure 8). These parameters were thus used as controls for comparison
with loose smut-infected samples.

When examining indicators for the second portion of the training set - namely, loose smut
infections - all areas were divided into three functional zones: desiccated areas, visually healthy
tissue, and tissue directly infected by the pathogen. Desiccated areas were characterised by
high reflectance values (37.5 to 46%) combined with low variability (CV=2.59%) and moderate
Rate of change and delta reflectance values (7.29 and 8.5, respectively) (Table 1, Figure 8). The
spectral range for these areas is narrowed compared with healthy and diseased zones, spanning
approximately 600-700 nm, with the contrast ratio decreasing to 1.17 and normalised contrast
to 0.143 due to the narrowing of the main spectral response range, confirming homogeneous
dehydration and tissue necrosis unaccompanied by active pigment decomposition (Table 2,
Figure 8).

Table 1
Barley reflectance characteristics in the spectral domain
Reflectance Mean o
Ne Species Part (%) reflec Stalllda.lrd Coefﬁ.c1e.nt Rate of | Delta reflec-
] deviation | of variation | change tance
min max tance
Training set
Ear 12 30 21,0 2,29 10,89 11,54 18,0
1 | Healthy Leaf 10 17 13,5 0,89 6,59 4,49 7,0
Stem and 5 16 | 105 1,40 13,30 7,05 11,0
arista
Dried area 37,5 46 41,8 1,08 2,59 7,29 8,5
2 Ustilago Healthy area 20 37 28,5 2,16 7,58 11,99 17,0
nuda
Affected 5 6 5,5 0,13 2,31 0,64 1,0
area
Testing set
Healthy area 10 55 32,5 5,72 17,58 28,85 45,0
3 | Early stage
v Stage | Affected 7 17 | 120 1,27 10,58 6,41 10,0
area
Healthy area 10 38 24,0 3,56 14,82 17,95 28,0
4 Middle Affocted
stage ecte 5 13 9,0 1,02 11,29 513 8,0
area
Dried area 35 37.5 36,3 0,32 0,38 1,96 2,5
5 | Late stage Healthy area 16 28 22,0 1,52 6,93 7,50 12,0
Affected 5 6 5,5 0,13 2,31 0,64 1,0
diTd
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Wavelength parameters of barley spectra

Table 2

Wavelength

. Spectral Contrast Relative Normalised con-
nm
Ne Species Part _( ) bandwidth ratio bandwidth trast
min ‘ max
Training set
Ear, leaf,
1 | Healthy stem and 500 780 280 1,56 0,219 0,359
arista
Dried area 600 700 100 1,17 0,077 0,143
, | Ustilago | Healthy 550 | 780 230 1,42 0,173 0,295
area
nuda
Affected 500 | 780 280 1,56 0,219 0,359
area
Testing set
Earl Healthy,
3 y affected 500 780 280 1,56 0,219 0,359
stage
area
. Healthy,
g (Middle |t cted 500 | 780 280 1,56 0,219 0,359
stage
area
Dried area 550 700 150 1,27 0,120 0,214
Sr?althy 500 800 300 1,60 0,231 0,375
5 | Late stage
Affected
area 500 780 280 1,56 0,219 0,359

Healthy areas on the infected plant are distinguished by intermediate reflectance values,
lower than those of desiccated zones, accompanied by elevated variation values of 7.58%.
Overall, the spectral parameters of these areas are close to those of healthy tissue and fall within
the reflectance wavelength range of the healthy sample, indicating partial preservation of the
photosynthetic apparatus but with some shifts toward a stress state.
Loose smut-infected areas are marked by a sharp drop in reflectance to 5.5% with
minimal variability of 2.31%. All other derived indicators, such as rate of change and delta, are
also at minimal levels (0.64 and 1.0, respectively). Infected sample parts are characterised by
low reflectance across a broad spectral range (500-780 nm), which is primarily associated with
moist, decomposing tissues exhibiting high chlorophyll (absorption) and water content (Tables
1, 2, Figure 8).

46

Ne2(155)
/2026

JLH. ['ymunes amuindarul Eypasus yammuik ynusepcumeminiy XABAPIIBICHI. Buo102usiiblK FolablmMOap cepusicul
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espasuiickozo HQyuoHa1bHOo20 yHUsepcumema umeru J1.H. ['ymusesa. Cepust 6uosozudeckue HaQyKu




Study on the application of hyperspectral imaging for identifying barley loose smut at different
stages of development using machine learning methods

Figure 8. Visualisation of statistical data

A separate analysis was also conducted for the testing set, examining the dynamics of
statistical indicators of disease progression. At the early stage, the healthy area is characterised
by a mean reflectance of 32.5% and a relatively wide reflectance range (from 10% to 55%) - the
highest among all groups - but is distinguished by high variability (CV=17.58%). A delta reflectance
value of 45 indicates strong heterogeneity of tissue structures at the initial infection stage. In
diseased areas at the early stage, mean reflectance is quite low (only 12%, with CV=10.58% and
delta reflectance = 10). Reflectance here is higher than in infected areas of the training set, clearly
indicating the initial degradation stage.

At the middle stage of loose smut infection, reflectance in the healthy region decreases
(mean to 24%) compared with the early stage and variability remains high (CV=14.82%). Infected
areas at this stage become darker, bringing statistical indicators closer to the training set values
(reflectance 9%, CV=11.29%) (Table 1, Figure 8).

The late stage is characterised by clear spectral differentiation of zones: the desiccated
region exhibits homogeneous and stable indicators with a low coefficient of variation of 0.88%
and a narrowed spectral range from 550 to 700 nm, which, combined with a moderate contrast
value (0.214), indicates dried and fully necrotised tissues. Healthy areas retain some variability
(CV=6.93%) (Tables 1, 2, Figure 8), remaining in close agreement with the reference. However,
the overall reflectance value is somewhat reduced, which may indicate partial tissue degradation.
Minimal variability and near-complete correspondence with training set indicators are characteristic
of infected areas, confirming a stable pathological tissue state. Accordingly, the late stage serves as
a clear example of the stabilisation of necrotic and infected zones, accompanied by a simultaneous
decline in the functional activity of tissues considered conditionally healthy.

Machine learning

Machine learning was performed using the Maximum Entropy algorithm (Figure 9). The
training set comprised 243 samples: 32 (13.2%) healthy and 211 (86.8%) loose smut-infected.
93.8% of the healthy samples and 89.1% of the loose smut-infected samples were correctly classified.
A total of 10.3% of samples were assigned to “No class”. The F1-score, which combines Precision
and Recall into a single average metric and reflects the balance between the model’s ability to
find class objects without including extraneous ones, was 96.8% for healthy samples and 94.2%
for Ustilago nuda-infected samples. The testing set, which included previously trained samples
as well, totaled 595 samples (352 of which were new and unknown to the model): 79 (13.3%)
healthy and 516 (86.7%) loose smut-infected. As a result, 93.7% of healthy samples and 87%
of diseased samples were correctly classified. A total of 12.1% of samples were assigned to “No
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class.” The F1-score was 96.7% for healthy samples and 93.1% for Ustilago nuda (Figures 9, 10).
In the training set, the proportion of correctly classified instances according to the Accuracy
metric was 93.75% for healthy and 89.10% for infected samples. In the testing set, the results
remained stable, with 93.67% for healthy and 87.02% for infected samples. Balanced Accuracy
values reached 95.73% in the training set and 95.18% in the combined training and testing set.
The high and stable values of this indicator demonstrate that the model effectively recognises
both classes despite their imbalance. MCC values were 0.955 for the training set and 0.947 for the
testing set. The virtually unchanged MCC values between the training and testing sets indicate
good generalisation ability of the model and the absence of pronounced overfitting (Table 3).

Figure 9. Results of machine learning using the Maximum Entropy algorithm (a - early
stage, b - middle stage, c - late stage)

Figure 10. Confusion matrix (a - Training+Testing sets, b - Training set)
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Table 3
Machine learning classification metrics: Maximum Entropy
Ustilago .
Health Average Health Ustilago nuda Average
Metrics y nuda & y 9 &
Training set Training+Testing sets

B‘“arrg’c‘;““' 93,75 89,10 91,42 93,67 87,02 90,34

Balanced Ac- 96,90 94,55 95,73 96,85 93,50 95,18
curacy

MCC 0,968 0,942 0,955 0,967 0,926 0,947

Discussion

Hyperspectral imaging enables the identification of pathogens based on their molecular
structure. The dark colour of spores may be attributed to the presence of melanin-like pigments,
as found in Podospora anserina [28], Pestalotiopsis microspora [29], and Ustilago maydis [30].
Melanin can protect fungal spores from ultraviolet radiation, enhance desiccation resistance, and
reinforce the spore cell wall. Owing to their dark colouration, loose smut spores absorb more
light than they reflect; consequently, the spectra of plant tissues infected by these fungi differ
markedly, exhibiting reduced intensity. Healthy plant tissue exhibits high reflectance due to the
green pigment chlorophyll and the reflectivity of the mesophyll, and the spectral curves of these
areas differ clearly from those of tissues infected with loose smut. It was found that healthy plant
curves exhibit a pronounced red edge at 700 nm, whereas the spectra of diseased areas lack
distinct peaks and a red edge.

[t was established that desiccated areas of infected plants also exhibit no pronounced red
edge and appear as a spectral curve with a single high-reflectance peak. Data on the spectral
differences among healthy, diseased, and desiccated areas are shown in Figure 11.

Figure 11. Spectral differences among healthy, infected, and desiccated barley tissues
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The numerical spectral indicators obtained enable statistical substantiation of the
differentiation among healthy, necrotised, and actively loose smut-infected tissues. These differences
are governed by reflectance level, spectral bandwidth, and feature variability. Statistical analysis
demonstrated that infected areas predominantly exhibit consistently low reflectance (5-6%, CV=3%),
associated with high moisture content and pigment absorption under conditions of disrupted
cellular structure. This signal is presumably largely stage-independent and may therefore serve
as a reliable diagnostic marker. The reflectance level of desiccated tissues is characterised by
high values (36-42%) and low variability (CV<3%), attributed to the dehydration process and the
resulting strong scattering. The breakdown of individual cellular structures and pigments leads to
spectral narrowing compared to the normal range, to approximately 600-700 nm. Healthy areas
on infected plants exhibit signs of systemic stress and generally show intermediate reflectance
values (22-32%). At early disease stages, a transient increase in reflectance may be observed,
potentially associated with compensatory tissue activity.

Ustilago nuda develops gradually, and at early stages, changes in spectral characteristics
may be subtle, complicating classification. High dimensionality and noise sensitivity lead to partial
overlap of features from different classes. Meanwhile, the predominance of infected samples may
influence decision boundaries; however, in this case, the effect is successfully compensated by
the algorithm. The use of the Maximum Entropy algorithm, based on a probabilistic approach
with regularization, enabled minimization of the imbalance effect, as confirmed by high Balanced
Accuracy values. According to Binary and Balanced Accuracy metrics, the Maximum Entropy
algorithm correctly accounts for class distribution and shows no pronounced bias toward the
dominant class. High F1-score values indicate a balanced model with effective detection of
infected samples. Notably, the slight decrease in this metric for infected plants is associated
with the heterogeneity of Ustilago nuda disease manifestation, especially at early stages when
spectral differences between classes are minimal. The increase in the proportion of uncertain
classifications in the testing set may be due to overlapping spectral features between healthy and
infected plants and the presence of intermediate physiological states. The higher accuracy for
healthy samples, despite their underrepresentation, can be explained by the lower variability of
their spectral characteristics. Healthy plants form a more homogeneous spectral profile, whereas
infected samples exhibit a wide range of changes depending on the pathogen developmental
stage and infection severity. The slight decrease in accuracy for infected samples in the testing
set indicates the presence of challenging or borderline cases, which is typical for early plant
disease diagnostics.

Since MCC is one of the most reliable quality metrics for binary classification with imbalanced
data, the obtained values (~95%) indicate high agreement between model predictions and actual
classes. It follows that infected zones are stable markers of active infection. Reflectance values for
healthy tissues align with known data for cereals [31-33], and the typical contrast between low
reflectance of infected tissues and high reflectance of necrotised tissues agrees with observations
for other pathogens, though loose smut is characterised by particularly pronounced patterns
[34]. Accordingly, the analysed statistical features can be used to develop methods for identifying
barley smut using hyperspectral sensors.

Overall, the model demonstrated high effectiveness, with high classification accuracy
and result reliability, robustness to class imbalance, and good generalisation ability. Despite
a proportion of uncertain classifications, the model can be used for preliminary diagnosis of
barley diseases. Further improvements in accuracy are possible through increasing the volume
of balanced data and integrating ensemble and deep learning methods.
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Study on the application of hyperspectral imaging for identifying barley loose smut at different
stages of development using machine learning methods

Conclusion

This study evaluated the effectiveness of hyperspectral imaging for identifying barley
infection caused by loose smut (Ustilago nuda). It was established that hyperspectral data enable
the detection of subtle changes in plant physiological state caused by infection development, even
before pronounced morphological symptoms appear. Diseases accompanied by the formation of
dark spores are characterised by reduced reflectance in the visible and near-infrared ranges and
by spectral curves lacking a distinct red edge, which may serve as a diagnostic marker. The dark
colouration of fungal plant diseases is driven by adaptations for spore dispersal and survival under
agricultural field conditions. Based on spectral differences resulting from variations in pigment
content between healthy and diseased tissues, a classification model was developed, achieving
a detection accuracy of 95%. The application of the Maximum Entropy algorithm demonstrated
high classification efficiency on both training and testing sets. The higher classification accuracy
for healthy samples is associated with their lower spectral variability, whereas infected plants
are characterised by heterogeneous features due to the different developmental stages of
Ustilago nuda. The model exhibited high binary and balanced accuracy values, as well as a high
F1-score, indicating its ability to correctly recognise both healthy and infected samples even
under considerable class imbalance. The high Matthews Correlation Coefficient values confirm
the reliability and robustness of the results.

Thus, the findings confirm the high diagnostic value of this approach for the early detection
of phytopathogens. The study demonstrates that the application of hyperspectral imaging can
enhance the efficiency of phytosanitary monitoring, enable early detection of barley loose smut,
and reduce economic losses in agricultural production.
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MaiuvHaJIbIK OKBITY 9/icTepi Heri3iHAe apnaHbIH TO3aH /bl
KapaKyHecCiH JaMyAbIH 9PTYPJii Ke3eHAepiHJe aHbIKTAay/[a TMnepcneKTpaab/bl
BHM3ya/IM3alMAHbI KOJIJAHY /bl 3€PTTEY

P.M. YanuegBal’, A.B. OcunoBa?, M.M. KaBepuna*3,
M.9. Kakceioek?, C.B. ’Kanrasun®

L234Topalirvipos yHusepcumemi, [lasaodap, Kazakcman
S/LH. I'ymunee amosiHdarsl Eypasus yaimmblk yHugepcumemi, Acmaua, Kazakcmau

Axjarna. Makajia/ia MallMHAJIbIK OKBITY 9/iCTEPiH KOJIJaHa OTBIPHII, ayPYAblH JaMybIHbIH,
apTypJii KeseHJepiHe apnaHblH, Ustilago nuda K03bIpFhIlLbIMEH 3aKbIM/JaHYbIH aHBIKTAY YIIiH
rurnepcneKTpasbl BU3yaJUu3alUAHbIH MYMKIHAIKTEpPI 3epTTeJIreH. 3epTTey HbICaHbl peTiHze
[IaBsioap 06/1BICBIHBIH, CONTYCTIK-1IBIFBICBIH/IAFbI arpOL€eHO3/lap/AaH ipiKTeJlin aJbIHFaH apna
yarinepi (Hordeum vulgare L.) naiigananbigbl. CIeKTPJIiK cUIIaTTaMasap/bl TaaAay eciMIik-
TEePZAiH cay, 3aKbIMJJaHFaH kdHe KypaFaH 0eJliKTepi apacblHJaFbl esieyJli alblpMallblIbIKTap,bl
KOPCETTI, COHbIH illliH/e MaFbLIbICY KabiJlieTiHiH TOMeH/leyi xKoHe 3aKbIMJJaHFaH TiHJep/e a-
KbIH red edge aliMaFbIHbIH, 60/1Maybl aHbIKTaAAbL. 2KikTey yiiH Maximum Entropy aaroputmi
KOJ1AaHbLIbL. OKBITY »KUBIHTBIFbIHA 243 yJITi, /1 TECTiiey KUBIHTBIFbIHA CAHATTAP apacblHAAFbl
allKpIH TeHrepimcisziri 6ap 352 y.ri enrizingi. Moaenb 95%-fa JieiliH :KoFaphbl XKIiKTey A2J1AiriH
KepceTTi. AJIbIHFaH HATHXKeJiep TUIlepCleKTpaslAbl BU3yaJU3alUAHbl MalllMHAJIBIK OKBITY 9/i-
cTepiMeH 6ipre Ko/JaHy/blH aypyAbl JUAarHOCTUKAJIAay/a *KoHe OHbIH JlaMyblH, COHBIH, illiHAe
epTe Ke3eHJep/Je, MOHUTOPUHTIeyie TUIMAI eKeHiH pacTabl. Bys Tacin duTocaHUTapJIbIK,
GaKpLIayAbIH, THIM/IIITIH apTThIPY K9HE aCThIK, 6H/ipiCiHIiH TYpaKThI JaMyblH KAMTaMachl3
eTy MaKcaTbIH/[a 3JIMe-/1dJ1 erlHILIIIK XKyHesiepiH/e KOJ1JaHblIybl MyMKIiH.

Ty#iH ce3aep: runepcneKTpasibl BU3yaau3alus, To3aH bl KapakKyiie, apia, arpoleHo3-
Jibl 6aKbliay, aypy Ke3eHJepi.
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Study on the application of hyperspectral imaging for identifying barley loose smut at different
stages of development using machine learning methods

H3y4yeHHe NpyMeHEeHHUs TuNepCcneKTpajibHON BU3yaau3anuu
AJIA UAeHTUPUKALMH NbIJIbHOM IOJIOBHHM AYMEHS Ha Pa3HbIX CTaAUAX
pa3BUTHS C MCNIOJIb30BAHHEM METOJ0B MALLIMHHOT'O 06Yy4YeHUA

P.M. YasiueBa’, A.B. OcunoBa?, M.M. KaBepuna*3, M.9. dKakcbi6ek*, C.b. ’)Kanrasun®

L234Topaliebipos yHusepcumem, [lasnodap, KazaxcmaH
SEepasultickulli HayUOHa/bHbIU yHugepcumem um. J1.H. ['ymuneea, Acmaua, KazaxcmaH

AHHOTaMs. B cTaTbe npe/icTaBeHO UCCI€IOBaHHE BO3MOXXHOCTEN IUIEPCIEKTPalb-
HOU BU3ya/IM3al[UH AJIs UAeHTUOUKALUK TopaxkeHus suMeHs Ustilago nuda Ha pa3jInyHbIX
CTaIUSAX pa3BUTHS 3a60JIeBaHHUS C TPUMEHEHUEM METO/I0B MAallIMHHOTO 06y4eHUs1. O6'beKTOM
MccJie[JoBaHUs BBICTYMAMU 06pa3iibl suMmeHs (Hordeum vulgare L.), oTo6paHHbIe B arpolieHo-
3aX ceBepo-BocToKa [laBsiogapckoii 06/1acTH. AHAJIU3 CIIEKTPAJIbHBIX XapAKTEPUCTUK MOKa3aJl
CyleCTBEHHbIE PA3IMnYUs MeX/1y 3J0POBbIMH, TOPAXKEHHBIMHU U BBICOXIITUMH yYaCTKaMHU pac-
TEHUH, BKJII0Yasi CHIDKEHHE OTPaXKaTeJbHOU CIOCOOHOCTU U OTCYTCTBHE BbIpaXkeHHOro red
edge y MHOUIIMPOBAHHBIX TKaHeH. [yis KJacCUPUKALUKM UCITOJIb30BaH aJropuTM Maximum
Entropy. O6yuatoijas Bbibopka BK/Itodasia 243 obpasiia, TecTtoBas - 352 o6pasiia ¢ BbIpaXKeH-
HBbIM ZIMCOaJIAaHCOM KJI1acCOB. MoJiesib MoKa3asia BBICOKYI0 TOYHOCTh Kiaaccupukanuu Ao 95%.
[losiyyeHHbIe pe3y/IbTaThl MOATBEPKAAIOT 3P PEKTUBHOCTh I'MIIEPCIEKTPAIbHON BU3yaIM3alUH
B COYETAHUU C MAIIMHHBIM 06y4YeHUEM /IJIs AUATHOCTUKHU 3a60JIeBaHUSI © MOHUTOPHUHTA €r0
pPa3BUTHS B TOM YHCJIe HA paHHEHN CTaIMH, YTO MOXKET GbITh UCI0Jb30BAHO B CUCTEMAX TOYHOTO
3eMJiefiesvsl 1151 TOBbIIeHUsI 3P PEKTUBHOCTH GUTOCAHUTAPHOTO KOHTPOJISI U YCTOHYHUBOTO
Pa3BUTHSA 3€PHONPOU3BO/ICTBA.

KiwoueBble c10Ba: runepcrneKTpasbHasi BU3yasiu3alys, NblJIbHAsI TOJIOBHS, SYMEHD,
MOHHUTOPHHT arpoleH030B, CTaIUH 60JI€3HU.
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Peakue coo61eCcTBa TUMMYAKOBO-KOBbLJIBHBIX CTeNen
oKpecTHocTel o3epa llanakap
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AHHOTauuA. B cTaThe npezcTaBieHbl pe3y/bTaThl KCCIeL0BaHUM
peAKUX coo611eCTB TUMTYAKOBO-KOBBLJIBHbIX CTeNel OKpecTHOCTel o3epa
[llankap B npefesax 3anaaHo-KazaxcrtaHckoi o61actu. Ha usyyaemoi
TEepPUTOPUN HaMU ObLI0 BbiZesieHO 11 peJKUX pacTUTENbHBIX CO00-
11eCTB, KOTOPbIE KJAacCUPHUIIMPOBAHbI 10 TPEM OCHOBHBIM KaTeropu-
aM: 1) pekue pacTUTebHbIE COOOIECTBA, XapaKTepHbIe TOJbKO JJisl
3aBosnkcko-KaszaxcTaHCKOUM NPOBUHLUHY, Tle JIOMUHAHTAMU SIBJISIIOTCS
pezkue, pesuKTOBble BUAbl Anthemis trotzkiana u Anabasis cretacea;
2) peAKyve KOpeHHble 30Ha/IbHbIe COOOLEeCTBA, UCIIbIThIBAIOIKE HAU-
OoJiblliee aHTPONIOIeHHOE BO3AENCTBUE; 3) peKUe JOKaJlbHbIe CO00-
11eCTBA, NIPUYyPOUYEHHbIE K clieliuPpUIeCKUM YCA0BUSM MECTOOOUTAHUS.
OTMeuyeHHbIe pe/iKHe pacTUTe/bHbIe COO0IECTBA UMEIOT KJI0YeBOe
3HaueHUe JJid o epKaHus OMopa3Ho06pasus, yCTOMYUBOCTH CTe-
HOU 30HBI M CBU/IETEJIbCTBYIOT O JIpEBHEM reHe3uce COOOILEeCTB U UX
pedyruaibHOM XapakTepe.

Kinrouesble csioBa: 3anaasbid Kasaxcran, o3epo llankap, Tyun-
YaKOBO-KOBBLJIbHbIE CTENH; peJIKoe pacTUTeJbHOe CO0011eCTBO, pe-
JINKTOBbIE U 3HJ,eMUYHbI€ BU/Ibl, KODEHHbIE 30HaJIbHbIE COO0IleCTBA

BBeaeHue

Pa3Hoo6pa3ure pacTUTEIbHBIX COOOILEeCTB B IpeJiesiaX LIMPOTHO-30HAIbHBIX THUIIOB CTe-
ney HeOAHOKPATHO OTMeYasI0Ch B paboTax 0OTe4eCTBEHHbBIX U 3apy6exHbIX 60TaHHUKOB [1-3].

W3y4aeMmbiii paiioH oTHOcUTCSA K EBpasuarckoii crenHol ob6Jsiacty, [IpuuepHomMopcko-Kaszax-
CTaHCKOM nof06.J1acTH, 3aBoJ/KCKO-Ka3axcTaHCKOM CTeMHONW NPOBUHIIUMM 3aypasibCKO-Typraickon
(3anagHo-KasaxcTaHckol) NOANPOBUHIMH, Ije IPOXOJAT TPHY NOA30HBI TUITYaKOBO-KOBBIIbHBIX
cTenei: 1) pasHOTpaBHO-€PHOBUHHO-3JIaKOBBIX CTeNeH; 2) CyXUX JepHOBHUHHO-3/1aKOBbIX
cTenel; 3) NOJIbIHHO-J,ePHOBUHHO-3/IaKOBBIX ONYCTbIHEHHBIX cTenel (PucyHok 1a).
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PucyHnok 1. a) [Ipupo/Hblie 30HbI 3anagHo-KasaxcTaHcko# o6actu: 1 - Cyxue aepHo-
BUHHO-3JIaKOBbI€e cTenu; 2 — [10JIbIHHO-1epHOBUHHO-3/1aKOBbI€ OMyCTbIHEHHbIE CTEeNH; 3 — M10-
JILIHHO-OUIOPTYHOBbIE YCThIHY; 4 — 03epo lllasnkap; b) OkpectHocTH 03epa lllankap: 1 - ropa
Cacait; 2 - ropa CaHTac.

TU4aKoBO-KOBBIJIbHbIE CTENH B OKPECTHOCTSX COJIEHOTO0 03epa lllaskap oTHOCATCA K
KOpPEHHBIM 30HaJ/IbHbIM U I0/130Ha/IbHBIM COOO1eCTBAM ONYCThIHEHHBIX CTeNel U GOPMHUPYIOT-
csl MPEeUMYILeCTBEHHO HA KAIITAHOBbBIX M0YBAaX B KOMILJIEKCE C COJIOHI[AMH, @ UHTPa30HaIbHas
pPacTUTENBHOCTD Npe/CTaB/eHa raJopUTHBIM pa3HOTPABbeM, KOTOPOE MPOU3PACTAET HA COPaX,
COJIOHYaKaxX M 06HaXkuBIlIeMcsl iHe o3epa Llankap.

[TouBeHHbIH MOKPOB CTEMHBIX 9KOCUCTEM XapaKTEePU3YeTCs BbICOKOH KOMIJIEKCHOCTBIO
Y MeCTPOTOM: 3/1eCh BCTPEYAIOTCA CylleCH, JIeTKHe CYTJIMHKH, TeCYaHO-1[eOHUCThIE, a TAKKe
KaJibLinepUTHBIE, COJIOHIIeBAThIE U COJIOHYAKOBaThI€e MOYBHI [4, 5].

[les1b10 HACTOSAILETO UCC/IE/JOBAHUS SIBJISIETCS BbISIBJIEHUE U XapaKTePUCTHUKA HEKOTO-
PBIX peIKUX PACTHUTEJbHBIX COOOIIECTB TUITYAaKOBO-KOBBIIbHBIX CTEIIEH B OKPECTHOCTSIX 03epa
[Mankap.

MaTepuasibl 1 METOAbI UCC/IELOBAHUA

B 0cHOBY HacTOs11I€r0 UCCIeJ0BAHUS M0JI0KEHBI MAaTEPHUAJIbl MHOTOJIETHUX UCCJIe/I0Ba-
HUM, BbINOJIHEHHBIX aBTOPaMHU B OKpecTHOCTAX o3epa lankap B 1994-2025 rr. [6-8].

[losieBble vccaenoBaHUSA, PIOPUCTUUECKOE ONIMCAHUE U Bbl/leJIeHHEe CO0OIeCTB IPOBOAUIIU
B COOTBETCTBHUM C KJIACCUYECKUMH re060TaHUYeCKUMHU MeToAaMu [9]. HazBaHus BUI0B coCyu-
CTBIX pacTEHUH NpUBeJleHbl B COOTBeTCTBUMU co cBoJ KoM C.K. UepenaHoBa [10], c yTouHeHueM
HOMEHKJIATYPhl 110 JAHHBIM MeXAYHApPOAHOU 3/J1eKTpOoHHOU 6a3bl Plants of the World Online
(https://powo.science.kew.org/ ) [11]. Cniricok ¢p10pbI COCTaBJIEH B COOTBETCTBUH C CUCTEMOU
A.JITaxTamxsaHa [12]. [Ipy onpefesieHUU peJKUX BUJL0B paCTEHUH YYUTBIBAJIMCh CBEJIEHUS 00
ux BKJItoyeHHHU B KpacHyto knury Pecnny61vku Kasaxcran [13], B «IlepeueHb peiKUX U McYe3alo-
KX BUA0B pacTeHri Kazaxcrana» [14], B «[lepedyeHb sHAeMUYHbIX U PEJIMKTOBBIX PACTEHHUN»
[15], a Takke B nepeyeHb 3HIEMUYHbIX JIOKAJbHbIX U PEJUKTOBBIX BU/IOB, IPUBEJAEHHbIM MO
JNaHHbIM B.B. UBaHoBa [16] u B «3esieHol KHUTe 3anajHo-Ka3axcTaHckoi o61actu» [17].

[Ipu o1leHKe peIKOCTH PaCTUTETbHBIX COOOIIECTB UCTOIb30BaJIC PUTOIEHOTUYECKUM
MO/IX0/], COTJIACHO KOTOPOMY CO0611leCcTBa pacCMaTPUBAIMCh KaK CAMOCTOSITe/IbHblE 0O0beKThI
oxpaHbl. [lJ1s1 KaXK/J0ro coob11ecTBa NPUBEJEeHbl IPUYPOYEHHOCTD K ONpe/ieIEHHBIM CIEeL -
dbuveckuM yca0BUAM MeCTOOOHUTaHUSA, popMa yuyacTusi B puToLeHO3e, 6uoMopdooruyeckas,
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Pedkue coo6u4€cmea Mun4Yakogo-Koebl/AbHbIX cmenell OKPECTTIHOCTnelj o3epa an/zKap

reorpadudeckas U pUTOLEHOTHYECKas! CTPYKTYPa, MOTUBbI OXPaHbl U OCHOBHbIE J1eCTabU/Iu-
3upyroiue paktopsl. buomopdonornyeckut ananus nposefieH no Cepebpskoy [18]. [Ipu
aHasM3e reorpadUyecKor CTPyKTyphlI (B IIMPOTHOM HallpaBJeHUH ) Mbl IPUAEPKUBAINCH TOUYKHU
3penus A.J1.TaxtamksH (1970) u A.M.Toamavera (1974) [19, 20]. [lns cocTaBieHUs 3K0JI0T0-PH-
TOLEHOTHYECKON XapaKTePUCTHUKHU UCI0JIb30BaHbl 00ILEeNPUHSATbIe METOAHUKH, pa3paboTaHHbIE
B.A.BbikoBbIM [21]. [IpropuTeTHAs 3HAYUMOCTb COOOILECTB ONpese/sAaach NPUCYTCTBUEM B UX
COCTaBe PeJIKUX, 9HJeMUYHBIX U MCYEe3a0LIMX BU/I0B, a TAKXKe YHUKaJIbHOCTbIO U YSI3BUMOCTbIO
CaMUX COODILECTB.

Pe3ybTaThl

M3y4yaemass TeppUTOPUSA XapaKTepU3yeTCs BbICOKOW NPUPOAHOM U JlaHAWAPTHOU He-
OJlHOPO/IHOCTBIO: OXBAaThIBAeT YacThb [IpuKacnuicKoi HU3MEHHOCTH C aOCOIIOTHBIMU OTMET-
kaMu oT 13 1o 50 M HaZy ypoBHEM MODs, CONAHOKyNoJIbHble noAHATHSA CaHTac (71 M) u Cacaut
(94 M), o3epo llankap (gsinHa okoJsio 18 kM, mMpuHa A0 14 KM, cpeJiHssA ma01ab okoJio 200
KM?, MAaKCUMaJIbHO ryorHa 12 M, MuHepanu3anus 2,9-6,7 r/a, npuToku peku EceH-AHKATbI U
Yynak-AHKaThl, cTOK p. CoJISIHKA), a TaKXKe COJIOHYAKH, COPbI U JlelIPeCcCUU OKPECTHOCTH 03€epa
[llankap (PucyHok 1b) 3HauuTesibHasA YacTh TEPPUTOPUM UCCIEL0BAHUA NIPe/ICTaBIeHa paB-
HUHaMHu [Ipukacnuiickol HUBMEHHOCTH. B ncciieiyeMoM palioHe HabJ/110[jaeTcsl ceiCMUYecKast
aKTUBHOCTD [22].

Ha npoTskenuu nociaennux 30 jieT 1 0COOGEHHO B OC/E/[HEE AECATHUIETUE HAOJI0/JaeTCs
yCTOMYMBas TeHAEHIUS K COKpallleHUI0 akBaTopuu o3epa lllankap. Tak, B 1984 roay niowagb
BOZHOY IIOBEPXHOCTHU 03epa cocTasuiaaa 216,3 kM2, a B 2022 ropy oHa cokpaTuaach 10 173,1 kM2,
IPU UCTOPUYECKU MaKCMMabHOM 3Ha4yeHUU B 240 kM2. MOXKHO OTMETHUTb, YTO JjaXke 0OUIbHbBIN
naBoJiok 2024 1. cyliecTBEHHO He MOBJIMSJI HAa YPOBEHb BO/bl B 03epe. B uTore npubpexHas
30Ha oToABHHYJach Ha 650-800 M., 06HaXUB 3acosieHHOe AHO. [Ipr 3TOM Ha oGHaAKUBILEMCS
JIHe 03epa B HacTosllee BpeMs UJET MPOoL,ecC BOCCTAHOBJIEHHUA TOYBEHHO-PACTUTE/IbLHOTO
nokposa [8].

KanbuuedpuTHOo-neTpoPpuTHASA paCTUTENBHOCTDb COJITHOKYIOJIBbHBIX NOAHATUN Cacaa u
CaHTaca pe3Ko KOHTPACTUPYET C OKpPYyKarlleld pPABHUHHOW CTEMNHOW PAaCTUTENbHOCTBIO U YeT-
KO BbiJiesisieTcsl Gu3arnoHoMUYecKU. CONITHOKYIOJIbHbIE MOJHATHSA, @ TAKXKe 0CBOOOJUBILIEECs
JiHO o3epa Ulankap npeacTaBasAOT CO60M BaxKHbIE IIeHTPbl GOPMHUPOBAHUS U KOHLIEHTPAL U1
caMOObITHOU (GJI0PbI, KOMIIJIEKCHOW PACTUTEbHOCTU C JOMUHUPOBAHUEM COXPAHUBLIUXCS
PEeJIMKTOBBIX, KPACHOKHKHBIX U PeIKUX CO0OILEeCTB € NeTPOPUTHO-KalbLiHePUTHBIMH, rajio-
GUTHBIMHY KOMILJIEKCAMMH.

CoxpaHEeHHUIO U OXpaHe PeJKHUX U YHUKAJbHBIX PACTUTEJbHBIX COOOIECTB, MOCBSLEH
PS4, HayYHbIX pabOT, B KOTOPBIX Bbl/I€JI€HbI TOAX0/Ibl U KDUTEPUH K OLleHKe CTENeHU PeJKOCTH
COO0I1IEeCTB MU HEOOXOIMUMOCTH UX OXpaHbl [23-27].

Ha ocHOBe Bbl/ie/IEHHBIX IOJX0/I0B U KPUTEPUEB, UCCIE[lyEMbIE PACTUTEJIbHBIE CO00-
1leCTBa TUMMYAaKOBO-KOBBLJIbHBIX CTeNIed B OKPECTHOCTsAX 03epa lllankap 6b111 noJpasaesieHbl
Ha cjeiylolide KaTeropuu: A. PeJikue pacTUTe/IbHbIE COOOLECTBA, XapaKTepHbIE TOJIbKO JJ1s
3aBosnkcko-Kaszaxcranckoil npoBuHIMY; b. Pekue kopeHHble 30HaIbHbIE COOOIECTBA, UCTIbI-
ThIBalOLMe aHTPONOTeHHOe Bo3/elicTBUE; B. Peikue ioka/ibHbIE CO00O1LECTBA, IPUYPOUEHHbIE K
cneqrpUYeCcKUM YCI0BHUSIM MeCTO0OUTaHUsA. Huxxke Mbl IPUBOAMM ONKUCAaHUE PEJIKUX COOOIECTB.
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A. Pesikue pacTUTe/IbHbIE COOOIECTBA, XapaKTepHble TOJbKO /151 3aBOJKCKO-Kazax-
CTaHCKOW MPOBUHLIUU.

B 3Ty rpynny oTHOCATCSA cOO6LIeCTBa, pacCIpoCTpaHeHHble B 3aBOIKCKO-KazaxcTaHckoi
NPOBUHIIMH B 11€JIOM U B OT/|€/IbHBIX €€ NNOANPOBHUHIMAX. Ha OTKPBITHIX XOPOILIO IPOrpeBaeMbIX
MeJIOBBIX CKJIOHAX U IJ1aTo I. CaHTac pacnpocTpaHeHbl CO0OIIECTBA € y4YacTUEM KalbLiMe(PUTHBIX
Y 1eTpOQUTHBIX BUJIOB, KOTOPBIE NPeCTaBASAI0T HauOOAbIINN HHTEepeC B 60TaHUKO-reorpa-
$HUYecKOM OTHOLIEHHUH.

1. MatnnkoBo-nynaBkoBoe coobiectBo (Poa bulbosa + Anthemis trotzkiana) npuypo4eHo
K KOpEHHBIM MeJIOBbIM OCTaHLiaM, B OCHOBHOM Ha IJIaTO U B BEPXHUX YaCTAX MeJIOBbIX CKJIOHOB
r. CanTac. O611ee npoeKTUBHOE NMOKpbITHE TpaBocTos — 20-30%. (PucyHok 2a).

PucyHnok 2. Coo61ecTBa Ha MeJIOBBIX OcTaHIlax: a) Anthemis trotzkiana. l[[BeTy1iee pac-
TeHue. b) Anabasis cretacea. Beretupytoiee pacteHue.

diopucTHYECKUH cOCTaB BKJIOYaeT 15 BU/I0OB BBICUIMX COCYAUCTBIX PAaCTEHUH, OTHO-
camuxce K 15 pogam u 8 cemelictBaM. JloMUHUPYIOT BUJbI ceMelicTBa Poaceae, Asteraceae u
Chenopodiaceae. B coctaBe ¢iopbl 0TMe4eHO 9 )KH3HEeHHbIX GOPM, U3 KOTOPBIX JJOMUHUPYIOT
nosayapeBecHble (8 BuzoB; 53,3%), npeAcTaB/ieHHbIE IPEUMYLECTBEHHO MOJyKyCTapHUYKa-
MU (Artemisia lessingiana, A. salsoloides, Camphorosma monspeliaca). B ¢utonenoruyeckom
crnieKTpe npeobJiafatoT ctenHble BUABI (13; 86,7%). OcHOBY Qu10pbl cOCTaB/ISAET BU/bI IpEBHE-
cpeauseMHoMopckoro (6 BuzoB; 40%), Typanckoro (5; 33,3%), ronapktudeckoro (3; 20%) u
eBponenckoro (1; 6,7%) reorpadpuyeckux TUNoB apeasa. /[peBHecpei3eMHOMOPCKHE BU/IbI
npejCcTaBJieHbl IPEeUMyleCTBEHHO 3J1akaMu (Stipa capillata, Leymus ramosus, Poa bulbosa u
Zp.)- CocTosiHue coobliecTBa — Y4,0BJIETBOPUTEJbHOE.

B cocTaBe coob1iecTBa NPUCYTCTBYIOT HIXKHEBOJDKCKO-TPUYPAIbCKUH peJIUKT (Artemisia
salsoloides), apaso-kacnuiickue penukTsbl (Anabasis cretacea, Matthiola fragrans), jokanbHbie
3HIEMUKH — HXKHEBOJIKCKO-TIpUKacnUuMcKU (Artemisia lessingiana) u HUKHEBOJIXCKU I
(Anthemis trotzkiana), a Takxe BU/bl, BKJO4eHHble B KpacHyto kHury Kazaxcrana (Anthemis
trotzkiana u Lepidium meyeri). Takoe y4yacTue peJIMKTOBOI'O M 3HZEMHUYHOTO (BKJ/IIOYas JIO-
KaJIbHble 9H/IEMHUKH) KOMIIOHEHTOB MI03BOJISIET BbIJ€/IUTh PACTUTENbHOE COOOIECTBO MeJIO-
BbIX 0OHa>KeHUH ropbl CaHTaC B KATErOPUIO IHJAEMUYHBIX PUTOLEHO30B, CIeUPUIHBIX JJI5
3aBoJnKCKO-Ka3axcTaHCKOM NPOBHUHLUH.
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2. JKUTHSKOBO-eXOBHHKOBOE c000111ecTBO (Agropyron desertorum + Anabasis cretacea)
BCTpeYaeTcsl B BepXHEW YacTH MeJIOBBIX CKJIOHOB I. CaHTac. O6111ee MpOeKTUBHOE MOKPBITHE
15-20% (Pucynoxk 2b).

B coob1ecTBe oTMeueHOo 15 BUAOB, oTHOCAIIMXCA K 15 poaam u 9 cemeiictBaM. Han6o.1b-
llee pa3HOO6pa3ue XapaKTepHO JJ1s1 ceMeiicTBa Asteraceae. OCHOBY GJIOpbI COCTABJISIIOT MOJIY-
ZipeBecHble BUBI (9 BU0B; 60%), cpeiu KOTOPBIX JJIOMUHUPYIOT NOJyKyCTapHUKH (Anthemis
trotzkiana, Ephedra distachya, Lomelosia isetensis) 1 nonykycrapauuku (Artemisia lessingiana,
Lepidium meyeri, Jurinea kirghisorum u zp.). [Ipeo6saazatot crennbie Bugpbl (93,3%).

[eorpaduuecknii aHau3 NOKa3blBaeT HaJIMYMe 5 TUNIOB apeasioB. [Ipeo6s1asaoT rosap-
KTHUYeCKUe, IpeBHeCpeIU3EMHOMOPCKUE U TypaHCKUe BU/bI (110 4 BUAa; 26,7%), fanee cienyet
eBpomneiickue (2; 13,3%) u cpeauszemHomopckue (1; 6,6%) Buabl. Cpeiu roJlapKTUYECKHUX BU/I0B
HauboJiee TUMUYHbIMU ABJISAIOTCA IOHTUYECKO-3aBOJDKCKO-Ka3axcTaHCKUH (Lepidium meyerti)
Y 3aBOJIKCKO-Ka3axcTaHCKUM (Lomelosia isetensis) Buabl. /lpeBHecpeiM3eMHOMOpPCKOE PO
dopmupyroT Agropyron desertorum, Atraphaxis spinose, Ephedra distachya u ap. CoobuectBo
UCIIBITHIBAET CUJIbHOE aHTPONIOTEHHOE BO3/IeMCTBUE, B pe3y/ibTaTe IJI0La/lb ero pacnpocTpa-
HeHHS 3aMeTHO COKpallaeTcsl, YTO B la/IbHENIIEM MOXKET NPUBECTH K Jilerpaalii U HOJTHOMY
ero UCYe3HOBEHUIO.

B uccienyemMoM coob1iiecTBe BbIsIBJIEHbI apasio-KacnUUCKUM pesuKT (Anabasis cretacea)
Y HIKHEBOJDKCKUU (Anthemis trotzkiana) v okanbHBINA Npukacnuiickuii CeipToBo-Iloaypanb-
ckul (Jurinea kirghisorum) sngemuku u Lepidium meyeri - Buz 3aHecéHHbIN B KpacHyto KHUTY
Pecny6siuku Kazaxctan (2014). Takum 06pa3om, yuacTHe 3H/IEMUYHBIX, IOKAJbHO-3H/IEMUYHbIX,
Cy63H/IeMUYHbIX U PEJIMKTOBbIX U KPACHOKHHUKHBIX BU/JIOB B CTPYKTYpe COOOIECTBA, CBUE-
TEJbCTBYET O €r0 BEICOKOHM NMPUPOI00XPAHHOU LIEHHOCTHU U [103BOJISIET KJACCUPUIUPOBATH €r0
KaK 9H/IEMUYHbIHN 1]eH03, cieluPUUHBIN 17151 3aBODKCKO-Ka3zaxcTaHCKOU POBUHIIMU.

b Pesikrie KopeHHble 30HaJIbHbIE COOOLIECTBA, UCIBIThIBAIOL e aHTPOIIOTEHHOE BO3/leH-
CTBHE COXPAaHUIUCh pparMeHTAPHO U XapaKTePU3YIOTCs BbICOKOM CTeNneHbl0 HapyleHHOCTH. K
JlAaHHOW KaTeropuu OTHOCATCH TUIIMYHbIE 30HAJ/IbHbIE CO00IeCTBA C y4YacTHeM JIOKaJbHBIX pe-
JINKTOB, PEJIKUX U ySI3BUMBIX BUJIOB, IPEXK /i€ BCET0, HAXOASALMXCSl HAa FPaHMLIaX CBOUX apeasioB. B
BEPXHUX YaCTSX U I0XKHbBIX CKJI0HAX I. CaHTac chopMUpPOBaHbI KCepOPUIbHBIE JIECCHHTOTIOIbIHHbIE
coob6uectBa. Ha nosorux cksoHax rop Canrtac u Cacail rocio/iICTBYIOT TUTYAKOBO-KOBBIJIbHbIE
CTelu C JOMUHUPOBAHUEM CTENHBIX 3J1aKOB (Agropyron pectinatum, Festuca valesiaca, Stipa
capillata, S. Lessingiana u fip). B MeXrpsi/J0BbIX IOHMKEHUSAX U 6a/IKax pa3BUThI KYCTAPHUKOBbIE
3apoc/iv u3 Spiraea crenata, Caragana frutex, Amygdalus nana c yuactuem Elaeagnus angustifolia
¥ Rhamnus cathartica. [1o nepudepru copoB U ry60KUX JlepecCuil JOMUHUPYIOT CO06IecTBa
c yyactueM Neotrinia splendens u Nitraria schoberi. Ha KopKoBbIX COJIOHIIAX paCIPOCTPAHEHDI
YepHONOJIbIHHbIE, KaM($OPOCMOBBIE, IPYTHSAKOBbIE, OUIOPIYHOBbIE U KOKIIEKOBbIE COOOI[ECTBA.

3. JleccuHromnoJibIHHOE co061ecTBO (Artemisia lessingiana) oTMe4eHO B BepXHHUX IeOHHU-
CTBIX YaCTAX MeJIOBbIX CKJIOHOB I. CaHTac. O6uiee npoekTuBHOE MokpbITHE 40-50% (PucyHnok 3a).
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PucyHok 3. KopeHHble 30Ha/IbHbIE CO001lecTBa: a) Artemisia lessingiana. Beretupytoiee
pactenue. b) Nitraria schoberi. Beretupytoiiee pactenue. c) Stipa lessingiana. Beretupyioiee
pactenue. d) AcnekT TroabnaHa (Tulipa suaveolens).

Bo ¢iopuctryeckoM coctaBe oTMedeHo 19 BU0B, oTHOCAUUXCA K 18 pogam u 10 ce-
MelctBaM. [IpeobsiasiatoT npeacTaBuTeN U ceMeiicTBa Asteraceae (5 BUioB; 26,3%); ocTasibHbIE
ceMelCTBa npeJcTaB/eHbl 1-2 BugjamMu. buomopdosiornyeckuii aHaaus nokasas npeobiasaHue
MHOT'0JIETHUX TPAaBAHUCTBIX MOJUKapHIUKOB (11 Bua0B; 57,8%) u moaykyctapHu4ukoB (4; 21,1%).
[eorpaduyeckuii aHa/1M3 BbIIBUJ IPUCYTCTBUE 5 TUNOB apeasa: peBHECPe3eMHOMOPCKOro (9
BUJ0B; 47,4%), TypaHckoro (4; 21%), eBponeiickoro (3; 15,8%), ronapkruyeckoro (2; 10,5%) u
cpenuseMHoMopckoro (1; 5,3%). Cpean ApeBHeCpeM3eMHOMOPCKUX BU/I0B BeAyliee MOJI0KeHUE
3aHUMaloT Kak Kanbnuedutsl (Ephedra distachya, Limonium suffruticosum, Psathyrostachys
juncea u Jip.), TaK ¥ cTenHble 3J1aku (Agropyron desertorum, Poa bulbosa, Stipa capillata u zap.).
AHanu3 GUTOILEHOTUYECKON CTPYKTYPhI BBISIBUJ JIOMUHUPOBAHHE CTeNMHbIX BUA0B (18; 94,7%).
CocTosiHMe co00111eCTBA — YA0BJIETBOPUTEJLHOE.

B n1aHHOM co06111ecTBe OTMEYEHbl HUXKHEBOJIKCKUM aHAeMUK (Anthemis trotzkiana),
apasio-Kacnuickue peaukThl (Anabasis cretacea, Matthiola fragrans), 3aBo/iKcK0-Ka3aXCTaHCKHUE
cy6angemuku (Lomelosia isetensis, Echinops meyeri), o6siuratHbie kanbuuedutsl (Psephellus
carbonatus u Astragalus tauricus), a Tak>xe Artemisia lessingiana, KOTOpbIii IB/IIeTCA JIOKa/Ib-
HbIM HU>KHEBOJIKCKO-TIPUKACIUNHCKUM 3HAeMuKkoM CeBepHoro [Ipukacnus [28]. YHUKa/libHOE
coyeTaHUe B cOCTaBe GUTOLEHO3a IHJEMUYHBIX, JIOKAJIbHO-3H/IEMUYHbIX, Cy0O3H/IEMUYHBIX,
PEJIUKTOBBIX BU/I0B U 00JIMTAaTHBIX KaJIbLiMe)HTOB M103BOJISIET BIIEPBbIE BbIJEJUTH JaHHOE
CO061IeCTBO 151 TeEppUTOpPUHU 3anaZHo-KazaxcTaHcKoU 06/1aCTH.

4. CenmuTpsIHO-JIepXOIMOJIbIHHOE coob1ecTBO (Artemisia lercheana + Nitraria schoberi)
OTMeueHO Ha I1aTo ropsl Cacaii, a Takke Ha paBHUHHBIX COJIOHYaKOBATbIX Y4acTKaxX U COJIOH-
11ax, o nepudpepuu COpoB U JieNpecCrid, BKJI0Yasi KpaeBble yYacTKU 0OHAXKUBLIEr0Cs HA 03epa
[Mankap. O61uee npoekTrBHOE NOKpbITHE 40-50% (PucyHnok 3b).
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®10pUCTUYECKUN COCTAB BKJIKOYAET 23 BU/JL OTHOCAIMXCSA K 22 poaaM U 11 ceMelcTBaM.
JloMUHUDPYIOT NpefcTaBUuTe U ceMelcTB Poaceae (6 Buz0B; 26,1%), Asteraceae (4 Buza; 17,4%),
Brassicaceae u Fabaceae (1o 2 Buaa; 8,7%). OcTasibHble ceMeNCTBa NpeACTaBAeHbl OHUM BUOM.
[Ipeo6iajat0T NJIOTHOLEPHOBUHHbBIE U KOPOTKOKOPHEBUILHbIE BU/bI (8; 34,8 %). 3HauuTe/IbHas
J10J11 OHOJIETHUX U COPHBIX pacTeHuH (6; 26,1 %) cBUeTeNbCTBYET O NACTOUILHON AUTPECCHUH.
B puTOIEHOTHYECKOM CIIEKTpe JOMUHUPYIOT cTenHble BU/bI (19 BuA0B; 82,6 %). B reorpadu-
4YeCKOM CIIeKTpe Bbl/leJIeHO 6 TUIIOB apeasioB: ipeBHecpeau3eMHoOMopckui (9; 39,1%), rosap-
KTh4YecKuH (5; 21,7%), eBponerickuii (5; 21,7%), niropuperuoHanbHbii (2; 8,7%), TypaHCKUAM
(1; 4,4%) u cpeguzemMmHoMopckui (1; 4,4%). CocTosiHUE COOOIECTBA — Y/0BJIETBOPUTE/bHOE.

HayyHas ¥ npupoooxpaHHasi 3HAUMMOCTb COO01IeCTBa ONpe/essieTcs HIPUCYTCTBU-
eM Nitraria schoberi, Haxozasierocs Ha ceBepHOM rpaHulie cBoero apeaJsia v Ornithogalum
fischerianum, 3anecenHoro B Kpacnyto knury Pecny6sinku Kazaxcran (2014).

5. [logMapeHHHKOBO-KOBBIIKOBOE co0611ecTBO (Stipa lessingiana + Galium ruthenicum)
SIBJISIETCSI €CTECTBEHHbBIM 3TaJIOHOM CTelel, paHee 3aHUMaBLIUX 3HAYUTe/IbHblE TEPPUTOPHUH,
O/IHAKO B HACToOsIllee BpeMs COXPAaHUBILUXCS Kb GparMeHTapHo. O6liee NPOEKTUBHOE M0-
kpbiTHe 60-70% (PucyHok 3c, 3d).

OTMeyeHO NpUCYTCTBUE 26 BUJ0B, OTHOCALLUXCA K 23 poaaM U 13 ceMelicTBaM. JlomMu-
HUPYIOIUM CEMENCTBOM siBJsieTcsl Asteraceae (7 BuzoB, 26,9%), Poaceae (5 BuzoB, 19%). B
61oMopdos0ruiecKoM crieKTpe oTMedeHo 11 KU3HeHHbIX GOpM, Cper HUX MpeobJajaloT
IJIOTHOZlepPHOBUHHBIE 3J1aKU (8 BUA0B; 30,8%), KOTOphIEe ABIATCA OCHOBHBIMU 3JUdHUKATO-
pamu JaHHOTO coobiecTBa. [lepBoe MeCTO 1Mo YMCJIEHHOCTU 3aHUMAIOT BH/IbI, OTHOCSLHUECS K
rojsiapktudyeckomy tumy apeasna (8; 30,8%). BTopbiM 110 YMCJI€HHOCTH BU/|0B SIBJISIETCS JJPEB-
HecpeJJM3eMHOMOPCKHMM TuM apeana (7; 26,9%). Cpeiu eBponelCKUX TUIIOB apeaJia 4acTo
BCTpeyaroTcs noHTU4eckue BUAbI (Galatella villosa, Euphorbia uralensis, Limonium sareptanum
u p.). Crennble BUAbI (21; 80,8%) B ocHOBHOM IpeJicTaB/eHbl ceMeicTBOM Asteraceae (27 %),
13 HUX 6oJiee 3aMeTHbBI Artemisia austriaca, Centaurea scabiosa, Jurinea multiflora. OTmMevaeTcs
COKpallleHHe /IOl JaHHOT0 Co001IeCcTBa M0/ BO3J,eCTBUEM aHTPONOTEHHBIX U TPHUPOJHbBIX
dakTopoB.

3HAYUMOCTb COOOIECTBA ONpPelesISeTCS TEM, UTO OHO SIBJISIETCS €CTECTBEHHbBIM 3TaJIOH-
HbIM COOOIIECTBOM PETMOHA, KOTOPOE HAXOAUTCS Ha TPaHU ucue3HoBeHUs1. KpoMe Toro, 1aHHOe
COODOI1leCTBO MMeeT 3HaUYeHHe KaK MeCTOOOUTaHUe peJIKUX U OXpaHseMbIX BUJJOB paCTEHUN
(Tulipa biebersteiniana u T. suaveolens).

6. [TobIHKOBO-4KeBOe co0611ecTBO (Artemisia austriaca + Neotrinia splendens) siBisieTcs
pervuoHaJbHO peJIKUM U IPUYPOYEHO K MOI0LIBAM COJISTHOKYIOJIbHBIX U MEeJIOBbIX OOHAXKEHUH,
a TaKXe BCTpeyaeTcs B JIOJIMHAX PEK, CTapopevbsX, MeJIOBbIX OBparax U 6asikax. Obiee npo-
ekTUBHOe nokpbITHe 40-50% (PucyHok 4a).
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PucyHok 4. KopeHHble 30Ha/IbHBIE co061iecTBa: a) Neotrinia splendens. 3apoc/iv BETYyIHUX
pacteHui. b) KamdopocMoBo-yepHONOIBIHHOE COOO1IECTBO. €) MATIMKOBO-/1IEPXONOJILIHHOE
coobiectBo. d) Atriplex cana. Y4acTOK KOMIIJIEKCHOU CTeMM.

Bo ¢siopucTrHyeckoM cocTaBe npejicTaBjieHbl 19 BUJI0B, oTHOCALMXCA K 19 pojgaM u 9
ceMelicTBaM. Beiylyto po/ib UTpaloT NpeCcTaBUTeNH ceMelicTBa Poaceae ¢ pa3simyHoM 3KoJ10-
rUYecKOM aMIIMTY/IOU U BKJIIOYaKIMe Kak kcepopuThl (Agropyron pectinatum, Poa bulbosa,
Neotrinia splendens), Tak u me3odutsl (Bromopsis inermis, Elytrigia repens) u gp. [Ipeo6sa-
JlaloT cTep>kHeKopHeBble BUAbI (Gypsophila paniculata, Medicago falcata, Rumex confertus u
JIp.), OCTaJIbHbIE TPYIIIbI CJ1a00 Npe/cTaBieHbl. JJoMUHUPYIOT cTenHble 12 (63%) u siyroBblie 4
(21,1%) Buppl. [eorpadpuyeckni cCieKTp BK/IOYAET 5 TUIIOB apeasioB € IpeobJiaZlaHreM roJiap-
KTUYECKOI'0 U IpeBHeCpeM3eMHOMOPCKOro TUIOB. COCTOsIHUE COO011leCTBa OLleHMBAETCs KaK
Hey0BJIETBOPUTEJIbHOE BCJIeICTBHE UHTEHCHBHOTO BbIllaca CKOTA ¥ U3MEHEHUS BOJHO-COJIe-
BOT'O pexxuMma.

[IpupogooxpaHHas 3HAYUMOCTb COOOLIEeCTBA ONpeJiesIsieTCs TEM, YTO OJAMH U3 JJOMU-
HUpyoUxX BUZI0B — Neotrinia splendens - HaxogUTCs Ha ceBepo-3anaJiHON rpaHuIle CBOETO
apeasa, a Takxe npucytcrBueM Ornithogalum fischerianum, 3anecennoro B KpacHyto kHury
Pecny6sauku Kazaxcran (2014).

7. KampopocMoBo-yepHomoJibiIHHOE coobiiecTBO (Camphorosma monspeliaca + Artemisia
pauciflora) pacnipocTpaHeHO Ha COJIOHI]aX KOMILJIEKCHOM cTenU. /lOMMHAaHTOM BbICTyNIaeT HHX-
HEeBOJIKCKO-NIPUKACIUMCKUIM BU Artemisia pauciflora, KOToOpblil B cO4eTaHUU U KOMILJIEKCE
C IepHOBHHHBIMU 3J1aKaMH, N0JIbIHbIO Jlepxa u kamdopocMoit GopMUpyeT HEOJHOPOJHOCTD
pactuTesbHOro nokposa. O6uiee npoekTuBHOE NOKpbITHE 30-40% (PucyHnok 4b).

B cocTaBe coob1iecTBa HacUUThbIBaeTcs 13 BU/I0OB pacTeHHH, OTHOCAIMXCA K 12 pojam
v 8 cemericTBaM. Beylmiumu no 4yuciay BUAOB AABJIAIOTCA ceMencTBa Asteraceae, Poaceae n
Chenopodiaceae. BoiziesieHo 7 xxu3HeHHBIX GOPM, CpeIU KOTOPbIX NPe06J1aAaloT MOJyKyCTapHUY-
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ku (30,8%), npeacraBsieHHble Artemisia pauciflora, Anabasis salsa, Camphorosma monspeliaca,
Tanacetum achilleifolium. 'eorpaduyecknii aHasu3 nokasasj NpUCyTCTBUE 5 TUIIOB apeaJa:
JipeBHecpear3eMHOMOpPcKoro (6 BuaoB; 46,1%), roylapKTUYECKOT0, EBPONENCKOT0, TYPAHCKOTO
(no 2 BuAa; 15,4%), ceBepoamepukaHckoro (1; 7,7%). PuToneHoTu4YecKas CTPYKTypa XapakTe-
pusyeTcs npeobJiaZlaHieM cTenHbIX BUJ0B (12; 92,3%). CocTosiHUe cO061ecTBa OLleHUBAETCS
KaK Hey/I0BJIETBOPUTEJILHOE BCJIE[CTBUE HEPETYJIMPYyEMOTO BbIllaca CKOTa.

Coo06111ecTBO NMpeCTaB/sIeT 0COObIN HAYYHbIA UHTEPEC B CBSA3U C yYaCTHEM B €0 CTYKType
Anabasis salsa, Haxozs1ETOCA Ha CEBEpPHOU IPaHuLie CBOEro apeasia B IpejesiaX U3y4yaeMoro
peruoHa.

8. MsaTyinKOBO-JIepXomoJibIHHOE coobiiecTBO (Poa bulbosa + Artemisia lercheana) BcTpeya-
I0TCS Ha [IJIAKOPHBIX YYacTKaxX U Y MOAHOXUU cK10HOB rop CanTtac u Cacail. O611iee npoeKTUBHOE
nokpsiTue 50-60% (Pucynoxk 4c).

B coob1iecTBe oTMedeHo 26 BUA0B, OTHOCAIIMXCS K 25 pojaM v 12 cemeiictBam. Cpeau
ceMeHnCcTB JOMUHUPYIOT Asteraceae u Brassicaceae (o 6 BuzioB; 23,1%), Toraa kak Poaceae
npejcTaB/eHo Jullb TpeMsa BuZamu (11,5%). CHukeHHe poJsiv 3J1aKOBOIO KOMIIOHEHTA 00Y-
CJIOBJIEHO Ype3MePHbIM NAaCTOUIIHBIM IPECCUHTOM (IlepeBbINacoM), B pe3y/ibTaTe KOTOPOro 13
CTPYKTYPbI COO0LIeCTBa BbINaJal0T KOpeHHbIe cTenHble 371aku (Festuca, Koeleria, Stipa u zp).
OcTasbHble ceMeNCTBA NMPeJICTaBJIeH OJJHUM, pexe ABYyMs BUJaMu. OCHOBY $JiOpbl COCTABJSIOT
MHOT0JIETHEE U OJIHOJIETHee pa3HoTpaBbe (1o 11 BuoB; 42,3%) u noaykycTapHUyku (4; 15,4%).
Beayiiee nosioxkeHue 3aHUMAKOT cTenHble BUAbI (22; 85%). BeigenstoTcsa 5 TunoB apeaJa:
JipeBHecpeiu3deMHoMOpcKUe (9 BUaoB; 34,6%), ronapktuueckue (7; 26,9%), eBponeiickue (5;
19,2%), cpenuzemHoMopckue (3; 11,6%) u TypaHckue (2; 7,7%). Ha yyacTkax ¢ JJIMTe/IbHbIM
nepeBbINacoM HabJI0AAeTCs JeMyTalUsl paCTUTeNbHOCTH, COPOBOXKAaroLasacsad ¢opMUpoBa-
HUEM JIEPXOMOJIBIHHBIX NACTOUIIHBIX COOOIECTB.

HecMmoTpsi Ha aHTpoNOreHHOE BO3/]eCTBHE, B COOOIIECTBE COXPAHSETCS KPAaCHOKHMKHbIN
BU/J — Ornithogalum fischerianum.

9. YepHOMOJILIHHO-KOKIIEKOBOE coob1ecTBO (Artemisia pauciflora + Atriplex cana) BbisiB-
JIEHO B palioHe cTapopeubs peku CoITHKHY U KaHasa bap6acTtay-Illankap. O61iee npoeKTUBHOE
nokpeitve 30-40% (Pucynoxk 4d).

B cocTaBe coobiecTBa 18 BUI0B pacTeHHH, OTHOCAILUXCA K 15 posam U 6 cemeiicTBaM.
JloMmuHUpYyolee MoJioXkeHUe 3aHuMaeT ceMeicTBo Chenopodiaceae (7 BuzoB, 38,9%), Toraa
Kak ceMmercTBa Plumbaginaceae, Poaceae u Asteraceae npeJicraBJjieHbl TpeMsl BUJAaMU Kax0e
(16,7%). Pox Limonium BkJt04aeT Tpu BUJaA, Artemisia u Atriplex — no ABa, ocTajibHble PO/ibl
SIBJISIFOTCSI MOHOBUA0BBIMU. BuoMopdosiorniyecknii aHau3 BbIsIBUJI PUCYTCTBUE MOJIYKyCTap-
HUYKOB (4; 22,2%), nosyKycTapHUKOB (3; 16,7%), TpaBAHUCTBIX NOJUKAPNUKOB (6; 3,3%) 1
MOHOKapnukoB (5; 27,8%). ®uToLieHOTHYECKAsA CTPYKTYpPa XapaKTepu3lyeTcsd npeobsiajaHueM
crenHbix 13 (72%) u nycTbiHHBIX (3; 17%) BU0B. OCHOBY QJIOpBI COCTABAAIOT JpEeBHECPEU-
3eMHOMoOpckue BUAbI (Atriplex cana, Bassia hyssopifolia, Limonium suffruticosum) u caxapo-ro-
o6urickuil BuA (Halocnemum strobilaceum), 4To cBUeTebCTBYET 0 [peBHEM IPOUCXOMXKAEHUU
JlAaHHOTO co061IecTBa B peJesiax peruoHa. JlaHHoe coo611eCTBO UCIBITbIBA€T UHTEHCHUBHYIO
AHTPONOTEHHYI0 HAarpy3Ky, BbIpaXKaloIy0Cs B Ype3MePHOM MacTOUIIHOM IPECCUHTe Y BbITall-
ThIBAHUU PACTUTEJNBHOTO MOKPOBA CKOTOM.

Hay4Hasi 3HaUuMMOCTb JAHHOTO QUTOLIEHO3a Olpe/ieisieTCsl TeM, UTO OHO SIBJSIETCS KO-
pPEeHHBIM TUNIUYHBIM 3JIEMEHTOM CTENHOU 30HBbI, @ TAKXKe CIYKUT MeCTOOOUTaHueM AJis Anabasis
salsa, Haxo/s1erocs Ha cCeBepHOM rpaHulie CBOETo apeaJa.

B. Penkue nokasibHbIE COOOILECTBA, IPUYPOUYEHHBIE K ClieUPUIECKUM YCIOBUSAM Me-
CTOOOUTAHUS.
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C TeyeHMEM BpeMeHHU Ha 00ChIXalIUX y4acTKax JHa o3epa llankap Hayaau popmupo-
BaTbCsl IMOHEPHbIE COOOLIECTBA C yYacTHEM IuIlepraJoGUTHBIX pACTeHUH, pa3BUBAIOIIHECS B
9KCTPeMabHbIX YCJIOBUSX CUIBbHOTO 3aCOJIEHUS U HECTAOUJIBHOI'0 TH/IPOJIOTHYECKOTO PEXUMA.
ITH CO06IIECTBA XapaKTEPU3YIOTCS MaJOBU0BbIM COCTAaBOM U NPE/CTABISAIOT HAyYHbI UHTE-
pec 151 u3ydyeHus dJioporeHesa peruoHa U 6MopasHoo6pa3usi raiopUTHOU PaCTUTENbHOCTH.

10. KepmekoBokycTapHuKoBoe coobuiecTBO (Limonium suffruticosum) npuypoyeno k
y4acTKaM OOHaXKUBILIerocs AHa o3epa lllankap 1 npubpeXHbIM COJIOHYAKOBBIM yYacTKaM IH-
oHepHoro Tuna. O6uee npoektuBHOe NokpbiTHE 20-30% (PucyHok 5a).

O6111ee YMC/10 BU/IOB B COOOIIIECTBE COCTABJISIET 22, OTHOCAILMXCSA K 15 pojiam u 7 ceMeit-
cTBaM. AHa/iu3 61MoMop¢ BbISIBUJI pa3HOOOpa3ue KU3HEHHbIX POPM, Cpeiu KOTOPBIX I'OCIO/ -
CTBYIOT TPaBSIHUCTbIe pACTeHHUS. 3HAUUTEJbHYIO JOJII0 COCTABJISIIOT OJHOJETHUKH (8 BU/0B;
36,4%), HanboJiee npeACTaBJIEHHBIMU U3 KOTOPBIX ABJAAIOTCA Polygonum arenarium, Salsola
soda, Suaeda corniculata.

PucyHok 5. CoobuiecTBa Ha iuTopasu o3epa lllankap: a) KepmekoBoe coo06111ecTBO
(Limonium suffruticosum). b) Halimione verrucifera. BereTupyoliee pacTeHre U BepXyllIKa
nobera.

Cpeay TpaBSHUCTBIX MHOTOJIETHUKOB MIPe06J1aaloT KOpHEBUILHbIE BUAbI (Aster amellus,
Calamagrostis epigeios, Phragmites australis u gp.). [lonyapeBecHbie kcepoduThl (7; 31,8%)
npejcTaB/eHbl Artemisia monogyna, A. nitrosa, Atriplex cana, Halimione verrucifera, Halocnemum
strobilaceum, Limonium suffruticosum, Tamarix laxa. Takoe cooTHollIeHHE }KU3HEHHBIX GOpM
OTpakaeT afaNTalLuI0 PACTEHUH K 3KCTPEMa/IbHBIM YCJIOBHUSIM MECTOOOUTAHHUS. AHA/IU3 reo-
rpaduuecKor CTPYKTYpbl GpJIOpbl OKa3aJl NPUCYTCTBUE 7 TUIIOB apeasioB. B cocTaBe ¢uiophl
OTMeYeHbl [peBHecpear3eMHoMopckue (Atriplex cana, A. littoralis, Limonium otolenis, L.
suffruticosum, Poa bulbosa, Tamarix laxa u ap.), HeHTpasbHoa3uaTckue (Artemisia nitrosa,
Halimione verrucifera, Suaeda corniculata) u caxapo-ro6uiickue (Halocnemum strobilaceum)
BU/bl. PUTOLIEHOTHYECKAsl CTPYKTYypa NpeJcTaB/eHa NPEUMYLeCTBEHHO CTEMMHBIMU BUAAMU
(18; 82%) npu He3HAYUTEJIbHOM y4aCTHHU JIYTOBBIX U COPHBIX rpymi (o 2 Buja; 9%).

11. O6uoHoBoe coobiiecTBo (Halimione verrucifera) pacnpoctpaHneHo Ha coJlIOHYaKaX U
COJIOHYAKOBATBIX YYacTKaX JIMTOPaJbHOM 30HbI 00coxIlero AHa o3epa lllankap, B Her1y60Kux
JIOXKOMHAX CTOKa MU MUKpo3anajuHax. 061ee npoekTuBHOe NOKpbITHE 20-35% (PucyHok 5b).

B coob6uiectBe yuacTByeT 10 BUJJ0B pacTeHUM, OTHOCAIIUXCS K 9 pojiaM U 4 ceMelicTBaM.
Masi0BU/10BOM COCTAB CBU/IETEIBCTBYET 00 3KCTPEMAJIbHBIX YCJIOBUSIX MECTOOOUTAHUS U OTHOCH-
TeJIbHOU MOJIOJOCTH JJAaHHOU GJI0pbl. 3HAYUTEIBHYIO 10J110 BO (JIOpE COCTABJISIIOT OJHOJIETHUKHU
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(4 Buzna; 40%). B onrvcbiBaeMoOM cO0DO1ECTBE Bbl/ieJIEHO 6 TUNIOB reorpapruyuecKux apeasaon:
ZApeBHecpeauzeMHoMopckui (3 Buga; 30%), ronapkrrudeckui (2; 20%) u eBponelckui (2;
20%), a TakKe cpeJju3eMHOMOPCKUM, TYPAaHCKUH Y IJIIOpUpPeruoHa bHbIi (1o 1 Buay; 10%).
B ¢uToneHOTUYECKOM CTPYKTYpe MpeobsiajatoT NycThbIHHBIE BUABI (5; 50%).

KepMeKoBO-KyCTapHUKOBOE U 0OMOHOBOE COO6IeCTBA PACCMAaTPHUBAIOTCS KaK peJiKue
raJopUTHBIE COOOLIEeCTBA, OTPAaHUYEHHO pacpocTpaHéHHbIe B perioHe. OHU NpeACTaBJISIOT
3HAYUTEJbHbIA HayYHbIA HHTEPEC, MOCKOJIbKY OTPaXKaloT NMpoLecchl GOpMUPOBAHUS TUOHEP-
HbIX 3KOCUCTEM Ha BbICBIXAIOLIMX YYaCTKaX JHA COJIEHBIX BOJOEMOB.

O6cyxaeHue

[IpoBeseHHbIe UCC/Ie,0BAaHUS TUITYAKOBO-KOBbIJIBHBIX CTeNEeN B OKPECTHOCTAX 03epa
[Mankap yka3blBalOT HAa HEOAHOPOAHOCTb GJIOPHI pa3/IMYHBIX MECTOOOUTAHUM 1 pa3HYIO
CTelleHb aHTPONOreHHOT0 BO3/,eHCTBUSA. BOJIBIIMHCTBO CO061eCTB HAXOAATCS B YTHETEHHOM
cocTosiHUU. OCHOBHBIMM $aKTOpaMHU Jierpaaliu ABJASAIOTCA pa3paboTKa MeJia, BbIac CKOTA,
CTellHble [10XKapbl, U3MEHeHHe I'MPOJI0THYeCKOro U I'MIpOXMMHUYECKOTo pexxuMa o3epa [la-
Kap, BOZHO-COJIEBOTO peXrMa I04B, peKpealluoOHHble Harpy3ku. Ha usyyaemoil Tepputopuu
BblZlesieHO 11 peIKMX CO0OOIECTB, B KOTOPBIX YUC/I0 BUA0B BapbupyeT oT 10 g0 26 (Tabauna 1).

Ta6suna 1
[IpeacTaB/IeHHOCTH peJKUX BUAOB B PACTUTE/IbHBIX COOOIEeCTBAX TUMYAKOBO-KOBbL/Ib-
HBIX CTelel oKpecTHOCcTel o3epa lllankap

Yucnao Yucno pesKux BUJ 0B
Yucao BUAOB,
Yucio 3HJIEMUYHBIX, Yucino
Coob611e- | BUJIOB B JIOKaJIbHO- Hucno HaxO[AIIHMXCA MpOYUX
PEJIMKTOBBIX | Ha KpaWHen 13 HHEX, AOJI 0T
CTBO coo0l1e- | 3HAEMUYHBIX U BHI0B rpanue PeAKMX | pcero | BKJIIOYEHHBIX | 06LEro
CTBe Cy63H/IeMUYHbIX BHU/JIOB B KK PK yucna, %
apeaJsa ¢
BHU/JIOB
Pesikue pacTuTe/IbHbIE COOOIECTBA, XapaKTEPHbIE TOJBKO /1J1s1 3aBOJIKCKO-Ka3zaxcTaHCKOW NpOBUHLIMHU
1 15 2 3 1 6 2 40
2 15 3 1 1 5 2 33,3
PeJikve KopeHHbIe 30Ha/IbHBIE COOGLIECTBA, UCIBITHIBAIOLIME aHTPONOeHHOEe BO3/eficTBUE
3 19 4 2 - 2 8 1 42,1
4 23 - - 1 1 2 1 8,7
5 26 - - 2 2 2 7,7
6 19 - - 1 1 2 1 10,5
7 13 - - 1 1 - 7,7
8 26 - - 1 1 1 3,8
9 18 - - 1 - 1 - 5,6
Pefikuve siokanbHbIE COOOIIECTBA, IPUYPOUEHHBIE K ClIEUPUIECKUM YCI0BUSAM MECTOOOUTAHUSA
10 22 - - - - - - -
11 10 - - - - - - -

[Ipumeuanue: KK PK - Kpacnas kuura Pecniy6.1vku KazaxcraH; HoMepa coobiectB 1-11
COOTBETCTBYET Ha3BaHUIO U ONMUCAHUIO B TEKCTE.
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B 1aHHBIX COO6LIECTBAX OTMEUYEHbI peiK1e BU/1bl, KOTOPbIE UMEIOT KJII0UeBOe 3HaUeHHe
[/ IoZiiep>KaHrs 6Mopa3Ho06pa3us, yCTOMYUBOCTH CTENTHOM 30HbI U CBUAETENbCTBYIOT O
JlpeBHEM reHe3Hce cO0011eCTB U UX pedyruaibHOM XapakTepe. Haubosibiiasa KOHIL,eHTpanysa
peAKUX BUJ0B OTMe4YeHa B JIECCUHTOI0JIBIHHBIX, MAT/JIMKOBO-IYNIaBKOBBIX U )KUTHAKOBO-€KO0B-
HUKOBBIX COOOLIEeCTBAX.

IauPUKATOPbI MATJIUKOBO-MYMaBKOBBIX U YKUTHSIKOBO-€KOBHUKOBBIX COOOIIECTB BKJIIO-
yeHbl B KpacHyto kHury Pecny6siviku Kaszaxctan [14]. O3epo lllasikap oxpaHsieTcsl KaK yHUKaJlb-
HbIM IPUPOJHBINA BOAHBINA 06beKT, a ropbl CaHnTac 1 Cacail - kKak reoMmopdosioruyeckre 06’beKThbl
[29]. Ho B coBpeMeHHO! PUPOL00XPAaHHOW IPAaKTUKe aKTUBHO pa3BUBAEeTCH 3KOCUCTEMHbIN
NIO/XO0/, COTJIACHO KOTOPOMY OXpaHe MOo/JieXXaT He TOJIbKO OTAe/IbHble peJIKue BU/ZbI, HO U UX
ecTecTBeHHble MecTooO6uTaHus [30]. [I[pucyTcTBUE HA J@HHON TEPPUTOPUH PeJKUX BUJIOB U
YHUKaJbHBIX PACTHUTEJbHbBIX COOOLIECTB CJIYKUT BECOMbIM 0O00CHOBAaHUEM [1J1S1 CO3JJaHUsI KOM-
IJIEKCHOM 0C060 OXpaHseMOU NPUPOJHOU TEPPUTOPHUH, IPU3BAHHOM 06eCIIeYUTh COXpaHEHHUE
He TOJIBKO re0JIOTUYEeCKUX U TUIPOJIOTUYECKUX 00'bEKTOB, HO U 3HJ€MHUYHOT'0 PaCTUTEJIbHOTO
nokpoBa pernoHa. OkpecTHocTH o3epa lllankap fo/KHBI pacCMaTPpUBATBHCA KaK OZJMH U3 KJIIO-
YeBbIX YYAaCTKOB COXpaHeHHUs 61Mopa3HO06pa3us CTeNHbIX 3KocucTeM 3anajHoro KasaxcraHa.

B cBS13U € yrpo30¥ UCYe€3HOBEHUS PeJJKUX PACTEHUM U paCTUTEJIbHBIX COOOLIEeCTB HEOO-
XoZiMMa pa3paboTKa Ha OCHOBaHHUM COBpeMeHHOTo noaxoza U kputeprueB MCOII o6HOBIeHME
cnvcka BuJioB KpacHoit u 3esieHolt kuuru [31]. Haub6osiee npruopuTETHBIMU /1J151 BKJIIOYEHUS
B 3esieHyt0 KHUTY 3KO IBISIOTCS J1I€CCUHTONOJIbIHHBIE U I0AMapeHHUKOBO-KOBbIJIKOBBIE CO-
ob61ecTBa.

3ak/irodeHue

B nesiix npejoTBpalleHUs] yHUUTOXKEHUS peIKUX PAaCTUTENbHbIX COOOILECTB HEOOXOAUMO
NpoBeJieHUE CeAYIOIEro KOMILJIEKCa MEPONPUATHUM:

- BBeJIeHHe CIel|haJIbHbIX PEXXMMOB OXPaHbl Ha Y4aCTKax UX pacIpoOCTPaHEHUS;

— OpraHM3aLUs peryjasspHOro MOHUTOPHUHTA U KOHTPOJISI COCTOSIHUS COOOIILECTB;

- perjiaMeHTalUsl aHTPONOTreHHOT 0 BO3/AeUCTBHS Ha 3KOCUCTEMBI, YCUJIEHHE KOHTPOJISA
3a peKpealnMoOHHOW Harpy3Kou U BhIIIACOM CKOTa.

CoxpaHeHHe peIKUX COOOILECTB TUTYAKOBO-KOBbIJIbHBIX CTEINlell OKPECTHOCTEHN 03epa
[llankap UMeeT KJIOUYEBOE 3HAUYEHUE /151 TOAJEepP>KaHUsI OMOpPa3sHO0Opa3nsa U IKOJIOTUYECKOU
YCTOMYUBOCTH CYXOCTEMHOW 30HBL.

BkJiag aBTOpOB

T/ - pa3paboTKa KOHLENIUH, IIJITAHUPOBAaHKE U NIPOBeIeHHE UCCIe0BaHHs, OKOHYa-
TeJsibHasA pefakius; BA - npoBeaeHHe UccieJoBaHUs], 06paboTKa JaHHbIX, HAlIMCAHUE TEKCTA;
'K - nyiaHMpoBaHUe uccief0BaHus, 06paboTka JaHHbIX; AC - poBeAeHUe UCC/IeJOBAHUS,
o6paboTka AaHHbIX; Cb - mpoBesieHHEe UccaeloBaHUSA, 0630p HAYYHOU JIUTEPATYPhI U JIUTepa-
TypHOe 0pOpMJIeHHE PYKOIIHUCH.

dunaHCcUpoBaHMe
JlanHoe uccieoBanue puHaHcupyeTcss KomuteToM Hayku MUHUCTEpCTBA HAYKU U BbIC-

mero o6pasoBaHus Pecny6mku Kasaxcran (BR 28712767 «M3y4yeHue 3K00THYECKUX, COLHU-
aJIbHO-JleMorpaduiecKux, IKOHOMUKO-Teorpadpruieckux, najeobroreorpadpuiecKrx acneKToB
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[Ipuypanbsa U onjeHKa ero NpupoAHO-PECYypPCHOr0 NOTeHLMaj a. Pe3ybTaThl JAHHOTO UCCIe0Ba-
HHUSA COOTBETCTBYIOT LiesIM ycTon4uBOoro pa3BuTusa Ne 15 OOH «CoxpaHeHHe 3KOCUCTEM CYLIU».

KoHpIMKT MHTEepecoB
ABTOpBI 3aBJIAIOT 06 OTCYTCTBUU KOHQPJIMKTA UHTEPECOB.
Co6 nI0AeHMEe 3TUYECKUX HOPM

HaCTOHLL[aH CTaTbd He COAEPNKUT OITMCAHHUA BbIIIOJIHEHHBIX dABTOPAMUA I/ICCJ]e,ELOBaHI/Iﬁ C
ydacTueMm JI}O,Z[ef/'I WJIU MCII0JIb30BAHUEM »KUBOTHBIX B KaueCTBe 00'bEKTOB.
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Ilaskap KeJ1i MaHbIHBIH, 6eTereJi-cesieyiii JalaJapbIHbIH,
CHpPEK Ke3/IeCeTiH KaybIM/aCThIKTaphbl

T.E. Jlap6aeBal, B.C. AnbxxaHoBaZ, I.C. KaiicaraiueBas,
A.H. CapcenoBa*, C.H. boxopoBa*>

12345 Maxambem Omemicos ambiHdaFsl bambic KazakcmaH yHugepcumemi,
Opan, KazakcmaH

AHparna. Makasnaza bateic KazakcTaH 06J1bichl ayMarbiHAAFHI [llanKap ke iHiH MaHbIH/A
Ke3/leceTiH beTeresii-aKcesieyii janaaapAblH CUPEK KaybIM/JaCThIKTAPbIH 3ePTTey HOTHXKeJlepi
YCBIHBUIFaH. 3epTTeJITeH ayMaKTa CUpeK Ke3zeceTiH 11 eciMZiK KaybIMAACTBIKTAphI 3 CAaHATKA
6eusiHgi: 1) Tek 3aBo/kbe-KazakcTaH MpOBHUHIUSIChIHA FAaHA TOH CUPEK Ke3/eceTiH eciMAiKTep
KaybIM/JACTbIKTApPhl, MyH/1a JIOMUHAHT OO0JIbIN CUPEK KoHe peJIUKTI TypJiep Anthemis trotzkiana
»koHe Anabasis cretacea caHas1a/ibl; 2) aHTPOIOTEH/IiK dCepre eH Kol YilbIpaFaH CUPeEK Ke3/ie-
CeTiH 6albIpFbl aHMaKTbIK KaybIMJACTBIKTApP; 3) MEKEH €Ty OPTAChIHBIH epeKIle KaFjaiaapbiHa
6aiJIaHbICThI KaJIbINTACKAH CUPEK Ke3/1eCEeTiH KeprilliKTi KaybIMAACTbIKTApP. ATa/IFaH CUpPEK
Ke3/leCeTiH KaybIMAACThIKTAap OMO2PTYPJIijIiK NIeH Jjajsia ailMaFbIHbIH, TYPAKThLIbIFbIH CaKTay
YUIiH epeKllie MaHbI3Fa M€ XKoHe KaybIMJACThIKTAPAbIH, eXXeJITi reHe3Uci MeH pepyruaiblk,
CUMATbIH KepceTei.

Ty#uin ce3gep: batbic Kazakcrah, lllankap keJii, 6eTereni-akceseysi fana; cMpek Kesje-
ceTiH eciM/IiK KaybIM/IaCThIKTApbl, PEJIUKTI )XoHE 3H/IeMUKAJIbIK, TYpJiep, 6albIpFbl aMaKThIK,
KaybIM/IaCTbIKTap

Rare communities of fescue-feather grass steppes in the vicinity of Lake Shalkar

T.E. Darbayeva?, B.S. Alzhanova 2, G.S. Kaysagalieva 3,
A.N. Sarsenova#, S.N. Bokhorova*>

12345 Makhambet Utemisov West Kazakhstan University, Uralsk, Kazakhstan

Abstract. The article presents the results of research on rare fescue-feather grass steppe
communities in the vicinity of Lake Shalkar within the West Kazakhstan Region. In the studied
area, we identified 11 rare communities and subdivided them into 3 categories: 1) rare plant
communities characteristic only of the Trans-Volga-Kazakhstan province, where the dominants
are the rare and relict species Anthemis trotzkiana and Anabasis cretacea; 2) rare pristine zonal
communities experiencing the greatest anthropogenic impact; 3) rare local communities confined
to specific habitat conditions. The identified rare plant communities are of key importance for
maintaining biodiversity and the sustainability of the steppe zone, indicating the ancient genesis
of the communities and their refugial nature.

Keywords: Western Kazakhstan, Lake Chelkar, fescue-feather grass steppes; rare plant
communities, relict and endemic species, aboriginal zonal communities
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Abstract. MUTYH is a DNA glycosylase involved in the excisional
base repair (BER) process responsible for the recognition and removal
of adenine improperly bonded to 8-oxoguanine. Pathogenic variants
or impaired MUTYH function are associated with MUTYH-associated
polyposis and an increased risk of colorectal cancer. Recombinant MU-
TYH production is necessary for biochemical and structural studies. In
this study, we developed and optimized a protocol for the expression
and purification of recombinant human MUTYH protein fused with the
6xHis N-terminal label. Wild-type constructs were cloned into the pET-
28c expression vector and expressed in Escherichia coli Rosetta (DE3),
ArcticExpress(DE3), and SHuffle® T7 Express strains. Low-temperature
induction and optimized IPTG concentrations improved protein solubility.
Recombinant MUTYH was purified using Ni2*-affinity chromatography
followed by affinity chromatography with heparin. SDS-PAGE and Western
blot analyses confirmed a high level of expression and effective isola-
tion of the recombinant protein, with a significant portion isolated in a
soluble form. The optimized workflow provides a reproducible method
for obtaining purified MUTYH, suitable for subsequent biochemical and
structural studies. In the future, we plan to evaluate its enzymatic activity.

Keywords: DNA repair, MUTYH, Base excision repair, oxidative
DNA damage, recombinant protein expression, affinity chromatography,
colorectal cancer.
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Introduction

Numerous endogenous and exogenous DNA-damaging agents, such as reactive oxygen
species (ROS) produced during regular cellular metabolism, ultraviolet and ionizing radiation,
chemical mutagens, and viral infections, are constantly present in the genome [1-4]. Numerous
DNA lesions, including oxidative base modifications, point mutations, depurination, and single-
and double-strand breaks, can be caused by these factors and endanger cellular homeostasis and
genomic integrity [5]. Cells use highly conserved DNA repair pathways, such as base excision
repair (BER), nucleotide excision repair, homologous recombination, and non-homologous end
joining (NHE]J), to combat these insults [6].

Among these mechanisms, the BER pathway plays a central role in repairing oxidative
DNA damage. The DNA glycosylase family is a crucial class of BER enzymes that starts repair by
identifying and eliminating damaged or mispaired bases [7, 8]. The MUTYH gene encodes MUTYH
(MutY Homolog), one of this family’s essential glycosylases [9]. MUTYH specifically recognizes
adenines misincorporated opposite 8-oxoguanine (8-0x0G), a highly mutagenic lesion arising
from oxidative stress. MUTYH plays a crucial role in maintaining genomic stability by preventing
G:C—-T:A transversion mutations by eliminating the mispaired adenine [10, 11].

Structurally, MUTYH contains a conserved helix-hairpin-helix (HhH)-GTP motif, a hallmark
of many DNA glycosylases, which mediates damaged base recognition and catalytic excision [5].
This domain forms a defined binding pocket that accommodates the aberrant base, ensuring
precise cleavage while minimizing collateral DNA damage [12]. Furthermore, proliferating cell
nuclear antigen (PCNA), replication protein A (RPA), and apurinic/apyrimidinic endonuclease
1 (APE1) are among the other parts of the BER machinery and the DNA replication complex
with which the C-terminal region of MUTYH mediates interactions. These interactions enable
coordination of repair processes, particularly at replication forks [7].

MUTYH also functions in close cooperation with other DNA glycosylases, such as 0GG1,
which removes 8-0x0G from G: C base pairs, and members of the NEIL (NEIL1-3) family, which
recognize distinct classes of oxidized bases [13-16]. These enzymes work together to create an
integrated BER network that guarantees precise lesion identification, effective transfer of repair
intermediates, and prompt DNA repair completion [6, 7].

Particularly significant is the functional interaction between MUTYH and APE1. An abasic
(AP) site is created after adenine excision by MUTYH and needs to be processed right away to
prevent strand breaks or damage related to replication. APE1 efficiently cleaves these AP sites,
allowing downstream repair steps to proceed and ensuring restoration of DNA integrity. This
coordinated action enhances BER efficiency, reduces mutational burden, and preserves genome
stability [15-19].

MUTYH-associated polyposis (MAP), an autosomal recessive cancer predisposition syndrome
marked by multiple colorectal adenomas and a markedly increased risk of colorectal cancer, is
directly associated with loss of MUTYH function or the presence of pathogenic variants. Aside
from MAP, sporadic colorectal cancer, gastric cancer, and other cancers linked to oxidative stress
and impaired BER have also been linked to altered MUTYH expression or activity [7, 18, 19].

MUTYH is highly relevant to biomedicine because of its crucial function in genome mainte-
nance. The accumulation of mutations is caused by reduced glycosylase activity in cancer-associated
variants of MUTYH, whereas functional MUTYH inhibits mutagenesis and tumor development.
Therefore, to clarify its molecular mechanisms and develop treatment approaches, recombinant
production and thorough biochemical characterization of MUTYH and its disease-associated
variants are crucial [1, 3, 6].
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Despite its significance, active recombinant MUTYH production is still technically difficult.
Like many eukaryotic DNA repair enzymes, Escherichia coli-expressed MUTYH frequently exhibits
poor solubility, forms inclusion bodies, or degrades proteolytically. These restrictions can result
from cytotoxic effects linked to high-level expression, incorrect folding, or the need for particular
redox conditions [3, 20]. The selection of appropriate host strains (such as Rosetta (DE3), Arctic
Express (DE3), and SHuffle® T7 Express), modification of induction parameters (temperature,
IPTG concentration, induction time), codon optimization, or the application of solubility-enhanc-
ing techniques are therefore essential steps in the optimization of recombinant expression [3].

To isolate a functionally active protein suitable for biochemical and structural analyses, the
current study aimed to develop and refine an effective protocol for the recombinant expression
and purification of human MUTYH using affinity chromatography.

Materials and research methods

Molecular cloning and plasmid construction

Gene-specific primers intended to introduce Ndel and BamHI restriction sites for direc-
tional cloning into the pET28c(+) expression vector were used to amplify the full-length human
MUTYH coding sequence by PCR.

The primers that were utilized were Rv-MUTYH (32-mer, reverse): 5'-TATAGG-
GATCCTCGAAACTCGATCTCGAAGAG-3' and Fw-MUTYH (30-mer forward): 5'-TATACATATGAT-
GACACCGCTCGTCTCCCG-3'.

PCR was carried out in a total volume of 50 pL, containing 10x high-fidelity reaction buffer,
between 5 and 50 ng of plasmid DNA, 125 ng of each primer, dNTP mix, and PfuUltra HF DNA
polymerase. Thermal cycling is a way to change the DNA from a regular structure to a different
structure, and then back again. First, the DNA is heated to 95°C for 30 seconds, then it is cooled
down to 68°C for 1 minute. This is then repeated 25 to 30 times.

The product from the PCR was made pure with a PCR purification kit, cut with Ndel and
BamHI, and joined to the cut pET28c(+) vector using T4 DNA ligase. The ligation mixture was
then added to some bacteria called Escherichia coli DH5a cells. The transformed cells were then
collected in a special liquid called SOC medium at 37 °C for 1 hour. After this, they were put onto
a plate of LB agar containing 50 pg/mL kanamycin.

Individual colonies were selected and plasmid DNA was isolated using the Gene]ET Plas-
mid Midi Prep Kit (New England Biolabs). We can be sure that the correct version of the MUTYH
gene was put in and that no mistakes were made by checking it using restriction digestion and
Sanger sequencing.

The transformed WT MUTYH plasmids, which had been checked using a process called
‘sequence verification’, were then introduced into E. coli Rosetta (DE3), Shuffle T7 Express and
Arctic Express (DE3) strains. This was done to make a recombinant protein.

Preliminary protein expression and optimization

We tried out several prokaryotic expression systems to make a working version of the
human MUTYH gene. The pET28c-MUTYH construct was introduced into E. coli strains Roset-
ta(DE3), Arctic Express(DE3), and Shuffle® T7 Express. In Rosetta (DE3) cells, we made the
proteins using 0.5 mM IPTG, and then took samples at 2, 4, 6, and 16 hours after we had added
the IPTG. The protein fractions were separated into soluble and insoluble parts, and their levels
were assessed using a method called SDS-PAGE.
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Arctic Express (DE3) cells, which co-produce cold-adapted chaperones, were put through
their paces together to make proteins more soluble. We made the cells produce a certain substance
by adding a chemical called IPTG, and then we put the cultures in a fridge at 15°C. We collected
samples at the same times. Another way of doing this was to add 0.2% glucose and 3% ethanol
to the liquid mixture. This is because these substances can stop the body from breaking down
muscle and can increase protein production.

For the Shuffle® T7 Express, we tested IPTG concentrations of 0.1, 0.2, 0.3, and 0.5 mM. We
also tested post-induction incubation times of 2, 4, 6, and 16 hours at 15°C. They then collected
and analyzed the soluble and insoluble parts of the sample. This was done by SDS-PAGE to find
the best conditions for identifying the soluble WT MUTYH protein. These experiments showed
the best ways to grow and purify large quantities of protein.

Purification of recombinant WT proteins

We produced the soluble MUTYH in E. coli Shuffle® T7 Express cells, then harvested it
after adding 0.2 mM IPTG at 15°C for four hours. Bacterial cells were harvested using a centri-
fuge and then put back into a liquid by adding a chemical called ‘lysis buffer’ which contains a
number of things including 30 mM of Tris-HCI (pH 7.5), 1 M NaCl, 30 mM of 3-mercaptoethanol,
5% (volume for volume) glycerol and a complete EDTA-free protease inhibitor (Roche). The cells
were disrupted using a French press at 18,000 psi, and the lysates were clarified by spinning at
30,000xg for 1 h at 4 °C, to yield clear liquids containing soluble MUTYH.

For affinity purification, the mixture was adjusted to a final mix of 20 mM HEPES (pH
8.0), 500 mM NacCl, 30 mM imidazole, and 5% glycerol, and then loaded onto a HisTrap Chelating
Ni?*-Affinity column (GE Healthcare). The protein stuck tightly to the resin and was separated
into clear lines when a specific imidazole solution was added (between 30 and 500 mM). Imid-
azole was removed straight away after elution to keep the protein stable.

To make the product even purer, the eluate was then passed through a heparin affinity
chromatographic column. Before loading, the protein sample was made weaker by mixing it with
low-salt buffer (30 mM HEPES, pH 7.6; 5% glycerol; 1 mM DTT; 1 mM EDTA) to reduce the NaCl
concentration to approximately 100 mM. Proteins were extracted using a gradually increasing
amount of sodium chloride in the same buffer system.

We then looked at the samples using something called SDS-PAGE. The ones that contained
the most purified MUTYH were put together. The purified protein was stored at -80°C in 50%
glycerol and remained stable under these conditions for later biochemical and functional analyses.

Protein analysis using SDS-PAGE

Protein samples were mixed with a 5-fold SDS-PAGE loading buffer (125 mM Tris-HCl, pH
6.8; 10% B-mercaptoethanol; 4% SDS; 0.02% bromophenol blue; 20% glycerol) and denatured at
80°C for 10 minutes. The samples were loaded onto a 10% polyacrylamide gel for electrophore-
sis. Electrophoretic analysis was performed in two stages: first, the proteins were concentrated
in a gel and run at 100 V for 20 minutes, and then separated in a soluble gel at 200 V for 40-45
minutes. Tris-Glycine-SDS buffer (25 mM Tris, 192 mM glycine, 0.1% SDS, pH ~8.3) was used as
the working buffer. After electrophoresis, the gels were stained with Coomassie Brilliant Blue
R-250 (0.1% Coomassie R-250, 40% ethanol, 10% acetic acid) for 30 minutes. Destaining was
performed either with running water or with a solution containing 40% ethanol and 10% acetic
acid, repeated 4-5 times for 20 minutes each, until the protein bands became clearly visible.
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Results

Construction of a Recombinant DNA Expression Vector for MUTYH.

In this study, we created a special DNA design that allowed us to express the human MUTYH
gene in bacteria. We cloned a synthetic cDNA sequence corresponding to the full-length MUTYH
gene into the multiple cloning site of the pET-28c(+) expression vector (see Figure 1). This vector
was chosen because it has a strong T7 RNA polymerase-dependent promoter and an N-terminal
6xHis tag. These things allow the vector to be expressed at a high level in Escherichia coli. They
also make it easy to purify the recombinant protein using an affinity chromatography process.

Figure 1. Map of the recombinant pET-28c/MUTYH expression vector.

First, the MUTYH coding fragment and the pET-28c(+) vector were cut into smaller pieces
with the restriction endonucleases Ndel and BamHI. Next, the fragments were joined together
using T4 DNA ligase. The resulting construct contained the MUTYH insert in the correct position,
downstream of the T7 promoter and fused to an N-terminal His tag.

All the plasmids that were made were designed and looked at using software called Snap-
Gene. During vector design, compatibility, reading frame integrity, and restriction site positioning
were carefully checked.

The resulting pET-28c/MUTYH plasmid was then added to E. coli DH5a cells, which had
been treated with heat, to make them ready for the next step in the process. The transformants
were selected on LB agar plates with added kanamycin (50 pug/mL). The transformation was a
success, as shown by the colonies growing well in the right conditions.

The DNA was taken from certain groups of bacteria and made into a copy (a «copy», or
«template», of the original DNA) using something called a «<PCR reaction» (a special process that
makes lots more copies of the DNA). We used agarose gel electrophoresis of the PCR products
to reveal the DNA fragment (Figure 2). This revealed that the expected DNA size for the MUTYH
cDNA was 1,621 bp.
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Figure 2. Agarose gel electrophoresis (1%) of PCR products confirming the presence of
the MUTYH insert in recombinant pET-28c/MUTYH plasmids. M - 1 kb DNA ladder; lanes 1-4,
PCR products (~1621 bp) amplified from selected clones.

Additional verification was performed by restriction digestion with Ndel and BamH],
yielding two fragments of approximately 5,367 bp (vector backbone) and 1,621 bp (MUTYH
insert). This further confirmed the integrity of the recombinant construct.

Preliminary expression analysis.

To achieve functional expression of the human MUTYH protein, several prokaryotic ex-
pression systems were comparatively evaluated. At the initial stage, the recombinant pET-28c/
MUTYH construct was transformed into Escherichia coli Rosetta(DE3) (Novagen) and Arctic-
Express(DE3) (Agilent Technologies) strains, and protein expression was induced with IPTG
(Isopropyl B-D-1-thiogalactopyranoside, Thermo Fisher Scientific).

In E. coli Rosetta(DE3), protein expression was induced with 0.5 mM IPTG, and cells were
incubated for 2, 4, 6, and 16 hours. SDS-PAGE analysis demonstrated that, under all tested con-
ditions, the recombinant MUTYH protein accumulated exclusively in the insoluble fraction as
inclusion bodies (Figure 3). This result indicates improper protein folding and suggests limited
biological activity of the expressed protein in this host strain.
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Figure 3. SDS-PAGE analysis of recombinant MUTYH expression in E.coli Rosetta (DE3)
following IPTG induction for 2, 4, 6, and 16 hours. M - protein marker, lanes 1-5 soluble fractions;
lanes 6-10 insoluble fractions corresponding to the indicated induction times.

Given the tendency of ArcticExpress(DE3) to improve the solubility of recombinant proteins
at low temperatures, this strain was evaluated as an alternative host. Protein expression was
induced at 15°C using 0.5 mM IPTG, with incubation times of 2, 4, 6, and 16 hours. In addition,
an auto-induction strategy was tested by supplementing the growth medium with 0.2% glucose
(Sigma-Aldrich) and 3% ethanol (Merck) to alleviate catabolite repression and enhance membrane
permeability. However, SDS-PAGE analysis revealed that, similar to Rosetta(DE3), the majority of
MUTYH protein in ArcticExpress(DE3) accumulated in the insoluble fraction, and no substantial
increase in soluble protein was observed (Figure 4).
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Figure 4. SDS-PAGE analysis of recombinant MUTYH expression in E.coli ArticExpress
(DE3). (a) Induction with 0.5 mM IPTG at 15°C for 2, 4, 6, and 16 hours. (b) Auto-induction
conditions with supplementation of glucose and ethanol.

Overall, these results demonstrate that, in both Rosetta(DE3) and ArcticExpress(DE3)
strains, recombinant MUTYH predominantly formed insoluble inclusion bodies, indicating inef-
ficient folding and limited functional expression.

To overcome this limitation, E. coli SHuffle® T7 Express was employed. This strain car-
ries deletions in the trxB and gor genes, enabling the formation of disulfide bonds within the
cytoplasm. Additionally, SHuffle cells overexpress the disulfide bond isomerase DsbC, which
facilitates correction of mispaired disulfide bonds and promotes proper protein folding. Since
the MUTYH protein contains two cysteine residues, the formation of correct disulfide bridges is
critical for its functional conformation.

In SHuffle® T7 Express cells, recombinant MUTYH was predominantly detected in the
soluble fraction, indicating successful folding and functional expression. To optimise expression
conditions, IPTG concentrations of 0.1, 0.2, 0.3, and 0.5 mM were systematically evaluated. SDS-
PAGE analysis revealed that induction with 0.2 mM IPTG resulted in the highest yield of soluble
recombinant MUTYH protein.

Subsequently, the effect of induction time was examined using 0.2 mM IPTG, with incu-
bation periods of 2, 4, 6, and 14-16 hours. Optimal expression was observed after 4 hours of
induction, at which point the majority of the recombinant MUTYH protein was present in the
soluble fraction (Figure 5). A distinct protein band corresponding to approximately 60 kDa was
clearly visible, consistent with the expected molecular weight of His-tagged MUTYH.

The presence and correct synthesis of the recombinant protein were further confirmed
by Western blot analysis. Proteins were transferred onto a nitrocellulose membrane and probed
with anti-His monoclonal antibodies. A specificimmunoreactive band at approximately 60 kDa
was detected exclusively in induced samples, confirming the expression of 6xHis-tagged recom-
binant MUTYH protein.
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Figure 5. SDS-PAGE analysis of recombinant MUTYH expression in E. coli SHuffle® T7
Express. (a) Effect of IPTG concentration (0.1-0.5 mM) on recombinant MUTYH expression, after
15-16 hours of induction. (b) Time-course analysis of recombinant MUTYH expression following
induction with 0.2 mM IPTG.

Purification of recombinant MUTYH protein

Following optimisation of expression conditions, soluble WT MUTYH was successfully
purified from E. coli SHuffle® T7 Express cells using a two-step chromatographic strategy. After
cell lysis and clarification, the soluble fraction containing recombinant MUTYH was subjected to
Ni?*-affinity chromatography. MUTYH bound efficiently to the HisTrap column and eluted as a
well-defined, symmetrical peak upon application of an imidazole gradient, indicating homoge-
neous binding behaviour and minimal nonspecific interactions.

Analysis of the eluted fractions by SDS-PAGE revealed a dominant protein band with an
apparent molecular mass of approximately 60 kDa, consistent with the predicted size of His-
tagged WT MUTYH (Figure 6A). Minor contaminating proteins were largely removed during this
initial affinity purification step.

To further improve protein purity, the pooled Ni**-eluted fractions were subjected to
heparin affinity chromatography. MUTYH bound strongly to the heparin matrix and eluted at
elevated salt concentrations during the NaCl gradient, consistent with its DNA-binding proper-
ties. SDS-PAGE analysis of the heparin-eluted fractions demonstrated a substantial increase in
purity, with WT MUTYH appearing as a single, predominant band and only trace levels of residual
contaminants (Figure 6 B).
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Figure 6: Purification of recombinant WT MUTYH expressed in E. coli SHuffle® T7 Ex-
press.(a) SDS-PAGE analysis of Ni?*-affinity (HisTrap) chromatography. (b) SDS-PAGE analysis
of heparin affinity chromatography. M - protein molecular weight marker; lane 1 - non-induced
cell lysate; lanes 2-10 - eluted fractions containing recombinant WT MUTYH.

The final purification yielded WT MUTYH with high homogeneity and good stability. The
purified protein remained soluble and structurally intact upon storage at -80 °C in the presence
of glycerol, enabling its use in subsequent biochemical, enzymatic, and functional assays.

Discussion

In this study, we established an optimized workflow for the expression and purification
of recombinant human MUTYH in Escherichia coli. The choice of host strain proved to be critical
for obtaining soluble protein. Both Rosetta(DE3) and ArcticExpress(DE3) strains produced pre-
dominantly insoluble MUTYH, likely due to misfolding and inclusion body formation, even when
using low-temperature induction and autoinduction strategies. These results highlight the chal-
lenges associated with expressing eukaryotic DNA repair proteins in standard prokaryotic hosts.

SHuffle® T7 Express cells proved to be the most effective host for producing soluble
MUTYH. The ability of this strain to form disulfide bonds in the cytoplasm, combined with over-
expression of the disulfide isomerase DsbC, likely contributed to the proper folding of MUTYH,
which contains cysteine residues important for structural stability. Optimization of IPTG con-
centration and induction time further increased soluble protein yield, with 0.2 mM IPTG and 4
hours of induction resulting in the highest soluble protein.

A two-step purification strategy combining Ni**-affinity and heparin chromatography
yielded highly pure, homogeneous, and structurally intact MUTYH. Ni?*-affinity chromatography
effectively captured the His-tagged protein, while heparin chromatography removed residual
impurities and exploited the DNA-binding properties of MUTYH to increase purity. The resulting
protein remained soluble and structurally stable during storage, providing a reliable preparation
for subsequent applications.
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Recombinant MUTYH is suitable for biochemical and structural studies. The enzymatic
activity of recombinant MUTYH has not yet been tested; future studies will focus on evaluating its
DNA glycosylase activity using classical substrates containing A:8-0x0G, including fluorescently
labeled 24AACy5/24ToG duplexes.

This work provides a reproducible and efficient method for producing soluble, structurally
intact MUTYH, addressing common challenges in bacterial expression of eukaryotic DNA repair
proteins. Given the key role of MUTYH in base excision repair and the prevention of mutagenic
G:C—-T:A transversions, this protocol provides a valuable platform for studying MUTYH function,
elucidating mechanisms of genome maintenance, and investigating disease-associated variants
relevant to colorectal cancer and other malignancies.

Conclusion

A special plan was made for making and cleaning up a special protein called MUTYH in
a type of bacteria called Escherichia coli. SHuffle® T7 Express cells were the best for making
soluble proteins. The most was made when they were triggered with 0.2 mM IPTG at 15°C for
4 hours. A two-step purification strategy combining Ni2+-affinity and heparin chromatography
yielded highly pure, homogeneous, and structurally intact MUTYH.

The resulting protein is stable, soluble, and suitable for further biochemical and structur-
al studies. This preparation can be used in future studies to evaluate how well enzymes work
and how they interact with DNA, including the study of disease-related variants. This workflow
provides a strong foundation for advancing studies into how MUTYH works and understanding
the molecular mechanisms of MUTYH in genome maintenance and disease.
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JpPexTHBHAA IKCIpECcCUS U OYHCTKA PEeKOMOUHAHTHOTO
6eaka MUTYH B Escherichia coli

Y. B. Capcen6aeB?, A.A. Kynan6aesa 2, A.A. Aiimac6ekoBa 3,
K.O. llapunos 4, M.K. Canap6aes 5, C.M. TaiilmakoBa ¢
12356 a1-Papabu ambsiHdarsl Kasak yammblK yHugepcumemi, Aamamel, Kazakcmax
134 M. A. AlimxoxcuH ambviHOaFbl MoseKyaaablK 6U0102usl
JHcaHe buoxumusi uHcmumymeol, Aamameol, Kazakcmau
134 C /[ Acgpendusapos amouiHdarsl Kazak yammubik meduyuHa yHUgepcumemi,
Aamamul, Kazakcmat
5,6 da-®apabu amuiHdarsl Kaszak yaimmubiK yHusepcumemiuiy buosozus yxcaHe 6uomexHo102us
Macesesepl FblablMU-3epmmey uHcmumymol, Aamameul, Kazakcmat.
5I'ycmae Pyccu oHKo0/102Us/1b1K OpmablirbiHbiH «/JHK penapayus mexaHuamaepi syxcaHe
KaHyepozeHe3d» 3epmxaHacwsl, CNRS UMR?91° 3epmmey 6esnimuieci, Buavciou, PpaHyusi.

AnHoTanusa. MUTYH - sto IHK-rsiimko3ui1asa, yyacTByrolas B npolecce 3KCLU3MOHHOMN
penapauuu ocHoBaHu# (BER), oTBeTCcTBeHHas 3a pacno3HaBaHUe U yJaJieHUe aJleHHHa,
HeINpaBUJIbHO COeJJUHEHHOTO C 8-0KcoryaHMHOM. [laToreHHble BapuaHThbl UJIW HapylleHue
¢ynkuuu MUTYH cBsi3anbl € noaimnosoM, acconuupoBaHHbiM ¢ MUTYH, v moBbIIEHHBIM PUCKOM
Pa3BUTHUS KOJIOPEKTaJIbHOrO paka. Pekom6uHaHTHasA npoaykiusa MUTYH Heo6xonuma ajist
OMOXMMUYECKUX U CTPYKTYPHBIX UCCIeJ0BaHUN.B 3TOM Hccien0BaHUM Mbl pa3paboTaiu U
ONTUMHU3UPOBAIU IPOTOKOJI 3KCIIPECCUU U OYUCTKU peKoMbrHaHTHOro 6esika MUTYH uenoBeka,
cautoro ¢ N-koHueBoi MeTkoM 6xHis. KOHCTpyKIIMK AUKOr0 THIA ObLJIM KJIOHHPOBAHbI B
akcnpeccupywou Bektop pET-28c u skcnpeccupoBanbl B mitamMax Escherichia coli Ro-
setta (DE3), ArcticExpress(DE3) u SHuffle® T7 Express. HuskotemnepaTtypHass UHAYKL U U
ONTHMU3UPOBaHHbIE KOHLleHTpauuu IPTG ynydmuam pacTBOpUMOCTb 6esika. PeKOMOMHAHTHbIN
MUTYH ouumasu c nomoibto Ni2* - adppuHHOM XpomaTorpaduu ¢ nocieaywouein apbruHHOH
xpomaTorpadueit c renapuHoM. AHanusbl SDS-PAGE v BecTepH-6J10TTUHra N0 TBEPAUIN
BbICOKMU YPOBEHb 3KCIpeccuU U 3G PeKTUBHOE Bbl/e/ieHHe PEKOMOUHAHTHOrO 6esika, Npu
3TOM 3Ha4yHWTeJIbHAA 4acThb Obljia BblJeJieHa B pacTBOpUMON popme. ONTUMHU3MPOBAHHBIN
pabounii mpoiecc obecrneyruBaeT BOCIPOU3BOAUMbIN MeTO oJiydeHus oyniieHHoro MUTYH,
IPUTOJHOTO AJIs1 MOCJAeAYIINX OMOXUMHUYECKUX U CTPYKTYPHBIX UCCe0BaHUH. B Oyayiem
MbI [IJIAHUPYEM OLLEHUTb ero pepMeHTAaTUBHYI0 aKTUBHOCTb.

Kimrouesbie cioBa: penapauuda JHK, MUTYH, skcyu3nonHas penapayus OCHOBaHUM
(BER), okucauTenbHoe noBpexaeHue JHK, pekoMbrHAHTHAs sKcnpeccus 6esKoB, apduHHaAsA
xpomaTorpadusi, KoJOpeKTaJbHbIN paK.
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Escherichia coli xxyitecinge pekom6uHanTTel MUTYH
6eJIOrbIHbIH, TUIMA] 3KCNIPECCUsiCbl MEH Ta3apPThLAYybl

Y. B. Capcen6aeB?, A.A. Kynan6aeBa 2, A.A. Aimac6eKkoBa 3,
K.O. lllapunos 4, M.K. Canap6aes 5, C.M. TaiinakoBa ¢

12356 KazaxcKull HAYUOHA/IbHbIU yHUBepcumem umeHu aab-Papabu, Aamamsi, Kazaxcmax
134 UHcmumyma MoAeKyAsapHoU 6uoso2uu u buoxumuu umeHu M.A.AlimxoodicuHa,
Aamamel, Kazaxcmax
134 (C./Jl. Acpendusspos amvuiHdaFul Kazak yammuik meduyuHa yHU8epcumemi,
Aamamul, KazakcmaH
5,6 da-Dapabu amviHdarsl Kazak yaimmolk yHusepcumemiHiy buoso2us i#caHe 6U0OMexXH0.102Usl
Macesesiepl FblablMU-3epmmey uHcmumymol, Aamameul, Kazakcman.
5/labopamopus «MexaHusmul penapayuu [JHK u kaHyepozeHe3za»
OHkos02u4eckozo LJeumpa I'yemasa Pyccu, Buavacroug 94800, Ppanyusi.

Angarna. MUTYH - HerizzepaiH akcuu3usabiK penapanusicel (BER) »xosibiHa KaTbICaTbIH
JIHK ryiivko3usia3a 60Jbin TabblIa/bl )koHe 8 OKCOryaHUHMEH KaTe »KYNTacKaH aJleHUH/i
TaHy MeH aJblll TacTayFa *kayan 6epeii. MUTYH pyHKIUACBIHBIH OY3blIYbl HEMECe MaToTeH i
HycKasnapblHbIH 60/1ybl MUTYH-neH accounanusisianFaHd N0JIMN030€eH XX9He KOJI0peKTasibl KaTepJi
iCiKTiH faMy KayniHiH xofapbliaybiMeH 6aisianbicTbl. MUTYH aKybI3bIHbIH, pEKOMOHUHAHTTHI
TYP/J€ aJIbIHYbl OHbl OMOXUMHUSIJIBIK )KoHe KYPblIbIMABIK TYPFbI/IaH 3€PTTEY YIIiH aca MaHbI3/bl.
By 3eprreyae N-conbinga 6xHis TaHb6ack! 6ap agaMHbIH pekoMOMHAaHTTBI MUTYH 6eniorbiHbIH,
3KCIPECCUAChl MEH Ta3apThlJyblHA apHAJIFAaH MPOTOKOJI d3ipJIeHiN, OHTaluJaHAblPbLJI/bI.
Kaa6itbl TunTi MUTYH koHcTpykiuusiaapsl pET28c akcnpeccrsiyibIK BEKTOPbIHA KJIOHAAJbII,
Escherichia coli Rosetta (DE3), ArticExpress(DE3) »xoHe SHuffle® T7 Express mtaMmaapbiHzia
aKcnpeccusisaH/ibl. TeMeH TeMIepaTypa }KafJaublHa UHAY KIS xkoHe IPTG koHIleHTpauusiiapbiH
OHTaNJIaHBIPY 6eJIOK epiriliTiriH apTThIpyFa MyMKiHJiK 6ep/i. PekomouHanTThl MUTYH Ni2*
- appunzi xpomaTorpadus apkplibl Ta3apThlaabl. SDS-PAGE xxaHe BecTepH-6J10T Tasgayiapbl
PEKOMOUHAHTT O€JIOKTbIH XKOFaphl JleHrel/le IKCIPeCcCHsiJIaHFaHbIH XX9HE THUIM/[i Ta3apThIIFAHbIH,
COH/Ial-aK OHbIH e/I9yip 6eJiri epirill Kyhae aJbIHFaHbIH KopceTTi. OHTalIaHAbIPbLIFAH XXYMbIC
IPOTOKOJIbl OMOXUMHUSJIBIK )KoHEe KYPbLIbIM/IbIK 3epTTeyJiepre xkapaM/bl TazapTolirad MUTYH
0eJI0TbIH a/Ty/IblH KAl TalIbIHbIM/IbI 9/1iCiH KaMTaMachI3 eTe/ii. bosialiakTa OHbIH pepMeHTaTUBTIK
6eJiceHIisiriH 6aFasay ocnapJaHya.

Tyiuin cesaep: AHK penapanusicel, MUTYH, HerizaepAiH 3KCLM3USJIBbIK penapaiuschbl
(BER), IHK-HBIH TOTBIFY apKbL/Ibl 3aKbIM/JaJ1ybl, pPEKOMOUHAHTThI 6€JI0K 3Kcripeccusichl, abduHAi
xpomaTorpadusi, KoJopeKTaaabl KaTepJi icik.
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AHHoTanums. [Ipoco o6pikHOBeHHOE (Panicum miliaceum L.) -
Ba)KHasl CeJIbCKOX03MCTBEHHAs KYJIbTYpPa, UCI0Jib3yeMasi B UILEBbIX
Y IPOMBIIIJIEHHBIX LeJied. [lo uToraM MHOTHUX UCCeJ0BaHUM ObLIO
06Hapy»XeHo, YTO UHAYLIMPOBaHHbIe MyTaLuu ¢ nomoinbio JA3C (au-
3TUJICY/IbGATOM) SIBJSIOTCS BeCbMa M0JIE3HBIM METO/I0M YAy4IIEeHUS
CeJIbCKOX0351MCTBEHHBIX Ky/IbTyp. KpoMe Toro, LjesieHanpaBJ/ieHHOE HC-
110/1b30BaHUEe UHAYLIUPOBAHHBIX MyTallui B CeJIEKLUU paCTEHUH CTaJI0
o/HUM U3 3¢ PEeKTUBHBIX MOAX0J0B B CeJIeKLIUU pacTeHU. B HacTosel
CTaThbe IPUBEJeHbI Pe3y/IbTaThl 10 U3yUYEeHUI0 0O0pabOTKU CEMSH Ipoca
pa3/JIMYHBIMU KOHLIEHTpaLMsAMU MyTareHa. /laHHOe uccjiejoBaHue OblI0
NPOBE/IEHO B J1a60OPATOPHBIX U MOJIEBBIX YCJIOBHUSX C LleJIbl0 ONpese-
Jienud BavsaAHUA [13C B KauecTBe MyTareHa Ha lepBoe rnokosieHue M1.
B nosieBbIX 3KCIlepeMeHTax YYUTBhIBAJIWCh: BbICOTA pacTeHUs (CM),
noJieBasi BCX0ecTb (%), IpoAYKTUBHAsA KycTUCTOCTb (1uT/1 pacrt.),
YHCJIO CEMSTH C MeTeJIKH (IIT), Macca 3epHa C MeTeJIKH (T), YUCJI0 CeMSIH
c pacteHusd (1IT), Macca 3epHa ¢ pacteHus (r), macca 1000 cemsH (r),
ypoxkallHOCTb 3epHa (r/M2), 1poJ0/PKUTENbHOCTh BEreTalMOHHOTO
nepuoza (cytku). [loctpoeHHas MaTpUla KOppeJisiLiuid Ha OCHOBE 3Ha-
YuMbIX cBAI3el (r20,65; p<0,05) HarIAfHO OTpasuIa CTPYKTYpPY TECHBIX
B3aMMOCBSI3el MeX/y NPHU3HaKaMHy U ux AuddepeHIipaluio Ha ABa
GYHKLMOHAIBHBIX MOAYJISA KaK peaKliio Ha 00paboTKy MyTareHoM.
Bce mapaMeTpbl Ob1/IM OLleHEHDI M T0Ka3aJ/u 3Ha4YUTebHble PAa3/IN4Us
MeX/y pa3/IMYHbIMU KOHLEHTPALUSIMU MyTareHHbIX 06paboToK. BbL10
o6HapyxeHo, yTo I9C f0Bo/IbHO 3QPEKTHBHO UHAYLIUPYET FreHeTH-
YeCKYI0 U3MEHYUBOCTD Y>Ke B IepBOM NOKoJieHHU M1. Pe3ysnbTaThl
BbISIBUJIM 3HAYUTEJIbHbIE PA3JIMUUSA 110 BCEM U3YUYEeHHbIM IPHU3HAKaM.
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3.H. [jiocubaesa, A.b. Pvicbekosa, M.M. A6blakauposa, A.E. 3etinyanuHa, H.A. Capbacosa, A.E.
Opas3os, I'T. EceHbekosa

HccnepoBaHue TakKe OKa3aJio, YTO HCIOJb30BaHUE JAHHOT0 XUMU-
YeCKOTro areHTa siBjsieTcsl 3pPpeKTUBHBIM I10IX0/I0M JJIsi CO3/IaHUS
yJIy4lleHHbIX copToB Panicum miliaceum L.

Knwuesbie caoBa: P. miliaceum L., MyTareHes, Au3Tu/ICy/1bdaT,
MopdoMeTpHUUeCKHe TapaMeTPhl, X035 CTBEHHO-1IeHHbIe TPU3HAKU

BBeaeHnue

[Tpoco (Panicum miliaceum L.) oTHOCHTCS K ceMeHCTBY 3/1akOBBIX. [Ipoco Bo3HUKJI0 B Boc-
TOYHOM A3UU U Jlajiee ObLJIO paCIPOCTPAaHEHO KOYEBHUKAMU 110 TOPTOBBIM YTSM B OCTaJIbHbIE
yacty EBpa3uu u Ha ipyrue KOHTUHeHTHI [1-5]. [Ipoco - BaxkHel11aa KyJIbTypa C TOYKU 3peHUs
NHATaHUA U KopMa. [Ipoco sierko aganTupyeTcs K BBICOKOTOPHBIM pallOHaM U BbIpalliuBaeTcs B
['uMasasx Ha BeicoTe 0 3000 M Haj, ypoBHEM Mops [6-8]. [Ipoco 061azjaeT BbICOKOM YpoXKau-
HOCTBIO, @ ero 3epHa MOT'YT XpaHUTbCA rofjlaMu 6e3 MosiBJIeHUs BpeJUTesIel, 4YTO JieslaeT ero
U/ieaibHbIM NPOZ0BOJIbCTBEHHBIM 3€PHOM /1JIsl PETMOHOB, 0/ BEPKEeHHBIX rosiofy [9]. CorsiacHo
Mehandi S., et al. (2013) BbicoTa pacTeHHH, KOJIMYECTBO COLBETUM HA paCTEHUH U KOJIUYECTBO
MeTeJIOK Ha paCTeHUH IeMOHCTPUPYIOT BbICOKYIO HaCIeyeMOCTb B COUeTAaHUH C BBICOKUM UJIU
yMePEHHbIM reHeTUYECKUM IPOrpeccoM B IPOLEHTAaX OT CPeHET0, KOTOPbIM MOXKET ObITh YIy4-
1IeH NyTeM NpocToro oro6opa pacteHur [10]. Hasnuue reHeTHyeckoro pa3Hoo6pasus SABJsETCS
NpeJNoChIIIKOM /1JIsl TeHEeTUY€eCKOr0 YJIyUullleHUs CeJbCKOX03MCTBEHHOM KynbTyphl [11-15].

CyiecTByeT 60JiblII0€E F'eHETHYECKOEe pa3HO0Opa3ue Mex/ly COpTaMH Mpoca MOCEBHO-
ro. [loMuMo Ha/IM4YKs reHeTUYeCKOT0 pa3H000Opa3us, UX XapaKTeprUCTUKa HeoO6xoAuMa /s
3¢ deKTUBHOrO UCI0JIb30BAHUA NIPU YJIYUIIEHUU CEJIbCKOXO3MCTBEHHBIX KyAbTYp [16-18].
MyTalMoHHas ceJieKLUs SABJISIETCS CPAaBHUTEbHO 60Jiee ObICTPBIM METOA0M Y/y4lIeHUs]
CeJIbCKOX0351CTBEHHbIX Ky/JbTYp. bblj10 3aMeueHo, YTO UHAYLUPOBAaHHbIE MyTalldy MOTYT
NOBBIIIATh YPOXKaHHOCTh, @ TaKKe y/Iy4yllaTh ApPyryue KoJUu4eCTBEeHHbIe IPU3HAKU pacTeHUU
[19, 20]. Bo/IbLIMHCTBO NPOrpaMM yJay4qllleHUs CEJIbCKOX03IMCTBEHHBIX KYJIbTYP, IPeAIPHUHS-
TBIX C IOMOLIbIO TPAJULIMOHHBIX METO/0B CeJIEKLIMH, UCI0JIb30BAJIU TOJBKO €CTECTBEHHYIO
M3MeHYMBOCTb. B cTaHZjapTHOM reHOQOH/le HeL0CTATOYHO U3MEHUYUBOCTH /11 MOAUUKALUU
pacTeHuid. UHAY1IMpOBaHHBIA MyTareHe3 MoXeT 6bITb 3QpPEKTHBHO UCII0JIb30BAaH B KaueCTBE
aJIbTepHATUBBI JJ1S1 UHAYKIIMA U3MEHYMBOCTU MOPHOJIOrMYecKrX U GU3N0JI0rHieCcKUX NpU3Ha-
KoB. cKyccTBeHHOe BBe/leHHe MyTalii B CEJIbCKOXO31IMCTBEHHBIX KYJIbTypax JJOCTUraeTCs 3a
CYeT UCMOJIb30BaHUSA PU3UIECKUX U XUMHUYECKUX MyTareHoB, KOTOPbIe YBEJUYUBAIOT YaCTOTY
MyTallM¥ 10 CPAaBHEHUIO CO CIOHTAHHBIMU MyTauusaMu [21]. Tak, y aIKUJIMPYIOLIMX areHTOB
(etunmeTaHncyabdonHat (IMC), HuUTpo3oMeTuiModyeBUHa (HMM), a3y HaTpuUsa U KOJIXUIMH)
MeXaHU3M BO3/IeMCTBUS MPOSIBJISIETCS B TOUEYHBIX MyTalUsAX (TpaH3ULUH, TPAHCBEPCUH) U
XPOMOCOMHBIX abeppanusax. [logo6Hble TUNIBI MyTaLUU CJIy4alHbIM 00pa3oM MOTYT C/BUTaTh
CpeJHMe 3HaYeHHUs KOJIMYeCTBEHHbIX IPU3HAKOB (BbICOTA, 03epHEHHOCTh, Macca 1000 ceMsH) U
pe3KOo pacUIMpsIOT reHeTH4Yeckoe pa3Hoobpasue mpoca JJist oT6opa [22]. HecMoTpst Ha 061U PHYIO
JINTEpaTypy 110 MyTareHe3y MeJIKO3epHOBbIX KYJIbTYD, B IOCJAeAYIOIIUX TOKoJeHUsAX M2-M3 no
CUX I10p OCTAaeTCs HeU3y4YeHHbIM BONPOC OBICTPOX OLLeHKHU NepBUYHOU reHOTUIIMYECKOW peak-
UM (JOMHUHAHTHBIX U GU3Ho0THYeCKUX 3P PeKTOB) HA XuMUYeckul areHT [9C y coBpeMeH-
HbIX BBICOKONIPOAYKTHUBHBIX COPTOB MPOCA, TaK KaK CyIeCTBYIOL[HE pab0Thl ONUCHIBAIOT JIMIb
duHabHble PeHOTUIIbI CTAOUIBHBIX IMHUH, YIIyCKas U3 BUAY JUHAMUKY UHAYLIMPOBAaHHOU
M3MEeHYMBOCTH HENOCPECTBEHHO B IepBOM NOKoJiIeHUU M1. HacTos1ee uccienoBaHue Brep-
Bble BOCIOJIHSIET JJaHHbIN Npo6eJ, moka3biBas 3¢ PpeKTUBHOCTb Bo3aercTBUsA JJIC Ha paHHel
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CTa/IuM, YTO MO3BOJISIET ONITHMU3UPOBATh 3aTPAThl HAa C/IEAYIOIIMNA MaclITaOHbIN CKPUHUHT B
MOC/IeYIOIIMX TOKOJIEHUH TeHOTUIIOB Ipoca.

B cB134 C 3TUM, 11€/1b10 JAaHHBIX UCCJIeIOBAHUH SBJISIJIOCh U3yYeHHE BJAUSHUS PA3JIUYHbBIX
KoHUeHTpauui 13C Ha Mopdosiornyeckue U NpoJyKTUBHbIE IPU3HAKHU pacTeHUM nokoieHus M1.

MaTepuasibl M METOAbI UCC/IELOBAHUA

PacTuTesbHBIA MaTepuasl

B 2025 r. /151 uccsieJoBaHUM € 9KCNIePUMEHTa/JbHbIM MyTareHe30M 00'beKTOM HCCJie-
JIOBaHUH ObLJIM ceMeHa npoca paboyell ceJleKLIMOHHOU KoJLIeKI UK, cobpaHHOM Kazaxckum
arpoTexHUYeCKUM UCC/Ie/loBaTeIbCKUM YHUBepcUTeTOM uMeHH C.CelidyinHa.

XUMUYeCKUN MyTareH

B KayecTBe XMMHUUYECKOTO areHTa O6blJI MCM0JIb30BaH AUITUICYAbdAT (Diethyl sulfate
98%, ThermoFisher, Kandel, Germany). luatuacyasdat ([I3C) - opraHuveckoe coeJUHEHHUE,
CJIOKHBIN 3QUP CEPHOU KUCIOTHI U 3TUJIOBOTO CIUPTa ¢ XUuMHU4ecko popmysioi (C,Hs),S04:

O6paboTka ceMAH XUMHUYECKUM MyTareHoM

11 06pabOTKU ceMeHa NpeJBapUTeJbHO 3aMayrMBa/Ivd B JUCTUJIJIMPOBAHHOU BOJie B
TedeHUe 12 yacoB NpU KOMHATHOW TeMIlepaType, YTOOkI c/les1aTh UX 60Jiee YyBCTBUTEIbHBIMU
K MyTareHHOMY BO3/IEMCTBUIO.

3aTeM ceMeHa BbICYLIMBaJIU Ha QUAbTPOBabHOU 6yMare. C Lies1bl0 MHAYLHUPOBaHUS My-
TareHesa ceMeHa 3aMauuBaJ/id B paCTBOpax AU3TUJICYIbdaTa C pa3/IMUHbIMU KOHLEHTPaLUSIMU:
10,30 u 50 MM. Bce cemeHa 6b11M1 paBHOMEPHO 06pabaTaHbl. 30pOBbIE, XOPOLIO BbI3peBIINE
M HeoOpaboTaHHbIE CEMEHA UCI0JIb30BaHbl B KayecTBe KOHTpPoJIs. [locsie 06paboTKku ceMeHa
TIATeJbHO NPOMbIBAJIUA JUCTUJINPOBAHHOM BO/IO, BBICYIIMBAJIM HA BO3/1yXe U XpPaHUJIU AJI
JlaJIbHEUIINX UCCIeJOBaHUM [22-24].

B j1abopaTOpPHBIX yCI0BUSAX KOHTPOJIbHBIE U 06paboTaHHbIE CEMEHA NPOpalllMBasi B
TepMocTaTe npu TeMnepatype +25 2C. Uepes ceMb AHeN U3Mepsiid MOpPoMeTpUIeCKHe Napa-
MeTpbl: JabopaTopHasa BcxoxkecTs (JIB), annna koneontuas (JKJ1), nnuna npopoctkos (Al1),
JavHa kopewkoB (/IK), 6uomacca pactenuit (BP).

B noJieBbIX yCI0BUSAX ObLIY 3a/10°KEHBI ONBITHI HA 9KCIIepUMeHTalbHbIX yyacTkax TOO
«Hay4HO-IpOM3BO/ACTBEHHBIH LIEHTP 3epPHOBOr0 X035icTBa UM. A. U. bapaeBa» (AkMoJIMHCKas
o6sacThb, lllopTaHAWHCKHN pailoH). [losieBble ONbIThI MPOU3BOAUJIH 10 N10CJA€40BaTETbHbIM
6JIOUHBIM CXeMaM C TpeMs NOBTOPaMHU JJisl yBeJIMUeHUs nonyasanud M1, pasmep aenssHKU
cocraasa 0,5 m? c HopMoii BeiceBa 3,5 r/M? COrJIaCHO PeKOMeHAALMAM 110 arPOTEXHOJIOTUN
peruoHa. B pasmeleHnu [je/ITHOK [epBbIM HOMEPOM CesJICl KOHTPOJIbHBIA BapyuaHT: 0MM, a
3aTeM Moc/aeyollue B 3aBUCUMOCTH OT KOHIleHTpauuu mytareHa: 10, 30 u 50 mM.

O6paboTaHHble ceMeHa Mpe/iBapUTENbHO 3aMayuBa/Iv B JUCTUJIUPOBAHHOW BOJie U
BbICEBaJIM BPYYHYIO0 BMeCTe C KOHTPOJIbHBIMU. Bce pekoMeHyeMble arpoTeXHUYeCKHEe Me-
pPONPHUATHUS BBIMOJHAJUCH B TeUEHME NIepUO/ia POCTA U pa3BUTUS pacTEHUN MOKoJieHUs1 M1.
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Bce BbDKUBILIKE pacTeHUs M1 6b11M cOOpaHbl /1151 ONpefiesIeHUs CpeJHUX X035 CTBEHHO-1IeHHbIX
KOJIMYeCTBEHHbIX U KaueCTBEHHbIX MI0Ka3aTeJiel KyJbTyphl Npoca: noJieBas Bcxoxects (I1B),
BbIcOoTa pacTeHui (BP), npoayktuBHas kyctuctocts (I1K), uncso cemsn ¢ metesnke (UCM), macca
ceMsiH c MeTeJike (MCM), ynciio cemsiH ¢ pactenus (YCP), macca cemsH c pactenus (MCP), macca
1000 cemsan (MTC), ypoxaitHocTb 3epHa (Y 3), 1pof0/KUTeIbHOCTh BEreTallMOHHOI 0 Iepro/a
(TIBII). C kaxkzoro BapyaHTa ObLJI0 OTOGPAHO 10 25 pacTeHUH.

CTaTUCTHUYeCKUN aHa/IU3 JaHHBIX. [JI1 cTaTUCTUYECKON 06pabOTKHU HCIOb30BaTUCh
JlaHHbIE JTAO0PATOPHBIX, MOJIEBbIX, MOP(OJOTHUECKUX U TPOAYKTUBHBIX MIOKa3aTesel pacTeHUH,
NOJIy4eHHbIX JJIS pa3JIMYHbIX FeHOTUIIOB NIPU YeThIPEX KOHIleHTpaLuax obpadoTku (0, 10,30 u
50 MMoJib). 06pabOTKY AAHHBIX BBIMOJHAJIN METOIOM AUCIIEPCUOHHOTr0 aHasiu3a (ANOVA). Uz-
3a cneqUPUKHU UCCIeJOBaHUH (rMbesi HEKOTOPBIX BAPUAHTOB IIPH BICOKUX KOHIIEHTPALUAX
MyTareHa) aHa/Iu3 NPOBOJAUJIM 10 COa/IaHCHPOBAHHbIM 6JI0KaM JJaHHbIX BBLKUBIIKMX TEHOTHUIIOB.
JlocTOBEpHOCTDb pa3/IMuUi OLeHUBAJIM 110 KPUTEPHIO HAUMEHbIIEeH CyleCTBEHHON pa3HOCTH
(HCPgs) npu ypoBHe 3HauuMocTu p < 0,05. B aHa/113 66114 BK/IIOUYEHBI TOKa3aTe/N JJab0opaTOPHOU
BCX0XKeCTU U HadasibHoro pocta (LGER, LCOL, LSDL, LROT, LBIO), nosieBbie MopdoJioruyeckre
npusHaku (FHGT, FTIL), a Tak»ke 3JieMeHTbI CTPYKTYPbI yporkast U npoAyKTUBHOCTU (FSPN,
FMPN, FSPT, FMPT, FTSW, FGYD, FGSD) (Ta6.1. 1).

Ta6suna 1
PacuindpoBka j1aGopaTOpHBIX U M0JIeBbIX NOKa3aTesel, MCN0/1b3yeMbIX
B CTATUCTUYECKOH 06paboTKe AAaHHBIX

Ne | IMos1HOe HaMMeHOBaHHe NOKa3aTe s A66peBuaTypa EfMHUNA U3MepeHus
JlaGopaTopHbIe paGoThI
1 | JlabopaTopHast BCX0XKECTb LGER %
2 JlJIMHA KOJIeONTHS LCOL Cm
3 JJ1vHa NpOpOCTKOB LSDL Cm
4 | Jl1vHa KOpeIlKOoB LROT CMm
5 Buomacca pacteHuit LBIO r
[TosieBble paGOThI
6 CoxpaHHOCTb pacTeHUH FEMG %
7 BricoTa pacTeHU# FHGT M
8 [IpoayKTHBHAA KYCTUCTOCTb FTIL KoJIn4y.MeTeJsloK/1 pacT
9 KosinyecTBO ceMfH Ha MeTEeJIKY FSPN LT
10 | Macca ceMsIH Ha MeTEJIKY FMPN r
11 | KosndecTBO ceMsIH HA pacTeHue FSPT 1IT
12 | Macca ceMaH Ha pacTeHUe FMPT r
13 | Macca 1000 cemsiH FTSW r
14 | CemeHHas1 NPOAYKTUBHOCTb FGYD r/m?
15 | [IpoAo/XUTENTBHOCTD BeTeTaluu FGSD CyTku

AHanu3 rnaBHbiX KOMNOHEHT (PCoA). AHau3 raBHbIX KOMNoHeHT (Principal Component
Analysis, PCoA) 6b1J1 IpOBeJIEH C 1ieJIbI0 BbISIBJIEHUS] OCHOBHbBIX I'PaiJU€HTOB BapuabeJbHOCTH
npu3HakoB. PCOA BbINOJIHAJICA HA OCHOBE MaTPHUIIbI CTAHAAPTU3UPOBAHHBIX NIepeMeHHbIX. J]Jis
WHTepIpeTaluy pe3y/ibTaTOB UCI0Jb30BaJIUCH iBe IJIaBHble KOMIIOHEHThI, 00'bsSICHSIOIIHE
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HauboJIbLIYIO 0JI10 06Lel Aucnepcuu. Pe3yibTaThl BU3yaJIM3UPOBaIKCh B BUe biplot-au-
arpaMmm, BKJIOYAKIIMX OJHOBPEMEHHO KOOPAMHATHI 00pas310B (Scores) U BEKTOPbl HArpy30K
npu3HakoB (loadings). 3To N03BOJINJIO OLlEHUTDb BKJIaJ, OT/e/IbHBIX TOKa3aTeJsiell B opMuUpo-
BaHMe [VIaBHbIX KOMIIOHEHT U IPOCTPAaHCTBEHHOE pacnpeeieHle TeHOTUIIOB B 3aBUCHMOCTH
OT J103bl 06PabOTKHU.

MeToz 4acTUYHO-HauMeHbLIKX KBapaToB (PLS). [l oLleHKH CBA3U MeX/ly COBOKYITHO-
CThIO IPU3HAKOB U YPOXKalHOCTBIO 3epHA IPUMEHSJICA MeTO/, YaCTUYHO-HaUMEHBIINX KBAJ[paTOB
(Partial Least Squares regression, PLS). B kauecTBe 3aBUCHMOM llepeMeHHOW UCNI0JIb30BaJach
ypoxaiiHocTb 3epHa (FGYD), Torja kKak He3aBUCMMbBIMH [TlepeMEHHBIMU CJIY>XKUJIU JabopaTop-
Hble, MOpdoJioruiyecKkre U NpoAyKTUBHbIE TOKa3aTed. O1jeHKa KayecTBa MO/ZieJIi POBO/UJIaCh
C UCI0JIb30BAaHUEM MEepPEKPECTHOMN NpoBepKHU (cross-validation), 4To M0O3BOJINIO CONOCTAaBUTh
HabJilolaeMble U Npe/iCKa3aHHble 3HaUeHUs YPOXKalHOCTH. Pe3ysibTaThl BU3ya/IM3UPOBAIUCH
JiuarpaMMoi «HabJIojaeMoe — NpeJicCKkasaHHOe», BKJIoYas JUHUI0 1:1 /11 OLleHKH TOYHOCTH
MOZieJIU Y BbISIBJIEHUS1 BO3MOXKHBIX OTKJIOHEHUH J1J11 OTAe/IbHbIX KOMOWUHAL UM TeHOTUI X /103a.

KoppensanyonHbiv aHaniu3. KoppesisnMoHHbBIM aHA/IU3 MeX/1y BCeEMU NapaMy IPU3HAKOB
BBIINIOJIHSJICS C UCIIOJIb30BaHUEM Ko3dduimeHTa Koppensanuu [lupcona. /lyist KOHTPOJIS OLIMOKU
MHOXeCTBEHHbIX CpaBHEHU M IpUMeHsilack nonpaBka benpxamMmunu-Xoxo6epra (False Discovery
Rate, FDR). 3HauuMbIMU cuuTaauCh Koppeasanuu npu p < 0,05 nocsie koppeKkuu. Pe3ysibTaThl
KOpPpeJIILLIMOHHOI0 aHaJIu3a Npe/CTaBJIeHbl B BU/le KOPPEeIALMOHHOW MaTpPULLb], [/le 3Ha4yeHUs
K03QPHLIMEHTOB KOppeaaLUU JONOJTHUTENbHO KOJUPOBAJIXCh IBETOBOU LIKAJI0H, OTpaXKatollen
CUJIy U HallpaBJIeHUe CBA3ed MeX/y IPU3HaKaMHU.

KoppensinnonHas ceTb. Ha ocHOBe MaTpUIibl KOppeJsLMi 6bl1a IOCTPOeHa KOppesiii-
OHHas CeTb /Il HAIJISITHOTO Npe/CTaBAeHUs HauboJiee CUIbHBIX U CTATUCTUYECKH 3HAYUMBbIX
B3aMMOCBsI3el Mex/ly IpU3HaKaMU. B ceThb BKJII0OUAIMCh TOJBKO CBSA3U C aOCOJIIOTHBIM 3Haye-
HUeM KoadduumeHTa Koppeasuuu |r| = 0,65 v ypoBHeM 3HaYUMOCTH p < 0,05. Y3/1bI cCETH COOT-
BETCTBOBAJIU OT/e/IbHBIM [IPU3HAKaM, a p€6pa oTpakaik HaJIM4Khe CUJIbHbIX [10JI0KUTEJIbHbIX
KOppeJsiliui MeXy HUMU. AHA/IN3 CTPYKTYpPbl CETH NMO3BOJIUJI BbIABUTH QYHKIMOHAIbHbIE
KJIacTepbl IPU3HAKOB, XapaKTepu3yolire JabopaToOpHble IOKa3aTeJ M paHHET0 OHTOreHe3a
Y 6J10K 10JieBbIX MOP)OJIOTUYECKHUX U IPOAYKTHBHBIX XapaKTEPUCTUK.

[IporpaMmMHoOe o6ecnieyeHue. Bce ctaTucTU4eCcKUe aHaIU3bl M rpadruyecKre BU3yaau3a-
1M1 BBINOJIHSJIUCh B IpUJIoxkeHUH R (Bepcus 2 4.2.0) ¢ ucno/ib30BaHUEM ClleljMaJlu3UPOBAaHHBIX
NaKeTOB /IJi1 MHOTOMEPHOT0 aHa/Iu3a U BU3yaJM3aliM JaHHbIX (BKJo4as nakeTol A5 PCoA,
PLS-perpeccuuy, KoppeisiLuOHHOrO).

Pe3ysbTaThl
B j1abopaTOpHBIX yCA0BUAX ObIJIM U3yYeHbl BO3AEUCTBUA 0OpPAaOOTKHU CEMSAH JUITHUII-

cyabdartom /13C Ha MopdoMeTpHuuecKHre nokasaTeyd 10 copToo6pasiioB, M0L0OPaHHBIX CpeLU
O0Te4yeCTBEHHOU U 3apy6eKHOM KoJlJIeKL UM npoca (TabJ1. 2).
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Ta6smna 2
Pe3y/bTaThl MO E/IbHBIX ONBITOB C UCIIOJIb30BaHUeM /13C
HauMeHoBaHue KoHnentpauuy, JIB, % JKJI, cm All, cm JK, cm BP,r
reHoTUIa MM
[TamsaTu Bepcuera 0,0 74,3 7,96 9,00 5,56 0,039
10 72,5 4,00 4,90 6,50 0,017
30 72,0 6,33 7,46 4,46 0,057
50 68,8 5,80 6,00 2,80 0,037
[llopTaHUHCKOE 0,0 75,5 8,24 9,56 5,30 0,098
11 10 73,5 9,00 9,96 3,33 0,120
30 70,7 9,20 10,55 3,80 0,111
50 65,5 8,10 9,67 4,73 0,087
CapaToBckoe 6 0,0 72,5 7,50 9,00 4,00 0,021
10 73,4 6,66 791 5,74 0,409
30 70,5 3,30 3,50 2,60 0,013
50 * * 7,75 2,30 0,013
JlaBckoe 0,0 74,8 7,25 9,25 3,25 0,065
10 68,5 4,37 515 2,80 0,061
30 60,6 9,71 11,22 4,45 0,215
50 29,3 7,00 8,16 4,33 0,081
WibuHOBCKOE 0,0 72,2 7,49 8,20 4,89 0,427
10 68,2 8,85 9,99 6,48 0,443
30 * * * * *
50 * * * * *
JKaguHckoe 0,0 71,4 9,57 11,59 13,27 0,292
10 70,2 8,73 9,66 6,08 0,385
30 60,8 2,17 2,56 3,25 0,450
50 49,5 7,34 8,52 6,70 0,440
K-9703 0,0 69,3 8,21 8,70 531 0,451
10 55,3 8,47 8,69 5,56 0,243
30 * * * * *
50 * * * * *
K-10215 0,0 72,6 3,39 4,39 4,79 0,129
10 * * * * *
30 69,7 5,25 5,60 1,75 0,021
50 10,0 3,125 3,47 1,375 0,042
P1 177481 0,0 70,5 4,25 5,23 4,39 0,045
10 * * * * *
30 259 9,00 10,45 6,20 0,061
50 * * * * *
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P1211058 0,0 74,3 7,60 8,46 5,00 0,155
10 72,2 7,25 8,75 4,93 0,213
30 23,6 6,08 11,20 3,80 0,023
50 * * * * *

HCP, 13,0 3,75 4,18 3,66 0,071

[Ipumeyanue: *- He npopociive BapruaHThl; JIB - 1abopaTopHas BexoxkecTb; JKJI - nnuna kaneontuns; All -
JUIMHa npopocTkoB; JIK - anvHa kopenkos; BP - 6roMacca pacTeHui.

HCP05 - HAaMMeHbIlasl CyleCTBEHHAs Pa3HOCTb /1Jisl OLleHKH BausiHuA ¢aktopa «KoHnentpanusa J3C» npu p <
0,05.

JlabopaTopHas BcxoxecTb (JIB, %) nokasasa, 4To 06paboTaHHbIEe TEHOTUIIbI OBLINA HUXKE
KOHTPOJIbHBIX BAPUAHTOB MPAKTUYECKH Y BCEX UCTTBITAHHBIX MyTaHTHbIX 00pa3LoB Ha 1,2-
50,7%. OpgHako y copta CapaToBckoe 6 ¢ KOHLleHTpauuen oopadotku 10 MM JIB 6b1s1a Belle
cra”ngapTa Ha 0,9% u coctaBuia 73,4% BCXOKUX CEMSIH.

JinHa koneontuasa (JKJI, cM) y 6 06paboTaHHBIX MyTareHoOM COPTOB U 06pa310B OKa-
3aJ1acb HUXKe KOHPOJIbHBIX BApUAHTOB, X0TA copT lllopTaHnauHckoe 11 npu KOHIeHTpaLyax B
10, 30 mM; JlaBckoe npu 30 MM u o6pazsen; PI1 177481 npu 30 MM BbIZ€/TUINUCH 10 JAHHOMY
nokasareJt. [lanHa kosieonTuas coctasuaa 9,0-9,71 cm, yto Beiwe Ha 0,1-4,75 cm.

Y nauH npopoctkoB (11, cM) u kopeikoB ([K), npu u3aMepeHuU TakKe HabJII0Aa/1ach
aHaJIOTUYHas TEHJEHIUSA: C IOBbILIEHUEeM KOHLIEHTPAL MY MyTareHa nokasaTeJu CHU3UIUCh
¢ 1,05 0 9,03 cm. [To faHHBIM OKa3aTeJssIM BblZieJUIMCh 06pasipl: llopTanguHckoe 11 npu
10, 30 MM, JlaBckoe npu 30 MM, UnbuHoBckoe 10 MM, PI1 177481 npu 30 MM u P1 211058 npu
30 MM, ux gsuHa cocraBuia 10,55cm, 9,67 cm, 11,22 ¢Mm, 9,99 cm, 10,45 u 11,20 cM, cooTBeT-
ctBeHHO (Puc.1).

PucyHok 1. [IpopocTku npoca npu pa3HbiX KOHLeHTpauusax J3C

Bruomacca pactenuit (BP, r) siBisieTcs 0lHUM U3 BaXKHbIX MOPPOMeETPUYECKHUX NTOKa3a-
TeJsiel. O6pasen CapaTOBCKOe 6, TOJBEPrHYThIM 06paboTKe ¢ KOHIeHTpauuen 10 MM, nokasan
HauBbIcliny pe3ysabTaT 0,409 1, yTo Bhille KOHTpOJid Ha 0,388 .

CemeHa copToB CapaToBckoe 6, UnbuHOBCKOe 1 06pa3noB K-9703, P1 177481 u P1 211058
He B30ILJIM NIPY BBICOKOW KOHLleHTpanuu o6padboTkoit J[3C 50 mM.
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B no/1eBbIX YCI0BUSAX ObIJIU 3a/10’)KEHBI ONbITHI U/I€HTUYHbIMU J1a00PAaTOPHBIM BapHaH-
TaM c o6paboTkout J|9C. B TeueHuu Beretauuu 2025 1. NpoBOAMIKCh HAGJIIO/IEHHS 32 POCTOM
¥ pa3BuTUeM nonyasuud M1. B ceHTsA6pe Ha cTaZUy OJIHOTO CO3PEBaHUSA, KX/ bl BApDUAHT
onbITa ObLJI COOpPaH BPYYHYIO C MAPKMPOBAHUEM OT/E/JbHbIX CHOIIOB MyTaHTHbIX 06pa310B
JLJ1s1 aHaJIM3a 3JIEMEeHTOB NPOAYKTUBHOCTHU. AHA/IN3 NPOAYKTUBHBIX 3JIEMEHTOB yPOKaWUHOCTHU
BKJIIOYaJI B ce0s1 OLeHKY U CONOCTaBJIEHUE KJII0YeBbIX NIOKa3aTesel, TAKUX KaK KOJIMYeCTBO
NPOAYKTUBHBIX CTebJIel, Yucs10 3epeH B MeTeJsiKe, Macca 1000 3epeH U Macca 3epHa C MeTeJIKU
(Tab.. 3).

Ta6smna 3
Pe3y/ibTaThl 10/1€BBLIX HAGJIIOJEHUH U CTPYKTYPHOI0 aHAa/Iu3a
3JIEMEHTOB NPOAYKTUBHOCTU nonyassnui M1

FeHOTHIIBI Koument- | I1B,% | BP, K, YCM, | MCM, | YCP, | MCPr | MTC, T y¥3,r/ IIBI],
pauuy, cM /1 T r T Mm? CYTKH
MMouib pact
K 62 98 2,0 506 8,96 2356 26,8 8,3 149,4 85
[TamaTu Bepcuesa 10 12 95 1,0 444 6,0 509 6,8 8,7 29,8 82
30 4 93 2,0 386 4,9 407 51 8,0 12,0 82
50 8 95 1,0 302 4,2 395 4,9 8,0 23,0 83
K 58 115 2,4 685 10,36 | 2674 | 21,4 8,6 155,8 89
IHopranutickoe 10 32 | 98 | 1,0 | 405 | 41 | 506 | 50 | 83 | 451 87
1 30 52 98 1,0 405 4,1 506 5,0 8,3 45,1 87
50 16 89 1,0 505 4,9 608 55 8,6 251 88
K 50 106 1,4 709 8,6 2281 18,3 8 34,7 87
CapaToBckoe 6 10 20 75 1,1 205 31 255 3,8 7,8 12,9 86
30 48 72 1,3 109 2,9 188 3,0 7,7 11,6 86
50 28 72 1,3 155 2,7 173 2,9 7,5 11,9 86
K 32 108 2 734 5,8 4032 32,2 8 61,18 89
10 4 75 1,1 205 2,1 255 3,3 7,8 12,9 89
JlaBckoe
30 20 72 1,3 109 2,3 188 3,0 7,7 11,6 88
50 20 72 1,3 153 2,1 173 2,8 7,5 11,9 89
K 48 99 3,2 863 6,9 4315 34,5 8 65,55 88
WnbuHOBCKOE 10 8 75 1,1 205 1,1 255 3,8 7,8 12,9 88
30 32 72 1,3 109 19 188 3,0 7,7 11,6 87
50 28 72 1,3 155 1,7 173 2,9 7,5 11,9 87
K 28 101 2,2 420 4,1 708 22,1 8,9 41,99 89
amHckoe 10 24 95 1,9 302 39 352 4,1 8,9 9,9 82
30 24 98 2,5 569 8,5 1102 28,9 10,5 128 82
50 32 97 1,1 403 8,3 459 7,7 9,3 10,3 82
K 28 89 1,4 925 5,55 1732 10,5 6 19,95 87
10 40 75 1,1 205 31 255 3,8 7,8 12,9 87
K-9703
30 12 72 1,2 109 2,9 188 3,0 7,7 11,6 87
50 8 72 1,0 155 2,7 173 2,9 7,5 11,9 87
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K 40 99 2,2 2863 6,9 885 34,5 8 65,55 88
K-10215 10 20 75 1,1 205 31 255 3,8 7,8 12,9 86
30 16 72 1,3 109 2,9 188 3,0 7,7 11,6 86
50 * * * * * * * * * *
K 10 86 2,1 954 8,5 852 18,6 8 15,6 84
10 20 75 1,1 159 31 165 3,8 7,8 12,9 84
P1177481
30 16 72 1,3 99 1,9 109 2,0 5,7 11,6 80
50 8 72 1,3 95 0,7 173 1,8 55 11,9 80
K 44 105 2,2 995 8,6 975 27,8 8 52,82 85
P1211058 10 8 75 1,1 205 2,1 355 3,8 7,8 12,9 85
30 16 72 1,3 109 1,9 178 3,0 7,7 9,6 85
50 * * * * * * * * * *
HCP,, - 139 | 6,4 0,4 173,8 1,8 732 6,1 0,6 34,0 1,3
[Ilpumedanwue: *- He npopocimKe BapuanThl; HCP , - HanMeHbIIas cynecTBeHHas pasHOCTD /ISl OLleHKH BJIMAHHUA paKTopa
«KonuenTpauus 13C» npu p < 0,05.

[lo pe3ysibTaTaM CTPYKTYpPHOI'O aHa/IU3a OT/EeJbHbIX 3J1IEMEHTOB IPOAYKTUBHOCTH BbI-
SIBJIEHO YTHeTalolljee BO3/IeiCTBUE IPAaKTUYECKU Ha BCe pacCMaTpUBaeMble MOKa3aTeJs Iy, 0CO-
OEeHHO Ha 10JIEBYI0 BCX0XeCTh. [IpoLleHT BBDKMBUIMX pacTeHUM BapbupoBasica oT 2% 1o 40%.
BblJ10 0TMeYeHO NoCTeNneHHOe NOHMKeHU e BbICOThI paCTeHUH C yBeJIM4YeHUeM KOHLeHTpal U
MyTareHoB B IIOKOJIeHUAX M1 o cpaBHEHUIO ¢ KOHTPOJIeM: IpU KoHLleHTpauuax 10 MM gavHa
pacteHud B cpefHeM cocTtaBuia 18,8%; npu 30 MM - 22,4 %; npu 50 MM - 14%. CemeHa AByX
06pas3noB (K-10215 u P1 211058) He B301/IM UM UX NIPOPOCTKU HE BBDKUJIU 0 KOHIA BeTe-
TAlMOHHOI'0 epPUOo/Aa.

CoryiacHO KpUTEpPHIO MyTaOUJIbHOCTHU, HECMOTPSA Ha OOIIUN AeNpPeCcCUBHbIA 3P PEKT
XUMHUYECKOTO MyTareHesa, KpUuTepui oljeHKH 3QpGeKTUBHOCTU BbIIBUJI YHUKAJIBHYIO COPTO-
BYIO clieiIUPHKY OTBeTa Ha 06pabOTKY y OT/Ze/IbHbIX TeHOTUIOB. EAMHCTBEHHBIM COPTOM,
1peoz0/1eBIIMM GU3HUO0JIOTUYECKYIO JeNIPeCCUI0 U TPeB30IIeA MM KOHTPOJIb I10 Macce ceMsH
c MeTeJsIKH, oka3ascs copT KaguHckoe. [Ipu konuenTpanusax J[3C 30 MM u 50 MM Macca cemsiH
C MeTeJIKU AocTuraa 8,5 r u 8,3 1, COOTBETCTBEHHO, TOT/|Ja KAK B KOHTPOJbHOM BapUaHTE 3TOT
10Ka3aTeJlb COCTaBJsAI Bcero 4,1 1.

[To utoram oneHku 40 BapuaHTOB 06pPabOTKHU N0 BaXKHeMIIeMy Ka4eCTBEHHOMY KpHUTe-
puto - Macce 1000 ceMsiH - 6bI/IM BblJleJIEHb] HanboJiee epCcrneKTUBHbIE TeHOTUIIbI, y KOTOPBIX
JlaHHBIM MTOKa3aTeJslb IPEeBbICKUJ KOHTPOJIb B cCpeiHeM Ha 1,6 I, JOCTUTHYB MaKCHUMaJIbHOTO
3HaueHus 10,5 r: o6pazen; K-9703 (npu koHnenTpayusax 10 MM, 30 MM u 50 MM); copt [lamsaTu
Bepcuesa (npu koHeHTpanuu 10 MM); copt XKaanHckoe (npu koHeHTpanusax 30 MM u 50 MM).

MHoromMmepHbIi aHa/IM3 cCUCTeMHBIX cIBUTOB (PCoA). AHaiu3 raBHbIX KOMIIOHEHT (PCoA)
II03BOJIMJI 0000IIUTH peakL U0 paCTeHUH Ha XMMHUYeCcKoe BO3/leCTBUEe U MaTeMaTHYeCKU
HOATBEPAUTD BbIJBUHYTYIO FUNOTE3y 00 U3MEHEHUSIX IPU3HAKOB U3-3a BJIUSHUSA Pa3JIUYHbIX
KOHLeHTpaLui MyTareHa. [lepBble /iBe I71aBHble KOMIIOHEHTBI CYMMapHO 00bACHAIT 65,7%
0011lel Aucnepcuy NPU3HAKOB, IPU 3TOM BKJIaZ epBoit komnoHeHThI (PC1) coctaBuna 49,7%, a
BTOpOi1 (PC2) - 16,0%. B koopauHaTHOM npocTpaHcTBe PC1-PC2 3adukcupoBaHa yeTkas audpde-
peHIManusa BApMaHTOB B 3aBUCUMOCTH OT A03bI [[9C u ucxogHoro reHotuna. OCHOBHOM BEKTOP
BapuabeJIbHOCTH OpUEHTUPOBaH BA0Jb 0cu PC1: koHTposibHBIe rpynnel (0 MM) jiokanu3yoTcs
NperMylLieCTBEHHO B OTpULlaTesbHOU 06s1acTu PC1, B TO BpeMs Kak BapUaHTbhl, I0/IBEPTHYThle
MyTareHHou obpaboTtke (10,30 u 50 MM), HanpaBJIEHHO CMEIAKOTCS B OJI0KHUTEJNbHYIO 30HY.
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Haubosiee yaaneHHble KoopauHaThl 1o ocd PC1 3anuMatot reHotunsl K-10215 u P1 211058 npu
Zio3e 50 MM, 4yTO CTpOro apryMeHTUpYyeT UX MaKCUMabHOe GU3UO0JIOTUUECKOE OTKJIOHEHUE OT
HOPMBI (KOHTpOJ1s1). Bropas riaBHas komnoHeHTa (PC2) onucbiBaeT BEKTOP BHYTPUTPYIIIOBOM
M3MEHUYUBOCTH MEXAY COPTAaMU P UJIEHTUYHbIX [j03aX MyTareHa, updepeHupys reHOTUIIbI
KaK B [IOJIOXKUTEJIbHOM, TaK ¥ B OTPULIATEJIbHOM JiMala30Hax OCH.

Tak, npu fo3e 10 MMosib copta UnbnHOBCKOe, ’KaauHckoe n CapaToBCKOe 6 pacnoJiara-
I0TCSl IPEUMYILECTBEHHO B BEpXHeH 4acTH JUarpaMMbl, TOTJa KaK ps/i BADUAHTOB NIPH [03axX
30-50 MMoJIb CMelEH B 00J1aCTh OTpHUIATebHbIX 3HaYeHu PC2 (Puc.2).

PucyHOK 2. AHanu3 ryiaBHbIX KOMIOHEHT (PCoA) H3y4yeHHbIX COPTOB
C pa3/IMYHbIMU KOHLIEHTPALUSIMU MyTareHa

AHa/1M3 NpU3HAKOB NOKA3bIBAET, UYTO JlabopaTOpHble MOppoMeTpUYeCKHe TOKa3aTen
panHero onToreHnesa (LCOL, LSDL, LROT, LGER) opueHTHpOBaHbI IPEUMYIIECTBEHHO B CTOPOHY
HOJIOXKUTeNbHBIX 3HaueHU PC2, Torja kak nosieBble ¥ poyKTUBHbBIe npu3Haku (FGYD, FMPN,
FMPT, FTIL, LBIO, FSPT) accounupoBaHbI IJIaBHbIM 06pa30M € OJI0XKUTEJIbHBIM HallpaBJeHueM
PC1 v oTpuniaTesibHbIM HanpaBJsieHueM PC2.

MeTo/ yacTUUHO-HAaUMeHbIIMX KBaApaToB (PLS). MeToa yacTUYHO-HaMMEHbIINUX KBaJ|pa-
ToB (PLS) nokasas nosoxuTenbHy0 CBA3b MeXAy Ha0J110jaeMbIMY 3HAaYEHUSAMU YPOXKAUHOCTH
3epHa (FGYD) 1 3Ha4eHUsIMU, Ipe/iICKa3aHHbIMU MO/I€JIbI0 IPU NlepeKpécTHOU npoBepke. Touku
Ha AyarpaMMe pacnoJiaratotcs B6Ju3u JUHUM 1:1, 4TO yKa3bIBaeT Ha y/OBJIETBOPUTEbHOE
COOTBETCTBUE MeX/Y HabJ/10/jJaeMbIMU U IPOrHO3UPYyEMbIMHY 3HaYeHUAMH (Puc. 3).

100 Ne2(155 JLH. T'ymunee amviHdarsl Eypaszus yammuik yHugepcumemiHiy XABAPILBICHI. Buo102usiiblk FolablMOap cepusicol
Y- yp V- y 4 p cep

/2026 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series

BECTHHK Espasuiickozo HQyuoHa1bHOo20 yHUsepcumema umeru J1.H. ['ymusesa. Cepust 6uosozudeckue HaQyKu



BausiHue uHdyyupogaHHo20 MymazeHe3a dusmu/acyab@damom Ha KOAUYeCmEeHHble
npusHaku pacmeHuil npoca nokoseHusi Mz

PucyHok 3. BsauMocBsib Mex Ay Hab/110ZjlaeMbIMU IPU3HAaKaMU Ha OCHOBe aHaJIu3a Me-
TOJIOM YaCTUYHO-HaWMeHbIIUX KBaJpaToB (PLS)

[Ipu 3TOM Hanbo IbIIAsA COTJIACOBAHHOCTb MEX/1y HabJI0jlaeMoM U peicka3aHHOU ypo-
YKalHOCTBhIO OTMeYaeTcs [/ BAPUAHTOB C HyJieBoU 10301 (0 MMOJIb), KOTOpble POPMUPYIOT
KOMIIAKTHYIO IPYIIY B CpeJiHel U BepxHel yacTu rpaduka. BapuaHThI ¢ MOBbILIEHHBIMH [0-
3amu (10, 30 u 50 MMOJIb) AEMOHCTPUPYIOT OOJIBIIYI0 Pa36POCAaHHOCTh TOYEK OTHOCUTEbHO
JIMHUU COOTBETCTBUS, UTO OTPaKaeT yBeJIMUeHHe BapruabeJbHOCTHU OTKJIMKA yPOKalHOCTH
IPH YCUJIEHUU BO3JeUCTBUS.

15 oTAeIbHBIX 00pas1i0B, Takux Kak XKaguHckoe u CapaToBckoe 6 npu o3e 30 MMOoJIb,
HabJ0Aal0TCcs 60Jiee BbICOKHME 3HAYEeHHUS NpeicKa3aHHOW YPOXKalHOCTH M0 CpPaBHEHHIO C Ya-
CTbI0 KOHTPOJIbHBIX BAPUAHTOB P CXOIHBIX HAOJII0IaeMbIX 3HAYEHHUSIX, TOT/]a KaK HEKOTOPbIE
BapuaHTbI NpH A03e 50 MMOJIb XapaKTePU3YOTCS 3aHMKEHHbIMU NPe/iCKa3aHUSIMHU IPU HU3KUX
HabJirogaeMbIx 3Ha4eHUax FGYD.

KoppesisiumoHHbI# aHau3 no [IupcoHy ¢ monpaBKoi Ha MHOXKeCTBEHHbIE CPAaBHEHMUS
(FDR, meTog benpxaMruHu-Xox6epra) BbIsIBUJI BBIP@XKEHHYI0 CTPYKTYPY B3aUMOCBSI3el MeXAY
JlabopaTOpPHBIMHU, MOPPOJOTHYECKUMHU U TPOAYKTHUBHBIMU IpU3HaKaMu (Puc. 4).
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PucyHOK 4. Pe3y/ibTaTbl KOPPEJIALIMOHHOTO aHA/IN3a
JJabopaTOPHBIX U M0JIEBbIX IKCIIEPUMEHTOB

HauboJ1ee TecHble N0J10)KUTeIbHbIE KOPPEIALNH 3aPpUKCUPOBaHbI MEX /Y 1ab0paTOPHBIMU
NOoKa3aTeJIsIMU paHHero oHToreHe3a: JiyinHa koseonTtuss (LCOL), anvHa npopoctkoB (LSDL),
AavHa kopewikoB (LROT) u nabopatopHas BcxoxecTb (LGER) xapakTepu3yoTcsl BBICOKMMU
Ko3dPUIMeHTaMU Koppeasauuu Mexay co6oi (r = 0,67-0,93; p < 0,001), yTo yka3piBaeT Ha
MX COIVIaCOBaHHOE M3MeHeHHUe U 0611y1o pu3nooruieckyro ocHoBy. JlJabopaTopHas 6MoMacca
(LBIO) Tak»e moJioxKUTeJIbHO CBSI3aHa C 9TUMHU NOKa3aTesIMU, OJJHAKO CUJIa KOppessiui He-
CKoJibKO HUXe (r = 0,44-0,58).

[TosieBble MOpdoJiorHUecKre MPU3HAKH, TaKKe Kak BbicoTa pacTeHud (FHGT) u npo-
AykTuBHas KyctuctocTh (FTIL), 1eMOHCTpUPYIOT 3HAYKMMbIe MOJIOKUTEeIbHbIEe KOPpPeasiuu
Kak Mexay co6o (r =0,72; p < 0,001), Tak ¥ c pA0M NPOAYKTUBHBIX TOKa3aTesel. Hanbo-
Jiee CUJIbHbIE CBA3U OTMeYeHbl MeX/1y BbICOTOM pacTeHUM U M0JI€BOU MAacCOU ThICAYU CEMAH
(FTSW), a Takxke mexxay FTIL v nosieBbiM yncsioM u Macco ceMsiH (FMPN, FMPT), raoe 3Hauenus
r nocturawT 0,74-0,87 (p < 0,001). [I[pu3Haku, HemocpeICTBEHHO CBSI3aHHbIE C 3JIEMEHTAMU
ctpykTyphbl ypoxkas (FSPN, FMPN, FSPT, FMPT), 06pa3ytoT NJIOTHbINA KOPPeISIIMOHHBIA 610K
c k0adPuUIMeHTaMU I TpeuMyLiecTBeHHO Bbllle 0,60, YTO CBUAETENBCTBYET O BBICOKOM COTJIa-
COBAaHHOCTU GOPMUPOBAHHUS YPOXKAUHBIX KOMIIOHEHTOB.
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YpoxaiiHocTb 3epHa (FGYD) noka3biBaeT yMepeHHble U BbICOKHE I0JI0KUTEeIbHbIE KOppe-
JIALIMU C KJII0YEeBBbIMU [10JI€BBIMU U IPOAYKTUBHBIMU Npu3HakaMmy, Bkaw4dada FHGT, FTIL, FMPN,
FSPT u FMPT (r = 0,54-0,74; p < 0,001), Torza kak cBs34 C JlabopaTOPHbIMU MOKa3aTeJAIMU
BbIpaXkeHbl cj1abee U, Kak MPaBUJI0, HAXOAATCS B iMaa30He HU3KUX-YMePEHHbIX 3HaYeHUH (r
~0,21-0,42). Macca 3epHa c aensiHku (FGSD) TecHo cBsizana ¢ FTSW u FHGT (r go 0,90-0,82; p
<0,001), yTo nog4Y€épKMBaeT BKJIaJ MOPPOJIOTMIECKUX TApaMeTPOB U MacChl CeEMSH B GOpPMHU-
pOBaH¥e UTOTOBOM NMPOJLYKTUBHOCTH.

KoppessiunoHHas ceTb, IOCTPOEeHHAsi HA 0CHOBe 3HaYUMbIX cBsi3el (|r]| =2 0,65; p < 0,05),
HaIJISJHO OTPaXkaeT CTPYKTYpPYy HauboJiee TeCHbIX B3aUMOCBSI3EN MEX /Y UCC/IeyeMbIMU MPHU-
3HaKaMH U UX IPYNIHUPOBKY B QYHKIUOHA/TbHbIE KJACTePhL. B ceTH 4€TKO BblZe/SII0TCS JBa
OCHOBHbIX MoayJis (Puc. 5).

PucyHok 5. KoppensinuoHHast ceTb OCHOBHBIX U3y4aeMbIX IPU3HAKOB

[lepBbIil MOAY/Ib 00beAMHSIET NPOAYKTHBHBIE U MT0JIEBbIe MOP(OIOrHUUECKHE TPU3HA-
KU, GOpMUPYS MJIOTHBIN KJIAaCTEP BOKPYT KOMIIOHEHTOB CTPYKTYPHI ypoxKasi. B aToM kjacTepe
LleHTpaJIbHOE M0JIOXKEHWE 3aHMMAIOT MI0Ka3aTeJIH 110JIeBOM Macchl ceMsiH ¢ pacTeHust (FMPT) u
noJsieBoro uucsa ceMsH c pactenusi (FMPN), koTopsie cBsizaHbI ¢ ypoxkaiiHOCThI0 3epHa (FGYD),
nosieBoil BeicoTo# pactenui (FHGT) u npoayktuBHo# KycTuctocThio (FTIL). Takxke B JaHHBIN
MOAYJib BKJIIOYeHbI Macca ThicsiuM ceMsiH (FTSW) u macca 3epHa c aesnsiHiky (FGSD), TecHo cBs-
3aHHbIE C BBICOTOU pacTeHHUH, YTO NOAYEPKUBAET KJIIOYEBYIO pOJib MOPPOJIOTHUYECKUX TapaMe-
TPOB B OPMHUPOBAHHUU KOHEYHOU MPOAYKTUBHOCTH. HasiMyre MHOXKeCTBEHHBIX IEPEKPECTHBIX
CBsI3el BHYTPH 3TOTO KJlacTepa YKa3blBaeT Ha BbICOKYIO COTJIACOBAHHOCTb GOPMHUPOBAHUSA
3JIEMEHTOB ypOKasi U UX COBMECTHbIN BKJa/l B yPOKAaUHOCTb.

BTopoii Moay/b KOppeJsIMOHHOM CeTH Npe/iCcTaBIeH KOMIIAaKTHBIM KJ1acTepoM Jiabopa-
TOPHBIX [1I0Ka3aTeJiel paHHEro OHTOreHe3a, BKJIKYaLKUM JabopaTopHyto BexoxkecTb (LGER),
Anvny koseontuas (LCOL), anuny npopoctkoB (LSDL) u giuny kopewkoB (LROT). Bece npu-
3HAKH B 9TOM KJIaCTepe CBSI3aHbl MEX/y COO0M CUbHBIMU MOJIOXKUTENbHBIMUA KOPPEISILUAMY,
YTO OTpPaXKaeT UX CHHXPOHHOE U3MeHeHHe U 06111yt pU3HN0JI0OTHUECKYI0 OCHOBY MPOLECCOB MPO-
pacTaHus ¥ HadaJbHOTO pocTa. [[py 3TOM AaHHbIN J1abopPaTOPHbBIN KJAacTep NPOCTPAHCTBEHHO
Y QYHKLMOHAJBHO OT/EeJIEH OT NPOAYKTUBHOIO 6J10Ka, UTO YKa3bIBaeT HAa OrPaHUYEHHOE YHCJI0
NpPSIMbIX CUJIbHBIX CBSI3€W MEX/y paHHUMU JIabopaTOPHbIMU IapaMeTpaMH U NMOKa3aTeJsIMU
YPOKaWHOCTH NPU 3alaHHbIX IOPOTrax 3HAYMMOCTH.
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O6cyxaeHue

/1151 BbISIBJIeHUS HanboJiee BaXKHBIX IPU3HAKOB, BHOCAILMX HAaWOOJIBIIWHI BKJIaJ B 00-
Y10 YPOXKANHOCTb B KOHKPETHBIX YCJIOBUSX, ObLJI HCII0JIb30BaH KOPPEISMOHHBIA aHaIHU3.
JTOT aHAJIU3 IOMOTAET B CeJIeKLIMU COPTOB, pa3paboTKe arpOTEXHUKU U ONITUMU3aAlMU BbIpa-
IMBAHUSA KYJbTYp AJIsl JOCTHXKEHUS MaKCUMaJbHOW NPOJYKTUBHOCTH, KaK OTMEY€eHO y psaja
aBTopoB [25-30].

Cnenuduka gerctus [1IC Ha KosiMYeCTBEHHbIE NPU3HAKU MTPOCA NPOsSIBUJIACh HE TOJIbKO
B UX yTHETEHUH, HO Y B JIOKAJIbHOM POCTe NPOAYKTUBHOCTH, KaK ObLJI0O OTMeuYeHO Y copToB 2Ka-
JuHckoe U JlaBckoe. JlaHHbIN GpaKT BO3MOXKHO 00'bSICHUTh MeXaHU3MaMHU GU3UO0JIOTUYECKOTO
ropMe3uca, Kak 6b1y10 BUAHO B paboTax Calabrese E. (2005) 1 koMneHcaTOpHOM peakijyen pac-
TUTEJbHOI'0 OpraHU3Ma Ha cy6JieTanbHbIM cTpecc. Cy6JieTalbHOE XUMUY€ECKOe BO3/leCTBHE
MOXKeT 3alyCKaeT KacKa/| 3alllMTHbIX peaKLIUl U aKTUBUPYET POCTOBBIE IPOLIECCHl y TeHEeTHYe-
CKM YyCTOMYHBBIX 06pa3LoB. /lonoJHUTEbHBIM GaKTOPOM MOXET TaKXKe MOCTYKUTb CHUXKEHUE
IJIOTHOCTH NONyAsALUK M4, o6ecliedyrBllee BbIXKMBIINE PACTeHUS U30bITOYHBIM PECYPCOM /1151
dbopmupoBaHus 6uomacchl [31].

[losiydeHHble HaMU JIaHHBIE O [J0303aBUCMMOM CHUKEHUHU J1aO0PaTOPHON BCXOXKECTU U
I10JIeBOM BBDKMBAEMOCTH npoca nnog gercrsueM /I3C cornacyroTcs ¢ 3aKOHOMEPHOCTAMHU XUMU-
YeCKOro MyTareHesa 3/J1aKOBbIX KyJbTYp. Tak, aHa/IOTUYHbIH JielpecCUBHbINA 3 dEeKT Ha paHHUX
aTamnax oHToreHesa npoca (Panicum miliaceum L.) npu Bo3zeicTBUY aJIKUIMPYIOLUX areHTOB
OTMeyYaJlu B CBOMX paboTax Zeinullina A. et al. (2023). HapacTaHue TOKCUYeCKOTO JeCTBUA
IpY NMOBbILIEHUU KOHLeHTpauui myTtareHa oT 10 1o 50 MM 06'bsicHsIeTCSI HHTUOUPOBaHUEM
dbepMeHTaTUBHBIX CUCTEM U MOBPEXJEHUEM MUTOTHYECKOTO allllapaTa KJeTOK, YTO TaKXe
JleTaJIbHO OMUCAHO /1Sl [PyTUX MeJIKOCEMSIHHBIX 3JIaKOB, HanpuMmep, copro u morapa (Rao et
al,, 2018; [lukapes, 2021) [32,33].

Jl151 BbISIBJIEHUSI 3aKOHOMEPHOCTEN U3MEHYUBOCTU MOPPOI0TUYECKUX, PU3HOJIOTUYE-
CKUX Y IPOJAYKTUBHBIX IPU3HAKOB PACTEHUH, a TaKKe OLLleHKH UX B3aUMOCBS3€el B yCJIOBUAX
pas3/IM4HOM J103bl 06PAOOTKHU U F€HOTUIIMYECKOW HEOJHOPOAHOCTHU ObLJI NPUMEHEH KOMILJIEKC
MHOTOMEpPHBIX CTaTUCTUYECKUX METOZ0B. Micnoib30BaHKe aHa/1M3a IJ1aBHbIX KOMINIOHEHT (PCoA)
M03BOJIMJIO 0606IUTH MHOTOMEPHbIe JaHHbIe U BbIIBUTb OCHOBHbIE I'PaIUeHThI BapruabelbHO-
CTU IPU3HAKOB, TOI/la KaK MEeTO/, YaCTUYHO-HauMeHbIINUX KBaZpaToB (PLS) 6b1s1 Mcno/ib30BaH
J1J15l OLLeHKH CIIOCOOHOCTH COBOKYIHOCTH MPHU3HAKOB Mpe/ICKa3blBaTh YPOXKaWHOCTh 3epHa.
JloTIOTHUTEIBHO ObLJ IPOBEJEH KOPPEJISLIMOHHbIN aHa/U3 C IONPaBKOW HA MHOXKECTBEHHbIE
CpaBHEHHUS U MOCTPOEHA KOPPeJISILUOHHASA CeTh, YTO 06€CNeYnsIo JeTalbHOoe Mpe/icTaBleH e
CTPYKTYPbI CBSI3eN MexX/y J1ab0opaTOPHbIMH, M0JE€BbIMU U NIPOAYKTUBHBIMY N10Ka3aTeJSIMU.
COBOKyIIHOe IpUMeHEeHHEe 3TUX MeTO/,0B [T03BOJIMJIO BCECTOPOHHE 0XapaKTepu30BaTh GeHO-
TUIIWYECKYI0 OpraHU3al {0 IPU3HAKOB U UX POJib B POPMHUPOBAHUU YPOXKANUHOCTH.

PacnipesienieHre BEKTOPOB yKa3bIBaeT Ha COIVIACOBAHHbIY BKJIA/| IPOAYKTHUBHBIX IOKa3aTe-
Jieli B GOpMHUpOBaHMe OCHOBHOM 0CH U3MeHUYUBOCTH. B 11es1oM pe3ynbTraThl PCOA IeMOHCTPUPYIOT
BbIpaKEHHOE CMellleHHhe MHOIOMEePHbIX NPHU3HAKOBbIX NPod el pacTeHUH PU yBeJUYEHUU
KOHLeHTpaLuu 06paboTKU U NOAYEPKUBAIOT 3HAYMMYI0 POJIb KaK FTeHOTUIIUYECKUX Pa3Iuini,
TaK U yPOBHS BO3/lelCTBUSA B POPMUPOBAHUHU CTPYKTYPbl GeHOTUNHNYECKON BaprabebHOCTH.

[Ipy U3y4eHUH B3aUMOCBSI3M MeX /1y HabJil0jaeMbIMU IPU3HAKaMU Ha OCHOBe aHa/IM3a
YacTUYHO-HauMeHbIIUX KBaZpaToB (PLS), 6p110 ycTaHOBJIEHO, UTO B 11€JI0M pacnpejeaeHne
TOUYEK NOATBePXKAaeT cnoco6HOCThb PLS-Mozenn yiaBiuBaTh 061MKA TpeH  U3MEHUYUMBOCTH
YPOXKalHOCTH 3€pPHa, OJHAKO TaK)Ke YKa3blBaeT HAa HaJINYKWe OTKJIOHEHUH JJI1 OTZeJbHbIX
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KOMOHHaL MU FeHOTHUII X 1033, 0CO6EHHO IPY BBICOKUX YPOBHAX 06pabOTKH, YTO POSABJISETCA
B YBeJIMUYEHUU PACXOXKAEHUHN Mex /1y HabJ10laeMbIMU U NIPe/iCKa3aHHbIMU 3HaUYEeHUSIMU.

B 1ies10M KoppesifiiMOHHAsA MaTpHULa JIeMOHCTPUPYeT YETKOe pa3/eieHue IPU3HAKOB
Ha GyHKIMOHA/bHbIE TPYNIbL: 1abopaTOpHble NapaMeTpbl pAHHEr0 POCTa, NoJieBble MOpdo-
JIOTUYEeCKHe XapaKTepUCTUKU U N0Ka3aTeJy CTPYKTYphl ypoxas. [Ipy 3TOM HMeHHO 1oJieBble
Y IPOAYKTUBHbIE NPU3HAKU GOPMUPYIOT HauboJiee CUJIbHble B3aUMOCBS3H C YPOXKAaNHOCThIO,
YTO OTPa)KaeT UX KJIIOUEBYIO poJib B OPMUPOBAHUH KOHEYHOTO yPOXKaWHOTO pe3yJsbTaTa.

KoppeisiinoHHbIN aHA/IU3 U KOppeJISiLiMOHHAs CeTh IPOAEMOHCTPHUPOBAIN MOAY/IbHYIO
OpraHu3al M0 IPU3HAKOB, T/ie JJabopaTOpHbIe IOKa3aTe/IM pAaHHEro OHToreHe3a GOpMHUPYIOT
CaMOCTOSITE/IbHBIM TECHO CBSI3aHHbIN KJ1acTep, a NoJieBble MOPPOIOrHuecKre U IPOAyKTUBHbBIE
NPU3HAKU 06Pa3yI0T MHTETPUPOBAHHBIN 6JI0K, HAIPSIMYIO aCCOLUMPOBAHHBIN C ypOXKaNHOCTHIO.

3ak/ilo4yeHue

[To pe3ysbTaTaM onieHKU 40 BapuaHTOB 06paboTKH npoca guatuicyabdarom ([3C)
yCTaHOBJIEHbI HauboJiee 3G PeKTHBHbIE KOHIEHTPALMK MyTareHa, 06ecrneuynBarolie MaKCH-
MaJIbHbIN CeJIeKIMOHHBIM 3P }EKT 1Mo 371eMeHTaM NpoAyKTUBHOCTU. HauboJsiee BbipaKkeHHbIU
CTUMYAUpYIoUi 3gdeKT no nokaszaresto Maccol 1000 ceMsH 3adpukcupoBaH y o6pasna K-9703
BO BCeM /JiMarna3oHe u3y4eHHbIX KoHeHTpauui (10, 30 u 50 MM), y copTta [lamsatu bepcueBa
pyu MUHUMaJbHOU fo3e 10 MM, a Takxke y copTa XKaZluHCKOe NIpY CpeJHUX U BbICOKHX J103aX
(30 1 50 MM), rae macca 1000 ceMsiH npeBbICU/Ia KOHTPOJIb Ha 1,6 T.

[IpoBeiéHHBIN aHAIN3 C UCNI0JIb30BAaHWEM KOPPEJIALMOHHBIX CeTel NoKa3aJl HaJluynue
MOJYJIbHOM OpraHu3alnyy Npyu3HaKoB. BeisiBieHO popMHpoBaHUe U30JIMPOBAHHOIO KJIacTepa
JIabopaTOPHBIX IOKa3aTeslel paHHEro OHTOreHe3a (BCX0XKeCTb, AJIMHA KOJIEONTUIIS) U UHTETPU-
pOBaHHOTO 6J10Ka M0JIeBbIX MOPGOOHOJIOTUYECKUX TPU3HAKOB, TECHO CBSI3aHHBIX ¢ QUHAJTBHON
yPOKalHOCTBIO 3€pHa.

Hcnosb30BaHME XUMUYECKOTO MyTareHesa 03BOJIUJIO BbIIEJIUTh IepCIEeKTUBHbIE
MyTaHTHbIe GOpPMbI IIpOca C COKpaLleHHbIM Ha 2-4 CyTOK epruojoM Beretayui (y coptos [la-
MaTu bepcueBa, lllopranaruHckoe 11 u o6pasna Pl 177481 npu koHueHTpanusax 10-30 mM).
BriesleHHBIN CKOpOCHIe/IbIM MaTepuaJl IPeACTaBsAeT BbICOKYIO CeJIEKIIMOHHYIO [IeHHOCTh
JU151 BbIBEJI€HHS aJIallTUBHBIX COPTOB MPOCA, CHOCOOHBIX CTAOMJIbHO GOPMUPOBATh YpOXKail B
JIUMUTUPOBAHHbBIX KJIMMaTUYECKHX YCA0BUSAX CEBEPHBbIX pernoHoB KazaxcTaHa.

Bxazg aBTopoB

J./l. - KoHLlenuus U pyKoBoACTBO paboToii; A.P. u M.A. - npoBe/ieHMEe 3KCIEPUMEHTOB;
IE. u A.O. - o6cyx/ieHUe pe3yabTaToB UccaefoBaHus; A.3. U A.O. - npefO0CTaBUIN HAyuyHble
KOHCYJIbTALlUM 110 BOPOCaM NPUMEeHEeHUS UCCKYCTBEHHOTO MyTareHe3a U 0Ka3aJlu MeTO/0JI0TU-
YecKyo NOAJEepPKKy PU pa3paboTKe aKkcnepuMeHTalbHOro Au3saiHa; A.O. u H.C. - BeinosiHuIM
OKOHYAaTeJIbHYIO PeJlaKLMI0 U JIUTepaTypHOe 0pOpMJIeHHE PYKOIHUCH.

UHpopmauusi 0 puHAHCUPOBAHUU

JlaHHOe HcciiejoBaHMe peasin30BaHo o npoekTy AP22785049 «YcoBepiueHCTBOBaHUE
CeJIEKLIMOHHOT O IIpoLiecca Ha OCHOBE XUMHUY€eCKOI0 MyTareHesa Jis oJly4eHUsl CKOpOCIeJIbIX
MyTaHTHbIX ¢opM npoca (Panicum miliaceum L.)» B pamMmkax rpaHTOBOro ¢MHAHCUPOBAHUS
MuHHUCTepCcTBa HAyKU U BhIcliero o6pasoBanus Pecniy6auky Kazaxcrad Ha 2024-2026 rr.
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Au3THACY/Ib(AT UHAYKIUACBIHBIH, TApbl 6CIMAIKTepiHiH,
M1 caHABIK cUIIaTTaMaJIapbIHa 9cepi

J.H. Jlocu6aeBal, A.b. Pric6ekoBaZ, M.M. AGbIJIKaupoBa3,
A.E. 3eitnysinHa4, H.A. Cap6acoBa*s, A.E. Opa3oB¢, I'T. EceH6ekoBa?

123457 (. Celipynaun amviHOaFsl Ka3ak azpomexHukaiblk 3epmmey yHugepcumemi,
AcmaHa, KazakcmaH
6AcmaHa xasbiKapaaslK yHugepcumemi, Acmana, KazakcmaH

Anaarna. Tapel (Panicum miliaceum L.) - 6y a3bIK-TY/liK )koHe 6HEPKaCINTIK MaKcaTTapaa
KOJIZJaHbLJIaThIH MaHbI3/bl ayblILIapyallbl/IbIK JAaKbLIbIHA xKaTaAbl. Kenteren 3eprreysep /13C
(AuaTuiacyabdat) KoAaHbICTaFbl MyTaLUAIAP JaKblIAAPAbI XKaKCaPTYAbIH 6Te NaiJaibl 9fic
eKeH/iri aHbIKTaAbl. COHbIMEH KaTap, 6CiMAIK CeJIeKLUACBIHAA UHAYKIMAIBIK MyTaluaIapbl
MaKcaTThl aiifjaaHy THIM/I Taciaep/iH 6ipiHe aliHanAbl. By MaKasiazia MyTareHHiH apTypJii
KOHLIEHTpaLUACbIMEH TYKbIM 6HJeYAIH 3epTTey HaTUXKeJiepi KepceTiireH. by sepTrey 3epTxa-
HaJIbIK >KoHe JaJablK argaaapga, 13C mytareHiMeH M1 6ipiHuii MyTaHTTBIK ypHaKTapblHAa
MyTareH/iK aCepiH aHbIKTAyY YILiH XYpri3inzi. OciMiKTiH TaKipubeepinie Keseci CAaH/bIK )KoHe
canasiblK OeJirijiepi: eciMikTep/iiH 6UiKTiri (cM), TaHaNThIK 6HTIITIK (%), eHIM/i TYNTEHY, L1a-
HIaKTaFbl J9H/IEPiHiH caHbl (JlaHa), IallaKTaFbl J9H caJIMaFhbl (T'), 6CiMAIKTeri AoHAepiHiH caHbl
(maHa), ecimaikTeri J9H canMarbl (T), 1oH eHIMAIIr (r/M2), BereTalusblK Ke3eH, Y3aKThIFbl
(kyH) ecenke anbiHAblL. MaHbI3AbI 6alaHbICcTap HerisiHge (r20,65; p<0,05) KypblIFaH Koppe-
JIIUSAJIBIK, XKeJli Oesirisiep apacblH/aFbl ThIFbI3 63apa 6alJlaHbICTAPAbIH, KYPbIJIbIMbIH KoHeE
OJIapAblH MyTareHMeH eHJIeyTe >kayall peTiHje eki yHKIMOHANAbIK MOAYJIbre capasaHyblH
KepHeKi Typze kepceTTi. bipinmi M1 ypnakra |9C reHeTHUKa/bIK 63reprillTiKTi TYFbI3aThIHbI
aHbIKTa1Abl. HoTKesiep 3epTTesireH 6apJblK Oerisiepzeri alTap/iblKTalk alblpMallbLIbIKTap/ bl
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aHBIKTa/ibl. 3epTTEY COHbIMEH KaTap 0Chbl XUMHUSIJIbIK areHTTi KosigaHy P. miliaceum xeTtingipin-
IeH COPTTApPhIH Xacay YIIiH TUIM/I TOCIJI eKeHiH KepCeTTi.

Ty#in ce3aep: Panicum miliaceum L., myTarenes, auetucynbdat, MOPHOMETPUSIIIBIK,
napaMmeTpJiep, lapyallblIbIK-KYH/IbI 6Gesriiep

Effects of Diethyl Sulfate Induction on Quantitative Characteristics of M1 Millet Plants

E.N. Dyussibayeva?, A.B. RysbekovaZ?, M. M. Abylkairovas3, A.E. Zeinullina4, N.A.
Sarbassova*5, A.E. Orazovs, G.T. Yessenbekova?

1234578§. Seifullin Kazakh Agrotechnical Research University
6 Astana International University

Abstract. Common millet (Panicum miliaceum L.) is an important agricultural crop
used for food and industrial purposes. Numerous studies have shown that induced mutations
using DES (diethyl sulfate) are a very useful method for crop improvement. Furthermore, the
targeted use of induced mutations in plant breeding has become an effective approach. This
article presents the results of a study of seed treatment with various mutagen concentrations.
This study was conducted under laboratory and field conditions to determine the effect of DES
as a mutagen on the first generation of M1 plants. The following parameters were measured in
the field experiments: plant height (cm), field germination (%), productive tillering (pcs/plant),
number of seeds per panicle (pcs), grain weight per panicle (g), number of seeds per plant (pcs),
grain weight per plant (g), thousand-seed weight (g), grain yield (g/m2), and growing season
duration (days). The correlation network constructed on the basis of significant relationships
(r=0.65; p< 0.05) clearly demonstrated the structure of close interrelations between the traits
and their differentiation into two functional modules in response to the mutagen treatment. DES
was found to be quite effective in inducing genetic variability already in the first M1 generation.
The results revealed significant differences for all the traits studied. The study also demonstrated
that the use of this chemical agent is an effective approach for developing improved Panicum
miliaceum L. varieties.

Keywords: P. miliaceum L., mutagenesis, diethyl sulfate, morphometric parameters,
agronomic traits
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Anaartna. Kaydman kbisrangarsl (Tulipa kaufmanniana) Ka-
3aKCTaHFa 3H/JAEMUK OOJIbIN TabbLIATbBIH, COHZIK MaKcaTTa KeHiHeH
KOJIJaHbLIAaTbIH MaHbI3/bl 6CiMAiK Typi. bys 3eptTeyze [llumina cekBe-
HUpJIEY TEXHOJIOTUSChIH Naii/la/laHa OThIPbII, CUPEK Ke3/leCETiH 0Chl
TYPAIH TOJIBIK, XJIOPOIJIACT FeHOMBI ajIfalll peT cunaTTaa/bl. 3epT-
Tey HoTxkeciHze T. kaufmanniana To/bIK reHOMBI )KOFaphl JleHrenie
CaKTaJsIFaHbl aHbIKTaN bl [eHoM MeJiepi 152 374 .H., OHbIH KypaMblHa
26 371 x.H. 60JIaThIH €Ki MHBepTTe/reH KalTanany (UK) aiimarbl, 82
369 *K.H. KypalTbIH y3bIH 6ip kewipmei (¥5C) aiiMmak xoHe 17 260 x.H.
TYpaThIH KbIcKa 6ip kewipmeni (KBC) aiimak kipzi. 2Kaans! I'l] mei-
mepi 36,58% Kypaabl. leHomaa 130 reH aHHoTanus/1aHAbL. OapAbiH
85-i akybi3abl koaTabl, 38-i TPHK-HbI, an 8-i pPHK-HBI KOATal B
KapamnaiibiM Tiz6ekTi KaiTasanynapzael (KTK) Tangay 6apbicbinga T.
kaufmanniana renombinaa 158 KTK Jiokychl Tabbliabl. Osap HeriziHeH
YBC aitmarbinga (63,3%), KBC alimarbiHza (19%) xaue UK ailimarbinzga
(17,7%) worbipnanfad. KTK-napabiy 6ec canaTbl (MOHO-, A-, TPU-,
TeTpa-, FeKCaHyKJIeoTUA) Tipkeazi. EH moiuMopdThl aKybl3-KOATaK-
ThIH reHgep petinge ycfl, matK, rpoC2, rbcL, ndhF, cemA, rpl22, rps3
»koHe psbH aHbIKTanabl. Onap *Kofaphbl Ti3beKTik apTypJiaikke (TO
2,570-6,085) *koHe HYKJIEOTUATIK 9pTYpJiisiikke ve 60J1bl. CalbICThI-
pMaJibl CHHOHUM/iK KofoHAapAbl nanaanany (CCKII) Tangaysl apThIK
KOJIZJAHbLJIAThIH K9HE CUPEK KOJI/JaHbLJIaThIH KOAOH/IapAbl aHbIKTA/Ibl.
XKanne! anranaa, KaypmaH KbI3FanJarblHbIH XJI0POIJIACT T€HOMbIH
3epTTey KasakcTaH sHAeMuUri 60/1biI TaOblIAThIH OCbl CUPEK TYPAiH,
reHeTHUKaJbIK PeCypCTapbIH CaKTay, COH/Ial-aK OHbIH, 3BOJIIOIUSIJIBIK,
>koHe QHUJIOreHeTHKAJIbIK epeKIle/liKTepiH TepeHipeK TyCiHy yuIiH
MaHbI3bl. bysa masiimeTTep KasakcTaH ¢guiopacbiHbIH GUOJIOTUSIJIBIK,
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9PTYPJIJIITiH KOpFayFa »KoHe MOJIEKYJIAJbIK JAeHrehae TUiMAi caKTay
CTpaTerusjaapblH )KacayFa HeTi3 60Ji1a anajbl.

TyniH ce3aep: Kayoman Kpisrangarsl (Tulipa kaufmanniana),
XJIOPOILJIACT FeHOMbI, KapanaibIM Tiz6ekTi KaruTananynap (KTK), Ty#-
icy HykTeci, komoH/bl naijanany yariiepi, nonumopdtel KJAT rengep

Kipicne

Kaydman kpi3rangarsl (Tulipa kaufmanniana) - ianarysiaep TYKbIMAaCbIHbIH KbI3FaJI]AK
TYbICBIHA KaTaTbIH K6II XKbUIJbIK NUA3WbIKThI 6ciMAiK (cypeT 1) [1]. KasakcTanga KapaTtay-
AblH, Tanac AnaTtayblHbIH, OreM oTacbl MeH KOp»KbIHTayblH TaCTaKThI XKepJiepiH/e, TayJibl
»KoHe CybaJibIli Oesiiey/iepiHeri Tay *KblJIFaJapbIHbIH KaFaaayJapbiH/a eceai [2]. AnFai peT
peceinik 6oTaHuk dayaps ABrycT ¢oH Peresnb 1877 xblibl Ka3ipri ©36ekcTaH ayMaFbIHAaFbl
[IbIpiIbIK ©3€HI aHFapbIHAH XU HAJIFaH yJrinep Herisivge cunatrtaraH [3]. Typ aTaysl Typkictan
eJIKeCiHiH reHepas-ry6epHaTopbl KoHcTaHTHH poH KaydMaHHBIH KypMeTiHe 6epijireH [4].

T. kaufmanniana nUA3MIBIFLI })KYMBIPTKA HEMeCe CONaKIIa MilliH/Al, XKyaHAbIFbI 1,5-4 cM,
ChIPTKbI KaObIpILIaKTaphl Kapa HeMece aJThIH-KOHbIP TYCTi, ObLIFapbl TOPi3 /i, illIKi >kaFbl TYKTI.
CabakTapbiHbIH 6uikTiri 10-50 cM, xui aHTOLMAaHAbI peHKKe ue [5]. YKanblpakTaphbl 9/ieTTe 2-3,
KeTiAip-cyp TYCTi, y3bIHIlIAa HEMeCe 3JIJIMIIC Tapi3ai, eHi 2-13 cm [6].

['yaii gapa, niuniHi keH KOHbIpay HeMece 60KaJl TOPi3/i, KyH CayJsieCiH/ie TOJBIK alllblIajbl.
['yJ1 cepiri 6 xkanblpaKiiafaH TyYpajbl, Y3bIHABIFbI 2,5-8 cM. l1iKi »KaFbl aK, TyOiHAe capbl JaFbl
6ap, as1 CBIPTKbI OeTi KebiHe KbI3bLJ, KYJITiH HEMece KbI3FbLIT TYCTi; CHPEK capbl HEMece Kijereu
peHKTepi fe ke3eceni [7]. ATanbIKTapbl T'yJI CepiriHeH KbICKa, XKiMlesepi capbl, TO3aHAbIKTapbl
ChI3BIKTHI. ['y/1epi »kui xou HicTi. TYKbIM Kopamiiachl Y3bIHIIA, Y3bIHABIFBI 3-6 cM [8]. ['yagey
Ke3eHi HaypbI3/iblH COHbIHAH 1iJI/leHiH 6acblHa JleliH co3bli1a/ibl (KkebiHe cayip-maycbiM). He-
risiHeH TYKbIM apKblibl Kebereni [9].

Cyper 1. T. kaufmanniana Regel (Akcy-KabaFrbliibl MeMJIEKETTIK TaOUFU KOPBIFbIH/A)
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Kazaxcmanda ke3decemin sndemuk Kaygpman Kuidrandaruinsty (Tulipa kaufmanniana)
X/10pONAACM 2eHOMbIHA KYPblAbIMJblK Maaday

Kasakcranzaa 500-2500 M 6UiKTiKTe TapaJiFaH, OpMaH/ibl-/AaJi1a )KoHe CyOasIbIli [IaJIFbIH
KaybIMacTbIKTapbiH/a, baTeic TaHb-1llaHb MeH OFaH ipreJiec }koTaJlap/blH, alllbIK OPMaH LIeT-
TepiHze ke3geceni [10] (cypet 1). Typ 6aF6aHbIKTa XOFaphl 6aFasaHa/bl: epTe KoKTeM/e ipi,
COHJIK I'y/epi allbLIbI, ceJleKLIuaLa MaHbI3Abl peJs aTtKaphbln, 200-4eH acTaM COpThI LIbIFa-
pbliFaH [11].

TaburaTTa cupek Ke3zeceTiH 6yJ1 Typ Xa/blKapasblK TaOUFAT KOPFay oZlaFbIHbIH, KbI3bL1
Ti3iMiH/Ie «XKOUBLIBIN KeTy Kaymi TeHin TypraH» (Near Threatened) caHaTbiHa eHrisisireH [12],
as1 KazakcranHblH Kbi3bLn kiTabbinaa cupek Typ (I canat) petinae tipkenareH [13]. KasakctaH
ayMarbIH/IaFbl IaMaMeH 18 xkabaiibl KbI3FasilaK TaKCOHJapbIHbIH 6ipi [14]. Keiibip KopbiKTapza
(Mbicasbl, laTkan 61ocdepanblk KOPbIFbIH/A) TapaJFaHbIMEH, MEKEH €TY OPTAChIHbIH OY3bLIYbI
MeH IlaMa/jaH ThIC >KUHaJlyblHA 0ai/JIaHbICThI KOPFaY K9He TYPaKThl MOHUTOPUHT XKYPri3y KaXKeT.

Tulipa Tybichl anaryagep TykbiMgaceiHa (Liliaceae) »xaTazwpl, o1 mlamameH 15 Tybic
neH 600-re xKybIK TYpAi KamTu/bI [15]. Liliaceae TykpiMaachl imiHge Kbisranagakrap Lilioideae
Kili TyKbIMAacbiHa koHe Lilieae Tpubackina (Lilium, Fritillaria >koHe T.6.) »KaTKbI3blJ1a/1 bl
[15-16]. Kasipri knaccudukanusanapaa Tulipa TybsicbIHBIH TOPT Kili Tybichl (Clusianae, Tulipa,
Eriostemones »aHe Orithyia) axkbipaTbiiaabl [17], an »kannbl TYp caHbl 75-100 apasbIiFbIHAA
Jen ecenteneni [17-18].

Kbi3rangakrap KoHbip:kaid Eypasus men ContycTik Adppukara ToH. Tulipa TybICBIHBIH
»kabalibl TypJiepi JasasapAaH 6actan ajabliJiK WaAFblHAapFa AeiiH apTypJii aKoxKyhenepae
TapaJiFaHbIMEH, 0JIap/blH HETi3Ti apTypJ1ijlik opTaibiFbl — OpTanblK A3us. [eHeTHKAJbIK }KoHE
6uoreorpadUsIbIK 3epTTEyJiep )Kabalbl KbI3FaiAaKTap/blH iaMaMeH 20-23 MJIH KblJ1 OYpbIH
OpTanbiK A3us aymarbiHa (OHTYCcTik KazakcTaH xoHe oFaH ipresiec eHipJep) KajlbIITaCKaHbIH
kepceTeai [19]. Kazipri ke3je »kabaiibl Tulipa TypJsiepiHiH »apTbhICbIHaH acTaMbl OCbl 6HipAe
wofblpsaHFaH [19-20]. KazakcTan aymarbiHa 6esrini 100-120 »xabakibl KbI3Fanak TYpPiHiH
maMaMmeH 40-Ka »KybIfbl ecefii [21]. BipkaTap TypJiep, coHblH iminge T. greigii, T. kaufmanniana
»koHe T. schrenkii, ocbl aliMaKKa 3HJ €MUK GOJIbII TabbLIaAbl.

XnoponJacTTap - eciM/jikTep MeH 6a//ibipJapa GOTOCUHTE3/ XKYy3€ere acblpaThliH KOC
MeMO6paHaJsibl opraHouaTap [22]. Onap e3zaepiniy xn/IlHK-ceiH (xn/lHK) KaMTuAbI, 9/1eTTe
115-180 k6 esieMAi cakrHa Tapiszi Mosiekyna [23]. [eHoM apeTTe TOPT O6JIKTEH Typajbl:
eki uHBepTOpJibIK KaiTasnaHy (MK) »one y3biH (YBC 80-90 k6) xoHe Kbicka (KBC 15-27 k06)
6ip caTblibl aiiMakTap [23-24]. bys reHom mamamen 120-130 reHai KogTalbl, OHbIH ilIiHAe
doTtocunTes akyni3gapsl, pPHK xene TPHK-nap [24]. Aapoasik JHK-MeH canbicThipFanja,
xn/IHK mwafbiH, ranjiouAThl )KoHe )KaKChl CaKTaJIFaH, 9pi 9p »acy1l1a/ia Kel JJaHaMeH Ke3Jece/i
[22]. laFbIH K6JIEMi MEH KO KOllipMe CaHbIHbIH apKaCbIH/A XJIOPOMJIACT FeHOMbIH »KOFaphl
eHIM/i 9/jicTepMeH Te3 api ap3aH ceKkBeHUpJieyre 60J1a/bl, OyJ1 KONITEreH TypJiep YIUiH TOJIBIK
IJ1IaCTOMa XMHaKTayFa MYMKiH/iK 6epezi.

KenTereH »xabalibl ryaai ecimjjiktepze njaacroma mamaMmeH 80 aKybI3-KOATANUTBIH T'eH,
~30 TPHK >xoHe 4 pPHK kopaTaiigbl (keii6ip rengep UK aliMmakTapbiHAa KalTasaHaabl ). Xy10po-
IJIACT TeHOMBbI TallJIOU/ThI XK9He d/leTTe aHaJIbIK apKblibl 6episeai [25]. TeMeH MyTanus *KblLi1-
JlaM/bIFbl MEH TYPaKThl YUbIM/Iacybl OHbl QUIOTeHETHKAJIBIK *KoHE r'eHETUKAJIbIK 3epTTeyJIep
YLIiH KoJlalJibl eTei. [anionaTel, peKOMOUHALUATAaHOAUTBIH KoHe KOll JaHaJlbl CUllaTTaphl
xn/IHK-ue1 aaposbik JIHK-Fa Kaparanza TUIMZi reHeTUKa/IbIK MapKep eTez.

Kanmnbl TypaKThIIbIFbIHA KapaMacTaH, IJacToMaJjiap e3repictep kepcetefi. Ti36eKTik
albIpMalIbIBIKTAp KeOiHece KOATAJIMAaUThIH ailMaKTapAa (reHapaJ/iblK apaiblKTap, MHTPOHAAP)
IIOFbIpJaHa/bl, ajl KOATAUTBIH allMaKTap aHaFypJibIM TypaKThl 60s1azbl [25]. Mbicasbl, TybIC
TYpJiep/li ca/ibICTbIpFaH/a biperei KellipMe xoHe KOATaJIMaNUTbIH alMaKTap/ia HyKJIeOTUATIK
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apTYyp ik (1) xKoFaphl, Kebipek UHceplUAaap/Aenenusaap 6arkanaznbl, an UK Hemece koj-
TaWTbhIH aMaKTap/ia aublpMallblIbIKTAp a3 [26].

IBOJIIOLMAJIBIK YaKbIT ilIiH/E J1acTOMasap KYpbIJIbIMABIK 63repicTepre yublpaFaH.
Keli6ip ecimaik TapMmakTapsl 6ip UK-bIH xofanTKaH HeMece UK 1iekapacbiHbIH KeHewi/KbIcKa-
pybIH 6acTaH KelikeH [26-27]. CoHZjali-aK ipi UHBepcusiJlap MeH TeHAep/iH KaiiTa OpHaiacysbl,
reH/MHTPOH/Iap/IbIH, XKOFaJ1ybl KoHE MCeBAOTeH/IeP/iiH naii/ila 60J1ybl OPbIH anajbl [27-28].
MUKpPOKYPBIIBIMABIK 63TepicTep, aTal alTKaH/Ja KapanaibiM Ti36ekTi KaiTananyaap (KTK),
6ip HyksieoTuaTi noauMmopodusmaep (BHII) xxaHe indel-nep, nakigabl 3BONIOLUANIBIK MapKepJiep
0OJIBII TaObLIA/bI.

XJlopomJiacT reHOMbI TYPaKThl 9pi aKNapaTThIK TaOUFATbIHbIH apKACbIH/A 3BOJIIOLU-
SJIBIK, )KoHe QUIOTeHeTHUKAJIbIK 3epTTeysep/ie KeHiHeH KosJaHbliaabl [29]. TosblK niacToma
JlepekTepi KypZeJi TapMaKTapAafrbl GUI0reHeTUKAJbIK 6ailJlaHbICTapAbl LIelyre, TYPAepA,
HOMyJIsALMsIap/Abl HeMece KyJbTUBapJiap/ibl aHbIKTayFa MyMKiHik 6epefi. ?JKoraphbl e3repriul
aiimakTap (MbIcasbl, ycfl HeMece rpl32-trnL) AHK mwTpuxkoaTapsbl peTiHAe KOJ1AaHblIaAbl.

X/0pomniacT reHoM/1aphl MONYyJISLUSIBIK FTeHeTHKA MeH ¢pusioreorpadus yiiiH 6eldTapan
mapkepJiep (KTK, indel) ycbinagpt [30-33]. TosibIK miacToMasiap eciMaiKTepAiH pUIOreHUSIChIH,
6uoreorpadusJblK TapUXbIH KaJlIbIHA KeJITIpyTre, COHAAN-aK COTTBIK HeMece apXe0JIOTUSJIbIK,
eCiMZiK colikecTeH/ipy/Ai )Ky3ere acbIpyFa MyMKiH/iK 6epeji.

CucTeMaTHKaJiaH ThIC, XJIOPOIJIACT FeHOMUKAChl 6UOTEXHOJIOTUSAHBI KoJ1Aaubl. [anion -
Thl, KOII JaHaJIbl TAOUFAThl OHbl TeHETUKAJIbIK UHXXeHepUsFa (IJIaCTUATIK TpaHCPopMaLUsFa)
KOJIaWJIbI eTeli, TYPaKThI Oesrisiepi skcnpeccusiay yuiH. [lnactomara 6erjie reHiep/ii eHrisy
apKbLJIbl BaKIMHA 6HAipici HeMece MeTab0IMKaIbIK MHXXEHEePHs JKy3ere acblpblia/ibl [34-37].

3epTTey MaTepuaiAapbl MeH djicTepi

Boranukrepain kemerimen Tulipa kaufmanniana yarinepi (42°20'51" c.e., 70°28'9" m1.6.)
2022 xbLaFbl MaMblpia AKcy-2KabaFbliibl MEMJIEKETTIK TAOUFU KOPBIFbIHBIH, )KMHAY aJlaH/1a-
pbIHaH *uHaNbl. ’KruHayra Kazakctad Peciy6/ikachbl IKOJIOTHS, T€0JIOTHS KOHE TaOUFU
pecypcTap MUHUCTPJIIriHiH, OpMaH apyallbl/IbIFbI )XKoHe XaHyapJiap AYHUeCi KOMUTETIHIH
pykcaThl 6epingi (1-kecre).

JHK Gesinrenre aeiid »kac »kanbipakrap -80 °C-ae cakrtanazabl. IHK Shi >xoHe apinTe-
ctepi (2012) aaici 6oubiHIIA 661iHAl [38]. BipTekTiniri, Ta3anbiFbl xkoHe 0y TiHAIri 1% arapos-
Abl resibge 30 MmuHyT 120 B kepHeyze asiekTpodope3 apKplibl Tekcepinai. KoHueHTpanuscol
Thermo Fisher Scientific NanoDrop™ 2000/2000c ciekTpodoToMeTpimMeH aHbIKTaAbl. JJHK
kiTanxaHacsl [llumina® DNA Prep (M) Tagmentation Kit (96 ysiri) kemeriMeH gaiblHAabII,
MiSeq cekBeHaTopbiHJa MiSeq Reagent Kit v3 (600-cycle) apkblibl cekBeHUpieH . Bap/bIk,
peareHTTep MeH dJicTep eHipyIli HYCKAy/IbIFbIHA COUKEC KOJIAAHBLI/bI.

Bacrtanksb! gepekrtep Geneious Prime 2024.0.4 6argapaamacbinga evaensi (https://www.
geneious.com). [enoM anHoTanuscel T. altaica (NC_044780.1) xsoponiacTblH 3TaJIOH peTiHAe
naiiananbin, GeSeq apKblibl X)yprizinai [39], kaTesnep KosMeH Ty3eTii. ToJbIK XJI0pOMaacT
reHoM kapTasiapbl Chloe 6argapsiamacbinia »kacasbil, Inkscape-ta enaenai [40]. Conbinaa T.
kaufmanniana TosibiK xsioponsiact reHoMbl NCBI Nucleotide-ka xki6epingi.

KocbiMIla Tasiay yuliH TOJbIK XJOpoIiacT TizbekTep BioEdit 7.7 6armapsiamaceiHia
Typasianzpbl [41]. CanbicTbipMalibl CHHOHUMAI Ko0H KosgaHbLiysl (CCKIT) maHaepi MeH Kof0H
KoJsiaHy *kuiniri MEGA 11 apkplibl ecentengi [42-43]. ['eH KypblIbIMAApPbIHBIH NO3ULUSAIBIK,
6ailslaHbICTapbl MeH TOFbIC akMaKTaphl IRscope Be6-KochbIMIIaCbIH/Ia BU3YyaIU3aLUsiJIaH/ibl
[44]. KTK Krait V1.5.1 apKblibl aHbIKTa/1bl [33], MOTUBTepI y3bIHAbIFbIHA Kapak 10 Tonka
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Kazaxcmanda ke3decemin sndemuk Kaygpman Kuidrandaruinsty (Tulipa kaufmanniana)
X/10pONAACM 2eHOMbIHA KYPblAbIMJblK Maaday

6esingi [45]. Kograymer JJHK Tiz6ekTepi MeH unTpoHaapaarbl KTK-Ha 6ali reHiep HyKJeo-
TU/TIK 9PTYPJIJIIKTIH «bICTBIK HYKTeJIepiH» aHbIKTay Y1IiH 3epTTesfi, Pi unaekci DnaSP v5.10

6afap/iamMachl apKblibl ecentesfi [46].

T. kaufmanniana TypiHiH IIBIKKaH Teri TypaJibl TOJIBIK MdJliMeTTepi
MeH reHOMbIK, epeKiesiiKkrepi

Kecre 1

AlqnapaT KoHe reHOM CUIIAaTTaMacChl

T kaufmanniana

GenBank Tipkey HoMepi PP329299
Koopaunara 42°20'51" c.e., 70°28'9" m.6.
BuikTik (M) 2050

Jepekkes

Akcy-YKabarblabl MEMJIEKETTIK TAOUFU KOPBIFbI

Kunanran YaKbIThbI

14.05.2021

I'enoM esmemi (bp)

152,374

KBC (bp) 17,260 (1-17,260)

UKA (bp) 26,371 (17,261-43,632)
¥YBC (bp) 82,369 (43,633-126,002)
HUKB (bp) 26,371 (126,003-152,374)
2Kannel reHziep caHbl 131

Beslok KoATaUTBIH reHep 85

TPHK 38

PPHK 8

A yneci (%) 32,1

T yneci (%) 31,33

11 yneci (%) 17,96

I yneci (%) 18,62

I'll »xkanmsr yreci (%) 36,58

KBC atimarbinaarsi '] yieci (%) 29,85

UK aitmareingarsl 'l yaeci (%) 42,01

YBC atimarbiagarsl 'L yieci (%) 34,49

150 xyn HerizzeH acaTbiH apbip kograywbl JIHK Tiz6exTepi (K/AT) xoHe uHTEprex-

Jik aiimakTap/bl Taagay yiuid NCBI GenBank saposabik BLAST 6afmapJsiamMmach! KoJ14aHbLI/ bl
(https://blast.ncbi.nlm.nih.gov/Blast.cgi). [lapameTpsiep: cotikecTik geHreii 99-100%, cypaHbic
KaMTbL1ybl 99-100%, KaxxeT 60osFaH xkafrgana Tulipa (taxid:13305) TakcoHbIHA LIEKTeNA1. Op-
6ip uHTeprenik aiimak ned K/IT Tiz6ekTik apTyp.iiri (T9) DnaSP v5.10.1 apkblyibl ecenTeni.
Op Ti36eK YLUiH HYKJIeOTUATIK apTypJijik (Pi), cakTasfaH HyK/JI€0TUATEP CaHbl, MyTalysap
caHbl koHe indel-okufranap aHbIKTanbl [47]. TO Kesneci popmysia 6oiibiHILIA ecenTenai [48]:

(ayxneorwarik Myrammsiap caust + indel okuranapbi canbi)

TO = _ : : x 100%.
(CaKTaJIFaH aliMaKTap caHbl + HyKJICOTHATIK MyTamusuiap canbl + indel oxuramapsr CaHLI)
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A.TycinkaH, B.A.lllesyos, M.b.PamasaHosa, A.OpkeH, A.B.1llesyos, LI1.A.MaHabaega

Tulipa kaufmanniana ToJbIK X/IoponiacT reHoM Ti36ekTepi xkoHe NCBI gepekKopbIiH/A
»KapusJaHfaH 6acka Tulipa TypJiepiHiH To/BIK IJIacTOMasiapbl QUIOTeHEeTUKABIK OailJlaHbl-
CTap/Zbl aHbIKTAy YIIiH KoagaHbliAbl. SNP-Tep T. altaica (NC_044780) pedepeHcTik reHOMbIHA
CoMKeCTeH/ipiJireH OKblJIbIMAAPAbI CaJbICTBIPY apKbljibl BioNumerics 6afgapaaMacbiHga
aHbIKTaAabl. PusioreHeTHKablK aFail MEGA 11 6argapsiaMacbinga MakcuMasbl bIKTUMaJIbIK
(Maximum Likelihood) azici MmeH Kimura-HbIH eki napameTpJii Moziesii 60MbIHIIA TYPFBI3bLI/bI.
Bootstrap ceHimainik feHreiin 6arasay yuin 500 kaiTanay »kyprizinai. Smilax china TosbIk,
xaoponact reHoMbl (HM_536959) ceipTKbI TOn (outgroup) peTiHze KOJAaHbLI/bI.

KyMbic 6apbICbIH/ia KeJleci KbICKapTy/1ap nanAalaHblIbL:

BHII - 6ip HyKJIEOTUATI SNP - single nucleotide
noJMMopPHU3M polymorphism

UK - UHBEPTTEJITEH KaWTa/laHy/1ap IR - inverted repeat

K.H. - )KYI HYKJIEOTHUJ, bp - base pair

KBC - KbICKa Oip caThLIbl allMaK, SSC - small single copy region

KAT - koaTaywbl JIHK Tiz6eri CDS - coding DNA sequence

KTK - KapamnamnbIM Ti36eKTi SSR - simple sequence repeat
KalTaJlaHyJ1ap

CCKII - canpicThIpMaJibl CHHOHUM/IK RSCU - relative synonymous codon
KOZOHZAp/bl TanuaIaHy usage

To - Ti36eKTiK apTypJIiJIiK SV - structural variation

¥YBC - y3bIH 6ip caTbL/Ibl aliMaK LSC - large single copy region

XTKO - XaJIbIKapaJiblK TabUFaT KopFray IUCN - international union for
OZ1aFbl conservation of nature

HaTtmxesnep

KaydmaH KbI3FasjaFbIHbIH, XJIOPOIJIACT FTEHOMHbBIH, YKaJIIbl Y3bIHABIFbI 152 374 *%.H.
Kypazbl. OHbIH KYPbLIbIMbI Y3bIH/bIFbI 26 371 k.H. 60s1aThiH UK aliMakTapbiHaH, 17 260 x.H.
KBC aitmakTaH xaHe 82 369 x.H. TypaTbiH YBC aiiMakTaH Kypanzps! (kecte 1) (cypeT 2). Xamnbl
I'l] meniepi 36,58%. KBC aiimakTa I'l] Mmeiepi 29,85%, YBC aiimakTa 34,49%, UK aiimakTa-
pbiHAa eH kofapbl ['ll Kypambl 42,01%. [eHoM1bIK aHHOTaLMsA 60kbiHIIA 130 GyHKIIMOHANbI
TeH aHbIKTaJ/bl, OHBIH illiHAe 84 aKybi3 koaTaiThiH, 38 TPHK xane 8 pPHK reni 6ap (kecte 1).

ConbiMeH KaTap, UK alimaKTapbiHZa opHasiacKaH 18 KailTaslaHaThIH reH Tipkeaai. Onapra
aJIThI aKybI3 KoATauTbIH reHiep (ndhB, rpl2, rpl23, rps7, rps12B xkane ycf2), Tept pPHK renaepi
(rrn4.5, rrn5, rrn16, rrn23) xaHe ceri3 TPHK rengepi (trnA-UGC, trnH-GUG, trnl-CAU, trnl-GAU,
trnL-CAA, trnN-GUU, trnR-ACG x«aHe trnV-GAC) »xaTtazbl. bysn renomza ycfl xaHe ycf2 rengepi
cakTaJsiraH, an ycfl5 »xoHe ycf68 nceBmoreHaep peTiHze aHbIKTaAAbl (KecTe 2). CoHal-akK, 28
reHHiH MHTPOH Y3bIH/IbIKTaphbl TYPAKThI TYp/e cCaKTasFaHbl 6akKanabl. matK rexi trnK reninin
MHTPOHBIH/Ia OpHasacKaH (kecTe 3). T. kaufmanniana reHoMbIHbIH TOJBIK, Ti36eri NCBI fepekTtep
KopbiHa eHrisiared (PP329299).
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Kazaxcmanda ke3decemin sndemuk Kaygpman Kuidrandaruinsty (Tulipa kaufmanniana)

X/10pONAACM 2eHOMbIHA KYPblAbIMJblK Maaday

Cyper 2. T. kaufmanniana xJiopomniacT reHOMbIHbIH, KapTachbl

Kecre 3
T. kaufmanniana To/BIK XJIOpONJIaCT FeHOM/JapbIHAaFbl FeHAePpAiH, Tizimi
©3iH-03i Kewipy
Pu6ocomarblK, Pzigi?;ag:l(
Tpancroprrsik PHK (TPHK) Pub6ocomasbik PHK, aKybI3/JbIH Killi VK
PHK (pPHK) noJiMMepasa CyO'be AMHULACKI cy6Gipniri
(SSU) (LSU)
trnA-UGC, trnC-GCA, trnD-GUC, trnE-UUC, trnF-GAA, trnM- rps2, rps3, rps4, pI2* rplld
CAU, trnG-GCC, trnG-UCC, trnH-GUG¥, trnl-CAU*, trnl-GAU*, rps7* rps8, rp e rp 20,
trnK-UUU, trnL-CAA*, trnL-UAA, trnL-UAG, trnM-CAU, trnN- rrn4.5% rrn5* rpoA, rpoB, rps11, rps12A4, rpIZZ’rpIZj”l*
GUU* trnP-UGG, trnQ-UUG, trnR-ACG*, trnR-UCU, trnS-GCU, rrnl16* rrn23* rpoC1, rpoC2 rps12B%* rps14, rp132’ rp133l
trnS-GGA, trnS-UGA, trnT-GGU, trnT-UGU, trnV-GAC*, trnV-UAC, rps15, rps16, p - ’131; ’
trnW-CCA, trnY-GUA rps18, rps19 P
doTtocuHTe3 renaepi
HALH- doroxyiie | Doroxyite I doroxyiie uHTOXpO.M.b/f AT®-cuHTa3a Rubisco yiken
ACTHApOTEHA3a cy66ipJtikTepi cy066ipikTepi Dxunakray KEIEHIHIH cy066ipikTepi cy66ipJtikTepi
cy066ipsikTepi yooip daxTopbI cy66ipJtikTepi
ndhA, ndhB, ndhc, pill;AD, pil;lz"' pzlzcl;, afl (6ypbIHFbI
ndhD, ndhE, ndhF, | psaA, psaB, psaC, psbE, psbE, pSok, b ¥P petA, petB, petD, | atpA, atpB, atpE,
ndhG, ndhH, ndhl, sal, psaJ psbH, psbl, psb), yef3), pafll etG, petL, petN atpE atpH, atpl rbcl
g . ! psalp psbK, psbL, psbM, (6ypbIHFbI ycf) pett pett, p ph atpti, atp
ndh], ndhK
psbT, psbZ
Backa renaep
MeM6paHa KabbIKIIAChIHEI C-runTi
[poTeasa Marypasa Anertunin-KoA-kap6okcuiasa cy66ipsiri p aK blsf{ H LUTOXPOM
v CHUHTe3i reHi
clpP1 matK accD cemA ccsA
Besriciz pyHKIMsAABI reHAep MeH NICEBAOTEeHAEeP
['MIOTeTHKABIK XJI0POIJIACTTHIK OKY PaMasapsl
ycfl xaHe ycf2, an ycfl5 xoHe ycf68 nceBaoreHAep 60JIbIN MBIKTHL
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A.TycinkaH, B.A.lllesyos, M.b.PamasaHosa, A.OpkeH, A.B.1llesyos, LI1.A.MaHabaega

Kecte 2
Kay¢maH KbI3Fa/1JarbIHbIH, TOJIBIK, XJIOPOIIACT FeHOM/JapPbIHAAFbI
UHTPOHAAPAbIH, Y3bIHAIKTAPbI

HUHTpOHAAp ndhA | trnA- trnl- rps12B | rps12B | ndhB | rpl2 |rpll6 |petD | petB |clpP1 | clpP1
UGC-2 | GAU-2

T. kaufmanni- 1011 795 930 864 540 692 | 651 7441 779 | 806 817 597
ana

Kaydman kpizrangarbiga »kainbl 158 KTK Jsiokycel anbikTanabl. bya KTK-sap renHom
6oubiHaA TapasafaH JJHK Ti3b6ekTepiHiH TaHAeMAi KalTa/laHy/Japbl O0JIbIN TaObLIa/bl XKOHE
oJIapAblH Y3bIHABIKTAPHI O6ipJikke makkanaa 10-20 »k.H. apaJibIFbIH/IA KUi Ke3/leceii, TaFbl [a
21-30 k.H. xoHe 31-40 .H. y3bIH/bIKTaFbl KalTaJaHyJ1ap Tipkeszi. CasblCTblpMaJibl TEHOM/bIK
tangaay HoTwxkecinae KTK-napabiy 6aceiM 6esiri ¥BC aiimakTa 63,3%-/a oFbIpJIaHFaHbl, 0JlaH
kerid KbC aiiMakTa 19% xoHe eH a3 MeJiepi UK armarbinga 17,7% opHasacKaHbl aHbIKTAJI/Ibl.

Cypert 3. T. kaufmanniana ToJ/ibIK XJ10pomnacT reHOMbIH/A aHbIKTaaFaH KTK MoTuBTepiHiH
(MoHO-, M-, TPU-, TETpa-, IEHTA- )KoHe rekca-) TypJiepi MeH canbl. A) KbC, UKA, YBC xxone UKB
aiiMakTapbiHa aHbiKTaaFaH KTK MoTuBTepiHiH »xwuiiri; 9) Aubiktanrad KTK moTuBTepiHiH
TYpi MeH caHbl (MOHO-, -, TPU-, TeTPa-, IEHTA- )K9He Kypama). b) Op x/siopomniacT reHOMbIH-
JlaFbl MOHO-, IU-, TPU-, T€TpPa- xKoHe neHTa-KTK MoTHBTepiHiH nalbI3AbIK y1eCi;

BapsibiFbl 59 TypJii MOTUB a/IThl KaTeropusira 6eJiH/ii: MOHO-, IU-, TPU-, TETPaA-, )KOHE
reKCaHyKJ1eoTU/Ti KaiiTasanyaap (cypet 3). T. kaufmanniana xsopon/iacT reHOMbIH/IA 0J1apJblH
TapaJiybl MbIHaJlal 60J1/1bl: MOHOKAWTaJ/IaHy, AUKAHUTa/laHy, TPUKAWTa/IaHy, TeTpaKauTalaHy,
’KOHE T'eKCaHYKJIeOTUATI KahTasaHy. KaiiTasaynap/biH casbIlCTblpMaJibl XKHUIJIT KeJsieci guamna-
30Ha 60J1/1bl: MOHOKaWTaaHyap - 36,71%, nukantananynap - 23,42%, TpukalTasaHyiap
- 33,54%, TeTpakarTasanyaap - 5,06%, rekcakatananysaap - 1,27%.
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Kazaxcmanda ke3decemin sndemuk Kaygpman Kuidrandaruinsty (Tulipa kaufmanniana)
X/10pONAACM 2eHOMbIHA KYPblAbIMJblK Maaday

KaydMaH KpI3Fa/iJaFbIHbIH XJI0POIJIACT FTEHOMbIHAA €Ki TypJii MOHOMeED, aIThl TYPJi
JIMHYKJIEOTHU/] )KoHE OH Ceri3 TypJli TPUHYKJIeOTU/Ti Koca aJiFaH/a, 6apabirsl xkubipMa KTK
Typi aubIKTanAbl. KTK MoTuBTepiHiH iwiHge eH xui ke3aeceTinaepi T )koHe A HyK/eOoTUATEPI
00JIblI, TUiCiHIIIEe 6apJIbIK KahTasaHyapAbiH 36,08%-b1H Kypazbl. Junykaeotuati KTK-napabiy,
Heri3sri TypJiepi AT xoHe TA 6o0u1ca, osapaan kerid TL, LT, 'A >koHe AT’ TunTepi opbiH aa/ibl.
TpunykneoTuaTi MoTuBTepAiH, iwiHAe el ken AAT, TAA, TTA, TAT, TTL, I'TT, T'AA, IITT, ATT,
ATA, TCA, ATA, AAT, TT'A, I'T'T, ATT, ALLLL xoHe AALL TapasraHaapbsl.

CoHbIMEH KaTap, reHoMJa cupek keszgeceTiH Ll Tunti MoHoMepaep, TT'L TUnTi TpUmiet
MoTUBTEp, coHpaun-aK, TTAT xoHe TTTA Topi3Zi TeTpaHyKJIE€OTHUATI KaTajaHyaap aHbIKTaJI-
nbl. Bygan 6esek, THT »xoHe LIAA TUNTI TPUILJIET MOTHUBTED Jie TaObLIAbL. TeTpaHyK/I€OTHUATI
KTK-napabiy iinge AATA, AATT, UATT, TLTA »xone TTUT Topi3ai KauTanaHynap Keszjeceni.
[eHOM/ja 6apJ/IBIFBI €Ki TypJii reKCaHYKAeOoTUATI KalTasnaHy 6aikanabl, onap TTTI'TT xoHe
AAAILIAA 6osibin TabbL1aAbl. [eHOMHBIH reHapasiblK aiMakTapbiHAAd KTK ThIFbI3/IbIFbI €H
»KOFapbl 601461, o1 84-TeH 102-re aeiiH aybITKbIAbL, ofaH KeliH KT (38-64), unTpoHaap
(16-22) xxoeHe TPHK (1-3) aiiMakTapsbl opHasacThl. T. kaufmanniana-ge nuntponasik KTK eH
KeI aHbIKTaIbl (cypeT 4).

Cypert 4. T. kaufmanniana reHoMbIHbIH 9pTypJi aiMaKTapbiHAaFbl KTK KaliTanany
Y3bIH/bIFbl MEH Tapasybl.

10 KAT reninge aiikbiH noauMopdThl KTK-1ap 6ap ekeHiH aHbIKTaJAbI, oJ1apAblH TO
MaHzepi 2,581- 6,102 apanbifbiHAQ, a1 Pi monepi 0,004 - 0,010 werinae 6oaabl. by renepre
rpoC2, cemA, rbcL, rpl36, psbH, rps3, rpl22, ndhE ycf1 xxane matK »xaTazgpb! (cypet 5).

CoHbIMEH KaTap, Y3bIHAbIFbI 150 3K.H.-TeH acaTblH UHTEPTEeH/JiK aMaKTap illiHzAe KoFapbl
JneHreneri TO Manzepi 4,848-11,862 xkoHe Pi MaHaepi 0,01599-0,01839 kepceTkeH 21 aiiMak
anbiKTaabl. Onapra ndhF_rpl32, trnR-UCU_trnG-UCC, trnY-GUA_trnD-GUC, trnT-GGU_trnE-UUC,
rpoA_petD, rps15_ycf1, psbl_psbK, trnF-GAA_trnL-UAA, psbB_clpP1, trnfM-CAU_trnG-GCC, ndhE-
ndhG, psa]_trnP-UGG, rps8_rpl36, pafll_psal, rpl14_rps8, ndhG-ndhl, trnQ-UUG_rps16, cemA_pafll,
petL_psbE, rpl32_trnl-UAG, xane rpl33_psa] kipeai.
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A.TycinkaH, B.A.lllesyos, M.b.PamasaHosa, A.OpkeH, A.B.1llesyos, LI1.A.MaHabaega

Cypert 5. KT kypaMbiHaFbl 20 aMUHKBIIIKbIIbI MEH CTOI-KOJOHJap/IblH KOJIOH KypaMbl

KaydmaH KpI3FasnjaFbIHbIH XJI0POIJIACT TEHOMbIH/IA KOAOHAapAbIH, aJnbl caHbl Tulipa
TYpJiepiHiH AuManasoHbIH/A 60Abl. KogoHaap/iblH YIIiHIII MO3UIUSCBIHAAFbI HYKJI€OTUATED
iminge ey »xui ke3geckeHi T (36,07%), oxan kelid A (31,07%), I' (17,02%) xoHe 11 (15,85%)
0O0JI/bI.

Kannel canbl 21 ofapbl xkuiikTi KogoH (CCKII > 1) aHbIKTa 1bl. ATan aUTKAH/Aa, eKi
koznoH (I'UT »xene LITT), AUT komous! (CCKII > 1) ke3aecTi. CoHbiMeH KaTap, T. kaufmanniana
renombiHga TTA, THA, TUT, I'TT »kene AI'T KaTapJibl 6ec >KOFaphbl }KUiJiKTI KOJOH TabbLI/bl.

CCKII > 1,6 MoHiIMeH cunaTTaJIFaH apThIK MalAaJaHblJIFAaH KOJOHAAp apacbIHAA KeTi
kozoH (TTA, ATA, TUT, TUT, TAT, ALT >xone 'AT) KaydmaH KpI3FasigaFrbIHbIH TeHOMbIH/A
a"bIKTanAbl. COHbIMEH KaTap, 24 a3 naigananbuirad koaoH (CCKII < 0.6) Tipkesai, oiapAblH,
KaTtapbiHa AAL], AAT, ALIT, AT'Ll, AI'T, ATL, AL, OATL, UL Uy, OUT, LT, T TAL, TAL, T'OT,
[TL, I'TH, I'TT, TAL, TUT »kene TT'L, xxaTagbl. AKybI3 fgeHreitinge T. kaufmanniana-za eH ken
TapaJifaH aMUMHKBIIIKbIJI JeWIuH (opTawa xuiniri 11,51%), an eH a3 ke3/iecKeHi LUCTeUH (Op-
Tama uiiri 1,38%) 6osbl.
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Kazaxcmanda ke3decemin sndemuk Kaygpman Kuidrandaruinsty (Tulipa kaufmanniana)
X/10pONAACM 2eHOMbIHA KYPblAbIMJblK Maaday

Kecre 4
T. kKaufmanniana reHoMmbIHAaFbl 20 aMUHKbINIKbLJIbIHbIH, KOJOH/BIK,
KypaMbIHBIH, caHbl MeH CCKII MaHi

AK AnaHuH AcanaparvH ApruHuH JluzuH
Komon | TLT FOL | TOHA | TOT | AAT AAILL UrT arn LTA urr ATA AIT AAA AAT
CaHbI 612 212 408 | 129 890 249 339 89 326 106 466 130 864 322
CCKIl 1,8 0,62 1,2 | 038 | 1,56 0,44 1,4 0,37 1,34 0,44 1,92 0,54 1,46 0,54

AK JW8%0107%451 ig?;i::: JleAnuH ['yTaMUH KbIIUKbLIbI
Komon | ITT [T | ITA | I'TT AT TALL TTA TTC UTT LTI LITA UTr TAA TAT
CaHbI 547 185 668 | 298 792 185 832 493 561 159 329 148 917 315
CCKII 1,29 044 | 1,57 | 07 1,62 0,38 1,98 1,17 1,33 0,38 0,78 0,35 1,49 0,51

AK Banun deHnnasaHuH CepuH Hucrenn
Komon | TI'TT [T | TTA | I'TT TTT TTL | TUT TOL THA THUT ATT ATl TI'T Tr'L
CaHBbI 497 177 495 | 180 862 501 549 287 402 172 401 93 207 73
CCKII 1,47 052 | 1,47 | 0,53 | 1,26 0,74 1,73 0,9 1,27 0,54 1,26 0,29 1,48 0,52

AK [poann Tupo3ux H3oneduH TpunTtodpan
Komon | LT nur | OOA | OOr | TAT TAILL ATT ATL ATA TIT
CaHbI 396 213 293 | 117 739 165 1025 407 681 418
CCKII 1,55 084 | 1,15 | 0,46 | 1,63 0,37 1,46 0,58 0,97 1

AK Tpeonun I'uctuaun ['nyTamMmuuH MeTHoOHUH
Komon | ALT ALIl | ALA | ALl | LAT LALL LIAA LAT ATT
CaHbI 508 205 385 | 133 471 118 629 214 570
CCKII 1,65 0,67 | 1,25 | 0,43 1,6 0,4 1,49 0,51 1

TanKbliay

Bi3 anbiKTaraH KaydpmaH KbI3FasiaFbIHbIH, TOJIBIK XJIOPOMJIACT reHOMbI (152 374 x.H.;
YBC =82 369 x.H.; KbC = 17 260 x.H.; UK = 26 371 x.H.; 130 reH; »xannsl 'Ll = 36,58%) ryani
eciMJiiKkTepre ToH TOpTO61iMAI apxuTeKTypara e [43]. Arabidopsis thaliana xn-renomsbl 154 478
*K.H. (YBC 84 170 x.H.; KTK 17 780 x.H.; UK 2x26 264 x.H.; 87 koATa/NaThIH reH xxoHe 4 pPHK
[44]); Oryza sativa - 134 525 x.H. [45]; Musa balbisiana - 169 503 ».H. (¥YBC 87 828; KBC 11 547;
UK 2x35 064 x.H.) [46]; Ocotea aciphylla (Lauraceae) - mamamen 152 685 x.H. (MK ~20 009 x.H.;
¥BC ~93 859; SSC ~18 818 x.H.) [47]; Spinacia oleracea - 150 725 .H. [48]. An Pelargonium x
hortorum-za aTapabIKTal ipi )koHe KalTa KYpblJIbIMAAHFAH XII-T'€HOM aHbIKTa/IFaH — 217 942
®.H. (UK 2x75 741 x.H.) [49], 6y)1 KaibInThl KeJieMHeH 1,4 ece apThbIK, koHe GipHellle MHBepCHUs-
sap MeH UK keHerimeH 6ipre xkypeai [49-50]. Kepicinuie, T. kaufmanniana-za ipi uuBepcusiiap
HeMece KalTa KypyJiap 6aliKa/JiMaraH >k9He reH/Jiep/iiH, OpHaJacybl KOHCEPBATHUBTI, OYJI OChI
TYbICTAFbI MJIACTOMJAP/AbIH «TYPAKThI» 3BOJIIOLUSJIBIK ClieHapUiiH kepceTe/i. OcblFaH yKcac
»KaFJlau Jla/ryJijsiep TYKbIMJACbIHbIH 6acKa eKijsijiepine e 6arKasiaabl. Mbicasibl, Lilium
longiflorum xsoponnact renombl 152 793 x.H. (YBC ~82 239 x.H.; KBC ~17 886 x.H.; UK 2x26
334 x.H.) [51], an L. henryi mamamen 152 570 x.H. Kypaiabl [52]. Bys kepceTkiltep kesieMi MeH
KypbLIbIMbI 2KaFbIiHaH T. kaufmanniana niiactomeiMeH eTe ykcac. Fritillaria hupehensis nen F.
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unibracteata nmsiactomaapsi ga 151 500-152 000 »k.H. apa/ibIFbIHAA 60JIbII, TUMITIK TOPTOOTIM/II
apxuTeKTypaHbl cakTai bl [53]. Tulipa altaica renHombl (146 887 .H.) caJi Killli 60JIFAHBIMEH,
»Ka/Ilbl KYpbLIBIMABIK epeKilenaikTepi KaypmaH Kpi3rangarbiHa xakbiH [54]. Kannsl, Jlaary-
JliJiep TYKbIM/IaCcblHA KaTaThIH TYPJIEPAiH XJ10pOIJIacT reHoMJaphl 6ip-6ipiHe yKkcac, Kaydman
KbI3Fa/IJaFbIHbIH, [IJIACTOMBIMEH alblpMalllbLIbIKTApbl MapAbIMChI3. [pi MHBepcuaiap HeMece
KalTa KypblJIbIMJaHyJap 6aliKaJMaraH, TeHAep/liH, OpHa/lacybl »KOFaphl AeHTenie KOHCepBa-
TUBTI. Bys1 KaypmaH Kbisrangarbel MeH Jlanryazinepaiy 6acka exisifepi 3BoIOLUSIBIK TYPFbIAaH
«TYPaKTbI» JIACTOM/IbIK, CLIEHAapUITe e eKeHiH KepceTe/.

KaydmaH KpI3Fa/i/JaFbIHBIH TeHOMBIH/IA ipi MHBEpCcUsiIap HeMece KailTa KypbLIbIMap
aHbIKTAJIMa/bl, AFHU FeHJep/AiH OpHa/Iacy peTTilir TyblCTac TypJepMeH CaJIbICThIpFaHja
caKTaJIFaH. bys1 TYypaKThl xoHe KalTa KypblJIbIMAAHATBIH XII-FeHOM/IapAblH €Ki 9BOJIOLUABIK
CLIeHapHUUiH canbICThIpyFa MyMKiH/ ik 6epeni. Mbicasbl, Oenothera TybicbiHga YBC-/1a maMameH
56 k6 uHBepcus aHbIKTanFaH (rbcl MeH trnQ reHaepiniH apacbin/a), o1 6ykis Oenothera Ko-
caJIKbl TYKbIMJIacbIHA ToH [54], an 6y. T. kaufmanniana-fa KapaFaH/ja allKbIH KOHTPAcCT. YKcac
KyObLibIC Asteraceae TyKbIM/JacblH/a fia 6aliKasia/ibl, Mbicabl, Asteroideae Kocankpl TYKbIM/a-
ceingia xn/[HK-aa TunTik 22 k6 nHBepcus ke3aecei (rbcl meH trnV apacbkiHAaFbl), 0J1 KENITEreH
acTpaJibllap TybICHBIH TypJsiepiHe ToH [55]. MyHjail KalTa KypblbIMAap GUIOTeHETHKABIK,
MapkepJep peTiHze KoagaHblaaabl. 2Kannel, T. Kaufmanniana-aa TypaKThl Xn-reHOM/apAblH,
MbICaJibl, aJ1 AKCTpeMas bl )kafaanaap Pelargonium, Oenothera »xoHe Asteraceae.

T. kaufmanniana-zga UK-alimaktapsinja 'Ll feHreiti xkorapsbl (1mamamen 42%), 6y pPHK
»K9He prubocoMaJbIK aKybl3 reH/iepiHiH 60/ybIMeH, conAan-aK UK-naFbl MyTanusiap/iblH, TEMeH
JleHreitimen Tycingipineai [52]. Ykcac 'll-npodusib 6acka fia KONTEreH XJ0pOMIacT reHoM/japbliHa
TOH, MbIcasibl, Lauraceae (Ocotea)-aa »kannbl '] 39,2%, an UK alimarbinaa 44,4% Kypaubl, 6y
YBC-parbl 37,9-38,0% »xoHe KBC-parbl 33,9 - 34,0%-aaH allTapblKTal xkofaphbl [53]. MyHaan
['ll monmbLibiFbl MeH pPHK renzepiniy Kanitasmanysl UK-abiH TypakKTaHAbIpyLIBI 9CcepiMeH
6amsanbicThl [53]. UK 1iekapasapbIHbIH 63repyi FeHOM/AbIK KaiTa KypbLIbIM/lJapFa 9KeJ1yi MyM-
KiH: MbIcaJibl, Musa-sa UK-KBC 1ekapacbiHbIH KEHEWIi 91eTTe 66J1eK OpHaJlacaTbIH reHAepAiH
KOCbLIYybIHA 9KeJireH [46], an Geraniaceae TykbiMaacTapbinaa UK-abiH Kyp/iesi KypblabIMAapbl
KenTereH Kalta Kypysap TyFbi3agbl [49-50]. An T. kaufmanniana-ga UK KypblbIMbl TYPAKThI
60J1b11 TabbL1a/bl, OYJI XII-T€HOMHBIH, CaJbICThIPMaJibl KOHCEPBATUBTI/IITiH KaMTaMachI3 eTe/,.

T. kaufmanniana-aa 158 KTK siokycel aHbIKTa/1/1bl, 0J1apAblH Kenuijairi ¥YBC xoHe reHa-
pasiblK aiMaKTap/ia opHaJacKaH. MyHaau »kaffai 6acka Aa TypJepre ToH. Musa-aa 59 xnKTK
[56], onbiH iminae MmoHoMepJi A/T KalTananynap 6aceiM (M. acuminata xxane M. balbisiana-zaa
6ipHYKJIeOTUATI KaliTasaHyaapAbiH 92%-aaH actambl A/T Kypaiasi) [56]. Gladiolus-Ta 265
xnKTK aHbliKTa/IFaH, oslapAbiH 6ackiM 6eJiiri A/T moHoMepJiepi [57]. MyHaait yarinep KTK-
JIbIH, IONYJISLIMSJIBIK JeHrenae »KoFapbl NOJUMOPQTHIIBIFbIH KOpCeTe/i XKoHe oJ1ap KeHiHeH
KOJIJIaHbLJIAThIH MOJIEKYJIaJIbIK MapKepJiep [56]. lemek, T. kaufmanniana-gafbt KTK *kubiH-
ThIFbI kaHa XNKTK mapkepJsiepin »«acayfa Heri3 6oJ1a aynafibl, asaiia oJapblH TaKipubesik
TeKCepiiyi KaXeT.

T. kaufmanniana xn-reHoMbIH/ia [9CTYPJIi )KOFapbl allMaKTap aHbIKTaAbl, osap ycfl, ndhF,
matK, rpoC2, rbcL, cemA »aHe 6ipKaTap reHapasblK JoKycTap. bys KyOobLIbIic 6acKa 3epTTeyiep
HaTHXKeJlepiMeH calikec KeJsiefi. Mbicabl, ycfl reHiHiH, eki 6eJiri (ycfla xxane ycflb) xkepycTi
eciMZIiKTep/iH eH e3repMeJii alMaKTapbl 60J1bII TaObLIFaH [54] xKoHe ACTYp i 6apKogTap
matK neH rbcL-gaH ga Tuimipek ekeHi gasiengenret [54]. backa ga anbikTasnFaH redjiep (ndhF,
rpoC2) KenTereH TYKbIMJAcTap/ia >KoFapbl Bapruabesb/ilik kepceTkeH [54]. COHABIKTaH 6y
Jokyctap Tulipa TybicbIHZaFbI OapKOATAY KoHE MOMYJISALUAJIbIK 3epTTeysep YIIiH MaHbI3/bl
HblCaHZap 60J1a asajpbl.
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Kazaxcmanda ke3decemin sndemuk Kaygpman Kuidrandaruinsty (Tulipa kaufmanniana)
X/10pONAACM 2eHOMbIHA KYPblAbIMJblK Maaday

T. kaufmanniana xn-reHoMbIH/ja YiIiHII TO3UIUsAAaFbl AT-KypaMbIHbIH 6aChIM/IbIFbI KoHE
JIEMLIUH KOZ0H/JapbIHbIH Kol 60.1ybl 6akKaajbl. YKcac yiari Ocotea (Lauraceae)-za aHbIKTaJIFaH,
MyH/Ja geinuH 11,8% kogoHapAbl Kypaiabl, aa qucteruH He6api 1,8% [58]. Bys KybbLibic
JIEMLIMHHIH, K6Il KOAOHJbIK 9PTYPJIiJIiIriMEH KoH€e TPAaHCAALMA TUIM/IJITiHIH 3BOJIIOLMABIK
CypbINTalybIMeH 60aiJIaHbICTHI.

PekoM6buHanus, conblH, iminae UK aiimakrapbingars! «flip-flop» nsomepusnapsi xn-re-
HOMHBIH KYPbLJIbIM/bIK JMHAaMHUKaCbIHA acep eTe/i. Mbicasibl, TpaHCreH/i TeMeKI xeJliiepiHze
HK-pekombuHanusa HatuxkeciHae ¥YBC/KBC-HbIH aybicKaH n3odopmMasiapsl naja 60FaHbl
6alikasnraH [59]. Anaizga T. kaufmanniana-ga MmyHzaai usodpopmanap TabbliFaH XKOK, OyJ1 OHbIH
XIM-FeHOMBIHbIH, TAOUFU JKaF/jail/ja TYpaKThbLIbIFbIH KOPCETE].

Anpinrad T. kaufmanniana xn-reHoMbl puUIOreHeTUKABIK XKoHE MONYALUIIbIK 3ePTTe-
yJiep YLIiH MaHbI3/bl lepeKKe3 00J1blN TabbliazAbl. 2KoFapsl fuBepreHTTi alMakTap (ycfl, ndhF,
rpoC2) xaKbIH TypJiepAi 6apkoaTayFa xkapam/bl, aa KTK kaiTananynap xkaHa xnKTK-mapkepJiep
»acay¥a Heri3 6oJ1a anaibl. By MapkepJsiep/iH THIMAIITIH ToXKipHOeliK TYpFblJja TeKCEPY KaXKeT
»koHe osiap Tulipa TybICbIH MOJIEKYJIANBIK AeHTel/e 3epTTey/ie *KaHa MyMKiH/[iKTep allia/bl.

KopbITBIHAbI

KopbIThIHABLIAN KeJsle, 6y )kyMbIcTa KazakcTaHHbBIH 3HeMUK eciMairi KaydmaH Kbi-
3Fa/1jaFbIHbIH TOJIBIK XJIOPOIJIACT FeHOMbI TaOBICThI TYP/l€ aHbIKTAJIbII, cunaTTaaibl. Kayd-
MaH KbI3FaJ1JaFbIHbIH XJIOPOIJIACT TeHOMBIH Tajiay Ka3akcTaH eCiMAiKTepiHiH reHeTUKaJIbIK
9PTYPJIJIIriH caKTayZa FaHa eMecC, 6CIMAIKTepe )KYPeTiH 3KOJIOTHUAJBIK KoHE 3BOJIIOLUAJBIK
yAepicTep/i TepeHipeK TYCiHYZe Jie YJIKeH peJi aTKapazbl. XJI0pOIJIacT reHOM/ApbIH KaH-KaKThbI
TaJJlay eciMAiKkTepAiH 6eliM/esny 3BOIOIMACBIHA XapbIK TYCipin, nonyasuusaap/bly reHeTH-
KaJIblK TYPaKTbIIbIFbIH aHbIKTAyFa )KoHe TaOUFHU 9KOXKYieslepAiH 3K0JIOTUsJIbIK e3repicTepre
KaJlail »kayan 6epeTiHiH TyciHAipyre MyMKiHZik 6epefi. Tulipa TybIcbIHAA Typ/epAi axkbIpaTyFa
apHaJIFaH aHa XJIOPOIJIACT MapKepJiepiH YCbIHY [ia 3ePTTEY/iH MaHbI3/[bl MaKCaThbl 60J1/IbI.
Bi3 HyK/JI€eOTH/ITiK 9PTYPJIiJIiri )k0Faphbl api mosiumMmopduamMi TuiMai oH resii (rpoC2, cemA, rbcl,
rpl36, psbH, rps3, rpl22, ndhF, ycf1, matK) anbikTagbIK, os1ap KbI3FaaJaK TypJiepiH aXxblpaTyaa
KYH/Ibl TeHeTUKAJIbIK MapKepJiep 60J1a ana/ibl. ByJi )koFapbl OJIUMOPPTHI XJIOPOMJIACT FeH/epi
TYpJiepAi aXbIpaTy MeH NONyJAALUABIK 3epTTeyIepJe MaHblI3/bl KypaJl peTiH/e KOJ14aHblJbII,
6osiamakTa Tulipa reHeTHUKachl MEH 9BOJIIOLMSACHIH 3€PTTEYTe, COHAAN-aK KOpFay CTpaTerusJa-
PbIH d3ipJieyre 63 yJeciH Kocaabl. MyH/jall 3epTTeyJiep reHeTUKaJ/IbIK MapKepJepAl KalblTa-
CTBIPY/ia, 6CiMAIKTEPAiH 6uoreorpadusi/iblK TApUXbIH 3ep/lesiey/e )KoHe CUPEK IHIEMUKAJIBIK,
TYpJlepAi caKTay »KocnapJiapblH a3ipJeyze aca MaHbI3/bl.

ABTOpJIapABIH, y/Ieci

A. T. - nepekTep/i *kuHaKTay, popMasibbl Talay, 9icTeMe, 6baFgapaMaliblK KaMTa-
MachI3 eTy, BU3yasr3alus, MaKaja Ma3MyHbIH a3y; B. A. IIl. - 6argapiaMasiblK KAMTaMachI3
eTy, MaKaJia Ma3MyHbIH ka3y; M. B. P. - 6afaap/iamasblK KaMTaMachI3 eTy, 6acTanKbl HYCKacblH
Kazy, lepeKTepAi KuHaKTay, opMasb/ibl Tanzay, BUdyanusanus; A.6. - MaKasia MaTiHiH as3y;
A. B. III. - azicTeMe, fepeKTep/li )kMHAKTAay, 6aFAapJiaMasiblK KAMTaMachi3 €Ty, »Ka3y/lbl pe-
Jakuusnay xoHe Ty3ety; L. A. M. nepekTep/i >KMHaAKTay, *Ka3yZbl pelakusaay XKoHe TY3eTy,
TY>KbIpbIM/ZIaMa kacay, popMasib/ibl Taj1/jay, 3epTTEY, PECYPCTaP, }KETEKUILJIK.
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KapKbL1aHABIpY

By 3eprrey BR18574125 «Ka3akcTaHHBIH TaMbIpJibl 6CIMAIKTepiHIH TYpJIiK 9pTYpJIiiriHig
Ka3sipri »kal-KyHiH 60TaHUKaHbIH, MOJIEKY/1a/IbIK TeHeTUKaHbIH, )XoHe 6MOMHPOPMaTUKaHbIH,
3aMaHayH d/[iCTePiH KOJIIaHbII 3epTTey» )K06achl asiCbIH/Ia KapXKblJIaHbIPbLIbI.

Myazaesiep KaKThIFBICHI

BapJiblK aBTOpJIap MaKa/laHbIH Ma3MYHbIH OKbII TaHBICKAH K9He MYAJeJsep KaKThIFbI-
ChI XKOK.

ITHKaJIbIK HOpMaJIapAbl CaKTay

ABTopJiap opblHAAaFaH OyJ1 MaKajaZa afaMJapAbl HeMece XaHyapJapAbl 00beKTisep
peTiH/e Nana/laHFaH 3epTTeyJiep XKOK.
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AnHoTauus. Trosnbnan Kaydmana (Tulipa kaufmanniana) sBasietcs aggemukom Kasax-
CTaHa U IpeJiCTaBJsIeT COO0M BaXKHbIM BU/l paCTEHUH, LIMPOKO UCI0JIb3YEMbIH B IeKOPATUBHbIX
1esfaX. B JaHHOM HccieJ0BaHMU BliepBble OblJ1 OXapaKTepPHU30BaH MOJIHBINA XJI0POIJIaCTHBIN
reHOM 3TOT0 PeIKOr0 BU/A C UCMI0JIb30BAHUEM TEXHOJIOTUM ceKBeHUpoBaHuUsA Illumina. B pe-
3yJIbTaTe YCTAHOBJIEHO, UTO NoJyiHbIK reHoM T. kaufmanniana nMeeT BbICOKYIO CTelEHb COXPaH-
HocTU. Pazamep reHoma coctaBua 152 374 n.H., BK/I0Yas /jBe UHBEPTUPOBAHHbIE IOBTOPHbIE
o6saactu (IR) mo 26 371 1n.H., oAHY AJUHHYIO YHHKaIbHYI0 06/1acThb (LSC) B 82 369 1n.H. ¥ oAHY
KOPOTKY0 YHHUKaJIbHY0 06J1acTh (SSC) B 17 260 n.H. O61muii ypoeHnb GC coctaBuia 36,58%. B
reHoMe aHHOTHUpoBaHO 130 reHoB, U3 KOoTopbIX 85 koaupyroT 6esnky, 38 - TPHK u 8 - pPHK.
[Ipu aHa/IM3e MPOCThIX OC/IEeJ0BATENbHBIX TOBTOPOB (SSR) 66110 BhIsiBAeHO 158 SSR-/10KyCOB.
OHu ObLIM cocpefiloToueHbl IpenMylecTBeHHO B LSC-o6saactu (63,3%), SSC-o6s1actu (19%) u
IR-o6s1actu (17,7%). bpLiv 3apeructTpupoBaHbl nATh KaTeropuit SSR (MoHo-, Au-, Tpu-, TETpa-
U rekcaMeTHble). Haub6osee nosmMopPHbIMU 6€/10K-KOAUPYIOIMMU reHaMHu oKa3aauch ycfl,
matK, rpoC2, rbcL, ndhF, cemA, rpl22, rps3 u psbH. 3Tu rens! 06/1aa11 BbICOKUM YPOBHEM
BapuabesbHOCTH nocefoBaTenbHocTel (Pi=2,570-6,085) 1 Hyk/1€0TUAHOI0 pa3HOO6pa3Usl.
AHanu3 OTHOCHUTEJIbHOTO UCM0JIb30BaHUS CHHOHUMUYHbBIX KOJJ0HOB (RSCU) BbIsIBUJ KaK U30bI-
TOYHO, TaK U pe/JKO UCI0JIb3yeMble KOJOHBL B 11es10M, ucciieoBaHMe XJI0POIJIACTHOTO FreHoMa
TiosibllaHa KaydpMaHa nuMeeT BaxkHOe 3HaYeHUe [1J1s1 COXpaHeHHs reHeTUYeCKUX PeCypCcoB 3TOTO
pezkoro aHAeMu4Horo Buia KazaxcraHa, a Takxe A1 60J1ee r1y60KOro NOHMMaHUs ero 3B0-
JIDLIMOHHBIX U QUJIOTEHETHYECKUX 0COOeHHOCTeN. [loslydeHHble JaHHbIE MOTYT NOCAYKUTb
OCHOBOH /11 pa3paboTKU 3¢ PeKTUBHBIX CTpATErni OXpaHbl OMOJIOrMYECKOT0 pa3Ho0bpasus
¢dJiopbl KazaxcTaHa Ha MOJIEKYJISIPHOM YPOBHE.

Kirwuessble ci1oBa: Tiosibnad Kaypmana (Tulipa kaufmanniana), xoponiacTHbid reHOM,
IPOCThIe NoCJe0BaTe/bHble NOBTOPHI (SSR), 06s1acTH coeiMHEeHUS, UCTI0JIb30BaHKE KOJOHOB,
noMMopQHbIe 6e/0K-KOJUPYIOL e TeHbI

Structural analysis of the chloroplast genome of the Kazakhstan endemic
Kaufmann'’s tulip (Tulipa kaufmanniana)

D. Tussipkan?, V.A. ShevtsovZ, M.B. Ramazanova 3, A. Orken 4,
A.B. Shevtsov 5, Sh.A. Manabayeva*¢

123456 National Center for Biotechnology, Astana, Kazakhstan
4 L.N. Gumilyov Eurasian National University

Abstract. Kaufmann'’s tulip (Tulipa kaufmanniana) is an endemic species of Kazakhstan
and an important ornamental plant. In this study, the complete chloroplast genome of this rare
species was described for the first time using [llumina sequencing technology. The results revealed
that the complete genome of T. kaufmanniana is highly conserved. The genome size was 152,374
bp, comprising a pair of inverted repeat (IR) regions of 26,371 bp each, a large single-copy (LSC)
region of 82,369 bp, and a small single-copy (SSC) region of 17,260 bp. The overall GC content was
36.58%. A total of 130 genes were annotated, including 85 protein-coding genes, 38 tRNA genes,
and 8 rRNA genes. Analysis of simple sequence repeats (SSRs) identified 158 loci, predominantly
distributed in the LSC region (63.3%), SSC region (19%), and IR regions (17.7%). Five categories
of SSRs (mono-, di-, tri-, tetra-, and hexanucleotide) were detected. The most polymorphic protein-
coding genes were ycfl, matK, rpoC2, rbcL, ndhF cemA, rpl22, rps3, and psbH, showing high
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sequence variability (Pi = 2.570-6.085) and nucleotide diversity. Relative synonymous codon
usage (RSCU) analysis revealed both overrepresented and underrepresented codons. Overall, the
characterization of the chloroplast genome of T. kaufmanniana is essential for the conservation
of genetic resources of this rare endemic species, as well as for gaining deeper insights into its
evolutionary and phylogenetic features. These findings provide a foundation for developing
effective molecular-level strategies for preserving the biological diversity of Kazakhstan’s flora.
Keywords: Kaufmann'’s tulip (Tulipa kaufmanniana), chloroplast genome, simple sequence
repeats (SSRs), junction regions, codon usage patterns, polymorphic protein-coding genes
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Abstract. This study presents a comparative analysis of
morphological characters of nivicolous myxomycetes of the genus
Physarum Pers. recorded in the Katon-Karagay and Ile-Alatau State National
Nature Parks. The aim was to identify diagnostically significant features
allowing the delimitation of nivicolous taxa under conditions of high
morphological similarity and ongoing taxonomic revision of the family.
Material was collected in spring 2025 during active snowmelt in high-
mountain regions of Eastern and Southeastern Kazakhstan at elevations
of 1570-3180 m a.s.l. Morphological examination of 56 specimens was
conducted using light microscopy, focusing on characters of sporocarps,
peridium, capillitium, columella, and spores. Four nivicolous taxa were
identified: Badhamia albescens (Ellis ex T. Macbr.) ].M. Garcia-Martin,
J.C. Zamora & Lado, Nannengaella alpestris (Mitchel, S.W. Chapm. & M.L.
Farr) ].M. Garcia-Martin, ].C. Zamora & Lado, Physarum nivale (Meyl.)
Mar. Mey. & Poulain, and Physarum vernum Sommerf. The most abundant
species was Ph. vernum (45 specimens), while N. alpestris, Ph. nivale, and
B. albescens were represented by 6, 4, and 1 specimens, respectively.
The most informative diagnostic characters were the type and shape of
fruiting bodies, presence of a stalk, degree and pattern of calcification of
the peridium and capillitium, presence and morphology of the columella,
and spore size and ornamentation. Specimens of N. alpestris, Ph. nivale,
and Ph. vernum generally correspond to their protologues, whereas some
Kazakh specimens of B. albescens show notable differences, suggesting
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the possible presence of closely related, yet undescribed taxa in the
region. The results confirm the high diagnostic value of morphological
characters for nivicolous Physarum spp. and highlight the perspectives
of integrated morphological and molecular studies in Kazakhstan.

Keywords: morphological analysis, high-mountain ecosystems,
nivicolous myxomycetes, taxonomy, diagnostic characters, spore orna-
mentation

Introduction

Plasmodial slime molds (Myxomycetes, Amoebozoa) are a group of amoeboid protists
that form macroscopic fruiting bodies—sporocarps—whose morphological characteristics have
traditionally served as the basis for their systematics [1,2]. Despite the recent development of
molecular phylogenetic method, which were applied as well to Physarales [17], the morphological
characteristics of sporocarps remain important for species identification, especially in groups
where habitually similar taxa differ in subtle morphological characters.

Among myxomycetes, a distinct ecological guild is the nivicolous, or snowbank myxomycetes,
soil-inhabiting species that develop in the spring along the edges of melting snow in mountainous
regions of the temperate and subarctic zones. They require a long-lasting snow cover with low
positive temperatures, and fruiting upon snow melt when intense solar radiation warms up the
soil. Virtually all nivicolous myxomycetes are members of the dark-spored clade, one of the two
basal clades of myxomycetes. In addition to their dark spore mass (melanin prevents damage by
UV radiation), many nivicolous species are characterized by a dense calcareous peridium, [3,4,7].

According to the latest data, nivicolous myxomycetes account for about 10% of the total
species diversity of Myxomycetes and include more than 100 described species, concentrated
primarily in the dark-spored families Physaraceae and Didymiaceae [5]. Nivicolous species of
the Physaraceae are widely distributed in high-altitude habitats and are characterized by a com-
bination of adaptive morphological similarities and stable diagnostic differences.

Research on nivicolous myxomycetes has been conducted in various mountainous regions
of Europe, North Asia, and North America, where their ecological characteristics, seasonal de-
velopment, and morphological variability have been described [3,4,6-11]. These studies have
shown that the structural features of the peridium, capillitia, calcareous deposits, columns, and
spores are particularly important for the accurate diagnosis of nivicolous species. However, for
the territory of Kazakhstan, such studies remain few and far between and fragmentary [12,13].
The current knowledge of myxomycete diversity in the country is based on records accumulated
over more than a century of research, covering different regions and ecological conditions. Nev-
ertheless, many areas remain poorly investigated, particularly high-mountain ecosystems where
nivicolous species occur. A recent review of myxomycete records from Kazakhstan summarized
the history of research and the currently known species diversity in the country [13]. These data
indicate that further studies are needed to improve our understanding of the distribution and
ecology of myxomycetes in Kazakhstan. The high-altitude regions of Eastern and Southeastern
Kazakhstan, including the Katon-Karagay and Ile-Alatau State National Nature Parks, have not
yet been specifically studied from the perspective of the comparative morphology of nivicolous
representatives of the Physaraceae family.

Most representatives of the Physaraceae family were historically classified within the
broad genus Physarum Pers. However, modern molecular phylogenetic studies have revealed the
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polyphyly of this genus as traditionally understood and have led to a revision of the systematic
placement of several species [14-17]. In particular, Physarum albescens Ellis ex T. Macbr. was
transferred to the genus Badhamia Berk., Physarum alpestre Mitchel, S.W. Chapm. & M.L. Farr to
Nannengaella ].M. Garcia-Martin, ].C. Zamora & Lado., and Ph. nivale (Meyl.) Mar. Mey. & Poulain
will, perhaps with further revisions, be transferred to Aethaliopsis Zopf.[17]. These changes,
caused by the rule of monophyly for a valid taxonomic unit, underscore the need to reassess
the morphological characteristics of the nivicolous taxa in light of current understanding of the
Physaraceae system.

In Kazakhstan, the study of nivicolous myxomycetes is of particular relevance, as the
country’s mountain ecosystems are characterized by a wide range of elevations, diverse slope
exposures, and prolonged snow cover in certain high-altitude regions. These factors create favor-
able habitats for snowmelt species; however, their species diversity and morphological variability
remain insufficiently studied. For the first time, a comparative analysis of the morphological
characteristics of nivicolous representatives of the Physaraceae family is being conducted for
the territories of the Katon-Karagai and Ile-Alatau State National Nature Parks, which helps fill
aresearch gap regarding this group in Kazakhstan.

This study examines four nivicolous taxa of the Physaraceae family: Badhamia albescens
(Ellis ex T. Macbr.) ].M. Garcia-Martin, ].C. Zamora & Lado, Nannengaella alpestris (Mitchel, S.W.
Chapm. & M.L. Farr) ].M. Garcia-Martin, ].C. Zamora & Lado, Physarum nivale and Physarum vernum
Sommerf, identified within the Katon-Karagay and Ile-Alatau State National Nature Parks. The
aim of the study is to conduct a comparative analysis of their morphological characteristics and
to identify the most consistent features relevant for the diagnosis, taxonomic interpretation, and
further study of nivicolous myxomycetes in Kazakhstan.

Materials and research methods

The data for this study were collected during the snowmelt period in the Katon-Karagai
and Ile-Alatau State National Nature Parks, located in the mountainous regions of Eastern and
Southeastern Kazakhstan.

Field research was conducted within the Katon-Karagay State National Nature Park in the
Sarymsak River valley, on the gentle northern and eastern slopes of the Sarymsak Range, and
in the vicinity of the village of Katon-Karagay, from May 4 to 8, 2025. Collections were made at
elevations of 1,570-1,880 m above sea level.

Within the Ile-Alatau State National Nature Park, research was conducted on the northern
slopes of the Zailiyskiy Alatau, including the Medeu Gorge, adjacent valleys, the slopes of Mount
Shymbulak, and the area around Big Almaty Lake, from April 26 to May 1, 2025. Samples were
collected at elevations ranging from 1840 to 3180 meters above sea level.

Specimens of nivicolous myxomycetes from the family Physaraceae were chosen for com-
parative analysis. The samples were identified based on the morphological concept of species,
using the identification keys and descriptions provided in the work by Poulain et al. [18]. Air-dried
sporocarps were studied using a Keyence VHX 7000 stereomicroscope (Keyence Corporation,
Osaka, Japan) and a Leica DM2500 microscope (Leica Mikrosysteme Vertrieb GmbH, Wetzlar,
Germany). Temporary microscopic slides were prepared by placing fragments of fruiting bodies
with capillitium and spores in a drop of water on a microscope slide. Spore size was measured
for 50 spores per sample (excluding spore ornamentation), and values are given as the mean
+ standard deviation. The examined specimens were deposited in the private herbarium of M.
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Schnittler (abbreviation: sc). The taxonomy in this study follows the nomenclatural database
Nomenmyx [19] (Lado et al. 2005-2026).

Results

The study identified four nivicolous taxa of the Physaraceae family: Badhamia albescens
(= Physarum albescens), Nannengaella alpestris (= Physarum alpestre), Physarum nivale, and
Physarum vernum.

A total of 56 samples were analyzed. The most common species was Physarum vernum,
with 45 samples, accounting for the majority of the material studied. Nannengaella alpestris was
represented by 6 samples, Physarum nivale by 4 samples, and Badhamia albescens by 1 sample.

The data obtained indicate an unbalanced representation of the studied taxa in the collected
material. Within the studied areas (Katon-Karagay and Ile-Alatau national parks), P. vernum
was the most frequently encountered species. This may suggest a wider ecological range and
greater adaptability of this species to local nivicolous conditions, although further research is
needed to test this hypothesis.

The results of the study of the morphological characteristics of the identified species are
presented in the descriptions below and in Table 1.

Taxonomy and morphological comparison of species

Badhamia albescens (Ellis ex T. Macbr.) ].M. Garcia-Martin, ].C. Zamora & Lado, Persoonia
51: 109-110 (2023) = Physarum albescens Ellis ex T. Macbr., N. Amer. Slime-moulds, ed. 2: 86
(1922) = Leocarpus fulvus T. Macbr,, N. Amer. Slime-moulds: 82 (1899) = Physarum rubronodum
G.W. Martin, J. Wash. Acad. Sci. 38(7): 238 (1948)

Study area: Kazakhstan, East Kazakhstan Region, Katon-Karagai District, Katon-Karagai
State National Nature Park: Sarymsak River valley, open meadow in a cedar forest, on dry grass
and leaves, 49.09531 N, 85.65785 W, 1828 m a.s.l, May 5, 2025, leg. M. Schnittler and O.N.
Shchepin, sc37823.

This is one of the most easily recognizable species of the Physaraceae family, known for
its stalk, the light, creamish yellowish-ochre or even golden color of its peridium, and the nu-
merous bright yellow capillitium nodules. In classic representatives of this species, the fruiting
bodies are usually sporocarps, with sporangia that are ovoid or globose, often on a thin, slender
brown stalk. The hypothallus is brown and clearly defined. The peridium is double: the outer
layer is dense and calcified to varying degrees, while the inner layer is thin and membranous.
The capillitium is well-developed, colorless, reticulate, tubular, with yellow calcareous nodules.
The spores are dark in color, with a warty ornamentation.

The sample studied is distinguished by a number of characteristics from both the classic
form of B. albescens [18,20] and the specimens of Badhamia aff. albescens discovered in the
[le-Alatau National Park in 2013 [13]. Fruit bodies consist of irregularly shaped sporocarps and
short plasmodiocarps, sessile or on a short brown stalk (Fig. 1A). The color of the capillitium also
differs: in the studied specimen, the capillitium filaments are pale brown in both reflected and
transmitted light, rather than colorless (Fig. 1B). The spores are dark brown in bulk, violet-brown
in transmitted light, uniformly warty, and have a diameter of (10.4-) 11.2-12.5 (-13.1) um (Fig.
1C), which is consistent with classical descriptions.
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The combination of a stalk, a distinct hypothallus, and a typical physaroid capillitium
with bright yellow nodules reliably distinguishes this species from other nivicolous species of
the Physaraceae.

Despite its external distinctiveness, recent genetic data suggest that the name B. albes-
cens encompasses a complex of closely related biological species [21]. Therefore, this species is
important as a model organism for discussing the stability of traditional morphological traits in
nivicolous myxomycetes and the dispersal capacity of cryptic soil protist species [21,22].

Figure 1. Badhamia albescens (sc37823) A-C; Nannengaella alpestris (sc37814) D-F;
Physarum nivale (sc37801) G-I; Physarum vernum (sc37707) J-L. Fruiting bodies (A, D, G, ]);
details of the peridium and capillitium (B, E, H, K); spores in transmitted light (C, F, I, L). Scale
bars: A, D, G,] =1000 um; B, E, H, K= 200 pm; C, F [, L =10 um.
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Nannengaella alpestris (Mitchel, S.W. Chapm. & M.L. Farr) ].M. Garcia-Martin, ].C. Zamora &
Lado, Persoonia 51: 110 (2023) = Physarum alpestre Mitchel, S.W. Chapm. & M.L. Farr, Mycologia
78(1): 68 (1986)

Study area: Kazakhstan, Almaty, [le-Alatau State National Nature Park: valley 450 m northeast
of the dam in front of the Medeu Stadium, on dry grass, 43.14865 N, 77.06855W, 1,934 m as.l,
April 26,2025, leg. M. Schnittler; O.N. Shchepin, Yu.K. Novozhilov, and Zh. Azirakhmet, sc37678;
43.14867 N, 77.06847 W, 1,940 m a.s.l., sc37660; East Kazakhstan Region, Katon-Karagai Dis-
trict, Katon-Karagay State National Nature Park: Sarymsak River valley, open meadow in a cedar
forest, on dry grass, 49.10930 N, 85.66324 W, 1667 m a.s.l,, May 5, 2025, leg. M. Schnittler and
O.N. Shchepin, sc37814; 49.10918 N, 85.66302 W, 1669 m a.s.l,, sc37819; 49.10881 N, 85.66271
W, 1,690 m a.s.l,, sc37817; 49.10810 N, 85.66250 W, 1682 m a.s.l., May 7, 2025, sc37851.

This is a typical plasmodiocarpous nivicolous species with a thick, heavily calcified outer
peridium. The morphological characteristics of the studied specimens correspond to the protologue
[23] (Fig. 1D-F). Fruit bodies are most often clustered or densely grouped; plasmodiocarps are
usually more or less elongated, often curved and branched, sometimes forming labyrinthine
structures up to 40 mm long; rarely, sessile, cushion-shaped sporocarps are present. The color
of the peridium varies from cream-yellow and canary-yellow to ivory. The hypothallus is thin,
membranous, transparent, colorless or pale yellow, and usually becomes calcified along the
margin of the fruiting bodies. The peridium is double: the thick outer layer is smooth, brittle,
corky-calcareous, white, and covered with a yellow transparent membrane as a third layer; the
inner layer (the true peridium) is thin, membranous, transparent, and splits irregularly. The
capillitium is dense, reticulate, of the badhamoid type in the lower part, with large, branched
nodes; above, it is physaroid, with transparent filaments; the nodes vary from large, angular, and
branching to small, spindle-shaped, shiny, yellow, ivory-colored, or pale cream. The columella
is well-developed, calcified, white, yellow, or creamy white, often forming a central ridge along
the plasmodiocarp. Spores are black in bulk, dark purplish-brown in transmitted light, warty,
(9.0-) 10.3-11.5 (-12.0) pm in diameter.

The reclassification of this species into Nannengaella is well supported by its strong
calcification, well-developed calcareous columella, and the general morphological characteristics
of representatives of this clade as described in the revision by Garcia-Martin et al. [17].

Nannengaella alpestris is reliably distinguished from other nivicolous species of the
family Physaraceae by its elongated plasmodiocarpous fruiting bodies, combined with a strongly
calcareous yellow or cream-colored peridium and abundant yellowish, angular or branching
lime nodes.

Physarum nivale (Meyl.) Mar. Mey. & Poulain, in Poulain, Meyer & Bozonnet, Les Myx-
omycetes: 551 (2011) = Badhamia panicea var. niviale Meyl., Bull. Soc. Vaud. Sci. Nat. 56: 66
(1925)

Study area: Kazakhstan, East Kazakhstan Region, Katon-Karagay District, Katon-Karagay
State National Nature Park: Sarymsak River valley, on dry grass, 49.11287° N, 85.66566°E, 1619
m a.s.l, 04 May 2025, leg. M. Schnittler and O.N. Shchepin, sc37797; 49.11269° N, 85.66648° E,
1611 m a.s.l,, sc37801; 49.1119011° N, 85.66550418° E, 1635 m a.s.l,, sc37804; 49.09341° N,
85.65755°E, 1844 m a.s.l, 05 May 2025, sc37827.

Physarum nivale is a nivicolous species forming relatively small sessile sporocarps and
short, densely clustered plasmodiocarps. The examined specimens collected in Katon-Karagay
National Park correspond to the protologue in their main morphological characteristics [24,25]
(Fig. 1G-1). The fruiting bodies are usually rounded, sometimes kidney-shaped, and more rarely
worm-like elongated; the base is often distinctly compressed. The peridium is greyish, with scat-
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tered calcareous thickenings. The capillitium is well developed, reticulate, of the badhamioid type,
with large angular and branching nodes densely filled with calcareous granules and connected by
thin, hyaline capillitial threads free of lime. The spore mass is dark brown; the spores are finely
and evenly verrucose, (11.0-) 11.7-13.1 (-13.9) um in diameter. Macroscopically, the species
strongly resembles Physarum vernum, but differs in the more rounded outline of the sporocarps,
which only exceptionally form short plasmodiocarps, stronger calcification of the capillitium, and
darker spores with a paler side [18]. In its barcodes, both species differ strongly [13].

Physarum nivale belongs to a group of species whose taxonomic placement will probably
be revised in the near future. For now, it is retained in the genus Physarum; however, its phyloge-
netic position indicates a close relationship to the type species of the genus Aethaliopsis [17].

Physarum vernum Sommerf., Syst. Mycol. 3: 146 (1829) = Badhamia verna (Sommerf.)
Rostaf,, Sluzowce monogr. 145 (1874)

Study area: Kazakhstan, Almaty, Ile-Alatau State National Nature Park: steep lateral ravine
with a small stream, ca. 600 m south of the dam above the Medeu stadium, right side, along the
road to Shymbulak, near snow patches, on dry grass, 43.14527° N, 77.05899° E, 1900 m a.s.l,
26 April 2025, leg. M. Schnittler, O.N. Shchepin, Yu.K. Novozhilov and Zh. Azirakhmet, sc37672;
snow patches in open woodland of Picea schrenkiana, small lateral valley above a steep gorge,
near snow patches, on dry grass, 43.12724°N, 77.05270°E, 2312 ma.s.l,, 27 April 2025, sc37686;
43.12719° N, 77.05297° E, 2307 m a.s.l,, sc37687; 43.12699° N, 77.05305° E, 2300 m a.s.l,
sc37688; 43.12720° N, 77.05274° E, 2322 m a.s.l, sc37692; 43.12718° N, 77.05269° E, 2318
m a.s.l,, sc37693; 43.12821° N, 77.05091° E, 2315 m a.s.l,, sc37694; 43.12713° N, 77.05295° E,
2313 ma.s.l.,, sc37695; snow patches in open woodland of Picea schrenkiana, open meadows in
the upper part of the valley, near snow patches, on dry grass, 43.12574° N, 77.05403°E, 2331 m
a.s.l, sc37696; 43.12509° N, 77.05408° E, 2342 m a.s.l,, sc37698; northern slope, left side of the
valley across the road, ca. 3.2 km south-southeast of the dam, large open meadows, near snow
patches, on dry grass, 43.12494° N, 77.07485°E, 2255 m a.s.l,, 29 April 2025, sc37704; 43.12210°
N, 77.07536°E, 2279 ma.s.l, sc37706; 43.11986°N, 77.07563°E, 2298 m a.s.l., sc37691; northern
slope, left side of the valley across the road, ca. 4.2 km south-southeast of the dam, alpine mead-
ows with deep erosion depressions, near snow patches, on dry grass, 43.11854° N, 77.07418°
E, 2376 m a.s.l,, sc37707; 43.11504° N, 77.07335° E, 2434 m a.s.l, sc37725; northern slope, left
side of the valley across the road, ca. 2.8 km south-southeast of the dam, small open meadows
among open woodland of Picea schrenkiana Fisch. & C.A.Mey, near snow patches, on dry grass,
43.12800° N, 77.07323° E, 2195 m a.s.l,, sc37711; 43.12802° N, 77.07327° E, 2194 m a.s.l,
sc37712;43.12749° N, 77.07333°E, 2215 m a.s.l, sc37713; 43.12746° N, 77.07333°E, 2215 m
a.s.l,sc37715;43.12753°N,77.07327°E, 2231 ma.s.l, sc37716; 43.12748°N, 77.07332°E, 2207 m
a.s.l, sc37719;43.12508°N, 77.07415°E, 2247 m a.s.l, sc37721; 43.12484° N, 77.07457° E, 2237
m a.s.l,, sc37722; 43.12398° N, 77.07542° E, 2257 m a.s.l,, sc37724; 43.12802° N, 77.07334° E,
2201 ma.s.l,sc37728;43.12486° N, 77.07458°E, 2247 m a.s.l, sc37734; 43.12479° N, 77.07465°
E, 2253 m a.s.l,, sc37735; gentle southern slope above the upper cable car station, below the
summit of Shymbulak, near snow patches, on dry grass, 43.11718° N, 77.11378° E, 3169 m
a.s.l,, 30 April 2025, sc37753;43.11766° N, 77.11414° E, 3183 m a.s.l,, sc37755; steep southern
slope below the middle cable car station, near the upper forest limit, near snow patches, on dry
grass, 43.11979° N, 77.09930° E, 2802 m a.s.l,, sc37749; road from Shymbulak village, near the
tourist base, gentle western slopes, isolated snow patches in clearings of open woodland of Picea
schrenkiana, near snow patches, on dry grass, 43.11375° N, 77.07751° E, 2431 m a.s.l, 1 May
2025, sc37776; 43.11375° N, 77.07755° E, 2438 m a.s.l, sc37777; 43.11345° N, 77.07768° E,
2444 m a.s.l., sc37779; 43.11342° N, 77.07770° E, 2444 m a.s.l,, sc37781.
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Comparative analysis of morphological characters of nivicolous myxomycetes of the family Physaraceae in Katon-
Karagay and Ille-Alatau State National Nature Parks

Kazakhstan, East Kazakhstan Region, Katon-Karagay District, Katon-Karagay State Na-
tional Nature Park: descent along the Sarymsak River valley, middle part of the valley, near snow
patches, on dry grass, 49.11545° N, 85.66699° E, 1576 m a.s.l, 4 May 2025, leg. M. Schnittler
and O.N. Shchepin, sc37810; 49.11289° N, 85.66557° E, 1619 m a.s.l,, sc37796; 49.11158° N,
85.66478°E, 1621 ma.s.l, sc37805;49.11041° N, 85.66426°E, 1642 m a.s.l, sc37807; 49.11043°
N, 85.66413°E, 1646 m a.s.l,, sc37809; middle part of the valley, near snow patches, on dry grass,
49.10930° N, 85.66326°E, 1667 m a.s.l, 5 May 2025, sc37816; 49.10918° N, 85.66300° E, 1666
m a.s.l,, sc37822; 49.10811° N, 85.66252° E, 1686 m a.s.l., 7 May 2025, sc37853; ascent along
the Sarymsak River valley, upper part of the valley, near snow patches, on dry grass, 49.09338°
N, 85.65749° E, 1845 m a.s.l., 5 May 2025, sc37825; 49.09336° N, 85.65751° E, 1850 m a.s.l,
sc37826; 49.09337° N, 85.65761° E, 1842 m a.s.l,, sc37829.

This is a widespread nivicolous species, usually forming short, sinuous, irregularly shaped
plasmodiocarps, greyish-white due to abundant calcium carbonate. The morphological char-
acteristics of the specimens examined by us correspond to the protologue [26] (Fig. 1J-L). The
plasmodiocarps are variable in shape, confluent, but do not form distinctly sinuous structures;
individual fruiting bodies are slightly rounded-flattened, smooth, and, when fused, form broad
patches. The peridium is very thin and fragile, dehiscing irregularly and later partly disappearing.
A stalk is absent. The capillitium is reticulate, densely branched, physaroid, composed of white
calcareous nodes, angular or fusiform, connected by thin hyaline threads; sometimes, due to their
shortening, it becomes almost badhamioid in appearance. The spores are dark brown in mass,
pale violet-brown in transmitted light, (11.1-) 11.8-12.4 (-12.5) pm in diameter.

Physarum vernum is morphologically closest to Physarum nivale; however, it differs from
this species by the predominance of large, irregularly shaped plasmodiocarps closely appressed
to one another, a more physaroid capillitium with predominantly non-calcareous threads bearing
small angular or fusiform nodes, and paler spores.

The phylogenetic position of Ph. vernum remains unknown and requires further study,
but the two specimens (sc30257 and 30091) clustering with Physarum nivale in Garcia-Martin
[17] were now revised as Ph. nivale.

Table 1
Comparative table of morphological characters
. Badhamia . .
Species albescens Nannengaella alpestris | Physarum nivale Physarum vernum
predominantly
narrow, elongated
. - usually clustered,
sporangia, plasmodiocarps, sporocarps and short .
Type of h irregularly shaped
. usually clustered, | often curved, plasmodiocarps, .
fruiting . . . plasmodiocarps, more
. medium to very branched, sometimes medium to large :
bodies . o . rarely sessile sporocarps,
large colonies labyrinthiform; nearly | colonies . .
. often in large colonies
always with small
colonies
Stalk often short, weak | absent absent absent
Size of 0.3-1 mm wide, 0.3-
fruiting small to medium | 0.5 mm high, up to 40 small small to largg (0.4-0.8
. cm) plasmodiocarps
bodies mm long
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pale yellow,

Peridium golden, ochre- cream-}_/ellow, canary- greyish to whitish greyish to whitish
color yellow, ivory-colored
yellow
Peridial abundant, in lime forms a abundant, in irregular abundant, in irregular
calcification irregular patches | continuous dense crust | patches patches
well-developed,
convex, extending
Columella absent alopg the base (.)f the absent absent
entire plasmodiocarp,
white, yellow, or
cream-colored
reticulate, 'retlculate, badhamioid reticulate, physaroid, with
. . in the lower part and ) - . ;
physaroid, with . reticulate, badhamioid, | white fusiform or angular
- : physaroid above; . . .
Capillitium yellow fusiform ) with large branching lime nodes connected
. nodes yellowish, large o ) .
or angular lime white lime nodes by thin hyaline threads;
and angular or small o
nodes . locally almost badhamioid
and fusiform
dark brown in moderately dark to dark
mass, violet- . dark brown in mass violet-brown; spores 9.4-
. dark brown in mass, . . N .
brown in . and in transmitted 18.1 um in diameter, with
. . pale violet-brown . i . .
transmitted light, | . . . light, finely and evenly | variable ornamentation;
Spores in transmitted light, . .
evenly verrucose, (11.1-) 11.8-12.4 verrucose, (11.0-) specimens corresponding
(10.4-) 11.2-12.5 (_1'2 5) m in di.ameter 11.7-13.1 (-13.9) umin | to f. parvisporum have
(-13.1) umin I diameter spores 11-12 pym in
diameter diameter.
Discussion

During the study conducted in Katon-Karagay and Ile-Alatau State National Nature Parks,
four nivicolous species of the family Physaraceae were recorded out of the seven known to science:
Badhamia albescens, Nannengaella alpestris, Physarum nivale, and Physarum vernum. Two of
these species (Physarum nivale and Nannengaella alpestris) are new records for Kazakhstan,
while the other two (Badhamia albescens and Physarum vernum) were recently published
as new records for the country [13]. The remaining species, Nannengaella alpina (Meyl.) ].M.
Garcia-Martin, J.C. Zamora & Lado (= Physarum alpinum Meyl.), Craterium andinum (Meyl.) ].M.
Garcia-Martin, J.C. Zamora & Lado (= Physarum andinum Meyl.), and Badhamia alpina G. Lister,
were not found during the present study.

The examined specimens of Nannengaella alpestris, Physarum nivale, and Ph. vernum
possess sets of characters typical of these species and fully correspond to their protologues. This
result demonstrates the stability of diagnostically important morphological characters known
for these species. At the same time, the specimen of Badhamia albescens found in Katon-Karagay
National Nature Park in 2025 differs both from the specimens found in Ile-Alatau National Na-
ture Park in 2013 [13] and from the classical forms of B. albescens known from the mountain
systems of Europe and North America [18]. These differences are substantial enough to suggest
that some specimens from Kazakhstan may belong to a species of Badhamia unknown to science,
close to the heterogeneous species complex of B. albescens.

The differences revealed among the studied taxa confirm the particular diagnostic value of
several morphological characters for distinguishing nivicolous species of the family Physaraceae.
The most informative characters for species delimitation are the type and shape of the fruiting
body, the presence of a stalk, the pattern of lime distribution in the peridium and its color, as well
as the degree of calcification and color of the capillitium. However, as the latter two characters
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Comparative analysis of morphological characters of nivicolous myxomycetes of the family Physaraceae in Katon-
Karagay and Ille-Alatau State National Nature Parks

are connected to lime deposition, which may be completely absent under suboptimal conditions,
they are not well pronounced in all specimens. All these characters have also previously been
considered as key for the diagnosis of representatives of Physaraceae [17,27].

Comparison of the obtained data with current taxonomic concepts shows that classical
morphological characters of myxomycetes require careful interpretation because of frequent cases
of convergent evolution [28-30]. The transfer of Physarum albescens to the genus Badhamia and
Physarum alpestre to the genus Nannengaella confirms that the traditional broad concept of the
genus Physarum does not fully reflect the real phylogenetic relationships within Physaraceae [17].
Therefore, similar morphological characters in nivicolous species may be associated not only with
phylogenetic relatedness, but also with convergent adaptation to similar ecological conditions.

For Kazakhstan, such studies are of particular importance, since nivicolous myxomycetes
of the country’s high-mountain regions remain insufficiently studied. The results of the present
work add to the knowledge of the morphological diversity of representatives of Physaraceae in
the mountain ecosystems of Eastern and South-Eastern Kazakhstan. In addition, the detection of
a potentially new species within the Badhamia albescens complex confirms the high taxonomic
potential of the region and the need for further research.

Thus, the comparative analysis showed that morphological characters remain an im-
portant tool for diagnosing nivicolous representatives of Physaraceae; however, they should be
considered together with modern molecular phylogenetic data [30]. The main conclusion of the
study is that the examined taxa have stable morphological differences that allow species to be
distinguished and their taxonomic position to be clarified.

Conclusion

The system of the family Physaraceae is currently undergoing rapid revision. Multigene
phylogenetic data have already shown that the traditional broad concept of the genus Physarum
does not reflect natural evolutionary relationships, and that a considerable proportion of
nivicolous species have been or will be reassigned to other genera. Nevertheless, the morphological
differences among the nivicolous taxa considered here generally retain their high diagnostic
value and allow them to be reliably distinguished through careful analysis of the fruiting bodies,
as well as enabling the detection of species potentially new to science.

The results of this study confirm the promise of further research on nivicolous myxomycetes
in Kazakhstan, especially when using an integrated approach combining morphological and
molecular genetic methods.
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KaToHkaparau >xoHe Li1e-As1aTaybl MeMJIEKETTIK Y/ITTbIK TAOMFU NapKTepi
aymaKrTapbiHAarbl Physaraceae TyKbIMacbiHa »KaTaThIH HUBAJIbJbl MUKCOMHULIETTEP/AIH,
MOP$OJIOTUSAIBIK GeJrijiepiHe ca/IbICTbIPMAJIbI Tajaay

K. Asupaxmert?, O. lllenuH 2, M. lllauTTaep3, I. AiiHarynoBa4, P. Bepcum6aii*>s

L4 5)Kacywanvik 6u0a02us HeaHe 6UOMeXHOA02US uHcmumymbl, JLH. ['ymuiee amuiHdarbl
Eypasusi yrmmuik yHueepcumemi, Acmana, Kazakcmad.
23 BomaHuka xaHe aandwagdm skonoz2usacel uHcmumymul, [patihceanso ynusepcumemi,
3oabdmaHHwmpacce keweci, 15, 17489 I'paiigpceanvd, [epmaHusi.

Avpaarna. bys 3eptTeyae KatoHKapaFai koHe lne-AsiaTaybl MEMJIEKETTIK YJITTHIK,
TabUFY NMapKTepi ayMaFblH/AA aHbIKTalafaH Physarum Pers. TybICblHA aTaTblH HUBAJIb/Ibl
MUKCOMULETTEP/iH MOPPOJOTUSIBIK berisiepiHe casblCThipMaibl Taaay Kyprisiiji. JyMbICThIH,
MaKCaThbl - MOPGOJIOTUSJIBIK YKCACTBIFbI >)KOFAPbl )K9HE TYKbIMACTbIH TAKCOHOMHUSIJIbIK KalTa
KapaJiybl KaJIFachlIl )KaTKaH »aF/laii/ja HUBaJb/bl TAKCOHAAP/ bl aXKbIpaTyFa MYMKIH/IiK 6epeTiH
JIMarHOCTUKAJIbIK MaHbI3/bl OeJrijiep/ii aHbIKTay. 3epTTey MaTepuasbl 2025 xKblI/IbIH KOKTEMiH/E
[Ibirbic )xoHe OHTYCTiK-LIbIFbIc Ka3aKcTaHHBIH O6UiK Tay/bl aMaKTapbiH/a KapAbIH 6eceH i
epy Ke3eHiH/ie, TeHi3 JeHreineH 1570-3180 M 6uikTiKTe *kMHa/1/bl. 2KapbIK MUKPOCKOMHUSICHI
aJliciMeH 56 yurire MopQdoJIOTUAIBIK 3epTTey KYprisiin, cnopokapnTapAblH, IePUAUN/IH,
KaWJUTUIUH i H, KOJIyMeJIJIaHbIH )KoHe Criopasiap/iblH 6esrisiepiHe epekiiie Ha3ap ayAapblaabl.
HuBasib/ibl MUKCOMUILETTEPAIH TOPT TaKCOHbI aHbIKTabl: Badhamia albescens (Ellis ex T. Macbr.)
J.M. Garcia-Martin, ].C. Zamora & Lado, Nannengaella alpestris (Mitchel, S.W. Chapm. & M.L. Farr)
J.M. Garcia-Martin, J.C. Zamora & Lado, Physarum nivale (Meyl.) Mar. Mey. & Poulain *xaHe Physarum
vernum Sommerf. EH ken ke3aeckeH Typ Ph. vernum 6oabl1 (45 yuri), an N. alpestris, Ph. nivale
*koHe B. albescens colikeciHlie 6, 4 xoHe 1 yariMeH ycbIHbLIABL. EH MaHbI3/1bl AUATrHOCTUKAJBIK
GeJirijiep peTiHje eMicTi AeHesep/liH, TUII MeH MilliHi, agKIIacbIHbIH, 60Jybl, TepUUNA MeH
KaNWJIMLUKIH 9KTEHY [l]9peXeci MeH CUNaThl, KOJyMeJlJIaHbIH 60J1ybl MeH MOPQOJIOTUSACHI,
COH/laii-aK Criopasiap/AblH MeJiliepi MeH OpHaMeHTalUsAChl aHbIKTaAAbL. N. alpestris, Ph. nivale xxaHe
Ph. vernum yarinepi xasnbl aJifaH/a e3/iepiHiH 6acTanKbl CHaTTaMaJlapblHa COMKeC KeJiei, a
B. albescens TypiHiH Kelb6ip Ka3aKCTaH/bIK y/rijepi adlTap/blKTak alblpMallblIbIKTAp KOPCETill,
eHip/ie 9Jli cUlIaTTa/IMaFaH »aKbIH TybICTaC TaKCOHZAP/bIH 60JIybl MYMKIiH €KeHiH KepceTe/,.
AJNbIHFaH HOTHXKeJiep HUBaJIb/bl Physarum ekinjepi yiiH MOpdoIorUsiIbIK OeriepAiH *oFaphbl
JIMarHOCTUKAJIbIK, MaHbI3bIH pacTan/bl xkoHe KazakcTaHjaFbl KellleH[i MOPPOJIOTHSJIBIK 9pi
MOJIEKYJIAJIbIK 3epTTeyJIep/iH 6oJaliaFbl 30p €EKeHiH KepceTes.

TyiiiH ce3aep: MopoIOTUsIbIK TaAay, OUiK Tay/bl 3KOXKYHeaep, KazakcTaH, TAKCOHOMMUS,
JIMarHOCTUKAJIBIK, 6eJrijiep, copasapAblH OpHaMeHTAaLUsIChl
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Comparative analysis of morphological characters of nivicolous myxomycetes of the family Physaraceae in Katon-
Karagay and Ille-Alatau State National Nature Parks

CpaBHHTe/IbHBINM aHAJIU3 MOP(PO/I0rHYeCKUX NPU3HAKOB HUBAJIbHbIX MUKCOMUILLETOB
cemenicTrBa Physaraceae Ha Tepputopusax Katon-Kaparaiickoro u Uie-Anarayckoro
rocyfapCTBEHHbIX HALLMOHAJ/IBHBIX IPUPOAHBIX IAPKOB

K. Asupaxmert?, O. lllenuH 2, M. lllnuTtTAep3, [. AlHarynoBa4, P. Bepcumo6an™>s

145 HHcmumym K/iemo4HoU 6uo/102uu U 6uomexHoao2uu, kagedpa obujeli buoro2uu
u 2zeHomuku, Eepasulickuli HaUuoOHAa/IbHbIU yHUBepcumem
umeHu JI.H. 'ymunesa, AcmaHa, Kazaxcmad.
2,3 UHcmumym 6omaHuku u saHdwagmHotu akoaozuu, I'patigpceanbickuil yHusepcumem, ya.
3oabdmanHwmpacce 15, 17489 I'patigpcsanvo, [epmaHusi.

AHHOTanus. B HacTos1eM Hcc/ieJOBAHUM NIpe/iCTaB/eH CPaBHUTENbHbIA aHAIU3
MOPOJIOrHYECKUX TPU3HAKOB HUBAJIbHBIX MUKCOMUIETOB poza Physarum Pers., BbISIBJIEHHBIX
Ha Tepputopuu KatoH-Kaparanckoro u Uie-Anatayckoro rocyapCTBEHHbIX HallUOHAIbHbIX
NPUPOJHBbIX NapKOB. Llesibio paboThl SABJAJIOCH BbISIBJIEHUE JJUArHOCTHUYECKH 3HAYUMbIX
NPU3HAKOB, MO3BOJISIOUIUX PA3rPAaHUYMBATh HUBAaJIbHbIE TAKCOHBI B YCJIOBUSX BbICOKOU
MOpPQOJIOTUUECKON CXOAHOCTU U MPO/I0/KAOIENCS TAKCOHOMUYECKON PEBU3UU CEMENCTRBA.
MaTepuas 6611 cobpaH BecHo# 2025 rosia B nepro/; akTUBHOI'O CHETOTAsIHUS B BbICOKOTOPHBIX
paiioHax BoctouyHoro u l0ro-Boctounoro Kaszaxcrana Ha BeicoTax 1570-3180 M Hajy ypoBHEM
Mops. Mopdosiorndeckoe uccieoBaive 56 06pas1oB NPOBeEHO C UCII0JIb30BAaHUEM CBETOBOU
MUKPOCKOIIUM C aKL|eHTOM Ha M3y4YeHHe NPU3HAKOB CIIOPOKAPIOB, NepUAUs], KalUJIULHUS,
KOJIyMeJIJIbl U cop. BeisiBjieHO yeTbipe HUBa/bHBbIX TakcoHa: Badhamia albescens (Ellis ex T.
Macbr.) ].M. Garcia-Martin, ].C. Zamora & Lado, Nannengaella alpestris (Mitchel, S.W. Chapm. &
M.L. Farr) ]J.M. Garcia-Martin, J.C. Zamora & Lado, Physarum nivale (Meyl.) Mar. Mey. & Poulain
u Physarum vernum Sommerf. Hau6oJiee MHOro4HC/I€HHBIM BHUI0OM OKasaJjics Ph. vernum (45
06pas1oB), Toraa Kak N. alpestris, Ph. nivale v B. albescens 6b11v IpeiCTaBJIEHbl COOTBETCTBEHHO
6,4 u 1 o6pasyom. Hanbosiee tHGOPMAaTUBHBIMU JJUATHOCTUYECKMMHU IPU3HAKAMH 0Ka3a/IMCh
TUI U GopMa MJIOA0BBIX TeJl, HAIMYKEe HOXKKH, CTENeHb U XapaKTep 06bI3BECTBJIEHUS IEPUAUS
Y KallWJIJIMLIMSA, HAJIMYMe U MOpOJIOTHs KOJIyMeJlJIbl, a TAKXKe pa3Mepbl U OpHaMeHTal s CIop.
O6pa3zurl N. alpestris, Ph. nivale v Ph. vernum B 11€JIOM COOTBETCTBYIOT CBOUM IPOTOJIOTAM,
TOT/la KaK HEKOTOpble Ka3axCTaHCKUe 06pa3iibl B. albescens JeMOHCTPUPYIOT 3aMeTHbIE
OTJINYMS, YKa3bIBaKOI[Ke Ha BO3MOXKHOE IPUCYTCTBUE B PETMOHE 6JIM3KOPO/ICTBEHHDIX, €1é He
ONMMUCAHHBIX TAKCOHOB. [lo/Ty4yeHHblIe pe3y ibTaThbl IOJTBEPKAAIOT BbICOKYIO JUAaTHOCTUYECKYIO
[eHHOCTb MOP(}OJIOTUYECKUX MPU3HAKOB /IJIsI HUBAJIbHbBIX NpeJcTaBUTeN el posa Physarum
Y NOJAYEPKUBAKT MEPCNEKTUBHOCTh KOMIIJIEKCHBIX MOP)OJOTUUYECKUX U MOJIEKYISPHBIX
ucciaesoBanui B KazaxcraHe.

KiroueBblie c1oBa: Mopdos1oruiecKril aHa/in3, BbICOKOTOpPHbIe 3KOCUCTeMbl, KazaxcTaH,
TaKCOHOMHUS, IUAaTHOCTUYECKHE IPU3HAKH, OPHAMEHTALUs CIIoP

ABTOpJ1ap Typasibl M3JIiIMeET:

A3upaxmem KaHcas CyaeiliMeHKbI3bl - YKapaTbIbICTAaHY FbLIbIMJAPbIHbIH, MAarucTpi,
acymanbiK 6M0J10THS KIHE OUOTEXHOJIOTUS UHCTUTYThI 3€PTXaHAChIHbIH, FhIJIBIMU KbI3METKEPI,
KaxxbimyKaH keueci, 13, 010000, Actana, KasakcraH.

llenuHn Onez Hukosae8u4 - 610J10TUS FbIIBIMJAPbIHbIH, KaHAUAAThI, ['palidcBanbj
YHUBEPCUTETIHIH boTaHKKa XoHe JJaH AP TThIK 3KOJIOTHSI UHCTUTYThIHBIH, FbIJIBIMU KbI3METKEPI,
3osbAMaHHIITpacce Keuieci, 15, 17487, 'paitdcBanba, [epmanus.
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lactic acid bacteria from camel milk cheese for starter
culture development

A. A. Utebaeval®, E. A. Gabrilyants2*%, Zh. A. Abish3%, A. A. Ablash*

1234 M. Auezov South Kazakhstan University, Shymkent, Kazakhstan

E-mail:'aidana.utebaeva@gmail.com, “*gabrilyants@mail.ru,
3abish.zhansaya95@mail.ru, *aikosha_1999@inbox.ru

Abstract. Camel milk represents a promising raw material for
cheesemaking due to its high nutritional value; however, its processing
is constrained by slow acidification kinetics and specific protein com-
position, which limit the effectiveness of conventional starter cultures
developed for cow milk. This study aimed to isolate and characterize
autochthonous lactic acid bacteria (LAB) from camel milk cheese and to
evaluate their technological properties as potential candidates for starter
culture development. Microorganisms were isolated by cultivation on
selective media followed by purification. Preliminary characterization
was performed based on morphological, gram-staining, and cultural
characteristics, and taxonomic identification was subsequently confirmed
by 16S rRNA gene sequence analysis. Acidification capacity was assessed
through pH reduction and titratable acidity, while inhibitory activity of
cell-free culture supernatants was evaluated against selected test cultures.
Three LAB strains were isolated and identified as Lactiplantibacillus sp.,
Leuconostoc mesenteroides, and Streptococcus thermophilus. All isolates
were gram-positive and demonstrated pronounced acid-producing ac-
tivity during 48 h of incubation. Streptococcus thermophilus exhibited
the highest fermentative activity, reaching pH 3.9 and titratable acidity
of 120°T. Selective inhibitory activity was observed against Salmonella
enteritidis, whereas no inhibitory activity was detected toward Staphylo-
coccus aureus and Escherichia coli. The results indicate that autochthonous
LAB isolated from camel milk cheese possess significant technological
potential and may represent promising candidates for the future devel-
opment of specialized starter cultures. Further studies on their safety,
functional characteristics, and technological performance are required
before practical application in camel milk cheesemaking.

Keywords: camel milk cheese, lactic acid bacteria, autochthonous
strains, morphology, antagonistic properties
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Introduction

In recent years, there has been a steady increase in scientific and practical interest in
camel milk as an alternative dairy product with distinctive physico-chemical and technological
properties. Compared to cow’s milk, camel milk is characterized by a different protein profile,
higher buffering capacity, and slower acidification kinetics, which substantially affect coagulation
processes and cheese structure formation [1-4]. These features limit the effectiveness of stand-
ard starter cultures developed for cow’s milk and necessitate the development of specialized
biotechnological solutions for camel milk processing.

A promising strategy involves the use of autochthonous lactic acid bacteria that constitute
the natural microbiocenosis of camel milk and traditional fermented products derived from it.
Previous studies have demonstrated that indigenous strains belonging to the genera Lactiplan-
tibacillus, Lactococcus, Leuconostoc, Enterococcus, and Streptococcus exhibit high acidification
activity, adaptation to the specific milk matrix, and antagonistic properties against undesirable
microflora [5-8]. The application of such microorganisms as starter or adjunct cultures con-
tributes to increased product yield, improved microbiological stability, and the development of
characteristic flavor and aroma profiles in cheeses [9, 10].

This line of research is particularly relevant for the Republic of Kazakhstan, where camel
husbandry and the production of traditional camel milk products are predominantly carried out
within localized microbiological ecosystems. Despite the availability of isolated studies on the
microflora of camel milk, systematic information on technologically significant autochthonous
strains isolated from locally produced cheeses remains limited. Globally, commercial starter
cultures adapted to cow’s milk are still predominantly used in camel milk cheese production,
which does not allow full exploitation of the regional microbiota potential [4, 11-13].

The investigation of autochthonous lactic acid bacteria is of considerable scientific and
practical importance, as it expands current knowledge of LAB biodiversity in non-bovine dairy
systems and facilitates the identification of strains with desirable technological properties for
dairy fermentation. Such studies provide a scientific basis for the future development of spe-
cialized starter cultures adapted to the unique physicochemical characteristics of camel milk
cheesemaking [7, 14].

Therefore, the aim of the present study was to isolate and characterize autochthonous
lactic acid bacteria from camel milk cheese and to evaluate their technological properties, in-
cluding acidification capacity and inhibitory activity, as a preliminary step toward the selection
of potential starter culture candidates.

Materials and research methods

Study object and sample preparation

Cheese produced from raw camel milk (Camelus dromedarius) collected in the Turkestan
region of the Republic of Kazakhstan was used as the study material. Fresh milk was processed
without thermal treatment using a traditional cheesemaking procedure without the addition of
starter cultures. The obtained cheese samples were stored at 12 °C and 95% relative humidity
for 3 days prior to microbiological analysis.

Isolation and preliminary characterization of lactic acid bacteria

Lactic acid bacteria (LAB) were isolated using the standard serial dilution plating technique
on de Man-Rogosa-Sharpe (MRS) agar (Condalab, Spain). Cheese samples (10 g) were homoge-
nized in sterile distilled water, serially diluted up to 10-’, and 0.1 mL aliquots were spread onto
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MRS agar plates. Incubation was carried out aerobically at 37 °C for 48 h. Colonies exhibiting
typical LAB morphology were counted and selected. All experiments were performed in duplicate.

Presumptive LAB isolates were identified based on Gram staining and catalase activity.
Gram-positive, catalase-negative colonies were purified by repeated streaking on MRS agar and
incubated at 37 °C for 48 h. Cell morphology was examined microscopically after methylene
blue staining.

16S rRNA

The taxonomic classification of the bacterial strains was determined based on 16S rRNA
gene sequencing using the Sanger method. Sequencing of bacterial 16S rRNA gene fragments
was performed on a 3500 DNA Analyzer (Applied Biosystems, USA) using the Big Dye Termina-
tor v3.1 Cycle Sequencing Kit (Applied Biosystems, USA) in accordance with the manufacturer’s
protocol [BigDye® Terminator v3.1 Cycle Sequencing Kit Protocol, Applied Biosystems, USA].

Phylogenetic analysis was performed using MEGA 6 software.

Assessment of milk coagulation and acidification activity

Milk coagulation ability was evaluated by inoculating purified LAB isolates into commer-
cially available sterile cow milk “Lactel” (1.5% fat content), followed by incubation at 37 °C for
48 h. Coagulum formation was visually assessed.

Acidifying ability of the strains during cultivation in growth medium.The pH and titrated
acidity (°T) values were determined in bacterial cultures grown in MRS broth (Condalab, Spain)
at 0, 24, and 48 h of incubation.

Evaluation of inhibitory activity

Inhibitory activity of cell-free supernatants of lactic acid bacteria was assessed using the
agar well diffusion method against Salmonella enteritidis, Staphylococcus aureus, and Escherichia
coli. Indicator strains were cultured on meat-peptone agar. Cell-free supernatants of LAB cul-
tures were introduced into agar wells, and plates were incubated under appropriate conditions.
Inhibition zones were measured in millimeters to quantify antimicrobial activity.

Statistical analysis

All experiments were performed in duplicate, and results are presented as mean # stand-
ard deviation. Data processing was carried out using standard descriptive statistical methods.

Results

Microbial growth was observed in the first four decimal dilutions following incubation at
37 °C (Figure 1), indicating high viability of the microflora in the analyzed sample. Confluent and
semi-confluent growth was recorded in the 10-*-10-? dilutions, reflecting a high concentration of
microbial cells in the original product. Clearly isolated colonies suitable for subsequent isolation
and identification were formed at the 10-3-10-* dilutions, whereas at higher dilutions (10-°-10-7)
microbial growth was markedly reduced or absent.
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Figure 1. Microbial growth of camel milk cheese samples at 10-* dilution after incubation
at 37 °C for 48 h.

The colonies were predominantly circular in shape, with smooth margins and a matte or
slightly glossy surface (Figure 2), which is characteristic of lactic acid bacteria.

Figure 2. Colony morphology of the isolated lactic acid bacteria

Three bacterial isolates were obtained through microbiological analysis, all of which were
Gram-positive and catalase-negative. Microscopic observation revealed cells with both rod-shaped
and coccoid morphologies. Based on preliminary identification, the isolates were assigned to
Lactiplantibacillus sp., Leuconostoc mesenteroides, and Streptococcus thermophilus (Table 1).
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Table 1
Colony and cell morphology
Strain desig- Isolates under oil immersion, Gram Catalase Colony mor- Species name
nation 10x100 magnification reaction phology
LAB-1 Gram-pos- | Negative White, convex, | Lactiplantibacillus sp.
itive 2-3 mm in di-
ameter.
Caused milk co-
agulation.
3 x 107 CFU /
mL.
LAB-2 Gram-pos- | Negative White, small, 1 | Leuconostoc mesen-
itive mm in diameter. | teroides
Caused milk co-
agulation.
1 x 107 CFU /
mL.
LAB-3 Gram-pos- | Negative Beige to translu- | Streptococcus thermo-
itive cent, pinpoint. | philus
Caused milk co-
agulation.
7 x 107 CFU /mL

All isolated strains were capable of fermenting milk, with viable cell counts ranging from
1x107 to 7 x 107 CFU/mL.

The results of the acidifying ability assessment are presented in Table 2. All strains demon-
strated a significant decrease in pH and an increase in titratable acidity over 48 incubation in
cow milk.

The taxonomic classification of the isolated lactic acid bacteria was confirmed using a
molecular genetic method based on the analysis of 16S rRNA gene nucleotide sequences. For
isolate C1, comparative analysis of the 16S rRNA gene sequence revealed 100.00% homology
with representatives of the genus Lactiplantibacillus sp. Isolate C2 was identified as Leuconostoc
mesenteroides. Comparative analysis of the 16S rRNA gene nucleotide sequence revealed 100.00%
similarity with the reference strain Leuconostoc mesenteroides ATCC 8293 (NR_074957.1). For
isolate C3F, analysis of the 16S rRNA gene sequence showed the highest similarity to the reference
strain Streptococcus thermophilus DSM 20617 (NR_118998.1). The homology level was 99.31%.

Phylogenetic analysis based on 16S rRNA gene sequences confirmed the taxonomic posi-
tion of the isolates (Figure 3).
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NR 104573.1:27-719 Lactiplantibacillus plantarum strain CIP 103151
NR 117813.1:23-715 Lactiplantibacillus plantarum strain JCM 1149
NR 028133.1:34-726 Lactiplantibacillus pentosus strain 124-2
oct
NR 042394.1:27-719 Lactiplantibacillus plantarum strain NRRL B-14768
NR 179291.1:1-693 Lactiplantibacillus songbeiensis strain 398-2
NR 116854.1:36-728 Levilactobacillus koreensis JCM 16448 strain DCY50
NR 179359.1:6-673 Secundilactobacillus yichangensis strain F79-211-2
NR 037082.1:88-730 Enterococcus hirae strain R
NR 118556.1 Klebsiella aerogenes strain ATCC 13048

C1 - The degree of homology with the closest Lactiplantibacillus sp. strains was 100.00%.

NR 104573.1:27-719 Lactiplantibacillus plantarum strain CIP 103151
NR 117813.1:23-715 Lactiplantibacillus plantarum strain JCM 1149
NR 029133.1:34-726 Lactiplantibacillus pentosus strain 124-2
L Jo
NR 042394.1:27-719 Lactiplantibacillus plantarum strain NRRL B-14768
NR 179291.1:1-693 Lactiplantibacillus songbeiensis strain 398-2
NR 116854.1:36-728 Levilactobacillus koreensis JCM 16448 strain DCY50
NR 179359.1:6-673 Secundilactobacillus yichangensis strain F79-211-2
NR 037082.1:88-730 Enterococcus hirae strain R
NR 118556.1 Klebsiella aerogenes strain ATCC 13048

|
0.05

C2 - The degree of homology with the closest strain, NR 074957.1:63-798 Leuconostoc
mesenteroides strain ATCC 8293, was 100.00%.
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NR 042778.1:221-801 Streptococcus thermophilus strain ATCC 19258

NR 118998.1:216-796 Streptococcus thermophilus strain DSM 20617

®cs

NR 042776.1:221-801 Streptococcus salivarius strain ATCC 7073

NR 042777.1:221-800 Streptococcus vestibularis ATCC 49124

NR 109371.1:226-804 Streptococcus troglodytidis strain M09-11185

NR 181935.1:233-811 Streptococcus oriscaviae strain HKU75

L 30 NR 171502.1:186-757 Streptococcus chenjunshii strain Z15
NR 116205.1:120-699 Streptococcus gordonii strain ATCC 10558

NR 157742.1:230-804 Bacillus wudalianchiensis strain FJAT-27215

NR 118556.1 Klebsiella aerogenes strain ATCC 13048

0.05

C3 - The degree of homology with the closest relative, Streptococcus thermophilus strain
DSM 20617 (NR 118998.1:216-796), was 99.31%.
Figure 3 Phylogenetic tree based on 16S rRNA gene sequences

Phylogenetic analysis revealed that isolates C1, C2, and C3 clustered within distinct and
well-supported clades corresponding to the genera Lactiplantibacillus, Leuconostoc, and Strep-
tococcus, respectively. The constructed phylogenetic tree confirmed their taxonomic placement
and demonstrated clear separation from related reference strains, with bootstrap support values
indicating reliable clustering.

Table 2
Acidifying ability of the strains during cultivation in growth medium
No. Isolates pH Titratable acidity (°T)
0h 24h 48 h 0h 24h 48h

Lactiplantibacillus sp. | 5.10+0.05 4.40+£0.04 4.00+0.03 58.00+0.05 70.00+0.50 | 85.00+0.50
2 Leuconostoc mesen- 4.91+0.06 4.20+0.05 3.90+0.04 67.00+£0.05 80.00+0.60 | 100.00+£0.50
teroides

3 | Streptococcus thermo- | 4.83+0.04 4.10+0.03 3.90+0.03 91.00+0.04 105.00£0.90 | 120.00+0.50
philus

Lactiplantibacillus sp. decreased the pH from 5.10 + 0.05 to 4.00 + 0.03, accompanied by
an increase in titratable acidity from 58.00 * 0.05 to 85.00 * 0.50 °T. Leuconostoc mesenteroides
reached a final pH of 3.90 + 0.04 with a titratable acidity of 100.00 + 0.50 °T. The highest acid-
ifying ability was observed in Streptococcus thermophilus, which after 48 hours exhibited a pH
of 3.90 £ 0.03 and titratable acidity of 120.00 + 0.50 °T.

The results of the inhibitory activity of cell-free supernatants of lactic acid bacteria are
presented in Table 3 and Figure 4.
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Table 3
Inhibition zones (mm) produced by cell-free supernatants of LAB isolates
(agar well diffusion assay)

No. Isolates Salmonella enteritidis NT, Staphylococcus aureus Escherichia coli NT,
mm 16, mm mm
Lactiplantibacillus sp. 21.0£2.0 <1 <1
Leuconostoc mesen- 17.3+£0.7 <1 <1
teroides
3 Streptococcus thermo- 20.5+0.5 <1 <1
philus

Figure 4. Inhibition zones produced by cell-free supernatants of isolated lactic acid bac-
teria against indicator test cultures using agar well diffusion assay.

All tested cell-free supernatants showed inhibitory activity against Salmonella enteritidis
NT, with inhibition zones ranging from 17 to 21 mm depending on the isolate. No consistent in-
hibition was observed against Staphylococcus aureus or Escherichia coli under the experimental
conditions used.

No further interpretation regarding the mechanism of inhibition can be made in the absence
of neutralized, heat-treated, or enzyme-treated supernatant controls; therefore, the observed
effects are reported strictly as inhibitory activity of crude culture supernatants.

Discussion

The results of this study confirm the dominance of lactic acid bacteria (LAB) in the mi-
crobial community of camel milk cheese, in agreement with current concepts of spontaneous
fermentation in traditional dairy products. Previous metagenomic and culture-dependent stud-
ies have reported the frequent occurrence of LAB belonging to the genera Lactiplantibacillus
sp., Leuconostoc mesenteroides, and Streptococcus thermophilus in fermented dairy matrices,
including camel milk and other animal-derived products [15, 16]. These findings align with
previous reports identifying these species as dominant members of LAB communities during
dairy fermentation [17, 18].
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It should be noted that the diversity of LAB in camel milk products is highly variable and
depends on geographic origin, raw material quality, and fermentation conditions. In addition to the
dominant genera identified in this study, other LAB such as Lentilactobacillus kefiri, Lactobacillus
kefiranofaciens, and Bifidobacterium spp. have been reported in fermented camel milk products
(shubat), highlighting the complexity of these microbial ecosystems [19]. This emphasizes the
need for in-depth strain-level and molecular approaches for comprehensive characterization of
camel milk microbiota.[20].

L. plantarum displayed high adaptability to non-standard dairy matrices and contributed
to flavor and texture development through proteolytic and aroma-forming activities [21, 22]. In
the present study, all isolates demonstrated acidification ability in a MRS broth. The observed
increase in titratable acidity from 58 *+ 0.05°T to 85 * 0.5°T over 48 h, which is comparable to
reported values (~75-90°T) in milk fermented with L. plantarum and related LAB, reflecting
efficient lactose metabolism and acid production [23,24]. This proteolytic activity supports the
generation of bioactive peptides, including potential ACE-inhibitory compounds, indicating the
functional food potential of camel milk cheeses [25, 26]. However, due to the use of cow milk as
a model substrate, direct extrapolation of these results to camel milk fermentation systems is
not possible.

The acidifying capacity of S. thermophilus (final pH 3.9 £ 0.03 and titratable acidity
120 £+ 0.5°T after 48 h) is consistent with previous studies reporting pH values of 4.2-4.6 and
titratable acidity between 77 and 104°T within 24 h of fermentation in similar dairy systems
[17,27]. These results demonstrate robust metabolic activity of S. thermophilus in camel milk,
despite the inhibitory components present in this matrix.

The roles of L. mesenteroides and L. plantarum as adjunct cultures enhancing flavor and
bioactive compound formation are well documented. These species contribute to diacetyl, organic
acid, and volatile metabolite production [19,25]. However, functional profiles vary considerably
between strains, affecting flavor metabolite synthesis, exopolysaccharide production, and anti-
oxidant capacity [19].

All LAB isolates inhibited Salmonella enteritidis, forming growth inhibition zones of
17-23 mm, comparable to previously reported ranges of 7-22 mm in LAB from camel milk [28].
In contrast, no inhibition was observed against Staphylococcus aureus and Escherichia coli, re-
flecting strain- and species-specific antimicrobial properties and medium-dependent effects, as
reported in prior studies [21,23,28]. The antimicrobial activity of LAB is generally associated
with the production of organic acids, hydrogen peroxide, bacteriocins, and other antimicrobial
metabolites, although the contribution of individual factors varies among strains and target mi-
croorganisms [17,27]. Since neutralized, heat-treated, and enzyme-treated supernatants were
not included in the present study, the observed inhibitory activity cannot be attributed to any
specific antimicrobial mechanism or metabolite. The selective inhibition pattern observed may
reflect differences in the susceptibility of the indicator microorganisms as well as the physico-
chemical properties of crude culture supernatants and the limitations of agar diffusion assays.

Recent research also emphasizes that functional properties of LAB - including antioxidant
activity, stress tolerance, and probiotic potential - differ significantly among strains, which is cru-
cial when selecting starter cultures for targeted technological and functional traits in fermented
products [17,19]. Overall, these findings support the use of autochthonous LAB for developing
starter cultures adapted to the protein composition and physicochemical properties of camel
milk [29]. Industrial applications should involve further strain-level characterization, including
evaluation of probiotic properties, bacteriocin production, and bioactive peptide synthesis, to
ensure product safety and fermentation stability [23,25,30].
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Conclusion

In this study, autochthonous isolates of lactic acid bacteria were isolated and character-
ized from cheese produced from camel milk. Based on 16S rRNA gene sequence analysis, the
Lactiplantibacillus sp., Leuconostoc mesenteroides, and Streptococcus thermophilus. All strains
demonstrated the ability to coagulate milk and exhibited pronounced acidification activity, with
S. thermophilus showing the highest acidification capacity under the conditions tested. In addi-
tion, the cell-free culture supernatants inhibited the growth of Salmonella enteritidis, while no
inhibitory activity was detected against Staphylococcus aureus or Escherichia coli.

The obtained results indicate that the isolated autochthonous LAB possess technological
properties relevant to dairy fermentation and are promising candidates for the future develop-
ment of specialized starter cultures for traditional and artisanal camel milk cheese production.
Nevertheless, further investigations, including comprehensive safety assessment, detailed tech-
nological characterization, and validation in camel milk fermentation systems, are necessary
before their industrial application.
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Tyiie cyTiHeH »KacasiFaH ipiMIIIKTeH aBTOXTOH/bI CYTKbIIIKbIJIAbI
6aKTepHUsIapAbl 66JIiN a1y »KoHe 0JIapAbl apHAaWbl AIIBITKbI JaKbl/1JapPblH
asipJieyje KOJ1JaHy MYMKIHAIKTepiH cunaTray

A. A.YTe6aeBal, E. A. la6pwasHn*2, K. 9. 96im3, 9. 9. 96 1914

1234 «M.9ye308 amuindarbl Oymycmik Kazakcmau yHugepcumemi»
KeAK, lllbimkenm K., Kazakcmau

AnaaTna. Tyile cyTi e3iHiH »KOFapbl TaFaMbIK, KYH/bLJIbIFbIHA 6aU/JIaHBICThI ipiMILiK
eH/lipyre MepcrneKTUBaJbI LIUKI3aT 60JbIN TabblIa/bl. AJlali/la OHbI OH/JEY CYTKbILIKbII/bIK,
peakLUsHbIH 6asty »Kypici MeH epekKliie aKybl3 KYpaMbIMeH IlIeKTeJe/li, 6yJ1 CUbIP CyTiHe apHa/IFaH
JOCTYpJIi allbITKbI JAKbL1IJapbIHbIH TUIMAIITIH TeMeHAeTeAi. OCbl 3epTTeyAiH MaKcaThl - TyHe
CYTiHEH »acaJIFaH ipiMIlIiKTeH aBTOXTOH/ bl CYTKbIIIKbLAAbI 6akTepusanapabl (CKB) 6esin any
»KoHe oJiap/bl apHaWbl alllbITKbI JaKbLJIAAPbIHAA KOJIJAHY YIIiH TEXHOJIOTHUSJIBIK 9JIeyeTiH
6afrasay 6osabl. MUKpoOpraHu3aM/Jep/i ceJIeKTUBTI 0pTa/ia ecipy apKbl/bl 66JIil abll, KeriH
Ta3apTy XKyprisingi, 6acranksl ugeHTUUKALUA MOPDOJIOTUAIBIK, ['paM 60MbIHIIA 605y XKoHE
KyJIbTYpaJIbIK CHIIaTTaMaJlapFa HeTi3 e i Kbl KbLIAbIK KabisieT pH TeMeH1eyi ®oHe TUTPJIEHETiH
KbIILKbLJIABIK apKblJIbl 6aFalaH/ibl, ajJl aHTAarOHUCTIK 6eJICeH/i/IiK TeCT-JaKbl1JapFa KaTbICTbI
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a"biKTaaabl. Y CKb mwrtamMmel 6ediHin, osap Lactiplantibacillus plantarum, Leuconostoc mesen-
teroides xoaHe Streptococcus thermophilus peTiHze aHbIKTa[bl. Bap/IbIK U30JATTAp IPaMIO3UTHUBTI
60J1b111, 48 caFaTThIK MHKYOalLUsl 6apbIChIH/AA aUKbIH KbIIIKbLJI TY3ylli OeJCeHAIiK KOpCeTTi.
Streptococcus thermophilus eH, »ofapbl GepMeHTaTUBTI OeJiceHiikke ue 60Jibin, pH MaHi 3,9
»KoHe TUTpJieHeTiH KbIKbLIABIK 120°T xeTTi. Salmonella enteritidis-ke KaTbICTbI CeJIEKTUBTI
AHTAroOHUCTIK acepJiep aHbIKTabI, an Staphylococcus aureus xoaHe Escherichia coli-re Kapcbl
WHTUOUPJIeYIli OesicCeHAIIK 6alKaIFaH KOK,. AJIbIHFaH HOTHXKeJIep TyHe CyTiHe 6eliMenreH
aBTOXTOH/Ibl CYTKBIIKbLIJbl 6aKTepUsIap/iblH, eJeyJi TEXHOJOTUSJIbIK dJieyeTKe Ue eKeHiH
»KOHe 0J1ap/Abl TyHe CyTi ipiMIIiriH eHipy YilliH akMaKThIK 6aFbITTa/IFAH alllbITKbI JAKbLIIapPbIH
a3ipJiey/ie nepcrneKTUBaJbl KAaHAUAAT PETiH/le KapacTblpyFa 60J1aTbIHbIH KepceTe,.

TyitiH ce3aep: Ty¥ie CyTiHeH *acaJiFaH ipiMIIiK, CYTKbIIIKbLI/bI 6aKTepHsiiap, aBTOXTOH/IbI
mraMmmzap, MopdoJiorusi, aHTarOHUCTIK KAaCUETTED

BblZe/ieHNe M XapaKTepPUCTUKA aBTOXTOHHbBIX
MOJIOYHOKHUC/IBIX 6aKTEepPHUH U3 ChIPa U3 BEPOJIIKbEro MOJIOKa
AJ1s1 pa3pabOTKH 3aKBACOYHBIX KyJIbTYP

A. A.YTe6aeBal, E. A. FaopuasaHn*2, XK. A. Aoum3, A. A. A6siam+

12,34 HAO «lOxcHo-KasaxcmaHckuil yHugepcumem umeHu M. Ayazoea,
2. llleimkenm, Kazaxcmau

AHHOTanus. Bep6J10>kbe MOJIOKO NpeACTaBJsAET COO0M NepCneKTUBHOE ChIPbE s
cblpoziesius 6J1aroiapsi BbICOKOM MHULEBOW LIeHHOCTH; 0JHAKO ero epepaboTKa OrpaHUYMBaeTCs
3aMe/JIeHHOW KUHETUKOM KHMCJI0TO06pa30BaHus U crieiuPpruyecKUM 6eIKOBbIM COCTAaBOM, YTO
CHUKaeT 3G PEeKTUBHOCTb TPAAULMOHHBIX 3aKBACOYHBIX KYJIbTYP, Pa3pab0TaHHbIX [JIsI KOPOBLETO
MoJioKa. Llesib1o HacToAero uccae0BaHusA SABJSIO0Ch BblJje/IeHHe aBTOXTOHHBIX MOJIOYHOKHCJIBIX
6aktepuid (MKB) 13 cbipa U3 BepO6.110:Kbero MoJIOKa U OLeHKa UX TEXHOJIOTUYeCKOro IOTeHLhaia
[J151 IPUMEHEHHUS B ClleljhaJu3UPOBaHHbIX 3aKBACOYHBIX KyJbTypax. MUKpOOpPraHM3Mbl
BbIJleJISIJIU YTEM KyJIbTUBUPOBAHHUSA Ha CeJIeKTUBHBIX CpeJiaxX C Noc/ae/yolield O4MCTKOH,
npeABapUTeSbHYI0 UIeHTUPHUKALUIO IPOBOJUIN HA OCHOBE MOPQOJIOTrUYECKUX, 'PaAM-
OKpalLUMBAIOUIUX YU KyJbTypaJbHbIX XapaKTepUCTUK. Kuc10T006pasyoiyo cnocOOHOCTh
OLleHUBaJ/IM 10 CHIXXeHUI0 pH M TUTpyeMoU KUCJIOTHOCTH, aHTarOHUCTUYECKYI0 aKTUBHOCTD — 10
OTHOLUEHHIO K TeCT-KyJIbTypaM. bbliu BeigeneHsl Tpu mirtamma MKB, ueHTudunupoBaHHblie
Kak Lactiplantibacillus plantarum, Leuconostoc mesenteroides v Streptococcus thermophilus. Bce
M30JIITHI ABJISJIACh TPaMIIOJI0)KUTENbHBIMU U POSIBJISIJIM BBIPAXKEHHYI0 KHCJI0TO0OPa3yOLLyI0
aKTHUBHOCTb B TeueHHe 48 4 nHKybauuu. Streptococcus thermophilus xapakTepru30BaJCs
HauboJsblield pepMeHTAaTUBHOM aKTUBHOCTBIO, focTHUras 3HadeHusd pH 3,9 u tutpyemou
KUCJI0THOCTH 120°T. OTMeuyeHbI ceJleKTUBHbIe aHTaroHUCTUYeCKUe 3¢ PeKThl B OTHOLLEHUU
Salmonella enteritidis, npu 3TOM UHTUOUPYIOIAs aKTUBHOCTb B OTHOIIEHUU Staphylococcus
aureus u Escherichia coli He BbisiBJieHa. [loslyyeHHble pe3y/ibTaThbl CBUAETENBCTBYIOT O TOM,
YTO aBTOXTOHHbIE MOJIOYHOKHUC/Ible OAKTEPUH, alalITUPOBAHHbIE K BEPOJIHOKbEMY MOJIOKY,
06J/1a/]al0T 3HAYUTEJIbHbIM TEXHOJIOTUYECKUM NOTEHLMAJIOM U MOTYT pacCMaTPUBAThCS KakK
nepcrneKTHBHbIE KaHAU/AThl [J1s pa3pab0oTKU perMoHaJlbHO OpUEeHTHPOBAaHHBIX 3aKBACOYHbIX
KyJIbTYp [iJ1s1 IPOU3BO/CTBA ChIpa U3 BepOJII0Kbero MoJIOKa.

Ki1ioueBble c10Ba: chIp 13 BepOJIH0KbEr0 MOJIOKA, MOJIOUHOKHUCJIble GAKTEPUH, aBTOXTOHHbIE
IITaMMbI, MOP(OJIOTHS, aHTarOHUCTUYECKUE CBOUCTBA
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Abstract. The article presents a screening of medicinal plants in
the Ulytau region (Central Kazakhstan) and an analysis of their botanical
and ecological characteristics. Field studies conducted in 2024-2025
in the Zhanaarka and Ulytau districts identified 502 species belonging
to 315 genera and more than 40 families of higher vascular plants.
The highest species diversity was recorded in the families Asteraceae,
Lamiaceae, Fabaceae, Papaveraceae, and Campanulaceae. Analysis of
life forms revealed the predominance of perennial herbaceous plants
(65-70%), indicating the adaptive capacity of the flora under sharply
continental climatic conditions. Annual and biennial species accounted
for approximately 15% and 8-10% of the flora, respectively, whereas
shrubs, trees, and vines were considerably less represented. The analysis
of medicinal plant applications showed that about 400 species are used
in folk medicine, around 180 species in official medicine, and from 10
to 120 species in Eastern medicine, experimental medicine, veterinary
medicine, Western medicine, and homeopathy. The results confirm the
high taxonomic and ecological significance of the medicinal flora of the
Ulytau region and demonstrate its potential as a source of biologically
active compounds for pharmacology and medicine.

Keywords: medicinal plants, flora of the Ulytau region, taxonomic
diversity, life forms, traditional medicine, biologically active compounds,
Central Kazakhstan

Medicinal plant research has become an important field of botanical science in Kazakhstan.
Medicinal plants have been widely used since ancient times as sources of essential oils, alkaloids,
tannins, flavonoids, and other biologically active compounds. Historical records indicate that
numerous plant species were traditionally applied in Turkic folk medicine for the treatment of
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various diseases. At present, medicinal plants continue to play a significant role in folk and offi-
cial medicine, and their pharmacological properties have been extensively described in scientific
literature [1].

Currently, various species of medicinal plants are widely used in folk, official, Eastern, and
veterinary medicine. Species of the genera Ziziphora, Artemisia, Mentha x piperita L., and Allium
are traditionally used in the treatment of cardiovascular diseases, inflammatory processes, and
bacterial infections [2-5]. Approximately 30 species of medicinal plants have also been reported
for the treatment of skin diseases in traditional medicine [6]. In addition, medicinal plants are
extensively applied in phytotherapy and Eastern medicinal practices [7]. Many species possess
pharmacologically active compounds that are used not only in human medicine but also in vet-
erinary practice and animal husbandry [8].

Recent studies in Kazakhstan have focused on the taxonomic diversity, biological activity,
and resource potential of medicinal plants belonging to the leading plant families [9,10]. Con-
siderable attention has also been devoted to the assessment of wild medicinal plant resources
and their practical significance [11]. According to current floristic data, the flora of Kazakhstan
includes more than 6,000 species of higher vascular plants, of which approximately 1,406 species
are classified as medicinal plants. Information on their taxonomy, ecology, and geographical dis-
tribution across floristic regions has been widely reported in botanical studies [12]. In addition,
investigations of the flora and plant resources of Central Asia indicate the presence of more than
2,000 medicinal plant species in the region [13].

The study area covers the territory of the Ulytau district with a total area of 12,293,105
hectares. The climate of the Ulytau region is sharply continental and arid, with pronounced sea-
sonal temperature fluctuations. Snow cover generally varies between 12 and 20 cm, increasing
from the southern to the northern parts of the region. In some locations, snow depth may reach
40 cm, and soils freeze to depths of up to 2 m during winter.

The winter period in the Ulytau region is characterized by frequent blizzards and snow-
drifts caused by extensive open plains. Spring is marked by a rapid transition from low winter
temperatures to warmer climatic conditions. During the summer season, prolonged droughts
accompanied by strong winds and dust storms intensify moisture evaporation and contribute
to soil degradation processes. These environmental conditions negatively affect vegetation
communities and promote the development of adaptive mechanisms in the regional flora under
arid climatic conditions [14,15].

The ecological conditions of the Ulytau region are characterized by arid climate, drought
processes, soil degradation, and anthropogenic environmental impacts. According to available
environmental data, atmospheric pollution and contamination of water bodies and topsoil by
heavy metals have been recorded in several areas of the region. These factors negatively affect
ecologically significant plant communities and natural vegetation resources. In addition, the flora
of the Ulytau region includes a number of rare and protected species listed in the Red Book of
Kazakhstan that require special conservation measures [16].

The Ulytau region is located in Central Kazakhstan and occupies an area of approximately
42,000 km?. The territory includes diverse natural landscapes, including steppe plains, foot-
hill ecosystems, and semi-desert zones. Such environmental heterogeneity contributes to the
formation of stable ecosystems and supports considerable biological diversity adapted to arid
continental environments.

Wild tulips represent rare endemic plant species and are considered one of the natural
symbols of the Ulytau region. These species serve not only as important components of regional
biodiversity but also as indicators of the ecological condition of natural ecosystems. The fau-
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na of the Ulytau region is highly diverse and includes numerous species typical of steppe and
semi-desert ecosystems.

The steppes of the Ulytau region provide habitat for the saiga antelope (Saiga tatarica), a
species included in the Red Book of Kazakhstan. The region is also an important breeding area
for the steppe eagle (Aquila nipalensis), which regularly nests within the territory during the
reproductive season. Small mammals, including jerboas, hedgehogs, and ground squirrels, are
widespread, together with numerous reptile and insect species typical of steppe and semi-desert
landscapes. The observed species diversity emphasizes the ecological importance of the Ulytau
region as one of the key natural areas of Central Kazakhstan.

The natural heritage of the region possesses not only ecological but also cultural and his-
torical value. In recent years, increased attention has been devoted to the conservation of rare
plant and animal species and to the restoration of degraded ecosystems. Environmental protection
measures and ecological monitoring programs are aimed at preserving the biological diversity
and ensuring the sustainable development of the Ulytau region for future generations [17,18].

The present study is regional in scope and focuses on medicinal plant species distributed
within the Ulytau region. In 2024-2025, targeted expeditionary surveys were conducted in the
Zhanaarka and Ulytau districts of Central Kazakhstan within the framework of the program
“Creation of the Plant Cadastre of the Ulytau Region” aimed at implementing the objectives of
the Law of the Republic of Kazakhstan “On the Plant World” and ensuring the sustainable use of
regional botanical resources. The main objective of the research was to investigate the taxonomic
diversity and distribution of medicinal plant species in the study area.

Materials and research methods

The Ulytau Mountains are situated within the semi-desert zone of Central Kazakhstan. The
region is characterized by low annual precipitation, intense solar radiation, and high evaporation
during the summer months, resulting in limited soil moisture. These climatic conditions influence
the composition of vegetation communities and the development of local soils.

Northeastern winds dominate throughout the year and contribute to the redistribution of
snow cover during winter. Snow accumulates mainly in depressions and valleys, whereas open
areas remain relatively snow-free. During spring snowmelt, a considerable part of the water
drains into river systems, reducing moisture retention in the soil. In summer, strong winds in-
crease evaporation and enhance soil drying.

Vegetation patterns in the Ulytau region are determined by topography, soil conditions, and
moisture availability. The region belongs to the western part of the Central Kazakhstan low-moun-
tain province and is dominated by desertified steppe communities with wormwood-grass veg-
etation, rocky outcrops, ravines, and gullies [19]. Elevations in the western part of the territory
range from 300 to 1135 m above sea level.

The soils of the Ulytau region are represented mainly by light chestnut soil types with
varying mechanical composition. Rocky and stony soils associated with eluvial deposits are
common in mountainous areas, while sandy loam and loam soils are characteristic of river ter-
races, plains, and foothill zones. Saline and carbonate soils, including solonchaks, are also widely
distributed throughout the region and are typical of the arid landscapes of Central Kazakhstan.

The medicinal flora of Kazakhstan comprises approximately 1,406 species belonging to
134 plant families [20]. Field surveys carried out in 2024-2025 covered the main parts of the
Ulytau region, including Betpakdala, the Zhanaarka district, and the Ulytau mountain system.
During the study, 502 medicinal plant species representing 315 genera were recorded.
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The collected data included information on taxonomic composition at the family, genus,
and species levels, as well as analyses of life forms, including perennial and annual herbaceous
plants, shrubs, trees, and vines. Ecological characteristics and the presence of biologically active
compounds, such as alkaloids, flavonoids, vitamins, essential oils, terpenoids, and saponins, were
also considered. Information on the medicinal use of species in folk, official, Eastern, and veteri-
nary medicine was analyzed using published sources, including the Annotated List of Medicinal
Plants of Kazakhstan, Flora of Ulytau, and Flora of Greater Ulytau [21-23].

Field surveys were carried out from May to July during the active vegetation period in
steppe, foothill, and semi-desert ecosystems of the Ulytau region. Plant identification was per-
formed using morphological characteristics and regional floristic guides, with additional veri-
fication based on herbarium collections when necessary. Herbarium specimens were collected,
and geographic coordinates of species occurrences were recorded during field observations.

Results

A comparative assessment of medicinal plant species and genera distributed within the
natural ecosystems of the Ulytau region was carried out based on their distribution patterns and
ecological characteristics. Species were grouped according to the degree of their occurrence and
abundance within the study area. The analysis considered the spatial distribution of species, their
ecological adaptation, and their influence on vegetation communities and ecosystem structure.
Plant taxa were classified into fourteen major groups, and their distribution frequency was eval-
uated using a scoring scale ranging from 1 to 30.

The scoring system reflected the frequency of species occurrence, population abundance,
and ecological adaptability within the study area. Such an approach allowed the identification
of species that are well adapted to the environmental conditions of the Ulytau region and play
an important role in local vegetation communities. The research results presented in Figure 1
demonstrate the distribution of medicinal plants among more than 40 families of higher vascular
plants identified in the region.

Figure 1. Taxonomic diversity of medicinal plants in the Ulytau region
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Among the identified medicinal plant families, the greatest species richness was observed
in Campanulaceae Juss., Papaveraceae Juss., Fabaceae Lindl.,, Lamiaceae Juss., Asteraceae Bercht.
et]. Presl, and Poaceae Barnhart. Campanulaceae was represented by more than 120 species and
constituted the largest family in the surveyed flora. Representatives of this family were widely
distributed throughout the study area.

Other families, including Papaveraceae, Caryophyllaceae, Brassicaceae, and Lamiaceae,
were represented by up to 40 species each. These families constitute an important component
of the medicinal flora of the Ulytau region and include numerous species traditionally used for
medicinal purposes due to the presence of biologically active compounds such as alkaloids, fla-
vonoids, and saponins.

Families such as Equisetaceae, Nymphaeaceae, Asphodelaceae, and Juncaceae were repre-
sented by only a few species in the study area. Their limited occurrence is likely related to the
arid climate and the dominance of steppe and semi-desert plant communities.

Overall, the medicinal flora of the Ulytau region is closely associated with steppe and
semi-desert ecosystems. The recorded species diversity confirms the floristic richness of the
region and provides a basis for further studies of its medicinal plant resources.

Analysis of life forms demonstrated the predominance of perennial herbaceous plants in
the medicinal flora of the Ulytau region, as shown in Figure 2. Perennial species accounted for
approximately 65-70% of the total recorded flora. Their dominance is associated with a high
degree of adaptation to severe continental climate, including prolonged droughts and significant
seasonal temperature fluctuations.

Figure 2. Life forms of medicinal plants in the Ulytau region

Annual plants represented the second largest group, comprising approximately 15% of
the identified species. The relatively short life cycle of annual species allows them to successfully
complete their development during the limited vegetation period characteristic of steppe and
semi-desert ecosystems.
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Biennial species accounted for approximately 8-10% of the medicinal flora and were
mainly represented by members of the families Asteraceae and Brassicaceae. These species
are characterized by adaptive responses to seasonal fluctuations in temperature and moisture
conditions. Trees, shrubs, and semi-shrubs constituted approximately 3-5% of the recorded
flora and were primarily distributed within arid habitats of the region. Vines were represented
by only a few species due to the unfavorable environmental conditions of the dry steppe and
semi-desert landscapes.

The predominance of perennial herbaceous plants indicates the long-term adaptation of
the regional flora to continental climatic conditions characterized by hot summers, cold winters,
and limited water availability. Such a life-form structure contributes to the ecological stability of
vegetation communities under climatic stress conditions.

Figure 3. Medicinal plant applications in different medicinal practices

According to Figure 3, approximately 400 medicinal plant species recorded in the Ulytau
region are used in folk medicine, representing the largest category of use. This category account-
ed for the majority of recorded medicinal plant uses in the region. The results suggest that folk
medicine remains the principal area of application for medicinal plants in the region.

Official medicine represented the second largest category of medicinal plant application,
including approximately 180 species. Approximately 110-120 species were reported in Eastern
and experimental medicine, indicating that many medicinal plants of the Ulytau flora are used
in different therapeutic traditions. The presence of species in several categories shows that the
same medicinal plants are often used for different purposes and in different medicinal traditions.

Western medicine, veterinary medicine, and homeopathy were represented by fewer than
20 species in each category. This distribution indicates that the principal use of medicinal plants
in the Ulytau region remains associated with folk and official medicinal practices.

The distribution of biologically active compounds identified in medicinal plants of the Ulytau
region is presented in Figure 4. flavonoids, alkaloids, vitamins, tannins, and essential oils were
among the most frequently recorded groups of compounds, whereas glycosides, mucilage, and
triterpene saponins were represented by considerably fewer species. Flavonoids constituted the
most abundant group, whereas glycosides, mucilage, and saponins were recorded less frequently.
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Figure 4. Distribution of biologically active compounds in medicinal plants

The results showed that medicinal plants of the Ulytau region are used in various medicinal
practices, with folk medicine representing the largest category of application. Official, Eastern,
and experimental medicine also include a substantial number of species, whereas considerably
fewer plants are used in Western medicine, veterinary medicine, and homeopathy. These data
indicate that medicinal plants of the Ulytau region have a wide range of documented applications
in different medicinal practices.

Discussion

A total of 502 medicinal plant species belonging to more than 40 families were identified
in the Ulytau region. The families Campanulaceae, Asteraceae, Lamiaceae, Fabaceae, and Papav-
eraceae contained the largest numbers of species. Similar patterns are typical of steppe and
semi-desert floras of Central Kazakhstan.

The analysis of biologically active compounds showed that flavonoids, alkaloids, tannins,
and essential oils were among the most frequently recorded groups in the medicinal plants of
the Ulytau region. Similar groups of compounds have been reported for numerous medicinal
species and are often associated with their pharmacological properties [24-26]. The obtained
results indicate that many plant species occurring in the region may be of interest for further
phytochemical studies.

Field surveys conducted in the Ulytau region demonstrated a high level of taxonomic di-
versity and a wide spectrum of plant life forms characteristic of the vegetation cover of Central
Kazakhstan. The flora of the region is represented by heterogeneous steppe and semi-desert
plant communities adapted to continental arid ecosystems. The obtained results are consis-
tent with the studies of Kupriyanov et al. (2017) and the Flora of the Ulytau Mountains (2016),
which report substantial floristic diversity and considerable medicinal plant resources within
the region [27-29].
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Comparative analysis of the medicinal flora of the Ulytau region with floristic inventories
from other regions of Kazakhstan revealed significant similarities with the vegetation of dry and
small-grass steppe ecosystems. At the same time, the flora of the Ulytau region is characterized by
arelatively higher representation of the families Campanulaceae, Lamiaceae, and Papaveraceae,
indicating the ecological specificity and floristic uniqueness of the regional vegetation cover [30].

The obtained results contribute to the expansion of current knowledge regarding the
medicinal flora of Central Kazakhstan and demonstrate the significant scientific and practical
potential of the region for further phytochemical and pharmacological studies. Future inves-
tigations should focus on the identification of biologically active compounds, assessment of
pharmacological properties, and long-term ecological monitoring of medicinal plant populations
under changing environmental conditions. These studies are essential for the conservation of
botanical diversity and the sustainable use of medicinal plant resources.

Conclusion

A total of 502 medicinal plant species belonging to 315 genera and more than 40 families
were recorded in the Ulytau region. The highest species richness was observed in Asteraceae,
Lamiaceae, Fabaceae, Papaveraceae, and Campanulaceae. The conducted survey of medicinal
plants in the Ulytau region confirmed the considerable potential of the regional flora as a source
of biologically active natural compounds. The screening revealed high taxonomic diversity, in-
cluding representatives of more than 40 families of higher vascular plants. The greatest species
richness was recorded in the families Asteraceae, Lamiaceae, Fabaceae, Papaveraceae, and Cam-
panulaceae. The predominance of these taxa reflects not only the floristic richness of the region
but also the high adaptive capacity of local plant communities to sharply continental and arid
environmental conditions.

The obtained results demonstrate the significant ecological, pharmacological, and practical
importance of the medicinal flora of the Ulytau region. The identified plant resources may serve
as promising sources of biologically active compounds for pharmaceutical, phytochemical, and
biotechnological applications. Further investigations should focus on detailed phytochemical
screening, evaluation of pharmacological activity, and long-term ecological monitoring of medic-
inal plant populations to ensure the conservation and sustainable use of regional biodiversity.
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CKpPMHUHT JIEKapCTBEHHbIX PACTEHUH B YJIBITAyCKOU 06/1aCTH
Y UX 0611Mie XapaKTepUCTUKHI

A.A. llapun?, C.A. A6uen?, I.T. CutnaeBa3, b.b. OcmoHa/im*

12Fgpa3utickuti HayuoHaabHslll yHugepcumem umenu JI1.H.I'ymunesa, Acmana, Kazaxcmau
3, 4*UHcmumym 6omaHuku u gumouHmpodykyuu, Aamamel, Kasaxcman

AHHOTanM4. B cTaThe npe/icTaB/ieH CKDUHUHT JIEKAPCTBEHHBIX PACTEHUH B YJIbITAYCKOU
ob6saactu (LlenTpanbHblil KazaxcTaH) ¥ uxX 0611MX 60TaHUYECKUX U 9KOJOTUYECKUX CBOMCTB. B
2024-2025 rogax 66111 IPOBe/IeHbI N0JIEBbIe UCCeJoBaHHs B YKaHAaapKUHCKUX U YJIbITAYCKUX
paiioHax, B X0/ie KOTOpbIX O6b110 06HapyeHo 502 Buzaa u3 315 ponoB u 6osiee 40 ceMelcTB
BBICIINX COCYAUCTbIX pacTeHui. Hanboibiiee BUj0BOE pa3HOOOpa3ue HabJ110/1aoCch B cCEMeMCcTBax
Asteraceae, Lamiaceae, Fabaceae, Papaveraceae u Campanulaceae. AHain3 *KU3HeHHbIX GOpPM
noKasaJi npeobJialaHie MHOTOJIETHUX TPABSAHUCTBIX pacTeHul (65-70%), 4TO CBUAETENLCTBYET 06
9KO0JIOTUYECKOU TUOKOCTH (JIOPHI B yCIOBUSX PE3KO KOHTUHEHTAJNbHOTO KJAMMaTa. OlHOJIETHUE U
ZiByJleTHUE BU/bI COCTaBAAOT 15% 1 8-10% ¢10pbl COOTBETCTBEHHO, B TO BpEMSI KaK KyCTapHUKH,
JlepeBbsl U JIMaHbl BCTPeYaloTCs ropas/o pexe. M3yyeHre nprvMeHeHUs JIeKapCTBEHHBIX
pacTeHUM MoKa3aJsio, YTO KOJIMYeCTBO BU/IOB, UCIIOJIb3YEMbIX B HAPOJAHOU MeJULIMHE, - OKOJIO
400, B opunmanbHOM MegUIHEe — 0KoJ10 180, a B BOCTOYHOM, 3KCIIepHMEeHTaIbHOM, 3ama/JHON
MeJULMHe, BeTepUHApUHU U roMeonaTuu - oT 10 1o 120 BuaoB. PaboTa noaTBepkKJaeT BbICOKYIO
TAaKCOHOMHUYECKYI0 U 3KOJIOTUYECKYI0 [IeHHOCTb JIEKApCTBEHHOU (JI0pbI YIBITAYCKOU 06/1aCTH U
JIOTIOJIHUTE/IbHO aKIleHTUPYEeT BHUMaHMeE Ha ee POJId KaK MCTOYHMKA IPUPOHBIX 6U0JIOTHYECKH
aKTHUBHBIX CO€IMHEHUH 1711 papMaKOJIOTUU U MeJULIMHBI.

KinoueBble cj0Ba: JieKapCTBEHHble pacTeHusa, ¢jopa YaAbITayCKoW 06J1acTH,
TaKCOHOMHUYeCKOe pa3Hoo6pa3ue, GOpMbl )KU3HH, HAPOAHAsA MeJJULIMHA, OU0JIOTUYECKU aKTUBHbIE
coenuHeHnus, leHnTpanbHbii KazaxcraH.

YbITay 06/1bICBIHAAFbI AIPiJIiK 6CIMAiKTepAiH, CKpMHUHTI )K9He 0J1apAbIH, )Ka/IMbl
cunaTtTaMaJiapsbl

A.A. llapin*1, C.A. A6ueB?, I.'T. CurnaeBa3, B.b. OcmoHa/1n*

12/1.H.I'ymunes amwviHdarsl Eypasus yammeulk yHugsepcumemi, Acmatna, Kazakcman
3,4bomaHuka x#aHe pumounmpodykyus 6arul, Aamamel, Kazakcmax

AnaaTtna. by Mmakanaza Yibitay aiiMarbiHaFbl (OpTasnbik KazakcTaH) Aapisik eciMaik-
TepAiH CKPUHUHTI KoHEe 0JIap/iblH, KaJllbl 60TaHUKaJIbIK *K9HE 3KOJIOTUSIJIBbIK KacCUeTTepi yCbl-
HblIFaH. 2024-2025 xbligapsl 2KaHaapka xxoHe YbITay ayZjlaH/lapblH/a JalaliblK 3epTTeyiep
XKYPrisinzi, oHblH 6apbicbiHa 315 TybicTaH *aHe 40-TaH acTaM »K0OFapbl CaThblAAFbl TAMbIPJIbI
eciMaiKTep TYKbIMAAcbIHAH 502 Typ aHbIKTa bl TypJsiepaiH eH KoFapbl 9pTYpJiJiri Asteraceae,
Lamiaceae, Fabaceae, Papaveraceae xxaHe Campanulaceae TyKbIMAacTapbiHAa 6aiiKaaabl. Tipuiigik
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dopMasiapbiH Ta1ay KOIDKbUIbIK I6NTeCiH eciMAiKTep/iH 6ackiM eKeHiH (65-70%) aHbIKTa-
Zibl, OYJ1 KYPT KOHTHHEHTa//bl KAUMaTTa (G10paHbIH 3KOJIOTHUANBIK UKEM/IJIITIH KepceTes.
Bip>KbL/IBIK )K9HE eKDXKbLIBIK TYpJiep dopaHblH cavikeciHue 15% xoHe 8-10% Kypaiapl,
aJs1 6yTasiap, aFauiTap XKoHe JMaHaap aJeKal1a cupek Keszecei. [lapinik eciMaikrepai mai-
JlaJlaHy/1bl 3epTTey XaJblK MeJUIMHAChIH/A KOJIJaHblIAThIH TYpJepAiH caHbl (luamamed 400
TYpi) A9CTyp/i MeAuLMHaAa aMaMeH 180 ekeHiH, a LIBIFbIC, 3KCIEPUMEHTTIK XK9He 6aThIC
MeUIMHAChIH/IA, BeTepUHapHUsa xkoHe roMmeonaTtusa 10-van 120-Fa geliH Typi KoJ1JaHblIaThI-
HbIH aHBIKTa/bl. 3epTTey ¥J/IbITay alMaFbIHbIH A3PiJliK (JIOpaChIHBIH KOFapbl TAKCOHOMMUSIJIBIK
YK9HE 9KOJIOTUSJIbIK KYH/bIJIbIFbIH PAacTal/ibl )koHe OHbIH, papMaKo/IOTHsl MeH MeJJUIMHa YUIiH
TAaOUFHU GUOJIOTHSIBIK 6esiCeH i KOChLIbICTAapAbIH K631 peTiH/eri peJiiH o/jaH api aTam KepceTe/i.

Ty¥iH ce3aep: fapinik ecimzikTep, ¥/abITay 00JIbICBIHBIH, (J10paChl, TAKCOHOMHUSIJIBIK,
9PTYPJIiJIK, TiplIisik popMasiapbl, XaablK MeJUIIMHACH], OM0JIOTUAJIBbIK 6esceH i KOChIIBICTAp,
Oprasnbik KaszakcraH.
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CpaBHMTeJ/IbHAs XapaKTepUCTUKA MOp¢doreHesa COpToB
KapTodesisa B yCJI0BUSX in vitro

B.A. Kugenko'“, U.H. AHukuHa*2“, A. U6paeBa3

1,2 3 Topaiievipos yHugepcumem, llass1odap, Kazaxcmax

E-mail-"vika_7625@mailru,*? anikina.i@mail.ru, 3kairova_aruzhan@mail.ru

AHHOTanuA. B 1aHHOM cTaThe npeACcTaBJieHbl Pe3yJbTaThl UC-
cef0BaHUM MopdoreHe3a pa3JIMYHbIX COPTOB KapTodeJis B YCJIOBUAX
in vitro. llenp1o UcceJOBaHUSA ABJISJIOCh U3YYeHUE U OLleHKa COPTOBOM
crnenMPpUUHOCTU POCTA U PA3BUTHS pacTeHUH KapTodesisi B YCIOBUIX
KYJIbTYPBI In vitro Ipyu MUKPOKJIOHAJIbHOM Pa3MHOXEHHUU C OMHAKOBBIMU
napameTpaMu KyJbTUBUPOBaHUSA. B xo/ie paboThl NIPOBOAMIICS CPABHU-
TeJIbHbIM aHa/Iu3 MOpPOMETPHUUECKHUX NTOKA3aTele MUKPOPaCTEeHUH,
BKJIIOYasi BBICOTY II06EroB, KOJIMUECTBO MeX/10y3/1ui, GOpMUPOBaHUE
JIMCTOBOrO annapaTa U 0CO6eHHOCTH Pa3BUTHSA KOPHEBOU CUCTEMBI
KyJIbTypaJIbHbIX paCT€HUH. YCTAHOBJIEHO, YTO UCCIe/lyeMble COPTa
kapTodeJis, Takve kKak Apru3oHa, baatuk Poy3 u 'ana, cyliecTBeHHO OT-
JINYAIOTCS 110 CKOPOCTH POCTA, MHTEHCUBHOCTU GOPMHUPOBAHHUSA 10OET0OB
Y Pa3BUTHUIO KOPHEBOU CUCTEMBI, YTO YKa3blBaeT HA TEHOTUIIUYECKYIO
00yC/I0BJIEHHOCTb MOpdOreHeTHYECKUX IIPOLLECCOB, UTO NOATBEPKa-
eT HeoOX0AUMOCTb Pa3paboTKU COPTOCHELUPUIECKUX TPOTOKOJIOB
NpU MUKPOKJIOHAJIbHOM pa3MHOXXeHUU KapTodesis. Takke BbisiBJIeHA
npsMasi 3aBUCHMMOCTb pOCTa U pa3BUTHSA PACTEHUN OT XapaKTEPUCTUK
MCXOZHOTO0 3KcIIaHTa. [loslydeHHble JaHHbIE MOTYT OBITh IPUMEHEHDI
JIJ1s1 COBepIleHCTBOBAaHUS METO/IUK MJIAHUPOBAHUS pabOT B MPOU3BO/I-
CTBEHHBIX JTabOPaTOPUSX 10 MPOU3BOACTBY 03/J0POBJIEHHOTO [10CaZ04-
HOT0 MaTepuasa Kaptodesisi, a TaKxKe /i1 ONTHUMHU3ALUN TEXHOJIOTUU
€ro MUKpPOKJIOHAJIbHOTO Pa3MHOKEHMUS.

KiroueBbie ci1oBa: kapTodesb, in vitro, MUKPOKJIOHAJIbHOE
pasMHOXeHUe, MopdporeHes, COpToBas CeluPUIHOCTb, PU30TEHES
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CpasHumebHasi xapakmepucmuka MopgozeHesa copmos kapmodgpeisi 8 ycA08usix in vitro

BBeaenue

KapTtodens (Solanum tuberosum L.) siBAsieTCs OAHOU U3 KJIOUYEBBIX MPOJ0OBOJILCTBEH-
HBIX KYJIbTYP BO MHOTUX CTpaHax MUPa, BKJto4as KasaxcTaH, rjie OH 3aHMMaeT BaXKHOe MeCTO
B CTPYKTYPE CeJIbCKOX03MCTBEHHOT0 NPOU3BO/ACTBA [1, 2, 3]. OfHaKO NPOAYKTUBHOCTB KYJIb-
TYpbl BO MHOI'OM OFPaHUYMBAeTCs pacnpoCcTpaHeHHeM BUPYCHBIX, 0aKTepUabHbIX U TPUOHBIX
3a60/1eBaHUM, KOTOPbIE HAKAIJIMBAIOTCS IPU TPAaJULLMOHHOM BereTaTUBHOM pa3MHOXeHUU. B
CBA3HU C 3TUM IOJIy4YeHHe 3l0pOBOT0 UCXOJHOTO CEMEHHOI0 MaTepHaJla pe/cTaBsgeT cO00U
O/IHYy U3 HanboJiee aKTyaJIbHbIX 33/lad COBPEMEHHOI0 KapTodeseBOACTBA [4, 5, 6, 7].

Haunb6osee a¢ppekTUBHBIM CIOCOOOM 03/J0pPOBJIEHUS U YCKOPEHHOT0 Pa3MHOKEHUS KapTo-
desa ABngeTCA NPpUMeHeHUe 6MOTEXHOJIOTUYECKUX MEeTO/L0B in Vitro, OCHOBaHHBIX Ha KyJIbType
MepHUCTEeM U KJI0OHAJIbHOM MUKpOpa3MHoxkeHuH [8, 9, 10, 11]. laHHas TEXHOIOTHUS O3BOJISIET
noJiy4aTb 6e3BUpPYCHbIE paCTEHUS-pEreHePaHThl U COXPAHATb COPTOBbIe 0COOEHHOCTH, YTO
0COGEHHO BaXKHO, ITOCKOJIbKY O0JIBLIMHCTBO COPTOB KapTodesis ABJAITCA BBICOKOTeTepO3HU-
TOTHBIMU KJIOHAaMU U Pa3MHOKAKTCS UCKJIIOYUTENbHO BereTaTUBHBIM nyTeM [9, 12, 13].

1 TUpaXXMpoBaHUs KapTodesisl B yCI0BUSAX in Vitro UCOIb3yOTCS /Ba OCHOBHBIX MO/ -
X0/la: MeTOJ, UHAYKLUU MUKPOKJIyOHeoOpa3oBaHUsA U paccaZHbIM ClI0CO6 MoJIydeHUs Npobu-
pouHbIX pacTeHui [14, 15,16]. Kaxxablii U3 HUX UMeeT CBOU MpeuMyliecTBa. Tak, MUKPOKIYOHU
OTJIMYAIOTCA YA00CTBOM XpaHEHUS U TPAHCIIOPTUPOBKU B MEXKCEe30HHBIN MePUOJ, UTO Jie1aeT
MX NIepCIeKTUBHBIM NI0CaZ0YHbIM MaTepuasioM [17, 18]. B To ke BpeMsi npoGUpPOYHbIE pacTe-
HUA TPeOyOT NOCTOSHHOTO CyOKYJIbTUBUPOBAHHUA U NOAAEPKAHUSA CTEPUJIbHBIX YCJIOBUH, UTO
yBeJIMUUBAET TPYAOEMKOCTb IIpoliecca U NOBbIIIAeT PUCK BTOPUUYHOIO 3apaKeHHus MpU AJIU-
TeJIbHOM pa3MHOXeHuHU [19].

HecMoTps Ha 3TO, TeXHOJIOTUSA HapalllMBaHUSA NPOOUPOYHBIX MUKPOPACTEHUM OCTaeTCs
HauboJiee UPOKO NPUMEHsIEMON KaK B MMPOBOM NPaKTHKe, Tak U B KazaxcTaHe, TOCKOJbKY
obecrnie4yrMBaeT BBICOKUM KO3OPULIMEHT pa3MHOXKEHHUA U BO3MOXHOCTb OBICTPOrO NMOJy4eHUs
60J1bILIOT0 KOJIMYeCTBa NOCalouHOro Matepuana [20, 21, 22].

MHorouuc/eHHble UCC/IeJOBaHUS MOAYEPKUBAIOT, YTO Mpolecchl MopdoreHesa Kap-
Todesisl B KyJbTYpe in vitro 06/1aialoT BbIpakKeHHOW COPTOBOM crnenuPpUIHOCThIO. [lokazaHo,
YTO pa3J/IMYHble FTeHOTUIIbI CYIeCTBEHHO OT/IMYAOTCSA 110 CKOPOCTHU POCTA, YUCTY MEXK/0Y3-
JIUHM, ClIOCOOGHOCTH K pu3oreHesy 1 GopMUPOBaHUI0 MUKPOKIYOHe [14, 21, 22]. 3To TpebyeT
1oA00pa ONTUMAJIbHBIX YCJI0BUM KYJbTUBUPOBAHHUA, BKJIIOYAasA MUHEPAJIBHBIN COCTAB CpeJibl,
KOHLIEHTpAal|MU YIJIEBOA0B U COOTHOLIEHUEe GUTOTOPMOHOB [23, 24, 25].

Pa3Mep sKcylaHTa KpUTHYECKU BJIMAET HAa 3P PEeKTUBHOCTb KyJIbTUBUPOBAHUS pacTEHUH
in vitro, C4UTaeTCs, 4TO 60J1ee KpyIHble 3KCIVIaHThI ObICTpee alalTUPYIOTCA U Pa3BUBAIOTCS, TaK
KaK UMeIOT JJOCTaTOYHbIM 3amac 3HJ0TeHHbIX TOPMOHOB, B TO BpeMs KaK MeJIKUe, 10 MHEHHUIO
psi/ia aBTOpOB, 60Jiee ysI3BMMBI K CTpeccaM U MeJiJIeHHee pa3BUBaloTcs [26, 27, 28, 29]. [Ipu
3TOM He TOJIbKO pa3Mep, HO U Apyrhe XapaKTePUCTUKHU [IePBUYHOTO 3KCIIJIAHTA OKa3bIBAIOT
3HAuYMTeJIbHOE BUsHUeE Ha ero pa3sutue [30, 31, 32].

TakuM 06pa3oM, CpaBHUTE/IbHOE U3yuyeHue MopdoreHesa pa3JIMYHbIX COPTOB KapTodess
B YCJIOBUSX IN VItro sBJseTcsa He0OXOAMMBIM 3TAIlOM JIJIS1 COBEPILIEHCTBOBAHUSA TeXHOJIOT UM MU~
KPOKJIOHAJIbHOTO Pa3MHOEHUS U pa3pabOTKU ONTUMAa/IbHBIX IPOTOKOJIOB KyJIbTUBUPOBAHUS
JU151 IJITAaHUPOBAHUSA U BeJleHUs paboT 1o NpOU3BOACTBY MEPUKJIOHOB B MPOU3BO/CTBEHHBIX
JlabopaTopHUsIX.

Ilesibto HacToOAILEeN pabOTHI AABJISIETCA CPABHUTE/IbHASA XapaKTeprucTUKa MopdoreHeTu-
YeCKUX N0Ka3aTeJsiel copToB KapTodesisi B KyJAbTYpe in vitro v oLjeHKa UX COpToCHeuPpruyecKux
0COOEHHOCTE! NPU MUKPOKJIOHA/IbHOM Pa3MHOXKEHUH.
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MaTepl/laJ'lbI U MEeTOoAbl UCCJ/IEJ0BAHHUA

HUcciesoBaHus MPOBOAUIIMNCH B JlabopaTopuu « MTHHOBALIMOHHbIE METO/Ibl B pacTeHUe-
BoACcTBe» TopalrbIpoB YyHUBEPCUTETA U B IPOU3BOJCTBEHHOMN JIaOOPaTOPUU GUOTEXHOJIOTHUU
pactenuit KX «Bukropusi» [laBioaapckoit o61acTu.

0O6beKTOM UCCIe[JOBAaHUMN ABJSJIUCh KYJIbTYpaJbHble pacTeHUSA KapTodessi COPTOB
Apwu3soHa, baaTuk Poys u M'asia. OnbIT npoBoAuMJICcA B 3-X KpaTHOW NOBTOPHOCTH 10 20 MUKpO-
pacteHUl. UcxoHbI NPOOGHUPOUYHBbIN MaTepuas KapTodess 6bl1 nonydeH B PULL kaprodens
uMeHH A. I Jlopxa, . MockBa. OnbIThI IPOBOAUIUCH COTJIACHO OO eNPUHATON MeTOKe paboThI
C KyJIbTypo# TKaHH [33].

KysbTypasbHble pacTeHUsl BbIpaliuBaJIUCh IpU TeMnepaType 22-24 °C, OTHOCUTEJIbHOU
BJIa>KHOCTH 70-75 % U oCBeleHUH JIIOMUHECLIeHTHBIMU JlaMIIaMU 3-4 ThIC. JIIOKC € 16-4acOBBIM
doTonepuogoM. YueT 1 HabJIIOAeHUS IPOBOAUIMCh KaXK/ible 3 JIHA 110 BapuaHTaM omnbITa. B
npoLecce Uccae0BaHus, COIVIACHO 00LeNPUHATHIM METOAMKAM, U3MePSIJIUCh BbICOTA pacTe-
HUH, KOJIMYECTBO JINCThEB, KOJIMYECTBO MEX/10y3/IMH, YUCJI0 KOPHEN U AJIMHA KOpHeH [8, 14].

B ucciesoBaHny UCNOb30BajIach arapru3oBaHHas cpeJia C MUHEPAJIbHBIM COCTaBOM
Mypacure-Ckyra, cojepalliuM caxapo3y B koandecTBe 20 r/Ji, BATAMUHBI: aCKOPOMHOBAsA
kucsota (C) - 0,2 mr/a, Tuamus (B1) - 0,2 mr/a, nupugokcus (B6) - 0,1 mMr/a, a Takxe pery-
JISTOPbI POCTA — KUHETHH, GepysioBasi KUCJI0TA U UHJ0JUIMACAsIHAsA KUCJI0Ta B KoinyecTBe 1
MT/J1 KaXJ0ro, 6aKTEpUOJI0TMUEeCKU arap B KoJu4yecTBe 7 r/J1.

Jl/11 IPUTrOTOBJIEHUS] IUTATEbHOM Cpe/ibl ObIJIN UCOJIb30BaHbl KOMIIOHEHThI IPOU3BO-
nutenss Himedia u Serva. YposeHb pH cpeanl noBoguau o 5,5-5,7. [lutaTenbHas cpea 6bl1a
pasnuTa no npobupkam [1B-16, 3akpbiTa BATHO-MapJieBbIMU NIPOOKAaMHU U 3aTeM CTEPUIN30Ba-
JIaCh B aBTOKJIaBe NpY 1 aTM npu 120-121 °C B TeyeHUe 25 MUHYT.

Pa60Thl 10 MUKPOKJIOHAJbHOMY Pa3MHOKEHHI0 MPOBOAUIUCH B YCJIOBUSIX JAMUHAPHOTO
00KCa, 2 Kjacc 6e30MaCHOCTH.

CTaTUCTHYECKYI0 06paboTKy NPOBOUIIM C UCIIOJIb30BaHUEM BYyX(PaKTOPHOTrO JUCHEp-
cuoHHoro aHasnu3a (ANOVA) c dakTopaMu «COpT» U «BpeMs KyJbTUBHPOBAHUS» C NTOCIEYI0-
IIMM alOCTEPUOPHBIM TecTOM boHdeppoHu. Pazinuusa cuuTanu cTaTUCTUYECKU 3HAUUMbIMHU
npu p < 0,05. PesynbTaTel NpeAcTaB/IeHb] B BU/le cpeiHero 3HadeHus (Mean) U cTaHZapTHOTO
oTkJioHeHHud (SD).

Pe3yibTaThl

B pe3ysibTaTe aHa/siM3a NOKa3aTeJield IPUPOCTa BbICOThI, POPMHUPOBAHUS JIUCTHEB, Me-
KJO0Y3JIMA U Pa3BUTHA KOPHEBOM CUCTEMbI y PaCTeHUN-pereHepaHTOB U3y4aeMbIX COPTOB B
YCJIOBUSX In Vitro BbIsIBJIEHBI CYlleCTBEHHbIE pa3/M4yus B JUHaAMUKe MopdoreHesa.

B TedyeHue 30 CyTOK KyJIbTUBUPOBAHUA paCTeHUH-pereHepaHTOB copTa «ApU30Ha»
OTMedaJlach BbIpa>KeHHasl NMOoJIOKUTe/IbHas JUHAMUKA pocTa N00eroB U KOpHeo6pa30oBaHUS.
Y3Ke Ha TpeTbHU CYTKHU HAbJI10/|a/I0Ch HAa4aJI10 pocTa N06eros, Npyu 3TOM KOpHEOOPa30BaHUE OT-
MeuaJsioch ToJibkO y 40 % pactenuit (3-5 kopHelt gyrHOU 10 10 MM), TOrAa Kak B OCTaJbHbIX
BapHaHTax pa3BUTHEe KOPHEN OTCYTCTBOBAJIO. ITO CBUETENbCTBYET O PA3JIMYHONW CKOPOCTH
aJlanTalyy SKCIJIAHTOB pacTeHUH K yCJIOBUSM KYJbTUBUPOBAHHUS, CBI3aHHOH € 0COOEHHOCTSIMHU
caMuXx 3KCIIaHTOB. KopHeobpa3oBaHue y pacTeHUM copTa «ApU30Ha» YCUIUI0Ch nocje 9-12
cyToK. K 30 cyTkam npupoOCT BbICOThI pacTeHUH-pereHepaHTOB cOpTa «ApU30HA» COCTABUJI
oT 24 o 70 MM, IpyU4eM 3TO He 3aBUCeJIO0 OT JJIMHbI UCXOAHOT0 YepeHKa. KosiMmyecTBoO KopHeH
TaK»e CyleCTBEHHO Pa3/InyajioCh Y pa3HbIX pacCTeHUH JaHHOT0 copTa oT 4 0 19 wiT. B nesiom,
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CpasHumebHasi xapakmepucmuka MopgozeHesa copmos kapmodgpeisi 8 ycA08usix in vitro

K 30 HI0 KyJIbTUBUPOBaHUS ObLIM CPOPMHUPOBaAHbI TOJHOLLEHHbIE pa3BUThIE PACTEHHUS COPTa
Apu3soHa (pucyHok 1).

PucyHnok 1. Pactenus copta ApusoHa (30 fHel KyJIbTUBUPOBAHMUSA).

B Teyenue 30 cyTOK KyJIbTUBUPOBAHUA y PaCTEHUH-pereHepaHTOB copTa «banTuk Poy3»
oTMeuaJlach CTabuJibHasl JMUHAMHKA NPUPOCTA BbICOThI, KOJIMYECTBA JIMCTHEB, KOJIMYECTBA
MeX/0y3JIMH, KOJIMYeCTBO U [IJIMHA KOPHEH, OJHAKO BbIpaXKEHHOCTb MOpdoreHesa 3aBucesia
OT XapaKTepPUCTHUK IKCIJIAHTOB pacTeHus. Ha HauasbHOM 3Tamne (3 CyTKH) poCcT N06eros Mnpo-
MCXO/IUJI YMEPEHHO, @ Ha4a/10 KOpHeobpa3oBaHHUS 0TMedanoch ToJbKO ¥ 40 % pactenuit (1-2
KOPHS AJIUHOU 0 2 MM).

HauuHas ¢ 6 cyTOk Hab6J1104a/10Cb aKTUBHOE pa3BUTHE KOPHEBOW CUCTEMbl IPAKTUYECKU
y BCeX pacTeHUM. MakcuMasibHas JiyinHa KopHe# (30 MM) gocTuraack K 12 cyTkaM, mocjie 4ero
noKasaTeJlb CTabUJIN3UPOBAJICS.

Takum o6pasoM, copT «banTuk Poys» xapakTepusyeTcsl CPAaBHUTEJIbHO OBICTPbIM U
pPaBHOMEPHBIM pa3BUTHEM KOPHEBOM CUCTEMBI B YCJIOBUAX In Vitro, Npy 3TOM OTMEYeHbI Y
OTZ,eJIbHBIX paCTEHMU MaKCUMaJlbHble IOKa3aTeJU POCTa N06eroB 1 GOpMUPOBAHUS MEX/0-
y3JIMY, a y IpyrUX HanboJiee MHTEHCMBHOe KOpHeobpa3oBaHue. K 30 cyTkaM NpupoCT BbICOThI
pacTeHUH-pereHepaHTOB copTa «basTuk Poy3» 6b1J HAa OJHOM YPOBHE U COCTABUJI OT 22-24
MM, [IpH 3TOM CpeJiHsis BBICOTA pacTeHUM cocTaBusia 45 MM (pucyHoK 2). [IpupocCT BbICOTHI
OblJ1 OTMeYeH Bblllle y pacTeHUH U3 yepeHKOoB 10 20 MM. K 9 fHI0 BbICOTa Yy 3TUX pacTeHUU
yBeJIMYUJIach B cpeaHeM B 1,7 pas, k 30 aHto B 2,1 pas. 3To, M0-BUAUMOMY, 0O'bSICHSIETCS TEM,
YTO JlaHHbIEe YePEHKU ObLIM MOJIyYEHBI C IByX BEPXHUX SPYCOB UCXOAHBIX pacTeHU. [Ipupoct
BBICOTHI pacTeHUM U3 4yepeHKOB 25-30 MM Kk 9 AHIO yBesqiMuuJics B cpeaHeM B 1,5 pas, k 30
ZAHIO B 1,8 pas. KosinuecTBO KOpHEH TakK e CyLeCTBEHHO pa3/IM4ajioCh Y pa3HbIX pacTeHUH
JlaHHOoTrO copTa oT 4 f1o 14 mt/pactenue. [losyyeHHble JaHHbIE NOATBEPXK/AOT 3aBUCUMOCTD
MopdoreHesa copta «bantruk Poy3» 0T 0co6eHHOCTEeN UCXOAHOT0 KCIJIaHTa.
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PucyHnok 2. Pactenus copta bantuk Poys (30 gHel KyJIbTUBUPOBAHUSA).

[Ipu aHanM3e nokasaTesed IPUPOCTA BBICOTHI, KOJIUYECTBA JIUCThEB, KOJIMYeCTBa MeX-
JlI0y3JIMH, a TaKXKe KOJIMYeCTBa U AJIMHbI KOPHEH y pacTeHUN-pereHepaHToB copTa «['asa» 6bL1a
OTMevyeHa BblcOKasi MopdoreHeTu4yeckKass akTUBHOCTb COPTa, OHAKO BbIPAXKEHHOCTb POCTa U
pU3oreHesa MMeJia He3HaUYUTeJbHbIE PA3JINYUA MEXAY PAaCTEHUSMU.

K 30 cyTkam npupoCT BbICOThI pacTeHUM-pereHepaHToB copTa «['ayma» coctaBu oT 33 10
41 mM. KostmuecTBO KOpHEH Tak:Ke y pa3HbIX pacTeHUU JaHHOTO COPTa 0TMevaoCb IPUMEPHO
Ha 0HOM ypoBHe oT 11 0 14 wrT.

Ha HavyasibHOM 3Tane (0-3 cyTKH) poCcT MO6GEeroB MPOUCXOAMI 6e3 06pa3oBaHUs KOPHEH Ha
BCeX pacTeHHUSIX COPTa, YTO CBUJETENbCTBYET O G0Jiee I03/JHEM Hauajle pUu30reHesa [0 CpaBHe-
HUIO ¢ copTaMu «Apr3oHa» U «banTuk Poy3s». [lepBble NprU3HaKK aKTUBHOTO KOPHEOOPA30BaHUS
OTMeYaJsIMCh Ha 6-e CYTKH, B JaJIbHENIIEM pacCTeHUS NIePeX0UJIN K aKTUBHOMY Pa3BUTHIO. B
pe3yJsibTaTe 110 cpeiHeH BoicoTe pacTeHuM Copt 'ana onepenus pacteHus copra bantuk Poys,
a 1o MoKa3saTeJIlo IMCTO0O6pa3oBaHUs copT ['aya onepeaus o6a pyrux u3ydyaeMbIx COpTa.

HauunHas ¢ 9-x cyTOK 0TMe4yasi0Cb aKTUBHOE pa3BUTHE CTe0JIs1 U KOPHEH pacTeHUH.
HanboJsiee MHTEHCUBHBIN POCT OOGErOB HAOJ/II0[A/ICH Y PAaCTEHUU MOJTYYeHHBIX C YEPEHKOB
BEPXHUX IPYCOB, [/le BbICOTA paCTEHUH YBeJIU4UJIach B cpefHeM ¢ 15 MM B Hadasie onbITa 710 50
MM K 9-My JHIO KyJIbTUBUPOBaHUSA. B fasbHelieM NpUpOCT BBICOTHI 1€l He TAK UHTEHCUBHO
v K 30 oHIO KyJIbTUBUPOBAHUS CpeJHUM IPUPOCT BbICOTHI pacTeHU# copTa ['asa cocrtaBua 56
MM. [Ipu 3TOM M3HaYa/JbHBIA pa3Mep YepeHKOB He OKa3aJl TAKOIr'0 BJUSAHHUSA M0 CPAaBHEHUIO C
pacnosioKeHUeM YepPeHKOB.

[lo pesysbraTam AByxdaKTOpPHOTro AucniepcMoHHOr0 aHaausa (ANOVA) c nocieayomum
anocTepUoOpPHbIM TECTOM BoHpeppOHU BbISIBJIEHBI CTATUCTUYECKH 3HAYUMble PA3JIUUUS MEXKAY
uccaeyeMbIMU COPTaMU MO OTAE/IbHBIM MOPPOMETPHUYECKHUM NTOKA3aTe/ISIM Ha 3aKJII0UUTE N b-
HOM 3Tale KyJIbTUBUPOBaHUS, YTO OTPAXKEHO Pa3/IMYHbIMU OYKBEHHbIMU 0003HAaYE€HUSMU Ha
pUCYHKax 3 U 4.
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PucyHok 3. /luHaMKKa U3MeHEeHUd CpeiHer BbICOThI paCTeHUH-pereHepaHTOB COPTOB
kapTodesa B npouecce 30-4HEBHOTO KYJIbTUBUPOBaHUs In vitro. /laHHble peACTaB/IeHbl KaK
Mean * SD. Pa3sinyHble 6yKBeHHble 0003HaY€HUS HaJl CTOJ10L[aMH yKa3bIBalOT HA CTaTUCTUYECKU
3HauYMMble pa3/IM4yus MeX/y CPaBHUBaeMbIMU I'PyNNaMu N0 pe3yabTaTaM JIByX(GaKTOPHOIO
JaucrepcruoHHoro aHaausa (ANOVA) ¢ nocieyouUuM anocTepuopHbIM TecToM boHdeppoHu
npu p < 0,05.

PucyHoK 4. /luHaM1Ka U3MeHEeHUs CpeIHEer0 KOJIMYeCTBa JIMCThEB Y paCTeHUH-pereHe-
paHTOB cOpTOB KapTodess B npouecce 30-JHEBHOTO KyJIbTUBUPOBAHUS in vitro. /laHHbIe NIpeJ-
cTaBJsieHbl Kak Mean * SD. PazinuHble 6yKBeHHble 0003HaYeHUs Ha/J, CTOJIO1aMHU YKa3bIBalOT
Ha CTAaTUCTUYECKU 3HAUYMMble pa3JIUYUA MeXy CPaBHMBAaeMbIMU I'PyINIAMHU 10 pe3yJbTaTaM
JIByX$aKTOpHOro AucnepcuoHHoro aHanusa (ANOVA) c nocieyouMM anocTepuopHbIM TECTOM
Bondepponu npu p < 0,05.

YepeHkH co cpeHUM pa3dMepoM 23 MM nociie 30 gHeN KyJIbTUBUPOBAHUS YBEJIUUUIIN
CBOIO BBICOTY B 2,5 pas, a YyepeHKH pa3MepoM 15 MM B 3,6 pas. [Ipu aToM MakcumasibHOe dpop-
MHPOBaHME JHUCTOBOrO anmnapaTta 3apUKCUPOBAHO Y PAaCTEHUM, NOJyYEHHbIX U3 YEPEHKOB
6oJiblIero pasmepa (#0 13 McTheB) U yBeJIMYeHUe YKcIa MeXA0y3aui a0 6. [Ipu KyJ1bTUBU-
POBaHUHU y pacTEHUN U3 UEPEHKOB 60Jiee 22 MM OblJIO OTMEYEHO YBeJIUYEeHHE JINCTO0OOpa30Ba-
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HUS: B cpeiHeM Ha 17,5 % 6oJibllie 10 CPaBHEHUIO C PAaCTEHUSIMU U3 YePEeHKOB pa3MepoM 10 17
MM, YTO CBHU/JIETEJILCTBYET O 60Jiee BbICOKOM K03 dHUIMeHTe Pa3MHOXKEHHUs TaKUX pacTeHUU
B YCJI0BUAX In Vitro.

K 30 gHI0 KyZIbTUBUPOBaHUSA pacTeHus copTa ['asa 66111 NOTHOLLEHHO CPOPMUPOBAHDI
(pucyHok 5).

PucyHok 5. Pactenus copra l'asa (30 gHel KyJIbTUBUPOBaHUS ).
O6cyxaeHue

[loslydeHHbIE B X0/le UCCJIeI0BAaHUS Pe3y/IbTaThl IOATBEPXKAAIOT, YTO MOopdoreHes KapTo-
desis B yC/I0BUAX KYJAbTYPHI in Vitro B 3HaYUTEJIbHOM CTENEHU OIpeesieTCsl TeHOTUIIUYECKUMHU
0COOEHHOCTAMHU copTa. HecMOTps Ha oilMHAaKOBbIE YCJI0BUS KyJIbTUBUPOBAHUS U IPUMEHEHHE
UJIEeHTUYHBIX BAPUAHTOB NUTATEJbHbBIX CpeJi, UCCIelyeMble COPTa NPOSABUJIU PA3/IUYUA B TEM-
nax pocta, GOpMUPOBAaHKU JIUCTOBOIO aNnapaTa, Yucjiae Mex/10y3/IMi U pa3BUTUH KOPHEBOU
CUCTEMBL.

Pazinuna Mex/y copTaMy NOATBEPXKAAIOT JaHHbIE JIMTEPATYpPbl O TOM, YTO MPOLLECChI
pereHepanuu, pusoreHesa u QoOpMUpOBaHUs MEX0Y3JIUH B KyJbType In vitro 06J1aaloT BbIpa-
YKEHHOU COPTOBOM CrIel[MPUIHOCTHIO U 3aBUCAT OT FTeHETUYECKU 00YCI0BJIEHHbIX 0COOEHHOCTEN
MeTab0J/iM3Ma ¥ TOPMOHAJIbHOU Perysiliui pacTeHUH, YTO MOATBEPXKAAIOT HccaenoBaHusA E
Oves, | Anikina u ap. (2021). B ¢BA34 € 3TUM ONTHUMHU3ALUSA TPOTOKOJIOB MUKPOKJ/JIOHAJIBbHOT'O
Pa3MHOXEeHHS A0/KHA YYUThIBAaTh UHUBU/Iya/ibHblE TPEOOBAHHUS KaX /00 COPTA, MOCKOJIbKY
YHHBepcaJbHble YCI0BHUS KYyJbTUBUPOBAHHUS He BCerJa 06ecrneyrnBal0T MaKCUMalbHY0 3¢ dek-
TUBHOCTb.

TakuM 06pa3oM, B xo/ie UCCIe[0BaHHUS ObLJIY OJYYEHbI JAHHbIE O TOM, YTO pa3Hble COPTa
KapTodesiss UMeIOT pas/iMiyus B TEMIIaX pa3BUTHUsS MPU OJIMHAKOBBIX YCJOBUSX BbIpallBaHUs
in vitro, TO eCTb NPOSBJISIOT COPTOBYIO CIELUPUUHOCTD. ITO MOJATBEPXKAAET HEOOXOJUMOCTh
pa3paboTku copTocnenudpruyecKux NoAX0A0B IPU NPOU3BOACTBE 03[,0POBJIEHHOTO0 [10CaZ0YHOTO
MaTepuaJia U COBEPILIEHCTBOBAaHUU TEXHOJOTMH MUKPOKJIOHAJBHOTO Pa3MHOXeHUsI KapTodeJsl.

182 Ne2(155 JLH. T'ymunee amviHdarsl Eypaszus yammuik yHugepcumemiHiy XABAPILBICHI. Buo102usiiblk FolablMOap cepusicol
Y- yp V- y 4 p cep

/2026 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series

BECTHHK Espasuiickozo HQyuoHa1bHOo20 yHUsepcumema umeru J1.H. ['ymusesa. Cepust 6uosozudeckue HaQyKu



CpasHumebHasi xapakmepucmuka MopgozeHesa copmos kapmodgpeisi 8 ycA08usix in vitro

3ak/il0o4yeHue

B pe3ysibTaTe npoBei€HHOIO UCCIe[,0BaHNUA 0OHAPYKeHO, YTO MOpdoreHe3 COPTOB KapTo-
desist B KyJAbTYpe in vitro oTJiM4aeTcs1 COpTOBOM crieniudUIHOCTbI0. [[py 0AMHAKOBBIX YCJI0BUSAX
KyJIbTUBUPOBAHUS ¥ Pa3HbIX COPTOB CyIleCTBEHHO OT/JIMYAIOTCS CKOPOCTb poCcTa, OpMUpOBaHUE
JIMCTOBOTIO allllapaTa, KOJM4eCTBO MeX/0y3/IMU U pa3BUTHE KOPHEBOW CUCTEMBI.

CopT Ap130Ha OTJIMYAJICS BbICOKOM MHTEHCUBHOCTbIO pOCTa I06EroB, akTHUBHBIM 00pa-
30BaHUEM MEX/0Y3JIMU U XOPOILO Pa3BUTOM KOPHEBOW CUCTEMOM, YTO YKa3bIBaeT Ha BbICOKUH
pereHepanMOHHbIN IOTEHIAAJ ¥ IePCIEKTUBHOCTD €ro UCM0JIb30BaHUS B TEXHOJIOTUAX YCKO-
PEHHOT0 MUKPOKJIOHAJIbHOT'O Pa3MHOXKeHHUs1. Y>Ke Ha TPeTbU CYTKU HabJ110/ja/10Ch Hayalo pocTa
no06eroB, Npy 3TOM OTMe4YeHO KopHeoOpa3oBaHue y 40 % pacteHuit (3-5 KopHel AJUHOU [0
10 mm). K 30 cyTkaM npupoCT BbICOTHI paCTeHUI-pereHepaHTOB copTa ApU30Ha COCTABUJI OT
24 no 70 MM, cpeiHASA BBICOTA pacTeHUM cOCTaBUJIa 68 MM, IpUYeM 3TO He 3aBUCEJIO OT JIMHBI
VICXOHOTO YepeHKa. JTO CBUJEeTEJNbCTBYET O Pa3JIMUHON CKOPOCTH aJjlalTalldy 3KCIJIAaHTOB
pacTeHUH K yCJI0BUSIM KYJIbTUBUPOBAHUS, CBI3AaHHOW C 0COOEHHOCTSIMU CAMHUX 3KCIJIAaHTOB.

Copt banTuk Poy3 xapakTepu3oBaJics 60Jjiee yMeEpeHHbIMU TeMIIaMU pocTa noberos. Ha
3 CyTKH KOpHeoOpa3oBaHMe 0TMeYaJIoCh TaK e TobKOo y 40 % pactenuit (1-2 KopHA AJUHOU
7o 2 MM). K 30 cyTkaM npUpoCT BBICOTHI pacTeHUH-pereHepaHToB copTa banTuk Poys 6611 Ha
O/JHOM yPOBHE U COCTABUJI OT 22-24 MM, IPU 3TOM CPeJHsIsl BbICOTA paCTEeHUM COCTaBuIa 45 MM.

Copt l'asia xapakTepu3oBasicsl BbICOKUMU MOPPOMeTPpUUECKUMHU TOKa3aTesIMH, 0COOEH-
HO 1o pOpMHUpPOBAHUIO JUCTOBOro annaparta. Ha HauasbHOM aTane (0-3 cyTok) pocT noberos
npoucxoau 6e3 o6pa3oBaHUs KOPHEN Ha BCeX pacTeHHUSX COPTa, YTO CBU/IETEIbCTBYET 0 60-
Jiee N03/lHEM HayaJie pM30reHe3a 10 CpaBHEHUIO ¢ copTamMu ApusoHa u banTtuk Poys. [lepBbie
NpU3HAKU aKTUBHOI'0 KOpHEOOpa30BaHUsI OTMEYa/IMCh Ha 6-€ CYTKH, B la/IbHellIeM pacTeHuUs
nepexoauv K akTUBHOMY pa3BUTHIO. B pesysbraTe 1o cpesiHel BoicoTe pacteHuu Coprt lasna
onepeaus pacteHus copta banTtuk Poys, a no nokasareJito incToo6pa3oBaHus copt ['asa one-
peZins 06a Apyrux u3ydaeMblx COpTa.

K 30 cyTkaM npupoCT BbICOThI paCTEHUH-pereHepaHToOB copTa ['asa coctaBua oT 33 10
41 MM, BbICOTA B cCpeJjHEM cocTaBuiia 56 MM. KosinuecTBO KOpHel y pa3HbIX pacTeHUU JJaHHOTO
copTa 0TMe4aJIoCh IPUMEPHO Ha OJHOM ypoBHe oT 11 g0 14 wT.

MakcuManibHble TOKa3aTeJJu pUu3oreHesa OTMe4eHbl y copTa Apu3oHa 10 19 kopHen
AnvHou 30 MM, YTO OATBEPK/JAeT BBICOKMU MTOTEHI[MaJl KOpPHEOOpa30BaHUs JaHHOTO COpTa B
JIAaHHBIX YCJIOBUSIX BbIpallUBaHUSI.

[losiyyeHHbIe JaHHbBIE IOATBEPXKAAIOT, YTO IPUMEHEHUE CTAHJAPTHBIX CXEM MUKPOKJIO-
Ha/IbHOTO Pa3MHOEeHUs He Bcerja obecreuMBaeT MaKCUMa/IbHY0 3 PeKTUBHOCTD [Jisl pas-
JIMYHBIX COPTOB KapTodes. B cBA3U ¢ 3TUM ONTHMHU3ALUS TEXHOJIOTHUU JIOKHA TPOBOAUTHCS
C yYETOM reHOTUNMYECKHUX 0COOEHHOCTEN KaXK/0r0 COPTa, YTO MO3BOJIUT MOBBICUTH K03)Pu-
LUEHT Pa3MHOXEHUS, YIYULIUTb Ka4eCTBO KyJbTYpPaJbHbIX PACTEHUU U CHU3UTDb 3aTPaThl HA
HoJIy4YeHHe 03JJ0POBJIEHHOTO I10CaJ04YHOr0 MaTepuaJsa KapTodeJs.

[IpakTuyeckas 3Ha4UMOCTb JAHHOT'0 UCC/IeJOBAHUS 3aKJI0YAETCA B BO3MOXKHOCTH UC-
N0JIb30BaHUS MOJIyYeHHBIX Pe3y/bTaTOB MIPYU ONTUMU3AL UM OUOTEXHOJIOTUYECKUX METO/0B
IPOM3BO/CTBA UCXOAHOTO CEMEHHOr0 MaTepuasia KapTodesis. ITo UMeeT 0c060 BaXKHOe 3Ha-
YyeHUe /1151 NOBblleHUs 3P PEeKTUBHOCTHU CUCTEMbI CEMEHOBO/,CTBA U YCKOPEHHOTO BHEIPEHUS
NepCreKTUBHBIX COPTOB KapTodesisi B CEJIbCKOXO35IMCTBEHHOE IIPOU3BO/CTBO.
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KapTon copTTapbIHBbIH, in vVitro xKaraanblHAAFbI MOP(POreHe3iHiH,
CaJIBICTBIPMAJIbI CUNIATTaAMAaChI

B.A. )Kugenkol, U.H. AuukuHa *2, A. U6paeBa3
12 3 Topatirbipos yHusepcumemi, [lasaodap, Kazakcmau

Apaatna. by Makasiazia KapTONTBIH 9PTYpJli COPTTAPBIHBIH, in VIitro »KaF4aiblHaFbl
MopdoreHe3iHe XKYpTi3i/ireH 3epTTeyiepAiH HOTHXKeJepi YCbIHbIIFAH. 3epTTeY/liH, MaKcaThl —
6ipzelt KyJIbTUBUPJIEY TapaMeTpJiepi xKaFAalblHa MUKPOKJIOHAIAbl K66EeNTY Ke3iHze KapTon
eCiM/IiIKTepiHiH 6cyi MeH JaMybIHbIH COPTTHIK epeKIIeNiKTepiH 3epTTey XKaHe 6aFasiay 60JIbI
TaObLIabI.

KyMbIc 6apbIicbIHAA MUKPOOCIMAIKTEP/iH, MOPPOMETPHUSAJIBIK KOPCETKIIITEPiHE CaTbI-
CTbIpMaJibl TaJ/ay KYpPri3ii/ii, OHbIH illiH/e 6pKeHAePAiH OUIKTIri, 6ybIHapabIKTap/blH CaHbI,
»KanbIpak annapaTbIHbIH KAJbIITACYbI K9He KYJIbTYPaJbIK 6CIMAIKTEp/iH TaMbIp XKYHeCiHIH,
JlaMy epeKIleJIiKTepi KapacThIpblIJAbl. 3epTTey HaTHXeCiHAe Apu3oHa, banTuk Poys xaHe 'aa
CUAKTbI KapTOIl COPTTAPbIHbIH 6CY KaPKbIHbI, 6pKEH/EePAIH KaJbIIITACY KAPKbIH/bIJIBIFbI 2KoHe
TaMbIp KyHeCiHiH AaMybl O0MbIHILIA alTapJ/IbIKTal allbIpMallblIbIKTAphl 6ap eKeHi aHbIKTa/ibl.
Bys1 MopdoreHeTHKabIK POLECTEPAIH FTeHOTUNTIK TYPFbl/IaH lIapTTaJFaHbIH KepceTe/i )KoHe
KapTONTbl MUKPOKJIOHAJ/1bl KOOEUTY Ke3iH/le COPTKA ToH (copTocnelnPprKalbIK) XxaTTaMalap/bl
a3ipJsiey KaXKeTTiJiriH fasengeiiii. CoHbIMeH KaTap, eCiMiKTep/liH 6Cyi MeH AaMybl 6acTanKpl
3KCIJIAHTTBIH, CUIIaTTaMaJlapblHa TiKeJiel TayeJ/ii eKeHi aHbIKTal/bl. AJIbIHFaH HOTHXKeJlep
KapTOINTHIH CaybIKThIPbLJIFAH OTBIPFbI3y MaTepUaJiblH OHJIpeTiH OHAIPICTIK 3epTxaHantapia
YKYMBIC X)KOCHIapJiay 9/iCTepiH xkKeTinAipyre, COHAal-aK OHbl MUKPOKJIOHAJI/1bl KOOEUTY TEeXHO-
JIOTUSIJIAPbIH OHTaWJIaHAbIPYFa KOJILaHbLIYybl MYMKIH.

Ty#iH ce3aep: kapTor, in vitro, MUKPOKJIOHaJI/1bl K6OENUTY, MOpdOreHes, COPTTHIK epek-
11eJiK, pu3oreHes
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Comparative characteristics of morphogenesis in potato varieties
under in vitro conditions

V.A. Zhidenko1, L.N. Anikina *2, A. Ibraeva3
1,2,3 Toraighyrov University, Pavlodar, Kazakhstan

Abstract. This article presents the results of studies on the morphogenesis of various
potato varieties under in vitro conditions. The aim of the study was to investigate and evaluate
the varietal specificity of potato plant growth and development under in vitro culture conditions
during microclonal propagation with identical cultivation parameters. During the study, a
comparative analysis of the morphometric parameters of microplants was conducted, including
shoot height, number of internodes, leaf formation, and characteristics of root system development
in cultured plants. It was established that the potato varieties studied, such as Arizona, Baltic
Rose, and Gala, differ significantly in growth rate, shoot formation intensity, and root system
development, indicating that morphogenetic processes are genotypically determined, which
confirms the need to develop variety-specific protocols for microclonal propagation of potatoes.
A direct dependence of plant growth and development on the characteristics of the initial explant
was also identified. The data obtained can be used to improve methods for planning work in
production laboratories for the production of disease-free potato planting material, as well as
to optimize technologies for its microclonal propagation.

Keywords: potato, in vitro, microclonal propagation, morphogenesis, variety specificity,
rhizogenesis
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The zoogeographical analysis of true bugs
(Cimicomorpha, Heteroptera) of the Western Tien Shan
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Abstract. This article presents a zoogeographic study of true
bugs of the infraorder Cimicomorpha (Heteroptera) in the Western Tien
Shan. Species were collected from several localities in the Western Tien
Shan, ranging from lower elevations to high-altitude areas. The record-
ed species were assigned to 18 zoogeographical regions based on their
distribution trends. A total of 89 species were identified and assigned to
five families: Miridae, Tingidae, Nabidae, Anthocoridae and Reduviidae.

The results showed that the Holarctic zoogeographic region
is represented by 15 species, including 12 species (80%) of the fam-
ily Miridae, 2 species of Nabidae, and 1 species of Anthocoridae. The
Trans-Palaearctic realm contains 15 species, primarily Miridae (10
species). The Trans-Eurasian and Western Eurasian zones display the
greatest species richness, with 16 species (18%) and 17 species (19%),
respectively, where in Miridae constitute 50-65% of the species in
these locales. In other regional zones, such as the Holarctic-Oriental,
Holarctic-Neotropical, Trans-Palaearctic-Oriental, Western Palaearctic,
Eastern Palaearctic, Central Tethyan, Iran-Turan, Euxino-Iran-Turan,
Turan-Turkestan-Altai-Gobi, Euxino-Kazakh-Altai-North Turan, Euro-Si-
berian-Kazakh, European-Kazakh, Central Asian-Kazakh and Turkestan
Mountain areas, 1 to 3 species of true bugs were noted, with particular
territories showing dominance by Nabidae, Tingidae and Reduviidae.

The gathered information supplements the understanding of the
zoogeographic spread of Cimicomorpha in the mountain environments of
the Western Tien Shan and can act as a foundation for future exploration
of biodiversity and the safeguarding of native species.

Keywords: Cimicomorpha, Western Tien Shan, Heteroptera,
Miridae, zoogeography, species diversity, mountain ecosystems
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Introduction

The Western Tien Shan is a biogeographically unique area characterized by intricate topog-
raphy, a high variety of plant communities, and a marked degree of endemism [1, 2]. True bugs
(Cimicomorpha) represent a sizable and ecologically vital group of insects performing central
roles in terrestrial ecosystems: predatory species regulate populations of invertebrates, including
agricultural and forest pests, while plant-eating species impact the structure and dynamics of
plant communities [3, 4]. Heteroptera make up a large insect assemblage including over 40,000
species spread across roughly 50 families globally [5, 6].

Research into the true bug fauna of Central Asia has continued for over 170 years [7].
These inquiries led to the discovery of hundreds of true bug species, and their zoogeography was
systematically examined and recorded in local catalogues, notably the Catalogue of Palaearctic
Heteroptera [8, 9].

Over 1,250 species of Heteroptera are presently known from Central Asia [10, 11], yet
despite these advances, the documentation concerning the terrestrial true bugs inhabiting
diverse habitats of Kazakhstan and neighboring areas remains scarce. Mountain ranges in the
southeastern portion of the region, which constitute significant biogeographical centers [12],
are especially underexplored. Examining the extents and distributional trends of Cimicomorpha
allows for the recognition of zoogeographical principles, appraisal of ecological specialization
levels, and estimation of environmental factors’ impact on community organization. Under
current circumstances of worldwide climate alteration, growing human impact, and rangeland
deterioration [13, 14], such research is particularly pertinent, as ecological shifts might result
in range alterations, species decline, and reorganization of biological communities.

The objective of this research is to perform a zoogeographical examination of Cimicomor-
phain the Western Tien Shan, to ascertain patterns of species distribution across faunal ranges,
and to appraise their part in the composition of mountain ecosystems in the area.

Materials and research methods

Cimicomorpha samples were collected in various habitats of the Western Tien Shan, in-
cluding mountain meadows, forest edges, shrubs, and coastal areas, between 2023 and 2025. The
study area covered a wide range of heights, from about 1300 m above sea level in the foothills to
4236 m at the top of Mount Sairam (Fig.1). Subsequently, the collected species were identified
and assigned to 18 zoogeographic areas of the Western Tien Shan in accordance with the clas-
sification of Yemelyanov (1974) [15]. This approach made it possible to assess the patterns of
species distribution and identify both widespread and regionally limited species.
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The zoogeographical analysis of true bugs (Cimicomorpha, Heteroptera) of the Western Tien Shan

Figure 1. Field surveys conducted in the territories of the Western Tien Shan

The study area covered a wide range of habitats, including mountain meadows, forest edg-
es, shrub communities, floodplain areas, and coastal areas along watercourses. The descriptive
nomenclature of the distribution of species corresponds to the concepts of physical geography, in
which the latitudinal axis runs from north to south and reflects climatic conditions, in particular
temperature regimes, while the longitudinal axis runs from west to east. In some species, the
distribution ranges correspond to the boundaries of certain landscape zones, such as mountain
meadows, forest edges, and semi-desert habitats [16]. The geographical distribution analysis
was based on modern catalogues and databases of Palearctic Heteroptera [17], as well as on
data from previous regional studies. The occurrence and abundance of species were studied
using field observation methods on various species of vegetation, including grassy and shrubby
communities, as well as on forest edges. 60-80 plants were examined daily at each sampling site
and the number of adults, larvae of all ages, and egg clutches were recorded.
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Species frequency of occurrence was calculated using the formula (1):

P;
F (%) = 100x - M

where P; is the number of recorded individuals of a given species, and P is the total number
of all observed individuals.
The relative abundance of species was calculated using the formula (2) [7]:

K;
Ar (%) = 100x 1 @)

where K; denotes the number of individuals recorded for a given species, and K represents
the total number of individuals recorded during the observations.

Results

As aresult of a comprehensive survey of the true bug fauna in the Western Tien Shan, 89
species were determined, belonging to five families: Tingidae, Nabidae, Anthocoridae, Reduviidae,
and Miridae. To evaluate the zoogeographical spread of the species, a biogeographical categori-
zation including 18 faunal zones of the Western Tien Shan was applied (Table 1).

Table 1.
Zoogeographical distribution of predatory Cimicomorpha species
in the Western Tien Shan

Ne | Zoogeographical range Family Species Number
1 Holarctic Nabidae Nabis flavomarginatus Scholtz, 1847, Himace- 2
rus apterus (Fabricius, 1798)
Anthocoridae Orius minutus (Linnaeus, 1758) 1
Miridae Capsus cinctus (Kolenati, 1845), Chlamydatus 12

pullus (Reuter, 1870), Agnocoris rubicundus
(Fallén, 1807), Apolygus lucorum (Meyer-Dur,
1843), Leptopterna dolobrata (Linnaeus,
1758), Lygus rugulipennis Poppius, 1911, Or-
thocephalus saltator (Hahn, 1835), Orthotylus
lenensis Lindberg, 1928, Polymerus brevicor-
nis (Reuter, 1879), Polymerus cognatus (Fie-
ber, 1858), Polymerus unifasciatus (Fabricius,
1794), Trigonotylus caelestialium (Kirkaldy,

1902)
Holarctic-Oriental Anthocoridae Orius niger (Wolff, 1811) 1
Holarctic-Neotropical Miridae Deraeocoris ruber (Linnaeus, 1758)
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4 Trans-Palaearctic Tingidae Galeatus inermis (Jakovlev, 1876)
Nabidae Nabis ferus (Linnaeus, 1758) 1
Anthocoridae Anthocoris confusus Reuter, 1884, Orius hor- 2
vathi (Reuter, 1884)
Reduviidae Coranus subapterus (De Geer, 1773) 1
Miridae Deraeocoris punctulatus (Fallén, 1807), Adel- 10

phocoris lineolatus (Goeze, 1778), Lygus
pratensis (Linnaeus, 1758), Lygus wagneri Re-
mane, 1955, Polymerus nigrita (Fallén, 1807),
Plagiognathus chrysantemi (Wolff, 1804), No-
tostira elongata (Geoffroy, 1785), Stenodema
calcarata (Fallén, 1807), Stenodema laevigata
(Linnaeus, 1758), Trigonotylus ruficornis (Ge-
offroy, 1785)

5 Trans-Palaearctic-Ori- | Miridae Lygus gemellatus gemellatus (Herrich-Schaffer, 1
ental 1835)
6 Western Palaearctic Nabidae Himacerus mirmicoides (0. Costa, 1834), Pi- 2

rates hybridus (Scopoli, 1763)

Reduviidae Rhynocoris iracundus (Poda, 1761)

Miridae Deraeocoris serenus (Douglas & Scott, 1868), 6
Charagochilus gyllenhalii (Fallén, 1807), Adel-
phocoris vandalicus (Rossi, 1790), Orthops
campestris Linnaeus, 1758, Orthops kalmi (Lin-
naeus, 1758), Trigonotylus brevipes Jakovlev,

1880
7 Eastern Palaearctic Miridae Deraeocoris ater Linnaeus, 1758 1
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8 Trans-Eurasian Tingidae Oncochila simplex (Herrich-Schiffer 1830), 2
Physatocheila smreczynskii China, 1952

Nabidae Nabis brevis Scholtz, 1847, Nabis limbatus 3
Dahlbom, 1851, Nabis rugosus (Linnaeus,
1758)

Anthocoridae Anthocoris nemorum (Linnaeus, 1761), An- 3

thocoris pilosus (Jakovlev, 1877), Deraeocoris
olivaceus (Fabricius, 1777)

Miridae Deraeocoris scutellaris (Fabricius, 1794), Cap- 8
sodes gothicus gothicus (Linnaeus, 1758),
Chlamydatus pulicarius (Fallén, 1807), Apoly-
gus spinolae (Meyer-Dur, 1841), Lygus punc-
tatus (Zetterstedt, 1838), Phytocoris insignis
Reuter, 1876, Stenodema holsata (Fabricius,
1787), Stenodema virens (Linnaeus, 1767)

9 Western Eurasian Tingidae Agramma confusum (Puton, 1879), Dictyla 4
lupuli (Herrich-Schaffer, 1837), Lasiacantha
capucina Germar, 1837, Tingis reticulata (Her-
rich-Schéffer, 1835)

Nabidae Nabis punctatus punctatus O. Costa, 1847 1
Reduviidae Rhynocoris annulatus (Linnaeus, 1758) 1
Miridae Deraeocoris ventralis Reuter, 1904, Closteroto- 11

mus biclavatus biclavatus (Herrich-Schaffer,
1835), Liocoris tripustulatus (Fabricius, 1781),
Brachycoleus decolor Reuter, 1887, Oncotylus
setulosus (Herrich-Schaffer, 1837), Orthoceph-
alus brevis (Panzer, 1798), Plagiognathus bi-
punctatus Reuter, 1883, Phytocoris incanus Fie-
ber, 1864, Phytocoris ulmi (Linnaeus, 1758),
Phytocoris varipes Boheman, 1852, Notostira
erratica (Linnaeus, 1758)

10 | Central Tethyan Tingidae Catoplatus fulvicornis (Jak., 1890) 1
Miridae Psallopsis similis Wagner, 1958 1
11 | Iran-Turanian Tingidae Tingis leptochila (Bull.) 1
Nabidae Himacerus maracandicus (Reuter, 1890) 1
12 | Euxino-Iranian-Turani- | Miridae Myrmecophyes variabilis Drapolyuk, 1989 1
an
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13 | Turan-Turkestan-Al- | Miridae Salicarus halimodendri Putshkov, 1977 1
tai-Gobi
14 |Euxino-Kazakh-Al- | Miridae Phytocoris issykensis Poppius, 1912 1
tai-North Turan
15 | Euro-Siberian-Kazakh Reduviidae Coranus contrarius Reuter, 1881 1
16 | European-Kazakh Tingidae Galeatus sinuatus (Herrich-Schaffer, 1838) 1
17 | Central Asian-Kazakh Miridae Dicyphus thoracicus Sharp, 1875, Cyllecoridea 3
decorata (Kiritshenko), Myrmecophyes tibialis
Rolfe 1917
18 | Turkestan Mountain Nabidae Nabis nigrovittatus tianshanicus (Kerzhner, 1
1981)

Within the Holarctic zone, 15 true bug species were recorded. The most diverse family is
Miridae, shown by 12 species (80% of the total species in this region), such as Capsus cinctus,
Chlamydatus pullus, Agnocoris rubicundus, Apolygus lucorum, Leptopterna dolobrata, Lygus ru-
gulipennis, Orthocephalus saltator, Orthotylus lenensis, Polymerus brevicornis, Polymerus cognatus,
Polymerus unifasciatus and Trigonotylus caelestialium. These Miridae are largely phytophagous,
feeding on plant sap, and display high ecological plasticity, allowing them to occupy diverse
habitats from lowland steppes to montane ecosystems, some species also act as secondary
predators, regulating populations of smaller insects [18]. The family Nabidae includes 2 species
(Nabis flavomarginatus and Himacerus apterus), making up 14% of the total species in the zone,
where as Anthocoridae is present with just one species (Orius minutus), tiny predatory bugs that
pursue aphids and ticks in plant microsites unavailable to larger predators [19].

In the Holarctic-Oriental region, just one predatory species, Orius niger (Anthocoridae),
was recorded, whereas in the Holarctic-Neotropical region, one species of the family Miridae
Deraeocoris ruber, was observed. Across the Trans-Palaearctic expanse, 15 species belonging
to 5 families were ascertained. The family Miridae comprised 10 species, such as Deraeocoris
punctulatus, Adelphocoris lineolatus, Lygus pratensis, Lygus wagneri, Polymerus nigrita, Plagiog-
nathus chrysantemi, Notostira elongata, Stenodema calcarata, Stenodema laevigata and Trigo-
notylus ruficornis. Miridae in this region are mainly phytophagous, but their ability to occupy
different plant communities allows them to thrive across large geographic ranges [20]. Nabidae
(Nabis ferus), Reduviidae (Coranus subapterus), Tingidae (Galeatus inermis) and Anthocoridae
(Anthocoris confusus, Orius horvathi) finalize the local life forms. Nabidae and Reduviidae are
active predators, contributing to population control of smaller insects, while Tingidae are strictly
phytophagous and closely associated with specific host plants, often reflecting the composition
of the vegetation [21]. In the Trans-Palaearctic-Oriental territory, a solitary Miridae species,
Lygus gemellatus, was recorded.

In the Western Palaearctic region, 9 species belonging to 3 families were recorded. The
Miridae family predominated with six species, comprising Deraeocoris serenus, Charagochilus
gyllenhalii, Adelphocoris vandalicus, Orthops campestris, Orthops kalmi and Trigonotylus brevipes.
The Nabidae family was shown by two species (Himacerus mirmicoides and Pirates hybridus), and
Reduviidae by just one species (Rhynocoris iracundus). Again, Miridae species are phytophagous
and ecologically flexible, Nabidae and Reduviidae are predators regulating insect populations and
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this structure mirrors their functional parts in these habitats [18, 22]. In the Eastern Palaearctic
area, one species of Miridae (Deraeocoris ater) was recorded.

In the Trans-Eurasian region, 16 species belonging to 4 families were found. The family
Miridae comprised eight species (Deraeocoris scutellaris, Capsodes gothicus, Chlamydatus puli-
carius, Apolygus spinolae, Lygus punctatus, Phytocoris insignis, Stenodema holsata and Stenodema
virens), making up 50% of the local fauna. The families Nabidae (Nabis brevis, Nabis limbatus
and Nabis rugosus) and Anthocoridae (Anthocoris nemorum, Anthocoris pilosus and Deraeocoris
olivaceus) were represented by three species apiece, while Tingidae included two species (On-
cochila simplex and Physatocheila smreczynskii).

In the Western Eurasian region, 17 species belonging to four families were recorded. The
Miridae family was the most species-rich with 11 species, followed by Tingidae with four species,
and Nabidae and Reduviidae with one species each.

In the Central Tethyan, Iran-Turan, Euxino-Iran-Turan, Turan-Turkestan-Alatau-Gobi,
Euxino-Kazakh-Altai-North Turan, Euro-Siberian-Kazakh, European-Kazakh, Central Asian-Ka-
zakh, and Turkestan Mountain region, between one and three species were recorded. In these
locales, the Miridae family is prevalent, apart from some specific zones where Tingidae, Nabidae,
or Reduviidae are prevalent.

Figure 2 demonstrates the zoogeographical spread of species from the Nabidae family
in the Western Tien Shan. The research showed that members of this family are present in six
zoogeographical zones. The greatest species diversity was seen in the Trans-Eurasian region,
where three species were noted: Nabis brevis, Nabis limbatus and Nabis rugosus.

Ne Zoogeographical range Number of species
1 Holarctic 2
2 Trans-Palaearctic 1
3 Western Palaearctic 2
4 Trans-Eurasian 3
5 Iran-Turanian 1
6 Turkestan Mountain 1
Total 11

Figure 1. Zoogeographical distribution of Nabidae species (Cimicomorpha)
in the Western Tien Shan
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The Holarctic region is represented by two species, Nabis flavomarginatus and Himacerus
apterus, which are broadly spread and characteristic for the temperate zone’s wildlife. Within the
Western Palaearctic region, two species were likewise noted: Himacerus mirmicoides and Pirates
hybridus. In the Trans-Palaearctic region, a single species, Nabis ferus, was spotted, which has a
broad distribution throughout the Palaearctic.

Ne Zoogeographical range Number of species
1 Trans-Palaearctic 1
2 Western Palaearctic 1
3 Western Eurasian 1
4 Euro-Siberian-Kazakh 1
Total 4

Figure 2. Zoogeographical distribution of Reduviidae species (Cimicomorpha)
in the Western Tien Shan

Regarding the family Reduviidae, four species were recorded in the Western Tien Shan,
distributed across four zoogeographical areas (Figure 2). In the Trans-Palaearctic zone, Coranus
subapterus was observed. The Western Palaearctic domain is represented by Rhynocoris iracun-
dus, typical of the European fauna and nearby locales. In the Western Eurasian area, Rhynocoris
annulatus was found. The Euro-Siberian-Kazakh region is represented by Coranus contrarius,
linked to the temperate and continental conditions of Eurasia.

For the family Tingidae, ten species were recorded in the Western Tien Shan, distributed
among six zoogeographical regions (Figure 3). The highest variety of Tingidae was seen in the
Western Eurasian area (four species), making up 40 % of all noted species. Two species (20%)
were recorded in the Trans-Eurasian region, whereas each of the remaining zoogeographical
regions contained only one species, representing 10% of the total.
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Ne Zoogeographical range Number of species
1 Trans-Palaearctic 1
2 Trans-Eurasian 2
3 Western Eurasian 4
4 Central Tethyan 1
5 Iran-Turanian 1
6 European-Kazakh 1
Total 10

Figure 3. Zoogeographical distribution of Tingidae species (Cimicomorpha)
in the Western Tien Shan

Concerning the family Miridae, 57 species were recorded in the Western Tien Shan, spread
across 13 zoogeographical regions (Figure 4). The greatest species variety was seen in the Holarctic
regions (12 species, 21 % of the sum), the Western Eurasian regions (11 species, 19 %), and the
Trans-Palaearctic zone (10 species, 18 %). Reduced species variety defined local and territorial
areas, such as the Holarctic-Neotropical, Trans-Palaearctic-Oriental, Eastern Palaearctic, Central
Tethyan, Euxino-Iranian-Turanian, Turan-Turkestan-Alatai-Gobi and Euxino-Kazakh-Altai-North
Turan areas, each featuring just one species (2 % of the sum), while the Central Asian-Kazakh
area contained three species.
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Ne Zoogeographical range Number of species
1 Holarctic 12
2 Holarctic-Neotropical 1
3 Trans-Palaearctic 10
4 Trans-Palaearctic-Oriental 1
5 Western Palaearctic 6
6 Eastern Palaearctic 1
7 Trans-Eurasian 8
8 Western Eurasian 11
9 Central Tethyan 1
10 Euxino-Iranian-Turanian 1
11 | Turan-Turkestan-Altai-Gobi 1
12 | Euxino-Kazakh-Altai-North Turan 1
13 | Central Asian-Kazakh 3

Total 57

Figure 4. Zoogeographical distribution of Miridae species (Cimicomorpha)
in the Western Tien Shan

The resulting zoogeographical distribution suggests that the bulk of the Miridae in the
Western Tien Shan comprises species with broad dispersal areas, able to adjust to the area’s
varied environmental and weather conditions.

Figure 5 shows the zoogeographical layout of Anthocoridae species in the Western Tien

Shan.
JLH. 'ymunes amuindarul Eypasus yammuik yHusepcumeminiy XABAPIIBICHI. Buoa02usiablK FolablmMOap cepusicobl Ne2(155) 201
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series /2026

BECTHHK Espasuiickozo HAyuoHa1bHOo20 yHUsepcumema umeHru J1.H. ['ymusesa. Cepust 6uosozudeckue HaQyKu



G.E. Mardenova, PA. Esenbekova, M.B. Zhaksybayev, G.D. Anarbekova

Ne Zoogeographical range Number of species
1 | Holarctic 1
2 | Holarctic-Oriental 1
3 | Trans-Palaearctic 2
4 | Trans-Eurasian 3
Total 7

Figure 5. Zoogeographical distribution of Anthocoridae species (Cimicomorpha) in the
Western Tien Shan

The largest proportion of species pertains to the Trans-Eurasian region, which contains
three species, making up 42.8 % of all documented members of the family. A notable segment of
the fauna is also comprised of species from the Trans-Palaearctic region, including two species
(28.6 %). Species of Holarctic and Holarctic-Oriental ranges are represented by one species each.

Discussion

The performed zoogeographical analysis of Cimicomorpha (Heteroptera) in the Western
Tien Shan uncovered a complex faunal composition, made up of a mixture of broadly spread and
locally confined species. This spatial arrangement mirrors the general template of entomofauna
in the temperate section of the Palaearctic. Comparable layouts have been noted in numerous
Palaearctic territories, including Central Asia, within other examined terrestrial true bug species.
For example, in Uzbekistan, zoogeographical assessments of Heteroptera have indicated that
a prominent segment of the fauna comprises Holarctic, Trans-Palaearctic, and Trans-Eurasian
species. Similar zoogeographical frameworks with a majority of Holarctic and Trans-Palaearctic
components have been recorded in other Central Asian faunas [23]. This aligns with widely dis-
persed species, encompassing species of Nabidae, Miridae, Reduviidae and other families, which
is mainly ascribed to their ecological adaptability [24, 25].

The results of our study also confirm that Miridae dominate in species richness in the
Western Tien Shan, which is consistent with data from other Palaearctic regions [26], where
this family represents the most diverse group among Heteroptera. The dominance of Miridae
in most zoogeographical regions may be associated with the high diversity of herbaceous and
shrub vegetation in the Western Tien Shan. Most representatives of this family are phytophagous
and exhibit a close association with particular host plants. The mosaic distribution of mountain
meadows, shrub communities, forest edges, and endemic plant assemblages creates a wide
range of ecological niches that promote species diversification and persistence of Miridae. Such
trophic specialization combined with ecological plasticity likely explains the predominance of
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this family in the studied region. The prevalence of Miridae in species richness matches trends
noted for the Palearctic region, where this family represents the largest fraction of Cimicomorpha
diversity [17, 27].

For instance, in the Kharkiv fauna (Ukraine), Miridae was similarly the richest family in
terms of species compared to Nabidae and Tingidae [28, 29]. The occurrence of the families
Nabidae, Anthocoridae, and Reduviidae across multiple zoogeographical areas indicates their
broad ecological adaptability to diverse environmental conditions. This is consistent with data
on Heteroptera in Southeastern Kazakhstan, where representatives of these families were found
to be widely distributed and play an important role in regulating the populations of other insects
within natural communities [30].

Itis also worth noting the diversity of zoogeographical realms represented in our material,
including the Holarctic, Trans-Palaearctic, West-Eurasian, Trans-Eurasian, and several regional
areas (e.g, Iran-Turanian, Central Tethyan, etc.). This indicates that the Western Tien Shan lies
within the contact zone of several major zoogeographical complexes, creating unique conditions
for the formation of a complex faunal structure, similar to those observed in adjacent parts of
Central Asia and the Palaearctic. The predominance of species with wide-ranging distributions
(Holarctic, Trans-Palaearctic and Trans-Eurasian) suggests their resilience to diverse climatic
factors.

Conclusion

During the zoogeographical study of Cimicomorpha in the Western Tien Shan, a total of
89 species belonging to five families: Tingidae, Nabidae, Anthocoridae, Reduviidae, and Miridae
were recorded. The zoogeographical analysis revealed that the most diverse realms are the
Holarctic, Trans-Palaearctic, Trans-Eurasian and Western-Eurasian, which harbor the highest
number of species. In local or regional realms, such as the Central Tethyan, [ran-Turanian and
Turkestan Mountain, species richness was low, ranging from one to three species, reflecting the
influence of historical, geographical, and ecological factors, including altitude, habitat species
and climatic conditions.

The analysis of family-level spread demonstrated that Miridae are predominant across
most domains, apart from particular local areas where Tingidae, Nabidae, or Reduviidae are
dominant. Members of the Nabidae family were noted in six regions, with maximum species
richness seen in the Trans-Eurasian.

These outcomes corroborate existing theories in Cimicomorpha zoogeography, suggesting
that widely distributed species constitute the «base» of local fauna, while endemic species are
confined to particular settings and fashioned by historical-geographical hindrances. The infor-
mation concerning species makeup and zoogeographical spread of Cimicomorpha in the Western
Tien Shan offers a useful starting point for forthcoming biodiversity tracking and the evaluation
of the environmental condition of mountain biomes.
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3ooreorpaduyeckuii anaau3s kjaonoB (Cimicomorpha, Heteroptera)
3anagHoro Tanb-lllana

I.E. MapaenoBa*?, [1.A. Ecen6ekoBa2, M.B. JKakcbi6aeB3,
I'.Jl. AHap6eKoBa *

13Kaszaxckull HQUUOHA/IbHbIU nedazozuyeckull yHugepcumem um. Abasi,
Aamamel, Kazaxcmau
L2Hncmumym 300s102uu, Komumem Hayku MuHucmepcmea HayKu
u 8vicuie2o obpasosarus Pecnybauku KazaxcmaH, Aamameslt, Kazaxcmau
4Kasaxckull HQYUOHAa/bHbIU dHceHCkull nedazoauyeckull yHugepcumem, Aamameol, KazaxcmaH

AHHoOTanMs. B cTaThe npescTaBsieH 300reorpadpuyeckuid aHanus kiaonos (Cimicomor-
pha, Heteroptera) 3anasiHoro TsaHb-1llans. O6pa3ibl 66U COGpPaHbI HA HECKOJBKHUX YYacTKaX
3anagHoro TsaHb-1llaHs, oT npeAropurii 10 BBICOKOTOPHBIX 30H. COOpaHHbIe BU/Ibl ObLJIM OTHECEHBI
K 18 300reorpaduueckrm apeasiaM Ha OCHOBe UX pacnpejiesieHus. Bcero BoisiBsieHo 89 BU/0B,
OTHOCSALUXCS K NATU ceMelcTBaM: Miridae, Tingidae, Nabidae, Anthocoridae u Reduviidae.
PesysibTaThbl OKa3aJ/y, 4YTO FoJIapKTUYECKHUH 300reorpaduyeckuil apeas npejcrasyieH 15
BUJlaMy, BruItodast 12 BuzioB (80%) cemeiictBa Miridae, 2 Buga cemeiictBa Nabidae u 1 Bup,
cemercTBa Anthocoridae. TpaHcnasieapKTHUUeCKU apeas BK/IOYaeT 15 BU0B, € Tpeob/aZlaHueM
Miridae (10 Bug0B). B TpaHceBpa3uiicKoM U 3ala/lHOEBPA3UICKOM apeaJsiaX 3aperuCTPUPOBaHO
HauboJblllee BUJ0BOE pa3HooOpa3ue -16 B 0B, uTo cocTaBiaseT 18% u 17 BugoB (19%) co-
OTBETCTBEHHO, NPU 3TOM ceMelcTBO Miridae coctaBssieT 50-65% BUA0B apeaJsia. B ocTasbHbIX
JIOKaJIbHBIX apeaJiax - TaKUX Kak ['0J1lapKTUKO-OpUeHTalbHbIN, [[0/1apKTUKO-HEOTPONIUYECKHUH,
TpaHcnaseapKTUKO-OpUeHTaNIbHbIN, 3aNaZHONaJeapKTUYeCKUU, BocTouHONa/leapKTUYeCKUH,
CpenHeTteTuiickuii, UpaHo-TypaHCKHM, IBKCUHCKO-UPaAH-TYPAaHCKUH, TypaHCKO-TypKeCTaH-
CKO-aJlaTay-roOMucKun, IBKCUHCKO-KasaxcTaHcko-AnTaiicko-CeBepoTypaHckui, EBpo-
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Cubupcko-Kazaxcranckui, EBponeiicko-Kazaxcranckuii, CpegHea3dnaTcko-KasaxcTaHCKUH, - a
Take B ropax TypkecTaHCKOTo xpe6Ta BcTpeyaeTcs oT 1 0 3 BU/I0B KJIONOB, C OT/AEJbHbIM
npeo6siasanueM Nabidae, Tingidae u Reduviidae B HekoTopbIxX apeasax. [losyyeHHble JaHHbIE
JIOTIOJIHSIIOT CBeIeHUs 0 300reorpaduueckoM pacipeziesieHuu KiaomnoB Cimicomorpha B ropHbIxX
akocucteMax 3anagHoro TsaHb-1llaHs u MOTyT CyKUTb 6a301 [1/151 Ja/IbHENLIKX UCC/IeJOBAaHUN
610opa3HO06pa3urs U 0XPaHbl IHJEMHUYHBIX BU/IOB.

Knw4desble caoBa: Cimicomorpha, 3anagubsiii TsaHb-1llanb, Heteroptera, Miridae,
3o0oreorpadus, BU0BOe pa3HOOOpa3ue, TOPHbIE 3KOCHUCTEMbI

BaTbic Taubp-lllanb KanganaaapsiH (Cimicomorpha, Heteroptera)
300reorpadusIbIK Tajagay

I.E. MapaenoBa**, I1.A. Ecen6ekoBa2, M.B. XKakcbi6aeB3,
I'.l. AHap6eKoBa 4

1346atl amvlHOaFbl KA3aK Y 1iMmblK nedazo2ukasslk yHugepcumemi, Aamamol, Kazakcmax
12300.s102us1 uHcmumymeol, Kazakcman Pecnybaukacot FolibiM dcaHe HoFapbl 6i1im
MuHUcmpaiziHiy Foiroim komumemi, Aamamel, Kazakemau
4Kaszak yammublK Kbi3dap nedazo2uka/ablk yHusepcumemi, Aamameol, Kazakcmawu

Anaatna. Makanaza bateic Tanb-llanb KangananapeiHbiH (Cimicomorpha, Heteroptera)
3ooreorpadusbIK Taagaysl 6episred. Kanaana typsepi batsic TsHb-11laHb aiiMaFbIHbIH GipHele
ayMarblHaH, ajiaca TayJibl besfiey/iepZeH 6acTar >KoFapbl TayJibl alMaKTapFa JeiiH :KUHaNbI.
KaHpananap/blH )XUHaJFaH TypJepi TapajyblHa Heri3/iesie oThIpbin, 18 300reorpadusiibIk,
aliMaKKa TONTAcCTbIpbLI/bl. Bap/biFbl 89 Typ KUHaJIbII, PETTIK KoHE TYPJIiK JeHrenre aeniH
aHbIKTaJI/Ibl 2KaHe oJiap 6ec TYKbIM/JacKa xKaTKbI3blibl: Miridae, Tingidae, Nabidae, Anthocoridae
koHe Reduviidae. AnibIHFaH HOTHKeJiepre COUKEC, FOJIapKTUKAJBIK 300reorpadusiJiblK, Tapaty
aiiMarbIH/a 15 Typ aHbIKTaNAbl, OHbIH, iliHAe 12 Typ (80%) Miridae TyKpiMAacbiHaH, 2 Typi Na-
bidae TykbiMaackiHaH *kaHe 1 Typi Anthocoridae TykbiMaacbiHaH 601461 TpaHcnaseapKTUKaAIbIK
TapaJly ailMarblH/a Aa 15 Typ Tipkenzi, onapabiy kenutisiri Miridae (10 Typ) TyKbIMAacblHaH
6os1b1. TpaHceypa3usibIK xoHe baTbhiceypa3usiiblK Tapasly alMaKTapblHJa 9pTypJii TypJiep
6alikasiajpbl, osapabiH 16 Typi Hemece 18% aTanfaH 6ipiHuIi aliMaKKa Tueciai 6oJsica, 17 Typ
(19%) BaTbiceypa3usablK allMaKTaH aHbIKTaJ/1/lbl )koHe OHBIH, illiHAe Miridae oTbackiHa
»KaTaTbIH TypJiepAiH MeJepi 50-65%-b1 Kypa/bl. backa ja Tapasy allMaKTapbIH/ja MbICaJIbI,
['onapKTHUKaNbIK-OpUeHTalb/ibl, ['0/lapKTUKaIbIK-HEOTPONHUKAJBIK, TpaHcnaseapKTUKaIbIK-
opueHTa/bAbl, baTbicnaneapKTUKaNbIK, LIIbIFbicianeapKkTUKanblK, OpTaTeTUIiK, UpaH-TypaH,
EBKcUH/JI-UpaH-TypaH, TypaH-TypKicTaH-a/saTay-ro6uiaik, EBKCUHAI-Ka3aKCTaHAbIK-aJITal-
coaTYCTiK TypaH, Eypocibipsik-Ka3akcTaH/blK, EyponanbiK-KazakcTaHAblK, OpTaa3usiblIK-
Ka3aKCTaHAbIK oHe TypKicTaH TayJapblHAa 1-3 KaHzasa TypJepi Ke34ecCTi, COHbIH, illiHae
Kelbip aiimakTapaa Nabidae, Tingidae xxoHe Reduviidae TykbiMAacTapbl 6acbiM 60J1bl. ATa/IFaH
MaJsiiMmeTTep BaTbic Taub-llanb Taysibl akoxyHesepingeri Kanaananapbiy, (Cimicomorpha)
300reorpadUsAIbIK TapajyblH TOJBIKTbIPA/bl 2KdHe OMOdPTYPJIJIIKTI 3epTTey MeH 3HAeM/JIK
TYpJiepAi KopFayFa apHaJ/IFaH 6ackKa /ia 3epTTeyJiep YlIiH Heri3 60J1a anajpbl.

Tyi#iH ce3aep: Cimicomorpha, bateic Taub-1llanb, Heteroptera, Miridae, 3ooreorpadus,
TYP KYpaMbl, TayJIbl 3KOXyHe
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