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Rare and endemic plant species of the flora of Kostanay Region

Based on research conducted in the territory of Kostanay Region from 1995 to 2025, eight endemic plant spe-
cies belonging to five families and seven genera have been recorded in the region. Rare and endangered plant
species listed in the Red Book of the Republic of Kazakhstan are represented in Kostanay Region by 18 taxa:
Convallaria majalis L., Ornithogalum fischerianum Krasch., Alnus glutinosa (L.) Gaertn., Betula
tianschanica Rupr., Dianthus capitatus subsp. andrzejowskianus Zapat., Drosera rotundifolia L., Chimaphila
umbellata (L.) W.P.C. Barton, Lilium martagon L., Tulipa sylvestris subsp. australis (Link) Pamp., Tulipa
suaveolens Roth., Nymphoides peltata (S.G. Gmel.) Kuntze, Dactylorhiza maculata subsp. fuchsii (Druce)
Hyl., Epipactis palustris (L.) Crantz., Koeleria macrantha subsp. macrantha, Stipa pennata L., Adonis
volgensis Stev., Pulsatilla patens (L.) Mill., Pulsatilla patens subsp. flavescens (Zucc.) Zéamelis
(= Pulsatilla flavescens (Zucc.) Juz.). The data were obtained through a review of literature sources and dur-
ing numerous botanical expeditions conducted by the authors in the Kostanay Region. All collected speci-
mens are deposited in the Herbarium of Kostanay Regional University (KSPI). This article presents precise
locality data for endemic and rare plant species of the region, which may contribute to improving their protec-
tion and to the development of targeted conservation measures.

Keywords: location data, flora revision, rare plant species, endemic plant species, flora of the Republic of Ka-
zakhstan, flora of Kostanay Region, Red Book of Kazakhstan, international herbaria.

Introduction

Issues of plant endemism and the protection of rare and endangered species are key elements in floristic
research for any region, including the Republic of Kazakhstan (RK). In recent decades, opportunities for re-
vising flora have significantly increased. Firstly, due to the online publication of collections from some of
the world’s richest herbaria, such as the Komarov Botanical Institute (LE) and Lomonosov Moscow State
University (MW). Secondly, through the emergence of websites like IPNI (since 1999) and GBIF (since
2001), which provide access to global biodiversity data on flora and fauna.

As a result of a more detailed study of species distributions, we clarified the ranges of many plants. It
was often found that some species are much more widely distributed than previously known during the com-
pilation of The Flora of Kazakhstan (1956-1964) [1] and the last major floristic review of Kostanay Re-
gion [2]. Accordingly, certain species previously considered endemic to the Republic of Kazakhstan are no
longer recognized as such. At the same time, new species have been discovered, whose known distribution is
limited to the territory of Kazakhstan [3, 4]. Therefore, the list of endemic species of Kazakhstan within the
region, published by the authors, differs significantly from earlier records.

The list of rare species occurring in Kostanay Region and included in the Red Book of Kazakhstan was
also considerably revised due to the most recent edition of the Red Book and changes in nomenclature. The
results of the floristic revision of the region are also reflected in several previously published articles [5-12].

Experimental

Sampling Methods

The material was obtained through the study of the following herbaria: A. Baitursynuly Kostanay Re-
gional University (acronym: KSPI), Komarov Botanical Institute (LE), Lomonosov Moscow State University
(MW) [13], Institute of Plant and Animal Ecology, Ural Branch of RAS (SVER), Institute of Botany and
Phytointroduction (AA), as well as official websites: International Plant Names Index (IPNI) [14], Global
Biodiversity Information Facility (GBIF) [15], Plants of the World Online (POWOQ) [16]. The taxonomic
position and distribution of published species were clarified using the above-mentioned sites. Herbarium da-
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tabases were utilized to compile a comprehensive species list based on updated taxonomic data. As a result
of the analysis of current distribution data, the authors determined the status of each species.

A database was created summarizing families and species. For each species, the Latin name is provided
according to the International Plant Names Index (IPNI) [14]. The label text from herbarium specimens was
used to determine collection dates and precise locations.

The final, verified checklist of vascular plants of Kostanay Region (1,145 species from 452 genera and
101 families) was published by the authors in 2024 [17].

Geographic Coverage

General Information: Kostanay Region is an administrative area in northern Kazakhstan, covering
196,001 km?, with a population of 864,550 (as of 2022).

Figure 1. Kostanay Region on the map of Kazakhstan

In Figure 1, Kostanay Region is marked in red in the north of the Republic of Kazakhstan. Geographical
coordinates of the region: center (Kostanay city): 53°12'00" N, 63°38'00" E, north (Zverinogolovoe village):
54°45' N, 64°86' E, south (Torgai village): 49°63' N, 63°49' E, west (Zhitikara city): 52°16' N, 61°22' E, east
(Sarykol village): 53°31' N, 65°53" E [18].

Relief: most of the north of the region is occupied by the southwestern edge of the West Siberian Low-
land, to the south of it is the Turgai plateau; in the west of the region is the undulating plain of the Trans-Ural
plateau, and in the southeast are the spurs of the Sary-Arka. The territory is characterized by a relatively flat
terrain. The average altitude above sea level varies from 200 to 400 m [17].

Results and Discussion

Taxonomic Coverage

The vascular plant flora of Kostanay Region includes 1,145 species, 452 genera, and 101 families. The
taxonomic structure is dominated by the division Magnoliophyta, with a small proportion of pteridophytes
and gymnosperms. The ratio of monocots to dicots in Magnoliophyta is approximately 1:3.8. The leading
family in the flora is Asteraceae Dumort. (196 species), followed by Poaceae Barnhart — 91 species,

Fabaceae Lindl. — 76 species, Amaranthaceae Juss. — 75 species, Brassicaceae Burgett — 62 species,
Caryophyllaceae Juss. — 49 species, Cyperaceae Juss. — 43 species, Rosaceae Juss. — 42 species,
Plantaginaceae Juss. — 32 species, Apiaceae Lindl. — 32 species. The composition of leading families re-

flects the general floristic patterns typical of the arid and semi-arid zones of Kazakhstan [17].
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Traits Coverage

In the Kostanay Region, 8 species endemic to Kazakhstan, belonging to 5 families and 7 genera, were
identified based on the revision of endemic vascular plants of Kazakhstan [12]. The Red Book of the Repub-
lic of Kazakhstan includes rare and endangered species, 18 of which are found in this region (Tab. 1).

Tablel
Endemic, Rare, and Endangered Species in the Territory of Kostanay Region

Ne Family Species name Herbarium | Conservation Status | Endemism
1 |Asteraceae Artemisia camelorum Krasch. MW Not Evaluated ED RK
2 |Asteraceae Jurinea transuralensis Iljin AA Not Evaluated ED RK
3 |Amaranthaceae |Climacoptera turgaica (lljin) Botsch. MW Not Evaluated ED RK
4 |Amaranthaceae |Petrosimonia hirsutissima (Bunge) Iljin MW Not Evaluated ED RK
5 |Asparagaceae |Convallaria majalis L. KSPI Vulnerable, KK RK not ED
6 |Asparagaceae |Ornithogalum fischerianum Krasch. KSPI Vulnerable, KK RK not ED
7 |Betulaceae Alnus glutinosa (L.) Gaertn. KSPI Vulnerable, KK RK not ED
g |Betulaceae Betula saviczii V.N. Vassil. LE Not Evaluated ED RK
g |Betulaceae Betula tianschanica Rupr. KSPI Vulnerable, KK RK not ED
10 |Carvophyllaceze | Dianthus capiatus subsp. KSPI | Vulnerable, KK RK | notED
11 |Droseraceae Drosera rotundifolia L. MW Critically Endangered not ED
12 Ericaceae Chimaphila umbellata (L.) KSP| Vulnerable. KK RK ot ED

W.P.C. Barton ’
13 |Fabaceae Astragalus chaetolobus Bunge MW Not Evaluated ED RK
14 |Liliaceae Tulipa auliekolica Perezhogin LE Not Evaluated ED RK
15 |Liliaceae Tulipa turgaica Perezhogin LE Not Evaluated ED RK
16 Liliaceae (Tlijilrilpk&)l I?;Ir\%eps.tris subsp. australis SVER Vulnerable, KK RK not ED
17 |Liliaceae Tulipa suaveolens Roth KSPI Vulnerable, KK RK not ED
18 |Liliaceae Lilium martagon L. KSPI | Critically Endangered | not ED
19 |Menyanthaceae [Nymphoides peltata (S.G. Gmel.) Kuntze KSPI Vulnerable, KK RK not ED
20 Orchidaceae Dactylorhiza maculata subsp. fuchsii KSPI Vulnerable. KK RK ot ED

(Druce) Hyl. ’
21 |Orchidaceae Epipactis palustris (L.) Crantz KSPI Vulnerable, KK RK not ED
29 |Poaceae Koeleria macrantha (Ledeb.) Schult MW Vulnerable, KK RK not ED
23 |Poaceae Stipa pennata L. SVER Vulnerable, KK RK |  not ED
24 |Ranunculaceae |Adonis volgensis Stev. SVER Vulnerable, KK RK not ED
o5 |Ranunculaceae |Pulsatilla patens (L.) Mill. KSPI Vulnerable, KK RK not ED
2% Ranunculaceae Pulsatillz% patgns subsp. flavescens KSP| Vulnerable. KK RK not ED

(Zucc.) Zamelis '

KK RK — Red Book of Republic of Kazakhstan, ED RK — Endemic of Republic of Kazakhstan

The following species (Tab. 2) from the Orchidaceae family grow in the territory of Kostanay Region
and are recommended for inclusion in the new edition of the “Red Book of the Republic of Kazakhstan”.
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Table 2
List of Orchidaceae species occurring in the territory of Kostanay Region
Ne Species name Herbarium Instance collection point Conssgt\{]astlon Endemism
Dactylorhiza incarnata (L.) Naurzum State Nature Re-
1 [Sob MW serve, 20 km east of Aksuat absent not ED
village
Dactylorhiza incarnata subsp. Naurzum State Nature Re-
2 |[cilicica (Klinge) H.Sund. MW serve, 5 km southwest of absent not ED
Aksuat village
Dactylorhiza salina Naurzum State Nature Re-
3 (Turcz. ex Lindl.) So6 MW serve, wet meadow near spring absent not ED
outlets, north of the Naurzum
pine forest
4 Epipactis atrorubens (Hoffm.) LE, KSPI Uzunkol Dlst_rlc_t, vicinity of absent not ED
Bess. KrasnyeBorki village
Gymnadenia conopsea (L.) Semiozyorny District, Aman-
5 |R. Br. LE Karagay forest, edge of a salt absent not ED
flat
6 Malaxis monophyllos (L.) Sw. LE Mendykara D|_str|ct, mossy absent not ED
area near a spring by the lake
7 Splranthes australis (R.Br.) MW Mendykara District, mossy absent ot ED
Lindl. lake near Borovoye village

Temporal Coverage

The study of vascular plant flora in Kostanay Region spans approximately a 100-year period. The col-
lections conducted by A.G. Voronov, F.N. Rusanov, and others in the Naurzum Nature Reserve during the
first half of the 20th century are of particular historical and scientific importance. Herbarium specimens from
that period are preserved in Russia, in Saint Petersburg, at the Herbarium of the Komarov Botanical Institute
(LE), as well as at the Herbarium of Lomonosov Moscow State University (MW). Later collections from the
Naurzum Reserve are also stored at MSU’s Herbarium (MW). Collections from the late 20th century, led by
Professor P.G. Pugachev, were primarily carried out by students of Kostanay Pedagogical University and are
labeled accordingly. Over the past 30 years, the authors of this article, researchers from Kostanay Regional
University (KRU), namely Y.V. Perezhogin, Zh.T. Suyundikova, O.V. Borodulina, and others, have studied
the flora of Kostanay Region. Their materials are stored in the herbarium of A. Baitursynuly Kostanay Re-
gional University (acronym: KSPI).

Usage Licence

This is an open-access article distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author
and source are credited.

Usage Licence: Creative Commons Public Domain Waiver (CC-Zero).

Data Resources

Number of data packages: 2

Titles of data packages: 1. Endemic and Rare Species of Kostanay Region, 2. List of Orchidaceae Spe-
cies Occurring in Kostanay Region

Data Format: CSV

Description: The databases contain species lists, including 26 endemic and rare species (1st database) and
7 species from the Orchidaceae family (2nd database). Each entry includes information on taxonomic names,
the names of herbaria where specimens are stored, collector names and specimen numbers, precise collection
locations in nature, conservation status, and endemism within the Republic of Kazakhstan (Tab. 3).
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Table 3
Column Descriptions for Plant Species Dataset
Column Label Column Description
Family Plant family
Genus Plant genus
Species Species epithet
Author Author of the species name
Herbarium Abbreviation of the herbarium where the specimen is stored
Collector Number Serial number assigned to a specific collection by the botanist or collector group
Collector Name Name(s) of the person(s) who collected the herbarium specimen
Collection Time Collection date, as indicated on the herbarium label
Instance Collection Point Description of the specific location where the specimen was collected
Conservation Status Conservation status according to the Red Book of Plants of the Republic of Kazakhstan
Endemism Indicates whether the species is endemic to the Republic of Kazakhstan or not

Conclusions and Recommendations

1. Eight endemic species from five families and seven genera grow in the territory of Kostanay Region.

2. Two species previously listed as endemic in The Flora of Kazakhstan have been synonymized and
are no longer considered endemic: Betula kirghisorum Sawicz and Linaria dolichocarpa Klokov.

3. Astragalus kustanaicus Popov, Bot. Mater. Gerb. Bot. Inst. Komarova Akad. Nauk S.S.S.R. 10: 16
(1947). Naurzum State Nature Reserve, steppe, 05.06.2009, collected by students of Kostanay State Peda-
gogical Institute (KSP101892). Kostanay Region, Semiozyorny (= Auliekol) District, 1.8 km southwest of
the Dievsky state farm, 09.06.1964, Samorodov Yu., Lodinova T. (MW0846220).

Listed in POWO as an endemic species of the Republic of Kazakhstan. However, it is not endemic, as it
was also found in Orenburg Region, Russian Federation (Orenburg Oblast, Sol-lletsk District, Troitsky
Chalk Hills, slope of a chalk hill, 05.06.2015) [19].

4. Rare and endangered plant species listed in the Red Book of the Republic of Kazakhstan are repre-
sented in Kostanay Region by 18 taxa (species and subspecies): Convallaria majalis L., Ornithogalum
fischerianum Krasch., Alnus glutinosa (L.) Gaertn., Betula tianschanica Rupr., Dianthus capitatus subsp.
andrzejowskianus Zapat., Drosera rotundifolia L., Chimaphila umbellata (L.) W.P.C. Barton, Lilium
martagon L., Tulipa sylvestris subsp. australis (Link) Pamp., Tulipa suaveolens Roth., Nymphoides peltata
(S.G. Gmel.) Kuntze, Dactylorhiza maculata subsp. fuchsii (Druce) Hyl., Epipactis palustris (L.) Crantz,
Koeleria macrantha subsp. macrantha, Stipa pennata L., Adonis volgensis Stev., Pulsatilla patens (L.) Mill.,
Pulsatilla patens subsp. flavescens (Zucc.) Zamelis (= Pulsatilla flavescens (Zucc.) Juz.).

5. The following species from the Orchidaceae family grow in Kostanay Region and are recommended
for inclusion in the next edition of the “Red Book of the Republic of Kazakhstan”: Dactylorhiza incarnata
(L.) Soo, Dactylorhiza incarnata subsp. cilicica (Klinge) H. Sund., Dactylorhiza salina (Turcz. ex Lindl.)
So6, Epipactis atrorubens (Hoffm. ex Bernh.) Bess., Gymnadenia conopsea (L.) R.Br., Malaxis monophyllos
(L.) Sw., and Spiranthes australis (R.Br.) Lindl.

6. The results of this research provide a revised checklist that will contribute to updating information
on rare and endemic plants in the forthcoming edition of The Flora of Kazakhstan.
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10.B. Ilepexxorun, O.B. bopoaynuna, XX.T. CytonasikoBa

KocTanaii 00J1bICHIHBIH ()JIOPACBIHAAFBI CHPEK
’K9HE IHIEMHUKAJIBIK 6CIMIK TypJiepi

19952025 xwunpap apanbirbiHna Kocranaii o6ibicel aymarbinaa (Conrycrik Kasakcran) kyprisinren
KOIDKBUIIBIK 3epTTeyep HoTmKeciHae, 0y eHipae Kasakcran PecnyOnnkachiHa FaHa TOH 5 TyKbIMJIAC meH 7
TYBICKA YKaTaThIH 8 SHIEMHUKAJIBIK OCIMIIK TYpi oceTiHi aHbIkTanasl. Enimizain Kpi3sut kiTaOblHa €HIi31IreH
CHPEK JKOHE JKOUBLIBIN Oapa jkaTKaH eciMaikrep Typiiepi Kocranait oOmbsickiHna 18 TakcOHMEH (TypIep jKoHe
TYpTapMakrTaphbl) Kepceriires, aran aitkanma: Convallaria majalis L., Ornithogalum fischerianum Krasch.,
Alnus glutinosa (L.) Gaertn., Betula tianschanica Rupr., Dianthus capitatus subsp. andrzejowskianus Zapat.,
Drosera rotundifolia L., Chimaphila umbellata (L.) W.P.C. Barton, Lilium martagon L., Tulipa sylvestris
subsp. australis (Link) Pamp., Tulipa suaveolens Roth., Nymphoides peltata (S.G. Gmel.) Kuntze,
Dactylorhiza maculata subsp. fuchsii (Druce) Hyl., Epipactis palustris (L.) Crantz., Koeleria macrantha
subsp. macrantha, Stipa pennata L., Adonis volgensis Stev., Pulsatilla patens (L.) Mill., Pulsatilla patens
subsp. flavescens (Zucc.) Zamelis (= Pulsatilla flavescens (Zucc.) Juz.). Marepuannap Kocranaii oGiibIch!
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Yu.V. Perezhogin, O.V. Borodulina, Zh.T. Suyundikova

ayMarbIHIAFbl 9/IcOM AEPEKKe3Jep/li Tajjay >KoHe aBTOPJIapAblH KOeNTereH OOTAaHUKAIBIK SKCIEANUIUSIAPbI
HOTIKECIHIE JKMHAIABL. bapnblk Marepuanmap Axmer badtypcbiHynsl atbiHgarsl Kocranait eHipiik
yHuBepcuTeTiHiH ['epbapuii kopeiHAa (KbIcKapTbuFaH ataybl — KSPI) cakramran. Makana Kocranait
OOJIBICHI ayMarbIHIA OCETIH CHPEK JKOHE SHIEMUSIBIK OCIMIIKTEP/iH Tapaybl Typaiabl HAKThl MANIMETTepl
YCBIHA OTBIPHII, OJIAPJIBIH THIM/I JKOHE HBICAHAJIBI KOPFay IIapajapblH 93ipiieyre MYMKIHIIK Oepexi.

Kinm ce3dep: opHamackaH epi Typaisl MaliMeTTep, (ropaiapisl caHay, eCIMIIKTepAiH CHpEeK TypJiepi,
OCIMIIKTEpIH SHAEMHIIIBIK Typiiepi, Kasakcran PecmyOmukaceiHbiH (ropacel, Kocranaii 0OIBICEIHBIH
¢opacsl, Kazakcran Pecniyonukaceinbiy, Kpi3but KiTaObl, Xansikapansik [ epbapuiinep

10.B. Ilepexxorun, O.B. boponynuna, XK.T. CyronasikoBa

Penxue u sunemuunbie BUAbI pacteHuil guiopsl Kocranaiickoi o01acTu

B pesynpraTte MHOTONETHUX MccaeqoBaHui Ha Tepputopun Kocranaiickoii oomactu (CesepHblii Kazaxcran)
B 19952025 rr. BBISICHWIIOCH, YTO HA HEll mpom3pacTaioT 8 sHAeMU4HBIX (g PecyOmukn KazaxcraH) Bu-
JIOB U3 5 ceMelcTB U 7 pojoB. Penkue u ucuesaronyie BUIbl pacTeHHid, BHECeHHbIe B KpacHyto kHury Pec-
nyomuku KasaxcraH, Ha Tepputopun Kocranalickoil 00macTu npeacraBieHs! 18 TakcoHamMu (BUIBI U TTO/IBH-
ne): Convallaria majalis L., Ornithogalum fischerianum Krasch., Alnus glutinosa (L.) Gaertn., Betula
tianschanica Rupr., Dianthus capitatus subsp. andrzejowskianus Zapat., Drosera rotundifolia L., Chimaphila
umbellata (L.) W.P.C. Barton, Lilium martagon L., Tulipa sylvestris subsp. australis (Link) Pamp., Tulipa
suaveolens Roth., Nymphoides peltata (S.G. Gmel.) Kuntze, Dactylorhiza maculata subsp. fuchsii (Druce)
Hyl., Epipactis palustris (L.) Crantz., Koeleria macrantha subsp. macrantha, Stipa pennata L., Adonis
volgensis Stev., Pulsatilla patens (L.) Mill., Pulsatilla patens subsp. Flavescens (Zucc.) Zamelis (= Pulsatilla
flavescens (Zucc.) Juz.). Matepuansl cobpaHsl B pe3yibTaTe 00pabOTKH JMTEPATYPHBIX HCTOYHUKOB U MHO-
TOYHCIICHHBIX 0OTAHMYECKUX IKCIIEUINN aBTOPOB 10 Tepputoprn KocraHaiickoii obnactu. XpaHsaTcs: MaTe-
puansl B repbapHoM (onne KocTaHalicKOro pernoHanbHOTO YHHBEpCHTEeTa MMEHH AxMmeT bailTypchIHYIBI
(akpornm KSPI). [laHHast cTaThsl MPUBOJIUT KOHKPETHBIC JaHHBIE O MECTOHAXOXKICHUH SHAEMHYHBIX U peji-
KUX BHJOB Ha TeppuTopuu KocraHnalckoit 06macty, 4To mo3BoJaHT 3((GEKTHBHO 3aIIUIIATh HX U pa3paboTath
JOTIOJTHUTEIIbHBIC TOUETHBIC MEPHI OXPAHBL.

Knroueegvie cnosa: cBeneHUs 0 MECTOHAXOXKJICHHH, PEBH3US (JIOPBI, PEIKHE BUJbI PACTCHUH, SHIEMHYHBIE
BUAIBI pacTeHnd, ¢aopa Pecrrybnmkn Kazaxcran, ¢gnopa Kocranatickoit oomactu, Kpacnas xamra PK, mex-
nmyHaponHbie ['epbapuu
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Molecular diagnostics of viruses in apple rootstocks using RT-qPCR

The development of intensive horticulture in Kazakhstan requires the use of virus-free planting material, par-
ticularly apple rootstocks (Malus domestica), free of viral and viroid infections. Latent forms of pathogens,
which do not exhibit visible symptoms but are easily transmitted through vegetative propagation, are consid-
ered the most hazardous. The objective of this study was to evaluate the phytosanitary status of apple root-
stocks used in nurseries in southern Kazakhstan by employing reverse transcription quantitative polymerase
chain reaction (RT-gPCR). A total of 24 samples from field and laboratory collections were analyzed. RNA
extraction was performed using the “PhytoSorb®” kit, and diagnostics were conducted on the Bio-Rad
CFX96 platform using multiplex LETGEN test kits. Four pathogens were identified: Apple chlorotic leaf spot
virus (ACLSV), Apple stem pitting virus (ASPV), Apple green crinkle associated virus (AGCaV), and Apple
hammerhead viroid (AHVd). The viruses ASPV and AGCaV were found to be the most prevalent, occurring
in both field and laboratory samples. These findings confirm the widespread circulation of these pathogens
within the apple rootstock propagation system. The results emphasize the need for the implementation of reg-
ular molecular diagnostics, sanitation programs, and certification measures aimed at preventing the spread of
latent infections and ensuring the sustainable development of horticulture in the region.

Keywords: Malus domestica, rootstock, viruses, viroids, RT-gPCR diagnostics.

Introduction

Apple (Malus) is one of the leading fruit crops and is cultivated in many countries worldwide, including
under the agroclimatic conditions of Kazakhstan, where it occupies a significant share in fruit and berry pro-
duction. Due to the high consumer demand and nutritional value of its fruits, apple plays a key role in the
horticultural industry of the country. However, the successful development of the sector largely depends on
the use of healthy planting material, particularly high-quality and virus-free rootstocks [1].

The production of rootstocks and the development of nursery practices in Kazakhstan are accompanied
by a number of challenges, the most significant of which is the spread of viral infections among planting ma-
terial [2]. Apple is predominantly propagated vegetatively—through grafting, cutting, or micropropagation.
While this method of propagation ensures the preservation of varietal characteristics, it also facilitates the
transmission of viral diseases, many of which may remain latent for extended periods without exhibiting vis-
ible symptoms [3, 4].

Latent viruses of fruit crops pose a serious threat to both commercial orchards and nurseries. Diseases
caused by these pathogens reduce yield, impair the commercial and organoleptic qualities of fruits, and dis-
rupt the compatibility between rootstock and scion. The greatest danger lies in the fact that, in the absence of
pronounced symptoms, infected mother plants continue to be used for propagation, thereby contributing to
the further spread of the infection [5].

The most significant viruses affecting apple include Apple chlorotic leaf spot virus (ACLSV), Apple
stem pitting virus (ASPV), Apple stem grooving virus (ASGV), Apple mosaic virus (ApMV), Apple green
crinkle associated virus (AGCaV), as well as the recently identified viruses ARWV-1, ARWV-2, ApNMV,
and the viroid AHVd. The presence of these pathogens is particularly critical during micropropagation [6, 7].

To address these challenges, modern molecular biology techniques, particularly reverse transcription
guantitative polymerase chain reaction (RT-qPCR), enable accurate and sensitive detection of viruses even at
the early stages of infection.
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In the context of Kazakhstan, where the establishment of intensive orchards is a pressing task, the use of
virus-free rootstocks is of critical importance. In this regard, the relevance of diagnosing and monitoring vi-
ral infections in nursery material is increasing. The application of molecular genetic techniques, such as re-
verse transcription quantitative polymerase chain reaction (RT-gPCR), enables highly accurate detection of
viral pathogens even in asymptomatic plants [8]. This, in turn, provides an opportunity to establish a healthy
foundation for the development of modern orchards and to enhance the efficiency of fruit and berry produc-
tion in the country. The implementation of such approaches opens prospects for creating highly productive
orchards resistant to viral degradation and contributes to the sustainable development of the industry at the
national level [9].

The present study is aimed at identifying viruses and viroids of apple rootstocks circulating within the
nursery production system of Kazakhstan, which will provide a basis for the implementation of phytosanitary
control measures. The objective of the research is to assess the phytosanitary status of apple rootstocks used
in Kazakhstani nurseries and to determine the spectrum of viral and viroid pathogens through the application
of reverse transcription quantitative polymerase chain reaction (RT-gPCR).

Experimental

Obijects of the Study. The study was conducted on 24 samples of apple rootstocks (Malus domestica
Borkh.) collected from various sources, including a nursery farm in the Almaty region and the collection of
basic plants at the Kazakh Research Institute of Fruit and Vegetable Growing. Sample collection was carried
out during the vegetation season (March—September 2024-2025).

Plant Material Collection. Each sample represented a single tree, from which 15-20 fully developed
leaves were collected in four directions (east, west, north, south). Field monitoring included a visual assess-
ment of symptoms, while in vitro samples showed no visible signs of infection. Leaves were stored at +4 °C
until RNA extraction. Sampling was carried out in accordance with EPPO standards [10]. All samples were
tested for the presence of viruses according to EPPO standards, as well as for newly widespread viruses and
viroids, including ASPV, ACLSV, ApMV, ASGV, ARWV1, ApNMV, AGCaV, and AHVd.

RNA Extraction. RNA was extracted from leaves using the PhytoSorb® kit (Syntol LLC) following a
modified protocol by Mekuria et al. [11]. Leaf tissue (200 mg) was ground in liquid nitrogen and extracted
with a buffer containing 4.4 % PVP-40 and 1 % sodium metabisulfite, followed by vortex mixing. The quali-
ty and concentration of RNA were determined using a NanoDrop 1000 spectrophotometer. Purity was as-
sessed by the absorbance ratios at 280/260 and 260/230 nm (1.8-2.3). Samples were stored at —20 °C.

RT-gPCR. Detection of viruses (ACLSV, ASPV, ApMV, ASGV, ARWV-1, ARWV-2, ApNMV,
AGCaV) and the viroid AHVd was carried out using RT-gPCR with LETGEN® (TagMan®) Kits and the
Bio-Rad CFX96 platform. Each reaction was performed in triplicate. The use of certified reagents and
equipment ensured high sensitivity and eliminated false-positive results.

Throughout the study, the highly sensitive Bio-Rad CFX96 system and certified TagMan-based kits
were employed, providing high analytical specificity and preventing false-positive outcomes (Table 1).

Table 1

Sampling sites and names of plant material used for virus diagnostics

z

Location of samples
Nursery Farm, Enbekshikazakh district, Almaty region

Name of samples
M-9
M-7
MM-106
B-9
b 16-20
b 7-35
62-396
APM-18
Zhetysu 5

Collection of basic plants under protected conditions, Department of Biotechnol-
ogy of Horticultural Crops, Kazakh Research Institute of Fruit and Vegetable
Growing, Almaty
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Continuation of Table 1

Location of samples Ne Name of samples

Collection of basic plants under protected conditions, Talgar district, Almaty

region, Almalyk village, Talgar Research Facility, Kazakh Research Institute of 10 APM-18

Fruit and Vegetable Growing

Field collection, Talgar district, Almaty region, Almalyk village, Talgar Research 11 B-7-35

Facility, Kazakh Research Institute of Fruit and Vegetable Growing
12 b-16-20
13 6-4-8
14 Zhetysu 3
15 Zhetysu 4
16 Zhetysu 5
17 Zhetysu 6
18 Zhetysu 7
19 b-7-35
20 b-16-20
21 Zhetysu 2
22 B-7-35 (M)
23 b-16-20 (M)
24 62-396 (M)

Results and Discussion

The study included field and laboratory examinations of 24 samples of apple rootstocks (Malus
domestica Borkh.) collected from various sources: a nursery farm in the Almaty region, the collection of
basic plants under protected conditions, and the field collection of the Kazakh Research Institute of Fruit and
Vegetable Growing. The results are presented using the following symbols: “+” indicates that a virus or vi-
roid was detected in the sample, while “— indicates its absence (Table 2).

Table 2

Name, origin, and results of virus detection in the studied apple rootstocks

) Name of viruses
Location of samples Name of samples
ACLSV |ASPV | AGCaV | AHVd
Nursery Farm, Enbekshikazakh district, Almaty region M-9 T + - _
M-7 - - - +
MM-106 - - - -
B-9 - - - -
Collection of basic plants under protected conditions, B 16-20 b — b —
Department of Biotechnology of Horticultural Crops, Kazakh
Research Institute of Fruit and Vegetable Growing, Almaty B 7-35 - - + -
62-396 - - - -
APM-18 - - - -
Zhetysu 5 - - - -
Collection of basic plants under protected conditions,
Talgar district, Almaty region, Almalyk village, Talgar APM-18 B B B B
Research Facility, Kazakh Research Institute of Fruit and
Vegetable Growing
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Continuation of Table 2

Name of viruses
Location of samples Name of samples
ACLSV |ASPV | AGCaV | AHVd
Field collection, Talgar district, Almaty region, Almalyk B-7-35 _ _ + _
village, Talgar Research Facility, Kazakh Research Institute
of Fruit and Vegetable Growing B-16-20 - - + -
6-4-8 - + + -
Zhetysu 3 - - aF -
Zhetysu 4 - - - -
Zhetysu 5 - - aF -
Zhetysu 6 - - + -
Zhetysu 7 - - - -
B-7-35 + + + -
B-16-20 + + + -
Zhetysu 2 - - + -
B-7-35 (M) + 5 — -
B-16-20 (M) - 5 - -
62-396 (M) - - + _

Diagnostics performed using the RT-gPCR method revealed positive results for three viruses—ACLSV,
ASPV, and AGCaV—as well as for the viroid AHVd (Table 2). The remaining viruses (ApMV, ASGV,
ApNMV, ARWV-1, ARWV-2) were not detected in any of the analyzed samples (Fig. 1).

ACLSV was detected in five samples: M-9 (nursery farm), B-16-20 (collection of basic plants under
protected conditions, field collection of the Kazakh Research Institute of Fruit and Vegetable Growing), as
well as its clone B-16-20 (M), and B-7-35 (field plot of the Kazakh Research Institute of Fruit and Vegetable
Growing) along with its clone B-7-35 (M). The amplification curves exhibited signal enhancement at early
cycles (Ct < 30), confirming a high viral load and the reliable presence of ACLSV.

ASPV was detected in six samples: M-9, 6-4-8, B-7-35, B-16-20 (field site), as well as in clonal forms
B-7-35 (M) and B-16-20 (M). This virus exhibited a broader distribution compared to ACLSV. The recorded
Ct values ranged from 20 to 35, indicating the presence of both latent and active forms of infection.

AGCaV was the most frequently detected pathogen, identified in 12 samples. It was found in the root-
stocks B-16-20, B-7-35, 6-4-8, as well as in cultivars from the Zhetysu collection (Zhetysu 2, 3, 5, 6) and in
the samples 62-396 (M) and Zhetysu-5. Its occurrence in materials from various sources indicates its active
circulation. Such prevalence highlights the ongoing circulation of AGCaV within the nursery propagation
system.

The viroid AHVd was detected in only one sample (M-7) originating from the nursery farm. Signal am-
plification was observed after cycle 39, exceeding the recommended Ct threshold of <35. Nevertheless, the
presence of AHVd in one of the rootstocks warrants additional monitoring, given its potential
phytopathogenicity.
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Amplification

b)

Figure 1. Negative amplification results obtained by RT-qPCR
b) ApMV; f) ASGV; g) ApPNMV; h) ARWV-1; i) ARWV-2

This study was aimed at identifying viral pathogens in mother plant blocks and assessing the
phytosanitary status of apple rootstocks. To date, field collections of pome crops in Kazakhstan have not un-
dergone systematic virus testing, making the obtained results significant for developing strategies for sanita-
tion and preventing the further spread of infectious agents in nursery production.

Monitoring, including visual inspection, molecular diagnostics [12], and selection of resistant genotypes
[13], forms the basis of orchard protection. Since viral infections cannot be controlled with fungicides, the
use of certified virus-free planting material remains the key preventive measure [14].

Particular attention should be given to AGCaV, which demonstrated the highest prevalence in both field
and greenhouse samples. This virus is associated with fruit deformation, characterized by deep depressions,
cracks, brown spots, and a reduction in tree productivity, in some cases leading to severe decline [15]. ASPV
was also frequently detected, including asymptomatic carriage in clonal rootstocks. It induces pitting in the
wood of certain cultivars (e.g., Charden and Virginia Crab), but often remains symptomless in commercial
cultivars [16]. ACLSV negatively affects tree growth, yield, and fruit quality. In susceptible rootstocks (e.g.,
Asami), it triggers a hypersensitive reaction at the graft union, resulting in plant death—known as
“topworking disease” [17]. Even in the absence of visible symptoms, infected plants exhibit impaired photo-
synthetic processes and reduced physiological potential. AHVd is considered pathogenic, as it has been asso-
ciated with trunk cracking, necrosis, shoot weakening, and growth retardation across different continents
[18]. Recently, AHVd was confirmed to be a true viroid capable of autonomous replication and inducing cel-
lular disorders [19].

Our findings confirm that even latent infections caused by these pathogens can significantly affect the
quality and viability of rootstocks. The detection of ACLSV, ASPV, AGCaV, and AHVd in symptomless
samples underscores the necessity of routine RT-gPCR diagnostics and the implementation of sanitation pro-
grams for rootstock material [20, 21]. These results highlight the importance of an integrated approach to
viral phytosanitary security. In particular, the application of in vitro elimination techniques, such as thermo-
therapy and shoot tip culture, can be recommended, as these methods have previously demonstrated their
effectiveness in controlling PPV and ACLSV in stone fruit crops [22]. Therefore, the results of this study
contribute to the development of a comprehensive strategy for virological control, integrating molecular, bio-
technological, and breeding approaches to support sustainable nursery production in Kazakhstan.

Conclusions

The aim of this study was to assess the phytosanitary status of apple rootstocks used in nursery produc-
tion in Kazakhstan and to identify the spectrum of viral and viroid pathogens. The results demonstrated the
presence of both widespread and newly detected pathogens in collection mother blocks and nurseries. Fur-
thermore, these findings emphasize the necessity of routine molecular diagnostics for the efficient detection
and management of viruses, particularly within breeding and certification programs. Future research should
focus on developing comprehensive strategies to control viruses and viroids within mother plant and nursery
systems.
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M.A. Ackaposa, 3.41. FOcynoBa, A.K. Manenosa, P.A. O6aikopimoBa, b.)K. Ka0Osii6exosa

Aama teqaityminepinaeri BUpycTsIK nHpexnusiaapasl RT-qPCR agiciven aHbIKTay

KazakcraHna uWHTEHCHBTI 0ak INApyamlbUIBIFBIH  JaMBITy YIIiH, ocipece BHPYC JKSOHE BHPOMI
WHQEKIUSUIapbIHAH Ta3a, CAYBIKTHIPBUIFAH OTHIPFBI3y MAT€pPHAIBIH, COHBIH iIIiHAE alMaHBIH TENITYIIIepiH
(Malus domestica) kommany kaxer. EH kayinrinepi — aiikpiH Oenrizepi ®okK, 6ipak BEereTaTHBTIK KOOeHTy
Ke3iHAe OHail TapajaTblH JIATCHTTI MaTOTeHHAep. 3epTTeylmiH Makcathl — Ka3akcTaHHBIH OHTYCTIriHIE
TomiMOaKTapa KOJNJAHBUIATHIH aiMa TENITYIIUIepiHiH (UTOCAHUTAPIBIK IKAFNANBIH HAKTHl  YaKbIT
pPeXHUMIHIET] Kepi TPaHCKPUIIMSIIBI TouMepas sl Tizoekti peakuus (RT-qPCR) anicimen Garanay. Tannay
YIIiH JaiajiblK JKOHE 3epPTXaHANbIK KoJuleKiusaapaan 24 yari ameiHgsl. PHK Gemin amy «®utoCopo®»
KUHAFBIHBIH KOMETIMEH >Kyprizimai, an jguarHoctuka Bio-Rad CFX96 mmardopmaceinna LETGEN
MYJIBTHIUICKCTIK TECT-XKyiheaepi apKbUibl OpbIHAANABL. HoTmxeciHae TepT martoreH adbIKTaimgsl: Apple
chlorotic leaf spot virus (ACLSV), Apple stem pitting virus (ASPV), Apple green crinkle associated virus
(AGCaV) xone Apple hammerhead viroid (AHVd) Bupouasl. EH xwui ke3geckeH narorenaep ASPV xone
AGCaV BupycTapbl, olap opi AanalblK, 9pi 3epTXaHANBIK YATiTepae TipKenai. AJNBIHFAaH JepeKkTep aaMa
TEINITYIIIepiH KeOeHTy XyHeciHae OChl IaTOTeHEP/iH JKOFaphl JEHTeii/le TapalFaHbIH KOPCEeTTi. 3epTrey
HOTIDKETIepl JKaCBIPhIH HHOEKIMSIIApIBIH TapalyblH OONIbIpMAy KOHE aifMaKTarbl 0ak IIapyalIbUIbIFBIHBIH
TYpPaKkThl JaMyblH KaMTaMachl3 €Ty VIIiH TYpakThl MOJEKYJIalblK JAHarHOCTHKA, CAYBIKTBIPY JKOHE
cepTudukaTTay GarmapiamanapblH €Hri3yAiH MaHbI3IbUIBIFBIH TISIICHI.

Kinm ce30ep: Malus domestica, temitymuri, Bupyc, Bupona, RT-qPCR anbIkTay

M.A. Ackapoga, 3.4. IOcynoga, A.K. Maaenosa, P.A. A6nukapumona, b.)K. Ka6sum6exoBa

MouJiekyasipHasi AMArHOCTHKA BUPYCOB HA NMoABOAX s1010HM MeTogom RT-gPCR

Pa3BuTHE MHTEHCHBHOTO cajoBojcTBa B KazaxcraHe TpeOyeT MPHMEHEHHs 03JOPOBIEHHOTO MOCAJOYHOTO
Matepuaia, ocobeHHo noasoes siononn (Malus domestica), cBOGOIHBIX OT BUPYCHBIX M BUPOUIHBIX HH(EK-
muii. Hanbosee omacHBIMU CUMTAIOTCS JIATEHTHBIE (JOPMBI ATOT€HOB, HE MMEIOIIHE BBIPAKEHHBIX CHMIITO-
MOB, HO JIETKO ITI€pearoNIuecs IIPH BETETaTUBHOM Pa3MHOXEHHH. L{ens HAacTOsIero uecaeaoBaHus 3aKIio-
YaJlach B OLICHKE (PUTOCAHUTAPHOTO COCTOSHMS MOJBOEB SOJOHHU, UCIIONB3YEMbIX B IIMTOMHHUKOBOJICTBE FOTa
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Kazaxcrana, ¢ mpuMeHeHneM MeTo/la TIOJIMMEPa3Hoil IemHOM peakiuu ¢ 00paTHOM TPaHCKPHIILUEH B peasb-
HoM Bpemenn (RT-QPCR). [Ins ananu3a 6su10 0T0Opano 24 06pasia U3 mojeBbIX U J1abOpaTOPHBIX KOJIIEK-
uuii. Beinenenne PHK npoBoaunock ¢ ucnons3oBanneM Habopa «PutoCopO®»», a THarHoCTHKa — Ha IJIatT-
¢dopme Bio-Rad CFX96 ¢ ucnonb3oBaHHeM MyIbTHIUICKCHBIX TecT-cucteM LETGEN. B pesynbrare Obuin
BBISIBJICHBI UeThIpe marorena: Apple chlorotic leaf spot virus (ACLSV), Apple stem pitting virus (ASPV), Ap-
ple green crinkle associated virus (AGCaV) u Bupoun Apple hammerhead viroid (AHVd). Hau6onee mupo-
Koe pacrpoctpaHeHre rmokaszanu supycel ASPV u AGCaV, BcTpedaromuecs Kak B IOJICBBIX, TaK U B Jlabopa-
TOPHBIX 0Opasmax. JlaHHbIe MOATBEPKAAIOT BBICOKYIO IUPKYISILUIO 3THX MAaTOTEHOB B CUCTEME Pa3MHOXKe-
HUS TIO/IBOEB A0JIOHU. Pe3ynbpTaTel moquépKkuBaloT HEOOXOIUMOCTD BHEIPEHUS PETYSPHONH MOJNEKYISIPHOU
JMarHOCTUKH, TIPOTPaMM O3J0POBJICHHS M CepTU(UKAIMH, HANIPABJICHHBIX HA NMPEAOTBPAICHIE PacIpOCTpa-
HEHUsI CKPBITHIX HH(EKIMI 1 obecreueHne yCTOUMBOro pa3BUTHs CaIOBOACTBA B PETHOHE.

Knroueswie cnosa: Malus domestica, moasoii, Bupycel, Bupoussi, RT-gPCR nuarHocTrka
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Design of primers and probes for detection of influenza A
and SARS-CoV-2 viruses RNA by real-time RT-PCR

Cost-effective, accurate, and rapid analysis is essential for testing and diagnosing both common and emerging
viruses in clinical virology laboratories. In this study, we designed and selected oligonucleotides for the de-
tection of influenza A virus and SARS-CoV-2 using real-time reverse transcription PCR (RT-gqPCR). The de-
velopment of domestic test systems for diagnosing influenza A virus and SARS-CoV-2 is an urgent task due
to the need for early disease detection. The aim of this study is to select primers and probes for the diagnosis
of influenza A and SARS-CoV-2 using reverse transcription PCR in real-time (RT-PCR RT). We present the
results of designing primers and probes for the identification of influenza A and SARS-CoV-2 RNA. In our
studies on the selection of specific primers and probes, the M gene was chosen as a target gene for detecting
the influenza A virus, and the RdRp gene for the SARS-CoV-2 virus. A pair of oligonucleotide primers was
selected and synthesized for influenza A InfM2 F and InfM2 R, as well as the InfM2 Probe, and for SARS-
CoV-2 — RdRp-1 F and RdRp-2 R, the RdRp-2 Probe, which, when performing RT-PCR RT with a working
concentration of 20 pmol showed high efficiency in detecting the influenza A virus and SARS-CoV-2. Pri-
mers were selected using the Primer Blast and Vector NTI computer programs. The designed primers and
probes will be further used to create a domestic multiplex RT-PCR RT test system.

Keywords: influenza A, coronavirus, RT-PCR, diagnostics, test-system.

Introduction

Acute respiratory infections (ARIs) are a broad group of acute infectious diseases caused by various
pathogens, such as viruses, bacteria, chlamydia, and mycoplasma [1]. ARIs pose a serious threat to humani-
ty, directly affecting the daily lives of millions of people and negatively impacting the global economy
[2, 3, 4]. Currently, respiratory infections account for up to 90 % of all infectious diseases [5]. Each year,
over 1 billion cases of acute respiratory infections are recorded worldwide, which significantly exceeds the
number of patients with serious diseases such as cancer, HIV, coronary heart disease, or malaria [1].

Influenza occupies a significant place among acute respiratory infections, remaining one of the most
significant viral infections. Approximately 1 billion cases of seasonal influenza are registered annually, of
which 3 to 5 million are severe. Respiratory diseases caused by influenza viruses kill between 290 000 and
650 000 people annually [6].

There are four types of seasonal influenza viruses: types A, B, C and D. Influenza A and B viruses cir-
culate and cause seasonal epidemics. Influenza A viruses are divided into subtypes based on the protein
combinations on the virus surface. Currently, influenza viruses of subtypes A(H1IN1) and A(H3N2) circulate
among humans. A(H1N1) is also referred to as A(H1IN1)pdm09 because it caused the 2009 pandemic and
replaced the seasonal influenza A(H1NZ1) virus that circulated before 2009. Only influenza type A viruses are
known to cause pandemics.

Recently, the emergence and rapid spread of a novel coronavirus (SARS-CoV-2), which has become a
significant acute respiratory disease, has raised serious concerns about global health [7]. Since its discovery,
SARS-CoV-2 has rapidly spread to more than 230 countries. As of January 2025, more than 777 million con-
firmed cases of infection have been recorded worldwide, resulting in 7 079 925 deaths [8].

©2026The Authors. This is an open access article under the CC BY-NC-ND license http://creativecommons.org/licenses/by-nc-nd/4.0/ 21


https://doi.org/10.31489/2026FEB1/21-31
mailto:m.almezhanova@biosafety.kz

M.D. Almezhanova, N.S. Kozhabergenov et al.

The clinical manifestations of infection caused by SARS-CoV-2 are similar to those that occur with in-
fluenza virus infection [9]. Highly effective and sensitive diagnostic tests are needed to accurately distin-
guish influenza viruses from SARS-CoV-2 [10]. Differential diagnosis of SARS-CoV-2 and influenza virus-
es is essential for the development of effective public health strategies and patient treatment. This is especial-
ly relevant for identifying suspected cases, severe forms of the disease, and assessing potential outbreak
threats. Integrating influenza testing into existing COVID-19 assays significantly reduces the time required
for diagnosis and improves the use of existing equipment, resources and personnel. This approach is cost-
effective and contributes to a more effective fight against COVID-19 and influenza [11].

Research into the development and application of rapid diagnostic methods for influenza A and SARS-
CoV-2 viruses based on real-time RT-PCR is ongoing and is being conducted in many countries world-
wide [12-15]. The development of a domestic test-system for the diagnosis of influenza A and SARS-CoV-2
viruses is driven by the need for early detection. The advantages of real-time RT-PCR test-systems include
their high sensitivity and specificity. This is achieved through the use of species-specific primer sets and flu-
orescent probes, which, combined with specially selected reaction conditions, enable the detection of trace
amounts of microbial RNA molecules in the analyzed sample.

Influenza A virus is one of the most widespread and variable viruses causing epidemics and pandemics.
The viral genome consists of eight segments of negative-sense single-stranded RNA. Direct detection of viral
RNA avoids errors associated with antigenic variability and cross-reactions in immunodiagnostic tests [16,
17]. When developing a test-system, it is important to carefully select primers and probes to ensure maxi-
mum specificity and sensitivity. The most commonly used primer targets are the NP and M genes, which are
highly conserved among influenza A viruses [18].

Coronaviruses (Coronaviridae) are a group of viruses with the largest genomes among RNA viruses.
Their genetic structure includes four main structural proteins: S, M, E, and N, which play a key role in dis-
ease pathogenesis and are the primary targets for diagnostics [19]. The S protein, responsible for virus bind-
ing to host cells, has received the most attention, making it a promising target for both diagnostics and thera-
peutic drug development [17].

Comparative analysis of the nucleotide sequences of viral genomes is conducted to design specific pri-
mers. Conserved regions of viral genomes become targets in the development of diagnostic molecular genet-
ic tests [20]. The selection of specific primers and probes is a key step in the development of PCR-based di-
agnostic tests.

The aim of this study is to select primers and probes for real-time RT-PCR for the detection of influen-
za A and SARS-CoV-2 virus RNA.

Experimental

The SARS-CoV-2/KZ Almaty/04.2020 coronavirus strain and the A/Almaty/5/98(H1N1) influenza vi-
rus strain were used in this experiment.

Viral RNA was isolated under BSL-2 laboratory conditions using the innuPREP Virus DNA/RNA Kit
according to the manufacturer’s instructions. The quality and concentration of the obtained viral RNA were
verified using a Nano Drop 2000 spectrophotometer.

Nucleotide sequences for selecting specific primers were searched in the NCBI GenBank international
database (http://www.ncbi.nlm.nih.gov/GenBank).

Primers and probes were constructed using programs MEGA v.10, BLAST and Invitrogen Vector NTI
for diagnostics of influenza A and SARS-CoV-2. The synthesis of oligonucleotide primers was carried out
on an automatic synthesizer from K&A Laborgeraete, model DNA/RNA Synthesizer H-16 (made in
Germany) using the phosphoramidite method according to the instructions supplied with the device.

Reverse transcription PCR and Real-Time Reverse transcription PCR

Reverse transcription PCR (RT-PCR) was performed using a ProFlex™ PCR System gradient thermal
cycler, Applied Biosystems. Real-Time Reverse transcription PCR (Real-time RT-PCR) was performed on a
Rotor-Gene Q thermal cycler, Qiagen.

RT-PCR amplification results were analyzed by electrophoresis at 400 mA in a 1.5 % agarose gel sup-
plemented with SYBR Safe DNA gel stain, Invitrogen. The 100 bp DNA Ladder length marker, NEB, was
used to estimate fragment length. Real-time RT-PCR results were detected and analyzed using Rotor-Gene Q
software, version 1.8.187.5.
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Results and Discussion

Numerous international studies are devoted to the development of highly specific and sensitive primers
and probes for the detection of influenza A and SARS-CoV-2 viruses using real-time RT-PCR. Selecting a
target gene is a key step in developing a diagnostic test, as it affects its analytical sensitivity and specificity.

For influenza A virus, the optimal target is the highly conserved matrix (M) gene, as confirmed by in-
ternational studies, including the work of Spackman et al. (2002) and subsequent WHO protocols [21, 22].
For SARS-CoV-2, international recommendations indicate the RdRp gene as the most specific confirmatory
target, and the E gene as a screening target, according to the protocol of Corman et al. (2020) [23].

In this study, the M gene for influenza A virus and the RdRp gene for SARS-CoV-2 were selected as
target genes. This choice is consistent with the results of studies by Vogels et al. (2020), indicating high di-
agnostic sensitivity of the RdRp target [24]. Nucleotide sequences of the analyzed genes were retrieved from
the GenBank database, taking into account the geographic and temporal diversity of the isolates. The list of
GenBank IDs used is provided in Table 1.

Table 1

GenBank-registered influenza A virus and coronavirus isolates used for multiple nucleotide alignment

Isolate identification numbers
in the GenBank database

Name
of the virus

MG280269.1,
KY644319.1,

EF541447.1, AJ410572.1, DQO021776.2, HM144894.1, AB299810.2,

JX673922.1, GUO051365.1, KUG679934.1, KJ781226.1, MG976713.1,

Influenza A virus
(M gene)

KT932366.1, KP414902.1, KCB881293.1, GU182162.1,
MN530740.1, MK237090.1, KY130988.1, GU186693.1,
AB916670.1, EU124190.1, DQ320993.1, MN253808.1,
MH134599.1, KJ907546.1, KY644227.1, KX215215.1,
KP336329.1, KP417011.1, GUO083624.1, HM144813.1,
CY178015.1, CY177927.1, CY177895.1

EF593105.1,
GQ257419.1,
MG366527.1,
KU289771.1,
CY178327.1,

DQ064385.1,
GQ257456.1,
MH932132.1,
KP336340.1,
CY178031.1,

SARS-CoV-2

MT159713.1

MT184912.1,
MT159718.1,
MT093631.2,
MT135041.1,
MT123293.2,

MT106054.1,
MN996527.1,

MT192765.1,
MN996528.1,
MT118835.1,
MT066175.1,
MT027062.1,
LC528232.1,

MT159721.1 MT159714.1,
MN988668.1, MT192772.1,
MT019533.1, MT159722.1,
MN996530.1, MT066156.1,
MN996529.1, MT123291.2,
LR757996.1, MT039887.1,
MT163719.1, MT019530.1, MT192759.1,
LR757998.1, MT050493.1, MT012098.1,
MT188339.1, MT044258.1.

MT159710.1,
MT159709.1,
MT121215.1,
LC529905.1,
MN996531.1,
LR757995.1,
MT072688.1,
MN938384.1,

MT039873.1,
MT159707.1,
MT123290.1,
MT159720.1,
MT184908.1,
MN988713.1,
MT184911.1,
MT188340.1,

SARS-CoV

AY395003.1,
AY394994.1,
AY394999.1,
AY395002.1,

AY394996.1,
JX163927.1,

AY394987.1,
AY357076.1,

AY304488.1,
JX163923.1,
AY282752.2,
GU553365.1,

AY304486.1,

JQ316196.1,
JX163925.1,
AY338175.1,

AY394985.1,
AY559096.1,
JX163924.1,
FJ429166.1,

AY568539.1, HQ890541.1, AY772062.1, FJ882953.1, FJ882962.1

EU371559.1,
AY274119.3,
EU371560.1,
AY461660.1,

Bat coronavirus

MN996532.1, MG772933.1, MG772934.1, KF367457.1,
KY417151.1, JX993988.1, KJ473813., KJ473811.1,
KY417145.1, KY417152.1

MK211378.1,

MK211376.1,

MK211375.1,
KY417146.1,

Multiple sequence alignment was performed using MEGA v.10. This analysis allowed us to identify
conserved regions of the genome used in the design of primers and fluorescent probes (Figs 1-2).
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Figure 1. Results of a multiple alignment of the nucleotide sequences
of the influenza A virus M gene, performed in MEGA v.10.
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Figure 2. Results of a multiple alignment of the nucleotide sequences
of the SARS-CoV-2 virus genomes, performed in MEGA v.10.

Color coding reflects nucleotide type:
adenine (A) — green, thymine (T) — red, guanine (G) — purple, cytosine (C) — blue

For each target, a primer pair and probe with the best specificity based on BLAST analysis were select-
ed. For influenza A, primers InfM2 F/InfM2 R (153 bp amplicon) were used, and for SARS-CoV-2 RdRp-1
F/RdRp-2 R (205 bp amplicon) were used. Conserved regions selected for primer and probe attachment are
shown in Figures 3-4. The parameters of the synthesized oligonucleotides are presented in Table 2.
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1501 CICACTIGTT CITGCTCGCR AACATACRAC GIGTIGTAGC TTGTCACACC GITTCTATAG ATTAGCTAAT GAGTIGTGCTC ARGTATTGAG TGAAATGGTC

GAGTGAACAR GRACGAGCGT TIGTATIGIIG

CACRACATCG RACAGTGTGG CRRAGATATC TRAATCGATTA CTCACACGAG TTCATRACTC ACTTTACCAG

TACACACCGT CRAGTGATAT ACRATTTGGET CCACCTTGGA GTAGTCCTCT ACGGTGTITGA CGRATACGAT TATCACRALZR ATTGTARRACHE GT)

2001 ATGTGTGGCA GTTCACTATA TGTTAAACCA GGTGGRACCT CATCAGGAGA TGCCACAACT GCTTATGCTA ATAGTGTTTT TAACATTTGT c-

2101 T TTATCTACTIG ATGGTRAACAL RAATTGC RCACRGACTT TATGAGTGIC TCTATAGRAR
AATAGATGAC TACCATTGTT TTAAC T TGTGTCTGAR ATACTCACAG AGATATCTTT

2201 TAGAGATGTT GACACAGACT TIGIGAATGR GITITACGCA TATTIGCGIA ARCATTICIC AATGATGATA CICICIGACG ATGCIGITGT GIGITICRAT

ATCTCTACRR CTGTGTCTGR AACACTTACT

CRRAATGCGT ATRARACGCAT TTGTAZAGAG TTACTACTAT GAGAGACTGC TACGACARZCER CACRAAGTTA

Forward primer (RdRp-1 F)
I Probe (RdRp-2 Probe)
I Reverse primer (RdRp-2 R)

Figure 3. Selection of sites for primers and a probe for the RdRp gene of the SARS-CoV-2

Figure 3 shows a fragment of the nucleotide sequence of the SARS-CoV-2 RdRp gene used to select ol-
igonucleotide primers and a fluorescent probe for the detection of SARS-CoV-2 RNA by real-time RT-PCR.

The highlighted region was selected based on conservation analysis across different SARS-CoV-2
strains (GISAID and GenBank data), taking into account minimal variability and the absence of mutations at
the primer and probe binding sites. The amplicon length is 205 base pairs, which meets the requirements for
real-time RT-PCR. The probe is labeled with the ROX fluorophore and the BHQ-2 quencher.

1 TAGATATTGA
ATCTATRACT

AAGATGAGTC TTCTARCCGA GGTCGAARCG TACGTTCTCT
TTCTACTCAG ARGATTGGCT CCAGCTTTGC ATGCAAGAGR

CTATCGTCCC GTCGGGCCCC

GAGACTTGRA
GATAGCAGGS CAGCCCGGGGE CTCTGARACTT

101 GATGICTITIG
CTRACAGRRAC

CAGGGRAGAL CRCCGATCTT GAGGCTCTCR TGGRATGGCT
GTCCCTTCTT GIGGCTAGAA CTCCGAGAGT ACCTTACCGA

LARGRCRL C TRAAGGGGRTIT TTGGGATTIG
TTTCTGTTC] G ATTCCCCTAR AACCCTAAAC

201 TGITCACGCT
ACRRGTGCGR

Pzl

AR
CACCGIGCCC AGTGAGCGAG GACTGCAGCG TAGACGCTIT
GTGGCACGGS TCACTCGCTC CTGACGTCGC ATCTGCGRRR

GICCAARATG CICTARATGG ARAATGGAGAC CCARACARCRE TGGACAGGGC
CAGGTTTTAC GARGATTTACC TTTACCTCTG GGTTTGITGT ACCTGTCCCG

301 AGTCAAACTG
TCAGTTTIGARC

Mool

TACRAGARRT TGARGAGAGE GATARCATTC CATGGGGCTA
ATGTTCTTTA ACTTCTCICT CTATTGTRAG GTACCCCGAT

Apall

BAGARGTCGC ACTCAGTITAC TCRACCGGIG CACTTGCCAG TTGTATGGGT
TTCTTCAGCG TGRGTCAATG AGTTGGCCAC GTGRACGGTIC RACATACCCHR

Forward primer (InfM2 F)
B Probe (InfM2 Probe)
B Reverse primer (InfM2 R)

Figure 4. Selection of sites for primers and a probe for the M gene of the influenza A virus

Figure 4 shows a fragment of the nucleotide sequence of the M gene of the influenza A virus, one of the
most conserved fragments of the genome, selected as the target for amplification.

The designed primers and probes were tested for specificity using the BLAST program
(https://blast.ncbi.nlm.nih.gov). Based on these studies, primers were designed; their parameters are listed in
Table 2. FAM, ROX, and quenchers BHQ-1 and BHQ-2 were used as fluorescent dyes.

Table 2
Parameters of designed primers and probes
Name of primers Sequence 5" — 3' ™ GC, % Size of
and probe product
InfM2 F ACCGAGGTCGAAACGTAYGT 58 55
InfM2 Probe FAM- CTCAAAGCCGAGATMGCGCAG-BHQ-1 65 62 153 bp
InfM2 R TCAGAGGTGACARGATTGGTC 59 52
RdRp-1 F AGCTAATGAGTGTGCTCAAGTAT 59 40
RdRp-2 Probe ROX-AGCTGTCACGGCCAATGTTAATGCACT-BHQ-2 68 48 205 bp
RdRp-2 R GTAAATTGCGGACATACTTATCG 59 40
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Based on the results of research, the performance of the primers and probes we developed for detecting

influenza A virus and SARS-CoV-2 coronavirus RNA was tested using conventional PCR. The results are
presented in Figure 5.

M — 100 bp DNA Ladder, NEB, 1 — positive control — plasmid DNA with an inserted fragment
of the RdRp gene of the SARS-CoV-2 coronavirus, 2 — negative control, 3 — positive control-plasmid DNA
with an inserted fragment of the M gene of the influenza A virus, 4 — negative control

Figure 5. Electropherogram of amplification products using primers
RdRp-1 F and RdRp-2 R, InfM2 F and InfM2 R

The efficiency and specificity of the primers were further assessed using real-time PCR. Positive con-
trols for influenza A and SARS-CoV-2 demonstrated early crossing of the fluorescence threshold (Ct = 15,75

and Ct = 18,70, respectively), while negative controls showed no signal (Figs 6-7, Tables 3-4). This confirms
high specificity and the absence of nonspecific amplification.

0,8
0,6
(V]
O
£
- O
g -
s 92
S
o %
b4
0,4
0.2 Threshold
5 10 15 20 25 30 35 40 45

Cycle

No. 1 — positive control — plasmid DNA with an inserted fragment of the M gene of the influenza a virus;
No.2 -NC — negative control— deionized water

Figure 6. Results of real-time PCR analysis of primers and probe for detection of influenza A virus RNA

Table 3
Quantitative RT-PCR data in the Green channel

1 Influenza A Positive control 15,75 15,75

2 NC Negative control
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No. 1 — positive control — plasmid DNA with an inserted fragment of the RdRp gene
of the SARS-CoV-2 coronavirus; No.2 — NC — negative control — deionized water

Figure 7. Results of real-time PCR analysis of primers and probe
for detection of SARS-CoV-2 coronavirus RNA

Table 4
Quantitative RT-PCR data in the Orange channel

No. Name ‘ Type CT Avg. Ct
1 SARS-CoV-2 Positive control 18,70 18,70
2 NC Negative control

The RT-PCR results in Tables 2 and 3 show that the amplification curve for the influenza A virus posi-
tive control crossed the established fluorescence threshold as early as cycle 15,75 (Ct=15,75) during
RT-PCR, and for the SARS-CoV-2 virus positive control, it crossed the established fluorescence threshold as
early as cycle 18,70 (Ct=18,70), whereas no amplification occurred in the negative controls (no Ct)
(Figs 6-7, Tables 3-4). The early appearance of a signal (low Ct) indicates a high initial target concentration
and efficient target doubling in each PCR cycle. The absence of a signal in the negative control means that
the reaction lacked the target nucleic acid and no non-specific amplification was observed; this confirms the
high specificity of the primers and probes used. Thus, the experimental data demonstrate that the presence of
positive controls of influenza A and SARS-CoV-2 viruses leads to an increase in fluorescence.

The presented data demonstrate the suitability of the selected primers and probes for further use in di-
agnostic PCR test-systems. High reaction efficiency (early Ct in the positive control) and the complete ab-
sence of amplification in the negative control indicate a reliable combination of efficacy and specificity of
the selected oligonucleotides [25]. Thus, the developed primers and probes ensure selective and efficient de-
tection of influenza A and SARS-CoV-2 viruses and can be recommended for integration into diagnostic
test-systems using real-time PCR.

Conclusion

During the study, optimal primer pairs and fluorescent probes were selected for the detection of influ-
enza A and SARS-CoV-2 viruses using real-time RT-PCR. Highly conserved regions were chosen as targets:
the M gene of influenza A virus and the RdRp gene of SARS-CoV-2 virus, ensuring high sensitivity, speci-
ficity, and resistance to viral genome variability.

The developed oligonucleotide set provides the basis for the creation of reliable domestically produced
diagnostic test-systems adapted to the epidemiological conditions of the Republic of Kazakhstan. Use of the-
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se test-systems will improve the availability and efficiency of molecular diagnostics for acute respiratory
infections, as well as strengthen epidemiological surveillance during the seasonal peak in cases.
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Hakrtbl yakbiTTarbl KT-IITP aaici apKkbLIbI A TYMaybl
MeH SARS-CoV-2 BupycrapbinbiH PHK-bIH aHBIKTayFa
apHAJIFaH NpaiiMepJep MeH 30HATAPAbI TAHAAY

Knmaukanslk BUpyconorus 3epTXaHanapblHIa KeH TapalFaH JKOHE JKaHa BHPYCTapJbl ChIHAY JKOHE JMArHO-
CTHKaJay YUIIH YHEMJI, HaKTHI )oHe KpuiaaM Tanaay KaxkeT. KT-IITP tanmaysH KoimaHa OTBIPHI, A THIITI
Tymaybl BUpYChIH koHe SARS-C0OV-2 KopoHAaBUPYCHIH aHBIKTAY YIIIH OJUTOHYKJICOTHUATEP TAHAAIFAaH KOHE
KypacTeIppuirad. A Tymaybsl BUpychl MeH SARS-COV-2 nuarHocTHKachl YIIiH OTaHIBIK ChIHAK-XKYHenepiH
KYPY MaHBI3IIbI MiHJIET JKOHE aypyJapibl epTe NUarHOCTHKalay KaKeTTUIriHe OaiiaHbICTBI. 3epTTeyaiy
Mmakcatbl HakThl yakbiTTarsl KT-IITP (HY KT-TITP) kemerimen A tymaysl sxoHe SARS-COV-2 quarHocTu-
KachlHa apHAJFaH TNpaiiMepiep MeH 3OHATapAsl TaHaay. Makamaga A Tymayel xoHe SARS-CoV-2
BupycrapbeiabiH PHK colikecrennipyre apranran HY KT-TITP ymin npaiimepnep MeH 30HATapb! xkobanay
JKOHE CHHTE3JIey HOTIDKeNepl YCHIHBUIFaH. ApHaifbl mpaliMepiep MeH 30HATapAbl TaHaay OoHBIHIIA
3epTTeysepiMizie A TyMaysl BUPYCHIH aHBIKTay YIIiH MakcaTThl TeH peTinne M reni xone SARS-CoV-2 Bu-
pycsl yin RARp rewni Tanmanaer. A tymayst yuria INfM2 F xone INfM2 R mpaiimepriepi men InfM2 30u181,
an SARS-CoV-2 ymiam RdRp-1 F sxome RdRp-2 R mnpaiimeprepi men RAIRp-2 30Hmsr KymTsr
OJIMTOHYKJICOTUATEPl TaHIANbBIN CcHHTe3Aendi. TaHmanmran >kyntelK onuronykieoruarep HY KT-TIITP
keMmeriMeH A Tymaybl BUpychit xaHe SARS-C0oV-2 anbikray ke3inae 20 MMOIb )KYMBIC KOHIIGHTPALHSACHIHIA
)KOFapbl THiMAUTriH kepceTti. [lpaiimepnepai tammay Primer Blast sxome Vector NTI kommbroTepstik
OarmapnaManapblH KOJJaHy apKbUIbl Ky3ere achlpbUIgbl. KypacTeIpbUlFaH mpaiiMepiep MeH 30HATap
otauablk MyapTuILieKcTi HY KT-IITP chiHak-kyleciH Kypy Ke3iHae KO IaHbUIAIbL.

Kinm coe30ep. A tymaysbl, kopoHaBupyc, KT-IITP, nuarnoctuka, CeIHaK-xKyie

M.JI. Anmexxanoa, H.C. Koxabeprenos, A.M. Menuc6ek, M.2K. [llupunbekos,
b.C. Ycepbaes, O.B. Uepsskxona, A.T. XKynymos, K.T. Cynrankynosa

IHoxdop npaiitMepoB u 304108 1A BbisBJeHuss PHK Bupycos rpunna A
u SARS-CoV-2 meronom OT-IIIIP B peanbHoM BpemeHn

JUJ1st TeCTUPOBAHMS M IMArHOCTUKH OOBIYHBIX U HOBBIX BHPYCOB B KIIMHMYECKUX BHPYCOJOTHYECKUX Jlabopa-
TOPUSIX TPeOyeTCs SKOHOMHYHBIH, TOUHBIN U OBICTPHIN aHaun3. Hamu 1mogo6paHbl 1 CKOHCTPYHPOBAHBI OJIU-
TOHYKJICOTHABI JUISl BBISIBIICHUS BUpYca rpumma tuna A u koponasupyca SARS-CoV-2 ¢ npumenennem OT-
[MTI[P-ananu3a. Co3naHue OTEYECTBEHHBIX TECT-CUCTEM ISl TUAarHOCTHKU Bupyca rpunma A u SARS-CoV-2
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SBJISIETCS. OCTPOM 3ajayeil u 00yCIIOBICHO HEOOXOAMMOCTBIO paHHEH IMarHOCTHKU 3abosieBaHMU. llemnbio
JTAHHOTO HCCJICAOBAHHS SIBISIETCS TTO00p MpaitMepoB U 30HIOB is AuarHoctiku rpumnna A u SARS-CoV-2
meronoMm OT-TILIP B peansrom Bpemenu (OT-IILP PB). B paboTe mpencraBieHs! pe3ynbTaThl KOHCTPYUPO-
BaHUS HpaiiMepoB 1 30H10B i noctaHoBku OT-ITHP PB mns unentnduxanun PHK Bupycos rpumnma A u
SARS-CoV-2. B Hammx Hccie[0BaHMSX 110 TOAO0PY Crienu(pUISCKUX MpaiiMepoB U 30HI0B B Ka4eCTBE reHa-
MHUILIECHH IS OOHapyKeHHs BHpyca rpumma A Osut BeiOpan M-reH, Bupyca SARS-CoV-2 — RdRp. Beumn
10100paHbl U CHHTE3UPOBAHBI Maphl OJIMTOHYKICOTUAHBIX MpaiimMepos miis rpunmna A: INnfM2 F u InfM2 R, a
taxxe 3061 InfM2 Probe, a g SARS-CoV-2 — RdRp-1 F u RARp-2 R, 3011 RARp-2 Probe, kotopsie mpu
noctanoBke OT-IILIP PB ¢ paGoueii koHLeHTpaueid 20 MMOoJIb MOKa3ald BEICOKYIO 3¢ (GEKTUBHOCTh MPH BbI-
sBiieHnd Bupyca rpunmna A u SARS-CoV-2. ITogbop mpaiiMepoB MpoBeeH ¢ UCIONIb30BaHUEM KOMITBIOTEP-
HbIx mporpamm PrimerBlast u VectorNTI. KonctpyupoBaHHbie mpaiiMepbl W 30HIBI B JalbHEHIIEM OyIyT
UCIIOJIb30BAHBI IIPU CO3AaHUU 0Te4ecTBeHHOU MynbTUIIeKcHON OT-IILIP PB TecT-cucTeMsl.

Kurouesvie cnosa: rpurnn A, koponasupyc, OT-IILP, nuarnocTuka, TecT-cucrema
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Cytoprotective and immunostimulatory properties of Stachys sieboldii
and Stevia rebaudiana under metabolic stress in rats

This study evaluated the protective effects of Stachys sieboldii and Stevia rebaudiana extracts on bone mar-
row and spleen cells in rats subjected to a high-fat, high-sucrose (HFHS) diet. Prepubertal Wistar rats were
randomly assigned to four groups (control, HFHS, HFHS+Stachys, HFHS+Stevia) and maintained for 30
days. Spleen and bone-marrow cellularity and cell viability were quantified. The HFHS diet increased the
proportion of non-viable cells and reduced nucleated-cell counts in both organs. Stachys primarily enhanced
splenic immune-cell proliferation (higher nucleated-cell concentration), whereas Stevia produced a stronger
cytoprotective response, reducing the fraction of dead cells in bone marrow. Taken together, these findings
suggest complementary actions: Stachys acts as a pro-proliferative modulator of splenic immune cells, while
Stevia protects hematopoietic cells from HFHS-induced damage. These results highlight the potential of these
plant extracts as dietary components for supporting immune and hematopoietic function and provide a basis
for their further investigation in preventive and immunomodulatory applications.

Keywords: immunity, bone marrow, spleen, high-fat diet, HFHS, Stevia rebaudiana, Stachys sieboldii.

Introduction

In recent decades, dietary patterns worldwide have undergone significant changes due to globalization,
industrialization, and urbanization [1]. Traditional diets, rich in natural foods, are gradually being replaced
by high-fat, high-carbohydrate diets, which have become readily accessible due to the expansion of the food
industry [2].

Modern diets in both developed and developing countries differ significantly, yet share a common fea-
ture: increased consumption of refined carbohydrates and saturated fats. In Western countries, such as the
United States, Canada, and much of Europe, diets are characterized by high intake of processed foods, sug-
ary beverages, fast food, and sweets [3; 4; 5]. In developing nations, including China, India, and countries in
Africa, traditional diets rich in vegetables, legumes, and whole grains are also giving way to more modern
“Western” diets. This shift is linked to urbanization and globalization, which make Western foods more
available and appealing [6; 7]. Despite differences in traditional diets, the outcomes of this dietary shift are
similar: sharp increases in obesity, cardiovascular disease, and metabolic disorders are observed in both de-
veloped and developing countries [8; 9].

A high-fat, high-carbohydrate diet not only disrupts metabolic processes but also significantly impacts
the immune and hematopoietic systems, making this issue relevant for research and prevention [10; 11]. Bio-
logically active supplements (BAS) can notably influence the spleen and bone marrow, especially through
their antioxidant and anti-inflammatory properties, which may support normal immune and hematopoietic
functions. For instance, quercetin, a natural flavonoid with powerful antioxidant and anti-inflammatory prop-
erties [12], has been shown in animal studies to increase lymphocyte and macrophage counts in the
spleen [13]. In one study on rats undergoing chemotherapy, quercetin supplementation helped restore spleen
function by increasing the concentration of nucleated cells, such as lymphocytes, by reducing oxidative
stress and inflammation in spleen tissue [14].

Echinacea, widely used as an immune-stimulating agent, has shown beneficial effects on hematopoiesis
in bone marrow [15]. Studies on mice revealed that echinacea intake increases the number of nucleated cells,
such as macrophages and neutrophils, in the bone marrow [16]. This effect is associated with activation of
stem cell proliferation and accelerated tissue repair processes after exposure to inflammatory agents or infec-
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tions. An increase in the total cellular mass of the spleen and bone marrow was also observed, indicating a
recovery of immune function [17].

Resveratrol, known for its antioxidant properties, positively affects bone marrow hematopoiesis, partic-
ularly under conditions of chronic inflammation [18]. In a study on mice with induced inflammation,
resveratrol supplementation helped reduce bone marrow cell damage, maintaining normal stem cell prolifera-
tion [19]. In the spleen, an increase in lymphocyte counts and improved function were observed, attributed to
resveratrol’s immunomodulatory effects [20]. This highlights resveratrol’s role in supporting normal hema-
topoietic processes under stress or inflammation.

Currently, research continues into the properties and medicinal potential of well-known BAS, such as
Stevia rebaudiana and Stachys sieboldii.

Stachys (Stachys sieboldii) is a plant used in traditional medicine due to its rich content of bioactive
compounds, such as phenolic compounds, flavonoids, and essential oils [21]. These substances have antioxi-
dant, anti-inflammatory, and immunostimulatory properties. Stachys extracts are used for treating inflamma-
tion, enhancing immune function, and accelerating wound healing [22]. Stachys tubers, which have a nutty
flavor, are rich in nutrients and are consumed as a dietary product, particularly beneficial for individuals with
diabetes due to their blood sugar-regulating properties [21]. In modern medicine, Stachys is being investigat-
ed as an agent for enhancing immune response and reducing inflammation.

Stevia (Stevia rebaudiana) is well-known for its natural sweeteners, stevioside and rebaudioside, which
are calorie-free and highly sweet-tasting [23]. Stevia also contains flavonoids and antioxidants that have anti-
inflammatory and antioxidant effects. Stevia extracts are used to reduce blood sugar levels, making it popular
among individuals with diabetes and those who monitor their weight. In cooking, stevia leaves are used as a
natural sugar substitute in beverages, baked goods, and other dishes [24]. The medicinal properties of stevia
include blood glucose regulation, improvement of the body’s antioxidant status, and reduction of cardiovas-
cular disease risk [25].

The aim of this study is to evaluate the effects of adding Stachys sieboldii and Stevia rebaudiana ex-
tracts to a high-fat, high-sucrose diet on the cellularity and viability of spleen and bone marrow cells in rats,
as well as to determine their potential as cytoprotective and immunostimulatory agents.

The novelty of this work lies in the fact that, for the first time, a study is conducted on how adding
plant-based products derived from Stachys sieboldii and Stevia rebaudiana to a high-fat, high-sugar diet af-
fects the cellularity and integrity of spleen and bone marrow cells in rats under metabolic stress. Additional-
ly, a direct comparative analysis of the cytoprotective and immunostimulatory properties of Stachys sieboldii
and Stevia rebaudiana is carried out—an approach not previously presented in the scientific literature.

Experimental

Material preparation. In this experiment, a choice was made between two cultivated varieties of
Stachys sieboldii: “Bochonok” and “Rakushka”, both of which are successfully grown, including in Central
Kazakhstan (2023-2025), due to their good adaptation to local conditions and status as garden crops. How-
ever, the “Rakushka” variety was selected for this study due to its specific biochemical composition. It con-
tains a higher concentration of antioxidants, including phenolic compounds and flavonoids, as well as a sig-
nificant amount of ascorbic acid and bioactive glycosides [26].

For the purpose of this study, the “Rakushka” variety was cultivated in experimental introduction fields
at the Phytochemistry Holding research facility in Karaganda (Kazakhstan). After reaching maturity, the tu-
bers were harvested and processed at the same facility. The roots were thoroughly washed three times with
tap water to remove any adhering sand and dust. They were then lyophilized for 72 hours to preserve their
bioactive compounds and ground into a fine powder. The resulting Stachys sieboldii root powder was stored
at -70 °C until it was incorporated into the experimental diets for rodents.

The powdered organic extract of Stevia rebaudiana leaves was purchased online (SweetLeaf, Gilbert,
Arizona, USA). The dosage was calculated based on the allowable daily dose recommended by the United
States Food and Drug Administration (FDA) (5 mg/kg) [27]. These doses were determined as follows: the
allowable daily dose was multiplied by the average weight of the rats and then divided by the group’s
average daily fluid intake. Dosages were recalculated weekly to account for weight gain and changes in fluid
intake.

Animal experiments and diets. The experimental subjects consisted of 40 juvenile Wistar rats. The aver-
age body weight of the animals at the beginning of the experiment was 50—70 g. Juvenile rats were selected
for the experiment at 21 days of age. The animals were housed in the vivarium of Karaganda Medical Uni-
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versity under controlled conditions at 18+2 °C, 55 % =+ 5% humidity, and a 12-hour light-dark cycle
(8:00-20:00). Throughout the experimental period, the animals had free access to food and water. The rats
were randomly assigned to one of four experimental groups (n = 10 per group):

e Group 1: 10 juvenile males on a standard, balanced vivarium diet.

e Group 2: 10 juvenile males on a daily high-fat, high-sucrose diet (HFHS).

e Group 3: 10 juvenile males on a daily high-fat, high-sucrose diet supplemented with Stachys
sieboldii (HFHS + Stachys).

o Group 4: 10 juvenile males on a daily high-fat, high-sucrose diet supplemented with Stevia
rebaudiana (HFHS + Stevia) (Table 1).

Table 1
Composition of the experimental diet
Components (g/kg) 1|?1:23tp 2Hg IEOHUSp HFHgsgiosLigchys HFlig r-I-OLSJEZ)EVia
Corn 200 80 80 80
Rice 200 200 200 200
Bone meal 120 120 120 120
Sucrose — 100 100 100
Soy oil 75 — — —
Lard — 200 200 200
Gluten 200 200 200 200
Salt 35 35 35 35
Mineral mix 35 35 35 35
Vitamin mix 16.5 16.5 16.5 16.5
Inert material 150 45 45 45
Total (g) 1000 1000 1000 1000
Nutrient composition (%)
Protein 24.8 19.2 19.2 19.2
Carbohydrate 49.6 43.4 43.4 43.4
Lipids 25.6 374 37.4 374
Stachys sieboldii root powder — — 5 —
Stevia rebaudiana leaf powder — — — 5
Energy density (kcal/g) 3.55 4.49 4.49 4.49

In this diet, the total carbohydrate content in the HFHS groups appears lower compared to the control
group. This is explained by the substantial increase in dietary fat (lard) in the HFHS diet, which altered the
overall macronutrient distribution while maintaining a total feed mass of 1000 g/kg. Additionally, this is due
to the replacement of corn, which was reduced from 200 g/kg in the control group to 80 g/kg in the HFHS
groups (corn contains both digestible carbohydrates and dietary fiber), with sucrose, which is fully digestible.
When adjusted for fiber content, the actual intake of digestible carbohydrates is higher in the HFHS groups.
Since sucrose is completely digestible and does not contribute to dietary fiber, the shift from complex
carbohydrates to simple sugars resulted in a decrease in total carbohydrate mass despite the increased sugar
content.

The experiment lasted for 30 days. The study was conducted in accordance with the requirements of the
European Convention for the Protection of Vertebrate Animals Used for Experimental and Other Scientific
Purposes (Strasbourg 1986), OECD GLP guidelines, EAEU Good Laboratory Practice Regulations No. 81,
and the Order of the Minister of Health of the Republic of Kazakhstan No. MoH RK-151/2020, dated Octo-

34 Fundamental and Experimental Biology. 2026, 31, 1(121)



Cytoprotective and immunostimulatory properties...

ber 23, 2020, titled “On Approval of the Regulation on the Central Commission on Bioethics”. The study
was approved by the decision of the Bioethics Committee of “Karaganda Medical University” on
17.06.2021, protocol No.165.

Determination of cellularity and viability of bone marrow and spleen. To assess the cellularity of bone
marrow and spleen, the spleen and femur were extracted from each animal, washed in physiological saline,
and blotted dry on filter paper. Using a homogenizer, cell suspensions from each organ of individual rats
were prepared in Hank’s solution. The spleen and bone marrow suspensions were filtered through a nylon
mesh to remove stromal elements, and the concentration of nucleated cells (NC) was counted using a stand-
ard method with a Goryaev chamber.

To identify non-viable cells, a 0.4 % trypan blue (TB) solution was used as a stain. The TB solution was
prepared according to the manufacturer’s instructions for the cell counter: a weighed portion of dry TB
(C34H28N6014S4; Mikroskopie, Germany) was added to a solution of 0.81 % sodium chloride (NaCl; Sigma-
Aldrich, USA) and 0.06 % potassium phosphate trihydrate (K,HPO,-3H,0; Merck, Germany) in distilled
water, mixed until dissolved at room temperature, filtered through a 0.22 pum filter, and stored in a dark glass
container at 4 °C. For viable cell counts, the cell suspension was mixed with TB solution at a 10:1 ratio, and
a drop of the suspension was placed in the chamber. Using a microscope, stained and unstained cells were
counted. The cell concentration in 1 ml (C) was determined using the formula: C = kn x 10%, where n is the
number of cells counted in the Goryaev chamber, and K is the dilution factor (for staining with 0.4 % TB at a
10:1 ratio, k = 1.1).

Viability (V) of the cell population was calculated using the formula and expressed as a percentage: V =
(1-m/N) x100, where m is the number of stained cells, and N is the total number of cells [28].

Statistical methods. One-way ANOVA was used for statistical data analysis to identify differences be-
tween groups. Tukey’s multiple comparison test was applied for pairwise comparisons. Results were consid-
ered statistically significant at p < 0.05. All analyses were performed using GraphPad Prism 8 software.

Results

Concentration of nucleated cells in the spleen of immature rats. The data obtained showed that the
HFHS diet led to a 13.49 % increase in the concentration of nucleated cells in the spleen (p < 0.0074) com-
pared to the control group. This may indicate a response to metabolic stress and inflammation (Fig. 1).
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Figure 1. Concentration of nucleated cells in the spleen of immature rats in the experiment

The addition of Stachys to the HFHS diet resulted in a 35.55 % increase (p < 0.0001) in the number of nu-
cleated cells in the spleen compared to the HFHS group, indicating a significant stimulation of immune cell
proliferation. Stevia increased spleen nucleated cell concentration by 10.06 % (p < 0.0289) compared to the
HFHS group, which also indicates a positive effect, though less pronounced than that of Stachys (Fig. 1).

Cell viability in the spleen of immature rats. The HFHS diet led to an 89.23 % increase in the
percentage of dead cells compared to the control (p < 0.0001), indicating a negative impact on spleen
immune cells (Fig. 2).
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Figure 2. Cell viability indicators in the spleen of immature rats in the experiment

The addition of Stachys to the diet reduced the percentage of dead cells by 43.90 % (p < 0.0001) com-
pared to the HFHS group, thus improving cell viability. Stevia showed an even more pronounced effect, re-
ducing the percentage of dead cells by 53.45% (p < 0.0001) relative to HFHS, indicating a stronger
cytoprotective effect (Fig. 2).

Concentration of nucleated cells in the bone marrow of immature rats. In examining the concentration
of nucleated cells in the bone marrow, it was found that the HFHS diet reduced the number of nucleated cells
in the bone marrow by 34.38 % (p < 0.0001) compared to the control, indicating suppression of hematopoie-
sis (Fig. 3).
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Figure 3. Concentration of nucleated cells in the bone marrow of immature rats in the experiment

Stachys, when added to the diet, further reduced the nucleated cells in the bone marrow by 15.55 %
(p < 0.0004) compared to the HFHS group, which may indicate a negative impact on bone marrow. Stevia
also decreased the number of nucleated cells in the bone marrow by 36.13 % (p < 0.0001) relative to HFHS,
indicating a more significant suppression than observed with Stachys (Fig. 3).

Bone marrow cell viability in immature rats. The HFHS diet increased the percentage of dead cells by
4.6 times (p < 0.0001) compared to the control, showing a strong negative effect on bone marrow cells

(Fig. 4).
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Figure 4. Viability indicators of bone marrow cells in immature rats in the experiment

Adding Stachys to the diet reduced the percentage of dead cells by 66.09 % (p < 0.0001) relative to
HFHS, indicating a substantial protective effect. Stevia provided an even more pronounced reduction of
77.90 % (p < 0.0001) relative to HFHS, indicating stronger cytoprotective action in bone marrow (Fig. 4).

Discussions

Adding plant products to the HFHS diet differentially reshaped hematopoietic outcomes. Relative to
HFHS alone, Stevia reduced the proportion of trypan-blue—positive cells by 53.45 % in the spleen and by
77.90 % in the bone marrow, indicating robust preservation of cell viability. HFHS by itself increased cell
death and lowered nucleated-cell concentration in both tissues, consistent with diet-induced metabolic stress
and inflammation. The pattern observed here is coherent with published evidence describing anti-
inflammatory and anti-apoptotic actions of Stevia, including down-regulation of NF-xB/MAPK signal-
ing [29]. Cai et al. (2023) noted Stevia’s ability to inhibit NF-kB and MAPK signaling pathways, associated
with inflammation and apoptosis, leading to reduced extracellular matrix degradation and cell apoptosis [30].

Additionally, Gupta et al. (2021) demonstrated Stevia’s antioxidant and antidiabetic properties in rats
with alloxan-induced diabetes. Oral administration of steviosides for 21 days normalized blood glucose lev-
els, restored antioxidant potential, and improved lipid profiles. This indicates Stevia’s potential to improve
metabolic status and reduce oxidative stress, supporting our observations of its cytoprotective effect [31].

Regarding the concentration of nucleated cells, Stevia increased their count in the spleen by 10.06 %
compared to the HFHS group. Although this effect was less pronounced than that of Stachys, it still indicates
a positive influence of Stevia on the immune system. Moubder et al. (2024) in their study noted that Stevia
leaf extract increases levels of pro-inflammatory cytokine IL-1p and immunoglobulin A (IgA), indicating its
immunomodulatory action [32].

On the other hand, Stachys showed a more pronounced effect on the proliferation of immune cells. In
our study, adding Stachys to the HFHS diet increased the concentration of nucleated cells in the spleen by
35.55 % compared to the HFHS group. This may indicate stimulation of immune function and enhancement
of immune response. However, in the bone marrow, Stachys further decreased the number of nucleated cells
by 15.55 % compared to the HFHS group, suggesting a complex impact on hematopoiesis.

Studies by Kim et al. (2024) revealed that extracts of Stachys affinis possess antioxidant and anti-
inflammatory properties confirmed by molecular docking. The phenolic compounds in the extract demon-
strated the ability to interact with cyclooxygenase-2 (COX-2), reducing inflammation [33]. Slimani et al.
(2023) found that Stachys circinata extract increases levels of antioxidant enzymes and exhibits cytotoxic
effects on cancer cells, indicating its antiproliferative properties [34].

In terms of bone marrow cell viability, Stachys reduced the percentage of dead cells by 66.09 % relative
to the HFHS group. Although this effect was less pronounced than that of Stevia, it still indicates a signifi-
cant protective effect. Bayat et al. (2020) showed that Stevia increases the expression of antioxidant genes
and improves kidney function in diabetic rats, which is consistent with our observation of its stronger
cytoprotective action [35].
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In summary, our data and findings from other studies emphasize the differences in the mechanisms of
action of Stevia and Stachys. Stevia rebaudiana possesses strong cytoprotective effects, protecting cells from
oxidative stress and apoptosis. This may be due to its ability to inhibit pro-inflammatory signaling pathways
and increase antioxidant enzyme activity. Stachys sieboldii, on the other hand, stimulates immune cell
proliferation, likely by influencing redox balance and modulating signaling pathways responsible for cell
proliferation.

It is important to note that both plants exhibit protective properties against the negative effects of an
HFHS diet, but with different emphases. This opens up the possibility for their combined use to achieve a
more comprehensive therapeutic effect. For example, combining the cytoprotective effect of Stevia with the
immunostimulatory effect of Stachys could provide more effective protection of the immune system and
hematopoiesis from metabolic stress.

Conclusion

Metabolic disorders caused by unbalanced diets require an integrated approach to prevention and treat-
ment. Energy-dense, unbalanced diets impair immune and hematopoietic compartments; prevention should
therefore address both survival and renewal of cells. In our model, Stevia was superior for maintaining via-
bility in both spleen and (particularly) bone marrow, whereas Stachys more effectively expanded the splenic
pool of nucleated cells, consistent with immune-cell proliferation. Selection can thus be purpose-driven: Ste-
via when limiting cell death is the primary goal, and Stachys when the aim is to increase immune-cell num-
bers. A combined approach may be reasonable but warrants additional work on dosing, safety, and interac-
tions. By delineating these complementary profiles, the study provides a basis for developing nutritional ad-
juncts and phytotherapeutic candidates to support hematopoiesis and immune function.
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E.B. [lo3nuskoBa, A.M. Myp3sataesa, O.C. Caitnay

EreykyiippIkTapaarbl Kyiizeinic Mmeradoausmi kesingeri Stachys sieboldii
skoHe Stevia rebaudiana ecimaikTepiHiH IMTOMPOTEKTOPJIBIK
’KOHe HMMYHHTET CTUMYJIAeyIli Kacuerrepi

3epTTeydiH MakcaThl Maiiaap MeH kemipcynapra ©Oaii  gueramen (HFHS) Ttamakranmbipsuiran
ereykyipsikrapaarsl  Stachys sieboldii »xone Stevia rebaudiana ceirsiHIBUIAPBEIHBIH CylieKk KeMiri MeH
KOKOAybIp JKacyllajapblHa KOPFaHBIIN dcepiH Oaramay. 3epTTEyIiH HETi3ri OarbIThl OCBI ©CIMAIKTEPiH
MUTONPOTEKTOPIIBIK JKOHE MMMYHHTET CTHMYJACYII KacHeTTepiH 3epTrey. JKYMBICTBIH omicTeMeci TepT
TOTKa OJIiHreH, SFHU JKBIHBICTHIK JKeTiIMereH (ecimran) Wistar ereyKyHpbIKTapblHa JKCIIEPUMEHTTED
JKYPrisyai Kamthiabl. Artan aiitcak: 6axputay To6sr, HFHS 10651, Stachys sieboldii kocsuiran HFHS T06BI
sone Stevia rebaudiana koceutran HFHS to6s1. Kexbaysip MeH cyifek KeMiri )acyIanapbiHbIH jKacyIIabiK
KacheTi MeH Tipmimik Kabimeri 30 kyH Ooitbl Oaramanapl. Hortmwxkenep Oobiiamia HFHS nuwera emi
Kacyllajmap/islH KeOeroiHe jkoHe KekOayblp MeH Ccylek KeMiriHaeri sapocskl Oap Jkacymiaiap.blH
KOHIICHTPALMSACHIHBIH TOMEHCYiHe ceben OonranbiH KepcerTi. Stachys sieboldii kexbaybipaarsl HMMYHIIBIK
KacylanapaslH — npoiuepanysichlH - alTapiblKTail  BIHTANAHIBIPBIN, SIAPOCHI  Oap  IKacyllamapblH
KOHIIEHTPALMSICBIH apTThIpAbL, an Stevia rebaudiana cyiiek kemirimgeri o jkacymiagapblH IailbI3bIH
TOMEHJIETE OTBHIPHIIN, ANKBIHBIPAK UTOMPOTEKTOPIIBIK dcep KopceTTi. by 3eprreymin KyHmsutbirsl Stachys
sieboldii »xomne Stevia rebaudiana coIFBIHIBUTAPBIHBIH T€MOIIOITHKAIBIK XKyHere apTypiii acepi jKoHE OChI
CBHIFBIHIBUIAPBI TPOGUIAKTHKAIBIK JKOHE HMMYHBIK KOJIayFa apHalFaH KoJgaHOamapia maijanany
MYMKIHIITIH amansl. HoTmkenep i MpakTHKAIBIK MaHbI3IbUIBIFEI OYJT ©CIMAIKTEp/ i OHONOTHSIIBIK aKTHBTI
KOCTanap KypaMbIH/a, KaHTY3Y JKoHE MMMYH/IBIK )KYHeJep/iiH KalIbIH )KaKcapTy YIIiH KoJIIaHyFa 00JIabl.

Kinm ce30ep: IMMYHHUTET, CylieK KeMmiri, kekbayblp, Maiira Oait quera, HFHS, Stevia rebaudiana, Stachys
sieboldii

40 Fundamental and Experimental Biology. 2026, 31, 1(121)


https://doi.org/10.1007/s13530-023-00188-3
https://doi.org/10.1016/j.intimp.2023.109683
https://doi.org/10.61873/IVJV6786
https://doi.org/10.1038/s41598-024-68880-z
https://doi.org/10.3390/plants12122272
https://doi.org/10.1111/jfbc.13252

Cytoprotective and immunostimulatory properties...

E.B. Ilo3gusakoBa, A.M. Myp3zaraesa, A.C. Caiinay

IuTONPOTEKTOPHBIE H MMMYHOCTHMYJIMPYIOLIHE CBOICTBA
Stachys sieboldii u Stevia rebaudiana B yc/ioBHSIX MeTa00IHYECKOT0 CTPecca y KpbIC

Ienp HaHHOTO HCCIIEOBaHHUS — OLICHUTH MpOTeKTHBHBIC 3 dekThl 3kcTpakToB Stachys sieboldii u Stevia
rebaudiana Ha KTeTKM KOCTHOIO MO3Ta M CEIe3EHKH Y KPBIC, MIOTYYABIINX JUETY C BHICOKHM COICPIKaHHEM
sxupoB u caxapoB (HFHS). Msr nposepuiu, ciocoOHbI i 9kcTpakTsl Stachys sieboldii u Stevia rebaudiana
NPOTHBO/ICHCTBOBATH MOBPEKICHUAM, BbI3biBaeMbIM jauetoii HFHS. Hemonosospenbix kpeic muaun Wistar
PaHIOMU3HPOBAIH Ha YeThipe rpymibl (koutpois, HFHS, HFHS+Stachys, HFHS+Stevia) u comepskanu B Te-
yeHue 30 cyTok. KomruecTBEHHO OLCHHUBAIN KIETOUYHOCTh CENE3EHKH H KOCTHOTO MO3ra, a TAK)Ke )KH3HECIIO-
coOHocTh KieTok. Jluera HFHS yBenmumBaa 105110 HEXH3HECTIOCOOHBIX KJIETOK M CHIYKala KOHIICHTPAIUIO
SAPOCOJICPIKAIIMX KIETOK B 000MX opranax. Stachys riaBHeiM 06pa3oM ycuiamBail Mpoiudepamiio IMMYH-
HBIX KJIETOK CeNe3¢HKU (IOBBILIAN KOHLCHTPAIMIO SAPOCOCPKAIMX KIETOK), TOrAa Kak Stevia BbI3piBaja
6osiee BBIpQKCHHBIH LUTOIPOTEKTOPHBI OTBET, YMEHBILAS OO ITOTHOUINX KIETOK B KOCTHOM Mo3re. B co-
BOKYITHOCTH JaHHBIC YKa3bIBAaIOT HAa KOMIUIEMEHTapHble mefictBusi — Stachys kak mpompoimdepaTHBHBIH
MOZYJIATOP Cee3¢HKU 1 Stevia Kak mpOTeKTOp KIETOK KPOBETBOPHOM CHCTEMBI, YTO 00OCHOBBIBAET IIENIECO-
00pa3HOCTh MX PACCMOTPEHHS B paMKaxX CTPATETHi MUTAHUS JUISl COXpaHEHUs PyHKIMH UIMMYHHOH CHCTEMBI
¥ KPOBETBOPEHHMSI. 3HAYMMOCTh JTAHHOTO MCCIICOBAHMS 3aK/II0YaeTCs B BBIABICHHU pasinnyaromuxcs sddex-
ToB 3KcTpakToB Stachys sieboldii u Stevia rebaudiana na remomnosTHueckyro cHCTEMy, YTO OTKPBIBACT MO-
TCHIMAT UX HCIOJIb30BaHHS B MPOPUIAKTHICCKAX M MMMYHOIIOICPKUBAIOIINX IPHIOKEHUAX. [IpakTrde-
CKasl [ICHHOCTh PE3yJIbTaTOB COCTOUT B BO3MOXKHOCTH BKIIFOUCHHUSI STUX PACTCHHIl B COCTAB IUETHYCCKHX J0-
0aBOK IS YNy4IICHUsT QYHKIIMH HUMMYHHOM CHCTEMbBI M KPOBETBOPCHUSL.

Kntoueevie cnosa: IMMYHHTET, KOCTHBINA MO3T, CElIC3€HKa, BRICOKOKHMpoBast auera, HFHS, Stevia rebaudiana,
Stachys sieboldii
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Age-related adaptation features of teachers of educational institutions

Modern educational reforms require teachers to be highly qualified and to adapt quickly to new working
methods, including the use of digital technologies. The problem of teachers’ professional adaptation remains
relevant despite a large number of studies in this field. Aim: to determine the factors influencing the profes-
sional adaptation of teachers in educational institutions, as well as to analyze the age characteristics of adapta-
tion and the psychophysiological characteristics of teachers. The study involved 137 teachers from the city of
Karaganda, who were divided into three age groups: under 30 years, 3045 years and over 45 years. The
Spielberger—Khanin test was used to assess anxiety, the WAM test was applied for subjective assessment of
well-being, activity and mood, the Anfimov’s correction tables were used to study mental performance, as
well as physiological methods (blood pressure measurement, analysis of heart rate variability). The level of
reactive anxiety among teachers did not show significant differences between the groups. However, the anal-
ysis of well-being, activity, and mood showed that well-being decreased with age, activity levels showed
slight fluctuations, and mood was higher in the first group. Mental performance also decreased with age,
which was confirmed by the decrease in the number of viewed and found signs. In addition, an increase in
blood pressure, heart rate, and the stress index of regulatory systems was observed. Higher activity of the
sympathetic nervous system and pronounced functional tension of regulatory systems were also identified in
the older groups. The results of the study confirm the need to support teachers at different stages of their pro-
fessional activities. Measures aimed at reducing stress load and increasing teachers’ level of adaptation in the
context of the digital transformation of education are particularly important.

Keywords: teachers of educational institutions, age dynamics, adaptation, psychophysiological state, working
capacity.

Introduction

Improving of pedagogical methods, including the development of inclusive education, as well as the new
work tools integration such as electronic journals and diaries, modern information technologies, etc., requires
teachers to be highly qualified and capable of rapid adaptation [1-2]. In such conditions, the problem of profes-
sional adaptation of teachers becomes particularly relevant, since the problem of securing and retaining of
teachers in educational institutions is not being solved, despite a sufficient number of studies [3].

The activity of a teacher in the process of professional development involves overcoming certain crisis
states and adaptation [4-5]. The works emphasize the need to create a favorable educational environment that
supports and stimulates the professional growth of teachers.

The neuropsychiatric load of teachers, which has increased as a result of the reform of the education
system, is associated with the risk of somatic and mental disorders [6-7]. At the same time, psychosocial fac-
tors of production, especially those related to work organization, have a greater impact on mental health than
on physical [8-10].

Professional health risk factors for teachers include such specific factors characteristic of educational
activities as high responsibility, irregular working hours, including out-of-hours action, significant require-
ments for the assimilation, preservation and reproduction of information, heavy loads on the vocal apparatus
and additional loads (checking students’ written papers and preparing for lessons, etc.) [11-12, etc.]. It is
necessary to single out particularly specific factors, namely intense psychoemotional loads, which are also
characteristic of this professional category, the presence of which largely determines deviations in the health
status of teachers [13-14].

According to the data [15-16], work intensity is the leading unfavorable factor in the work process of
teachers. According to the respondents, work exhausts teachers not only physically (about 80 %), but also
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morally (almost 90 %). The professional activity of teachers is characterized by high emotional workload.
With professional experience increasing, most teachers begin to feel the “pedagogical crisis”, “exhaustion”,
and “burnout”, which significantly affects their mental and physical health [17]. Therefore, the study of these
mechanisms is of great importance for optimizing the functioning of teachers in changing conditions, which
makes it possible to increase the effectiveness of their activities and ensure a better quality of life [18]. How-
ever, the research does not fully reveal the specifics of the age-related adaptation of teachers to the condi-
tions of professional activity, the psychological characteristics that ensure the success of the adaptation pro-
cess, and most importantly, the effectiveness of professional adaptation. In this regard, the study of the prob-
lem of teachers’ adaptation to professional activity in the age aspect is still relevant.

Experimental

The article presents the results of the study conducted among 137 teachers of secondary schools in Ka-
raganda city. The teachers were distributed by age in the following groups: group | — 18 persons under the
age of 30 (average age 25.7+0.52), group II — 65 persons at the age of 30-45 (average age 37.6+0.55),
group Il — 54 persons over the age of 45 (average age 52.7+0.7).

The sample was made up of teachers from general education institutions, including secondary schools
and gymnasiums. The study involved teachers of primary, basic, and secondary general education who teach
humanities, natural sciences, and mathematics. Since participation in the survey was voluntary and guaran-
teed complete anonymity, no separate written consent was requested. By returning the completed question-
naire, the participant confirmed his informed consent to participate in the study and gave permission to pro-
cess the provided data. The study was approved by the Local Bioethics Commission of Karaganda Medical
University (Protocol No. 17 dated 10/22/2024) and the Department of Education of the city of Karaganda in
accordance with all the norms of the Helsinki Declaration (2013).

To determine the level of reactive anxiety, the Spielberger test in the modification of Khanin was used
in the form of the questionnaire [19]. The results were evaluated on the following scale: up to 30 points —
low anxiety, from 31 to 44 points — average, 45 points and above — high anxiety.

The subjective state of teachers was assessed by the results of the WAM test proposed by V.A. Doskin
and his colleagues in 1973 [20]. This test covered three main characteristics: well-being, activity, and mood
(WAM). With the WAM test, it is possible to identify specific aspects of the teachers’ activities and condi-
tion, including their mood, concentration, stress level and efficiency. The questionnaire consisted of 30 pairs
of characteristics that had opposite values. The analysis results were grouped according to the predefined key
within three categories, and then the mean scores for each of them were calculated.

Blood pressure and heart rate (pulse) were used to assess the state of the cardiovascular system. Systolic
and diastolic blood pressure was measured using the Korotkov—Yanovsky method while the subject was in
the sitting position. The pulse was calculated by palpation in 60 seconds in the same position of subject.

To determine the level and dynamics of mental performance, proofreading tests for one minute were
conducted using letter tables developed by V. Ya. Anfimov [21]. At the end of the test, the number of viewed
and found letters was calculated, as well as the number of errors made during the task (these could be miss-
ing or incorrectly marked letters). We also calculated the attention intensity (Al) as the percentage of the
number of viewed letters (VL) to the total number of letters (TL = 1600). The formula for Al calculating is
as follows: Al = VL / TL * 100. Thus, when analyzing the test results, it was possible to get the understand-
ing of the degree of concentration and efficiency of the subjects.

The analysis of heart rate variability (HRV) was performed by 5-minute cardiointervalography using
the Varikard-2.4 software package [22]. The following statistical parameters of the heart rhythm were ana-
lyzed: the mean RR interval (mathematical expectation—Mean), the stress index (stress index—SI) of regu-
latory systems, characterizing the degree of centralization of heart rhythm control. The relative activity of the
subcortical sympathetic nerve center was assessed by the ratio of the mean values of the low-frequency and
high-frequency HRV components (LF/HF). The activity of the heart rate regulatory systems was assessed by
the centralization index (CI = TP/HF), the level of activation of subcortical nerve centers was assessed by the
calculated value characterizing the activity of regulatory systems (indicator of the activity of the regulatory
systems—IRSA) [23].

The statistical analysis of the study results was carried out using the standard MS Microsoft Excel 2019
and STASTICA 10.0 software packages and included the calculation of the mean value of the variable (M)
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and its standard error (+m). Intergroup differences between age categories were analyzed using the Student’s
criterion (t), which revealed statistically significant trends and patterns. The differences between the age
groups were considered significant at p<0.05.

Results and Discussion

As the results of the study showed, the level of reactive anxiety among teachers of secondary schools was
on average: in group | — 42+1.92 units, in group II — 42.54+1.24 units, in group IIT — 42.7+1.25 units (Fig. 1).
No significant differences were found between the groups.

The analysis of the percentage of well-being, activity, and mood levels revealed the following dynamics.
The well-being index in group I was 5.06+0.174 units, in group II — 4.62+0.147 units, in group Il —
4.42+0.152 units (p<0.05). There were no significant differences in the activity index: in group | — 3.96+0.251
units, in group Il — 3.67+0.141 units, in group IIT — 3.78+0.147 units. The dynamics of the mood index was

studied, and it showed the following values: in group | — 5.94+0.317 units, in group Il — 4.84+0.156 units, in
group 11 — 4.93+0.145 units, however, there were no statistically significant differences.
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Figure 1. Age-related dynamics of reactive anxiety and WAM indicators

When evaluating the proofreading tests according to the table of V. Ya. Anfimov, significant differ-
ences in mental performance were revealed (Fig. 2). The average number of viewed letters in group | was
435.74£25.86, in group 11 — 415.4+20.72, in group 11l — 373.7+18.45 (p<0.05). The number of found letters
in group I was 51.5£3.15, in group Il — 49.9+2.24, in group III — 43.8+2.12 (p<0.05). The dynamics of the
attention index showed the highest values in group | — 27.2+1.62, in group II it was 25.9+1.29, in group |11
— 23.3£1.15 (p<0.05). The number of errors had no significant differences and amounted to 0.7+0.23 in
group I, 1£0.19 — in group II, and 0.6+0.19 characters — in group IlI.
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Figure 2. Age-related dynamics of indicators of correction tests according to the table of V. Ya. Anfimov
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The analysis of blood pressure indicators revealed their significant increase in age dynamics (Fig. 3).
The mean value of diastolic pressure in group I was 73+3.21 mmHg, in group II — 82.3+1.92 mmHg
(p<0.05), in group Il — 93.742.45 mmHg. (p<0.05). The mean value of systolic blood pressure in group I
was 106.6£3.35 mmHg, in group II — 117.742 mmHg (p<0.05), in group III — 127.4+£2.04 mmHg
(p<0.05). The heart rate also showed the significant increase: in group | — 74.1£1.18 beats/min, in group II
— 78.6+0.83 beats/min (p<0.05), in group III — 80.3+1 beats/min (p<0.05).
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Figure 3. Age-related dynamics of indicators of the cardiovascular system functioning

The mean value of the stress index (SI) of regulatory systems in dynamics was 352.4+100.83 and
352.5+85.72 units in groups I and II, respectively, in group III the indicator increased to 401.2+62.53 units
(Fig. 4). The ratio of the mean values of the low-frequency and high-frequency components of HRV (LF/HF)
was 1.320.27 units in group I, 3+0.62 units — in group II (p<0.05), and 3.8+0.81 units — in group IlI
(p<0.05), indicating increased activity of the subcortical sympathetic nerve center. The heart rate control cen-
tralization index (CI) in group I was 2.4+0.52 units, in group Il — 5.240.98 units (p<0.05), in group 11 —
6.4+1.21 units (p<0.05). Analysis of the dynamics of the indicator of regulatory systems activity (IRSA)
showed that in group I it corresponded to the “expressed functional stress” level (4.2+0.34 units), in groups
IT and III it increased to the “strongly expressed functional stress” level and amounted to 5.1+0.3 and
5.240.41 units, respectively.
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Figure 4. Age-related dynamics of heart rate variability indicators

The intensity of the teacher’s work is determined by several factors reflecting mental stress: creative
approach to tasks, analysis, assessment and observation of the learning process, activities with limited time,
emotional involvement and responsibility for the result of work, the occurrence of controversial situations
related to the profession, sensory overload and lack of physical activity [24].
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Pedagogical activity requires the teacher to constantly interact with students, colleagues, and the admin-
istration, and it creates increased demands on the adaptive capabilities of the body. Studies show that teach-
ers have the increased level of psychoemotional stress, which eventually leads to the depletion of adaptive
mechanisms [25].

It was noted [26] that age-related crises among teachers aged 40-45 years are accompanied by the job
satisfaction decrease in and the anxiety increase, which can manifest in the deterioration of well-being and
cognitive functions. This corresponds to the data of our study, which revealed the decrease in the indicators
of well-being and activity among teachers of older age groups.

According to the study of the European Occupational Safety and Health Agency (EU-OSHA, 2021),
teachers are at the increased risk of occupational stress developing, which leads to the development of psy-
chosomatic diseases [27-28].

The number of studies [29-30] demonstrate that teachers have increased levels of cortisol, a stress hor-
mone, which confirms the influence of professional activity on the endocrine system. The results of our
study also indicate the increase in sympathetic activity (LF/HF increase) with age, which indicates the in-
creasing effect of stress.

Psychophysiological stress leads to functional changes in the body, such as the deterioration in well-
being and subjective assessment of the condition (according to our data, this is the decrease in well-being,
activity and mood), the cognitive functions decrease (decrease in the number of viewed and found letters, the
attention index), high blood pressure and heart rate (our study revealed the increase in systolic and diastolic
blood pressure and heart rate with age).

Prolonged exposure to stress without adequate compensatory mechanisms leads to the development of
professional burnout syndrome [31-32]. Chronic stress among teachers leads to increased fatigue and de-
creased performance, sleep disorders, depressive states and, as a result, the development of cardiovascular
diseases [33-34].

These data are confirmed by the results of our study, which revealed the dynamics of deterioration in
the indicators of regulatory systems, which indicates a gradual depletion of adaptive resources.

Studies of the psychophysiological state of teachers indicate the high workload associated with their
professional activities. The work of a teacher requires not only high cognitive activity, but also significant
emotional and communicative costs, which leads to the formation of chronic stress and tension of adaptive
processes [35-36]. In general, the results of the study emphasize the need to develop comprehensive pro-
grams aimed at maintaining the psychophysiological health of teachers of various age groups, taking into
account specific changes related to age and professional activity.

Conclusion

1. Stress caused by professional activity has the expressed effect on cognitive functions, which is mani-
fested by the mental performance and attention decrease. With the years, teachers experience the decrease in
the amount of the processed information and the decrease in the attention index, which may affect the quality
of teaching and require the development of support programs and trainings to maintain cognitive functions.

2. The adaptive mechanisms of teachers have significant stress, which is expressed in the physiological
stress markers increase (increased blood pressure, stress index of regulatory systems and activity of the sym-
pathetic nervous system). Long-term exposure to stress can lead to serious health consequences, namely the
development of hypertension, cardiovascular diseases, emotional burnout and mental disorders.

3. In order to minimize the effects of professional stress on teachers, it is necessary to monitor the psy-
chophysiological state of teachers and develop adaptation strategies, increase the stress tolerance of this cat-
egory of specialists through special trainings and self-regulation programs.
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A.O. Apsicranb6aii, H.K. Cmarynos, I'.M. TrikexxanoBa, M.B. CeTnuk

Kannwpl Ol1iM Oepy MekeMeJiepi MyFaiMIepiHiH OediMaesyiHiH
JKaC epeKIeTiKTepi

3amanayn OimiM Oepy pedopmanapsl MyFaliMIEpACH >KOFaphl OUTIKTUTIKTI JKOHE JKaHa JKYMBIC dIicTepiHe,
COHBIH imTiHAe HUQPIBIK TEXHOJNOTHsUIapra Te3 Oeifimmenyni Ttamam eremi. OcChl camanarbl KeNTereH
3epTTeyjepre KapamacTaH, MyFaliMAEpHiH KociOm Oeifimmenmy Moceneci ©3ekTi OoNbIn Kajma Oepeni.
3eprreymiH MakcaTel: JKammbl OimiM OepeTiH MeKTen MyFaliMIepiHiH KociOm OeHimzenyiHe ocep eTeTiH
(daxToprapapl  aHBIKTay, COHJAW-aK MeJarortapAblH — OeHiMIenmyiHiH Jkac —epeKIIeTIKTepiH JKoHe
NCHXO(U3UOIIOTHSUTBIK CHITAaTTaMalIapbIH Tasaay. 3epTreyre Kaparanapinan xkac epekuienikTepine Kapai yir
Tonka GesinreH 137 myranim KatbicThl: 30 xacka aeiid, 30-45 jxac sxoHe 45 xacTaH ackaH. Ma3achI3IbIKThI
Garanay ymin Crimnbeprep-XaHUH CHIHAFbI, 9J-ayKaTThl, OSJICEH/IUTIK IeH KOHUI-KYiini cyObekTHBTI Oaranay
ymin CAH cpIHaFpl, TICHXUKAIBIK OHIMIUTIKTI 3epTTey YIIiH AHGOUMOBTBIH TY3€Ty KecTelepi, COHIai-aK
(u3HONOTHANBIK  omicTep (KaH KBICBIMBIH Oy, KYPEK COFY JKHUICIHIH ©3TeprilliTiriH  Tanaay)
KOJIIaHBUIABL. 3epTTey OaphIChIHAA >KaImbl OiiM OepeTiH MeKTen MyFaliMaepi apachlHAarbl PEaKkTHBTI
Mas3achI3/bIK JEHreill TonTap apachlHAa aWTapIibIKTail albIpMAlIbUIBIKTAp OOJIMaFaHbl aHBIKTAABL. AJaliaa
QJI-ayKaTThl, OEJICEHALTIKTI JKOHE KOHUI-KYHII Tanjayna jkacblHa Kapal oJN-ayKaTThIH HalllapiiaraHblH,
OeJCeHIUTIKTIH MIaMaJbl AyBITKYJNApbl OOJIFaHBIH JKHE OIpiHII TonTa KOHUI-KYHIIH JXOFapbl EKeHIiH
KepceTTi. AKbUT-OM OHIMJITITI JKachlHa Kapai ToMeHe i, OV KapajFaH jKoHe TaObUIFaH Oenrijep CaHbIHBIH
azarobiMeH pacrtanyabl. CoHai-aK KaH KbICBIMBIHBIH, JKYPEK COFY JKHUTITIHIH JXOHE PeTTeyIli KyHelnepain
KepHey MHJEKCIHIH XKoFapbutaysl Oaifkangsl. CHMIATHKAIBIK JKYHKE OPTaJbIFBIHBIH O€JICEeHIUITIHIH apTysl
JKOHE YJIKEH TONTapAarbl peTTeyIN >KyHenepAiH alKbH (yHKIMOHAIABIK KepHeyi OalKammbl. 3epTrey
HOTWOKENepl KociOM KBIBMETTIH OPTYPIIi Ke3eHAEpiHIAe MYFaliMIepl Koinay KaKeTTUIriH pactaiasl. bimim
OepymiH 1mdpIBIK TpaHCHOpMAIMACH SKaFJalbIHIa CTPECTIK JKYKTEMEHI a3alTy >KOHE MyFalliMAEpIiH
GeitiMaeny AeHreiliH apTThIPy MIapaiapbl epeKIle MaHbI3/IbL.

Kinm  co30ep: xanmbl OimiM  Oepy MeKeMeNepiHiH MyFalimzepi, »xac JAWHAMHMKachl, Oelimuieny,
TICUXO(M3HOIOTHSITBIK KaFIaibl, )KYMbBICKa KaOiaeTTiIir
A.O. Apsicran6aii, H.K. Cmarynos, I'.M. Teixkexxanosa, M.B. CeTiuk
Bo3pacTHble 0COOCHHOCTH aJANITALMH YYUTeJIei

o01meo0pa3oBaTe/IbHbIX Y4YpeKACHUM

CoBpeMmeHHbIE 00pa3oBaTelbHbIe PeOpPMBI TPEOYIOT OT yduTeneil BBICOKON KBanM(HKAMU U OBICTPOH
ajlanTanuy K HOBEIM METO/aM paboThI, BKITIOYast TU(POBEIE TeXHOJIOTHH. HecMoTpst Ha 60JIbIIIOe KOJTHIECTBO
UCCIIeZIOBaHMH B IaHHOI 00aacty, nmpobiemMa npodecCHOHANBHON aJanTalMy IearoroB 0CTaeTcsl aKTyallb-
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Hoii. Ienp ucciaenoBanus: onpeseneHue (pakTopoB, BIUAIOLIMX HA MPO(ECCHOHANBHYIO aaNTallio yuuTe-
neii 001eo0pa3oBaTeNbHBIX KO, a TAK)KE aHAJIN3 BO3PACTHBIX OCOOCHHOCTEH alalTalllK U IICUXO0(QHU3HOIIO-
THYECKHX XapaKTepUCTHK Nefaroro. B uccnenoBanun npuHaau ydactue 137 yuureneit n3z Kaparanmsl, pas-
JICICHHBIC Ha TPU BO3pacTHbIC rpymmsl: 1o 30 set, 30—45 net u 6osee 45 net. Mcnonp3oBanmmch Tect Crimi-
Oeprepa-XaHuHa JUIS OLIEHKH TPEeBOXKHOCTH, TecT CAH 1i1st cyObeKTHBHOI OIIEHKH CaMOYyBCTBUSI, aKTHBHO-
CTH W HAaCTPOCHUS, KOPPEKTypHBIe TaOMubl AHGUMOBA U H3YYCHHS] YMCTBEHHON pabOTOCIIOCOOHOCTH, a
Taroke (Gu3noNOrnYecKre MeTobl (M3MEpeHNe apTepHaIbHOTO JaBJICHHS, aHAIN3 BapHaOelbHOCTH cepaed-
HOro puTMa). B Xoze mccienoBaHus BBIIBICHO, YTO YPOBEHb PEAKTUBHOW TPEBOXKHOCTU CPEAU ydUHTENeH
00111e00pa30BaTeNbHBIX KON HE MMEN 3HAUUTENbHBIX pasiuuuil Mexay rpynmamu. OfHAKO aHalU3 caMmo-
JyBCTBHS, aKTUBHOCTH M HAaCTPOEHHs IOKa3al, YTO CaMOUYYBCTBHE YXY[UIAJOCh C BO3PACTOM, aKTUBHOCTh
UMelNa He3HauuTeNbHble KoJaeOaHHs, a HaCTpOeHHe OBUIO BBINIE B MEPBOM Ipymme. YMCTBEHHass paboTocHo-
COOHOCTB CHIDKanach C BO3PAacTOM, YTO IOATBEPIKIATOCH YMEHBIICHHEM KOJIMYECTBAa HMPOCMOTPEHHBIX H
HalIeHHBIX 3HAaKOB. Takke HaOIIOAICs POCT apTEPUATLHOTO IABJICHUS, YaCTOTHI CEPACTHBIX COKpAIICHIH 1
MHJIEKCa HATPSDKEHUSI PEeryIIITOPHBIX cucteM. OTMEYEeHO yBeIMUeHNEe aKTHBHOCTH CHMITATHIECKOTO HEPBHO-
TO IEHTpa W BBIPAKCHHOE (YHKIMOHAIBFHOE HANpsDHKEHHE PEryJSTOPHBIX CHCTEM B CTapIIMX Ipymmax. Pe-
3yJIBTAThl HCCIIEOBAHNS OATBEPIKIAI0T HEOOXOANMOCTH ITOJIeP KK TIEAaroroB Ha pa3HBIX dTarax npodec-
CHOHAIBHOH JieATenbHOCTH. OCOOCHHO Ba)KHBI MEPHI 110 CHIDKCHUIO CTPECCOBOM HATrpy3KH W IOBBIIICHHIO
YPOBHS aJIalliTAIlH YYUTENCH B yCIOBHUIX HU(PPOBOH TpaHCHOpPMAIH 00pa30BaHUS.

Knrouegvie crosa: yuaurens o0imeoOpa3oBaTeNbHBIX yYpPEKICHUI, BO3PACTHAS AMHAMUKA, afalTallid, IICH-
X0(U3NOTIOTUIECKOE COCTOSHHE, PaO0OTOCIOCOOHOCTh
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Optimization of In vitro Sterilization and Initial Cultivation Methods
for Local Garlic (Allium sativum L.) Varieties

This article explores the optimization of sterilization and initial cultivation methods for local garlic (Allium
sativum L.) varieties under in vitro conditions. Due to the biological characteristics of garlic, which rarely
produces viable seeds, and the limited efficiency of conventional vegetative propagation methods, planting
material is often susceptible to the accumulation of viral and fungal infections. Therefore, the use of biotech-
nological approaches represents an important direction for improving plant health and producing high-quality,
uniform planting material. In this study, explants of the “Arman”, “Zailiysky”, and “Dungansky” varieties
were cultured on Murashige and Skoog (MS) nutrient medium. Effective sterilization methods were selected,
and optimal conditions for growth were determined. According to the obtained results, all studied varieties
demonstrated good morphogenetic responses and showed a high potential for micropropagation in vitro. This
method enables the establishment of an in vitro collection of local garlic varieties and can be applied in
agricultural production for obtaining high-quality planting material. Furthermore, this technology ensures
biological safety and facilitates the rapid propagation of virus- and fungus-resistant forms of garlic.

Keywords: garlic, in vitro, micropropagation, explant, sterilization, collection.

Introduction

Garlic (Allium sativum L.) is one of the oldest agricultural crops, first cultivated in the countries of
Central Asia [1]. It is considered one of the most widespread and important species of the Allium genus used
both as food and for medicinal purposes worldwide [2]. Garlic is mainly propagated vegetatively; however,
due to the difficulty in inducing flowering, its genetic improvement through breeding is limited [3].
Additionally, garlic bulbs cannot be stored for more than 6-8 months, requiring annual replanting. This
process can become economically inefficient due to pest and pathogen infestations [4]. Prolonged storage in
open fields leads to the accumulation of viral infections, resulting in reduced yield or complete crop loss [5].
Viral diseases of garlic cause significant yield losses globally [6], and several virus species can be
transmitted throughout the plant’s entire life cycle during vegetative propagation [7].

The absence of seed formation in garlic limits breeding and sanitation methods to clonal selection and
meristem culture [8]. In recent years, in vitro techniques have been widely used for the conservation of rare
and valuable plant species [9]. Virus elimination using meristem (shoot tips) culture has proven effective for
vegetatively propagated crops, including garlic [10]. Clones obtained in this way exhibit higher productivity
and improved quality [11], and tissue culture methods hold great potential for increasing yield and producing
virus-free planting material [12]. Moreover, this method is also effective in genetic improvement, breeding,
and conservation research on garlic [13]. For large-scale production of garlic bulbs, the use of meristem or
shoot tips for micropropagation is more efficient compared to other explant sources [14].

The relevance of this topic is associated with the growing demand in agriculture for high-quality,
disease- and pest-free planting materials, as well as the need to limit the spread of viral and fungal diseases.
Micropropagation technology under in vitro conditions allows for the elimination of various biotic threats
through the cultivation of explants in an aseptic environment.

The aim of this study is to establish an in vitro collection of domestic garlic (Allium sativum) varieties
preserved in the genetic fund of the “Kazakh Research Institute of Fruit and Vegetable Growing” LLP and to
determine effective methods for sterilization and initial cultivation. The theoretical and practical significance
of the research lies in optimizing sterilization techniques for garlic explants and improving the composition
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of the nutrient medium using the in vitro method. By adapting the obtained plant samples to ex vitro
conditions, it becomes possible to select disease-resistant and locally adapted forms, thereby expanding their
potential use in agricultural production. Effective nutrient media and sterile conditions accelerate the
microipropagaton of garlic and serve as a foundation for the development of seed production within the
domestic biotechnology sector.

Micropropagation of garlic has been studied in many countries, and various combinations of nutrient
media and growth regulators have been identified as effective. However, systematic studies on the in vitro
cultivation and micropropagation of local garlic varieties have not previously been conducted in Kazakhstan.
Therefore, the novelty of this study lies in the fact that, for the first time in Kazakhstan, the cultivation and
adaptation characteristics of local garlic varieties under in vitro conditions have been investigated. The
obtained results can serve as a basis for future selection of disease-resistant and high-yielding garlic forms.

The results of this research will contribute to the biotechnological modernization of garlic production in
Kazakhstan, facilitate the production of high-quality planting material, and ensure stable agricultural
productivity.

Experimental

The research was conducted in the biotechnology laboratory of the “Potato Breeding, Seed Production
and Biotechnology” Department at the regional branch “Kainar” of the LLP “Kazakh Research Institute of
Fruit and Vegetable Growing” (2024-2025).

As research objects, three domestic garlic (Allium sativum) varieties developed through the institute’s
breeding program were selected: “Arman”, “Zailiyskiy”, and “Dunganskiy”.

Arman—a variety developed by the Kazakh Research Institute of Potato and Vegetable Growing,
authored by Lakhin A.S. It is a mid-season, autumn-planted, bolting variety with a pungent taste, intended
for general purposes. The bulbs are flat, white with a purple hue. On average, it has 10 large cloves weighing
6-9 g. It is disease-resistant with a yield of 6-10 t/ha. Realization is up 90 %, and the storage duration is 4-5
months. Since 1997, it has been recommended for cultivation in the Almaty region [15].

Zailiyskiy—a variety developed by Erenburg P.M. through mass selection from a local Dungan garlic
population. It is a mid-season, autumn-planted, bolting variety. The bulbs are round-flat, white with a purple
tint, weighing 35-55 g. It contains 5-8 cloves per bulb, each weighing 6-8 g. The average yield is 8-12 t/ha.
It is resistant to cold and has a storage period of 4-5 months. Since 1955, it has been approved for cultivation
in several regions [15].

Dunganskiy—a local Kazakh variety. It has a pungent flavor, is autumn-planted, and produces flower
stalks. The growing season from sprouting to harvest is 120-130 days. The bulbs are round-flat with a purple
tint and weigh 30-70 g. Each bulb has 5-9 cloves. The yield is 5.0-7.0 t/ha. Since 1959, it has been
recommended for cultivation in the Zhambyl and South Kazakhstan regions [15].

The research was based on in vitro micropropagation methods. As explants, vegetative parts of garlic—
specifically shoots derived from the root system—were used.

Sterilization procedures were carried out in several stages:

Pre-cleaning—Garlic samples were washed in a laundry soap solution and then rinsed 2-3 times in
distilled water.

Chemical sterilization—Samples were treated in sodium hypochlorite solutions of varying
concentrations for 2-3 minutes and then rinsed again 2-3 times in distilled water.

Aseptic processing—In a laminar flow cabinet, the outer scales of the garlic bulbs were removed, and
shoots emerging from the root system were excised.

The explants were transferred into a pre-prepared nutrient medium. A modified Murashige
and Skoog (MS) medium supplemented with phytohormones (0.5 mg/L indole-3-acetic acid(IAA)
and 1.0 mg/Lbenzylaminopurine(BAP)) was used as the nutrient medium: MS salt base — 2.17 g;
Sucrose — 15 g; Agar — 3.5 g; Thiamine HCI (Vitamin B1) — 0.5 mg/L; Pyridoxine HCI (Vitamin B6) —
0.25 mg/L; Total medium volume — 0.5 L.

After inoculation, the explants were placed in a phytotron room under controlled light conditions at a
temperature of 25°C for cultivation.

Explants were cultivated in 50 mL glass test tubes, with one explant placed in each tube. As a nutrient
medium, the basal Murashige and Skoog (MS) medium without the addition of phytohormones was used.
The cultures were maintained under controlled phytotron conditions at 25 + 2°C, with a 16-hour photoperiod
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and 8 hours of darkness, and a light intensity of approximately 3000 Ix. Each experimental variant included
30 explants and was conducted in three replications.

The obtained data were processed using Excel and Statistica 10.0 software. The results were presented
as mean values + standard error (SE), and the significance of differences was determined using Student’s
t-test and Duncan’s multiple range test (p < 0.05).

Results and Discussion

During the study, three garlic cultivars—“Arman”, “Zailiyskiy”, and “Dunganskiy”—were cultivated
under in vitro conditions. Effective sterilization methods were applied (Tab. 1), and all cultivars successfully
adapted to the nutrient medium and began to grow without infection.

Table 1
Optimization of garlic explant sterilization methods
NaOCl Treatment |Contamination
Ne | Garlic Variety |Concentration,| . - Viability, % Necrosis rate, %
% Time, minutes Rate, %

“Arman” 0.5 3 40 +2.1* 50+2.8 10+1.5
1 1.0 2 15+£1.2* 75+ 3.0* 10+1.3
2.0 3 5+ 0.8 40 £2.5* 55+£3.2*
«Zailiyski” 0.5 3 35+ 1.9* 55+2.7* 10+ 1.6
2 1.0 2 10+£1.1* 80+ 3.2* 10+1.3
2.0 3 8+0.9 45+2.1 47 +£2.8*
0.5 3 38+ 1.7* 48+23 14+1.9
3 “Dunganskiy” 1.0 2 12 +1.0* 77 £3.1* 11+1.4
2.0 3 7+0.8 43+2.2 50+£2.7*

* — accuracy of differences in p <0.05

As shown in Table 1, different concentrations of sodium hypochlorite (0.5 %, 1.0 %, and 2.0 %) and
exposure times (2-3 min) were tested for garlic explant surface sterilization. The treatment with 1.0 %
NaOCI for 2 minutes proved to be the most effective for all three varieties. Under these conditions, the
contamination rate was low (10-15 %), the viability of explants was high (75-80 %), and the necrosis rate
remained minimal (10-11 %). At a lower concentration (0.5 %), contamination levels increased (3540 %)
and viability decreased. Conversely, treatment with 2.0 % NaOCI reduced contamination but caused high
toxicity, leading to a significant decrease in explant viability (40-45 %) and a marked increase in necrosis
(up to 50 %). Therefore, sterilization with 1.0 % NaOCI for 2 minutes can be considered the optimal method
for obtaining viable garlic explants under in vitro conditions.

Table 2
Growth performance of garlic varieties under in vitro conditions
Ne Variety Name Observation Time Description Shoot height, cm
Medium MS
On the 3 rd day Aseptic, We;ll adapted, initial B
sprouting observed
1 Arman On the 7 rd day Active growth phase 1.4+0.1
On the 14 rd day Root initiation and bud 4.0+ 00%
development observed
On the 3 rd day Explant adapted_ to the nutrient 3
medium
2 Zailiyskiy On the 7 rd day Shoot formatlon and 1540.1
elongation started
Active rooting and bud -
On the 14 rd day differentiation 5.0+0.3
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Continuation of Table 2
Ne Variety Name Observation Time Description Shoot height (cm)
Medium MS

Explant adapted
On'the 3 rd day togthe mediFL)Jm B

3 “Dunganskiy” Moderate growth

On the 7 rd day activity observed

1.3+0.1

Roots formed,

On the 14 rd day buds clearly visible

4.0+0.2*

* —accuracy of differences in p < 0.05

During the study, the adaptation, growth, and rooting processes of garlic explants were monitored on
the 3rd, 7th, and 14th days of cultivation (Fig. 1). In the first three days, all varieties showed successful
adaptation to the aseptic medium, with visible signs of sprouting. By the 7th day, the “Arman” variety
entered the active growth phase (1.4 cm), while “Zailiyskiy” demonstrated slightly higher elongation
(1.5 cm). The “Dunganskiy” variety exhibited a slower growth rate (1.3 cm). By the 14th day, all varieties
displayed evident root and bud formation. The “Zailiyskiy” variety showed the highest shoot height (5.0 cm),
whereas both “Arman” and “Dunganskiy” reached 4.0 cm. These findings indicate that the MS nutrient
medium has a positive influence on the morphogenesis of garlic explants under in vitro conditions. Among
the studied varieties, “Zailiyskiy” exhibited the best adaptation, vigorous growth, and strong rooting
potential.

One of the important factors affecting plant morphogenesis under in vitro conditions is the mineral
composition of the nutrient medium. According to Kalinin F.L. et al. [16], numerous studies have proposed
various nutrient media depending on their mineral content. However, many researchers utilize different
modified variants of the Murashige and Skoog (MS) medium for garlic propagation. The efficiency of clonal
micropropagation largely depends on the proper selection of the nutrient medium. For in vitro clonal
propagation of plants, researchers commonly employ media such as Murashige and Skoog (MS), Linsmaier
and Skoog, Gamborg and Eveleg, Phillips, Heller, White, and Gautheret [17, 18]. Nonetheless, based on the
outcomes of multiple experiments, it has been established that modified versions of the MS medium—with
varied compositions of minerals, vitamins, cytokinins, and auxins—produce optimal effects for plant
propagation. Successful in vitro introduction of plants also depends on the type of sterilizing agents used.
The composition of sterilizing agents is selected according to the characteristics of the explant. The initial
stage of the experiment involves the removal of saprophytic microflora from the plant explants before their
introduction into in virto conditions, followed by placing them on nutrient media for growth [19].
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Figure 1. Monitoring of explants
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The nutrient medium and growth conditions significantly influence the regeneration, rooting, and de-
velopment of healthy plant forms from explants. This method plays an important role in selection, conserva-
tion of genetic resources, and identification of pathogen-resistant forms. According to the results of the
study, monitoring of the garlic explants introduced into the in vitro nutrient medium after 14 days showed
the initiation of root formation and the development of shoots up to 4-5 cm, as illustrated in

Figure 2.
|
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Figure 2. Observation of garlic explants after 14 days in in vitro conditions

According to global research experience, micropropagation of plants under in vitro conditions is used as
a rapid and efficient method to multiply unique forms of specific cultivars, hybrids, and limited amounts of
initial plant material. Compared to traditional vegetative propagation, the advantages of micropropagation
include the high multiplication rate of desired plants regardless of the season. This method is widely applied
for the conservation of gene pools of rare, endangered, and agriculturally valuable varieties of seeds, fruits,
vegetables, and ornamental plants [20].

Conclusion

As a result of the study, the initial stages of in vitro cultivation of local garlic (Allium sativum) varieties
were developed—including effective explant sterilization and optimization of primary growth conditions.
The use of 1.0 % sodium hypochlorite for 2 minutes ensured the lowest contamination rate and the highest
explant viability. The Murashige and Skoog (MS) nutrient medium had a positive effect on the initial growth
and morphogenesis of garlic explants. Among the studied varieties, the “Zailiyskiy” variety demonstrated the
highest growth activity and viability.

These results form an important foundation for improving the initial stage of in vitro micropropagation.
Future studies will focus on developing an efficient method for micropropagation based on the obtained
sterile plant material, optimizing the growth and rooting stages, as well as selecting disease-resistant forms
and establishing a collection.

This research will be carried out at the “Kainar” regional branch of the LLP “Kazakh Research Institute
of Fruit and Vegetable Growing”. The obtained results will contribute to the biotechnological development
of garlic cultivation in Kazakhstan and the production of high-quality, disease-resistant planting material.
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K.M. Maraii, C.K. /IxxanTtacos, I.M. O6parumoBa

In vitro aagici apkpLIbI 0TaHABIK capbiMcak (Allium sativum L.) copTTapbin
3aJ1aJICHI3IAH/BIPY KIHEe OACTANKBI 6CIPY dAiCTEePiH OHTANIAHABIPY

Makanana otauasik capbiMcaktsiy (Allium sativum L.) coprrapsid in Vitro skarmaiibiHIa 3a1aIChI3IaHIBIPY
JKoHE OacTamnKpbl ecipy ofiCTepiH OHTaWIaHABIPY Maceseci KapacThlpbutFaH. CapbIMCaKThIH TYKBIM TY30€HTiH
OHMOJIOTHSUTBIK €PEKILENIirT MeH ASCTYpIl KeOelTy TociimepiHiH MIEKTeYi THIMILUIITT OHBI BHPYCTHIK JKOHE
CaHBIpayKYJIaKTHl aypyiapra Oeiiim ereni. COHABIKTaH OMOTEXHOIOTUSIIBIK TOCUIAEP i KOJIAHY OCIMIIKTepAl
CayBIKTBIDY MEH camajibl, OipKeJKi OTHIPFBI3Y MaTepHAaJbIH Ay YIIiH MaHBI3AbI OaFbIT. 3epTTey OaphICHIHAA
«ApMany, «3anuiicKuit» jkoHe «JlyHraHCKMi» CcOpTTaphiHbIH dKciuianTrapsl Murashige & Skoog (MS)
KOPEKTIK OpTachlHA CHII3UIMI. ODKCILIAHTTAPIBl 3aANCHI3MAHIBIPYABIH THIMAI OiCTepi TAaHIANIBIN, ©CYy
HpoLeCTepiHe OHTAMIBI JKaFaaiiap aHBIKTAaIIbl. AJIBIHFAH HOTHDKENEpPre COMKec, 3epTTeNIreH COPTTapIIbIH
0apJIBIFBI KOPEKTIK OpTa/ia )KaKchl MOP(OreHe3 KOpCeTin, MUKPOKIOHAIB KoOCHTyre OeiiMIiIiK TaHBITTHI.
Byt omic OTaHIBIK CapbIMCAKTBIH IN VItr0 KOJUIEKIMSCHH KalBIITACTRIPYFa JKOHE aybll LIapyallbUIbIFbIHIA
JKOFaphl camalibl OTBIPFBIZY MaTepHabIH OHIIpyHe KOoJmaHyFa MyMKiHIOIK Oepeni. CoHbIMEH KaTtap Oy
TEXHOJIOTHSI OHIMHIH OHOJIOTHSUIBIK KAyIICI3NITiH KaMTaMmachl3 €Till, BUPYCTBHIK JKOHE CaHBIPAYKYJIAKTHI
aypynapra Te3imzi Gpopmanapsl xeen KoOeHTyre HKOJ aIaibl.

Kinm co3dep: cappiMcax, in Vitro, MEKpOKIIOH/IaY, SKCIUTAHT, 3aaJIChI3AaHABIPY, KOJICKIIHS

K.M. Maraii, C.K. /Ixxanrtacos, I.M. O6parumoBa

OnTuMu3anms MEeTO0B CTEPHIM3ANUHA 1 MEPBHYHOI0 KyJIbTHBHPOBAHUS
oTevyecTBEHHBIX copToB YecHoka (Allium sativum L.) meTomgom in vitro

B nmanHO# crathe paccMaTpUBArOTCST BOMPOCH ONTHMH3AIMU METOAOB CTEPHIIM3AIMU U IEPBHIHOTO
KyJbTUBHPOBAHHSI OTE€UeCTBEHHBIX copToB decHoka (Allium sativum L.) B ycnoBusix in vitro. Buonorunueckast
0COOEHHOCTh YECHOKa — OTCYTCTBHE CEMEHHOTO Pa3MHOXKEHHs, a TakXKe OrpaHH4YeHHas 3()(PEKTHBHOCTDH
TPaANIMOHHBIX METOIOB BETETaTHBHOTO PAa3MHOXKEHUSI — JIETAaeT PACTeHHE BOCIIPUIMYNBBIM K BUPYCHBIM U
rpuOHBIM 3aboneBaHusIM. [lo3TOMy mnpHMeHeHHe OHOTEXHOJIOTHYECKMX IIOXOJIOB SBIISIETCS BaXKHBIM
HaIpaBJICHUEM Ui O3/I0POBJICHUS] PACTCHHH M IOJYyYSHHUs] Ka4eCTBEHHOTO, OJHOPOJHOTO MOCAZOYHOTO
Marepuana. B xone uccnenoBaHMs SKCILIAHTBL COPTOB «ApMany», «3aunuiickuity u «JlyHranckuit» ObLin
BBEICHBI B MHTaTeNbHY cpeny Murashige & Skoog (MS). Beun mono6pansl 3G¢eKTHBHBIE METOMABI
CTEPUIIN3AINH SKCIUIAHTOB M OINPEIETeHbl ONTHMAaJIbHBIE yCIOBUS IS UX pocTa. COTIacHO MONTydYeHHBIM
pe3yabTaTaM, BCE HCCIEJOBaHHBIE COpTa MOKAa3ald XOPOIIYI0 MOP(OTeHETHIECKYI0 AaKTHBHOCTb H
CIOCOOHOCTH K MHUKPOKIOHAIBHOMY Pa3MHOXKCHHUIO B ITUTATENbHOI cpene. Pa3paboTaHHbIN MeTOx MO3BOIISIET
co3ziate iN Vitr0 KOJUIGKIMIO OTEYECTBEHHBIX COPTOB YECHOKA M MCIIONB30BAaTh €€ Ul HPOHM3BOACTBA
BBICOKOKAUEeCTBEHHOT'O ITOCA/I0YHOT0 MaTepuaja B CelbCKOM Xo3sicTBe. Kpome Toro, faHHas TEXHOJIOTHS
obecrieurBaeT OHOJOTHYECKYIO 0€30MacHOCTh MPOJYKIHMH M OTKPHIBAET BO3MOXKHOCTH JUISl YCKOPEHHOT'O
pa3MHOXKeHHsT POpPM, YCTOHYMBBIX K BUPYCHBIM M TPUOHBIM 3a00JICBaHUIM.

Knioueswvie cnosa: 4eCHOK, in vitro, MHUKPOKJIOHAJIbHOC Pa3MHOKCHHUE, DKCIIIAHT, CTCPUIN3aLIs, KOJIICKIMSI
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Identification of promising wheat lines resistant
to tan spot (Pyrenophora tritici-repentis)

Wheat tan spot (yellow spot) is one of the most widespread and dangerous fungal diseases of wheat, caused
by the phytopathogenic fungus Pyrenophora tritici-repentis. The aim of the study is to identify resistance to
tan spot in promising wheat lines based on phenotypic indicators and molecular screening. A comprehensive
assessment of wheat samples was carried out by the biomass index (NDV1), resistance to pathogens (PTR,
AUDPC) and molecular markers. It was found that NDV1 varies from 65 to 82, while high values (> 75) cor-
relate with resistance (R? = 0.652), and low values (<70) — with susceptibility (S). Resistant samples
(12 pcs., PTR = 5-10), including the Salamouni variety, and susceptible ones (7 samples, PTR = 15-35) were
identified. As a result of molecular screening, PCR analysis of all studied genotypes showed the presence of
the recessive gene tsnl in 11 wheat genotypes (64.7 %). The integral indicator AUDPC (mean=70.8) demon-
strated high variability (CV>50 %) and extreme values (up to 165). Statistical analysis confirmed the stability
of NDVI (CV=6.5-6.7 %) and significant variability of PTR/AUDPC, reflecting mixed resistance. The results
emphasize the need for an in-depth study of the relationship of molecular markers with resistance to tan spot.

Keywords: wheat, tan spot, resistance genes, molecular screening, resistance, NDVI, AUDPC.

Introduction

Wheat (Triticum aestivum L.) is one of the most important staple crops, with demand expected to in-
crease to 330 kg per capita per year by 2050. Wheat production faces numerous threats, with an estimated
10-16 % of global wheat yields lost due to pests and diseases [1-2]. However, its productivity is significantly
reduced by fungal pathogens such as brown rust (Puccinia recondita), yellow rust (P. striiformis f. sp. tritici),
and tan spot (Pyrenophora tritici-repentis), which are among the most dangerous diseases capable of causing
large-scale economic losses [3-8].

In Kazakhstan, control of leaf spot disease (tan spot) mainly relies on the use of resistant varieties and
fungicide treatments. However, this approach, especially when chemical agents are applied untimely (before
the appearance of critical symptoms), is often associated with high costs for farmers.

A key aspect of effective disease control is accurate diagnosis at early infection stages and monitoring
of disease progression. Traditional methods, such as visual assessment of the affected tissue area, are subjec-
tive, labor-intensive, and require significant time.

A pressing issue for the Kazakh agricultural sector is the late detection of pathogens, which leads to
substantial yield reductions due to insufficient disease spread control in the fields.

Tan spot is a relatively new wheat disease that is widespread in many countries. It was first detected in
the 1940s in the USA and Canada, and during the 1980s—90s in Western European countries. In eastern Can-
ada, tan spot and septoria occur together; the former in drier zones and the latter in more humid areas. Along
with helminthosporium leaf blight, it is a widespread wheat disease in South Asian countries where wheat is
grown in rice-wheat crop rotations. Its aggressiveness is promoted by cultivation of susceptible varieties and
widespread adoption of zero-tillage technology. Tan spot is widespread on winter and spring wheat in the
southern, southeastern, and northern regions of Kazakhstan. The first signs of the disease appeared during
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stem elongation of winter wheat; at heading, leaf infection of the upper canopy was 25-50 %, increasing to
75-100 % at the milky ripeness stage, with premature leaf drying [9-10].

Three effector-dominant susceptibility gene interactions are known: ToxA-Tsnl, which causes necrotic
symptoms, and ToxB-Tsc2 and ToxC-Tscl, both causing chlorosis. The Tsn1-ToxA interaction in leaf spot
development depends on the host’s genetic background, with the wheat gene Tsnl being the main factor de-
termining susceptibility. Lamari et al. (2003) noted that this interaction follows a gene-for-gene inverse
model. Genotypes lacking the Tsnl gene are insensitive to the toxin [11-14]. However, Adhikari et al.
(2009) suggested that ToxA recognition via Tsnl may activate key genes involved in the host’s defense re-
sponse and signaling pathways [14].

Integrated plant disease management requires combining multiple strategies for effective disease con-
trol. For tan spot, using resistant wheat varieties is the best option for sustainable disease management. Host
resistance is also the most cost-effective and environmentally safe method to combat the disease. Therefore,
breeding resistant wheat varieties should be a primary goal in managing tan spot, including assessing the
susceptibility of embryonic tissue to the disease.

The aim of this study is to identify tan spot resistance in promising wheat lines based on disease pheno-
types and molecular screening. The results will provide valuable knowledge to regional wheat breeders and
phytopathologists involved in developing tan spot management strategies.

Experimental

Seventeen promising wheat lines grown in the Almaty region were used as research material. These
wheat samples were tested for brown rust in laboratory studies at both the seedling stage and on mature
plants under field conditions. The differential varieties Glenlea and Salamouni were used as controls for the
negative and positive Tsnl gene, which controls resistance to wheat yellow spot.

The studies were conducted during the 2024 growing season at the experimental site of the Kazakh Re-
search Institute of Agriculture and Crop Production (KAZNIIzIR), Almalybak village, Almaty region
(N43°14'210"; E076°41282"). The experiment was designed as a completely randomized block design with
three replications. All plots were surrounded by one-meter-wide strips planted with the highly susceptible
Morocco variety. The size of each individual plot was 3 m? (3 m by 7 rows at 15 cm spacing). All recom-
mended cultivation methods for commercial fields were applied, including fertilization, irrigation, and other
management practices.

During the study period, weather conditions were favorable for the development of brown rust
(http://weatherarchive.ru as of April 22, 2024). The amount of precipitation exceeded the norm, which in-
creased environmental humidity and facilitated effective infection of plants with Pyrenophora tritici-repentis
spores.

Phytopathological assessment of adult plants for yellow spot, including type and severity of infection,
was recorded and evaluated on leaves in late May and early June, when the plots were at the maturation and
milk-wax ripeness stages, respectively. For phytopathological evaluation of tan spot severity caused by
P. tritici-repentis, the percentage of leaf area affected by yellow spot was assessed using the Saari and Pres-
cott scale [15], originally developed for septoria and modified by O.Yu. Kremneva [16]. This leaf infection
severity scale for wheat uses the following gradations: 0 % — very high resistance; 1-5% — high re-
sistance; 6-20 % — resistance; 21-30 % — susceptibility; 31-50 % — susceptibility; 51-80 % — high sus-
ceptibility; 81-100 % — very high susceptibility.

The area under disease progress curve (AUDP) was also assessed in the field, calculated using the for-
mula by Wilcoxson et al. [17]:

S = 1/25(x1+x2) (t1-t2) + .... (xn-1+xn) (tn-tn-1)

where,

S — area under disease progress curve;

x1 — disease intensity at the first assessment, %;

x2 — disease intensity at the second assessment, %;

xn — disease intensity at the last assessment, %;

(t1-t2) — number of days between the first and second assessments;

(tn-tn-1) — number of days between the last and penultimate assessments.

Molecular Screening Methods for the Tsnl Gene Conferring Wheat Resistance to Leaf Spot. Genomic
DNA extraction was performed according to the method proposed by Riede et al. [18]. DNA was isolated
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from 5-day-old wheat seedlings for each individual sample using the CTAB method. DNA concentration was
measured spectrophotometrically at a wavelength of 260 nm. DNA concentration in the working PCR solu-
tion was adjusted to 20 ng/pul. The PCR reaction mixture (25 pl) contained 2.5 pl genomic DNA, 1 pl of each
primer (1 pM/ul) (SigmaAldrich, USA), 2.5 pul ANTP mix (2.5 mM dCTP, dGTP, dTTP, and dATP) (ZAO
“Sileks”, Russia), 2.5 ul MgCl2 (25 mM), 0.2 pl Taq polymerase (5 units/ul) (ZAO “Sileks”, Russia), 2.5 ul
10X PCR buffer, and 12.8 pl ddH20. PCR amplification was carried out on a Mastercycler amplifier
(Eppendorf, Germany). Amplification products were separated on a 2 % agarose gel in TBE buffer (45 mM
Tris-borate, 1 mM EDTA, pH 8) with ethidium bromide. A 100-bp DNA ladder marker (Fermentas, Lithua-
nia) was used to determine fragment sizes. Results were visualized using a gel documentation system (Gel
Doc XR+, BIO-RAD, Hercules, USA) [18].

The Normalized Difference Vegetative Index (NDVI) was measured using a portable Green Seeker de-
vice (Trimble Navigation Limited, USA). NDVI ranges from 0.00 to 1.0; the higher the value, the greater the
resistance to diseases.

Results and Discussion

Climatic conditions during the 2024 growing season at the experimental site of the Kazakh Research In-
stitute of Agriculture and Crop Production (Almalybak village, Almaty region) were generally favorable for
the development and progression of foliar fungal diseases, including tan spot caused by Pyrenophora tritici-
repentis. According to meteorological data obtained from the regional weather archive (weatherarchive.ru),
the study period was characterized by increased precipitation compared to the long-term average, particularly
during the critical stages of wheat growth.

Excess rainfall contributed to elevated air and canopy humidity, creating optimal conditions for spore
germination, infection, and subsequent disease spread. Moderate temperatures combined with frequent pre-
cipitation events enhanced leaf wetness duration, which is a key factor promoting successful penetration and
colonization of host tissues by P. tritici-repentis. These environmental conditions facilitated effective natural
infection pressure in the field, ensuring reliable differentiation of wheat genotypes based on their disease re-
sponses. Overall, the prevailing climatic conditions during the 2024 growing season provided a suitable
background for the evaluation of tan spot severity and allowed for an accurate assessment of resistance levels
under field conditions with high disease pressure.

A comprehensive assessment of 19 wheat accessions (including promising lines CP_1-CP_17 and con-
trol varieties Glenlea and Salamouni) was conducted across four key parameters: plant biomass index
(NDVI), field resistance to pathogens (PTR, AUDPC), and the presence of the PTR resistance gene. The re-
sults revealed significant relationships for breeding. According to the research results, the NDVI biomass
index, which reflects the photosynthetic activity of plants, ranged from 65 to 82 (Tab. 1). The highest values
were demonstrated by: CP_4 2024 (80), CP_11 2024 (80), CP_12 2024 (82) — these accessions are distin-
guished by an optimal physiological state, which is typical of stress-resistant plants. The lowest NDVI values
were recorded for the promising CP_15 2024 line (65), with low values associated with severe disease pres-
sure or exposure to abiotic stressors (e.g., drought). A positive correlation (R2 = 0.652) was identified: high
NDVI values (>75) were associated with resistance (R), while low NDVI values (<70) were associated with
susceptibility (S).

Table 1
Results of a comprehensive study of promising wheat lines

Ne Code of line NDVI ep\%toaa?gzzg)%'.fg AUDPC Molecular screening

1 CP_1 2024 75 5 55 null tsnl
2 CP_2 2024 78 10 65 null tsnl
3 CP_3_2024 74 25 105 380 Tsnl
4 CP_4_2024 80 10 50 null tsnl
5 CP_5 2024 70 25 110 380 Tsnl
6 CP_6 2024 72 10 60 null tsnl
7 CP_7_2024 81 5 30 null tsnl
8 CP_8_2024 70 15 70 380 Tsnl
9 CP_9_2024 73 10 35 null tsnl
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Continuation of Table 1

No Code of line NDVI s%zoari?;mfg% AUDPC Molecular screening

10 CP_10 2024 75 10 40 null tsnl
11 CP_11 2024 80 5 50 null tsnl
12 CP_12 2024 82 5 55 null tsnl
13 CP_13 2024 68 25 120 380 Tsnl
14 CP_14 2024 71 10 65 null tsnl
15 CP_15 2024 65 25 135 380 Tsnl
16 CP_16 2024 68 25 70 380 Tsnl
17 CP_17 2024 75 10 40 null tsnl
18 Glenlea 69 35 165 380 Tsnl
19 Salamouni 77 5 25 null tsnl

Based on the phytopathological evaluation (PTR), resistant (R) accessions were identified: 12 acces-
sions with damage scores of 5-10 (CP_1 2024, CP_2 2024, CP_4 2024, CP_6 2024, CP_7 2024,
CP_9 2024, CP_10_2024, CP_11 2024, CP_12 2024, CP_14 2024, CP_17_2024 and the control cultivar
Salamouni). Seven accessions with scores of 15-35 were classified as susceptible (S). The Glenlea cultivar
had the highest score (35), confirming its status as a control cultivar for susceptibility. Molecular screening
using PCR analysis of all studied genotypes revealed the presence of the recessive tsnl gene in 11 wheat
genotypes (64.7 %) and the presence of the dominant Tsnl gene, which is resistant to the PTR ToxA toxin.
Six samples (35.3 %) were found to contain DNA fragments of 380 bp (Fig. 1). Of the 19 wheat samples
studied, six samples were found to contain 380 bp, and these genotypes are sensitive to the PtrToxA toxin.

l 23 4 & &« 7 5 % o1l 1 13 14 15 16 17 15§ 19 M

—330 nH

1-CP_1_2024, 2- CP_2_2024, 3- CP_3 2024, 4- CP_4 2024, 5- CP_5_2024, 6- CP_6_2024, 7- CP_7_2024,
8- CP_8_2024, 9- CP_9 2024, 10- CP_10_2024, 11- CP_11 2024, 12- CP_12_2024, 13- CP_13_2024,
14- CP_14 2024, 15- CP_15 2024, 16- CP_16 2024, 17- CP_17 2024, 18- Glenlea (sensitive to toxin PtrToxA),
19- Salamouni (insensitive to the toxin PtrToxA)

Figure 1. Products of wheat DNA amplification using primers to the Xfcp623 locus
associated with the Tsn1/tsnl resistance gene

Table 2 presents the complete descriptive statistics of the studied promising wheat lines. Descriptive
statistical analyses were performed for four key traits: normalized difference vegetation index (NDVI), tan
spot severity (PTR), area under the disease progress curve (AUDPC), and molecular screening results. A to-
tal of 19 observations were included for each variable, with no missing values, ensuring complete datasets
for all statistical evaluations.

NDVI values ranged from 65.0 to 82.0, with a mean of 73.84 and a median of 74.0, indicating relatively
high and stable canopy greenness across the tested genotypes. The low coefficient of variation (CV = 6.5 %)
and narrow interquartile range reflected limited dispersion and a high degree of uniformity among genotypes.
The distribution of NDVI values was approximately symmetrical, as indicated by near-zero skewness
(Pearson = 0.07) and negative kurtosis (Pearson = —1.02), suggesting a slightly flattened distribution relative
to normality.

Tan spot severity (PTR) showed a much wider range, varying from 5.0 to 35.0, with a mean of 14.21
and a median of 10.0. The relatively high coefficient of variation (CV = 63.8 %) reflected substantial varia-
bility in disease response among genotypes. Positive skewness (Pearson = 0.76) indicated a right-tailed dis-
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tribution, with a greater frequency of genotypes exhibiting low to moderate disease severity and fewer highly
susceptible entries.

AUDPC values ranged from 25.0 to 165.0, with a mean of 70.79 and a median of 60.0, confirming pro-
nounced differences in disease progression over time. The coefficient of variation (CV = 52.9 %) indicated
considerable heterogeneity in resistance levels. The distribution was positively skewed (Pearson skewness =
1.03), suggesting that most genotypes exhibited relatively low AUDPC values, while a limited number
showed strong disease development. The slightly positive kurtosis (Pearson = 0.13) reflected moderate
peakedness of the distribution.

Molecular screening data were binary (0/1) and ranged from 0 to 1, with a mean value of 0.37, indicat-
ing that 36.8 % of the evaluated genotypes carried the targeted molecular marker(s). The distribution was
characterized by a high coefficient of variation (CV = 130.9 %), which is typical for binary traits. The medi-
an value of 0.0 confirmed that the majority of genotypes lacked the marker, while positive skewness reflect-
ed the lower frequency of marker-positive entries.

Table 2

Results of descriptive statistics for the studied promising wheat lines

Statistic NDVI PTR AUDPC Molecular screening

Nbr. of observations 19 19 19 19
Nbr. of missing values 0 0 0 0
Obs. without missing data 19 19 19 19
Sum of weights 19 19 19 19
Breakdown per subsample (%) 100,000 100,000 100,000 100,000
Minimum 65,000 5,000 25,000 0,000
Maximum 82,000 35,000 165,000 1,000
Freg. of minimum 1 5 1 12
Freq. of maximum 1 1 1 7
Range 17,000 30,000 140,000 1,000
1st Quartile 70,000 7,500 45,000 0,000
Median 74,000 10,000 60,000 0,000
3rd Quartile 77,500 25,000 87,500 1,000
Sum 1403,000 270,000 1345,000 7,000
Mean 73,842 14,211 70,789 0,368
Variance (n) 22,975 82,271 1400,693 0,233
Variance (n-1) 24,251 86,842 1478,509 0,246
Standard deviation (n) 4,793 9,070 37,426 0,482
Standard deviation (n-1) 4,925 9,319 38,451 0,496
Variation coefficient (n) 0,065 0,638 0,529 1,309
Variation coefficient (n-1) 0,067 0,656 0,543 1,345
Skewness (Pearson) 0,066 0,764 1,029 0,546
Skewness (Fisher) 0,072 0,831 1,119 0,593
Skewness (Bowley) -0,067 0,714 0,294 1,000
Kurtosis (Pearson) -1,022 -0,724 0,125 -1,702
Kurtosis (Fisher) -0,955 -0,561 0,562 -1,856
Standard error of the mean 1,130 2,138 8,821 0,114
Lower boundon mean (95 %) 71,469 9,719 52,257 0,130
Upper boundon mean (95 %) 76,216 18,702 89,322 0,607
Standard error of the variance 8,084 28,947 492,836 0,082
Lower boundon variance (95 %) 13,846 49,583 844,155 0,140
Upper boundon variance (95 %) 53,036 189,917 3233,383 0,537
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Continuation of Table 2

Statistic NDVI PTR AUDPC Molecular screening
Mean absolute deviation 4,061 7,950 29,584 0,465
Median absolute deviation 4,000 5,000 20,000 0,000
Geometric mean 73,686 11,572 62,228 -
Geometric standard deviation 1,069 1,942 1,678 -
Harmonic mean 73,531 9,523 55,122 -
nlQR 5,560 12,973 31,505 0,741
Qn 6,178 10,297 30,890 0,000

For all traits, 95 % confidence intervals for the mean were calculated, providing reliable estimates of
central tendency under field conditions. Overall, the statistical analysis demonstrated low variability for
NDVI, moderate to high variability for disease-related traits (PTR and AUDPC), and high heterogeneity in
molecular screening results, allowing robust differentiation of wheat genotypes based on physiological per-
formance, disease resistance, and genetic background.

Figure 2 presents Box plot visualizations of the studied parameters in the promising wheat lines. The
obtained data emphasize the need for deeper investigation of the relationships between molecular markers
and disease resistance.
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Figure 2. Box plot diagram of the studied promising wheat lines

Box plot visualizations illustrating the distribution of NDVI, tan spot severity (PTR), AUDPC, and mo-
lecular screening results among the studied promising wheat lines. The box plots display the median, inter-
quartile range, and minimum-—maximum values for each trait, highlighting differences in variability and dis-
tribution patterns. NDVI values show a relatively narrow dispersion, indicating stable physiological perfor-
mance across most genotypes, whereas PTR and AUDPC exhibit wider variability, reflecting contrasting
levels of disease response and progression. Molecular screening data demonstrate a binary distribution corre-
sponding to the presence or absence of the Tsnl/tsnl alleles. Overall, the box plot analysis emphasizes heter-
ogeneity among wheat genotypes and underscores the importance of integrating phenotypic and molecular
data to better understand the genetic basis of resistance to Pyrenophora tritici-repentis.
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Conclusion

The results of this study confirm that the climatic conditions of the 2024 growing season provided a re-
liable and informative background for evaluating wheat resistance to tan spot caused by Pyrenophora tritici-
repentis. Elevated precipitation and moderate temperatures ensured high natural infection pressure, allowing
clear differentiation of genotypes based on physiological performance, disease severity, and genetic compo-
sition. Integrated analysis of NDVI, phytopathological traits (PTR and AUDPC), and molecular screening
revealed substantial variability among the 19 studied wheat accessions. NDV1 values showed low variability
and strong association with disease response, confirming NDVI as a reliable indicator of plant health under
disease pressure. A positive relationship between NDVI and resistance (R? = 0.652) demonstrated that geno-
types with higher biomass stability exhibited reduced disease severity and slower disease progression.
Phytopathological assessments identified twelve resistant accessions with low PTR and AUDPC values,
while seven accessions were classified as susceptible. The cultivar Glenlea consistently exhibited the highest
disease severity, validating its role as a susceptible control, whereas Salamouni confirmed its resistance un-
der field conditions. Molecular screening revealed that 35.3 % of genotypes carried the dominant Tsn1l allele
associated with sensitivity to PtrToxA, while 64.7 % carried the recessive tsnl allele. In general, the pres-
ence of tsnl corresponded to reduced disease severity; however, inconsistencies between molecular and phe-
notypic data highlight the quantitative nature of tan spot resistance and the involvement of additional re-
sistance loci. Overall, the combined use of NDVI-based phenotyping, disease progression metrics, and mo-
lecular markers enabled robust identification of promising wheat lines with enhanced resistance to tan spot.
These genotypes represent valuable breeding material for developing cultivars with improved and durable
resistance under the agro-climatic conditions of southeastern Kazakhstan.
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b.T. Paum0GekoBa, JI.LE. Anyapoga, 3.A. Ksipbacosa, .M. NmanoBa,
A.A. Capraena, A.C. JlocxkaHoBa

IMupenodoposra Te3imai (Pyrenophora tritici-repentis)
NePCIeKTUBTI Ouaal JIMHUSJIAPBIH COMKeCTeHAIPY

Bunaii mupeHodopossl (capsl 1ak) Pyrenophora tritici-repentis ¢guronaroren i canbipayKyJiarbl KO3IbIPaThIH
KeH TapaJfaH JXoHe KayinTi aypyiapblHbIH Oipi. 3epTTeyliH MakcaThl — (EHOTHITIK KOPCETKILITep MeH
MOJICKYJANBIK CKPUHHUHT HETi3iHIe IepCHeKTHBTI OWjail JHHUSIAPBIHBIH MHPEHO(POPO3Fa TO3IMIUIIriH
aHbIKTay. bumail ynrizepin kemieHni Oaranay Owomacca uuzaekci (NDVI), marorenre tesimmimik (PTR,
AUDPC) >xoHe MONeKymanblK Mapkepiep Herisinae xyprizingi. NDVI 65-tern 82-re meifiH esreperiHi
aHBIKTAJIBI, SIFHU OKOFapel MoHAep (>75) xapceuibikieH (R?=0,652), anm Temern Mmonzep (<70) —
cesimrangsikied (S). Tesimai ynrinep (12 mana, PTR=5-10), onbIH imiage Salamouni copThl koHE TO3IMCI3
yarinep (7 yari, PTR=15-35) aiikpiHaanasl. MOJEKYISIPIBIK CKPHHUHT HOTHXKECIHAE OapIibIK 3epTTeNreH
renoruntepain IITP rtanmaysr Ommaiinery 11 remormminme (64,7 %) peneccuBti tSnl reniHiH OomybsiH
kepcetti. Muterpamasr AUDPC wunpekci (oprama = 70,8) »xoraper esreprimtik (CV>50 %) xone
aKcTpeManabl MonAepai (165-ke aeitin) kepcerti. Ctatuctukansik tangaay NDVI Typakreutbirsia (CV=6,5—
6,7 %) xoHe apamac KapchUIBIKTEI KepcereTiH PTR/AUDPC aifrapmsikTaif ©3repMemnisirin  pacTambl.
Hotmxenep TOTBIFY JaKTapblHa TO3IMIUTIKIICH MOJEKYJIAIBIK MapKepaepaiH OailaHBICBIH OJIaH 9pi 3epTTey
Ka)XXETTLUTITiH KepceTei.

Kinm ces30ep: Ounaii, mupeHodopo3, TO3IMIUTIK TeHAep, MOJCKYJIalblK CKPUHHUHT, Te3imaimik, NDVI,
AUDPC

B.T. Paumbexona, JI.E. AnyapoBa, 3.A. KeipbacoBa, 3.M. lmaHoBa,
A.A. Capraesa, A.C. [locxxaHoBa

NaenTuduxanus nepcneKTHBHBIX JUHUNA MIIEHULbI
ycroiiunBbIX K nupenodopo3sy (Pyrenophora tritici-repentis)

[Tupenodopo3s mieHusl (GkenTast IATHUCTOCTh) — OAHO U3 Haubolee pacipoCTpaHEHHbBIX W OMACHBIX IPHO-
KOBBIX 3a00JIeBaHMIA MIIIEHHIBI, BhI3bIBaeMOe (putomaTorennsiM rpubom Pyrenophora tritici-repentis. emnsio
MCCIICIOBAHUSI SIBISIETCS WACHTU(UKALNS YCTOWYNBOCTH K MUPEHO(GOPO3Y MEPCIEKTUBHBIX JINHHUIN MIISHHIIBI
Ha OCHOBE (DEHOTHUIHMYECKHX IOKa3aTeJed U MOJEKYJSIPHOTO CKpHHUHTA. [IpoBejeHa KOMIUIEKCHAs OIIEHKa
06pasioB mueHuIp Mo uHaekcy ouomaccsl (NDVI), yeroitunBoctu k matorenam (PTR, AUDPC) u mMosexy-
JSIPHBEIM MapkepaMm. YcraHoBieHo, uro NDVI Bapsupyer ot 65 no 82, npu 3ToM BEICOKHe 3HaueHUs (>75)
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KOppenupyroT ¢ ycroitunBocteio (R?=0,652), a Huskue (<70) — ¢ BOCIpUUMUYHBOCTHIO (S). Brimenenst yc-
toituuBeie 00pasupl (12 mr., PTR=5-10), Bkmouas copr Salamouni, u BocmpummumBsie (7 00pa3ioB,
PTR=15-35). B pesynbrare MonekynspHoro ckpununra [11IP-ananu3 Bcex mccienoBaHHBIX T€HOTHUIIOB I10-
Ka3aJ Haaudme perieccuBHoro rena tsnl y 11 renoruno mmenuis! (64,7 %). MHTerpanbHBI HOKa3aTelb
AUDPC (cpennee=70,8) mpoaeMOHCTpHpOBal BBICOKYI0 BapuabenbHocTh (CV>50 %) u skcTpeManbHble
3HauyeHus (no 165). Cratucrudeckuii ananus noarsepaun crabmwibHocts NDVI (CV=6,5-6,7 %) u 3Ha4u-
TeapHy0 n3mMeHunBocth PTR/AUDPC, oTpaxarolryro CMEHIaHHYIO YCTOHYHMBOCTh. Pe3ynbTarhl MOJ4epKH-
BAlOT HEOOXOAUMOCTh YIIIyOJIEHHOTO M3YYEHHUS CBSI3M MOJIEKYISIPHBIX MapKEPOB C YCTOHUHBOCTBIO K MHpE-
HO(DOpO3Y.

Knioueswie cnoga: menua, mupeHo(opo3, TeHbl yCTOMYMBOCTH, MONEKYIAPHBINA CKPUHUHT, YCTOHIUBOCTb,
NDVI, AUDPC
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Anther culture in rice:
from an experimental model to breeding practice

The anther culture method has become an effective tool in modern rice breeding, enabling a significant re-
duction in the breeding cycle through the rapid production of haploid and doubled haploid plants. Extensive
global experience, particularly in major rice-producing countries such as China, Japan, and India, confirms
the importance of androgenesis technology for developing new high-yielding and high-quality rice varieties.
The efficiency of this method depends on multiple interacting factors, the most critical being genotype. Stud-
ies have shown that the japonica subspecies of rice is markedly more responsive and suitable for anther cul-
ture, whereas the indica subspecies is typically exhibits low callus induction and regeneration capacity. To
overcome these limitations, inter-subspecific hybridization and optimization of culture protocols are com-
monly employed. This approach has also been successfully implemented in Kazakhstan, where several new
rice lines and varieties have been developed. In particular, the cultivar Fatima demonstrates increased produc-
tivity (~5.1 t/ha) and valuable agronomic traits and has already been released for cultivation in the country’s
major rice-growing regions. Moreover, anther culture has enabled Kazakhstani breeders to obtain doubled
haploid lines surpassing their parental forms in several agronomic characteristics, such as the glutinous varie-
ty Violetta. In conclusion, anther culture in rice holds considerable potential for accelerating the development
of homozygous lines and novel genotypes. The integration of this approach with molecular tools such as
marker-assisted selection (MAS) and CRISPR/Cas9 genome editing offers new opportunities for targeted
gene combination and for expediting the development of improved rice varieties with desired traits.

Keywords: rice, male gametophyte, anther and microspore culture, androgenesis in vitro, biological, chemi-
cal, physical factors.

Introduction

One of the most significant areas of haploid plant biotechnology is anther culture in rice (Oryza
sativa L.), which enables the production of homozygous lines in a single generation and significantly short-
ens the breeding cycle [1]. This technology is based on the phenomenon of androgenesis, that is, the repro-
gramming of microspores from the gametophyte to the sporophyte pathway [2-3]. This in turn leads to the
emergence of regenerated haploid plants, which can subsequently be doubled to produce a diploid plant [4].
The anther culture method allows for the production of stable inbred lines without long-term pollination,
making it a powerful tool for both applied breeding, which includes accelerated variety development, and for
fundamental genetic research, such as QTL analysis, genomic mapping, and transgenesis [5-6]. Haploid rice
varieties were first obtained in 1931 by Morinaga and Fukushima by crossing two varieties (Dekiyama @ x
Bunketu &) [7]. In 1933, Nakamura [8] described the haploid rice plant, and the first successful experiments
on androgenesis in vitro were conducted by Niizeki and Oono in 1968 [9] using anther cultures of six rice
varieties. In 1970, Guha and co-authors identified the use of totipotent male cells in gametophytic rice
plants [10]. In 1975, as a result of comparative experiments on nitrogen sources, the effective Chu medium
for culturing haploids was developed, which subsequently influenced the creation of the now widely used N6
medium [11-12]. Since then, this method has undergone intensive development, and by the 1980s, the first
androgenic rice varieties (Huayu I, Huayu IlI, Xin Xiu, Late Keng 959, Tunghua 1, Tunghua 2, Tunghua 3)
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were obtained in China [13]. These varieties combined several beneficial properties, such as productivity,
stability, and high grain quality. Today, the anther culture method is recognized worldwide as a necessary
component of breeding program [14-15].

Despite its widespread use and effectiveness in breeding Japonica rice, it still faces limiting factors as-
sociated with Indica rice, including early anther necrosis, poor callus induction and proliferation, low green
plant regeneration, and a high level of albinism in regenerated plants [16]. These issues stem from the mo-
lecular and physiological characteristics of microspores, which require comprehensive optimization, includ-
ing selection of donor genotypes, precise selection of nutrient medium composition, cultivation conditions,
and stress management [17-18]. Rice cultivation in Kazakhstan is export-oriented, making accelerated breed-
ing and the development of resilient, high-quality rice varieties extremely pressing [19]. This article aims to
comprehensively analyze the physical, chemical, and biological factors that influence the success of
androgenesis, identify the weak points of the method, and discuss current, modern strategies for integration
into molecular and genomic rice breeding in the country.

Experimental

A review of available sources was conducted using the Scopus/Web of Science database for the period
1930-2025. The following keywords were used in the search for literature sources: rice; physical, chemical,
and biological factors of androgenesis; methods for rice androgenesis; strategies for integration; molecular
and genomic rice breeding.

Review

Factors affecting the efficiency of in vitro androgenesis—biological, chemical, and physical conditions
determining the success of anther culture

A review of the literature and practical experiments revealed that the success of rice anther and micro-
spore culture in vitro is determined by the combined effects of three main groups of factors: biological,
chemical, and physical. The interaction of these factors determines the ability of microspores to develop
sporophytically, forming callus tissue and viable regenerants.

Biological Factors

Biological factors include the genotype, physiological state of the donor plant, and the developmental
stage of the male gametophyte [3, 17, 18, 20]. The genotype of the donor plant, in turn, determines the
embryogenic potential of rice microspores [21]. Japonica subspecies varieties are generally more responsive
to androgenesis than indica varieties. These differences are due to plastid and nuclear genes responsible for
chloroplast biogenesis and morphogenesis [21]. According to research results, anthers from fully developed
and healthy plants have a higher embryogenesis potential, especially if optimal cultivation conditions were
selected. A critical factor influencing the efficiency of in vitro androgenesis in anther culture is the quality of
donor plants [1, 18, 20, 22]. The process of accelerated dihaploid production directly depends on the health
of the plant, its shoots and ears. Two cultivation methods are most frequently used: controlled conditions in a
greenhouse or phytotron chamber, or favorable field conditions in a nursery [23]. Based on experimental da-
ta, it has been shown that donor plants grown in field conditions outperform those obtained under controlled
conditions [24]. Such regenerants develop significantly more shoots and have a developed ear with large an-
thers and microspores [24-25]. This difference is directly related to the number of viable microspores devel-
oping in the anthers and the nutritional status of the anther tissues [26]. Thus, the stage of microspore devel-
opment is a critical factor that influences the direction of cell differentiation [27]. It has been shown that mi-
crospores at the middle or late mononuclear stage, when the cells are still weakly differentiated but still re-
tain totipotency, are most susceptible to androgenesis [3, 27-28]. At the same time, overmature microspores
lose their activity in morphogenesis, and, conversely, those that are too young are not yet able to respond to
induction signals [1, 3, 18, 20, 22, 26-27].

Chemical Factors

The composition of the nutrient medium plays a central role in the regulation of androgenesis. The most
important components are the mineral composition of the medium, particularly nitrogen sources (ammonium
and nitrate), trace elements, and the concentration and combination of phytohormones. An optimal balance be-
tween these substances has a critical impact on callus induction and the development of regenerated plants. The
most widely used basic nutrient media and their modifications include Murashige and Skoog (MS), Gamborga
B-5, N6, and others, which demonstrate high efficiency for various rice genotypes [1, 3, 18, 20, 29]. Carbohy-
drates are used as an energy source and osmotic agent, and the type of source chosen directly influences an-
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ther response [28]. Literature data indicate that maltose is more effective in anther culture than sucrose,
which can have a toxic effect when broken down into glucose and fructose [27, 30]. In addition, organic ad-
ditives such as yeast extracts, casein hydrolysate, amino acids (glutamine, proline), and vitamins (thiamine,
inositol) affect the acceleration of cellular metabolic activity and morphogenesis [3, 18, 20]. For work with
sensitive varieties, as well as to prevent necrosis and browning, antioxidants and phenol adsorbents (ascorbic
acid, PVP, AgNO3) are added to the nutrient medium [22, 29]. Agar is mainly used as a gelling agent in solid
nutrient media; however, some studies have noted that when agar was replaced with Gelrite, starch increased
the efficiency of androgenesis in vitro [27, 31].

Physical factors

Physical conditions significantly influence the effectiveness of androgenesis. Anthers can be cultured on
both solid and liquid nutrient media [3, 18, 20]. However, it has been noted that combined and two-phase me-
dia promote nutrient diffusion and improve aeration, which directly impacts embryo development [22, 29].
Stress pretreatment is most commonly used in rice anther culture, primarily cold treatment at temperatures
ranging from +4 to +10 °C for several days; less commonly, heat treatment at +33-35 °C, as well as a com-
bination of both, is used. Osmaotic stress, such as sucrose starvation, radiation, and electrical stimulation, is
also introduced [3, 18, 20, 22, 29]. Light and temperature conditions are also important for microspore culti-
vation, influencing photomorphogenesis and regeneration [32—34]. Therefore, during the initial stages, cul-
tures are incubated in the dark and then transferred to a photoperiod at a temperature of 25-28 °C, which
stimulates seedling formation. This range of treatments is necessary to induce the process of microspore re-
programming to sporophytic development [35-36].

In summary, the success of anther culture depends on the careful selection of all the above parameters,
taking into account the specific rice genotype. Only a comprehensive approach to the physical, chemical, and
biological components will increase the efficiency of androgenesis and guarantee a high regeneration rate of
green, viable plants [37—-39].

Anther culture specifics in different rice subspecies

The specific subspecies of rice from which the source material belongs is a critical factor influencing
the success of androgenesis. Although the japonica and indica subspecies share a common genetic founda-
tion, their distinct responses to anther culture are explained by differences in the physiological and biochem-
ical characteristics of these subspecies. It has been noted that japonica subspecies varieties exhibit stable cal-
lus formation and high responsiveness, as well as a high percentage of regenerated plants, making them a
model for androgenesis [40-41]. Meanwhile, the indica subspecies exhibits pronounced recalcitrance, i.e., a
low capacity for callus formation, weak embryogenic competence, and an extremely high incidence of albino
plants. These difficulties are complex in nature and are associated with the expression characteristics of heat
shock genes (HSPs), stress response proteins, and antioxidant defense enzymes, which determine the suc-
cessful development of microspores from the gametophyte to the sporophyte. The indica subspecies is also
characterized by high activity of polyphenoloxidases, which affect the browning of calli and anthers them-
selves, which in turn causes necrosis and the accumulation of phenolic compounds that have a detrimental
toxic effect [42]. The main goal of haploid technology was to overcome recalcitrance. It is known from the
literature that the most effective intersubspecific hybrids (F; indica x japonica), possessing combined
embryogenic competence, turned out to be the first generation; the use of stress treatments (short-term cold
shock at 8-10 °C, osmotic stress, sucrose starvation), aimed at activating the sporophytic development pro-
gram; The replacement of sucrose with maltose as a more stable carbon source; and the addition of silver
nitrate (AgNO3) to suppress tissue browning [43, 44]. Significant progress has been achieved using various
modifications to nutrient media, including enrichment with casein hydrolysate, glutamines, and ammonium
and potassium salts. The use of isolated microspore culture has proven to be the most promising, increasing
the ability to control the conditions for embryogenesis and eliminating the influence of somatic tissues [45].

Efficiency of the anther culture method in applied rice breeding

Anther culture technology has proven to be an effective tool for enhancing breeding, enabling the pro-
duction of homozygous rice lines in a single generation and shortening the breeding cycle. Over the past
decades, the method has been successfully implemented in practice, as evidenced by the development of new
rice varieties worldwide. Back in the 1980s, Chinese scientists developed the “Huayu 15 variety, which
yielded 8-11 t/ha. It was created from a haploid F-1 hybrid plant through anther culture followed by double
haploidization. This variety demonstrated that anther culture enables heterosis while maintaining stability
and uniformity in the offspring. Since then, dozens of highly productive rice varieties have been developed
in China through anther culture [41]. These plants are resistant to a range of diseases, are high-yielding, and
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are characterized by high-quality grain. By 2015, more than 100 rice lines and varieties had been bred in
China. Therefore, China is a striking example of the large-scale implementation of androgenic technology in
rice breeding. Domestic experience describes the development of the early-ripening rice variety “Fatima”,
obtained by breeders at the I. Zhakhaev Kazakh Research Institute of Rice Growing. This variety was ob-
tained through anther culture from the mutant IRRI line (Dihaloid Ko 293), which allowed for the retention
of valuable traits in the homozygous state. In state trials, “Fatima” demonstrated a yield increase of 6-10 %
compared to the standard in various growing regions. Furthermore, the variety exhibits good resistance to
lodging, grain shattering, pests, and diseases. “Fatima” was one of the first Kazakh rice varieties to clearly
demonstrate the effectiveness of anther culture for the accelerated development of new competitive varie-
ties [46]. These examples confirm that the inclusion of anther culture in breeding programs significantly ac-
celerates the development of genetically uniform lines and new rice varieties with improved properties [47].

Challenges in Rice Anther Cultivation

Rice anther culture in breeding allows for shorter cycles and increased hybridization efficiency. Fur-
thermore, this method is easily integrated into transgenesis using molecular markers, enabling the develop-
ment of new varieties with multiple resistances, adapted to various conditions, superior quality, and high
yields (Tab. 1). However, the practical use of rice anther culture still faces a number of challenges that limit
its full potential.

Table 1
Rice varieties obtained from anther culture
Variety Characteristics Country Links

Danfeng 1 High grain quality, high yield China [48]

Zhonghua 8, Zhonghua 9 Blast resistance China [49]

Zhonghua 10 High grain quality, salt tolerance China [50]

1647S High yield China [51]
Salt tolerance, lodging resistance, fire blight re-

Huageng 45 sistance, moderate resistance to anthracnose, China [52]
cercospora leaf spot, and false smut

Hejiang 21, Longgeng 1,

Longgeng 3, Longgeng 4, Blast resistance, high grain quality, high yield China [53]

Longgeng 7, Longgeng 8

Jiudao 26 Mod_erately res_lstant to Iee_lf scab,_ moder_ately sus- China [54]
ceptible to panicle scab, high grain quality

Zhonghua 15 Resistance to fire blight and blast, high yield China [55]

Huageng 15 Salt tolerance China [56]

Zhonghua 14, Zhonghua 16 i’)&}'efrg)n's;a”ce' lodging resistance, drought China 57, 58]

Longgeng 10, Longgeng 12 Blast resistance, high quality China [59, 60]
Resistance to blast, leaf rot, and false smut, high .

Huayu 13 grain quality, good flavor, high yield China [61]

Huayu 15 Lodglng and disease resistance, good grain China [62]
quality

HD27 High grain quality, resistance to diseases, early China [63]
flowering

Chongshang 2022 Scab and lodging resistance, good grain quality China [64]

Shuhui 162 Scab resistance, high grain quality China [65]

Hua 1B Sbc:ﬁ(tjycrossmg characteristics, high combining China [66]

Hua 2B High grain quality China [67]

Hua 03 High protein content (13.7 %) China [68]

Chuanhui 907 China [69]

Chuanhui 1618 High grain quality, blast resistance China [70]

Miai 64S Large panicle, high grain quality, blast resistance China [71]

11038, 8906S, 8902S High yield China [72]

Liangyou 1178 Stable sterility, practical significance for the China [72]

breeding process
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Continuation of Table 1

Variety Characteristics Country Links

HS-1, HS-2, HS-3 ngh yield, high grain quality, multifactorial China (73]
resistance

Hua 1A Sbc:ﬁtt'jycrossmg characteristics, high combining China [74]

12865, 64425 Sbc:ﬁtt'jycrossmg characteristics, high combining China [75]

Jinshan S-1 High yield China [76]

Huaxiang 7 Stablg sterility, practical significance for the China [77]
breeding process

Xiang 125S High yield, moderate blast resistance China [78]

Hua 2A High grain quality China [79]

V25S Stablg sterility, practical significance for the China [80]
breeding process

EH1S ng_h seed.set percentage Crossbreeding, high China [81]
grain quality

Guan 18, Gan Xhao Xian 11 ngh seed set rate in crossbreeding, blast China [82]
resistance

Huayu 15 Early maturity, disease resistance China [62]

Huayu I, Huayu 11, Xin Xiu,

Late Keng 959, Tunghua 1, Resistance to lodging and diseases, good grain China [68]

Tunghua 2, Tunghua 3, Tanghuo 2, |quality

Huajian 7902, Zhonghua 9

. High yield, high grain quality, resistance to blast .
Milyang 90 and bacterial blight China [83]
CR Dhan 10 (CRAC2221-43), Good grain quality, resistance to brown leafhop- .
. . . India [84]

Satyakrishna per and stripe virus

CR Dhan 801 (CRAC2224-1041, . .

IET18720), Phalguni Resistance to leaf rot and stem borer India [85]
Resistance to blast and gall midge, moderate re-

Janka sistance to stripe virus, yellow stem rust, and India [86]
brown spot

Abel Drought resistance, good grain quality India [86]

Parag 401 Cold tolerance India [87]

Risabell ng_h gram_qgallty, resistance to chlorosis caused India [86]
by iron deficiency

Hwacheongbyeo, Joryeongbyeo, . . .

Hwajinbyeo High grain quality, good taste South Korea [88]

PSBRc 50 Bycol Resistance to brown leafhopper, stripe virus,

(IR 51500-AC11-1) blast, and bacterial blight Scald South Korea [89]

Privolny-4 Salt-tolerant Russia [41]

Sonnet Bla§t_—re5|stant, high yield, does not require high RuSsia [41]
fertilizer doses

: Can be grown under various irrigation regimes, A

Bicol (IR51500AC11-1) does not shatter when overripe, good flavor Philippines [90]

AC-1 Salt-tolerant Bangladesh [91]

Joiku 394, Hirohikari, AC. No.1,

Hirohonami, Kibinohana Salt-tolerant Japan [92]

Dama Cold-tolerant Hungary [93]

Kazakhstan
. . . i (Institute of Plant
Fatima High yield, blast-resistant, good flavor Biology and Bio- [94]
technology)

The key issue in rice anther culture breeding is genotype, as it largely determines the effectiveness of
the method. Current breeding programs face numerous challenges, including lengthy stages, a high work-
load, low callus formation rates, low green shoot regeneration rates, and low androgenesis efficiency in rice
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of the indica subspecies. To mitigate genotype limitations, previous studies have suggested selecting parent
materials with high anther culture efficiency or using indica-japonica hybrid progeny with a higher propor-
tion of japonica ancestry to exploit heterosis and improve anther culture efficiency. Furthermore, identifying
genes that influence anther culture efficiency and using transgenesis with molecular markers can alleviate
genotype limitations.

The occurrence of albino plants, as well as browning of callus and anthers, negatively impacts
androgenesis efficiency. Albinism is a recessive trait controlled by a group of loci of abnormal gene expres-
sion or mutations; the absence of chloroplasts is influenced by both genes and environmental factors [95].
Browning occurs upon activation of polyphenoloxidases produced in tissues and leading to inactivation of
other enzymes, which inhibits growth [96]. Any anther is susceptible to browning, regardless of age, and
high concentrations of inorganic salts and sugars in the nutrient medium can accelerate this process. An ef-
fective strategy for preventing these two phenomena may be the selection of young spikelets whose anthers
are still mononuclear, regulation of environmental parameters (light, temperature), and the use of various
antioxidants (activated carbon, PVP, vitamin C, and Na,S,05) [97]. In another case, it was shown that inser-
tion of a transposon into the BOC1 gene promoter reduces callus browning in culture [98]. Literature data
have shown that reducing the manganese content and the concentration of inorganic salts in the callus induc-
tion medium, as well as optimizing the concentration of hormones (e.g., KT or 2,4-D) can reduce the for-
mation of albino plants and simultaneously increase the callusogenesis rates [99].

QTLs associated with antheric cultivability in rice

The ability of rice microspores to develop in culture is a complex quantitative trait controlled by a large
number of genes. Furthermore, genotypic differences depend on the rice subspecies. Literature data have
shown that QTL mapping methods have yielded a number of loci that influence key stages of
androgenesis [100]. Experiments with a DH population (double haploids) from a cross between the indica x
japonica subspecies revealed QTLs associated with callus formation frequency located on chromosomes 6, 7,
8, 10, and 12, as well as those for the ability to regenerate green plants on chromosomes 1 and 9, respective-
ly. A QTL responsible for the formation of albinos was also found on chromosome 9. In another study, a
QTL associated with green plant regeneration was mapped on chromosome 10 and used to select plants with
enhanced regeneration capacity in the Milyan 23 x Gihobyeo rice population [101]. As a result, the marker
associated with this locus was integrated into the MAS program to obtain a new rice line with enhanced re-
generation capacity, saving time and resources for obtaining DH forms. Despite the difficulties of
phenotyping, which limit the number of QTL in androgenesis, the use of modern methods, in particular Seg-
regation Distortion Analysis, provides new opportunities for mapping the corresponding loci. Using this
method, five loci were identified: SDL1.1, SDL1.2, SDL2, SDL5, SDL7 (2023), the alleles of which were
successfully transmitted to DH progeny with increased frequency, indicating successful microspore devel-
opment in vitro [102].

Prospects for the development of anther culture—new technologies and integrated approaches

Rice anther culture is a highly promising method with enormous potential for accelerating rice breed-
ing. Isolated microspores are easily cryopreserved, which is useful for long-term storage of haploid material.
However, anther culture remains a time-consuming and labor-intensive method, which poses a significant
challenge to scalability. Future advances anticipate the introduction of high-throughput automated systems.
Advanced molecular breeding approaches are actively integrating anther culture with high-precision genetic
tools, such as genome editing technologies (CRISPR/Cas9) and marker-assisted selection (MAS) [103].
Combining androgenesis with MAS offers expanded opportunities for breeding new varieties and increases
the accuracy of early-stage selection. Selecting hybrids using molecular markers followed by fixation of the
desired genotype using anther culture creates conditions for the rapid production of homozygous lines con-
taining desired alleles for quality, resistance, or productivity. This approach has already proven successful in
a number of breeding programs, for example, in the development of early-ripening, high-yielding Chinese
varieties. The effectiveness of the MAS method is also reflected in the screening of DH lines, allowing for
the rapid identification of promising forms, bypassing years of field trials. In a more technologically ad-
vanced perspective, rice anther culture can be combined with genome editing methods. This can be achieved
by editing parental forms or by directly delivering CRISPR/Cas9 complexes to embryogenic calli or micro-
spores. This makes it possible to introduce the necessary point mutations and immediately obtain homozy-
gous plants without lengthy selection. Furthermore, editing genes that limit the efficiency of androgenesis
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itself, particularly those responsible for albinism, opens a new avenue for significantly increasing the effec-
tiveness of the technology itself. Thus, introducing MAS and CRISPR/Cas9 tools into anther culture allows
for the dramatic acceleration of the selection process, improvement of the source material, and the capture of
valuable traits [104, 105]. All of this makes androgenesis a crucial element of the modern biotechnological
platform in rice cultivation.

Conclusion

Anther culture is increasingly integrated into modern breeding strategies as a tool for “accelerated
breeding”, revolutionizing rice breeding by significantly accelerating the development of new lines and vari-
eties. The use of anther culture allows for the reduction of the breeding cycle for a new variety from 6-8
generations to 2-3, which is particularly important for strategically important crops such as rice. Anther cul-
ture makes it possible to quickly respond to production needs, from improving yield and grain quality to in-
troducing disease resistance genes. Combining this method with marker-assisted selection and genome edit-
ing (MAS, CRISPR/Cas9) enables the targeted production of homozygous lines with specific sets of valuable
traits in a single generation. In China, over 200 commercial rice varieties have been developed through an-
ther culture, many of which have occupied significant acreage and contribute to food security. In Vietnam,
India, Bangladesh, and other Asian countries, haploid technologies are also used for the accelerated im-
provement of local varieties (improving quality, disease resistance, and producing lines for hybrid breeding).
Kazakhstan’s experience with the Fatima variety demonstrates the method’s effectiveness even in the harsh
continental climate of Central Asia. Thus, the method serves as a cornerstone of modern breeding programs,
complementing traditional hybridization and integrating with molecular and genomic technologies.

The responsiveness of anthers and microspores cultured in vitro is influenced by many interacting fac-
tors: growing conditions of the donor plants, genotype, physiological state of the donor plant, stage of micro-
spore development, anther pretreatment, and the composition of the nutrient medium. To improve the effi-
ciency of producing haploids and dihaploids, it is necessary to conduct a comprehensive study to evaluate the
structural features and physiological mechanisms of the anther cell reprogramming process and their respon-
siveness to cultivation conditions. The development and use of new rice varieties that are resistant to pests,
diseases, and drought, as well as tolerant of saline-alkaline environments, high-yielding, and of superior
guality, can be facilitated by integrating anther culture with other technologies, such as transgenic technolo-
gy, molecular marker-assisted selection, and CRISPR/Cas9 gene editing. Standardizing and simplifying an-
ther culture protocols to minimize the impact of experimental operations, along with improving the anther
culture system in rice, will facilitate the development and use of new rice varieties and enrich rice
germplasm resources in Kazakhstan. Anther culture in rice has evolved from basic experimental protocols to
high-tech breeding systems. Historical successes and ongoing challenges (recalcitrance, albinism, variability)
are supported by modern technological solutions, making this method an effective tool for modern rice im-
provement programs.
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b.H. Ycenbekos, C.K. Myxambetkanos, T.A. Kypbanranuesa, A.K. AmMuposa,
N.A. CaptbaeBa, E.A. Kupmmbaes, E. K. I'abxynnuna, J[.A. Epexenos, A.E. Epexenos

Kypim 1aKkblIBIHBIH TO3aHIAHYbI:
IKCMEPUMEHTTIK MO/IeJIbJAeH CeJeKIUSJIbIK TIKipuOere aeHin

JlakpUIIpIH TO3aHAAHy oJicTepl TaIlIoMATap MEH JUralUIOMATapAbl JKelen aly eceOiHeH CeIeKIUSIIBIK
IUKJII eoyip KbICKapTyFa MYMKIHIIK OepeTiH 3amMaHayd Kypilll CeJIeKIMSCHIHBIH THIMAI Kypansl. Kpiraid,
YKanonwus, Muaust sxoHe 6acka aa enjaepe )KUHAIFaH JJIEMIIIK YIKEH ToxXipuOe )KOFaphl OHIM/II JKOHE carajibl
JKaHa KYpPIll COPTTaphIH IIBIFApy/Aa aHAPOTeHE3 TEXHOJIOTUSICHIHBIH 0Te Oaraibl eKeHAIrH aonenaeiai. byn
omicTiH Thimaimiri Oipkarap Qakropiapra OailaHBICTBI, OJApIBIH Heri3rici — reHOTHN. Toxipubene
japonica TyprapMarbIHBIH KypilITepi KajIyCOTeHE3 JKOHE pereHepalisra >KOFapbl KaOiuleTTiliriMexn
epekmeneHeTiHairi, an indica Typrapmarsl KypimTepi yimiH OyJ1 KaCHET TOMEH OOJaTBHIHIBIFBl KOPCETIITeH.
ByHpait KMBIHABIKTap/IB! WISy YIIiH OyJaHAaCTHIPY JKOHE MPOTOKOJIIa OHTAWIAHBIPYIBIH SPTYPIIi SaicTepi
KEHIHEeH KOoJIaHbuIaabl. by omic GipHere kaHa Kypilll KaTapyiapbl MEH COPTTaphI IbIFapbUTFad Kasakcranaa
na TiMai Oommel. Artanm aWTKaHAa, OHIMIUNri sxkorapel (~5,1 T/ra) »oHe KYHIBI, aybUIIIapyallbUIBIK
kacuerrepi OGap «®artumay» COpPTHI eNIMI3AiH HEri3ri Kypill ecipeTiH aiMakTapblHa ayJaHIAcCTHIPBUIFaH.
Jakpuropl TO3aHAaHY apKbUTBI ecipy omici Kasakcranmarel cenekumoHepiepre OipkaTrap arpOHOMHSUTBIK
KacueTTepi OoiibIHIIA OacTamKbIIaH achlll TYCETiH IWTAIJIOMATHl KaTapiapAbl jkacayFa MYMKIHIIK Oepmi
(MbIcanbl, TIIOTHHO31bI «BHONETTa» COPTHIHBIH Karapiapbl). Kypill AaKpUIBIHBIH TO3aHJaHYbIHAA JKaHA
TEHOTUNTEP/l JKOHE TOMO3UTOTANB KaTapiapibl JKbULAAM ajylaa IOTEHIMalbl JKOFapbl. Bya Kypamasl
MOJISKYJIJIBIK  TOCUIAepMeH — Mapkep-accocauusiianran ceiekuusimMen (MAS) sxone CRISPR/Cas9
TF€HOM/IbI peaakuusiay TEXHOJIOTUAJIaAPBIMCH UHTETpanysiayra 60.]'[3.}1])1, 6¥J'l HAKThI FeH}lep}li
ColiKeCTeHIpyre JKoHEe camanbl KacueTTepi 0ap »aHa COpTTappl LIBIFapy MPOLECIH eadyip KeaeaeTyre
MYMKiH/IiK Oepeti.

Kinm co30ep: xypinrtiy To3aHmanysl, in Vitro angporenes, rarmonarap, aurammouarap, Oryza sativa (indica,
japonica), kypimr cenexiusicel, Mapkepiik cenekius (MAS), CRISPR/Cas9

b.H. Ycen6ekos, C.K. Myxamberxkanos, T.A. Kyp6anranuesa, A.K. Amuposa,
N.A. Capt6aeBa, E.A. Kupumbaes, E. K. I'abnynnuna, JI.A. Epexenos, A.E. Epexenon

KyabTypa nbUIBHUKOB y puca:
0T IKCIMEPUMEHTAJIbHOI MO/IeJIM K CeJIEKIMOHHOM MPaKTHKe

Merton KynbTypHl IBUIBHUKOB NPEACTABISIET cO00H 3(h(heKTUBHEIN MHCTPYMEHT COBPEMEHHOI CEIeKIHN pH-
ca, MO3BOJIAIOMINIT 3HAUUTEIIBHO COKPATUTh CEIEKIIMOHHBIA IIUKII 32 CYET OBICTPOTO MOTYUYESHUs TaIIONIOB
JquramiousoB. OrpoMHbl MEPOBOIl OIBIT, HakOILIEHHBIH B KuTae, SInonun, Muauu u 1pyrux crpaHax, noj-
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TBEPXKJaeT OOJIBIIYIO IICHHOCTh TEXHOJIOTHU aHJPOTeHEe3a B BBIBECHUH HOBBIX BHICOKOIPOAYKTHBHBIX U Ka-
YECTBEHHBIX COPTOB puca. I((HEeKTUBHOCTh JAHHOTO METO/A 3aBHCUT OT KOMILIEKca (aKTOPOB, KIIOUYEBBIM
U3 KOTOPBIX SIBSIETCS] TeHOTHUII. [10Ka3aHo, 94TO MOABHA prca japonica sBISIETCS 3HAYUTEILHO GOJiee OT3BIB-
YHBBIM U yIOOHBIM Ha MNpaKTHKE, TOrJa Kak st moasuna indica xapakrtepHa HU3Kasi CIIOCOOHOCTh K Kaslly-
coreHe3y M pereHepanuu. [t mpeoosieHus 3TUX TPYJHOCTEH MIMPOKO MpUMEHseTCs THOpUAn3anus U pas-
JIMYHBIE CTIOCOOB! ONTUMHU3AINY IIPOTOKOJIOB. [laHHBIN MeTOox Takke 3apeKkoMeHxoBan ceds 1 B Kasaxcrane,
TZie TIOJTydeH s HOBBIX JIMHUI M COpPTOB puca. B wactHOCTH, copT «@aTtnmay OTIMYaeTcs MOBBIIICHHON
ypOoKaifHOCThIO (~5,1 T/Ta) U HEceT LIeHHbIE X03HCTBEHHBIE IPU3HAKH, U YK€ paHOHHPOBAaH B OCHOBHBIX PH-
COCEIOILINX PErHOHAX CTpaHbl. MeTo KyJIbTYphI IBUIBHUKOB MO3BOJIMI celekiuoHepaM KasaxcraHna BeIBeCTH
JMTaIlJIOU/IHbIE JTMHUH, PEBOCXOAAIINE UCXOJHBIE 1O Psy arpOHOMHYECKHX KauecTB (HAaIpHMep, JUHUH
TIIIOTHHO3HOTO copTta «Buonerra»). O600mast, KyIbTypa NbIbHUKOB pUCa UMEET BBHICOKHI MOTEHIHAT B yC-
KOPEHHOM IIOJIy4YeHUH TOMO3UTOTHBIX JINHUH W ITOJTyYeHHUH HOBBIX T€HOTHUIIOB. [laHHBIN MHCTPYMEHT MOXHO
HMHTETPUPOBATH C MOJICKYJISIPHBIMHU TTOIX0JJaMH — MapKep-acconuupoBaHHoil ceneknuelt (MAS) u TexHoo-
rusiMu penaktupoBanus reroma CRISPR/Cas9, uTo mo3BosHT coyeraTh KOHKPETHBIC TCHBI M 3HAYUTEIILHO
YCKOPHTS IIPOIIECC BBHIBEAECHHSI HOBBIX COPTOB C MHTEPECYIOINMH XapaKTePHCTHKAMH.

Knioueswie criosa: KynbpTypa NBUILHUKOB, aHIporeHes in Vitro, rarounsl, quramonast, Oryza sativa (indica,
japonica), cenekuust puca, mapkepras cenekuus (MAS), CRISPR/Cas9
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Asbestos and the anti-asbestos campaign: a review

Assessment of health risks associated with asbestos is based on practical experience, when the ashestos fiber
content in the air was artificially increased. Asbestos fibers enter the environment as a result of the erosion of
ashestos materials and other human activities not related to the asbestos industry. When specifically searched
for, fibers are often detected during autopsies. The results of many studies are more or less biased. When fi-
bers are detected, mesothelioma or lung cancer is sometimes classified as asbestos-related, although the caus-
al relationship remains unproven. Some studies rely on unverified anamnesis on professional or domestic
contact with asbestos. Reliable data can be obtained in experiments recording the average lifespan of animals.
Different types of ashestos have specific technical characteristics and are used in various fields. For example,
ashestos is used in the manufacture of brake pads. Construction materials based on a mixture of cement and
asbestos are distinguished by low cost and long service life. Asbestos products are also widely used as fire-
resistant materials. On the one hand, the refusal to use asbestos has a positive effect on the environment, but
on the other hand, refusing to use it will lead to increased damage from transport and fires, and will increase
the cost of construction.

Keywords: asbestos, chrysotile, asbestos-related diseases, mesothelioma, lung cancer, amphiboles.

Introduction

Health risk assessment for asbestos was previously based on high concentrations of asbestos fibers.
Risks were assessed using the no-threshold hypothesis, as in the case of radiation hazards, and the effect of
low doses of asbestos fibers on the formation of pleural tumors and lung cancer had not been reliably proven
[1-3]. There is a view that the harmful effects of asbestos in the workplace and in everyday life effectively
ceased in developed countries about 40 years ago, and that modern industrial products and materials do not
release any dangerous amounts of fibers [3]. Asbestos fibers are naturally present in the environment, formed
as a result of erosion of surface deposits [4-5]. Natural emissions help disperse chrysotile and amphibole as-
bestos fibers; in areas of natural deposits, asbestos concentrations can significantly exceed those caused by
human activity [4, 6]. Any environment, including air, water, soil, and living organisms, can be subject to
anthropogenic contamination, including contamination not related to asbestos production and mining. Exam-
ples include tunnel digging in asbestos-contaminated soil and other earthworks [7-8]. Research results in Mi-
lan showed that asbestos fibers were detected in 35 out of 55 (63.6 %) cases of routine autopsy [9]. During
autopsies of deceased individuals who had contact with asbestos, more pieces of lung and pleural tissue are
taken for histology, and the examination is performed thoroughly, using special methods. Therefore, asbestos
fibers are found more often than in normal autopsies. The detection of fibers alone does not prove either oc-
cupational exposure to asbestos or the role of asbestos in the etiology of diseases. It is worth noting that the
removal of fibers from the respiratory system is a normal physiological process [9-10].

Compared with other natural sources of pollution, it can be assumed that there is a safe (threshold) con-
centration of asbestos fibers in various environments, including air. There is experimental data in favor of the
existence of thresholds for oncological and other diseases [11]. Apparently, screening and medical examina-
tions have contributed to an increase in the detection of mesothelioma and lung cancer among people who
have been exposed to asbestos. Many studies are not sufficiently objective. For example, lung and pleural
tumors are sometimes classified as asbestos-related when fibers are detected, although the causal relationship
remains unproven. Some studies rely on questionable medical history data on occupational or domestic ex-
posure to asbestos and on interviews with relatives of deceased patients [12].
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Experimental

To compile this review, we analyzed literature sources in databases (e-library, Scopus, PubMed, Google
Scholar) for the period 1990-2024. Additional information was obtained from dissertations, conference and
meeting materials, and specialized literature on the physiology of asbestos-related diseases. The following
keywords were used in the search queries: asbestos, lung cancer, mesothelioma, asbestos-related diseases,
epidemiological studies.

Review

Malignant pleural mesothelioma (MPM)

The stable incidence of MPM in some developed countries, despite ashestos bans [13-15], is partly due
to improvements in diagnostic equipment, the effect of screening, and overdiagnosis due to the unclear defi-
nition of MPM as a nosological entity. In addition to natural ashestos, the etiological factors of MPM include
artificial and mineral fibers, ionizing radiation, the SV40 virus, chronic lung inflammation such as inflamma-
tion, empyema, and tuberculosis, genetic predisposition, and the results of mutagenesis [15-25]. For exam-
ple, scientists have classified erionite as a stronger carcinogen than asbestos fiber. In general, human activity
contributes to the spread of potentially dangerous substances with carcinogenic properties [7, 16]. Even
nanomaterials made from traditional components can exhibit carcinogenic properties.

Available publications have found that even viruses, such as the SV40 virus, may contribute to the re-
cent increase in diagnosed cases of mesothelioma [26]. DNA sequences similar to SV40 are regularly found
in MPM [27]. After laser microdissection, SV40 was found in MPM cells but not in surrounding cells [26].
When SV40 was introduced, >50 % of hamsters developed mesothelial tumors; after injections into the pleu-
ral cavity, mesotheliomas occurred in 100 % of hamsters [16, 28]. Thus, an increase in the incidence of
MPM was noted in the 1960s, which is associated with the widespread distribution of this virus in 1955—
1963, when anti-mumps vaccines contained live SV40 [26]. Antibodies to the SV40 virus were detected in
the blood serum of 34 % of MPM patients, compared to 20 % of healthy individuals. The results obtained
reliably indicate the involvement of the SV40 virus in the etiology of MPM, as it circulates widely among
the populations of different countries [29]. Frequently used invasive procedures, such as bronchoscopy, di-
rectly contributed to the spread of the SV40 virus and an increase in additional cases of MPM. Doctors used
bronchoscopy and biopsy to diagnose bronchitis associated with asbestos fibers, as well as to identify other
dust-related diseases and pneumonia [30-33]. Therefore, even despite the ban on the use of asbestos prod-
ucts, there has been a steady increase in the incidence and mortality rates of MPM [34]. Given the significant
presence of carcinogens in the environment, it is expected that most mesothelioma cases will not be diag-
nosed as asbestos-related [3].

Diagnosing MPM is often difficult. Histologically, MPM can resemble various types of cancer. Tumors
can undergo anaplasia and become similar to MPM. The differential diagnosis depends on the subtype of
MPM. Diagnosis of the sarcomatoid variant of MPM is particularly difficult; in this case, the usefulness of
immunohistochemistry is limited [22, 35]. Reviewing histological archives allows for the identification of
misdiagnoses [35-36]. Thus, some studies have shown that the initial diagnosis was confirmed in 67 % of
cases, but after review, it was changed to 13 %, with the diagnosis not being accurately established in the
remaining cases [37]. Other studies have led to a change in diagnosis for 14 % (of 5,258 cases) of previously
diagnosed mesothelioma [16]. According to estimates, about 10 % of MPM cases in the United States were
misdiagnosed [36]. The main reason is considered to be the lack of experience of doctors due to the rarity of
MPM detection by general practitioners [35, 36]. Whereas in risk groups, MPM is identified by specialized
doctors, which leads to a higher detection rate.

Unfortunately, there are no available and reliable biomarkers that could improve the diagnosis of
MPM [26]. Immunohistochemical markers such as calretinin, WT1, podoplanin, and HEG1 play a role in
diagnosis but do not have sufficient specificity [38]. Previously, mesothelin was considered a reliable mark-
er [39], but its expression is also found in other lung tumors, such as adenocarcinoma [40]. The sensitivity of
mesothelin as a marker is insufficient [16, 17, 39, 41]; its expression is often absent in sarcomatoid and
epithelioid MPM [35, 42-43]. Osteopontin was considered a promising marker, but the data remain contra-
dictory. Similar to mesothelin, the use of osteopontin and fibulin-3 is limited due to low sensitivity [44]. In-
formation on changes at the molecular level is insufficient [34]. Heterogeneity of chromosomal aberrations
in MPM has been noted [24, 45-46]. There are no reliable genetic markers [47-48]. The FISH test can detect
the loss of the p16/CDKN2A gene due to 9p21 deletion, which is specific for neoplastic proliferation of
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mesothelial cells. However, its sensitivity for MPM is 48-88 % [49]. The authors show an exaggeration of
the role of biological immunohistochemical and other molecular markers [39]. The Helsinki Criteria, which
were designed to identify a causal link between asbestos and the development of mesothelioma, do not in-
clude clear recommendations on the use of biomarkers in screening for MPM diseases [50-51]. Moreover,
MPM diseases can show intratumoral variability and subclonality [52]. In other words, markers specific
enough for the diagnosis of MPM have not yet been reliably established [50, 53]. Also, malignant tumors
diagnosed as MPM did not always differ from other types of cancer. The above explains the increased fre-
quency of MPM detection in risk groups.

Russian science on the dangers of asbestos

Diseases associated with asbestos and its effects were also widespread in the Russian Federation (and
the former USSR). Many researchers believed that global bans on the processing and use of ashestos materi-
als were overly strict and that compliance with safety regulations did not lead to contamination and an in-
crease in diseases among the population [30, 54-55]. Thus, there were no studies that proved the risk of de-
veloping asbestos-related diseases from low concentrations of asbestos in the environment. No high risks
were identified for populations living near various enterprises involved in the production of asbestos fiber.
Extensive epidemiological analyses show the presence of safe concentrations of asbestos (asbestos fibers) in
the atmosphere [56-57]. It is believed that humans can adapt to certain levels of asbestos fiber concentra-
tion [58]. For example, asbestos slate is widely used in construction for roofing. At the same time, the release
of ashestos fibers from slate sheets into the environment is very insignificant. It has been established that the
average concentration of asbestos fibers in rooms is significantly lower than the maximum permissible level
[59]. Asbestos-cement pipes are considered safe for drinking water delivery. The risk of asbestos fibers en-
tering the digestive system has not been proven. It is worth noting that asbestos fibers are almost not separat-
ed from the mixture after modification with cement [60-61]. Some studies have assessed the safety of using
asbestos-cement pipes for transporting drinking water, and their use has been approved by the Ministry of
Health [62]. Consuming water containing 7—10 million fibers per liter does not increase the risk of stomach
cancer [63]. Asbestos-containing crushed stone was used in the construction of railway embankments. Its
relatively high concentration in the atmosphere has been noted, both at stations and in trains themselves [64].
Asbestos cardboard was widely used, and its carcinogenicity was reduced by aggregation with cellulose fi-
bers [65]. Chrysotile fibers isolated from chrysotile cement have a lower carcinogenic potential than com-
mercial chrysotile. The chrysotile cement industry is considered a source of carcinogenic hazard, but signifi-
cantly less than asbestos [66]. The toxicity of brake pads containing asbestos fibers has also not been reliably
established; no reliable air pollution from such brakes on cars has been recorded, but their effectiveness in
road traffic has been noted [67—-70]. This fact is related to the fact that materials (cardboard, paper, clothing,
gaskets) containing asbestos fibers are still used in various industries [68]. Numerous studies have not found
an increase in the incidence of mesothelioma among workers at asbestos plants or among the population liv-
ing in the vicinity of asbestos plants [71]. An analysis of causal relationships in 3,576 cases of diagnosed
mesothelioma showed that asbestos is neither the leading nor the obligatory causal factor [72]. Thus, in Ka-
zakhstan, an analysis of the course of the disease among 69 patients with MPM did not allow a reliable link
to be established with the extraction, processing, or use of asbestos [73]. Compliance with Russian MPCs
ensures safe working conditions for virtually all workers, i.e., without an increased risk of asbestosis and
cancer [63].

Chrysotile and amphibole asbestos

The prevailing opinion is that serpentine asbestos (chrysotile) is less toxic than amphibole asbestos
(actinolite, tremolite, amosite, crocidolite, anthophyllite, etc.), but there are contradictions between the data
from epidemiological and experimental studies. In Russia, almost exclusively chrysotile is produced. Some
experts believed that the opinion about the danger of certain forms of asbestos was not sufficiently substanti-
ated [74]. Thus, the cytotoxic, carcinogenic, mutagenic, and fibrogenic effects of chrysotile have been relia-
bly confirmed by a number of epidemiological studies, as well as in experiments [75-77]. Comparative ex-
periments have determined that anthophyllite is less dangerous than chrysotile in terms of its fibrogenic ef-
fect [78]. In laboratory experiments, chrysotile was sufficiently toxic to cause a noticeable granulomatous
tissue reaction [79]. However, its carcinogenic effect did not differ significantly from other types of asbes-
tos [80]. The studies comment: “After short-term exposure, longer chrysotile fibers are quickly removed
from the lungs” [81]. Since chrysotile fibers can migrate from lung tissue to the pleura [82-87], it is very
difficult to assess biopersistence solely by counting asbestos fibers in the lungs. Bernstein’s research proto-
col [81] is the reason for the very long half-life of the fibers. Therefore, the carcinogenicity of chrysotile is
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considered insignificant. However, some of Bernstein’s conclusions contradict the results obtained by inde-
pendent researchers. Perhaps these results are related to aggressive sample preparation when determining
asbestos fibers in the lungs [88]. The decomposition of asbestos by acids does not prove its solubility in tis-
sues in vivo. With references to the named author, unfounded statements are made: “It has been shown that
chrysotile is rapidly removed from the lungs of experimental animals after inhalation™; “chrysotile, which
rapidly decomposes in the lungs, behaves more like non-fibrous mineral dust” [89].

Experiments were conducted on the dissolution of asbestos fibers in Gamble’s solution, which mimics
the interstitial fluid of the lungs. Solubility ranged from a few nanograms of dissolved silicon per square cen-
timeter of fiber surface (chrysotile and crocidolite) to thousands ° "¥“™ (glass fiber). However, aramid and
carbon fibers proved to be practically insoluble [90]. Experiments with Gamble’s solution showed that a
relatively large amount of magnesium dissolves from chrysotile. Silicates are based on silicon and oxygen
atoms in Si-O-Si chains. The strength of the fibers is mainly determined by the bonds between these atoms.
Electrostatic forces act between the chains due to negatively charged oxygen atoms bound to silicon atoms
and cations, including magnesium [82, 91-93]. The leaching of magnesium from the surface of the fibers can
contribute to their longitudinal splitting. As a result, the total number of thin asbestos fibers can increase sig-
nificantly [82, 83, 87, 92-97], causing an increase in the carcinogenic effect. The authors suggested that an
increase in fiber thickness leads to an increase in the carcinogenic effect due to better penetration into human
and animal tissues [97]. Further research in this area is needed.

Thus, the rapid removal of chrysotile from lung tissue can be explained by the breakdown of fibers into
thin fragments that are difficult to identify. Asbestos fibers are usually found in the pleura postmortem, with
chrysotile being the predominant fiber in the pleura and pleural plaques [85, 86, 98, 99]. The idea of fiber
migration from the lungs to the pleura is consistent with the proven fact that the primary focus of mesotheli-
oma in individuals who have been exposed to asbestos is more often located in the parietal pleura than in the
visceral pleura [100]. A number of studies have confirmed the biopersistence of chrysotile in the human
lungs [101]. However, it cannot be ruled out that chrysotile dissolves more quickly in the acidic environment
of lysosomes. In experiments on rats, chrysotile caused inflammation in a relatively short period of time, fol-
lowed by malignant tumors, while crocidolite had a carcinogenic effect at a later stage [102].

It has been noted that the incidence of mesothelioma increases significantly when exposed to pure
chrysotile [103-104]. Thus, the significantly higher incidence of mesothelioma among workers who had con-
tact with amphiboles was explained by higher doses of this substance [105]. As mentioned above, there are
discrepancies between the results of animal experiments and epidemiological data. It has been noted that the
evidence for differences between chrysotile and amphiboles in lung cancer is “weak at best” [106]. Some
experiments have demonstrated virtually identical carcinogenic activity of amphiboles and chrysotile in rela-
tion to mesothelioma [93, 107-109] and lung cancer [110-111]. However, some studies show a higher level
of carcinogenic effect of chrysotile compared to amphibole. Thus, it was noted: “No evidence of lower car-
cinogenicity or less severe asbestosis was found in groups exposed to chrysotile compared to groups exposed
to amphiboles” [109]. In experiments on laboratory animals (rats), chrysotile caused a greater number of tu-
mors and pulmonary fibrosis compared to amphibole. This is explained by the higher concentration of fibers
longer than 20 um in the chrysotile used in the experiment [112]. An increase in chrysotile concentration
contributed to the occurrence of chromosomal breaks, which led to pre-tumor transformation of cells in
vitro [107, 113].

In humans, the difference in the risk of developing lung cancer between chrysotile and amphiboles
(amosite and crocidolite) has been determined to be between 1:10 and 1:50. For mesothelioma, the risk ratio
from exposure to these types of asbestos was estimated to be 1:100:500, respectively [2]. The latter risk ratio
was described in sources [37, 114]. In a later report, this risk was estimated at a ratio of 1:5:10 [115]. The
authors noted that in experiments with laboratory animals, all types of asbestos provoke almost the same
number of lung tumors, which shows a contradiction between epidemiological and experimental studies. The
following explanation was proposed for this situation: “In humans, chrysotile fibers (excreted over months)
may have less effect than amphibole fibers (excreted over years)” [2]. However, no different mechanisms for
the removal of fibers from the tissues of the respiratory system have been proposed. That is, a decrease in the
concentration of chrysotile in the lungs may be caused by the breakdown of asbestos fibers and their move-
ment into the pleural tissue.

The toxicity of asbestos and other types of fibers largely depends on the three “Ds”—Dose, Dimen-
sions, Durability [18, 116-118]. If different types of asbestos fibers have the same biopersistence indicators,
then the varying degrees of carcinogenicity depend on the thickness and length of the fibers [119]. Thus,
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long chrysotile fibers showed significantly higher toxicity, as they are less readily absorbed by macrophages
[120-121]. According to another study, short and thin chrysotile fibers predominated in MPM in the lungs
and pleura [122]. It has been noted that tremolite impurities in chrysotile products contribute to an increased
carcinogenic effect [123]. In an epidemiological study, the difference in the risk of MPM from pure chryso-
tile and its mixtures with amphiboles was found to be insignificant [124].

The toxicity of different types of asbestos was compared in a meta-analysis of 19 epidemiological stud-
ies, which assessed the impact of study quality on the dose-response relationship for lung cancer. The differ-
ence between amphiboles and chrysotile was significantly lower when the meta-analysis was limited to high-
quality studies [114, 125]. After standardization for quality, the difference between the two types of fibers
was not significant [114, 126].

The overall estimates of the risk of lung cancer were higher after exposure to amphiboles — 1.74 (95 %
confidence interval 1.18-2.57), and slightly lower after exposure to chrysotile — 0.99 (0.78-1.25) [127]. The
significant differences between the results of high- and low-quality studies indicate that the latter lack objec-
tivity. As mentioned above, the prevailing opinion is that chrysotile is less toxic than amphiboles. This dif-
ference should be quantitatively assessed in independent studies.

Discussion

Asbestos bans were partly based on studies that were influenced by economic interests. When determin-
ing the criteria for including studies in reviews and meta-analyses, their quality and possible systematic er-
rors should be taken into account. Objective information can be obtained from laboratory animal experiments
with determination of average life expectancy. That is, it is desirable to use large animals; the best results for
humans can be obtained by testing asbestos on primates [128]. Experiments involving the inhalation of fibers
in doses comparable to those in the asbestos industry are ethically acceptable, as they can be carried out
without the use of invasive procedures. Experiments and studies using “concentrations many times higher
than those found in the workplace” [129] have limited reliability. For example, replacing ashestos with artifi-
cial fibers is unlikely to eliminate the risks to health and the development of lung diseases [18, 19, 130-131].
Thus, at present, carcinogenic effects are already being detected in materials used as substitutes for asbestos
fiber, such as carbon nanotubes. Studies show that asbestos fibers and carbon nanotubes have toxic effects
through the same mechanisms, in particular, chronic activation of macrophages, leading to inflamma-
tion [132]. Nanoparticles can cause structural changes in membrane proteins and activate the synthesis of
inflammatory mediators, disrupting normal cellular metabolism mechanisms [133]. An experiment has
demonstrated the carcinogenic effect of nanotubes [20, 134]. Carbon nanotubes are biostable, and some of
their varieties have been classified as possible human carcinogens [135].

The extraction and use of asbestos is prohibited in a number of countries, while others continue to pro-
duce and export it [136]. Chrysotile products traded internationally contain impurities of varying amounts of
amphiboles [137]. Different types of asbestos have their own technical advantages and preferred areas of
application. Amphiboles (crocidolite, anthophyllite) are acid-resistant, thermally stable, and durable [138].

Conclusion

Asbestos is an inexpensive material and an effective reinforcing fiber. Asbestos cement structures are
durable and fire resistant. Asbestos-based products are highly durable and safe, and incorporating them into
other products increases their reinforcing properties. It can be confidently assumed that the refusal to use as-
bestos-containing materials will increase the damage and number of victims of road accidents, fires, and
armed conflicts. The independence of scientific research from economic interests is of great importance.
However, the mechanism of development of many respiratory diseases from asbestos exposure has not been
reliably established, which requires further research.
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C.B. fprun

AcoOecT koHe ac0ecTKe KapChl HAYKAH: IIOJLY

AcbectrieH GaiIaHBICTBI JEHCAYJIBIKKA Kayil-Kartep/i Oaranay ayamaarbl acOecT TasIIbIKTAPbIHBIH KYPaMbl
JKaCaHIbl TYPIE AapTTHIPBUIFAH MPAKTHKAIBIK TKipuOere Heri3menreH. AcOGeCT TaNIBIKTAPbl KOPIIaFaH
oprara acOecT MaTepHaIJapBIHBIH JPO3MICH JKOHE acOeCcT OHEpKICciOiHe KATBICHI KOK 0Oacka Ja amam
OpeKeTTepi apKbUIBI €HeIi. ApHaiibl i37ey Ke3iHIe TaNIBIKTap JCHENEpIl CO Ke3iHIe KUl Ke3Jeceni.
Kemnteren 3eprreynepain HaTmkesepi Oenriai 6ip mopexene Oipxakrtol 6omnaapl. TamublKTap aHBIKTAFAH
Ke3/le Me30TelIioMa HeMece OKIle parbl Kele acOecTrieH OaiIaHbICTBI [l JKiKTeleHdi, JereHMeH ceber-
cannmapislk Oaimaneic manengeHOeren Kyiiinge Kamagsl. Keiibip 3eprreynep acOectiieH Kacibum Hemece
TYPMBICTHIK OaiiJIaHBICTBIH TeKCepiiMereH aHeMHesiHe cyiieHeni. CeHiMai IepeKTep/i jkaHyapiIapIblH opTa-
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1a eMip Cypy Y3aKThIFbIH TIPKEHTIH JKCIIEpUMEHTTEepICH ajyFa 0ojambl. AcOECTTiH OpTYpii TYpiepiHiH
©31HJIIK CHITaTTaManapsl Oap >koHe oJap bl 9pTYPIIi calaiapla KojajaHyra 6onaabl. Mblcaisl, KypaMbIHIa ac-
Oect Oap Marepuangap TEXETill TeceMAEpiH eHIipylde KojaaaHbUIanbl. lleMeHT meH acOecT KOCHAachIHAH
JKacaliFaH KYpbUIbIc OYHBIMIaphl ap3aH jkoHE y3aK yakbIT Maiinananyra Oonanbel. AcOect OyHBIMIOaps! epTke
Te3IMAI MaTepHangap peTiHje KeHIHeH KolIaHbulaasl. bip »karbiHaH, acOecTTi maimamaHynaH 6ac TapTy
KOpILIaFaH OpTara OH dcep eTKeHIMeH, Oipak eKiHIII )KaFblHaH, OHBI IaliflaylaHyjaH 0ac TapTy TackIMajgay
MEH 6pTTEH OO0JIaThIH 3aIajI/Ibl apTTHIPaIbl, COH/A-aK KYPUIbIC LIBIFBIHIAPHIH YIIFalTa Ibl.

Kinm ce30ep: acbect, Xpu30oTiJ, acoecTke GailTaHbICTHI aypynap, Me30TelNnoMa, oKIe parsi, aMm(po0ous

C.B. Aprun

AcOect 1 aHTHacOecTOBasi KAMIIAHUS: 0030P

OueHKa PUCKOB JUIS 3/10POBBsI, CBA3AHHBIX C aCOECTOM, OCHOBAaHA HAa MPAKTHYECKOM OIIbITE, KOTJ]a CO/IepIKa-
HHe acOECTOBBIX BOJIOKOH B BO3/1yXe OBLIO HCKYCCTBEHHO YBEINYCHO. ACOECTOBBIC BOJOKHA MOMAIAIOT B OK-
PYKaroLIyIo Cpely B pe3yibTaTe 9pO3UH acOECTOBBIX MAaTEPHAJIOB U APYTUX BHUJIOB JEATCIHHOCTH YEIOBEKa,
HE CBSI3aHHBIX C acOECTOBOW NMPOMBINIIEHHOCTHI0. [Ipy 1eseHanpaBiIeHHOM OMCKE BOJIOKHA YacTo oOHapy-
JKHBAIOTCS IIPU BCKPBITHHU TeJl. Pe3yabTaTel MHOTHX MCCIICIOBAHUI B TOM WM MHOW CTETIEHH HpeaB3sThL. [Ipn
0o0OHapyXEHHH BOJIOKOH ME30TEINOMa WM PaK JISTKUX MHOTTA KIaCCH(QHIMPYIOTCS Kak CBsI3aHHBIE ¢ acOe-
CTOM, XOTS NPUYHHHO-CJIEACTBCHHAS CBA3b OCTAeTCs HENOKa3aHHOH. HekoTopble HccaeoBaHUs OMMPAOTCS
Ha HETIPOBEPEHHBIIl aHAMHE3 NPO(ECCHOHAIBHOTO HIIM OBITOBOTO KOHTAKTa ¢ acOecToM. JlocTOBEpHbIE JaH-
HbIE MOKHO IOJIy4YUTh B SKCIIEPUMEHTAX, PETHCTPUPYIOLIUX CPEIHIOK MPOAOKUTEIBHOCTD KU3HU KUBOT-
HbIX. Pa3nuyHble BHIBI acOecTa UMEIOT CBOM TEXHHYECKHE XapaKTEPUCTUKKM U MOT'YT HCHOJIb30BAThCS B pa3-
HBIX obnactsix. Hampumep, acGecT HCIONB3yeTcsl B MPOU3BOJICTBE TOPMO3HBIX KOJIOJIOK U3 MaTepUaliOB, CO-
neprkanux acoect. CTpOUTEIbHBIE N3EINS Ha OCHOBE CMECH LieMeHTa M acOecTa OTIINYAIOTCSl HU3KOH CTOH-
MOCTBIO U JUTUTENBHBIM CPOKOM CIIyXObl. M3nmenus u3 acOecTa IIMPOKO HCIHOJB3YIOTCS B KauyecTBE OTHE-
yIopHBIX MaTtepuanoB. C OXHON CTOPOHBL, OTKa3 OT UCIIOJIb30BaHUs acOecTa IMOJOKUTEIFHO CKa3bIBAaeTCs Ha
OKpY’Karoliel cpele, HO ¢ IPYroi CTOPOHBI, OTKa3 OT €ro HUCIIOIb30BaHMs IIPUBECT K YBEINUCHHUIO yHiepoa
OT TPAHCIIOPTHPOBKH U HOXKAPOB, & TAKKE YBEIUYUT CTOUMOCTb CTPOUTEIBCTBA.

Knioueswvie cnosa: acbect; Xpu30THIL; acOecT-cBsA3aHHBIE 3a00JI€BaHMs, ME30TEIIHOMAa, PAK JIETKOTO, aM(oOomst
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Diversity and characteristics of the genus Artemisia L.
growing in Jetisu region

The article presents information on the species composition and distribution of the genus Artemisia L. in the
Jetisu region based on an analysis of literature sources and herbarium materials. A total of 81 Artemisia spe-
cies are recorded across Kazakhstan, occurring in deserts, steppe zones, and mountainous regions, with more
than 35 species identified in the Jetisu region. An extensive review of the species found in the Jetisu region
and the Jetisu Alatau was conducted, and the herbarium data of the wormwood species found in the study ar-
ea (AA, AFKNU, MW funds) were accurately presented. In addition, using herbarium samples and literary
data, the GPS coordinates of the wormwood found in the Jetisu were determined. The conducted study al-
lowed to clarify and supplement information on the distribution area of the genus Artemisia L.

Keywords: wormwood, Artemisia L., endemic, distribution, herbarium, Kazakhstan, Jetisu region, Zhetysu
Alatau.

Introduction

Wormwood (Artemisia L.) more than 500 species are distributed worldwide in the temperate climate
zone of Eurasia and North America, including 174 species in the CIS countries [1-3]. Wormwood is widely
distributed in various ecological conditions: steppes, deserts, meadows, forests, mountainous areas, some of
which are found as weeds in all zones. Wormwoods include annual, biennial, and perennial plants, as well as
semi-shrubs and shrubs, reaching heights of 5-170 cm. [4-10] There are 81 species of wormwood growing
in Kazakhstan, 17 of which are endemic [4]. After systematizing this data, we began work on analyzing the
species composition and distribution of wormwood in our scientific article.

Artemisia L. a great contribution to the study of the genus was made by the scientist V. Besser, who di-
vided the flowers of wormwood into three groups according to their sexual composition: Seriphidium Bess,
Dracunculus Bess, Abrotanum Bess. [11]. Scientists who described a significant part of the genus and its
species were: C. Linnaeus, A. DeCandolle, Weber, K.F. Ledebour, I.M. Krashennikov [12]. In addition, in-
formation about wormwood is found in the works of I. Gmelin, V. Besser, K.F. Ledebour, I.M. Krasnoborov.
Artemisia L. was traditionally accepted as a relative and was approved by C. Linnaeus [13].

Also .M. Krasheninnikov [12] made a significant contribution to the systematics of the genus by
grouping related species into cycles and series. He described numerous species and provided detailed infor-
mation on their geographic distribution. In the book Flora of Kazakhstan, N. S. Filatova presented a compre-
hensive description of the genus Artemisia L., including its subgenera occurring in Kazakhstan [4].

The classification of the genus Artemisia has undergone significant changes, reflecting progress in bo-
tanical science. Early taxonomic systems were based on morphological features, while modern approaches
use molecular-phylogenetic data. In the middle of the 20th century, in “Flora of the USSR”,
P.P. Poliakov [5] divided the genus Artemisia into three main groups: Artemisia L., Seriphidium (Bess.)
Rouy, Dracunculus (Bess.) Rydb. These groups, in turn, were divided into separate sections. This classifica-
tion was relevant for its time, and the vast majority of species growing on the territory of Kazakhstan belong
to the subgenus Seriphidium. Based on a more detailed morphological analysis, researchers such as Hobbs
and Baldwin [14] proposed an expanded classification, dividing the genus Artemisia into six subgenera:
Absinthium, Artemisia, Dracunculus, Seriphidium, Tridentatae, and Pacifica. But in 2023 Jiao B., Chen C.,
Wei M. et al. [15] after Molecular phylogenetic research proposed a new classification and expansion of the
genus Artemisia to 8 subgenera (added subgenera Pectinata and Ponticat): Dracunculus, Pectinatae,
Pacifica, Ponticae, Seriphidium, Tridentatae, Absinthium, Artemisia.
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The Jetisu region we are studying is located in the southeastern part of our republic and was established
as a separate region in 2022 as a result of the division of Almaty region into two regions. Currently, the
Jetisu Region borders the Almaty Region to the south, the Karaganda Region to the northwest across Lake
Balkhash, the Abai Region to the north, and China to the east. Accordingly, it has a complex ecological
structure, from mountain forests and alpine meadows to semi-desert areas. It, in turn, is characterized by a
diversity of plants. Systematizing this data, our study analyzes the species composition and distribution of
wormwood throughout Jetisu region.

Experimental

In the process of writing this article we study materials from the herbarium fund of the Institute of
Botany and Phytointroduction of Almaty city (AA), herbarium of the Al-Farabi Kazakh National University
(AFKNU), herbarium of Moscow University (MW) and international platforms such as GBIF, iNaturalist
were reviewed to study the species composition and distribution features of species of the genus Artemisia L.
distributed in the Zhetysu region. In addition, the databases “Flora of Kazakhstan” (1960), “Illustrative Dic-
tionary of Kazakhstan” (1969) and POWO (https://powo.science.kew.org) were used to identify species.

Results and Discussion

According to the system of classification of all flora by P.P. Poliakov [5], the genus Artemisia is divid-
ed into three genera: Artemisia Less., Dracunculus (Bess.), Rydberg and Seriphidium (Bess.) Rouy. Accord-
ing to The Plant List, there are over 500 species of wormwood in the world. In Kazakhstan, 81 species are
found (Tab. 1). 17 species of wormwood found in Kazakhstan are rare endemic species [4, 8, 16].

Table 1
The list of species composition of the genus Artemisia L.
(compiled from literary and herbarium data)
The name of the species Lo
Ne according to the Iglora The name of the species in | 1 i v
the POWO database
of Kazakhstan
1 ﬁ 2?5;3?&%"' A. absinthium L. + + +
2 |A. austriaca Jacq. A. austriaca Jacq. + + + +
3 |A.annua L. A.annua L. + + +
4 |A. albicerata Krasch. A. arenaria DC. + +
5 |A. aschurbajevii Wiknl. A. aschurbajewii C.WinkI. + + +
6 |A. arenaria DC. A. arenaria DC. + + +
7 |A.dracunculus L. A. dracunculus L. + + +
8 |A. eranthema Bge. A. eranthema Bunge + + + +
9 |A. frigida Willd. A. frigida Willd. + + +
10 |A. gmelini Web. A. gmelinii Weber ex Stechm. + + +
11 |A. heptapotamica Poljak A. heptapotamica Poljak + + +
12 |A. juncea Kar. & Kir. A. juncea Kar. & Kir. + + + +
13 |A. laciniata Willd. A. laciniata Willd. + + +
14 |A. leucodes Schrenk. A. leucodes Schrenk. + + + +
15 |A. macrocephala Jacq., A. macrocephala Jacquem. ex Besser + +
16 |A. nitrosa Web. A. nitrosa Weber ex Stechm. + + +
17 |A. pamirica Winkl. A. dracunculus var. pamirica (C. Winkl.) + + +
A. pauciflora Web.
18 |A. maikara (Krasch.) A. pauciflora Weber ex Stechm. + + +
Pavlov (AFKNU)
19 |A. procera Willd. A. abrotanum L. +
20 |A. rupestris L. A. rupestris L. + + + +
21 |A. rutifolia Steph. A. rutifolia Stephan ex Spreng. + + + +
. A. songarica Schrenk ex Fisch.
22 |A. songarica Schrenk. & C.A. Mey. + + + +
23 |A. scoparia Waldst. Et Kit. A. scoparia Waldst. & Kit. + + + +
24 |A. scopaeformis Ldb. + +
ISSN 3080-6836 (Print) ISSN 3080-6844 (Online) 103



M.K. Seidekhan, D.K. Aidarbayeva

Continuation of Table 1

The name of the species The name of the species in
Ne according to the Flora he POWO database | 1 i v
of Kazakhstan the

25 |A. sieversiana Willd., Kar. + + + +

26 |A. santolina Schrenk. A. santolina Schrenk. + + +

27 |A. semiarida (Krasch. Et Iljin) A.‘ semiarida (Krasch. & Lavrenko) + +

Filatova
28 éérsi%rrﬂtc;?jmi%erbtinum (AA) A. oliveriana J.Gay ex Besser + + + +
29 |A. sublessingiana (Kell.) Krasch, A gublessmgmna (B.Keller) Krasch. ex + + + +
Poljakov

30 |A. schrenkiana Ldb. A. schrenkiana Ledeb. + + + +

31 |A. marschalliana Spreng. A. marschalliana Spreng. +

33 |A. terrae-albae Krasch. A. terrae-albae Krasch. + + + +

34 |A. turanica Krasch. A. turanica Krasch. + + +

35 |A. tournefortiana Rchb. A. tournefortiana Rchb. + + +

36 |A. tomentella Trautv. A. tomentella Trautv. +

38 |A. vulgaris L. A. vulgaris L. + + +

39 |A. santolinifolia (AA), (KazNU) |A. stechmanniana Besser + + +

40 |A. salina Willd. (KazNU) MW  |A. maritima subsp. maritima + + +

41 |Seriphidium kaschgaricum (AA) |A. kaschgarica Krasch. +

Species in total: 38 36 18 28

| — data on the Flora of Kazakhstan, 1960; Il — on the Herbarium of the Institute of Botany and Phytointroduction
(AA); Il — on the Herbarium of the Al-Farabi Kazakh National University (AFKNU), IV — on the Herbarium of
Moscow University (MW)

The endemic species of wormwood include the following species: A. succulenta Ldb., A. tomentella
Trautv., A. albicerata Krasch., A. quinqueloba Trautv., A. scopaeformis Lbd., A. halophile Krasch., A.
semiarida (Krasch. Et Lavr.) A. heptapotamica Poljak., A aralensis Krasch., A. camelorum Krasch., A.
amoena Poljal., A. transiliensis Poljak., A. karatavica Krasch. et Abol. ex Poljak, A. mucronulata Poljak., A.
cina Berg., A. valida Krasch. [4]. However, according to modern sources (https://powo.science.kew.org), the
endemic species have been revised, that is, of the above-mentioned species, only A. quinqueloba Trautv., A.
aralensis Krasch., A. camelorum Krasch., A. saissanica (Krasch.), A. karatavica Krasch. et Abol. ex Poljak,
A. mucronulata Poljak., and A. cina Berg. are endemic.

A. cina Berg. (Darmene) is an endemic species of special importance as a medicinal herb and is includ-
ed in the Red Data Book of Kazakhstan [17]. The aerial part of the plant is rich in essential oils, cyclitols,
sesquiterpenoids, flavonoids and nitrogenous compounds. These natural components make the plant an ef-
fective anthelmintic, analgesic, anti-inflammatory, anti-tuberculosis, anti-tumor, antibacterial, antifungal, as
well as a blood pressure stabilizer [18-20].

According to the floristic zoning of Kazakhstan, as indicated in the Flora of Kazakhstan [4] the Artemi-
sia L. species found in the Dzungarian Alatau include A. laciniata Willd., A. gmelinii Web., A.
tournefortiana Rchb., A. rupestris L., A. frigida Willd., A. aschurbajewii Wiknl., A. annua L., A. austriaca
Jacg., A. absinthium L., A. sieversiana Willd., A. dracunculus L., A. rutifolia Steph., A. macrocephala Jacq.,
A. pamirica Winkl., A. juncea Kar., A. heptapotamica Poljak. And in the Balkhash-Alakulsky floristic dis-
trict, which is now the territory of the Jetisu region, the wormwood types are found: A. vulgaris L., A.
procera Willd., A. tournefortiana Rchb., A. marschalliana Spreng., A. tomentella Trautv., A. arenaria DC.,
A. albicerata Krasch., A. songarica Schrenk., A. eranthema Bge., A. scoparia Waldst. Et Kit., A. santolina
Schrenk., A. leucodes Schrenk., A. juncea Kar., A. scopaeformis Ldb., A. annua L., A. austriaca Jacg., A.
absinthium L., A. sieversiana Willd., A. dracunculus L., A. terrae-albae Krasch., A. semiarida (Krasch. Et
lljin), A. pauciflora Web., A. nitrosa Web., A. schrenkiana Ldb., A. sublessingiana (Kell.) Krasch., A.
serotina Bge., A. turanica Krasch.

According to literary data, the following species of wormwood are found in the Jetisu region: A.
aschurbajewii, A. sieversiana, A. absinthium, A. heptapotamica, A. sublessingiana, A. frigida, A. scoparia, A.
arenaria, A. schrenkiana, A. songarica, A. santolina, A. nitrosa, A. terrae-albae, A. pauciflora, A. vulgaris,
A. austriaca, A. juncea, A. gmelinii, A. annua, etc. [21, 22].
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According to the label data in the herbarium collections of the Institute of Botany and Phytointroduction
(AA), the following species of Artemisia L. are frequently found in the Zhetysu Alatau (Fig. 1): A. annua, A.
absinthium, A. albida, A. aschurbaoevii, A. austriaca, A. juncea, A. heptapotamica, A. frigida, A. rutifolia, A.
rupestris, Seriphidium serotinum (A. oliveriana), A. serotina, A. sublessingiana, A. sieversiana, A. scoparia, A.
santolina, A. santolinifolia, A. gmelina, A. laciniata, A. kaschgarica, Seriphidium kaschgaricum (A.
kaschgarica). And we observe that the majority of it was collected by N.V. Pavlov in 1928, S. Yu. Lipshits
in 1928, N.V. Shipchinsky in 1928, V.P. Goloskokov in 1948, 1956, 1959, 1971, P. Polyakov in 1950, 1953,
1955, 1960 and 1961. Furthermore, the herbarium specimens collected by E.P. Mataeva in 1930,
E. Cherniakowska in 1930, N.I. Rubtsov 1934, P. Polyakov, L.A. Kupriyanova, 1934, Godvinsky, 1958,
BoranbaevaM.S.1987, T.M. Kudabaeva, N.V. Nelina 1993, 2018, I.M. Krasnoborov 1995, A.N. Kupryanova
2014, Ramazanova 2017, M.P. Danilov et al. 2018, 2019 are also stored there.

|

A. kaschgarica Krasch A. juncea Kar A. heptapotamica Poljak

Figure 1. Herbarium specimens of some species of the genus Artemisia L. collected in the Zhetysu Alatau (AA)

According to the label information in the Al-Farabi Kazakh National University herbarium fund
(AFKNU), herbariums of 73 species of wormwood are preserved, including the following species of worm-
wood found in the region of Jetisu region: A. austriaca Jacqg., A. eranthema Bge., A. juncea Kar. & Kir., A.
leucodes Schrenk., A. pamirica Winkl., A. maikara (A. Pauciflora), A. rupestris L., A. rutifolia Steph., A.
songarica Schrenk., A. scoparia Waldst. & Kit., A. sieversiana, A. serotina Bge. (A. oliveriana), A.
sublessingiana, A. schrenkiana, A. terrae-albae, A. turanica, A. santolinifolia (A. stechmanniana), A. salina
(A. maritima). The majority of herbarium specimens collected from the region of Jetisu region were collected
by P.P. Polyakov and L.A. Kupriyanova (1934), Ageeva N.T. (1932, 1951, 1969), Karnilova V.S. (1947),
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Karnilova V.S., Tkanova (1947), Tkanova (1947), Tarabaeva B.l. (1945, 1946), Krashennikov I.M.,
Linchevsky LLA. and O.A. We note that Linchesky (1934), collected. In addition, P.Volkova (1931),
N.I. Rubtsov, Krivova (1935), Mirovnova (1935), V.P. Goloskokov (1936), Sushkov (1936), Shokolova
(1946), Ogai (1946), Solomchenko (1949), Kalekenov (1951), Mambetov (1951), Lashkina M. (1958),
Lutsai. (1959), Penkin (1970), Popova (1970), A. Samsonova (1973), Asanova T.T. (1984), Boranbaeva
(1987), Aipeisova S. (1987), Aldabekova (1990) herbarium specimens have been preserved.

In the herbarium data of the Moscow University (MW) fund, species belonging to the genus Artemi-
sia L. were considered by the Department of Herbarium of Central Asia and Kazakhstan, the herbarium of
Muyunkum, Pribalkhashye and Betpak-Dala, Dzhungarsky Alatau and Tarbagatay District. Of these, 153
herbarium data belonging to 29 species were collected from the region that is now part of the Jetisu region.
The majority were collected from Semirechye, Taldy-Kurgansky uyezd, Sarkandsky district, Dzhungarsky
Alatau, and other nearby regions. Species with coordinates are shown in Table 2 and Figure 2.
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Figure 2. Distribution area of Artemisia L. in the Jetisu region

Table 2

Distribution area of the genus Artemisia L. in the Jetisu region

Ne Species Coordinates Dataset

1 45°26'00.0"N,80°21'00.0"E [22]

2 A, absinthium L 45°00'16.67" N,78°22'37.00" E iNaturalist Research-grade Observations
3 [ ' 44°50'22.79" N,78°58'38.77" E iNaturalist Research-grade Observations
4 44°41'48.61" N,78°54'57.25" E iNaturalist Research-grade Observations
5 |A annua L. 45°28'41.1"N077°40'44.7"E AA

6 46°22'43.45" N,78°42'48.03" E iNaturalist Research-grade Observations
7 46°10227.4476"N78°10'19.8732"E MW

8 |A. arenaria DC. 46°15'47.5380"N78°382.2416"E MW

9 45°50'43.7352"N77°52'24.5892"E MW

10 45°53'5.0388"N78°42'48.4920"E MW
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Continuation of Table 2

Ne Species Coordinates Dataset

11 46°15'47.5380"N78°38'2.2416"E MW
A. arenaria DC.,

12 |A. scoparia Waldst. Et Kit., 45°19'00.1"N77°19'00.1"E [22]
A. terrae-albae Krasch.
A. arenaria DC., ocor O 1 11

13 A santolina Schrenk. 44°58'59.9"N77°10'00.1"E [22]

14 44°52'59.9"N78°48'00.0"E [22]

15 |A. aschurbajewii C.Winkl. 44°57'13.24" N,79°17'23.84" E iNaturalist Research-grade Observations

16 45°22'12.6372"N81°41'51.3492"E MW

17 45°17'23.7228"N82°12'41.5836"E MW

18 |A. aschurbajewii C.Winkl. 44°49'48.0000"N78°4724.0000"E MW

19 45°45'00.0"N81°25'00.1"E [22]

20 . 45°18"25.4196"N82°05'54.1176"E MW
A. austriaca Jacq.

21 45°18'11.7612"N81°57'41.1876"E MW

22 46°1621.4428"N78°34'8.0292"E MW

23 46°12'58.6800"N78°56'3.4008"E MW

24 |A. dracunculus L. 45°03'40.95" N,78°25'07.17" E iNaturalist Research-grade Observations

25 44°35'44.48" N,78°59'09.70" E iNaturalist Research-grade Observations

26 45°03'40.95" N, 78°25'07.17" E iNaturalist Research-grade Observations

27 45°22'50.3"N80°01'50.4"E AA

28 .. . 45°22'12.6372"N81°41'51.3492"E MW
A. frigida Willd.

29 45°17'23.7228'"N82°12'41.5836"E MW

30 44°14'33.7488"N78°29'55.8924"E MW
A. frigida Willd.,

31 |A. sublessingiana (Kell.) 45°24'00.0"N75°51'59.9"E [22]
Krasch.

33 45°22'0.5880"N81°54'18.1800"E MW

34 .. 45°17'42.2016"N82°01'39.7272"E MW
A. gmelini Web.

35 45°12'12.3912"N77°57'59.8320"E MW

36 45°26'28.6224"N82°16'30.8568"E MW

3g |~ gmelini Web. 45°43'59.9"N81°46'00.1"E [22]
A. vulgaris L.

39 45°33'11.3"N81°36'33.0"E AA

40 |A. heptapotamica Poljak 44°13'00.00"N77°42'00.00"E AA

41 45°35'23.6"N80°38'51.0"E AA

42 |A. juncea Kar. & Kir. 44°29'34.0800"N77°56'45.9600"E MW

43 - . 45°18'11.7612"N81°57'41.1876"E MW
A. laciniata Willd.

44 45°1825.4196"N82°05'54.1176"E MW

g5 |A maritima subsp. 45°53'4.8804"N77°12'37.3284"E MW
maritima
A. nitrosa Weber ex

46 |Stechm., A. scoparia 45°55'00.1"N77°10'59.9"E [22]
Waldst. Et Kit.

47 45°23'13.92"N81°4523.4"E MW

48 . 45°17'42.2016"N82°01'39.7272"E MW
A. rupestris L.

49 45°18'11.7612"N81°57'41.1876"E MW

50 44°49'31.92" N,79°42'12.14" E iNaturalist Research-grade Observations

51 éb::;go"a Stephan ex 45°46'57.8208"N80°52'15.7692"E MW
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Continuation of Table 2

Ne Species Coordinates Dataset
52 45°46'31.7460"N80°59'42.5724"E MW
53 45°47'6.4392"N80°52'14.5344"E MW
54 46°22'59.9"N77°18'00.0"E [22]
55 46°00'5.3748"N77°14'26.7108"E MW
56 |A. santolina Schrenk. 46°18'30.0348"N78°10'15.5496"E MW
57 45°50'43.7352"N77°52"24.5892"E MW
58 46°15'47.5380"N78°38'2.2416"E MW
59 A schrenkiana Ldb. 43°52'01.2"N78°22'58.8"E [22]
60 46°10'38.1864"N79°15'4.5036"E MW
61 46°12'58.6800"N78°56'3.4008"E MW
A. schrenkiana Ldb.
62 |A. pauciflora Weber ex 43°55'59.9"N78°28'00.1"E [22]
Stechm.
63 46°09'00.0"N78°33'00.0"E [22]
64 44°58'59.9"N77°51'00.0"E [22]
65 46°14'17.60" N,78°52'50.69" E iNaturalist Research-grade Observations
66 46°29'41.98" N,79°03'45.34" E iNaturalist Research-grade Observations
67 46°48'38.74" N,79°56'58.68" E iNaturalist Research-grade Observations
68 ) . 45°57'41.28" N,81°32'59.74" E iNaturalist Research-grade Observations
A. scoparia Waldst. Et Kit. - - -
69 45°34'13.97" N,77°32'23.98" E iNaturalist Research-grade Observations
70 45°24'49.92" N,77°42'24.37" E iNaturalist Research-grade Observations
71 45°17'47.8140"N82°02'3.1164"E MW
72 45°1723.7228"N82°12'41.5836"E MW
73 45°38'54.6324'"N79°27'6.3036"E MW
74 46°1621.4428"N78°34'8.0292"E MW
75 |A. scoparia Waldst. Et Kit. 44°57'00.0"N77°48'00.0"E [22]
76 |A. serotina Bge. 45°50'43.7352"N77°5224.592"E MW

77 44°37'53.70" N,78°54'50.83" E iNaturalist Research-grade Observations
78 ) ) 45°44'11.07" N,80°3720.61" E iNaturalist Research-grade Observations
79 g'( Wi e Ehrh. 45°26'28.6224"N82°16'30.8568"E MW
80 45°17'23.7228"N82°12'41.5836"E MW
81 45°30'36.5868"N80°37'44.8860"E MW
82 g'( T:Oizgﬁrzacég‘r,\eﬂne';‘ 46°15'47.5380"N78°38'2.2416"E MW
83 43°56'00.0"N78°05'00.1"E [22]
84 45°23'33.44" N,80°24'28.29" E iNaturalist Research-grade Observations

a5 A. stechmanniana Besser

44°44'38.06" N,79°13'37.42" E

iNaturalist Research-grade Observations

86 45°18'11.7612"N81°57'41.1876"E MW
87 |A. sublessingiana (Kell.) 45°41'19.8744"N81°57'45.5112"E MW
88 |Krasch. 46°10'38.1864"N79°15'4.5036"E MW
89 |A. terrae-albae Krasch. 45°32'38.3604"N82°05'25.9080"E MW
90 46°16'21.4428"N78°34'8.0292"E MW
91 . 45°12'12.3912"N77°57'59.8320"E MW
A. tournefortiana Rchb.
92 46°26'33.9576"N77°1524.1812"E MW
93 45°36'44.8560"N79°28'0.5988"E MW

94 |A. viridis Willd.ex DC.

44°57'0.67" N,79°20'31.31" E

iNaturalist Research-grade Observations
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Continuation of Table 2

Ne Species Coordinates Dataset
95 44°48'43.07" N,79°36'8.73" E iNaturalist Research-grade Observations
96 45°47'6.4392"N80°52'14.5344"E MW
97 . 45°17'47.8140"N82°02'3.1164"E MW

A. vulgaris L. - - -
98 45°49'5.37" N,81°04'31.42" E iNaturalist Research-grade Observations
99 45°24'00.0"N80°24'00.0"E [22]

In addition, as a result of field research funded by the Abai Kazakh National Pedagogical University
(Tab. 3), the following distribution area of wormwood was identified.

Table 3
Data from species distribution in Abai Kazakh National Pedagogical University

Ne Species Coordinates (N/E) Height above sea level, m
1 |Artemisia leucodes Schrenk. 44°58'37.74"; 77°53'58.87" 430

2 |Artemisia nitrosa Web. 44°52'00.1"; 77°30'00.0" 500

3 |Artemisia terrae-albae Krasch. 44°55'59.9"; 77°45'00.0" 435

4 |Artemisia absinthium L. 44°52'19.2"; 78°48'03.6" 1100

5 |Artemisia austriaca Jacq. 44°52'44.2"; 78°48'10.0" 1350

6 |Artemisia rutifolia Steph. 44°52'40.9"; 78°48'39.7" 1150

Wormwoods are widely distributed throughout the Jetisu region. Many species of the Artemisia L. ge-
nus have been widely used in folk medicine for treating tumors, inflammatory, infection, bacterial and viral
diseases, as well as illnesses like malaria, and some of these uses are still preserved today [23, 24].

After analyzing scientific articles, we came to the conclusion that the following types of wormwood are
currently being actively studied in terms of their chemical composition: A. vulgaris, A. pontica, A. annua, A.
absinthium, 4. selengensis, A. gmelini, 4. frigida, A. mongolica, A. jacutica, A. argyi, A. austriaca, A.
austrica, A. abrotanum, A. arctica, A. glabella, A. gmelinii, A. frigida, A. sieversiana and others [25-29].

Types of wormwood used for fodded purposes include A. pontica, A. obtusiloba, A. frigida, A.
marschalliana, A. kelleri, A. scoparia, A. santolina, A. halophila, A. lercheana, A. terrae-albae, A. semiarida,
A. pauciflora, A. nitrosa, A. schrenkiana, A. vulgaris, A. austriaca, A. lessingiana and others [4, 30].

In addition to their medicinal uses, wormwoods are also popular as decorative, aromatic, and culinary
herbs. A. dracunculus, A. abrotanum, A. absinthium, A. annua, A. frigida, A. japonica, A. pontica, A.
scoparia, A. vulgaris, etc. are used for food purposes worldwide [31-35].

Analysis of the studied literature and herbarium materials made it possible to determine the current state
of knowledge about the genus Artemisia L. The practical significance of this work lies in planning expedition
routes and clarifying the distribution areas of the species.

Conclusions

In conclusion, it was found that 81 species of the genus Artemisia L. grow in various ecological zones
of Kazakhstan, and more than 35 species are distributed in the Jetisu region. In addition, more than 90 GPS
coordinates were identified, which allow planning expedition routes. Their value in medicinal, folk medicine,
fodder, culinary and perfumery industries was determined. A review and description of the species of the
genus Artemisia L. distributed in the Zhetysu Alatau and Jetisu region was given, and the need for further
field research to develop protection measures was noted.
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M.K. Ceiinexan, JI.K. AlinapbaeBa

Kerticy odabichinaa ecetin Artemisia L.
TYBICBIHBIH KONTYPJIUIITi MeH epeKIIeTiKTepi

Makanana onebu nepekkesep MeH repOapuii MaTepHanmapblH Tanpay Heridinme Artemisia L. TybICBIHBIH
XKericy 06MBICBIHAAFBI TYPIIK KypaMbl MEH Tapajiybl Xaiiibl MaliMeTTep KapacTeipbuirad. Artemisia L.
KazakcranHbIH OapiblK aiMakTapblHAa — MIOJ-IIONEHTTI, Aajaibl aifMakra, Tayisl xepuepae 81 Typi,
XKericy oOmbicbiHma 35-TeH actam Typi Kke3mecenmi. JKericy oOmbickiHma sxkoHe JKericy AnaTaybHIa
Ke3JIeCeTIH TYpJiepiHe KEHEHTIIreH MOy »Kacaiblll, 3epTTey alMarblHIa KEe3IECEeTiH JKyCaH TYpJepiHiH
repbapuii nepexrepi (AA, AFKNU, MW rep6apuii kopiapsl) Oepinredn. CoHbIMEH Katap repdapuii yiriiepi
MeH one0u jaepekTepAi maiganmaHa oTeIpein  JKeTicy OONBICHIHOa Ke3meceTiH JkycaHHBIH GPS
KOpAMHATTANAPhl aHbIKTAnAbl. JKyprisinren 3eprrey Artemisia L. TybICBIHBIH Tapany aiMarbl Typabl
aKnaparThl HAKThUIAyFa jKOHE TOJNBIKTHIPYFa MYMKIHAIK Oeperti.

Kinm cesoep: xycaun, Artemisia L., sumemuk, tapanysi, repbapuii, Kasakcran, Xericy obmasicsr, XKericy
Arnaraysl

M.K. Ceiinexan, /I.K. Aiimap6aeBa

Pa3noo0pa3ue u oco6ennoctu poaa Artemisia L.,
npouspacrawinero B ZKerbicyckoii 00J1acTu

B crarbe npezacTaieHa nHGOPMALKSA O BUIOBOM COCTaBe M pactpocTpaHeHnu pona Artemisia L. B XKertsicy-
CKOM oOJlacTH Ha OCHOBE aHalM3a JIMTEPAaTYypHBIX HMCTOYHHKOB M TepOapHBIX MarepuanoB. 81 BuJ
Artemisia L. BcTpeuaeTcs Bo Bcex perroHax Kasaxcrana — B IYCTBIHHOM, CTEIIHOM U FOPHO# 30HaX, a boiiee
35 BumoB — B Xetsicyckoit obmactu. [IpoBeneH oOmmpHEI 0030p BUIOB, 0OHAPYKEHHBIX B JKeThICYCKOM
obmact 1 XKeTsicyckoMm Anaray, W IpeCTaBICHBI TepOapHble JaHHbIE BHJOB ITOJIBIHY, HAaHIEHHBIX Ha HC-
ciexyemoii Tepputopuu (repoapusie poumer AA, AFKNU, MW). Kpome Toro, ¢ ucmonp3oBaHneM repoap-
HBIX 00pa3IoB ¥ JINTEPATypHBIX AAaHHBIX omnpeneneHs! GPS-koopanHaTts! monsiHy, HalineHHOH B JKeTwicy-
ckoit obmactu. [IpoBeneHHOE HccleqOBaHNE MO3BOJIMIO YTOYHHTH W JOMONHHUTH MH(OPMAIMIO O Pacipo-
crpanenun poaa Artemisia L.

Knroueevie cnosa: nonsidb, Artemisia L., sunemuk, pacnpocrpanenue, repoapuii, Kaszaxcran, Xetbicyckas
o0mnacts, JKeTpicyckuii Anatay

ISSN 3080-6836 (Print) ISSN 3080-6844 (Online) 111


https://doi.org/10.3390/molecules27165128
https://doi.org/10.3390/plants13010096
https://doi.org/10.3390/foods10010065
https://doi.org/10.3390/antiox3010116
https://doi.org/10.3389/fphar.2021.653993
https://doi.org/10.18502/pbr.v4i4.543
https://powo.science.kew.org/

M.K. Seidekhan, D.K. Aidarbayeva

References

1 Bora, K. S., & Sharma, A. (2011). The genus Artemisia: a comprehensive review. Pharmaceutical biology, 49(1), 101-109.
https://doi.org/10.3109/13880209.2010.497815

2 Koul, B., Taak, P., Kumar, A., Khatri, T., & Sanyal, I. (2017). The Artemisia genus: A review on traditional uses, phyto-
chemical constituents, pharmacological properties and germplasm conservation. J Glycomics Lipidomics, 7(1), 142. DOI:
10.4172/2153-0637.1000142

3 Mucciarelli, M., & Maffei, M. (2001). Introduction to the genus. In Artemisia, 16-57. CRC Press.

4 Pavlov, N. V. (1966). Flora Kazakhstana. Almaty: Akademiia nauk Kazakhskoi SSR, Institut botaniki [in Russian].

5 Poliakov, P. P. (1961). Rod Polyn — Artemisia L. [The genus Wormwood — Artemisia L.]. Flora SSSR — Flora of the
USSR, 26, 425-631. Moscow; Leningrad: Izdatelstvo Akademii Nauk SSSR [in Russian].

6 Aidarbayeva, D. K. (2014). Rastitelnye resursy Kazakhstana i ikh ratsionalnoe ispolzovanie [Plant resources of Kazakhstan
and their rational use]. Karaganda: IP «Izdatelstvo AQNUR» [in Russian].

7 Abdulina, S. A. (1999). Spisok sosudistykh rastenii Kazakhstana [List of vascular plants of Kazakhstan]. Almaty [in Rus-
sian].

8 Egeubayeva, R. A. (2002). Dikorastushchie efirnomaslichnye rasteniia yugo-vostoka Kazakhstana [Wild essential oil plants
of southeastern Kazakhstan]. Almaty [in Russian].

9 Gabdullin, E. M., Kupriyanov, A. N., & Adekenov, S. M. (2020). Artemisia L. (Subgen. Seriphidium (Bess.) Peterm. in Ka-
zakh Upland. News of the National Academy of Sciences of the Republic of Kazakhstan. Series of Biological and Medical, 4, 340,
46-51. https://doi.org/10.32014/2020.2519-1629.31

10 Budantsev, A. L., & Lesiovskaya, E. E. (Eds.). (2001). Dikorastushchie poleznye rasteniia Rossii [Wild beneficial plants of
Russia]. Saint Peterburg: Izdatelstvo SPHFA [in Russian].

11 Ishmuratova, M. Yu. (2004). Bioekologicheskoe i fitokhimicheskoe issledovanie perspektivnykh vidov roda Artemisia L.
[Bioecological and phytochemical study of promising species of the genus Artemisia L.]. Candidate’s thesis. Karaganda (in Russian).

12 Krashennikov, I. M. (1946). Opyt filogeneticheskogo analiza nekotorykh evroaziatskikh grupp roda Artemisia L. v sviazi s
osobennostiami paleogeografii Evrazii [Experience of phylogenetic analysis of some Eurasian groups of the genus Artemisia L. in
connection with the peculiarities of paleogeography of Eurasia]. Materialy po istorii Flory i rastitelnosti SSSR — Materials on the
History of the Flora and Vegetation of the USSR, 2, 87-194. Moscow: lzdatelstvo Akademii Nauk SSSR [in Russian].

13 Korobkov, A. A. (1981). Polyni Severo-Vostoka SSSR [Wormwood of the North-East of the USSR]. Leningrad [in Russian].

14 Hobbs, C. R, & Baldwin, B. G. (2013). Asian origin and upslope migration of Hawaiian Artemisia (Compositae—
Anthemideae). Journal of Biogeography, 40, 442—454. https://doi.org/10.1111/jbi.12046

15 Jiao, B., Chen, C., Wei, M., Chen, S., Sun, S., Zhang, M., & Liu, J. (2023). Phylogenomics and morphological evolution of
the mega-diverse genus Artemisia (Anthemideae, Asteraceae): implications for its circumscription and infrageneric taxonomy. An-
nals of Botany, 131, 867-883. https://doi.org/10.1093/aob/mcad051

16 (1972). Hliustrirovannyi opredelitel rastenii Kazakhstana [lllustrated determinant of plants of Kazakhstan]. Alma-Ata.
Institut botaniki [in Russian].

17 (2014). Qazagstannyn qyzyl kitaby [Red Book of Kazakhstan]. Vols. 1-2. 2-shi tom: Osimdikter — Vol. 2: Plants. Astana:
ZhShS «ArtPrintXXI» [in Kazakh].

18 Rakhymberdieva, Zh. S., Kaliyeva, A. N., & Medeuova, G. D. (2020). Molecular Genetic Plant Analysis, Artemisia L. Ge-
nus, With Issr-Markers. Reports of the National Academy of Sciences of the Republic of Kazakhstan, 6(334), 35-41.
https://doi.org/10.32014/2020.2518-1483.133

19 Zhurinov, M., Berillo, D., Bazhykova, K. B., Rakhimov, K. D., & Bekezhanova, T. (2023). An estimation of the antiviral ac-
tivity and toxicity of biologically active substances obtained from the raw materials of Artemisia cina Berg. in vitro and in vivo. Mol-
ecules, 28(14), 5413.

20 Kasmiyati, S., Kristiani, E. B. E., Herawati, M. M., & Sukmana, A. B. A. (2021). Antibacterial activity and flavonoids con-
tent of Artemisia cina Berg. ex Poljakov ethyl acetate extracts. Biosaintifika: Journal of Biology & Biology Education, 13(1), 106—
112. http://dx.doi.org/10.15294/biosaintifika.v13i1.27665

21 Gemedzhieva N. G. (2023). Kadastr resursnykh vidov khoziaistvenno tsennykh rastenii Almatinskoi oblasti [Cadastre of re-
source species of economically valuable plants of the Almaty region]. Almaty [in Russian].

22 Dimeyeva, L. A. (2023). Kadastr rastitelnosti Almatinskoi oblasti [Cadastre of vegetation of Almaty region]. Almaty [in
Russian].

23 Hussain, A. (2020). The genus artemisia (Asteraceae): a review on its ethnomedicinal prominence and taxonomy with em-
phasis on foliar anatomy, morphology, and molecular phylogeny: ethnomedicinal prominence and taxonomy of Artemisia. Proceed-
ings of the Pakistan Academy of Sciences: B. Life and Environmental Sciences, 57(1), 1-28.

24 Tan, R. X., Zheng, W. F., & Tang, H. Q. (1998). Biologically active substances from the genus Artemisia. Planta medica,
64(4), 295-302.

25 Nurlybekova, A., Kudaibergen, A., Kazymbetova, A., Amangeldi, M., Baiseitova, A., Ospanov, M., & Jenis, J. (2022). Tra-
ditional use, phytochemical profiles and pharmacological properties of Artemisia genus from Central Asia. Molecules, 27(16), 5128.
https://doi.org/10.3390/molecules27165128

112 Fundamental and Experimental Biology. 2026, 31, 1(121)


https://doi.org/10.3109/13880209.2010.497815
https://doi.org/10.1111/jbi.12046
https://doi.org/10.1093/aob/mcad051
https://doi.org/10.32014/2020.2518-1483.133
http://dx.doi.org/10.15294/biosaintifika.v13i1.27665
https://doi.org/10.3390/molecules27165128

Diversity and characteristics of the genus...

26 Ishmuratova, M. Yu. (2015). Introduktsiia lekarstvennykh rastenii v tsentralnom Kazakhstane [Introduction of medicinal
plants in Central Kazakhstan]. Karaganda [in Russian].

27 ltzhanova, Kh. I. (2003). Farmakognosticheskoe izuchenie polyni gladkoi, i razrabotka lekarstvennoi formy arglabina
[Pharmacognostic study of Artemisia glabella and the development of the arglabin medicinal form). Extended abstract of candidate’s
thesis. Tomsk [in Russian].

28 Seydakhmetova, R. B., Pak, R. N., Baisenbayeva, A. A., Rakhimov, K. D., & Adekenov, S. M. (2002). Protivovospalitelnye
svoistva efirnogo masla Artemisia glabella Kar. et Kir. [Anti-inflammatory properties of the essential oil of Artemisia glabella Kar.
et Kir.]. Rastitelnye resursy — Plant resources, 38(1), 102-107 [in Russian].

29 Ydyrys, A., Zhamanbayeva, G., Zhaparkulova, N., Aralbaeva, A., Askerbay, G., Kenzheyeva, Z., & Murzakhmetova, M.
(2023). The systematic assessment of the membrane-stabilizing and antioxidant activities of several kazakhstani plants in the
Asteraceae family. Plants, 13(1), 96. https://doi.org/10.3390/plants13010096

30 Nasyrov, N. B., & Kurmanbayeva, M. S. (2019). Aqtobe oblysy Ayteke bi audany Qayraqty auyldyq okrugindegi mal
zhayylymdaryndagy dsimdikterdiii mddeni-tekhnikalyq zhag'dayyn bagalau [Assessment of the cultural and technical condition of
plants in the pastures of the Qairaqty rural district, Ayteke Bi district, Aktobe region]. Almaty [in Kazakh].

31 Watson, L. E., Bates, P. L., Evans, T. M., Unwin, M. M., & Estes, J. R. (2002). Molecular phylogeny of subtribe
Artemisiinae (Asteraceae), including Artemisia and its allied and segregate genera. BMC evolutionary Biology, 2(1), 17.

32 Trendafilova, A., Moujir, L. M., Sousa, P. M., & Seca, A. M. (2020). Research advances on health effects of edible Artemisia
species and some sesquiterpene lactones constituents. Foods, 10(1), 65. https://doi.org/10.3390/foods10010065

33 Skowyra, M., Gallego, M. G., Segovia, F., & Almajano, M. P. (2014). Antioxidant properties of Artemisia annua extracts in
model food emulsions. Antioxidants, 3(1), 116-128. https://doi.org/10.3390/antiox3010116

34 Ekiert, H., Swiatkowska, J., Knut, E., Klin, P., Rzepiela, A., Tomczyk, M., & Szopa, A. (2021). Artemisia dracunculus (Tar-
ragon): A review of its traditional uses, phytochemistry and pharmacology. Frontiers in Pharmacology, 12, 653993.
doi.org/10.3389/fphar.2021.653993

35 Zeb, S., Ali, A., Zaman, W., Zeb, S., Ali, S., Ullah, F., & Shakoor, A. (2019). Pharmacology, taxonomy and phytochemistry
of the genus Artemisia specifically from Pakistan: a comprehensive review. Pharmaceutical and Biomedical Research.
https://doi.org/10.18502/pbr.v4i4.543

36 POWO. Retrieved from https://powo.science.kew.org.

Information about the authors

Seidekhan Meruyert Kydyrkhankyzy — PhD student, Abai Kazakh National Pedagogical University,
Almaty, Kazakhstan; e-mail: meruert.seydekhan@mail.ru; https://orcid.org/0009-0000-5528-1098

Aidarbayeva Doktorkhan Kaysarbekovna — Doctor of Biological Sciences, Professor, Abai
Kazakh National Pedagogical University, Almaty, Kazakhstan; e-mail: dina.aidarbayeva@mail.ru;
https://orcid.org/0000-0002-2750-6947

ISSN 3080-6836 (Print) ISSN 3080-6844 (Online) 113


https://doi.org/10.3390/plants13010096
https://doi.org/10.3390/foods10010065
https://doi.org/10.3390/antiox3010116
https://doi.org/10.3389/fphar.2021.653993
https://doi.org/10.18502/pbr.v4i4.543
mailto:meruert.seydekhan@mail.ru
mailto:dina.aidarbayeva@mail.ru

How to Cite: Zhumina A.G., Orazbay A.D., Martynova Y.N., Abyurov A.Zh., Safronova I.A., Kulandin M.P., Jexembayeva D.M.
(2026). Assessment of the cytotoxic activity of humates produced by “Shubarkol Komir” JSC. Fundamental and Experimental Biol-
ogy, 2026, 31, 1(121), 114-122. https://doi.org/10.31489/2026FEB1/114-122

Research Article
https://doi.org/10.31489/2026 FEB1/114-122

UDC 631.53 Received: 30.09.2025 | Accepted: 14.11.2025 | Published online: 31 March 2026

A.G. Zhumina'", A.D. Orazbay?, Y.N. Martynova®, A.Zh. Abyurov’, I.A. Safronova®,
M.P. Kulandin®, D.M. Jexembayev’

1 2Kkaraganda National Research University named after academician E.A. Buketov, Karaganda, Kazakhstan;
3 “Shubarkol Komir” JSC, Karaganda, Kazakhstan;
“Scientific and Engineering Research Center ERG LLP, Astana, Kazakhstan;
%6 7scientific and Engineering Research Center ERG LLP, Pavlodar, Kazakhstan
“Corresponding author: asbiol@list.ru

Assessment of the cytotoxic activity of humates produced
by “Shubarkol Komir” JSC

The development of new humic preparations from locally available raw materials is important for advancing
the domestic industry of the Republic of Kazakhstan. In Central Kazakhstan, humic preparations such as po-
tassium humate and sodium humate have been developed by “Shubarkol Komir” JSC based on weathered
coal. To confirm their applicability, studies assessing their biological activity and safety are required. The
purpose of this study is to evaluate the cytotoxic activity of potassium humate and a mixture of potassium
humate and humate in different dilutions. The study materials included humates produced by “Shubarkol
Komir” JSC, which were compared with a commercial preparation, ECO humate, using tests on Saccharomy-
ces cerevisiae cells and Artemia salina nauplii. The test results showed that high concentrations of humic
preparations (4 %) had an inhibitory effect on the foaming ability of yeast, which was lower than that of the
comparison drug nystatin. Concentrations from 0.5 to 0.005 % did not inhibit Saccharomyces cerevisiae and
activated the foaming ability. The results of the second experimental series demonstrated that both the
humates produced by “Shubarkol Komir” JSC and the reference preparation were non-cytotoxic to Artemia
salina larvae at all tested concentrations (0.5-0.005%), indicating their safety. Thus, the obtained data con-
firm the safety of using potassium humate and a mixture of potassium humate and sodium humate produced
by “Shubarkol Komir” JSC in agriculture.

Keywords: humic preparations, potassium humate, sodium humate, cytotoxic activity, concentration, safety.

Introduction

The resources and effectiveness of organic fertilizers can be significantly increased through the use of
humic fertilizers produced from various natural organic sources (peat, highly oxidized low-ash hard coal,
brown coal, and oxidized brown coal, sapropel, organic industrial waste, etc.) containing large amounts of
humic acids [1-4].

Humic preparations are complex biologically active substances containing humic acids and humates [5,
6], a balanced set of macro- and microelements, and microflora, which enhance the protective properties of
plants and seedlings against a number of fungal and bacterial diseases [7-10].

It should be emphasized that humates are not a source of mineral nutrition and do not replace it, but on-
ly increase the coefficient of its utilization, therefore humate solutions can be used together with fertilizers,
herbicides, and fungicides [11]. Thus, the use of humates in combination with mineral fertilizers and pesti-
cides not only increases the yield of field crops and their efficiency, but also improves the quality of agricul-
tural products [12].

There is also the problem of effective assimilation of mineral fertilizers, which is central to crop pro-
duction. The complexity of solving this problem lays in the fact that potassium and nitrogen fertilizers,
which are easily soluble in water, are easily washed out of the soil, while phosphorus fertilizers, on the con-
trary, are bound by calcium, magnesium, aluminum, and iron ions present in the soil into an inert form that is
inaccessible to plants [13]. Only in the presence of humic substances does the efficiency of plant assimilation
of all nutrients increase dramatically [14].
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Humic preparations play an important role in increasing the biological activity of the soil, enriching
seeds with macro- and microelements, and as growth stimulants [15]. Of particular interest are complex hu-
mic fertilizers, which have been used in agricultural production for a number of years.

The purpose of this study is to evaluate the cytotoxic activity of potassium humate, a mixture of
potassium humate and sodium humate, and to determine safe concentrations for use on plants.

Experimental

The objects of the study were humate concentrates (4 %) provided by “Shubarkol Komir” JSC: potassi-
um humate, a mixture of potassium humate and sodium humate (in a ratio of 2:1, respectively). Distilled wa-
ter and a commercial sample of ESO humates served as controls in the studies. The tested humates were di-
luted to concentrations of 0.1 %, 0.01 %, 0.5 %, 0.05 %, and 0.005 %. Commercial ESO humate (manufac-
tured by NTO EcoTek, Russia) was used according to the attached instructions — 0.1 %.

Assessment of the cytotoxic activity of humates

The test for cytotoxic activity of humates was carried out in two variants: on a culture of Saccharomy-
ces cerevisiae cells and on larvae (nauplii) of Artemia salina crustaceans.

The first test consisted of assessing the rate of foam rise in a suspension of Saccharomyces cerevisiae
yeast [16]. Dry active Pakmaya yeast (Turkey) was used. The antifungal drug Nystatin at a concentration of
5 mg/ml was used as a positive control sample. The drug was first ground in a mortar until a homogeneous
mass was obtained, and then dissolved in water. A 10 % DMSO solution was used as a negative control.

Dough balls were prepared as follows: 0.2 g of glucose and 0.68 g of yeast were added to 9 ml of water.
1 ml of the test solution (samples of humates in different dilutions, DMSO, nystatin) was added to the result-
ing mixture. Three ml of the analyzed sample was transferred to measuring tubes, repeated three times for
each tested sample (Fig. 1), and incubated in a thermostat at a temperature of 30°C for 15 minutes.

After the time had elapsed, the volume of the foam formed and the rate of its rise were determined us-
ing the following formula:

v =V, Q)
where v is the foam rise rate (ml/min); V is the foam volume (ml); t is the time (min).

An increase in foam rise velocity was considered a stimulating effect, and a decrease was considered an
inhibiting effect compared to the control.

Figure 1. Experiments to study the lifting force of yeast in experiments with humic preparations

Artemia salina nauplii (Fig. 2) were used to conduct the second test for cytotoxic activity [17]. Artifi-
cial seawater was prepared for the crustacean culture (Tab. 1).

Table 1
Seawater composition
Component Molecular weight Added mass, g
NaCl 58.44 23.926
Na, SO, 142.04 4.008
KClI 74.56 0.677
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Continuation of Table 1

Component Molecular weight Added mass, g
Sodium bicarbonate (NaHCO5) 84.00 0.196
Potassium bromide (KBr) 119.01 0.098
H3 BOj; (boric acid) 61.83 0.02
Sodium fluoride 41.99 0.003

To conduct the experiments, 200 mg of Artemia salina eggs were weighed and placed in 1 liter of artifi-
cial seawater. The eggs were kept aerated, under constant lighting and at a temperature of 25 °C for 2-3 days,
until the larvae hatched (Fig. 2). After hatching, 2040 larvae were collected using a Pasteur pipette and
placed in a 2 ml cell of a laboratory plate. The number of live and dead larvae in each cell was counted. Ten
micrometers of test solutions, positive and negative controls were added to the cells. The number of dead
individuals was counted after 1, 4, and 24 hours. The mortality rate (P) was analyzed using the following
formula:

P=(A—N—B) *100 %/Z, (2
where A is the number of dead larvae after 24 hours; N is the number of dead larvae before the experiment;
B is the average number of dead larvae in the control sample; Z is the total number of larvae.

Figure 2. Nauplii of Artemia salina

The cytotoxic activity of humates was determined based on the number of dead larvae.
Statistical processing of data on cytotoxic activity was performed using ANOVA dispersion analysis
with multiple comparisons according to Dunnet in the GraphPadPrizm 8.0 program.

Results and Discussion

The results of the assessment of the effect of humates on the buoyancy of Saccharomyces cereviseae
showed that a mixture of sodium/potassium humates in a high concentration (4 %), had a significant inhibitory
effect on the foaming activity of Saccharomyces cereviseae, which was significantly lower than the control val-
ues and the data obtained with the antifungal drug Nystatin. Concentrations ranging from 0.05 to 0.005 %
showed a weak stimulating effect, which was significantly higher than the foam rise when using Nystatin, but
significantly lower than the results obtained in the control. However, at concentrations of 0.1 % and 0.5 %, on
the contrary, the mixture of humates has a significantly stimulating effect on yeast cells (Fig. 3).

When testing potassium humate, it was found that the concentrate of this preparation, like the mixture
of humates, has an inhibitory effect on the foaming activity of Saccharomyces cereviseae. The foam rise in-
dicators were significantly lower than the control and the indicators obtained when adding the preparation
Nystatin. A concentration of 0.5 % potassium humate has a stimulating effect on yeast cells, while a further
decrease in concentration shows no stimulating or inhibiting effect (Fig. 4).

Testing of the comparison preparation (humate ESO) also showed that its concentrate (10 %) has nei-
ther an inhibitory nor a stimulating effect on the foaming activity of Saccharomyces cereviseae. However, a
decrease in concentration leads to inhibition of the foaming activity of yeast cells (Fig. 5).

Thus, statistical calculations showed that high concentrations of humic preparations produced by
“Shubarkol Komir” JSC (4 %) had a depressing effect on the foaming ability of yeast, which was lower than
that of the comparison preparation, the antifungal preparation nystatin. The humic preparation ESO at a con-
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centration of 10 % did not show an inhibitory effect. However, humate concentrations of 4-10 % are not
used in agriculture, as dilutions of at least 0.1-0.5 % are required.

4

| ——
~ LAMMTUTINMNDN

(-]

Figure 3. Effect of sodium/potassium humate mixture
on the foaming activity of Saccharomyces cereviseae:
one-way analysis of variance with multiple comparisons

by Dunnet; ns — insignificant; **p>0.01; ****p>0.0001.

The results are presented as mean =+ standard deviation.
Vertical axis — foam rise rate, ml/min; experimental
variants: 1 — 0.005 %, 2 — 0.01 %, 3 — control,

4 —0.05%, 5—4 %, 6 — nystatin, 7 — 0.1 %,
8—05%
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Figure 4. Effect of potassium humate on the foaming
activity of Saccharomyces cereviseae: one-factor analysis
of variance with multiple comparisons by Dunnet;
ns — insignificant; **p>0.01; ****p>0.0001.
Results are presented as mean + standard deviation.
Vertical axis — foam rise rate, ml/min; experimental
variants: 1 — control, 2— 0.005 %, 3 — 0.01 %,
4—0.05%,5—0.1%,6—05%,7—4%,

8 — nystatin

Figure 5. Effect of ESO humate on the foaming activity of Saccharomyces cereviseae: one-way analysis of variance
with multiple comparisons by Dunnet; ns — insignificant;*p>0.05; **p>0.01; ****p>0.0001.
The results are presented as mean + standard deviation. Vertical axis — foam rise rate, ml/min; experimental variants:
1 — control, 2 — 0.005 %, 3 — 0.01 %, 4 — 0.05 %, 5 — 0.1 %, 6 — 0.5 %, 7 — 10 %, 8 — nystatin

Testing on Artemia salina brine shrimp at concentrations ranging from 0.5 to 0.005 % showed no inhib-
itory effect. According to the data obtained, mortality in samples treated with potassium humate at concen-
trations of 4 % and 0.5 % significantly exceeds that of the control sample. In addition, the difference in mor-
tality between the control sample and the sample treated with humate at a concentration of 0.05 % is also
statistically significant. However, despite this, all tested concentrations of potassium humate produced by
“Shubarkol Komir” JSC are not cytotoxic to Artemia salina crustaceans, since the mortality of larval nauplii
does not exceed 50 % (Fig. 6).

In experiments testing a mixture of potassium and sodium humate, mortality in samples treated with
humate at concentrations of 4 % and 0.5 % significantly exceeded that of the control sample. In addition, the
difference in mortality between the control sample and the sample treated with a mixture of potassium and
sodium humates at a concentration of 0.05 % is also statistically significant. The mortality rate in the sample
treated with a 4 % mixture of humates averages 72.2 %, which is much higher than 50 %, indicating that this
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concentration is cytotoxic to Artemia salina larvae. However, as the concentration of the potassium and so-
dium humate mixture decreases, cytotoxicity decreases (Fig. 7).

354 -
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Figure 6. Effect of potassium humate produced

by “Shubarkol Komir” JSC on the mortality of
Artemia salina larvae: one-way analysis of variance

1 ]

with multiple comparisons by Dunnet; ns — insignificant;

*p>0.05; ****p>0.0001. The results are presented as
mean =+ standard deviation. Vertical axis — larval
mortality; experimental variants: 1 — 4 %, 2 — 0.5 %,
3 — control, 4 — 0.1 %, 5 — 0.005 %, 6 — 0.05 %,
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Figure 7. Effect of potassium and sodium humate
mixture on Artemia salina larval mortality: one-way
analysis of variance with Dunnet’s multiple comparisons;
ns — not significant; *p>0.05; **p>0.01; ****p>0.0001.
Results are presented as mean + standard deviation.
Vertical axis — larval mortality; experimental variants:
1—4%,2—0.5%,3—control, 4 — 0.1 %,
5—0.005 %, 6 — 0.05 %, 7— 0.01 %

7—0.01%

Figure 8. Effect of ECO humate on the mortality of Artemia salina larvae: one-way analysis of variance
with multiple comparisons by Dunnet; ns — insignificant; *p>0.05. Results are presented as mean + standard
deviation. Vertical axis — larval mortality; experimental variants: 1 — 4 %, 2 — 0.5 %, 3 — control, 4 — 0.1 %,
5—0.005 %, 6 — 0.05 %, 7 — 0.01 %

According to the data obtained, the mortality in samples treated with ECO humate at a concentration of
10 % exceeds that of the control sample, but averages 10.2 %, indicating no cytotoxicity towards Artemia
salina larvae. The results obtained in samples with all tested concentrations indicate that ECO humate is not
cytotoxic (Fig. 8).

The data obtained allow us to conclude that humates produced by “Shubarkol Komir” JSC (potassium
humate, a mixture of potassium and sodium humates) and the reference preparation (humate ESO) are not
cytotoxic to Artemia salina larvae at all tested concentrations (from 0.5 to 0.005 %), i.e., the tested concen-
trations are safe for use.

Conclusion

The assessment of the toxicity of humic preparations on Saccharomyces cereviseae cells and Artemia
salina larvae showed that all humates produced by “Shubarkol Komir” JSC are non-toxic, i.e., safe for use
when diluted to concentrations of 0.5 % and below. All studied concentrations of potassium humate, mix-
tures of potassium and sodium humate, as well as the comparison preparation ESO, can be used in agricul-
ture for plant treatment.
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«Ilyb6apkes Kemip» AK eHaipren rymarrapablH HHTOTOKCHKAJIBIK
OesiceHAaiTIriH Oaranay

JKeprimikTi KomDKeTiMAI IIWKI3aTTaH jkKaHa TYMHUHZAIK IIperapaTTaplsl o3ipiey XoHe jkacay Kasakcran
PecnyOnuKachIHBIH OTaHBIK OHEPKACIOIiH aMbITy yiniH e3ekti. Optansik Kaszakcranaa «lllybapken Kemip»
AK-HBIH MOpBIFaH KeMipi HeTi3iHIe KaIuil TyMaThl jKOHE HATPUH TyMaThl CHSAKTBHI TYMHHIIK HpernapaTrrap
a3ipirenni. Onmapasl KONgaHy MYMKIHAITIH pacTay YIIiH OHOJIOTHSUTBIK O€JICEHAITIK IeH Kayinci3ikTi Oaranay
OoMbIHIIA 3epTTeyNiep KaKeT. 3epTTeyHiH MaKcaThl — OPTYpPJl CYHBUITYJIApAaFrbl Kaluil TyMaThIHBIH JKOHE
KaJIMi TyMaThl MEH I'yMaT KOCIACBIHBIH IIUTOTOKCHUKANBIK OenceHainiriH Oaramay. 3eprreynep «lllybapken
Kemip» AK eumipren rymarrapaa Eco KOMMEpUHSIIBIK TI'yMaThIMEH CalbICTBIpFaHaa Saccharomyces
cerevisiae xacymanapsl Men Artemia salina wayrmii mastH Topi3inepiH maiiganaHa OTHIPBIN KYPTi3iireH
CBIHAKTapa Xyprizinai. Tecriney HOTHXKeNEepi KOPCETKEHACH, OHAIPIITeH T'YMUHII IIpenapaTTapIblH KOFaph
KOHIICHTPANUsACH (4 %) alIbITKbUIAPABIH KOOIKTCHY KaOUICTiHE TEXKETINI 9CepiH KOPCETTi, OV HUCTATHHI
CalBICTBIPY KopceTKinrepinen Temen 6ompl. 0,5-ten 0,005 %-ra neitinri koHueHTpauusuiap Saccharomyces
cerevisiae JenpeccusicelH KepceTieai jkoHe KeOikTeHy Kabimerin Oencenmipai. Toxipubenepaid exiHi
cepusichHBIH HaTIKenepi «lllybapken Kemip» AK eHIipreH rymaTTapblH j)XoOHE CANBICTHIPY NpenapaThiHbIH
GapibIK chiHaFaH KoHieHTpanusuiapsiga (0,5-rer 0,005 %-ra nmeiiin) Artemia salina masa Topizainepaig
JePHACIIEpiHE KaThICThl LUTOYBITTBUIBIFBl JKOK C€KEHIH KOPCETTi, SFHM CBHIHAJIATBHIH KOHIEHTpAaLUsIap
KOJIIaHy YLIiH Kayinci3. Ocputaiima, aneiaran aepekrep «Lly6apken Kemip» AK aysun mapyamsuibIFsiHAA
KalnMil TyMaTblH JXOHE KaJIMH TIyMarbl MEH HaTpPHMil T'yMaThIHBIH KOCIACBIH KOJIIAHYABIH Kayinci3mirin
pacTaisl.

Kinm ce30ep: TyMUHIIK TpenapaTrTtap, Kajduii T'yMaThl, HATPUH T'yMaThl, IIUTOTOKCHKAJIBIK OCICEHIINIK,
KOHIICHTpAIHUs, KayilCi3IiK

A.Tl'. XKymuna, A.Jl. Opazb6aii, E.H. MaptsinoBa, A. K. A6topos, U.A. Cadponosa,
M.IL. Kynaunus, /I.M. XKekcembaen

OuneHka HUTOTOKCMYECKOH AKTHBHOCTH I'YMATOB NPOM3BO/JCTBA
AO «llyb6apkojb KOMHP»

Pa3paboTka 1 co3jaHie HOBBIX 'YMUHOBBIX MPENapaToB M3 MECTHOTO JOCTYITHOTO CBHIPBS SIBIISIETCS aKTyallb-
HBIM ]ISl pa3BUTHS OTEUECTBEHHOH NpoMbliuieHHOCTH PecnyOmmku Kazaxcran. B LientpansHom Kaszaxcrane
Ha ocHOBe BEIBeTpenbix yriaeil AO «lllyGapkons koMup» pa3paOoTaHBI TyMUHOBBIE MpeNapaThl, TaKue Kak
TyMaT Kajus ¥ TyMaT HaTpus. sl HOATBEpKACHNS BO3ZMOXKHOCTH HX IIPUMEHEHHS HEOOXO MBI HCCIIeI0Ba-
HHS TI0 OIeHKe OMOIOTHYecKOd aKTHBHOCTH M Oe30macHOCTH. Llenb HacTOsMmIero uccaeoBaHus — OIEHUTh
IIUTOTOKCHYECKYIO aKTHUBHOCTh T'yMaTa KaJHsl M CMECH TyMaTa Kajlis U TyMara HaTpus B pa3HBIX pa3BeACHHU-
ax. MccnenoBanns npoBoamiy Ha rymarax npomussozactsa AO «lllybapkoias KoMup» B CpaBHEHHH ¢ KOMMEP-
gyeckuM rymarom ECO ¢ ucmons30BaHHEM TECTOB Ha KieTkax Saccharomyces cerevisiae u Hayruinii paukoB
Artemia salina. Pe3ynbraTsl TeCTUPOBaHHS MOKA3aJH, YTO BBICOKHE KOHICHTPALIMH TYMHUHOBBIX MPEMapaTtoB
npousBoAacTBa (4 %) MoKasaly yrHeraroliee IeicTBHE Ha IMEHOOOpPa30BaTEIbHYIO CHOCOOHOCTH IPOXIKEH,
4T0 OBUIO HIKE TOKa3aTesel mpenaparta cpaBHeHUs — HucTtatuHOM. Konrentparmu ot 0,5 mo 0,005 % He
HoKa3allk yrHeTeHus Saccharomyces cerevisiae u akTHBHPOBAIN MEHOOOPAa30BATENbHYIO CIIOCOOHOCTD. Pe-
3yJIBTAThl BTOPOH CEpHH ONBITOB ITOKa3alH, 4To rymMarsl npousBojcTtBa AO «lllydapkonas komMup» M mpema-
paTt cpaBHEHHMs He 00JaJal0T IIMTOTOKCHYHOCTBIO MO OTHOLICHMIO K JIMYMHKaM padykoB Artemia salina Bo
BCEX MIPOTECTHPOBAHHBIX KoHIEeHTparwmsx (ot 0,5 mo 0,005 %), To ecTb HCHBITyeMble KOHIICHTPAILIUH SBIISIOT-
csi Ge30macHbIMH AJI NpUMeHeHHs. TakuMm o0pa3oM, MONTydeHHbIC JaHHBIE MOJATBEP)KIAIOT 0E30MacHOCTb
IPUMEHEHHUS TyMaTa Kalus U CMecU T'yMaTa Kalus U rymara HaTpus nmpousBozctBa AO «lllybapkons koMup»
B CEJIbCKOM XO3HCTBE.

Kniouesvie cnosa: TYMWHOBBIC IIpE€naparTsbl, ryMmaT Kajausd, ryMaT HaTpUsl, HTUTOTOKCUYCCKast aKTUBHOCTb, KOH-
HeHTpanus, 0e30MacHOCTh
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Anatomical and morphological characteristics of Ferula varia
growing in Karaganda region (Central Kazakhstan)

The study of plant structure makes it possible to identify characteristic features necessary for species identifi-
cation and understanding of biological traits. For potentially medicinal plant raw materials, morphological
and anatomical studies are an essential component of pharmacognostic analysis. The aim of this study is to
investigate the structural features of the above-ground and underground organs of Ferula varia, a plant used
in folk medicine, at both macro- and microscopic levels. The study was conducted on dried, crushed raw ma-
terials using staining techniques and the preparation of temporary slides. The results made it possible to de-
scribe the shape and structure of the surface of the stem and leaf plate, as well as the structural features of in-
florescences and root fragments. Sparse pubescence on the stem and denser pubescence on the abaxial surface
of the leaf blade were observed. At the microscopic level, the structural features and arrangement of tissues in
the leaf epidermis, as well as transverse sections of the root, leaf, and stem were characterized. The obtained
results made it possible to identify diagnostic features at the macro- and microscopic levels, which allows for
species identification of both whole and crushed raw materials. The data obtained may be included in the
draft regulatory documents for Ferula varia plant raw materials.

Keywords: Ferula varia, above-ground and underground organs, medicinal plant raw materials, macro- and
microscopy, diagnostic features.

Introduction

The flora of Kazakhstan has a significant number of species [1], many of which have medicinal proper-
ties [2]. Among the considerable diversity of plants, those of the genus Ferula L. (family Apiaceae) are of
practical interest. Species of this genus are perennial plants that usually grow in arid areas such as steppes
and deserts [3], often forming extensive thickets with significant reserves of raw materials [4].

Plants of the Ferula genus accumulate various groups of biologically active substances in their above-
ground and underground organs, such as coumarins, glycosides, essential oils, sesquiterpene lactones, sulfur-
containing metabolites, and gums [2, 5-7]. These substances exhibit a wide range of biological activities,
such as anticancer, antimicrobial, anthelmintic, anti-inflammatory, antifungal, antihypertensive, antiprotozo-
al, antiviral, and others [6-11]. Various parts of plants and their components are widely used in medicine to
treat diseases of the cardiovascular system, joints, and oncology, as well as an antispasmodic, antimicrobial,
diuretic, and analgesic agent.

There are 46 species of the genus Feula growing in Kazakhstan [1], of which Ferula foetida (Bunge)
Regel, Ferula iliensis Krasn. ex Korovin., and Ferula songarica Pall. ex Willd. are the most widely
used [12-14]. There is fragmentary information on the other species [3], but many species have the potential
to be used as a source of medicinal raw materials.

In the Karaganda region, significant areas of thickets have been noted for Ferula varia (Schrenk)
Trautv., which is typical of the deserts and decertified steppes of Northern Balkhash Region. The roots of
this plant are used in folk medicine to treat toothache and fever, as an anthelmintic and wound-healing agent,
and a decoction of the seeds stimulates lactation [15].

Pharmacognostic studies, in particular, analysis of the morphological and microscopic indicators of raw
materials, are necessary for the introduction of this species into official use.

The aim of this study is to conduct an anatomical and morphological analysis of the above-ground and
underground organs of Ferula varia and to identify the diagnostic features of potential medicinal raw materials.
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Experimental

Samples of Ferula varia raw materials (Fig. 1) for research were collected on April 20-23, 2025, 8 km
from the village of Torangylyk (Northern Balkhash Region; coordinates of the collection points:
N 46.806017; E 74.794949). Raw materials in the budding phase—early flowering—were harvested in the
afternoon, in sunny, dry weather. Above-ground organs were cut at a height of 10 cm from the soil surface,
and underground organs were dug up at a depth of up to 50 cm. Species identification was carried out by
staff of the Botany Department at the Karaganda National Research University named after academician
E.A. Buketov. Plant samples are stored in the herbarium of the Faculty of Biology and Geography (acronym
QAR), herbarium sheet number QAR 04328. The air-dried raw materials were soaked in hot water and then
fixed in a Feling mixture (90 % ethyl alcohol: distilled water: 40 % glycerin in a 1:1:1 ratio) [16].

Figure 1. Flowering plants Ferula varia

When describing the morphological characteristics, attention was paid to the surface structure of indi-
vidual organs, the presence of pubescence, the color of the organs, the degree of dissection, and the structure
at the fracture. Plants parts were examined using a Levenghuk macroscope (China).

Surface preparations were made manually, and sections were made on a Delta Optical manual micro-
tome using Pellucid CW75 microtome blades (China). The resulting micro-preparations were viewed on an
EX30 microscope, OD400UHW-P camera (China) with a tablet. The photos with measurements of individu-
al tissues were processed using ImageV software. To obtain higher quality preparations, staining was per-
formed using iron chloride and methylene blue [17].

The micro-preparations were described taking into account the recommendations of R. Crang et al. [18]
and publications on the anatomy of plants of the genus Ferula L. [19-22].

Results and Discussion

Macroscopy. The stem of Ferula varia is rounded in cross section, with small ribs (Fig. 2). The surface
is smooth, the color of the upper part of the stem is light green, the lower part is light brown, and the fracture
is white or beige. The inflorescence is a complex umbel. The umbels are located at the ends of the fruiting
shoots. There are two types of umbels: the central umbels are almost sessile, with 10-15(25) rays. The lateral
umbels have 13-18 rays, usually on long pedicels. There may be 1-3 small and underdeveloped umbels.

The flowers are yellow, the calyx is without teeth; the petals are oblong-elliptical, slightly narrowed at
the top and curled inward, drooping after flowering. The underside of the leaf is rough, densely pubescent
with white, protruding simple trichomes. Longer trichomes are concentrated along the central vein. The vein
protrudes above the surface of the leaf blade. The color is green, light green. The upper side of the leaf is
rough, marked with rare simple white hairs. The main vein runs through the central part of the blade. The
color is green.
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The root is ovoid, with a solid neck covered with the remains of dead leaves. The raw material consists
of pieces of root of various sizes. The surface of the bark is coarsely wrinkled with remnants of lateral roots.
The color is brown, and the fracture is loose and white.

Figure 2. External characteristics of the above-ground and underground organs of Ferula varia:
A — stem fragment, B — stem at the break, C — inflorescence fragment,
D — upper side of the leaf, E — lower side of the leaf, F — root fragment

The following diagnostic features can be suggested: stem surface structure, presence of small ribs;
shape of second-order umbels; shape of leaf blade, presence of dense pubescence on the underside, color of
root and stem at the break.

Microscopy. The stem of Ferula varia is rounded in cross section, with small ribs protruding on the sur-
face (Fig. 3). The perimeter of the stem is occupied by a single-layer epidermis consisting of chelicerate
cells. Their outer side is thickened and covered with a noticeable layer of cuticle. Rare simple trichomes are
found. Under the epidermis lies 2-3 layers of chlorenchyma, which are interrupted under the ribs by small
strands of mechanical collenchyma tissue. The bundles are numerous, collateral, closed (phloem and xylem,
no cambium). The peripheral bundles are elliptical in shape, with larger and smaller bundles alternating. Me-
dullary bundles, usually round or ovoid in shape, lie in the central parenchyma. The peripheral bundles are
covered with small “caps” of sclerenchyma. Schizogenous cavities, oval or rounded in shape, are located
around the entire perimeter of the stem, above the bundles. The central part is filled with loose and thin-
walled cells of the heart parenchyma.

A similar structure is noted for the stems of Ferula foetida, with differences in the shape of the cavities.
In Ferula foetida [22], the cavities are oval in shape and almost identical in size, while in Ferula varia, they
are rounded and vary in diameter.
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Figure 3. Cross section of the stem of Ferula varia, fragment. Staining: methylene blue:
1 — trichome, 2 — epidermis, 3 — cork parenchyma, 4 — chlorenchyma, 5 — vessels,
6 — vascular bundles, 7 — pith parenchyma cells; dimensions in um

The epidermis of the upper and lower sides of the Ferula varia leaf is identical in structure, consisting
of elongated cells with straight or slanted walls. Trichomes are rare on the upper side and more abundant on
the lower side of the leaf. The stomata are small, few in number, diacytic, and located on both sides—
amphistomatic type.

In cross section, the leaf is flat, dorsal-ventral type, with undifferentiated mesophyll on columnar and
spongy tissue (Fig. 4). On both sides, the leaf is surrounded by a single-layer epidermis, its cells are oval,
covered with a layer of cuticle. Simple unicellular trichomes are clearly visible, especially in the area of the
conducting bundles. The inner part is filled with loose mesophyll cells. The central and lateral conducting
bundles are collateral, closed type, weakly sclerenchymatized. Around the bundles, there are rounded cavi-
ties of schizogenous origin; the shape is rounded.

Figure 4. Cross section of Ferula varia leaf, fragment in the area of the central vein. Staining iron chloride:
1 — upper epidermis, 2 — mesophyll, 3 — xylem, 4 — cavity, 5 — phloem,
6 — conducting bundle, 7 — lower epidermis, 8 — simple trichomes; dimensions in um

A poorly differentiated mesophyll is also characteristic of other Ferula species, as is a small number of
vessels.

The root in cross section is covered with a multilayered cork, its cells are dark brown, almost rectangu-
lar (Fig. 5). Under the bark lies a multilayered cortical parenchyma. The endoderm is single-layered and con-
sists of oval-shaped cells. The central cylinder of the root consists of a complex radial-type bundle in which
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xylem and phloem rays alternate. In some places, there are areas of pericycle. In the inner part of the root,
there are numerous cavities of schizogenous origin, usually round in shape.

Figure 5. Cross section of the root of Ferula varia, fragment

The structure of the root of Ferula varia differs significantly from that of Ferula foetida [22], as it
forms a denser structure that does not break down into separate fragments. The cavities in the underground
organs have a similar structure to other species of ferula [20-22].

Analysis of microscopic indicators has made it possible to identify diagnostic features that can help in
the identification of crushed raw materials:

-for the stem: the shape of the stem in cross section, the shape of the conducting bundles, areas of col-
lenchyma, the rounded shape and different diameters of the vessels;

-for the root: the presence of rounded cavities of schizogenous origin;

-for the leaf: undifferentiated mesophyll, the shape of the conducting bundles, the presence of rounded
vessels, dense pubescence on the underside of the leaf; the presence of simple trichomes.

Conclusion

Thus, based on the results of the studies, the morphological and anatomical features of the above-
ground and underground organs of Ferula varia were determined. Characteristic features of the structure at
the macroscopic level were noted for the shape of the leaves, the structure of the stem surface, and the shape
of the secondary umbels.

The above-ground organs are characterized by the primary anatomical structure of the stem with the
presence of peripheral collateral and medullary conducting bundles. The leaves are classified as dorsoventral
with undifferentiated mesophyll and denser pubescence on the underside of the leaf blade. The root is char-
acterized by a secondary structure, a thick layer of cork, and a radial arrangement of conducting elements.
The presence of round-shaped schizogenous cavities was determined for all organs studied.

The obtained results made it possible to identify diagnostic features at the macro- and microscopic lev-
els, which allows for species identification of both whole and crushed raw materials.
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Anatomical and morphological characteristics...

A. CabueBa, H.K. Cmarymnos, I'.A. Ataxanoa, XX.A. Typauesa

Kaparanabi ooabichinga (Opransik Kazakceran) ecerin Ferula varia
OCIMIrHIH AHATOMHUSAJIBIK KOHE MOP(OIOTHAJIBIK epeKIIeTiKTepi

OcCIMAIKTEpIIH KYPBUIBICHIH 3€pTTEY OJIapABIH TYPJIK THECUIriH aHBIKTay JKOHE OHOJIOTHSIIBIK
epEeKILIETIKTEPiH TYCiIHYy YIIIH Ka)keT OONaThIH ©3iHe TOH OenriepiH allKplHAayFa MyMKiHAIK Oepeni. [loTen-
OUaIbl  JOpUTIK  ©CIMAIK IIHUKIi3aThl YUIH MOPQOJIOTUSIBIK-aHATOMUSUIBIK ~ 3€PTTEYNIep  JKYPTi3y
(hapMaKOTHOCTHKANBIK TalAay/blH MIHISTTI KOMIIOHEHTI. 3epTTey[iH MaKCaThl XajblK MEIUIMHACBIHIA
KoJIaHblIaThiH  Ferula varia eciMairiHiH >KepycTi >KOHE JKepacThl MYIUEJEPiHiH — KYPBUIBIMIBIK
epeKIIETIKTepiH MaKpo- JKOHE MHKPOCKONMSUIBIK JEHTeine 3epTrey. 3epTreyiiep KeNTipiireH »KoHe
YHTaKTIFaH NIMKi3aTKa 00sly SIicTepiH KOJJaHy JKOHE YaKBITIIa MHKPOIIperaparTap JaiblHAAy apKbUIBI
Kyprizinni. HoTmxkemep cabak TeH >KambIpak TaKTachIHBIH IIIOIHI MeH O€TKi KYpbUIBIMBIH, TYI
IIOFBIPJIAPBIHBIH KYPBUIBIMIBIK €PEKIIeNIKTepiH, COHai-aK TaMbIp OOJIKTEepiHIH aHATOMUSUIBIK CHITaTTaMa-
JapbIH aHBIKTayFa MYMKiHZIK Oepai. CabakThIH CHpeK TYKTi eKEeHAIri, aj jKalbIpakK TaKTachIHBIH TOMEHTI
JKarblHIa TYKTCHY/AIH aHaryplibIM TBIFBI3 €KCHAIr aHbIKTalgbl. MHUKPOCKONMSUIBIK JACHIeiine skarbIpak
SMHUIEPMHUCI TIHIEPiHIH KYPBUIBICHI MEH OPHAJIACY ePEKILIEINTIKTePl, COHai-aK TAMBIPBIH, KAIbIPAKTHIH XKOHE
cabaKTBIH KeJJCHEH KeCIHAUICPiHIH aHaATOMUSUTBIK, CHIIaTTaMalapbl aHBIKTAIAbl. AJBIHFaH HOTHKEIEP Mak-
PO- ’K9HE MUKPOCKOTIHSJIBIK ACHIeiiie THarHOCTUKAIBIK Oenrinepai alKpIHAayFa MyMKIHIIK Oepai, 0y1 OyTiH
JKOHE YHTAKTaJIFaH IIUKI3aTThIH TYPIIK COHKEeCTeHIPLTYiH JKYpPri3yre skaFaaif skacaiasl. JKunanran gepexrep
Ferula varia ecimzik mmKi3aThlHa apHalfaH HOPMATHBTIK KYXaTTap »K00acChlH d3ipieyne MaillanaHbluIybl
MYMKIH.

Kinm ce30ep: Ferula varia, »xepycri »oHe epacTbl MyIIeNep, MOpUIiK oCIMIIK IIMKi3aThl, MaKpO- JKOHE
MHUKPOCKOIHS, THArHOCTHKAJIBIK Oenrinep

A. Cabuena, H.K. Cmarynos, I'.A. Ataxanosa, XX.A. Typauesa

AHaToMH4eckue u MopdoJioruueckune ocooennoctu Ferula varia,
npouspacrawieil B Kaparanaunckoii odsactu (Llentpanbubiii Kazaxcran)

V3ydeHne CTpOeHUs pacTeHHUH MO3BOJISIET BBLACIATD XapaKTepHbIe NPU3HAKH, YTO HEOOXOANMO ISl MICHTH-
($uUKaMy BUAOBOM NPHHAUISKHOCTH M TTOHUMAHUS OMOJIOTHYECKHX OcoOeHHOCTeH. [ moTeHIuansHOro
JIEKapCTBEHHOTO PACTUTENILHOTO CHIPBSI MPOBEAEHHE MOP(OIOT0-aHATOMHYECKUX HCCIIEIOBAHUI SIBIISETCS
00s13aTeTbHBIM KOMIIOHEHTOM (hapMaKOTHOCTHYECKOTO aHanm3a. L{emh HacTosIero McciieqoBaHusI — Ipo-
BECTH U3YYeHHE OCOOCHHOCTEH CTPOCHMS HAaJA3EMHBIX M TMOJ3eMHBIX opraHoB Ferula varia, npumensiemoii B
HapOAHON MeIWIUHE, HA MaKpO- U MHKPOCKOIINYECKOM ypoBHE. VcciemoBaHus MPOBOIMIIN JUISl BBICYIICH-
HOTO M3MENBUCHHOTO CBHIPBS C MPUMEHEHHEM OKPAIIMBAHUS M IPUTOTOBICHUS] BPEMEHHBIX MpenapaToB. Pe-
3yJIBTATHI TIO3BOJIMIIH OMHCAaTh (JOPMY M CTPYKTYPY HOBEPXHOCTH CTEONS M JHCTOBOH IIIACTHHBI, OCOOCHHO-
CTH CTPOEHHS COLIBETHH M (parMeHTOB KopHs. OnpeaeneHo Halmyhe peIkoro omnynieHus crebis, donee ryc-
TOr0 — Ha HIKHEW CTOPOHE JIMCTOBOM IIACTHHBL. Ha MHKPOCKONIMYECKOM YPOBHE YCTaHOBJIEHBI OCOOEHHO-
CTH CTPOEHHS M PACIOJIOKEHHs TKaHeH dMUIepMHICa JIMCTa, IONEPEYHBIX CPe30B KOpHs, ucTa U cTedus. [1o-
JIy4eHHBIE Pe3yJIbTaThl MO3BOJIMIIM BBIIEIUTh AUArHOCTHUECKUE TIPU3HAKK Ha MaKpO- U MUKPOCKOITHYECKOM
YPOBHE, 4TO ITO3BOJISIET IPOBOAUTH BUIOBYIO HACHTU(HKAINIO KAK IEJIBHOTO, TAK M U3MEIBUYEHHOTO CHIPHS.
Tony4eHHbIe JaHHBIE MOT'YT BOWTH B IPOCKT HOPMAaTHBHBIX JHOKYMEHTOB Ha pacTHUTENbHOE cbipbe Ferula
varia.

Kuroueswvie cnosa. Ferula Varia, HAA3€MHBIEC U TMOA3EMHBIE OPIaHbl, JICKAPCTBEHHOEC PACTUTCIBHOE CBIPHE,
MakKpO- U MUKPOCKOIIHSA, TUArHOCTUYECKUE NPHU3HAKU
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