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Mitochondrial dysfunction in cellular senescence

Cellular senescence is a complex biological process characterized by cell cycle arrest and the loss of a cell’s
ability to divide. Despite the involvement of numerous molecular mechanisms, mitochondria play a central
role in this process. Mitochondrial dysfunction, indicated by impaired respiratory capacity and a diminished
energy status of the cell, is frequently accompanied by an augmented production of free oxygen radicals, re-
sulting in oxidative stress. This condition not only accelerates cellular aging, but also its progression. A sub-
stantial body of research has substantiated the association between mitochondrial dysfunction and cellular se-
nescence, underscoring the significance of mitochondria as a target for anti-aging therapies and interventions.
The process of aging is associated with the onset of various age-related diseases, including cancer, cardiovas-
cular diseases, and neurodegenerative diseases. A comprehensive understanding of these mechanisms offers
novel opportunities to develop effective strategies that can mitigate the effects of senescence. This article
summarizes the mechanisms contributing to the development of mitochondrial dysfunction during aging and
discusses the main consequences of this impairment, particularly in the context of its impact on cellular se-
nescence.

Keywords: cellular senescence, mitochondria, oxidative stress, mitophagy, microRNAs, age-associated dis-
eases, cancer, Alzheimer’s disease, cardiovascular diseases.

Introduction

Cellular senescence is an inevitable state of cells caused by various stress effects and physiological pro-
cesses, which is characterized by irreversible cell cycle arrest. The process of senescence is influenced by
numerous factors, including the accumulation of DNA damage, the shortening of telomeres, and the deterio-
ration of mitochondria [1]. Senescence cells are known to accumulate in the body, which has been associated
with an increased risk of developing multiple chronic diseases, decreased physical stability, and
mortality [2]. The precise etiology of aging remains to be elucidated, rendering it a fundamental subject in
contemporary scientific inquiry.

Mitochondria are membrane-bound organelles that play a central role in the energy metabolism of cells.
They are responsible for a significant part of the production of adenosine triphosphate (ATP) molecules re-
quired for various cellular processes. In recent years, mounting evidence has indicated a causal relationship
between mitochondrial dysfunction and the major mechanisms of senescence. The process of senescence
itself has been demonstrated to be a significant factor in the development of various age-related diseases,
including cancer, neurodegenerative diseases, and cardiovascular disease [3]. The exploration of these mech-
anisms may vYield novel strategies for decelerating the aging process and addressing age-related diseases.
This review aims to explore the intricate relationship between mitochondria and the senescence process, em-
phasizing the pivotal role of mitochondria in the development of age-related diseases.

Mitochondria and their role in senescence processes

The efficient operation of mitochondria is vital for the normal functioning of the organism. Mitochon-
dria can be regarded as highly dynamic structures, capable of rapid and substantial adjustment to conditions
that reflect the needs of cells. However, it is important to note that various environmental factors, including
radiation exposure, as well as endogenous agents, have the capacity to exert influence on mitochondrial func-
tion [4, 5]. For example, the synthesis of antioxidants is augmented under conditions of elevated oxidative
stress, as well as during periods of enhanced physical exertion, resulting in an escalation of the main mito-
chondrial enzymes present within skeletal muscle tissues [6]. However, exposure to these factors can lead to
mutations in mitochondrial DNA, which in turn contributes to impaired mitochondrial function. Disruption
of mitochondrial integrity, both structurally and functionally, is a primary factor contributing to accelerated
cellular senescence [4, 7-9].
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A plethora of theories has been postulated regarding the etiology of aging. Presently, the free-radical
theory of aging, initially proposed by Denham Harman in the mid-1950s [10], occupies a central position
among these theories. This theory posits that the accumulation of mitochondrial damage leads to the for-
mation of free radicals, which, when present in excess, can damage cellular components such as proteins,
lipids, and nucleic acids.

Mitochondrial DNA (mtDNA) has been shown to be more prone to damage in comparison to nuclear
DNA. Its mutagenesis rate has been observed to be 10-20 times higher [11]. This heightened susceptibility
can be attributed to the absence of histones and introns within the mtDNA genome, the inefficacy of repair
mechanisms, and the proximity to sites of reactive oxygen species formation [12, 13]. It has been established
that the frequency of mitochondrial DNA mutations increases with age, and excessive amounts of these mu-
tations can disrupt the normal operation of mitochondria, leading to their dysfunction [14, 15].

Mitochondria are responsible for synthesizing approximately 90 % of the cell’s energy, thus acting as
the cell’s multifunctional energy source. They synthesize ATP in a process known as oxidative phosphoryla-
tion via five electron-transport chain complexes. Mutations in mtDNA, which affect genes involved in oxida-
tive phosphorylation, have been shown to have deleterious consequences for cellular energy metabolism,
including increased free radical production and decreased antioxidant defenses in the body [16, 17]. Oxida-
tive stress, characterized by an imbalance between the generation and elimination of free radicals, leading to
their excessive formation, is considered a contributing factor to cellular senescence. Indeed, research has
demonstrated that senescent cells exhibit reduced ATP production efficiency and a diminished energy
status [18-20].

Mitochondria, being semi-autonomous organelles, possess a variety of mechanisms that enable them to
maintain their integrity under stress. Mitophagy, a term derived from the Greek for “cell death”, is a critical
process involved in maintaining a healthy mitochondrial population through the constant destruction of dys-
functional mitochondria [21].

The degradation process is mediated by the autophagosome and was first demonstrated in mammalian
cells by electron microscopy [22]. The most studied mitophagy pathway is the Parkin/PINK1-mediated
pathway [23]. For example, overexpression of PTEN-induced kinase 1 (PINK-1) in dopaminergic neurons
extends lifespan in drosophilia, whereas loss of Parkin shortens lifespan [24]. By scavenging dysfunctional
mitochondria, mitophagy prevents excessive release of damage-associated molecular patterns (DAMPS),
which are based on free-circulating mtDNA [25]. If the damaged mitochondrion cannot be neutralized,
mitochondrial membrane rupture and cytosolic release of DAMPs occur, leading to strong inflammatory
responses.

Proper control of mitochondrial function can limit inflammation and preserve cell function during se-
nescence, which is supported by numerous experiments [26—28]. In one study, mitophagy also positively
affected skeletal muscle cells in mice and humans, preventing senescence [28]. In contrast, disruption of
mitophagy contributed to accelerated senescence and the development of several human diseases, including
age-related diseases such as Parkinson’s disease, Alzheimer’s disease [29], cardiovascular disease, and
cancer [30, 31].

Mitochondria were originally thought to be isolated organelles, but there is now increasing evidence
that they are constantly undergoing fusion and fission. Together, these processes form the basis of mitochon-
drial dynamics and may also be involved in the control and elimination of dysfunctional mitochondria [32].
The major proteins that enable these processes are mitofusin 1 and mitofusin 2 (Mfn1 and Mfn2) [33]. Mito-
chondrial fusion can facilitate the exchange of mitochondrial components, including the exchange of
mtDNA, which allows the replacement of missing or damaged components in the mitochondrial net-
work [34]. In another case, the mitochondrial proteins Mfnl and Mfn2 can be degraded, depending on the
Parkin-dependent mitophagy pathway, to prevent the fusion of damaged mitochondria with the healthy mito-
chondrial network [35].

Fission is also a key process in maintaining a healthy mitochondrial population, separating damaged mi-
tochondria from the overall network. Mitochondrial dysfunction disrupts these processes, which can result in
a fragmented network dominated by small round or elongated mitochondria [36]. In senescent cells, mito-
chondria tend to be in a hyper-split state, and deficits in their integrity may contribute to the initiation of var-
ious diseases [37, 38], as well as accelerated cellular senescence [39, 40].

In addition to reduced energy status, mitochondrial dysfunction is associated with the development of
chronic inflammation [41]. Inflammation is a hallmark of senescence and a risk factor for the development of
several diseases, negatively affects the immune system, and accelerates cellular senescence [42, 43]. DAMPs
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are the major triggers of inflammation. They are recognized by specialized receptors of the innate immune
system, such as toll-like receptors (TLRS) [44, 45]. Activation of this receptor initiates signal transduction
pathways that normally trigger inflammation, resulting in the production of pro-inflammatory cytokines, par-
ticularly tumor necrosis factor TNF-o, and interleukins (IL-6, 8, 12) [46].

Several studies have confirmed a correlation between levels of free circulating mtDNA in cells and
proinflammatory cytokines, suggesting a link between mitochondrial dysfunction and inflammatory status
[47, 48]. 1t is now well established that chronic inflammation underlies several age-related diseases such as
atherosclerosis, Alzheimer’s disease, Parkinson’s disease, and type 2 diabetes [49-51].

After reviewing the major functions of mitochondria, we can conclude that they are important regula-
tors of both energy and inflammatory processes, making them key players in the mechanisms of senescence
and the pathogenesis of various diseases. As we have seen, genetics plays an important role in controlling
and modulating mitochondrial functions. However, in addition to genetics, there is another important aspect
that deserves attention — mitochondrial microRNAs.

Mitochondrial microRNAs and their involvement in cellular senescence processes

MicroRNAs (miRNAS) are a group of small non-coding RNAs that play an important role in the regula-
tion of gene expression. The fact that microRNAs are located in mitochondria was discovered only recently,
with the first discovery made by Barray and colleagues in 2011 [52]. These molecules have been collectively
named “MitomiR”, and each mitochondrion has its own unique set of microRNAs specific to a particular cell
type [53]. The origin of these elements may be either the nuclear or mitochondrial genome, and their func-
tion is of paramount importance in ensuring proper mitochondrial functionality. They fulfill this role by
regulating mitochondrial genes themselves or by modulating the expression of nuclear genes that play a role
in mitochondrial processes [54, 55]. In addition, mitochondrial microRNAs can influence mitochondrial dys-
function, making them one of the major catalysts for accelerated cellular senescence [56-58].

Recent studies show that MitomiR serves as crucial sensors of cellular senescence, exerting control over
mitochondrial homeostasis and influencing metabolic state, redox balance, apoptosis, mitophagy, all pro-
cesses closely related to senescence. Some mitochondrial microRNAs, associated with cellular senescence
are summarized in the Table.

Table
The role of mitochondrial microRNAs in senescence
Name Level Role in senescence Reference
miR-15b: Promotes formation of mitochondrial ROS, decreases mitochondrial |[59]
! membrane potential. Causes ATP deficiency, impairing cellular
metabolism. Causes the development of a senescence-associated
secretory phenotype (SASP), accelerating cellular senescence.
miR-181c: Disrupts respiratory complex 1V, causing mitochondrial dysfunc-  |[60]
! tion. Enhances cellular damage through excessive production of
ROS.
miR-4485: Negatively modulates respiratory complex | activity, ATP produc- |[61]
1 tion, increases ROS levels. Inhibits caspase-3/7 activation and
apoptosis, slows down mitophagy.
miR-181a, Activate Bcl-2, affecting sensitivity to apoptosis, leading to im- [56]
miR- 34a: 1 paired mitophagy, accumulation of old cells. Contribute to
mitochondrial dysfunction.
miR-146a-5p: |1 Promotes activation of NF-xB pathway, initiates transcription of [62]
pro-inflammatory cytokines. Accelerates senescence through
SASPs.
miR-1, ! Negatively modulates the function of key proteins involved in oxi- |[62]
miR-133a, dative phosphorylation, reduce ETC functionality. Decrease the
let-7b: energy status of the cell.
miR-378-3p: 1 Decrease the functionality of ATP synthase. Decrease oxidative [62]
capacity.
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Continuation of Table

Name Level Role in senescence Reference
miR-20b, 1 Negatively affect the expression of MFN1 and MFN2 genes, [63-65]
miR-214, Disrupt the mitochondrial fusion-release balance, leading to im-
miR-200a-3p: paired fusion and increased fragmentation.
miR-17: ! Promotes ROS formation. [66]
miR-574-5p: 1 Regulates protein expression of mitochondrial electron transport [67]
chain (ETC) genes, supporting normal mitochondrial function.

miR-762: 1 May contribute to inhibition of ATP production and induction of  |[68]
ROS formation and apoptotic cell death.

miR-106a: 1 Negatively regulates the expression of some critical cell cycle and |[66, 69]
apoptosis factors. Inhibits mitophagy.

Thus, it is easy to speculate that miRNAs can regulate mitochondrial function, and this phenomenon has
important implications for the aging process, as mitochondrial dysfunction has devastating consequences for
cell fate.

Mitochondrial Dysfunction and Age-Related Diseases

Neurodegenerative diseases

To date, the pathogenesis of neurodegenerative diseases remains in the center of scientific attention as it
represents one of the most important problems facing modern society [70]. The factors underlying cognitive
impairment in both natural aging and neurodegenerative diseases are not fully understood. There is consider-
able evidence that mutations in mitochondrial DNA and oxidative stress contribute to accelerated cellular
senescence, which is a major risk factor for neurodegenerative diseases.

Alzheimer’s disease (AD) is the most common neurodegenerative disease characterized by impairment
of memory, language, and other thinking skills, with dementia at its core [70, 71]. A number of mitochondri-
al abnormalities have been identified in AD: changes in mitochondrial structure, mutations in mtDNA,
changes in mitochondrial membrane potential, formation of ROS, decreased ATP, and impaired mitochon-
drial fusion. There is a wealth of evidence linking mtDNA mutations to the pathogenesis of AD [72-78].

The brain is particularly susceptible to oxidative damage due to its high oxygen consumption. One of
the most common defects in the mitochondrial ETC in AD is cytochrome-c-oxidase deficiency, which leads
to increased production of ROS and impaired energy metabolism [79]. Several studies have shown impair-
ments of all five ETC complexes in different brain regions in AD [80]. Numerous studies have documented
that mitochondrial dysfunction due to abnormal ROS processing is an important factor in the pathogenesis of
Alzheimer’s disease [81]. It is known that brain cells must constantly produce ATP to maintain neuronal
function. For example, oxidative damage to the promoter of the gene encoding a subunit of mitochondrial
ATP synthase can lead to a decrease in its level, resulting in decreased ATP production, increased oxidative
stress, and cell death [82, 83]

Oxidative stress may also contribute to the pathogenesis of AD by disrupting calcium homeostasis
[84, 85]. Glutamate is a neurotransmitter in the mammalian central nervous system that often mediates the
synaptic transmission of nerve impulses. However, high levels of glutamate can be toxic, promoting neuronal
death [86], and dendritic degeneration [87, 88]. Increased extracellular glutamate leads to its binding to
NMDA calcium receptors. NMDA activation causes a massive influx of sodium and calcium into neurons
and an outflow of potassium. Elevated Ca2+ levels cause irreversible damage to neurons, which promotes
neuronal death [89].

Mitochondrial dysfunction and glutamate toxicity are linked. It has been shown that neurons have the
ability to “burn” glutamate in the mitochondria, thereby preventing its toxicity [90]. In one of the studies, it
was observed that when pyruvate is inhibited in neurons, glutamate consumption by the neurons increases,
which leads to a decrease in extracellular glutamate levels, resulting in a decrease in cell death [91]. It is log-
ical to assume that mitochondrial dysfunction will inhibit this process, resulting in an opposite increase in
extracellular glutamate levels. Thus, neuroinflammation caused by mitochondrial dysfunction leads to neu-
ronal loss and impaired neuronal plasticity, ultimately leading to Alzheimer’s disease Mitophagy is a critical
pathway for mitochondrial quality control. The accumulation of beta-amyloid (AB) and phosphorylated tau-
protein (pTau) in the brain is a pathological hallmark of Alzheimer’s disease. Ap and pTau impair mitochon-
drial integrity and exacerbate mitochondrial dysfunction. Oxidative damage caused by Ap and pTau leads to
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decreased levels of PINK1 and Parkin protein, which inhibits mitochondrial autophagy and thereby increases
AP and pTau [92]. Disruption of fission or fusion processes, namely mutations in the MFN1, MFN2, and
OPAL1 genes, are also found in several neurodegenerative diseases, including AD [93-96]. In addition, ab-
normal mitochondrial fission and decreased expression of proteins related to their biogenesis (PGC-1a,
TFAM, and NRF2) have been observed in AD patients, indicating impaired mitochondrial dynamics and bi-
ogenesis [97].

Parkinson’s disease (PD) is a common neurodegenerative disorder associated with motor dysfunction.
A loss-of-function mutation in PARK?2 is the most common cause of early-onset PD [98-100]. Loss of func-
tion of the PINK1 gene, which encodes a mitochondrial serine/threonine kinase, is the second most common
cause of PD [101,102].

Cancer

As early as 1924, Heinrich Warburg discovered that tumor cells are characterized by high glucose con-
sumption and use “aerobic glycolysis” to produce ATP even when oxygen is available. Based on these ob-
servations, it has been suggested that altered respiratory capacity caused by mitochondrial abnormalities may
be one of the causes of cancer development. Indeed, increased glucose uptake and decreased OXPHOS activ-
ity have been observed in many tumor types, and it is believed that high glycolytic capacity is an important
hallmark of cancer. For example, glycolysis is common in rapidly growing tumors and oxidative phosphory-
lation is slowed in these tumors [103].

Oxidative stress due to mitochondrial dysfunction, which is characterized by the production of reactive
oxygen species in cells, plays a critical role in cancer development by affecting genome stability and signal-
ing pathways in the cellular microenvironment. Large amounts of ROS, which are by-products of mitochon-
drial dysfunction, are known to irreversibly damage cellular components, including nucleic acids. Such dam-
age can cause genetic or epigenetic alterations by upregulating oncogenes and tumor suppressor genes. For
example, impaired expression of the gene encoding NADH dehydrogenase can stimulate aerobic glycolysis,
ROS production, and tumor growth [104].

In addition, ROS can activate various signaling pathways that may contribute to oncogenesis. Examples
include the epidermal growth factor receptor EGFR signaling pathway or the Akt/NF-kB-dependent signal-
ing pathway, which correlate with cancer development [105, 106].

IDH is a family of enzymes involved in oxidative phosphorylation. It includes three isoforms located in
the cytoplasm, peroxisomes (IDH1) and mitochondria (IDH2 and IDH3). Some studies show that many tu-
mors, including gliomas and leukemias, have mutations in the genes encoding IDH1 or IDH2 [107, 108].

Cardiovascular Diseases

One of the leading causes of death worldwide is cardiovascular disease (CVD). CVDs are a group of
multifactorial diseases that affect the heart or blood vessels. Heart cells have a high energy demand, requir-
ing a constant supply of ATP to maintain cardiac activity. In cardiomyocytes, mitochondria make up about
one-third of the cell volume. Not surprisingly, proper mitochondrial function and dynamics are critical for
these cells, and their dysfunction is a key factor in cardiovascular disease.

Oxidative stress is central to the development of CVD. Reduced mitochondrial function leads to the
production of reactive oxygen species, depletion of cellular ATP, cellular damage and cardiomyocyte apop-
tosis. Unregulated production of ROS is responsible for a variety of cardiovascular diseases, including cardi-
ac hypertrophy, heart failure, and cardiac ischemia-reperfusion injury [109].

Alterations in mtDNA genes, including NADH dehydrogenase, cytochrome b, and ATP synthase genes,
are observed in cardiomyopathies and heart failure [110]. In heart failure, mitochondria are damaged by
membrane rupture and depletion of their matrix, resulting in decreased ATP synthesis [111]. It has been
shown that patients with heart failure have decreased activity of respiratory complexes I and 1V [112]. A
study has also shown that the process of mtDNA replication is impaired in cardiomyocytes from people with
heart failure, resulting in depletion of mitochondrial DNA, reduction of mitochondrial proteins, and impaired
mitochondrial biogenesis [113].

A study has also shown that the process of mtDNA replication is impaired in cardiomyocytes from peo-
ple with heart failure, resulting in depletion of mitochondrial DNA, reduction of mitochondrial proteins, and
impaired mitochondrial biogenesis [114]. Cardiac ischemia due to oxygen deprivation leads to mitochondrial
fragmentation due to dysregulation of the Mfn2 protein [115]. The role of mitophagy in the development of
CVDs cannot be overlooked. Atherosclerosis is an inflammatory disease of the arteries associated with im-
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paired lipid metabolism. The pathogenesis of this disease is associated with the accumulation of macrophag-
es, lipids, cholesterol, migration and proliferation of vascular smooth muscle cells. Mitophagy plays a key
role in the removal of these accumulated substances, and disruption of this process will have devastating
consequences, increasing vascular plaque formation due to the increase in ROS from damaged
mitochondria [116].

Prospects for using mitochondria to fight senescence

Given the close association of mitochondria with senescence, several approaches have been developed
and used as strategies to treat mitochondrial dysfunction and age-related diseases. Mitochondrial transplanta-
tion is one of the new therapeutic methods used to treat age-related diseases, especially cardiovascular dis-
eases. The essence of the method is the transfer of “healthy” donor mitochondria into cells to replace dys-
functional or damaged mitochondria.

The concept of transferring mitochondria between cells is similar to installing new batteries in malfunc-
tioning devices. By providing healthy mitochondria to cells with impaired energy metabolism, their ability to
produce ATP and maintain cell survival can be restored.

One study showed that mesenchymal stem cells could gradually transfer their mitochondria to lung epi-
thelial cells through structures called tunneled nanotubes (TNTSs). This transfer helped reduce ATP loss in
BEAS-2B cells exposed to cigarette smoke [117]. In another study, umbilical cord mesenchymal stem cells
successfully transferred their mitochondria into mtDNA-deficient cells. This restored the expression of genes
encoding mitochondrial proteins and improved the function of the ETC [118].

The energy produced by transplanted mitochondria can improve the function of recipient cells. For ex-
ample, transplantation of isolated mitochondria into ischemic hearts helps to reduce infarct size and improve
senolytic function [119]. Mitochondrial transfer opens new doors by providing additional options for the
treatment of age-related diseases.

In recent years, hay therapy targeting mitochondria and antioxidants has gained particular popularity.
Senotherapy is divided into two groups: senolytics, which kill senescent cells, and senomorphics, which in-
hibit inflammation. Senolytics have been shown to be highly effective in treating a wide range of age-related
diseases, and clinical trials are currently underway for many of these modalities.

Examples of senolytic drugs include BH3 mimetics such as ABT-263 (navitoclax). These drugs are
used in certain types of senescent cells based on increased expression of anti-apoptotic proteins of the BCL-2
family [120]. By inhibiting anti-apoptotic proteins, these drugs stabilize mitophagy and thereby remove old
cells. In a study, procyanidin, a component of grape seed extract, was shown to have senotherapeutic activity
and to extend the lifespan of mice by inhibiting SASP expression [121].

Thus, the use of mitochondria in the fight against aging represents a promising direction that opens new
opportunities for improving health and quality of life. The development of various therapeutic approaches
aimed at restoring mitochondrial function and overcoming age-related changes may have a significant impact
on the treatment of age-related diseases. These strategies highlight the importance of mitochondria as key
players in the aging process and their potential role in the future medical approach to longevity.

Conclusion

This article has reviewed the multifunctional role of mitochondria in senescence processes and their
impact on cellular physiology. As the major source of cellular energy, mitochondria act as key regulators of
oxidative stress in cells. Various environmental factors affect mitochondrial function on a daily basis, lead-
ing to an increased frequency of mitochondrial DNA mutations. All of this leads to mitochondrial dysfunc-
tion, which in turn causes a decrease in ATP synthesis, production of reactive oxygen species, and promotes
chronic inflammation. The vicious cycle between oxidative stress and mitochondrial dysfunction leads to the
development of cellular senescence. Furthermore, microRNAs have been demonstrated to play a pivotal role
in the regulation of mitochondrial function, which is a critical aspect in comprehending the mechanisms of
cellular senescence. A variety of age-related pathologies are marked by distinct mitochondrial mutations,
which may contribute to the development and progression of these diseases. Consequently, mitochondria
emerge as pivotal subjects for research in the biology of aging and the development of novel therapeutic
strategies. A comprehensive understanding of these mechanisms could lead to the development of interven-
tions that enhance health in older individuals and decelerate the senescence process at the cellular level.
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JL.P. Conomko, A.A. Kycaunosa, O.B. bynrakosa

/KacymaHbIH KapTawbl Ke3iHaeri MUTOXOHAPHSIBIK TUCHYHKITUSA

JKacymmaHblH KapTarobl — JKaCyIIaNblK IMKIAIH TOKTAybIMEH >KOHE >KACYIIaHBbIH OeJiHy KaOileTiHiH
JKOFaJTybIMEH CHIaTTaNaThIH Kypaeli nporecc. KapTaio kenTereH MoJjeKyIajblK MeXaHU3M/IepAeH TybIHAaca
J1a, OHBIH JIaMybIHJa MUTOXOH/IPHSUIAp MAaHBI3IbI OPBIH anajbl. THIHBIC aly KaOijaeTiHiH OY3bLTyBIMEH XKoHE
JKaCyIIaHBIH YHEPreTHKAIBIK CTAaTYCHIHBIH TOMEH/EYIMEH KOpIHETIH MHUTOXOHAPHSUIBIK JUCHYHKIHS JKHi
TOTHIFYy CTpPECiHEe OKeJeTiH 0OC OTTeri paauKalIapbIHBIH >KOFapbhUIaybIMEH Oipre sxypenmi. bynm xarmait
JKaCyIIIaHbIH KapTaobIHA BIKITAJ €Till KaHa KOWMaiibl, COHBIMEH KaTap OHBIH JaMybIH Te31eTesi. Byrinri kyHi
MHTOXOHJPHSUIBIK IUCQYHKIUS MEH jKacyIIajblK KapTal apachlHIarbl OalaHBICTBI PACTAWTHIH KONTEreH
3eprreynep 6ap, OyJ MUTOXOHAPHUSIAPABIH KapTaloFa Kapchl TEpamus MEH apajacy[blH MakKcaThl PeTiHeri
MaHBI3/IbUIBIFBIH  KepceTeni. Kaprato opTypii »kacka OailaHbBICTBI aypyjap MEH jKarAaiaaplblH, COHBIH
imiHge Katepii icik, HeWpOJEereHepaTUBTI aypyJjap JKOHE JKYPEK-TaMbIp aypyJapblHbIH TMaiina OodybIMeH
GaitnaHbICTEL. Byn MexaHu3Mzaepi TYCiHy KapTaioibl OaceHaeTyre OarbITTalFaH CTpaTerdsuiapibl d3ipiey
YIIH JKaHA KOKXHMEKTepAi amiajgpl. Makajgaga KapTaio MpOLECiHIe MUTOXOHAPHSUIBIK THC(HYHKIMSHBIH
JaMyblHa BIKIAJl €TETiH MEXaHM3MJEp JKUHAKTaJFaH, COHbIMEH Karap Oy Oy3bUIBICTBIH HETi3ri caigapsl,
acipece KacylIanbIK KapTalFa dcep eTy KOHTeKCIH/Ie KapacThIPbUIFaH.

Kinm ce3dep: »acymaHBIH KapTaiObl, MHUTOXOHJApHWS, TOTBIFYy cTpeci, murodarus, muxpoPHK, sxacka
0alIaHBICTEI aypyJIap, KaTepi icik, AlbIredMep aypysl, )KYpeK-KaH TaMbIpJIapbl aypyJiapsl.
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MuToxoHapHanbHas TMCPYHKIHUS NPH KJIETOYHOM CTaApPeHUH

Knerounoe crapeHne — 3TO CIOXHBIH OHMOJOTHUECKHH IPOIECC, KOTOPHIH XapaKTepH3yeTCs OCTaHOBKON
KJIETOYHOTO IIMKJIa U yTPaTOi CIOCOOHOCTH KJIETOK K JielieHni0. HecMoTpst Ha ydacTie MHOXKECTBA MOJICKY-
JSIPHBIX MEXaHH3MOB, LICHTPAJIbHYIO POJb B 3TOM IPOLECCE MIPAlOT MUTOXOHAPHU. MUTOXOHIpHAanIbHAS
TUCOYHKINS, MPOSBILIOMAsCS HapyNIeHHEM JBIXaTelbHOH CIHOCOOHOCTH M CHI)KEHHEM HYHEPreTHYECKOTO
cTaTyca KJIETKH, 4acTO COIPOBOKAACTCS YBEIWUYEHUEM MPOIYKIHMU CBOOOAHBIX PaJUKalIOB KHUCIOPOAA, UTO
BeJIeT K OKUCIHUTENBHOMY CTpeccy. DTO COCTOSHHE HE TOJIBKO CIIOCOOCTBYET KIETOUHOMY CTapeHHIo, HO U
YCKOpSIET ero nporpeccupoBanue. Ha ceroqHAMHMIA JeHb CyLIECTBYET MHOKECTBO HCCIIEIOBAaHUH, TOATBEP-
JKIAIOLIMX CBA3b MEXAY MHTOXOHIPHANbHOH AMCQYHKIMEH M KIETOYHBIM CTApEeHHEM, UTO MOJYEPKUBACT
Ba)XKHOCTh MUTOXOHJAPHUN KaK MUIIECHU JJIs1 aHTUBO3PACTHBIX Tepaluil U BMelaTeabcTB. CTapeHue CBA3aHO C
BO3HMKHOBEHHEM Pa3JIMYHBIX BO3PACTHBIX 3a00JIEBaHUI M COCTOSHHUH, BKIIIOUas pak, HEHpoAereHepaTHBHEIE
U CepAeYHO-COCyIUCTEIe 3a0oieBaHus. [loHMMaHWe STHX MEXaHW3MOB OTKPHIBACT HOBBIE TOPH3OHTHI IS
pa3pabOTKH CcTpaTeruii, HalpaBJIeHHBIX HA 3aMeJJIeHHe cTapeHus. B naHHOI crathe 0000IEHbI MEXaHH3MEL,
CIOCOOCTBYIOIINE PA3BUTUIO MUTOXOHIPUATIBHON TUCHYHKINH B IIPOLECCE CTAPEHHS, a TAKXKE PACCMOTPEHBI
OCHOBHBIE ITOCIIEAICTBHS 3TOTO HAPYLICHHS, OCOOCHHO B KOHTEKCTE BIUSHUS Ha KICTOUYHOE CTapeHHUE.

Kniouesvie crosa: xiieTo4HOE CTapeHHE, MHUTOXOHJAPHHU, OKUCIUTEIBHBIH cTpecc, Mutodarus, MukpoPHK,
BO3pacT-aCCOLMUPOBAHHEIE 3a00/IeBaHusA, paK, bone3ns AmplreiiMepa, cepeIHO-COCYANUCTHIE 3a00ICBAHMSI.
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Species Composition of Blood-Sucking Mosquitoes
of the Genus Aedes (Diptera: Culicidae) in the Karaganda Region

This study examines the species composition of blood-sucking mosquitoes in the Karaganda Region of Cen-
tral Kazakhstan — a region where faunal and ecological data have been scarce. Through field surveys and
morphological identification, we documented at least ten species belonging to the genus Aedes Meigen, 1818.
Notably, several specimens exhibited atypical morphological traits, suggesting the presence of previously un-
recognized or cryptic forms within local populations. These findings underscore the importance of integrative
taxonomic approaches — particularly molecular methods — for clarifying the status of morphologically dis-
tinct variants and improving our understanding of their epidemiological relevance. Community-level analyses
of species diversity and evenness revealed pronounced spatial differences between localities: The species Ae.
(Och.) dorsalis Meigen, 1830 was dominant in and around Karaganda City, whereas Ae. (Rus.) subdiversus
Martini, 1926 was more prevalent in the Nura District. The detection of species not previously reported from
the region further suggests a potential range expansion of Aedes mosquitoes. Collectively, these results pro-
vide the first systematic baseline for Aedes biodiversity in Central Kazakhstan and underscore its importance
for vector ecology, arbovirus transmission risk, and public health surveillance in the region.

Keywords: Aedes, Culicidae, insecta, species, Shannon index, Pielou’s evenness index, Jaccard index, fauna.

Introduction

Aedes (Diptera: Culicidae) is a genus of mosquitoes that includes the largest number of species of sig-
nificant medical importance, as they serve as vectors for a variety of viral pathogens. Notably, they are
known to transmit the deadly viruses of Dengue, Zika, Chikungunya, and West Nile fever [1]. Mosquitoes of
the genus Aedes Meigen, 1818 are found in various regions of the Republic of Kazakhstan, with their abun-
dance and species composition varying significantly depending on the local climate and landscape. One of
the least studied regions of Kazakhstan in terms of the species diversity of blood-sucking mosquitoes of this
genus is the Karaganda Region, located in Central Kazakhstan.

In recent decades, certain mosquito species have expanded their range into parts of Europe, Russia, and
the North America due to climatic and environmental changes. These include Ae. (Stegomyia) albopictus
Skuse, 1894, Ae. koreicus Edwards, 1917, and Ae. japonicus Theobald, 1901. Intercontinental spread is pri-
marily the result of egg transportation attached to various plant products and tires shipped via cargo vessels,
which are of particular relevance [2]. Air travel also plays a significant role in their dispersal [3]. However,
on national and regional scales, ground transportation — particularly by cars and trains — is considered the
most important route of spread [4]. For instance, the invasive mosquito Ae. koreicus, a Far Eastern species,
has been detected within the territory of the Republic of Kazakhstan [5]. Reports of this species have become
increasingly common in Europe, Russia Far East, and the North Americas [6]. As the ranges of mosquito
vectors expand, so too do the distributions of the pathogens they transmit. While the potential for future
arbovirus transmission by invasive mosquito species in these regions is concerning, circulation of several
arboviruses has already been observed among native species. Notably, three such viruses include Sindbis
virus, Usutu virus (USUV), and West Nile virus (WNV) [7].

The aim of our study is to clarify the species composition of g. Aedes mosquitoes in the Karaganda Re-
gion of Kazakhstan.
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Experimental

To study the species composition of g. Aedes mosquitoes, larval samples of blood-sucking mosquitoes

were collected in the Karaganda Region (Fig. 1). Larvae were collected (Table 1) using the methods de-
scribed by Monchadskij (1952) [8], employing a specialized dipping tray and a pear-shaped pipette. The col-
lected larvae were preserved in 5 ml tubes containing 96 % ethanol or Carnoy’s solution for cytogenetic
analysis. Species identification was carried out using morphological methods based on the works of
Gucevich et al. (1970) [9], Dubitsky [10], and Becker (2010) [11].

Samples were divided according to geographic origin. The first zone included specimens collected in

Karaganda city and adjacent areas. The second zone comprised samples from the Nura District, located in
the southwest of the Karaganda Region, approximately 200 km from the regional center (Table 3). Larvae
were collected from water bodies formed by melting snow.

Table 1
Aedes Larvae Sampling Sites within the Karaganda Region
Location of Temporary and Sampling Number .
No. Permanent Water Bodies (Flood Areas) Date of Larvae Coordinates
Zone |
1 |Karaganda, Yugo-Vostok Microdistrict 24.04.24 65 49.77816 N, 73.1631 E
2 |Karaganda, Yugo-Vostok Microdistrict 24.04.24 50 49.7577 N, 73.15977 E
3 |Karaganda, Kungey Microdistrict 24.04.24 82 49.77806 N, 73.16301 E
4 |Karaganda, Kazbek Bi District 24.04.24 21 49.74874 N, 73.1669 E
5 |Karaganda, Kazbek Bi District 24.04.24 17 49.80769 N, 73.14454 E
6 |Karaganda, Karaganda—Almaty Highway | 24.04.24 15 49.74887 N, 73.167 E
7 |Karaganda, Maikuduk Microdistrict 24.04.24 30 49.83559 N, 73.17974 E
8 |Karaganda, Spassk Highway 24.04.24 5 49.75345 N, 73.16607 E
Karaganda Region, Prishakhtinsk
9 Residential Area 25.04.24 2 49.92204 N, 73.06991 E
10 |Karaganda, A. Bokeikhan District, EO18 | 24.04.24 50 49.82488 N, 73.13184 E
11 |Karaganda, A. Bokeikhan District, E018 | 24.04.24 35 49.83606 N, 73.11525 E
Zone 11
12 |Karaganda Region, Nura District, 22.04.24 20 50.66456 N, 71.46498 E
Karkaraly Highway
13 |Karaganda Region, Nura District, 22.04.24 14 50.61068 N, 71.46704 E
Karkaraly Highway
14 [Karaganda Region, Nura District, 22.04.24 36 50.3233 N, 71.52544 E
Karkaraly Highway
15 |Karaganda Region, Nura District 22.04.24 5 50.25673 N, 71.56424 E
16 Karaganda Rgglon, Nura District, Karatal 23.04.24 2 50.30295 N, 71.61795 E
Forest Plantation
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Figure 1. Geographic Distribution of Sampling Sites in the Karaganda Region

The initial mosquito generation develops in small water bodies formed by snowmelt. These shallow,
sun-warmed pools provide a warm and favorable environment for larval development.

In Zone |, the water bodies were predominantly shallow and small puddles. In contrast, Zone Il was
characterized by water bodies with abundant green vegetation (Fig. 2).

Figure 2. Water Bodies of the Karaganda Region a. In the vicinity of Karaganda city; b. Nura District

The division into zones was based on geographical, climatic, and precipitation factors to examine the
variation in mosquito species distribution across the studied region.

The climate is sharply continental and arid, characterized by significant temperature fluctuations
throughout the year and diurnally, as well as variability in weather conditions [12].

Maximum precipitation values (350-400 mm) were recorded in the Nura District, attributed to its loca-
tion on the western slope of the low mountain range. The central part of the region exhibits a more uniform
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distribution of precipitation, averaging around 300 mm. The spring period accounts for approximately 25 %
of the annual precipitation volume [13]. Several soil districts, zones, and subzones are distinguished within
the region. The areas adjacent to the city of Karaganda belong to the subzone of Humic Kastanozems, while
the Nura District is located within the kastanozems subzone.

Humic Kastanozems are characterized by a clayey, heavy and medium loamy granulometric composi-
tion, which slows down water infiltration into the ground and leads to water retention on the surface.

Kastanozems differ from Humic Kastanozems by having lower humus content, a tendency toward
compaction, and the presence of readily soluble salts. These soils are formed under non-leaching water
regimes typical of dry steppe and semi-desert environments, where surface water is rapidly absorbed into
the soil [14].

To analyze species diversity, the Shannon index was used. This index allows for the comparison of spe-
cies diversity across different communities. Pielou’s evenness index (E), which is calculated based on the
Shannon index, provides a measure of the uniformity of species distribution in terms of their abundance
within a community [15].

To assess the similarity between the two zones, the Jaccard index was used. In the context of ecology
and species diversity, this index allows for the evaluation of the degree of similarity in species composition
between two different habitats [16].

To assess the similarity in species composition and structure between the two geographic zones, hierar-
chical cluster analysis was performed. The analysis was based on the relative abundance of g. Aedes mosqui-
to larvae across all sampled habitats. We applied hierarchical agglomerative clustering using the complete-
linkage method, in which inter-cluster distance is calculated as the maximum pairwise distance between ob-
servations belonging to different clusters. The analysis was performed using the Euclidean distance metric.
The Bray-Curtis [17] dissimilarity index was used as the measure of distance, as it is appropriate for ecologi-
cal data and accounts for differences in species abundances. The resulting dendrograms visually represent the
degree of similarity between mosquito species in each zone, highlighting dominant species and indicating
patterns of co-occurrence and species clustering.

Results

The samples contained representatives of the genera Culex and Anopheles, with Aedes larvae being pre-
dominant. In total, ten mosquito species belonging to the genus Aedes were identified: Ae. (Ochlerotatus)
caspius Pallas, 1771; Ae. (Och.) dorsalis Meigen, 1830; Ae. (Och.) flavescens Miiller, 1764; Ae.
(Rusticoidus) subdiversus Martini, 1926; Ae. (Och.) euedes Howard, Dyar & Knab, 1913; Ae. (Och.)
cataphylla Dyar, 1916; Ae. (Och.) cyprius Ludlow, 1920; Ae. (Och.) annulipes Meigen; Ae. (Och.) cantans
Meigen, 1818; and Ae. (Och.) communis De Geer, 1776 (Table 2).

Table 2
Species Composition of Aedes Mosquitoes Collected in the Karaganda Region

Types/

Locations of samples
Ae. (Och.) caspius Pal-
las, 1771

Ae. (Och.) dorsalis
Meigen, 1830

Ae. (Och.) flavescens
Muller, 1764

Ae. (Rus.) subdiversus
Martini, 1926

Ae. (Och.) euedes
Howard, Dyar et Knab, + + + | +
1913

Ae. (Och.) cataphylla
Dyar, 1916

Ae. (Och.) cyprius
Ludlow, 1920

Ae. (Och.) annulipes
Meigen,

1 2 3 4 5 6 7 8 9 10 | 11 |12 |13 | 14 | 15| 16

++ |+ |+ |+ |+ |+ + |+ +

+
+
+
+ |+ | +
+
+
+
+
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Continuation of Table 2

Types/ 112|345 |6 |7 |8| 9|10 /|11|12]13|14]|15] 16
Locations of samples

Ae. (Och.) cantans
Meigen, 1818,

Ae. (Och.) communis

De Geer, 1776 ot *
Note. The column number corresponds to the sample number from Table 1. Samples 1-11 belong to Zone I, and samples 12-16
belong to Zone II.

+ + |+

The division into zones helped reveal differences in the distribution of mosquito species across the stud-
ied region.

It is worth noting that among the Ae. subdiversus specimens collected in the study area, individuals
were found with a branched siphonal tuft 1-S (Fig. 3), whereas the species is described as having single
siphonal tuft [9, 11]. In all other morphological characteristics, these individuals fully corresponded to the
typical description of the species, leaving no doubt regarding the accuracy of their identification.

Figure 3. Siphonal tuft 1-S with two setae in Ae. subdiversus

The Shannon index (H) in the first geographic zone was 1.23, indicating relatively low species diversity
within the mosquito community. Since the index value is below 1.5, this suggests that a few species are dom-
inant.

The evenness (E) value of 0.59 indicates an uneven distribution of species abundance among the sam-
ples from Zone | (Table 1). A value below 0.7 also points to the dominance of several species.

According to the study, eight Aedes species were identified in the territories classified as Zone I, with a
significant numerical dominance of Ae. caspius and Ae. dorsalis (Fig. 4).

The results for Zone 11 (Table 1) differ slightly. The Shannon index for this area was lower (H = 0.78)
than in Zone |, indicating a lower level of species diversity. Seven Aedes species were recorded in this zone.
The evenness value (E = 0.40) was also lower than in Zone 1, suggesting a less even distribution of species
abundance — i.e., a stronger dominance of a single species. In this region, Ae. subdiversus was the dominant
species (Fig. 4).
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Figure 4. Cluster dendrograms based on the relative abundance of mosquito larvae

In both zones, a nearly equal number of g. Aedes species was recorded — eight in Zone | and seven in
Zone Il — but the species composition differed (Table 2). For instance, larvae of Ae. cyprius, Ae. annulipes,
Ae. cantans, and Ae. subdiversus were not found in the water bodies of Zone I, whereas the latter species was
dominant in Zone II. Conversely, Ae. dorsalis larvae were not found in Zone I, and Ae. caspius larvae were
detected at very low abundance (3.9 %). In Zone I, however, these two species were predominant in terms of
abundance. To show the similarities in the species composition of Aedes mosquitoes across two geographic
zones, a cluster analysis was conducted based on the relative abundance of larvae. The dendrograms (Fig. 4)
present the results of hierarchical clustering using the complete linkage method, where the distance between
clusters is defined as the maximum distance between individual elements in each cluster. Euclidean distance
was applied as the dissimilarity measure. The resulting dendrograms allowed for visualization of species as-
sociations based on their dominance within each zone. In Zone I, the most similar species in terms of abun-
dance were Ae. dorsalis and Ae. caspius, forming a distinct cluster, which confirms their dominance in this
area. The remaining species, which were less numerous, grouped into separate branches, indicating greater
differences. In Zone 1l, Ae. subdiversus is clearly separated from the other species, reflecting its numerical
dominance. The rest of the species form a compact cluster with minor differences in abundance (Fig. 4).

The Jaccard index was approximately 0.545, indicating a moderate level of similarity in mosquito spe-
cies composition between Zone | and Zone Il. About 54.5 % of the species recorded across both zones were
found in both areas.

Discussion

We identified at least ten species of Aedes mosquitoes in the Karaganda Region, exhibiting heterogene-
ous patterns of distribution across the area. Notably, the presence of Ae. annulipes, Ae. cantans, Ae.
cataphylla, Ae. euedes, Ae. cyprius, Ae. dorsalis, and Ae. communis has not been previously recorded in the
studied territory.

Previously, the following Aedes species have been reported in the Karaganda Region: Ae. (Rusticoidus)
subdiversus Martini, 1926; Ae. (Ochlerotatus) rossicus Dolbeskin, Gorickaja & Mitrofanova, 1930; Ae.
(Ochlerotatus) caspius Pallas, 1771; Ae. (Ochlerotatus) flavescens Miiller, 1764; Ae. (Aedes) cinereus
Meigen, 1818; and Ae. (Aedimorphus) vexans Meigen, 1830 [10]. In our samples, larvae of Ae. rossicus, Ae.
cinereus, and Ae. vexans were not detected. The spring generation of the first two species typically develops
later than that of other g. Aedes species. Ae. vexans is also considered a thermophilic species [9, 10]. Since
our sampling was conducted at the end of April, it can be assumed that the larvae of these species may ap-
pear in water bodies at a later time.

The Jaccard index indicated considerable similarity in species composition (six shared species), alt-
hough each zone also supported distinct species not found elsewhere. In Zone I1, a smaller number of water
bodies was surveyed, which may lead to some adjustments in future studies. However, it is unlikely that the
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species ratio between the zones will change significantly, as the numerical dominance of certain species is
particularly pronounced. Zone | is characterized by moderate diversity, dominated by two species. A distinct
cluster emerges comprising Ae. dorsalis and Ae. caspius (53.2% and 28.9 %, respectively), the most
abundantly represented species in the study area. Other species, including Ae. communis, Ae. euedes, and Ae.
cantans, form separate clusters, indicating their low and similar encounter rates (Fig. 3).

Zone Il exhibits extremely low diversity, with the absolute dominance of a single species. Ae.
subdiversus stands out as a clear dominant with a substantial prevalence of 81.6 %, positioned distinctly
apart from other species on the dendrogram. The remaining species are more evenly distributed, though their
proportions are minimal (ranging from 1.3 % to 6.6 %) (Fig. 3).

The differences in species composition across the surveyed areas can primarily be attributed to ecologi-
cal factors, such as the predominant types of water bodies, aquatic vegetation (Fig. 2), and soil types. These
factors influence the mineral composition of the water and the persistence of temporary water bodies [16].

Conclusion

The species composition of blood-sucking mosquitoes of the genus Aedes was studied in the Nura Dis-
trict of the Karaganda Region, the city of Karaganda, and adjacent areas. The analysis revealed the presence
of 10 g. Aedes species in the surveyed areas, with an uneven distribution. Dominant species were identified:
in Zone 1, Ae. dorsalis and Ae. caspius (53.2 % and 28.9 %, respectively), and in Zone Il, Ae. subdiversus
(81.6 %).

The identification of seven species (Ae. annulipes, Ae. cantans, Ae. cataphylla, Ae. euedes, Ae. cyprius,
Ae. dorsalis, Ae. communis) not previously recorded in the Karaganda Region suggests a range expansion of
Aedes mosquitoes, with important epidemiological implications for arbovirus transmission.

Additionally, the study identified a previously undescribed morphological variation in Ae. subdiversus,
not reflected in existing identification keys.

The findings underscore the species diversity and the necessity for further studies on the fauna of
bloodsucking mosquitoes, utilizing molecular methods, monitoring their abundance, and mapping their dis-
tribution in central Kazakhstan.
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E.A. lllepyosa, }F0.B. Anapeena, V./I. Aunpeena, A.K. Cubartaen

Kaparananb! 00JbicbIHBIH KaHcoprbIm Aedes (Diptera: Culicidae) TyKbIMaachbIHbIH
MacaJapbIHbIH TYPJiK KypaMbl

XKymoicra Kaparanaer oOunbicbiHarsl (Kazakcran) macamapiplH TYpiiK KypaMbIH 3epTTey HOTHKelNepi
Heri3iHe jkacanraH TypJiepIiH Tizbeci yceiHbuFaH. Bi3aiH HoTmkenepiMiz AedeS TYKbIMIAChIHA KATATBIH
KaHCOPFBIII MacanapiblH keM jaerenae 10 TypiHin O0ap ekeHmairiH kepcerTi. COHBIMEH Katap, 3epTTey aTHUITI
MOP(OJIOTHSUIBIK, CHITATTaMaJlapAbl KOPCETETIH YITUIepAl aHBIKTaIbl, OYJI jKaHa BapHAlMs MYMKIHIITiH
kepceteni. byn HoTm)enep ockl MOPGOJIOTUSIIBIK TYPFBIAAH €PEKIICNCHETIH YITUIepAiH TaKCOHOMMSIIBIK
MOpTeOeCiH HaKThUIAy YIIiH, dcipece MOJEKYNANbIK OHiCTepli KOJAaHa OTHIPHIN, KOCHIMIIA 3epTTEyiep
JKYPTi3y KaKETTUNNiH aHbikTaiinel. CoHmaif-ak, >KYMBICTa TYPJCPAIH OPTYPJITiH JKOHE TYpJepaiH
MOMYJISIIMSAAAFE KONTIri OOWBIHIIA OipKeNKi TapallyblHBIH Taifay HOTIDKeNepi KenripinreH. Kaparaumsr
KaJlachl MEH OHBIH MaHaiiblHaarsl AedeS TYBICBIHBIH MacalapblHbIH TYPJiK Kypambl Kaparasiapl oGIIBICHI
Hypa aynanbsiHbIH Macanap QayHachlHaH epeKiieNeHeTiHi kopceTireH. OONbIC OpTaNbIFBIHBIH MaHBIHIAFbI
e kem keszxecerin Typi Ae. (Och.) dorsalis, an Hypa aynausinma Ae. (Rus.) subdiversus typi Gaceim. By
3eprrey Aedes TYKbIMIAChl MacaaapbIHBIH OHOOPTYPIILTIriH xoHe oHbIH OpTansik Kazakctanmaarsl KOFaMIbIK
JICHCAyJIBIK CaKTay YIIiH MaHBI3ABUIBIFBIH TYCIHYT'€ OaFbITTaNFaH OONaIaK )KyMBICTapFa Heri3 KaJlapl.

Kinm cozoep: Aedes, Culicidae, sxonmikrep, Typ, lllennon nunekci, [Tueny unnekci, Kakkap unzmeci, payHna.

E.A. lllepyoga, }0.B. Anapeesa, V./l. AuapeeBa, A.K. Cubaraes

BuoBoii cocrtaB kpoBococymux komapos poaa Aedes (Diptera: Culicidae)
Kaparanauuckoii o6s1actu

B Hacrosieit paboTe npeacTaBieH nepeueHb BHI0B, COCTABICHHBIN Ha OCHOBE Pe3yJIbTaTOB U3Y4YeHHs BUO-
BOro cocraBa komapoB B KaparannuHckoit oonactu (Kasaxcran). Haim pe3ysbTaTbl CBHACTENBCTBYIOT O Ha-
nnaun He MeHee 10 BUIOB KpoBococymmx komapoB poaa Aedes. Kpome Toro, B Xo/ie HCCIIEI0BaHHUS OBLTH
BBISIBJICHBI 9K3EMILISAPHI, AEMOHCTPHPYIOIINE aTUHITHYHBIE MOP(OTIOrHIeCKHe XapaKTepHCTUKH, YTO yKa3blBa-
€T Ha BO3MOKXHOCTh HOBBIX BapHaLIHﬁ. Civ'i PE3YIbTATHI NOAYECPKUBAIOT HeOGXOJlI/IMOCTb llaJ'[bHeﬁ].UPlX HcCclIe-
JIOBaHHMil, 0COOCHHO C UCIOJIb30BAHHEM MOJICKYJISIPHBIX METOJIOB, [UIsl YTOYHEHHSI TAKCOHOMHUYECKOTO CTaTy-
ca 3THX MOP(OIOrHIECKH OTIMYHBIX IK3eMIUIIPOB. B paboTe Takke MpUBEICHBI Pe3ybTaThl aHAIHM3a BUIO-
BOTO Pa3HOO0pa3us M PaBHOMEPHOCTH pacIpeiesieH s BUIOB MO UX 00miHio B coobuiectse. [TokazaHo, 4TO
BHJIOBOI coctaB KomapoB p. Aedes r. Kaparaujpbl u ero okpectHocTell orinuaercs ot (ayHsl komapos Hy-
puHCKOTO paiiona Kaparannuackoit o61actu. JJOMHHUPYIONIMM IO YHCICHHOCTH BHIOM B OKPECTHOCTSIX 00-
nactHoro uentpa ssisiercst Ae. (Och.) dorsalis, Torma kak B HypuHCKOM paiioHe YHCICHHO mpeobnagaer
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Ae. (Rus.) subdiversus. lanHOe HcClieIOBaHNE 3aKIIaIbIBACT OCHOBY UIs OYAyIIUX paboT, HAIPaBICHHBIX Ha
MOHUMaHHe GHOPa3HOOOpasust KOMApOB poja Aedes U ero 3HauCHHs JUTs OOIIECTBEHHOTO 3[PaBOOXPAHEHHUS B
neHrpanbHoM Kaszaxcrane.

Knroueswie cnosa: Aedes, Culicidae, nacekombie, Buabl, nuaekc lllennona, unaekce [ueny, unaexc XKakkapa,
(dayHa.
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To the question of current species composition
of blackflies (Diptera, Simuliidae) of the Irtysh river in Pavlodar region

The article presents a list of species diversity of the family Simuliidae identified in the Pavlodar Priirtyshye
during the period from 2022 to 2024. In the basin of the middle reaches of the Irtysh River (from the border
of the Maysky district to the Zhelezinsky district, and the border with Russia), the presence of 5 species of
blackflies was noted. The identified blackflies belong to the Palaearctic and Holarctic species of plastic black-
flies capable of living in polluted water bodies: Wilhelmia equine (Linnaeus, 1758), Boophthora
erythrocephala (De Geer, 1776), Odagmia ornata (Meigen, 1818), Argentisimulium noelleri (Friederichs,
1920), Simulium reptans (Linnaaeus, 1758). The history of the study of blackflies in Kazakhstan and the stud-
ied area is presented. The frequency of occurrence and the biology of the species in the Pavlodar region are
described. Dominant species are identified.

Keywords: blackflies, Simuliidae, species composition, habitat area, Irtysh.

Introduction

Over the past 10 years, active work has been carried out to reduce the participation of blood-sucking
blackflies not only in the North-Eastern part of Kazakhstan, but also in many southern regions (Syrdariya
River). The establishment and current species structure allow us to develop more effective methods of com-
bating blackflies. In addition, knowledge of international species and changes in their dynamics allows us to
control the level of pollution of water bodies.

The last inventory of species composition in the North-Eastern part of Kazakhstan took place about
20 years ago. During this period, it is customary to consider individual species in the relationship, as well as
the emergence of new, more plastic to pollution species of blackflies.

The global blackfly fauna (family Simuliidae) currently includes 2,424 recognized species [1].

Members of this family are distributed across all continents, except the Arctic and Antarctic regions [2].
Many blackfly species are considered important bioindicators of freshwater quality and can be effectively
used to monitor the ecological status of aquatic ecosystems. Beyond their ecological relevance, blackflies are
of considerable interest due to their significant veterinary and public health importance. Certain species act
as vectors of serious invasive and infectious diseases affecting both humans and domestic animals, including
onchocerciasis, anaplasmaosis, and tularemia [3].

In this context, comprehensive studies of the faunistic diversity and species composition of blackflies
are essential across all regions of Kazakhstan. Accurate information on species distribution is a prerequisite
for the implementation of effective vector control, preventive, and public health strategies. The present study
aims to identify the species composition of blackflies inhabiting the Pavlodar Region along the Irtysh River
and to provide a concise overview of the biometric characteristics of the species recorded.

Studies of blackflies in Kazakhstan have been carried out by Russian and Kazakh scientists in different
years. The southern and eastern regions of Kazakhstan are considered the most researched [4]. In the
50s-80s, the researches are reflected in the works of Shakirzyanova M.S. [5], Rubtsov L.A. [6]. Zo-
ogeographic species composition of midges of Kazakhstan was summarized in the work of Kenzhe-
baev Zh.K. [7], of Konurbayev E.O [8].

The Pavlodar region, through which the blackfly course of the Irtysh River flows, is not fully stud-
ied [9]. The first records on the species composition and population of blackflies in this area were made by
Sinelshchikov V.A. [10]. Further study of blackflies was carried out in the context of finding measures to
control nuisance gnats. The mass extirpation of gnats harmed the agricultural and economic activity of the
region. In subsequent years, data on the study of the faunistic composition of the region were conducted by
Gabdulin E.S. [11], Alshin A.R. [12]. On the territory of the Bayanaulsky mountain-forest range, the study of
blackflies was also conducted by Alikhanov Sh.A. [13].
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It is worth noting that the study of blackflies in the Pavlodar region has been conducted for many years
as part of the annual fight against blood-sucking insects. The study includes studies of the fauna, distribution,
dynamics, and density of blackflies, as well as their impact on the economic part of our region.

This article presents data on the study of the species composition of blackflies in the Pavlodar Irtysh re-
gion from May 2023 to September 2024.

Materials and methods

The studied material was collected during field research on the Irtysh River, from early May 2023 to
September 2024 in the Pavlodar region using standard methods described by Rubtsov I.A. [14; 56]. 413
blackfly imagoes were studied and identified, including 91 males and 322 females. 82 larvae and more than
110 pupae were collected.

The larvae and pupae were collected from a substrate immersed in water: fallen tree branches, plastic
debris floating in the water. After collection, the research material was placed in test tubes with 90 % ethanol
at a temperature of £20°C. Total preparations were made using a binocular magnifying glass MBS-10 and a
biological light microscope with a UCMOS03100KPA Altami camera, type BIO-1. Pictures of blackflies’
habitat landscapes were taken with a Samsung Galaxy S23Ultra camera. Permanent preparations of the head,
limbs, and genitals were made using the method of Rubtsov I.A. [14] and fixed in Euparal. Pictures were
taken from temporary preparations, and then the preparations were disposed of.

The method of hatching imagoes from pupae was also used. Collection and hatching of imagoes were
carried out according to the methods of Khalin A.V. [15]. For these purposes, the pupa was placed in a clean
test tube with a moistened wet swab and sealed. Then, a few hours after hatching, the empty pupa (exuvium)
and the midge imago were fixed with 90 % ethanol in the same test tube for further identification.

The studied material was identified to the species level by the modern system of the Simuliidae fami-
ly [1]. Morphological diagnostics to the species level was carried out using the identifiers of
Rubtsov A.l. [14], Yankovsky A.V. [18]. The main features in the diagnosis of imago forms were: the color
of the legs, mouth apparatus, and genitals; in larvae, the color of the head capsule, the respiratory threads of
the larvae, and the posterior attachment organ. Pupae were diagnosed by the following main features: the
shape of the cocoon, the nature of the branching (weaving) of the cocoon.

The assessment of blackfly species biodiversity was carried out based on the Shannon index (H'), calcu-
lated using the formula:

H' = -Y(p: x loga(pj)) ,

where pi is the proportion of individuals of species i relative to the total number of individuals in the district.
The evenness index (E) was calculated as:

E=H j H’max: rae Hrmax = 1052[5] 7
where S is the number of distinct species in the districts (with non-zero abundance). The calculation results
and their interpretation are presented in the “Results and Discussion” section.

To ensure comprehensive coverage of the potential habitats of blackflies (Simuliidae), sampling sites
were selected along the entire course of the Irtysh River within the Pavlodar region.

In each administrative district (Table), at least four sampling points were established, representing vari-
ous types of watercourses (main river channel, floodplain areas, and river branches), flow velocities, and ri-
parian biotopes characteristic of the region. The sampling points within each district were placed at approxi-
mately equal distances, with an average distance of about 100 km between districts.

Blackfly collection was carried out during peak periods of daily activity before noon and in the evening
from 4:00 PM to 9:00 PM. Standardized methods were employed, including sweep netting, host-baited col-
lection, and sampling of larvae and pupae from submerged substrates.

Species identification was based on the analysis of a combination of diagnostic morphological features.
For accurate identification, larvae were collected, and adult flies (imago) were reared from mature pupae to
enable species-level determination not only from the adult specimens but also based on the structure and
branching pattern of the pupal cocoon filaments.

The number of samples and their spatial distribution adhered to established zoological standards for
faunal surveys of the family Simuliidae [6, 14, 15, 16].

Fundamental And Experimental Biology. 2025, 30, 3(119) 29



A.A. Orazbekova, K.K. Akhmetov et al.

Potential biases are associated with the limited seasonal coverage of the sampling period. For example,
non-bloodsucking species of blackflies may not have been captured using host-baited collection methods.
For this reason, material was also collected directly from aquatic substrates. However, several authors have
noted [6, 8] that in large and medium-sized rivers, predominantly bloodsucking blackfly species emerge. To
increase sampling diversity, sweep-netting of riparian vegetation was also conducted.

The species Argentisimulium noelleri was represented in the collection by two female specimens. It was
not detected in aquatic substrates; the two individuals were collected from vegetation. This may be because
the emergence period for this species had already passed by the time of sampling, and the species is general-
ly rare in the Pavlodar region. It is also noteworthy that no male specimens of this species were found. Males
typically emerge 5-7 days earlier than females, which may explain their absence. Therefore, in the following
season, we plan to begin sampling for this species 10-14 days earlier.

Sampling was not conducted during windy or rainy weather. The primary focus was on collecting from
aquatic vegetation, which allowed for the identification of multiple developmental stages (larva, pupa, ima-
go). This approach also enabled us to estimate the timing of emergence and assess the seasonal activity of
blackfly species based on the developmental stage and maturity of larvae and pupae.

The permanent preparations made are stored in the collection of Orazbekova A.

Results and Discussion

As a result of the conducted study of the species composition of blackflies in the Pavlodar Irtysh region,
the species composition of blackflies was clarified and supplemented, including 5 genera and 5 species of
blackflies. The collection was carried out from the main channel of the Irtysh River.

Subfamily SIMULIINAE Newman, 1834
Tribe WILHELMIINI Baranov, 1926
Genus Wilhelmia Enderlein, 1921
Wilhelmia equine (Linnaeus, 1758)

The studied material. Imago: 162 females, 32 males collected. Date of collection: May, July 2023,
June 2024.

Palearctic, European-Asian species.

A plastic, widespread European species, including in the European part of Russia.

In the Pavlodar region, during the period of mass flight, it was noted in the coastal river zone in various
biotopes: forest-steppe, forest zones, and coastal shrub thickets. The larvae of this species actively populate
coastal vegetation. An active bloodsucker, attacks humans and animals, the dominance index is 47 %.

Morphological identification was carried out based on the genitalia of both the female and male, as well
as the respiratory filaments of the pupa. A distinctive feature of the female genital structure is the presence of
spines: the bases of the genital plates are curved inward and bear spines. The anterolateral sclerotized areas
of the genital fork are weakly developed (Fig. 1a). The pupa possesses eight respiratory filaments, two of
which are adjacent to the pupal collar, forming a semicircle. In the central region, six smaller filaments are
arranged laterally to the main filaments and directed anteriorly (Fig. 1b). In the male, a small apical spine is
present at the base of the gonostylus. The gonostylus is approximately 4.5 times narrower than the
gonocoxite and is slender. The base of the gonosternum is triangular and curved inward (Fig. 1c).

Subfamily SIMULIINAE Newman, 1834
Tribe NEVERMANNIINI Enderlein, 1921
Genus Boophthora Enderlein, 1921
Boophthora erythrocephala (De Geer, 1776)

The studied material. Imago: 28 females, 3 males collected. Date of collection: June 2023.

Palaearctic, European-Asian-North American species.

Widespread throughout most of Europe and Russia. It is also found in North Africa and the East Asian
region. In the territory of the Pavlodar region in 2016, it was one of the dominant species according to
collections [17]. In the 2023 collections, the species was not abundant, with a dominance index of 8 %; in
2024, it was not recorded in the collections.

Species identification was based on the morphology of the male and female genitalia, as well as the
pupae. The pupa possesses six respiratory filaments. All filaments are nearly identical in diameter and size.
Each group originates from a common base, splitting into three branches, with two filaments arranged
dichotomously on each branch (Fig. 1d). The male genitalia exhibit distinctive characteristics — the
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gonostyles are short with a square-shaped base. On the inner surface of the gonostyle base, there are five
small spines (Fig. 1e).
Subfamily SIMULIINAE Newman, 1834
Tribe SIMULIINI Newman, 1834
Genus Odagmia Enderlein, 1921
Odagmia ornata (Meigen, 1818)

The studied material. Imago: 12 females collected. Date of collection: June 2023.

Palaearctic, European-Asian-North American species.

This species of blackflies is a polyzonal and widespread European species. It also robs in the European
part of Russia. According to scientists [18], it is distributed from the countries of northwestern Africa and
Western Europe to Eastern Siberia and the Far East. The species is characteristic of forest-steppe landscapes.
In the Pavlodar region, it is found in the coastal part of the Irtysh River and the adjoining forest-steppe zone.
It attacked the feeder mainly in open biotopes. The species is not numerous in terms of dominance, 3 %.

Species identification was conducted based on the genitalia of females reared from pupae. The cocoon
is simple, with an indistinct or absent pupal collar. The anterolateral angles are widely spaced, projecting
laterally and dorsally. There are six respiratory filaments, originating as three main filaments, each of which
branches dichotomously into two filaments (Fig. 1f).

Genus Argentisimulium Rubzov et Yankovsky, 1982
Argentisimulium noelleri (Friederichs, 1920)

The studied material. Imago: 2 females collected. Date of collection: May 2023.

Holarctic, European-Asian-North American species.

The habitat is mainly in most of the countries of foreign Europe and Russia. On the territory of the Pav-
lodar region, the species is very scarce. The presence of this species was not noted in the 2024 collections.

Species identification was based on the morphology of the female genitalia and legs. The stem of the
furcal stalk is slender and approximately 1.5 times longer than the fork itself. The gonapophyses exhibit a
deep, straight median incision. On the branches of the fork, the anterolateral projections are prominently de-
veloped and directed upward. The anal plates are rounded, and the cerci are also rounded and relatively
small (Fig. 1g).

Genus Simulium Latreille, 1802
Simulium reptans (Linnaaeus, 1758)

The studied material. Imago: 118 females, 56 males collected. Date of collection: May 2023,
August 2024.

Palearctic, European-Asian species.

On the territory of Kazakhstan, the presence of this species is noted for the first time. The species is
widely distributed in most of Europe, including the European part of Russia. On the territory of Pavlodar re-
gion, it is an active bloodsucker with a high dominance index in the spring period — 42 %. It is found in the
coastal part, it is mainly observed in open biotopes: under growths, tree and shrub thickets.

Morphological identification was carried out based on the genitalia of males (Fig. 1i) and females.
A distinctive feature of the species is the structure of the pupal cocoon. Along the edge of the cocoon collar,
there are large square fenestrae (windows) (Fig. 1h). Imago specimens were reared from mature pupae for
morphological examination. In addition, molecular genetic analyses were conducted to confirm the species
identification. The corresponding sequence data have been deposited in GenBank under accession numbers

PP396815 — https://www.ncbi.nlm.nih.gov/nuccore/PP396815.1,

PP396749 — https://www.ncbi.nlm.nih.gov/nuccore/PP396749.1,

PP400833 — https://www.ncbi.nlm.nih.gov/nuccore/PP400833.1,

PP400933 — https://www.ncbi.nlm.nih.gov/nuccore/PP400933.1,

PP400977 — https://www.ncbi.nlm.nih.gov/nuccore/PP400977.1.
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Figure 1. Morphological features of black flies: (2) Female genitalia of Wilhelmia equine;

(b) Pupal respiratory filaments of W. equine; (c) Male genitalia of W. equine;

(d) Pupal respiratory filaments of Boophthora erythrocephala; (e) Male genitalia of B. erythrocephala;
(f) Pupa of Odagmia ornate on substrate (plastic bag); (g) Female genitalia of Argentisimulium noelleri;

(h) Cocoon collar of Simulium reptans; (i) Male genitalia of S. reptans

Based on the results of the conducted research, it can be concluded that the species diversity of gnats in
the Pavlodar Irtysh region is quite poor. The Shannon diversity index in the Pavlodar Irtysh region was
1.042, with an evenness of 0.647. The total number of blackfly species was 5, and the average number of

individuals was 82. Based on the species composition data for each district (Table), the index was calculated
separately for each district (Fig. 2).

Table
Species composition of blackflies in the Pavlodar Irtysh region by districts (2023-2024)

Species hame Total imagos Maysky District Pavlodar City Zhelezinsky District
Wilhelmia equine 194 101 19 74
Boophthora 31 18 0 13
erythrocephala
Odagmia ornate 12 9 1 2
Argent|_5|mullum 2 0 0 2
noelleri
Simulium reptans 174 63 29 82
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Shanneon Index and Evenness by District
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Figure 2. Shannon index and evenness values by district in the Pavlodar Irtysh region — from the border of Maysky
District downstream to Zhelezinsky District (border with Russia) during the period from May 2023 to September 2024

As we can see from Table, among the five recorded species, the main dominant ones are W. equine and
S. reptans. Figure 2 demonstrates that the blackfly community is generally balanced; however, despite this,
the level of evenness remains approximately the same within each community (ranging from 0.6 to 0.7). The
Shannon index increases both with the number of species and with greater evenness. However, the level of
dominance (evenness) is not consistent. This indicates that in all three regions, one or more species (W.
equine and S. reptans) dominate. In the Maysky District, species are distributed almost evenly (0.77); in the
area near Pavlodar, there are dominant species, but not a complete skew (0.69); and in the Zhelezinsky Dis-
trict, clear dominance is observed along with a lower evenness value (0.63).

Such an uneven distribution indicates the dominance of certain taxa, which may suggest an ecological
imbalance in the studied environment. However, many authors have noted that the low species diversity of
blackflies is characteristic of lowland rivers [8], [6].

Active bloodsuckers attacking humans and animals in mid-May are midges — W. equinum and S. rep-
tans. They are also absolute dominants. In the 2023 collections, blackflies of the species Arg. noelleri and
B. erythrocephala were present in small quantities, but these species were not found in the 2024 collections.
Although B. erythrocephala is a widespread eurybiont and synanthropic species that also develops in large
rivers, withstanding significant temperature fluctuations, it is noticeable that its numbers in the Pavlodar re-
gion are declining.

In the Pavlodar Irtysh region, the widespread European species of blackflies, S. reptans, was identified
for the first time. The presence of this species in Kazakhstan was noted for the first time. The data are con-
firmed by molecular genetic studies [19].

In the studies of Makatov T.K. [20], the fauna of the Pavlodar Irtysh region consisted of 6 genera and
9 species of midges. According to the data of 2016 [17], based on the results of our collections in 2023-2024,
there are 5 species of blackflies in the fauna of the Pavlodar Irtysh region, belonging to 5 genera. A signifi-
cant reduction in species diversity can be noted, and the presence today is of only more plastic species of
blackflies. Since midges are amphibious animals, it can be assumed that less plastic species either disap-
peared from this range or make up a small percentage of the total number. Also, some abiotic factors could
have had an impact: a decrease in oxygen in the water, high turbidity. It is not worth excluding the fact that,
since 2015, every year, there has been carried out an active work in the region to reduce the number of
midges. And there is a possibility that in the Pavlodar Irtysh region, species that are less flexible in process-
ing will decrease in number over time.

Fundamental And Experimental Biology. 2025, 30, 3(119) 33



A.A. Orazbekova, K.K. Akhmetov et al.

Conclusion

The tribe Simuliini consists of genera widespread in the Northern Palearctic. In the fauna of the Pavlo-
dar Irtysh region, the presence of 5 species of blackflies was noted. Including S. reptans, which is a new spe-
cies for the fauna of Kazakhstan.

The most common species are W. equinum and S. reptans.

The plain and forest-steppe landscapes contribute to a relatively low level of blackfly species diversity,
as well as the predominance of bloodsucking species. In the Pavlodar Irtysh region, the dominant species are
those tolerant to water pollution. It is difficult to definitively attribute the reduction in blackfly species
richness to specific anthropogenic factors, as large and medium-sized plain rivers are typically characterized
by low species diversity. Moreover, rivers such as the Irtysh mainly support the emergence of
hematophagous blackfly species, while non-bloodsucking blackflies are generally not dominant in such
communities [6, 8, 14].

The species diversity of blackflies in the Pavlodar Irtysh region corresponds to its geo-hydrological re-
gime. The lowest level of blackfly biodiversity was recorded in Pavlodar city; however, the evenness index
here did not indicate strong dominance by individual species. A more balanced species distribution was ob-
served in the Maysky District.

The results of the study on the blackfly fauna (Simuliidae) in the Irtysh River basin within the Pavlodar
region may serve as a foundation for the development of an integrated ecological monitoring system for the
region’s aquatic ecosystems.

Large and medium-sized lowland rivers such as the Irtysh provide favorable conditions for the mass
emergence of hematophagous blackfly species. The surveyed areas were dominated by Wilhelmia equina,
Boophthora erythrocephala, and Simulium reptans species, characterized by a high degree of ecological plas-
ticity. Their abundance can serve as an indicator of persistent pollution, eutrophication, and other forms of
anthropogenic impact on aquatic environments. Therefore, the species composition of blackflies may be used
as a sensitive indicator for assessing the ecological status of freshwater bodies.

Given these characteristics, it is recommended to implement regular monitoring of blackfly communi-
ties in strategically important sections of the Irtysh basin, particularly within populated areas, floodplain
zones, and downstream of hydraulic structures. An optimal sampling frequency would be at least twice per
season: once in the spring-summer period and once in the late summer-autumn period. This approach would
allow for the detection of changes in species composition, early signs of ecological disturbances, and the
timely development of measures for the management and protection of regional aquatic ecosystems.

In the future, monitoring activities are needed to track changes in species dynamics. The identification
of a new species for the fauna of Kazakhstan confirms the necessity of continuing faunal surveys in the Ir-
tysh region.
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IIaBsonap enipingeri Epric e3eHiHIH mIbIObIH-IIIPKeAIEPiHIH
(Diptera, Simuliidae) ka3ipri TypJiik KypaMsl Typajbl Macejere

Maxkanana 2022-2024 sxpuinap apansirbinga Iasnogap enipinzgeri Epric eseninen Tipkenaren Simuliidae
TYKBIMJIACBIHBIH TYPJIK OpPTYPJIUTriHiH Ti3iMi kentipiareH. Epric e3eHiniH opta arbichl Gacceitninae (Mait
ayIaHBIHBIH [IeKapackiHaH PeceiiMeH mmekapanac JKene3uH aynaHblHa JIeiiH) MIBIOBIH-IIIPKEHAIH 5 TypiHiH
0ap eKeHi aHBIKTANIb. AHBIKTAJIFaH IIBIOBIH-IIIPKEHIep JacTaHFaH Cy albIHIAPBIHAA TIPIILUTIK €Te AIaThIH
naJeapKTHKAIBIK JKOHE TOJAPKTHKAIBIK IUIACTHKAIBIK Typliepre jarasl, oiap: Wilhelmia equina (Linnaeus,
1758), Boophthora erythrocephala (De Geer, 1776), Odagmia ornata (Meigen, 1818), Argentisimulium
noelleri (Friederichs, 1920), Simulium reptans (Linnaeus, 1758). KasakcraHmarbl »oHE 3epTTENreH
ayMaKTaFbl IIBIOBIH-IITIPKEHIEpAl 3epTTey Tapuxbl KapacThIpbuiraH. TypJepaiH Tapaiy >KUiIiri KepceTiil,
[TaBnoaap eHipiHaeri oJapaAblH ONOHOMHUKACHI CHIIATTaFaH. backIM Typrep aHbIKTaFaH.

Kinm co3dep: mibiObiH-1ipKeiinep, Simuliidae, Typik Kypambl, Tapaiy aiimarsl, EpTic.
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K Bompocy o coBpeMeHHOM BHI0BOM COCTABE MOLIEK
(Diptera, Simuliidae) na pexe Upteim B [1aBiogapckoii 061acTu

B cratse mpuBeneH nmepedeHs BHIOBOTO pasHOoOpasms cemeiicrBa Simuliidae, BeuiBienHoro B IlaBmomap-
ckoM [IpunpTtsimse B nepuon ¢ 2022 mo 2024 rox. B Gacceitne cpennero teuenus peku UpTeim (OT rpaHUIIBI
Maiickoro paiiona no JKene3nHCKOTro paiioHa M rpaHHLBI ¢ Poccueil) oTMeueHO MpUCYyTCTBHE 5 BHIOB MO-
IIeK. BbISBICHHbIE MOLIKY MPHHAICKAT K NATCAPKTUYECKUM M TOJAKTUYECKHM BHJAM IIJTACTHKOBBIX Yep-
HBIX MYX, CIIOCOOHBIX 00MTaTh B 3arpsi3HeHHbIX Bogoemax: Wilhelmia equine (Linnaeus, 1758), Boophthora
erythrocephala (De Geer, 1776), Odagmia ornata (Meigen, 1818), Argentisimulium noelleri (Friederichs,
1920), Simulium reptans (Linnaaeus, 1758). IlpuBeneHa nuctopus u3ydeHus 4epHbIX MyX B KasaxcTtane u Ha
n3yv4aeMoH TeppUTOPHHU. YKa3aHa 4acTOTa BCTPEYaeMOCTH U ONKcaHa OMoHOMHMKa BHIOB a1 [laBmomapckoit
obmactu. OnpeneneHs! JOMIUHUPYIOIINE BHIBL.

Knioueswie cnosa: momkw, Simuliidae, BUIOBO# cocTas, apean oouranus, MpTeim.
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Peculiarities of the root-suckering ability
of Hippophae rhamnoides L. plants (East Kazakhstan region)

The article presents data on the root-suckering ability of Hippophae rhamnoides L. under various ecological
and geographical conditions: in natural populations, at a breeding site, and in the introduction population of
the Altai Botanical Garden. Based on age structure, the natural populations of the species are classified as
fast-growing and stable. The lifespan of plants ranges from 16 years in the Karatal population to 32 years in
the Tersayryk population. In culture, some forms and seedlings are 38 years old. By the number of root shoots
H. rhamnoides L. in natural habitats and in the introduced population (clumps) the proportion of plants of the
first and second age groups is high. In natural populations there are from 540 pcs/ha to 5173 pcs/ha of plants
of the first age group, in the clumps of the introduced population from 1353 pcs/ha to 2076 pcs/ha, which in
percentage terms is 30-79 %, 50-69 %, respectively. In the second age group in natural habitats there are
plants from 380 pcs/ha to 556 pcs/ha, in clumps — from 457 pcs/ha to 844 pes/ha. Undoubtedly, the influ-
ence of genes and environmental factors on the high root-suckering ability of plants is affected. The most
optimal number of root suckers from 16 to 30 pcs per 12 m?in a breeding garden allows obtaining high-
quality planting material. Hippophae rhamnoides L. of the East Kazakhstan ecotype is characterized by high
root-suckering ability, winter hardiness, and longevity, which makes it suitable for use as a reclamation plant.

Keywords: Hippophae rhamnoides L., species, root shoots, clump, population, selection plot, seedling,
phytocenosis.

Introduction

Hippophae rhamnoides L. (Sea buckthorn) is a Eurasian species that belongs to the family
Elaeagnaceae Juss., has attracted attention since ancient times as a medicinal, food, vitamin, ornamental and
soil-fortifying plant. 1.P. Eliseev [1, 2] subdivides H. rhamnoides, growing in the territory of the CIS, into
several climatypes: Siberian, Central Asian, Caucasian and Baltic. The Siberian climatype unites all popula-
tions of Transbaikalia, the vast Sayan-Altai Mountain region and the East Kazakhstan region. This climatype
is characterized by a shorter vegetation period and outstanding frost resistance.

H. rhamnoides, a large shrub 0.7-high 3,5 m, less often a tree up to high 10 m with a well-developed
superficial root system. The roots are bare, thick, long, have a loose anatomical structure, the mechanical
tissue in them is poorly developed, they are relatively easy to break, have the ability to give abundant root
shoots. They have numerous nodules with nitrogen-fixing bacteria. The ability of sea buckthorn to produce
root shoots is one of its adaptive capabilities.

The impact of man, which is taking on an ever-widening scale on nature, with irrational and short-
sighted management of its gifts can lead to innumerable troubles and global catastrophes. Open-pit mining of
minerals disrupts tens of thousands of hectares of valuable lands, which must be subject to mandatory resto-
ration [3, 4, 5, 6, 7]. Reclamation and rehabilitation of natural landscapes disturbed by man are important
socio-economic and scientific-technical problems. Research on forest reclamation is broad in scope, compre-
hensive and practical in nature.

Sea buckthorn plays a significant ecological role, performing soil-protective and water-protective func-
tions. The high root-suckering capacity of sea buckthorn is used to fix sand, dunes, ravines, gullies, railway
slopes, landslide slopes and scree in mountainous areas, coastal mountain rivers, protect roads from snow-
drifts, etc. It is often used as an ameliorant in near and far abroad countries: Russia, Kyrgyzstan, Georgia, the
Czech Republic, Slovakia, China [8, 9, 10, 11]. In Kazakhstan, this species is considered a promising crop
for the reclamation of industrial waste dumps of the Sokolovsky iron ore quarry [12] and at mining enterpris-
es in Northern Kazakhstan [13]. Its use in forest formation process is promising in many regions of Kazakh-
stan, as it has the potential to grow in extreme conditions, including on the Mangyshlak Peninsula, according
to the Mangyshlak Experimental Botanical Garden of Aktau, it grows well in an extra-arid climate, on gray-
brown soils that are saline everywhere. The relevance of this study lies in assessing the root-suckering ability
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of natural populations of H. rhamnoides in the East Kazakhstan region for further use in land reclamation
and restoration.

The main objective of the study is to study natural populations of H. rhamnoides in the East Kazakhstan
region and under introduction conditions with identification of the characteristics of root-suckering ability.

Materials and methods

Work on the study of the root-suckering ability of H. rhamnoides were carried out in natural popula-
tions of the East Kazakhstan region and in the conditions of the Altai Botanical Garden (ABG) during the
introduction of clonal and seed material. Work in the Kenderlyk, Shetlasty, Tersayryk, Topkain, Kaindysu
and Karatal populations was carried out using the route method. The names of the populations are given in
accordance with the geographical names of their places of growth by the name of the rivers. Considering the
clump-shaped arrangement of sea buckthorn in natural populations, test plots were laid out in all populations
according to a single principle.

The study of the age composition of sea buckthorn and its abundance was carried out on sites, the num-
ber and area of which were laid out depending on the share of the species in various phytocenoses. The size
of the trial plots was from 0.16 to 0.55 ha (120x40 m), (70x70 m), (65%85 m), (50x100 m) (40%40 m),
(30x60 m), (25%40 m), depending on the number of individuals, usually this number reached from 92 to 373
specimens, the configuration was mosaic.

The unit of measurement of age class in natural sea buckthorn populations, taking into account the be-
ginning of fruiting and life expectancy, was adopted as five years. All plants were distributed into five age
groups according to the methods developed by the M.A. Lisavenko Siberian Research Institute of Horticul-
ture [14].

When determining the maximum lifespan of plants in nature, plants with the greatest height and trunk
diameter were cut down, the cuts were processed with sandpaper, and then the annual rings were counted. In
introduction experiments, the lifespan of forms brought from nature by root shoots and seedlings obtained
from free pollination was recorded based on the fact of plant death. In culture, in clumps, the age composi-
tion was studied using the above-mentioned method.

When laying out a breeding plot in 2008 in the Altai Botanical Garden in Ridder, the following planting
scheme was used for seedlings from free pollination of local reproduction at the age of three and four years:
4 m between rows and 2 m in a row, with a placement of 1250 pcs/ha. The plot is located on the south-
eastern slope of Belkina. The soil where sea buckthorn grows is well tied to the relief and is represented by
chernozem-like dusty loams (humus content of 6.45 %), quite rich in nitrogen (127 kg/ha), but has some de-
ficiency in phosphorus. The validity and reliability of the data is ensured by a significant volume of research
conducted in natural populations, in culture and on the breeding plot.

Results and discussion

Natural thickets of H. rhamnoides in the Republic of Kazakhstan in the 80s of the last century occupied
2640 hectares, with their discontinuous (disjunctive) range they enter the East Kazakhstan region and occupy
680 hectares [15]. Within the range, the species was studied in six populations in the river valleys:
Tersayryk, Shetlasty, Kenderlyk, Kaindysu, Topkain and in inter-dune depressions in the Karatal
sands (Fig.) [16, 17]. Edaphic factors in the valleys of mountain rivers in almost all geographical zones of
sea buckthorn growth are similar — these are sandy and pebble shoals of rivers with the inclusion of alluvi-
al silt deposits. In geographically isolated populations of mountain river valleys, the moisture conditions are
also similar.
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Figure. Natural populations of Hippophae rhamnoides L.

In the morphogenetic process of this species, geographical isolation is of primary importance. Eliseev
emphasizes that the floodplain as an ecological niche is secondary for sea buckthorn, since the valleys of
mountain rivers have a relatively young geological age, and their floristic composition is always formed due
to the surrounding zonal vegetation [2].

Phytocenoses of populations consist, depending on the altitude above sea level — from 650 m
(Karatal) to 1200 m (Tersayryk) of sea buckthorn, woody deciduous, shrubby and herbaceous plants of the
local floodplain flora. The tree layer of the studied populations is poorly developed. Single species include:
Populus laurifolia Ledeb., P. pilosa Rehd., P. alba L., Betula tianschanica Rupr., Salix tenuijulis Ledeb., S.
viminalis L., S. caspica Pall., Crataegus altaica Lange. In the second tier it is accompanied by: Lonicera
tatarica L., Viburnum opulus L. In the shrub layer in great abundance — Berberis heteropoda L. Less
common is Myricaria dahurica (Willd.) Ehrenb., Rosa laxa Retz. The grass cover is represented by species
of steppe and semi-desert vegetation: Artemisia sericea Weber ex Stechm., Calamagrostis epigeios Steud.,
Phragmites australis (Cav.) Trin. ex Steud., Sophora alopecuroides L., Paeonia anomala L., Glycyrrhiza
aspera Pall. These plants can serve as a basis for the creation of artificial phytocenoses in the steppe and
semi-desert zones of the Republic of Kazakhstan. With the melioration and reclamation of lands, it is possi-
ble to organize phytocenoses of sea buckthorn similarly to natural phytocenoses.

When studying the number and age composition of the populations, five groups were identified:
young, mid-season, maturing, ripe and overmature. In 7 the trial plots, a large number of young plants un-
der 5 years of age are noted, in percentage terms, they make up an average of 62 %. The largest number of
root shoots, young plants 5173 pcs/ha are in the Shetlastinskaya population, which is 79.8 % (Table 1).

Table 1
The number of plants of H. rhamnoides by age categories in natural populations
Population Age category N:Z:,bf L%fcre)/lﬁgts % of total
Kendyrlyk young animals (1-5 years) 1740 65.0
middle-aged (6-10) years) 482 18.0
maturing (10-15 years) 148 55
ripe (1620 years) 106 4.1
overmature (21-25 years) 197 7.4
total 2673 100
Kaindysu young animals (1-5 years) 540 30.7
middle-aged (610 years) 415 23.6
maturing (10-15 years) 605 34.4
ripe (1620 years) 135 7.7
overmature (21-25 years) 65 3.6
total 1760 100
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Continuation of Table 1
Number of plants

Population Age category per 1 piece/ha % of total
Tersayryk young animals (1-5 years) 2360 72.6
middle-aged (610 years) 380 11.7
maturing (10-15 years) 368 11.3
ripe (1620 years) 86 2.6
overmature (21-25 years) 53 1.8
total 3247 100
Shetlasty young animals (1-5 years) 5173 79.8
middle-aged (610 years) 556 8.6
maturing (10-15 years) 483 7.5
ripe (16—20 years) 123 1.9
overmature (21-25 years) 143 2,2
total 6478 100
Karatal young animals (1-5 years) 367 22.0
middle-aged (6—10 years) 272 16.3
maturing (10-15 years) 162 9.7
ripe (1620 years) 869 52.0
total 1670 100
Topkain young animals (1-5 years) 216 16.7
middle-aged (6-10 years) 197 15.3
maturing (10-15 years) 284 22.0
ripe (16—20 years) 319 24.8
overmature (21-25 years) 274 21.2
total 1290 100

There are two times less of them in the Tersayryk population 2360 pcs/ha (72.6 %), three times less in
the Kenderlyk population — 1740 pcs/ha (65.0 %) and 9.5 times less in the Kaindysu population —
540 pcs/ha (30.7 %). In the latter population, the number of root shoots is affected by anthropogenic impact
and proximity to the settlement of Akzhar village. The local population collects firewood and grazes cattle.
The data in Table 1 indicate high percentages of plants in the first group (young plants) in relation to the total
number. This group occupies a leading position in each of the populations, from 30.7 % in the Kaindysu
population to 79.8 % in the Shetlasty population. The reasons for such differences are various ecological and
geographical conditions, as well as numerous influences of biotic and abiotic environment of populations,
which to varying degrees affect the factors determining their age structure. Thus, our studies confirm that sea
buckthorn plants of natural populations have a high root sucker capacity. Reproduction of sea buckthorn in
natural populations mainly occurs due to the formation of root suckers, which are associated with the mother
plant throughout their life and form clumps. For example, in the Kenderlyk population there are areas where
there are 9-18 root suckers per 1 m? which theoretically reaches a number of 90 thousand pcs/ha. The
clumps are usually unisexual, sometimes mixed with a predominance of one or another sex. The habitat of
sea buckthorn plays a certain role in the ability to produce root suckers. As studies have shown, in those
populations where a greater number of plants of the first group are noted, young plants aged from 1 to 5
years are observed, basic, similar complexes of physical-geographical and biocenotic conditions. These are
the Shetlasty, Kenderlyk, and Tersayryk populations. They have the principle of ecological compliance ac-
cording to abiotic conditions: flat surface, hydrographic factor, river valleys: Shetlasty, Kenderlyk,
Tersayryk and soil rubble-clayey with the same fertility necessary for the growth and development of plants,
as well as the formation of root shoots. The hydrogeological regime of rivers during flooding in early spring
contributes to an increase in soil fertility, the content of water and mineral nutrients in the soil. In the Karatal
population, only 20 % of the total number of plants are young plants (root shoots), this is explained by the
special habitat of sandy dry soils. The lifespan of plants depends on the habitat and varies from 16 years in
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the Karatal population to 32 years in the Tersayryk population. In the Shetlasty and Kenderlyk populations,
lifespan reaches 2226 years.

There is little seed-based undergrowth, since seeds germinate poorly in sodded areas. Adult plants
grown from seeds are confined mainly to the river bed. About the good root-suckering ability of sea buck-
thorn This is indicated by the fact that more than half of the forms isolated according to economically valua-
ble characteristics had root suckers.

In the 80s and 90s of the last century, 68 best forms of sea buckthorn from five populations were
brought to the Altai Botanical Garden, which were cloned by separating root shoots of 4-8 pieces from each
mother plant. This method allowed it to be introduced into culture faster, since their survival rate was high
60-70 %, despite the fact that some forms had to be transported from one place to another for 1-2 days, up to
25 days in total. The plants, which were in bags, were constantly moistened by immersing them in water.
During the introduction, all of them showed good and extreme adaptive plasticity. The same plants that did
not have root shoots were brought from the same populations by seeds, from 52 mother individuals, most of
them were preserved and served as the source material for selection, seedlings of three generations were ob-
tained from them.

Evidence of the high adaptability of H. rhamnoides in the Altai Botanical Garden is also the formation
of three clumps with a total area of 10,575 m? from 335 to 580 m? due to root shoots from male and female
individuals, actively occupying living space.

Currently, intensive vegetative propagation is observed both inside the clumps and along the edges.
Their density and size have been maintained at almost the same level for 35 years, since 1983. Their rejuve-
nation is observed due to an increase in the proportion of individuals of the first and second age groups.
Abundantly fruiting plants aged 15-28 years grow in these clumps. Each clump contains plants represented
by five age groups. The nature of the preservation of age spectra over a long period of time indicates the abil-
ity of the species to exist in culture. The number of plants per hectare is approximately within the same range
as in nature, from 3,009 pcs in clump Ne 1 to 3,890 pcs in clump Ne 2 (Table 2).

Table 2
H. rhamnoides plants by age categories in the clumps of the Altai Botanical Garden
Clump of trees Age category Number_ of plants per % of total
piece/ha

Clump Ne 1 young animals (1-5 years) 2076 69.0
middle-aged (6-10 years) 457 15.2

maturing (10-15 years) 241 8.0

ripe (16—20 years) 120 4.0

overmature (21-25 years) 115 3.7

total 3009 100
Clump Ne 2 young animals (1-5 years) 1353 50.2
middle-aged (610 years) 844 21.7

maturing (10-15 years) 443 114

ripe (1620 years) 265 6.8

overmature (21-25 years) 385 9.9

total 3890 100
Clump Ne 3 young animals (1-5 years) 1993 57.2
middle-aged (610 years) 651 18.6

maturing (10-15 years) 374 10.8

ripe (16—20 years) 190 55

overmature (21-25 years) 276 7.9

total 3483 100

The largest number of root suckers, young plants 2076 pcs/ha in clump Ne 1, which is 69.0 %. Less than
57.2 % in clump Ne 3 and 50.2 % in clump Ne 2. In clump Ne 1, there is currently a keen sense of competition
in conquering the area, since the number of root suckers included in the first group is 69 %. A study of the
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age composition in clumps growing in the garden allows us to conclude that due to the high percentage of
plants in the first and second age groups, they belong to the category of fast-growing.

An important property of sea buckthorn in the East Kazakhstan region is winter hardiness. Thus, plants
growing in the Altai Botanical Garden in a sharply continental climate with cold, long winters, often reach-
ing a critical mark of 40-42°C and repeated thaws with temperature drops of 18-20°C, withstand critical
temperatures without damage.

Testing of sea buckthorn plants from the Kenderlyk forestry enterprise (East Kazakhstan region) in the
Novgorod region (Russia) by V.A. Fefelov [18] allowed us to conclude that it has outstanding frost re-
sistance, which is genetically determined.

In the first two years after planting 96 seedlings on the selection plot in 2018, a large humber of root
suckers were formed: from 2 to 147 pcs per each plant. Apparently, the age of the seedlings had a positive
effect on the root sucker capacity. This is approximately 10,500 pcs/ha ready for planting, the same number
per hectare was noted during reclamation in the Volgograd region (Russia) [19]. They were divided into four
groups: with a small number from 2 to 36 pcs per seedling, which is 57.6 %; with an average from 37
to 73 pcs — 21.7 %; large from 74 to 110 pcs — 15.2 % and very large from 111 to 147 pcs — 5.5 %
(Table 3).

Table 3

Distribution of root suckers H. rhamnoides by groups of some indicators (by quantity and in %o)
on the selection site

Feature Distribution of features by groups Quantity, pcs % ratio
few (2-36 pcs) 53 57.6
average (37-73 pcs) 20 21.7
Number of root shoots
many (74-110 pcs) 14 15.2
very many (111-147 pcs) 5 55
few (1-15 pcs) 58 62.4
Number of rolc;ltniihnoots ready for average (16-30 pcs) 23 247
P J many (31-47 pcs) 12 12.9
Root shoots ready for planting to average (21.9-45.0) 55 67.9
the total number high (45.1-75.0) 26 32.1
few (2—36 pcs) 14 38.8
Root suckering ability of female average (37-73 pcs) 8 22.2
plants many (74-110 pcs) 6 16.6
very many (111-147 pcs) 8 22.2
few (2—36 pcs) 8 32.0
Root suckering ability of male medium (37-73 pcs) 4 16.0
plants many (74-110 pcs) 10 40.0
very many (111-147 pcs) 3 12.0
. tall (174-260 cm) 37 38.9
Height of root shoots -
medium (83-73 cm) 58 61.1
low (10-50 cm) 36 375
Max. height of root shoots medium (51-91 cm) 49 51.0
tall (92-120 cm) 11 115

When calculating the number of root suckers ready for planting, the obtained data are divided into three
groups: few root suckers from 1 to 15 pcs. have 62.4 % of plants; average number from 16 to 30 pcs have
24.7 % of plants; many from 31 to 47 pcs — 12.9 %. The most optimal number of root suckers 24.7 % is in
the second group. The fewer root suckers from the maternal and paternal individuals, the more plants are
ready for planting with an optimal height of 51 to 91 cm. The accounting of root shoots during the estab-
lishment of the garden in the Altai Botanical Garden with seedlings, the origin of which is from different
populations, showed that this ability is preserved from ecotypic differences. More root shoots were given by
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seedlings from the Shetlasty and Kenderlyk populations, less from the Karatal. The introduction experiment
on sea buckthorn in the Altai Botanical Garden showed that the varieties brought from the Research Insti-
tute of Plant Breeding named after M.A. Lisavenko practically do not produce root shoots, do not have such
ability. This allows us to draw a conclusion about the influence of genetically diverse forms on such a bio-
logical property as plant reproduction. In the first years, sea buckthorn is characterized by higher growth
energy. If we take into account the formation of root suckers by female and male plants, a higher percentage
of output from 74 to 110 pcs is observed in male plants in the third group 40.0 % compared to 16.6 % in fe-
males. In the remaining groups: few, average and very many — the data in percentage terms are comparable.
The percentage with a small number of shoots is almost the same, 38.8 % was obtained from female and
32.0 % from male, with an average number of 22.2 % for female and 16.0 % for male. In the group — very
many root shoots, a predominance of 22.2 % was noted in female plants.

Conclusion

In this work, the root-suckering ability of sea buckthorn and the nature of its natural distribution in var-
ious ecological and geographical conditions and in culture in the East Kazakhstan region are determined. The
root-suckering ability of sea buckthorn is one of its adaptive capabilities. The lifespan of plants in nature and
in culture is also important, for which it reaches 22—35 years. Data from the experience of introducing varie-
ties of sea buckthorn bred by the M.A. Lisavenko Research Institute of Horticulture of Siberia in the Altai
Botanical Garden showed that their varieties are short-lived (16-20) years, and almost do not form root
suckers at any age. H. rhamnoides, growing in the East Kazakhstan region, has a high root-suckering capac-
ity, which allows us to recommend it for the restoration of lands, slopes, ravines, etc.

Sea buckthorn plants from natural populations have a high root-suckering capacity, which is confirmed
by our studies in natural populations, in culture and on a selection site in the conditions of Eastern Kazakh-
stan. The degree of influence of genes and environmental factors on the high root-suckering capacity of
plants is unambiguous. In terms of the number of plants per 1 ha in nature, the data range from 2673 pcs/ha
in the Kenderlyk population to 6478 pcs/ha in the Shetlastinskaya population and 10500 pcs/ha in the
breeding plot in the Altai Botanical Garden. In order to increase the economic efficiency of reclamation pro-
cesses, it is advisable to use sea buckthorn plants from Eastern Kazakhstan for their high root-suckering abil-
ity, longevity and winter hardiness.

We recommend using 3-4 year old plants for planting, deepening them 8 cm from the root collar, and
using forms and seedlings taken from the Kenderlyk, Shetlasty, and Tersayryk populations in steppe re-
gions, and the Karatal populations on sandy soils.

This research was founded by the Science Committee of the Ministry of Science and Higher Education
of the Republic of Kazakhstan Grant No BR21882166: “Scientific and practical basis of reproduction, con-
servation, and use of fruit-berry plants of natural flora of Western, Eastern, Central, and Northern Kazakh-
stan to ensure food security” 2023-2025.

Author Contributions

The manuscript was written with the participation of all authors. All authors approved the final version
of the manuscript. Vdovina T.A. — Research in natural populations, Methodology; Lagus O.A. — Research
in the breeding garden, Editing; Isakova E.A. — Data curation, Research in the breeding garden.

References

1 Emmucees U. I1. K Bompocy o mpoucxoxaerunu u cucremaruke poaa Hippophae L / . I1. Enucees // IlnogoBele u siroHbIe
KynbTypbl. — ['opbkuii: TCXW. — 1983. — C. 3-8.

2 Enucees U. T1. O6nenuxa B BocrouHoii EBponie B meiicronieHe u rosouene / U. I1. Enucees // Tpyast ['0ppbKOBCKOTO celb-
CKO-XO3HCTBEHHOTO HHCTUTYTa.— [ opbkmidt. — 1974. — T. 77. — 53-60.

3 Konnpatse B. H. PekoMennanuu no ykperieHHI0 OTKOCOB 3eMIISTHBIX COOpY)KeHHUil Ha oObekTax Bomnro-J[oHckoro xaHama
nocaakamu obireniuxu / B. H. Konapatees, B. I'. Illatanos, . B. [Tankos. — M.: Corosrumnposoaxo3. — 1987. — T. 12. — C. 4.

4 Kysun A. H. ArponecoMennopaTHBHbIE OCHOBBI OCBOEHHs ouaroB omycTbiHuBanus [lpukactus / A. H. Kysun. Capartos,
2001.

5 Opnopanos I'. A. Ponp ofbnemuxu KpymIMHOBOH B (OPMHPOBAHMM JKOCHCTEM TEXHOTeHHBIX saHgmadroB KMA
/T. A. OnHopasios, 5. B. Tlankos, B. E. Boes // O6necenue HapyuieHHbIX 1 6pocoBbIx 3emeinb [TUP. — 2000. — C. 46-54.

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



Peculiarities of the root-suckering...

6 XamapoBa3. X. Poip KOpHEOTHPBICKOBOH CIIOCOOHOCTH pacTeHHH Ha MectopoxaeHusx Kabapauno-bankapun
/3. X. Xamapoga, 4. B. [Taukos, 1. H. Anues // Bectiuk MAHOB. — 1999. — T. 4. — Ne . 8. — C. 80-83.

7 TonuapoB A. b. Ucnons3oBanne obnernmxu kpymuHoBoi (Hippophae rhamnoides L.) npu ¢uTtopemenuanum HapymeHHBIX
9KOCHCTEM: JHC. ... KaHI. celbckoxo3. Hayk / A. b. ToHuapoB. — Boponexk. roc. arpap. yH-T uM. umieparopa Ilerpa I, 2017. —
154 c.

8 Aunues U. H. BoccraHOBlIEHHE IPEBECHO-KYCTAPHUKOBOH PaCTHTEIBHOCTH B Kapbepax ByJkaHudeckoro tyba / V. H. Anues
/I CoBpemeHHBIe POGIEMBI ONTHMH3AINH 30HATBHBIX U HAPYLICHHBIX 3€MEJb: Marep. MEKAyHap. HayyH.-IpakT. KoH(. — Bopo-
Hex. — 2009. — C. 13-15.

9 Torarumemm A. JI. CoBpeMEHHOE COCTOSTHHE U MEPCIICKTUBBI PEKYJIBTHBAIIMH 3€MEITb OTKPHITHIX pa3padO0TOK MOJIE3HBIX UC-
komaeMbix B I'pysun / A. JI. Toratumisuitu // PacTUTeNbHOCT U POMBINUIEHHBIE 3arpsi3Henust. — 1970. — Ne . 7. — C. 34-37.

10 dedenor B. A. 3UMOCTOHKOCTh HEKOTOPBIX MOMYJISALHNA OONENNXU KPYIIMHOBUIHOM, HHTPOAYIMPOBaHHOI B ['OPHKOBCKYIO
obnacts / B. A. ®edenos // Buosorus, cenekuus 1 arpoTeXHUKa MI0IOBBIX U ATOJHBIX KyIbTyp. — [opbkuii. — 1987. — C. 57-62.

11 TxakaxoBa [I. M. ®opMupoBaHue JIECOIIOJOBBIX HACAKICHUI Ha OTKOCAX KaphepoB B MECTAaX JAOOBIYH IOJIE3HBIX HCKOTIAe-
MBIX B IPEATOPHOM 30He ceBepHoro KaBkasa: auc. ... kaHj. cenbckoxo3. Hayk: 06.03.01 «JlecHble KyIbTYpBI, CENEKIHUs, CEMEHOBOI-
ctBo» / JI. M. TxakaxoBa. — Hanbuuk, 2022. — 165 c.

12 Apxumnos U. I'. Bonpocs! 6nonorndeckoil pexynpTrBanuu 3emens B Kasaxcrane. TeopeTnueckue M mpakTHYecKue mpoobire-
MBI PEKYJIBTHBAINY HApYIIeHHBIX 3eMenb / W. T'. Apxumnos. — Mocksa. —1975. — C. 20-25.

13 Tepexoa O. b. HanpaBienus: n croco0bl GHOJIOTNYECKOH peKyIbTUBALMK HAa TOPHOPYAHBIX mpeanpustusax CesepHoro Ka-
3axcrana / 3. b. Tepexosa // Pactenust u npomsitierHas cpena. — 1990. — Bein. 13.— C 100-120. — CsepasioBek: Ypl'y.

14 Tlaureneesa E. . O6nenuxa kpymmHosas (Hippophae rhamnoides L.) / E. U. Tlantencesa // b.: Cu6. otneneane PACXH,
HUUCC. — 2006. — 249 c.

15 Koiiko H. T. Ceipbesbie pecypest obneruxu 8 CCCP / H. T. Koiikos // Pacturenshbie pecypebl. — 1980. — T. 16. — Ne 4,
— C. 493.

16 Vdovina T.A. et al. (2024). Selection assessment of promising forms of natural Hippophae rhamnoides (Elaeagnaceae)
populations and their offspring in the Kazakhstan Altai Mountains / T.A. Vdovina et al. // Biodiversitas Journal of Biological Diver-
sity. — 25(4). DOI https://doi.org/10.13057/biodiv/d250451

17 Vdovina T. A., et al. Assessment of Biochemical Composition of Fruits of Hippophae rhamnoides (Elaeagnaceae juss.), Vi-
burnum opulus (Viburnaceae raf.) and Lonicera caerulea subsp. altaica (Caprifoliaceae juss.) / T. A. Vdovina et al. // Biodiversitas
Journal of Biological Diversity. — 2025. — 25(4). — 256 p. DOI: 10.13057/biodiv/d250451

18 ®edenos B. A. Posp Guonornueckux GpakTopoB B yCTOiYHBOCTH GHOLICHO30B obnernuxu / B. A. ®edenos // boranuueckue
HcchenoBanus B azuarckoi Poccuu: mat-nel X| cbe3na Pycckoro 6oTannueckoro obmectsa. — bapaayn. — 2003. — C. 465-466.

19 Tpemesckas O. U. buopazHooOpasue nepeBbeB U KYCTAPHUKOB IS JIECHOM PEKYJIBTHBALUH JBYXKOMIIOHEHTHBIX TEXHO3€-
moB / D. U. Tpewesckas, E. H. Tuxonosa, T. A. Mayuuuna // TIpupogHO-TEXHOT€HHbIE KOMILIEKCHI: COBPEMEHHOE COCTOSIHHE U
MepCIIeKTUBBI BoccTaHOoBIeHUs. — HoBocubupck — 2016. — C. 270-274.

T.A. BooBuna, O.A. Jlaryc, E.A. HcakoBa

Hippophae rhamnoides L. ecimairinin TampIp aTnanapbid Ty3y KadijeTiHin
epexmesikrepi (LIbirbic KazakcTran 00b1chI)

Makanana Hippophae rhamnoides L. ecimairinig op Typii 3KOJOTHSUIBIK-reorpadusuiblK JKargaiinapaa:
TaOUFH TOMYJISIIMSUIAP/AA, CENEKUHUSIbIK yJdacKeae oHe AJrTail OOTaHMKAIBIK OaFbIHBIH HHTPOIYKIHSUIBIK
MOMYJISIIMSICHIHA TaMbIp aTHanapbelH Ty3y Kabijeri skeHiHzeri aepekrtep kentipinred. JKac KypbuibIMbIHA
Kapail TaOWFY MOMYJISLMSIAP JKBUIAAM OCETiH JKOHE TYPaKThl TOMKA >KaTKbI3BUIIbL. OCIMAIKTEPIiH TipIIiTiK
Y3aKTBIFbI Kapatajql MOMyJSLMACHIHAA 16 JKbULABL, Tepicallpblk MOMyJsuuschiHAa 32 SKbUIABI Kypaujbl
JakpuTIBIK KaFmaiga Keioip Typiep MeH kemrerTep 38 >KbUTFa AediH eMip cypemi. TaOuru MeKkeHIepiHIe
JKOHE MHTPOLYKIMSUIBIK momyssinusinarsl Hippophae rhamnoides L. ecimuikrepinge TaMbip armanapbIHBIH
caHbl OOWBIHIIA OipiHIII >KOHE EKiHIII JKac TONTAPHIHBIH YIeci jKoFapbl. TaOWFu momyisnusuiapaa Oipim
’kac TOOBIHA JKaTaThIH eciMuikTep caHbl 540 nmanaman 5173 nmaHa/ra-ra JeidiH, al WHTPOAYKIHSIIBIK
nomysinusiarsl morsipaa 1353 namagan 2076 nmana/ra-ra geitin kereni, oyn 30-79 % sxone 50-69 %
apanblFpiHaa. EKiHIN jkac TOOBIHAAFbl eciMIikTep caHbl Taburu MekeHaepae 380-556 mama/ra, an
MHTPOIAYKUMSUIBIK monymsinusiga 457-844 nawa/ra apanbiFbiHza e3repedi. OCIMIIKTIH JKOFapbl TaMbIp
aTmanapbiH Ty3y KaOileTiHe reHeTHKalbIK (akTopiap MEH CBHIPTKBI OpTa JKaFJaiiapblHBIH acepi aiKbIH
Oaiikamanpl. Cenekuusutblk Oakra 12 m?re mrakkanaa 16-30 Tambplp aTmachlHBIH OONYBI camajbl ery
MaTepHaibiH anyra MyMKiHgik 6epemi. [sirsic Kasakcran sxotumningeri Hippophae rhamnoides L. ecimiri
JKOFaphsl TaMblp aTmaiapblH TY3y KaOilleTiHe We OOJFaHIBIKTaH, OHBI MEIMOPALHUSUIBIK OCIMIIK pPeTiHIe
KOJIIaHy YCBHIHBIIAaABL. BT TYp skOFaphl KbICKa TO3IMIUIITIMEH JKoHE Y3aK OMip CypyiMeH epeKIIeeHe .

Kinm ce30ep: Hippophae rhamnoides L., Typ, TambIp aTnanapbl, ©CiMIiK MOFBIPBI, MOMYJISLHS, CEICKIUSIIBIK
ydacke, Kemlet, GUTOLEHO3.

Fundamental And Experimental Biology. 2025, 30, 3(119) 45


https://doi.org/10.13057/biodiv/d250451
https://www.researchgate.net/journal/Biodiversitas-Journal-of-Biological-Diversity-2085-4722?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/journal/Biodiversitas-Journal-of-Biological-Diversity-2085-4722?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
http://dx.doi.org/10.13057/biodiv/d250451

T.A. Vdovina, O.A. Lagus, E.A. Isakova

T.A. Bnosuna, O.A. Jlaryc, E.A. HcakoBa

Oc00eHHOCTH KOPHEOTHPBICKOBOI CIIOCOOHOCTH PACTEHHH
Hippophae rhamnoides L. (BocTouHo-ka3axcTaHcKas 00,1aCTh)

B craTbe mpeAcTaBICHBI JaHHbBIE [0 KOPHEOTIPHICKOBO# crocoGnoctu Hippophae rhamnoides L. B paznnu-
HBIX KOJIOr0-TeorpauyecKuX yCIOBHAX: B IPUPOJHBIX MOMYIALMAX, HA CENICKIIMOHHOM Y4acTKe U B MHTPO-
JTYKIMOHHOM HMONyauuu Antaiickoro 6otaHndeckoro caaa. [lo Bo3pacTHOH cTpyKType NpUpPOIHBIC TOMYIIs-
UM BHJA OTHECEHBI K KaTETOPHUU OBICTPOPACTYLIMX M yCTONUHMBHIX. IIpOSOMKUTENBHOCTD KU3HH PacTeHUIt
BapbupyeT oT 16 JeT B KapaTanbckoil momynsnuu A0 32 JeT B TepcailphIkCKoi. B KympType y HEKOTOpBIX
¢opMm U cestHIIEB Bo3pacT paBeH 38 romam. Ilo kommyecTBy kopHeoTnpeickoB Hippophae rhamnoides L. B ec-
TECTBEHHBIX MECTOOOMTAHMAX M B MHTPOIYKIIMOHHOM MOIYJISIIMHU (KypTHHAX) BHEICOKA JOJS PACTEHHH Iep-
BOH M BTOPOH BO3PACTHHIX IPYNI. B MpupogHEIX momysmusax HacauThBaeTcst oT 540 mr/ra mo 5173 m/ra
pacTeHHi TepBOW BO3PACTHON TPYIIIBL, a B KypTHHaX MHTPOAYKIMOHHOW momyisiumu ot 1353 mt/ra no
2076 m1/ra, 9TO B MPOLEHTHOM BEIpaxkeHHH cocTtasisieT 30-79 % n 50-69 %, cooTBeTcTBeHHO. BO BTOpOIt
BO3PACTHOM TPYIIE B €CTECTBEHHBIX MECTOOOUTAHHIX MMPOU3pacTaeT pacteHuit oT 380 mt/ra 1o 556 mr/ra, B
KypTHHaX 0T 457 mt/ra 1o 844 mt/ra. HecOMHEHHO cKa3bIBaeTCs BIHSHUE T€HOB U ()aKTOPOB BHELIHEH cpe-
Il Ha BBICOKYIO KOPHEOTIIPHICKOBYIO CIOCOOHOCTH pacTeHHil. CaMoe ONTHMaIbHOE KOJIMIECTBO KOPHEOT-
TIPBICKOB OT 16 10 30 mIT. Ha 12 M® B CENEKIHOHHOM Cajly MO3BOJISET MOMydaTh KAYeCTBEHHBIN MTOCATOTHBI
matepuai. Hippophae rhamnoides L. BocTo4HO-Ka3aXxCTaHCKOTO 9KOTHUIIA XapaKTEPU3YETCs BBICOKOH KOpHE-
OTIIPBICKOBOH CIIOCOOHOCTBIO, 3MMOCTOMKOCTBIO U JOJTOJICTHEM, YTO I03BOJISICT PEKOMEH/I0BATh €r0 B Kaue-
CTBE MEJIMOPATHBHOT'O PACTCHUSL.

Knioueswie cnosa: Hippophae rhamnoides L., Bux, KOpHEOTNPHICKH, KYpTHHA, MO, CEICKIMOHHBIN
YYaCTOK, CestHEL, (PUTOLEHO3.
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Field Evaluation and Diversity of 238 Global Chickpea (Cicer arietinum L.)
Genotypes Grown in South-East Kazakhstan

A three-year field evaluation was conducted to assess the agronomic performance, trait associations, and di-
versity of 238 chickpea (Cicer arietinum L.) genotypes from a global collection cultivated under the semi-
arid conditions of South-East Kazakhstan. The trials, carried out across three growing seasons, recorded sig-
nificant variation for plant height (PH), height to lowest pod (HLP), number of lateral branches (NLB), num-
ber of seeds per plant (NSP), yield per plant (YP), and thousand-seed weight (TSW). Analysis of variance re-
vealed significant effects of genotype origin, seed type, and year for several traits, with strong genotype x en-
vironment interactions. Correlation analysis showed that YP was strongly and positively associated with
TSW (r = 0.605) and moderately with NSP (r = 0.530), while NSP and TSW were negatively correlated, indi-
cating a trade-off between seed size and seed number. Principal component analysis (PCA) revealed that the
genotypes originating from the Middle East and Africa were primarily grouped with higher values for yield
per plant (YP) and thousand-seed weight (TSW), whereas South Asian germplasm showed wide phenotypic
dispersion, reflecting their broad variability. Kabulitype of chickpea seeds showed a strong association with
yield-related traits, while Desi types revealed greater variability and a weaker association with seed size. A
total of 24 perspective genotypes, such as ICC456, ICC637, ICC1392, 1ICC2065, ICC3362, and 1CC3410,
were identified as valuable candidates for breeding aimed at improving productivity and adaptability of
chickpea in South-East Kazakhstan. Overall, these results enhance understanding of the diversity and interre-
lationships of agronomic traits in global chickpea germplasm and emphasize the breeding potential of select-
ed genotypes for semi-arid regions.

Keywords: chickpea, global collection, agronomic traits, semi-arid Kazakhstan.

Introduction

Chickpea (Cicer arietinum L.) is one of the important legume crop, widely grown in arid and semi-arid
regions due to its adaptability, nutritional value, and contribution to sustainable agriculture. Globally, chick-
pea occupies approximately 14.8 million hectares, with an annual production exceeding 15 million tons and
an average yield of 1.01 t ha™ in 2020 — considerably below the potential yield of up to 6 t ha™ under opti-
mal conditions [1]. As a member of the founder crops of the Fertile Crescent, chickpea was domesticated
together with lentil (Lens culinaris) and pea (Pisum sativum) and has since spread across South Asia, the
Middle East, Africa, and the Mediterranean basin, where it remains a crucial dietary protein source [2, 3].

Kazakhstan encompasses diverse agroecological zones, many of which are characterized by arid or
semi-arid climates, low and variable precipitation, and temperature extremes. Agricultural production in the-
se environments is constrained by drought stress, short growing seasons in the north, and high summer tem-
peratures in the south [4]. Chickpea, with its deep root system, moderate water requirement, and ability to fix
atmospheric nitrogen through symbiosis with Rhizobium spp., is well suited to these conditions and has the
potential to enhance the resilience of cropping systems [5].

From an agronomic perspective, chickpea serves as a valuable rotational crop in cereal-based systems,
improving soil fertility, disrupting pest and disease cycles, and enhancing sustainability [6, 7]. Economically,
the rising global demand for both desi and kabuli types, particularly in South Asia, the Middle East, and ex-
panding European markets, presents opportunities for Kazakhstan to strengthen its domestic production and
explore export potential [1]. Nutritionally, chickpeas provide 18-24 % protein, complex carbohydrates, es-
sential amino acids, minerals such as iron and zinc, and vitamins, making them a key crop for addressing
food and nutrition security challenges [8, 9].

Although chickpea is a relatively recent introduction into Kazakhstan’s cropping systems, research ef-
forts over the past decade have advanced understanding of its adaptability and genetic potential under local
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conditions. For example, Khasanova et al. (2021) [10] identified high-performing genotypes such as ICC-
456, ICC-15697, and ICC-7272 under northern Kazakhstan environments, while Khasanova et al.
(2022) [11] highlighted drought-tolerant accessions with favorable yield components. Molecular studies have
also begun to support breeding programs: Mazkirat et al. (2023) [12] applied SSR (simple sequence repeat)
markers to identify marker—trait associations for yield-related traits, while Ansabayeva and
Akhmetbekova (2023) [13] demonstrated that biological inoculants (e.g., Baikal EM-1) enhanced yield sta-
bility under continental climatic conditions. Recent multi-location trials have identified elite cultivars with
yields up to 5.94 t ha™ under favorable management, underscoring the untapped potential of chickpea for
Kazakhstan [14].

Despite these advances, comprehensive multi-year evaluations of large, diverse chickpea germplasm
sets under Kazakhstan’s heterogeneous agroclimatic conditions remain limited. Most existing studies have
focused on northern environments, whereas the south-east region, characterized by warmer temperatures and
distinct rainfall patterns, has received less attention. ldentifying genotypes with superior yield performance,
stable expression of key traits, and adaptability to such conditions is essential to broaden the genetic base of
breeding materials and accelerate cultivar development.

The present study was undertaken to address this gap. Specifically, we aimed to evaluate the agronomic
performance of 238 global chickpea genotypes across three consecutive growing seasons (2022—-2024) in
South-East Kazakhstan, assess correlations among yield and yield-related traits, and identify superior geno-
types with potential utility in breeding programs targeting resilience and productivity under Kazakhstan’s
semi-arid agroecological conditions.

Experimental

A total of 238 chickpea (Cicer arietinum L.) genotypes were evaluated, representing diverse geographic
origins including Africa (n = 26), Europe (n = 5), Latin America (n = 5), the Middle East (n = 94), and South
Asia (n = 108). The collection comprised accessions of different seed types, including kabuli, desi, and pea-
shaped forms, consistent with earlier global chickpea diversity assessments [15-17].Whole collection acces-
sions were evaluated over three growing seasons (2022, 2023, and 2024)at the experimental site of LLP
“Kazakh Research Institute of Agriculture and Plant Growing” (KRIAPG). Each trial was conducted in a
randomized complete block design with three replications. Standard agronomic practices were followed for
chickpea cultivation in each season. Traits measured: PH — Plant height (cm); HLP — Height to lowest
pod (cm); NLB — Number of lateral branches (count); NSP — Number of seeds per plant (count); YP —
Yield per plant (g); TSW — Thousand-seed weight (g).

Descriptive statistics (mean, maximum, minimum, standard deviation, and coefficient of variation) were
calculated to assess the extent of phenotypic variation within and across geographic groups. Trait correla-
tions were estimated using Pearson’s correlation coefficient, and significance levels were determined at p <
0.05, p<0.01, and p <0.001 [18].

Analysis of variance (ANOVA) was performed using a mixed linear model to partition the effects of
origin, seed type, and year, as well as their interactions, on each trait. Significance was assessed using F-
tests, and post hoc comparisons were conducted where appropriate.

Multivariate analysis of trait variation was carried out using principal component analysis (PCA) to re-
duce dimensionality and detect patterns among traits and accessions [19]. PCA biplots were generated to
visualize relationships among traits and the distribution of accessions by geographic origin and seed type,
following approaches previously applied in chickpea germplasm studies.

All statistical analyses were conducted in R softwarep [20], using packages stats, ggplot2, and
factoextra for data analysis and visualization.

Results and Discussion

Trait Variability Across Growing Seasons

The evaluation of 238 global chickpea genotypes revealed substantial variation in agronomic traits
across different regions of origin (Table 1). Mean PH ranged from 29.05 cm in European accessions to
32.91 cm in those from the Middle East, with the tallest individual plant recorded in the Middle East group
(46.02 cm). The HLP varied between 16.68 cm (Europe) and 18.41 cm (Middle East), with coefficients of
variation (CV) generally exceeding 15 %, indicating moderate variability. The NLB per plant was highest in
Middle Eastern accessions (mean 2.25) and lowest in Europe (mean 2.01), while the NSP ranged from 17.08
in European lines to 21.05 in Latin American lines, with the maximum value (32.48) also observed in Middle
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Eastern germplasm. YP showed a similar trend, with the highest mean recorded in Latin America (4.43 g)
and the highest individual yield in Middle Eastern lines (7.75 g).

Table 1
Descriptive statistics for agronomic traits of 238 global chickpea genotypes from five geographic origins
Traits | Max Min Mean SD CV (%)
Africa
Plant height (cm) 36.167 25.090 30.790 3.069 9.969
Height to lowest pod (cm) 23.623 12.300 17.020 2.929 17.211
NLB — Number of lateral branches (count) 2.533 1.523 2.078 0.275 13.228
Number of seeds per plant (count) 28.667 13.450 19.043 3.377 17.734
YP — Yield per plant (g) 6.412 2.225 3.720 1.129 30.338
TSW — Thousand-seed weight (g)
Europe
Plant height (cm) 39.943 23.067 29.053 6.479 22.299
Height to lowest pod (cm) 21.023 14.133 16.677 2.599 15.585
NLB — Number of lateral branches (count) 2.577 1.523 2.007 0.477 23.789
Number of seeds per plant (count) 20.710 13.610 17.075 2.778 16.268
YP — Yield per plant (g) 4.661 2.161 3.202 1.077 33.640
TSW — Thousand-seed weight (g) 268.033 110.667 155.500 65.086 41.856
Latin America
Plant height (cm) 39.477 25.333 30.189 6.344 21.014
Height to lowest pod (cm) 23.210 13.100 17.024 4,537 26.650
NLB — Number of lateral branches (count) 2.777 2.123 2431 0.260 10.692
Number of seeds per plant (count) 24.800 17.683 21.045 2.555 12.142
YP — Yield per plant (g) 5.727 3.587 4.425 0.974 22.007
TSW — Thousand-seed weight (g) 272.050 119.983 166.637 60.715 36.436
Middle East
Plant height (cm) 46.022 20.300 32.906 4577 13.910
Height to lowest pod (cm) 26.743 11.567 18.410 3.269 17.758
NLB — Number of lateral branches (count) 3.357 1.410 2.250 0.346 15.382
Number of seeds per plant (count) 32.477 11.543 19.025 4.384 23.044
YP — Yield per plant (g) 7.753 1.892 4.074 1.086 26.646
TSW — Thousand-seed weight (g) 329.433 98.017 168.612 56.273 33.374
SouthAsia
Plant height (cm) 42.007 20.500 30.574 4.438 14.515
Height to lowest pod (cm) 27.067 11.800 17.503 3.077 17.580
NLB — Number of lateral branches (count) 3.057 1.333 2.174 0.316 14.534
Number of seeds per plant (count) 31.823 11.065 19.438 4,760 24.487
YP — Yield per plant (g) 7.550 1.713 3.963 1.014 25.591
TSW — Thousand-seed weight (g) 309.350 98.767 161.850 45,121 27.878
Total

Plant height (cm) 46.022 20.300 31.479 4.570 14,518
Height to lowest pod (cm) 27.067 11.567 17.781 3.183 17.898
NLB — Number of lateral branches (count) 3.357 1.333 2.196 0.331 15.097
Number of seeds per plant (count) 32.477 11.065 19.216 4.407 22.934
YP — Yield per plant (g) 7.753 1.713 3.974 1.061 26.686
TSW — Thousand-seed weight (g) 329.433 98.017 163.895 51.071 31.161

Note. Max — maximum observed value; Min — minimum observed value; Mean — arithmetic average; SD — standard deviation;
CV — coefficient of variation

TSW exhibited the largest variability among traits, with values ranging from 98.02 g to 329.43 g. The
heaviest seeds were found in Middle Eastern genotypes (mean 168.61 g), followed by Latin American lines
(166.64 g), whereas European accessions had the lowest mean TSW (155.50 g). Overall, the combined da-
taset across all origins showed a mean plant height of 31.48 cm, height to the lowest pod of 17.78 cm, two
lateral branches per plant on average, and a yield per plant of 3.97 g. These results highlight that Middle
Eastern and Latin American germplasm tend to possess superior yield-related traits, whereas European and
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African lines may contribute to diversity in plant architecture. The observed variability suggests ample op-
portunities for selecting promising genotypes for breeding programs targeting high yield and desirable mor-
phological attributes under South-East Kazakhstan’s agro-climatic conditions.

Pearson correlation analysis explored relationships among traits, averaged across years (Fig. 3). A
strong, highly significant positive correlation was observed between PH and HLP (r = 0.866; p<0.001), indi-
cating a very close association where an increase in one trait is strongly linked to an increase in the other.
Another strong positive correlation was observed between TSW and YP (r = 0.605; p<0.001), indicating that
plants with larger seeds tend to produce higher yields.
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Figure 1. Correlation analysis of agronomic traits.
PH — plant height; HLP — height to lowest pod; NLB — number of lateral branches;
NSP — number of seeds per plant; YP — yield per plant; TSW — thousand seed weight

Moderate positive correlations were identified between NSP and YP (r = 0.530; p<0.001) and between
PH and YP (r = 0.390; p<0.001). These suggest that while the number of seeds per pod and plant height are
significantly associated with yield, their influence is less pronounced than that of thousand seed weight.

A weak but statistically significant positive correlation was noted for HLP and NLB (r = 0.263;
p<0.001) and HLP and YP (r = 0.298; p<0.001). The weak negative correlation between NSP and TSW (r = -
0.183; p<0.01) is also statistically significant, suggesting that there is a slight, inverse relationship between
the number of seeds and their weight.

Multivariate Analysis of Accession Diversity

The analysis of variance revealed distinct effects of origin, type, and year, as well as their interactions,
on several agronomic traits of the 238 chickpea genotypes evaluated (Table 2). For plant height (PH), signif-
icant main effects were detected for origin (F = 4.291, p = 0.00195), type (F = 5.203, p = 0.00572), and year
(F = 16.538, p < 0.001), along with a significant origin x type interaction (F = 3.363, p = 0.00522). Other
interaction terms were not significant. Similarly, height to lowest pod (HLP) was significantly influenced by
origin (F = 2.575, p = 0.03657), type (F = 5.720, p = 0.00344), and origin x type interaction (F = 2.449,
p = 0.03262), whereas year and higher-order interactions were not significant.
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Table 2
ANOVA for agronomic traits of 238 global chickpea genotypes evaluated in South-East Kazakhstan

Traits | Df | Ss | MS | F | P value

PH
Origin 4 990 2475 4,291 0,00195**
Type 2 600 300,1 5,203 0,00572**
Year 1 954 953,8 16,538 5,32E-05***
Origin: Type 5 970 193,9 3,363 0,00522**
Origin: Year 4 39 9,9 0,171 0,95317
Type: Year 2 30 14,8 0,257 0,77374
Origin: Type: Year 5 137 27,4 0,474 0,79556
Residuals 690 39794 57,7

HLP
Origin 4 209 52,13 2,575 0,03657*
Type 2 232 115,78 5,72 0,00344**
Year 1 5 5,34 0,264 0,60779
Origin: Type 5 248 49,56 2,449 0,03262*
Origin: Year 4 21 5,17 0,255 0,90638
Type: Year 2 12 5,81 0,287 0,75045
Origin: Type: Year 5 19 3,77 0,186 0,96775
Residuals 690 13966 20,24

NLB
Origin 4 3,34 0,83 2,064 0,0839
Type 2 0,57 0,28 0,7 0,4969
Year 1 173,97 173,97 430,116 <2e-16***
Origin: Type 5 2,75 0,55 1,362 0,2367
Origin: Year 4 1,01 0,25 0,625 0,6445
Type: Year 2 0,34 0,17 0,421 0,6565
Origin: Type: Year 5 2,59 0,52 1,281 0,2701
Residuals 686 277,47 0,4

NSP
Origin 4 154 38,6 0,474 0,755
Type 2 111 55,5 0,681 0,507
Year 1 2401 2401,1 29,465 7,92E-08***
Origin: Type 5 187 37,5 0,46 0,806
Origin: Year 4 206 51,4 0,631 0,641
Type: Year 2 319 159,4 1,956 0,142
Origin: Type: Year 5 148 29,5 0,362 0,874
Residuals 683 55659 81,5

YP
Origin 4 18,5 4,634 1,214 0,30367
Type 2 41,1 20,54 5,379 0,00481**
Year 1 0 0,022 0,006 0,93982
Origin: Type 5 18,2 3,641 0,953 0,4457
Origin: Year 4 12 2,99 0,783 0,53635
Type: Year 2 14,9 7,436 1,947 0,14344
Origin: Type: Year 5 10,1 2,012 0,527 0,75607
Residuals 683 2607,9 3,818

TSW
Origin 4 12956 3239 1,197 0,3109
Type 2 223030 111515 41,201 2,00E-16***
Year 1 102627 102627 37,918 1,26E-09***
Origin: Type 5 30225 6045 2,233 0,0494*
Origin: Year 4 1121 280 0,104 0,9813
Type: Year 2 12157 6079 2,246 0,1066
Origin: Type: Year 5 1919 384 0,142 0,9824
Residuals 686 1856715 2707

Note. PH — plant height; HLP — height to lowest pod; NLB — number of lateral branches; NSP — number of seeds per plant;
YP — vyield per plant; TSW — thousand seed weight. Df — degrees of freedom; SS — sum of squares; MS — mean square;
F — F-statistic; P value — significance level. * — P< 0.05, ** — P< 0.01, *** — P < 0.001

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



Field Evaluation and Diversity...

For the number of lateral branches (NLB), year exerted a highly significant effect (F = 430.116,
p < 0.001), but origin and type had no significant main or interaction effects. A similar pattern was observed
for the number of seeds per plant (NSP), with year showing a strong effect (F = 29.465, p < 0.001), while
origin, type, and their interactions were non-significant.

In terms of grain yield per plant (YP), type was the only factor with a significant main effect (F = 5.379,
p = 0.00481), whereas origin, year, and all interaction terms were non-significant. In contrast, thousand seed
weight (TSW) showed highly significant effects of type (F = 41.201, p < 0.001) and year (F = 37.918,
p < 0.001), as well as a weaker but significant origin X type interaction (F = 2.233, p = 0.0494). No other
interactions were significant for TSW.

Differences by Origin and Type

Principal component analysis (PCA) with origin groups revealed that the first two principal components
(PC1 and PC2) collectively explained 72.1 % of the total phenotypic variation among chickpea genotypes
(Fig. 2). PC1 accounted for 45.7 % of the variance and was positively associated with YP, TSW, and PH,
whereas PC2, explaining 26.4 % of the variance, was positively correlated with NSP and NLB.

PCA - Biplot
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25 0.0 25
PC1 (45.7%)

Figure 2. PCA showing the distribution of accessions from different origin groups based on six agronomic traits.
PH — plant height; HLP — height to lowest pod; NLB — number of lateral branches;
NSP — number of seeds per plant; YP — yield per plant; TSW — thousand seed weight

The PCA showed that chickpea accessions were partly separated by their origin. Genotypes from Africa
and the Middle East were mainly grouped on the positive side of PC1, reflecting their higher YPand TSW.
European genotypes clustered on the negative side of PC1, corresponding to lower performance for these
traits. Latin American accessions occupied an intermediate position, representing average trait values, while
South Asian accessions were widely scattered across both components, highlighting their high genetic and
phenotypic diversity. Analysis of trait relationships further indicated that YP, TSW, and PH were positively
associated, whereas HLP was negatively correlated with these yield components.

Principal component analysis (PCA) indicated that the first two principal components (PC1 and PC2)
together explained 72.1 % of the total phenotypic variation among chickpea accessions (Fig. 3). PC1, which
accounted for 45.7 % of the variance, was positively associated with yield potential (YP), thousand-seed
weight (TSW), and plant height (PH).
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PCA - Biplot

PC2 (26.4%)

25 0.0 25
PC1 (45.7%)

Figure 2. PCA showing the distribution of accessions from different seed types based on six agronomic traits.
PH — plant height; HLP — height to lowest pod; NLB — number of lateral branches;
NSP — number of seeds per plant; YP — yield per plant; TSW — thousand seed weight

PC2, explaining 26.4 % of the variance, was positively correlated with the number of pods per plant
(NSP) and number of lateral branches (NLB). The PCA biplot revealed a distinct separation among the three
seed types. Kabuli accessions (blue triangles) were predominantly located on the positive side of PC1, re-
flecting higher YP and TSW values. Desi accessions (green circles) were more widely dispersed, occupying
mainly the negative and central regions of PC1, suggesting lower association with yield-related traits and
greater genetic variability. Pea-shaped accessions (purple diamonds) were sparsely distributed without a
clear clustering pattern, likely due to the limited number of samples.

Discussion

The present multi-year evaluation of 238 chickpea genotypes from diverse global origins under South-
East Kazakhstan’s semi-arid conditions revealed substantial variability in agronomic traits, emphasizing the
richness of genetic diversity within the tested collection. Such diversity is critical for broadening the genetic
base of local chickpea breeding programs, which remain relatively narrow compared to major chickpea-
growing regions [21, 22]. The significant main effects of genotype origin and seed type on PH, HLP and
TSW demonstrate that both genetic background and seed morphology strongly influence performance under
local environments. Conversely, strong year effects for NLB and NSP highlight the impact of annual climatic
variation on yield-related traits, a finding consistent with other multi-environment studies in chickpea [23, 24].

The strong positive association between YP and TSW (r = 0.605) indicates that larger-seeded geno-
types, particularly kabuli types, represent promising candidates for yield improvement in South-East Ka-
zakhstan. This is in line with earlier findings that seed size is one of the primary determinants of market-
preferred yield gains [25, 26]. The moderate correlation between YP and NSP (r = 0.530) suggests that in-
creasing seed number can also contribute to yield gains, although the negative correlation between NSP and
TSW reflects a well-known trade-off between seed size and seed number in grain legumes [27]. Thus, breed-
ing strategies should seek to optimize both traits, potentially through ideotype-based selection or marker-
assisted introgression of favorable alleles.

PCAprovided further insights into the structuring of diversity. Accessions from the Middle East and Af-
rica clustered toward higher yield-related traits, supporting their utility as donor parents for productivity im-
provement. This agrees with the historical role of the Fertile Crescent and surrounding regions as hotspots of
chickpea diversity [17]. In contrast, European accessions generally exhibited lower yield potential but may
serve as sources of unique alleles for plant architecture or phenology. Latin American genotypes showed in-
termediate performance, whereas South Asian lines displayed wide dispersion, reflecting both the high ge-
netic variability and broad adaptation of germplasm from this major chickpea-growing region [28]. The dif-
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ferentiation of kabuli and desi types in the PCA biplot underscores their distinct breeding potential, with
kabuli types aligning more strongly with yield-related traits.

Importantly, the identification of 24 superior genotypes across years, including ICC456, 1CC637,
ICC1392, ICC2065, ICC3362, and ICC3410, provides valuable immediate resources for chickpea improve-
ment in Kazakhstan. Their consistent performance under variable seasonal conditions suggests they possess
both yield potential and adaptability. Integrating these genotypes into local breeding programs can enhance
productivity and stability under semi-arid environments, where water limitation and temperature stress are
key challenges [29].

Conclusion

This study demonstrated that substantial genetic variation exists among 238 chickpea genotypes when
cultivated under South-East Kazakhstan conditions. Yield potential was strongly linked to seed size and
moderately to seed number, indicating that these traits should be key targets in future breeding programs.
PCA and ANOVA analyses confirmed that geographic origin and seed type play an important role in im-
proving agronomic traits, while strong year-to-year variation underlines the need for multi-season testing of
genotypes.

Identified high-yielding and stable genotypes from the Middle East and Africa, offering valuable
sources to expand the genetic base of local breeding programs. Kabuli types stood out for their close associa-
tion with yield components, making them especially promising for yield improvement. The 24 perpective
lines identified in this study represent an important resource for developing chickpea cultivars with improved
productivity and resilience in the semi-arid regions of Kazakhstan.
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Ka3zakcTaHHBIH OHTYCTIK-IIBIFBICHIHAA OCipliireH 238 dj1eMIik HOKAT
(Cicer arietinum L.) reHoTHNTEPiH AaNAJNBIK 6aFajiay ’KoHe dPTYPJILIiri

KaszaxkcTaHHBIH OHTYCTIK-IIBIFBICHIHBIH KapPThUIAl MIOIEHTTI XKaFAalbIHAA 6CIPUIETIH JJIEMIIK KOJICKIUAIaH
238 wmokar reHorumiHiH (Cicer arietinum L.) arpoHOMHSUIBIK KOpPCETKIIITEpiHE, CHIATTaMalapBIHBIH
OaiiIaHBICBIHA JKOHE SPTYPIILIIriH Oaramay YIIiH YII XKBUIIBIK Jajla 3epTTeyi KYpri3iiai. YII BereTamusuibK
MayChIM/Ia )KYPTi3UIreH ChIHaKTap ociMIIKTiH OuikTiri (OB), Temenri OypmrakTeig Gekitiny ouikriri (TBBB),
oy#ipinik O6yrakrapasH canbl (BBC), ecimmixreri 6ypmax cansl (OBC), eciMaik eHiMainiri (©0) xene 1000
TyYKbIMHBIH canMarbl (MTC) OoiiblHIIa afTapibIKTail ©3TeprilTiKTi aHBIKTaAbl. JlMCHEpCHSsUIBIK Tangay
OipHeme Oenrinep OOWBIHIIA T'€HOTUNTIH IUBIFY TETiHIH, IOH TYPiHIH JXOHE JXBUIABIH MAaHBI3IBUIBIFBIH
KOpCeTTi, COHIali-aK TeHOTHUI X KOpIIaraH OpTa BIKHAJAAPbIHBIH KYLITI 9CEPiH aHBIKTaAbl. Koppemsmusisik
tangay ©0 men MTC apacsinma Kymri xoHe oH Koppemuus (r = 0,605) sxone OBC men MTC apacsinzna
oprama oH koppemauus (r = 0,530) Oap exeHin kepcerti, an OBC-zme Tepic KOppesuus aHBIKTAIABL, Oy
JIOHHIH KeJIeMi MeH CaHBI apachlH/a epeKuIenikTep 6ap ekeHiH kepcereai. Herisri kommoHeHTTep i Tanayaa
QJIFAIIKBl €Ki KOMIIOHEHTTIH Kalnbl BapHalusHbIH 72,1%-b1H TyciHgiperiHiH kepcerrti: Tasy IlIbFpic meH
Adpuka enmepiHeH ajbIlHFaH yiriaep jxorapsl OO jxoHe MTC MoHAepiHE TONTACTBIPBUIIBI, al OHTYCTIK
A3usiiaH KeNreH TeHOTHNTep KeH (EHOTHNTIK TUCHepCHsMeH cumarTaiasl. KaOymu TwIl skaimel eHIMIUTIK
OenrinepiMeH OalmaHBICTBI OOJIBI, Al JAE3U-TUII TYKBIM OJIIEMiHiH YJIKEH ©3TepriTiriMeH ojci3
OalmaHBICTBI KepceTTi. Ka3aKCTaHHBIH OHTYCTIK-IUBIFBICH JKaFJaiblHAA HOKATTBHIH OHIMIUIIrT MeH
OeitiMaenyiH apTThIpy YIIIH HEePCHEKTHBANBI CeNeKIMsUIbIK MaTtepuanasl ycbiHatein |CC456, 1CC637,
ICC1392, ICC2065, ICC3362 xone ICC3410 cusxTel 24 >KOFapbl ©HIMII el aHBIKTANAbl. AJBIHFAH
HOTW)KEJICP HOKATTBHIH OJEMIIK TIepMOIUIa3Machl OCNTiIepiHiH T'eHETHKAJBIK OpPTYPJIUIri MeH e3apa
GaiilaHBICHl Typasbl KYHABI aKapaT Oepei jKoHe skapThlUlai meeiiT ailMakrapra OarbITTalFaH CeIeKIHSIIbIK
OarmapiaManap/a naianany yiliH TaHJIaFaH TCHOTHIITEPIiH dJICYCTiH KOPCETe .

Kinm ce30ep. HOKAT, QNEMIIIK YATiIep, arpOHOMUSIIBIK Oenrisiep, kapThutail mesneiitti Kazakcran.

A.K. 3areibekoB, A.H. Emenranuesa, lII.H. ©Onyapoex, M.C. Kynaiibeprenos,
E.K. Typycnekos, C.11. AGyranuesa

IHoneBasi oneHka U pasnoodpasue 238 MUPOBBIX T€HOTUIIOB HYT
(Cicerarietinum L.), Boipamennbix B FOro-Bocrounom Ka3zaxcrane

ITpoBesneHa TPEXJIETHsAS MOJeBas OLEHKA arpOHOMHYECKHX MPU3HAKOB, MX B3aMMOCBS3eH M pa3HOOOpasus
238 renorumnos Hyta (Cicerarietinum L.) u3 MUPOBO#l KOJUIEKIMH, BO3ICIBIBAEMbIX B MMOIY3aCyILUIHBBIX yC-
JoBUsAX oro-soctoka Kaszaxcrana. Mcnbitanus, mpoBeIéHHbIE B TEUEHUE TPEX BEr€TALIMOHHBIX CE30HOB, BbI-
SIBIJIM 3HAYUTENBbHYI0 BapuaOelbHOCTh 1Mo BhIcoTe pacteHus (BP), BbicoTe mpukperuieHust HukHEero 0606a
(BITHB), unciy 6okoBeix Berseit (UBB), uncimy 60608 ¢ pacrenus (UBP), ypoxaitHoctu ¢ pactenus (YP) u
macce 1000 cemsn (MTC). JlucniepcHOHHBII aHAIN3 MOKA3al JOCTOBEPHOE BIHSHUE TIPOUCXOKACHHS 00pas-
11, TUIAa CEMSH U TOJIa Ha s/l NPU3HAKOB, a TAK)KE BBISIBUI BHIPOKCHHBIC B3aMMOICHCTBHS T€HOTHII X Cpefia.
KoppensiunoHHBIN aHaIN3 NPOJEMOHCTPUPOBA CHIIBHYIO HONOXKUTENbHYI0 cBi3b YP ¢ MTC (r = 0,605) u
ymepenHyto — ¢ UBP (r = 0,530), Troraa kak mexxny UbP u MTC BbIsiBIeHa oTpULiaTeNnbHast KOPPEIALHs, OT-
pakaroImasi U3BECTHBII KOMIPOMICC MEXIY pa3MepoM CeMsH M MX KOJMYECTBOM. AHAJM3 TIaBHBIX KOMIIO-
HEHT TI0Ka3a], 4TO IIePBbIC JBE KOMIOHEHTHI 0OBsIcHSIOT 72,1 % oOmel Bapmamuu: oOpasmbl M3 CTpaH
Bmmxaero Boctoka n AQpHKH IpyNITHPOBAIIICE B CTOPOHY BbIcOkHX 3HaueHni YP u MTC, Torna xak reHo-
Turnsl 13 FOKHOM A3 XapaKTepru30BaliCh MIMPOKOH (eHoTHnuIeckoi nucnepcueid. Kabymm-tumn B memom
OBbUT aCCOLMMPOBAH C YPOXKaMHBIMU IPU3HAKAMH, TOTJA KaK A€3U-THII JEMOHCTPUPOBA OOJBIIYI0 H3MEHYHU-
BOCTb M CJa0yI0 CBsI3b C pa3MepoM ceMsiH. Brinenensl 24 BBICOKONPOAYKTHBHBIE JHHHH, BKIodas 1CC456,
ICC637, ICC1392, ICC2065, ICC3362 u ICC3410, npencrapiisitonue NepcreKTUBHBIN CEIEKIIMOHHBIH MaTe-
pHaI 1l TOBBIIEHHST YPOXKAHHOCTH U aJjanTaliu HyTa B yCIOBUSX Ioro-soctoka Kazaxcrana. IlomyueHnsie
Pe3yIbTaTHl MPEAOCTABILIIOT IEHHYIO HH(POPMANUIO O TEHETHIECKOM Pa3sHOOOpa3uH U B3aHMOCBSI3H IIPH3HA-
KOB MHPOBOH T'epMOIUIa3Mbl HyTa, a TaKKe IMOJIEPKUBAIOT IIOTEHIINAT OTOOPAHHBIX TEHOTHIIOB IS ICIIOJIb-
30BaHUS B CEJICKIMOHHBIX MPOrpaMMax, OPHCHTHPOBAHHBIX Ha MOTy3aCyILINBBIE PETHOHBI.

Kniouesvie cnosa: HYT, MUpOBasi KOJUICKIIUA, CEIbCKOXO03SICTBEHHBIC MIPpU3HAKH, HOIIySaCyIHHPIBLIﬁ Kazax-
CTaH.
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Study of the distribution of Linaria cretacea in Kazakhstan
and neighboring countries: data from an electronic herbarium

Linaria cretacea Fisch. ex Spreng., commonly known as chalk toadflax, is a rare calciphilous species in the
family Plantaginaceae, listed in the Red Data Books of Kazakhstan and Ukraine. Here, we present a synthe-
sized overview of its distribution derived from digitized herbarium records (Kazakhstan, Russia, Ukraine) and
recent field surveys in the Aktobe Region, alongside an ecological characterization of its chalk-derived habi-
tats. The species’ range is highly disjunct, spanning eastern Ukraine, the southern European part of Russia
(Don River basin), and the far northwestern corner of Kazakhstan. Most populations occur on exposed, rub-
bly chalk slopes—so-called “chalk mountains.” We analyzed specimen data and observations by region and
year, producing summary maps and distribution tables. In Kazakhstan, only a handful of isolated populations
in the Aktobe Region have been confirmed by up-to-date collections and in situ observations. Key habitat fea-
tures include calcium-rich substrates, continental steppe climate, and a specialized chalk flora. We discuss the
low population densities and high vulnerability of L. cretacea owing to its narrow ecological niche and an-
thropogenic threats—chalk quarrying, livestock grazing, and successional overgrowth. The current conserva-
tion status across its range is reviewed, and recommendations for population monitoring and protection are
offered. We conclude by emphasizing the scientific importance of chalk ecosystems and the urgent need to
safeguard these refugia for relict plant species.

Keywords: Linaria cretacea, distribution, Kazakhstan, electronic herbarium, field research, vulnerability,
monitoring, plant protection.

Introduction

Significance of Studying Linaria cretacea

Linaria cretacea Fisch. ex Spreng. is a perennial herb of the Plantaginaceae (formerly
Scrophulariaceae), strictly confined to chalk outcrops. Its relictual range, centered around the eastern Black
Sea region, makes it of high conservation concern. The species features in the national Red Data Books of
Kazakhstan and Ukraine, as well as in various regional conservation lists within the Russian Federation. Its
restricted habitat—where Upper Cretaceous chalk emerges at the surface—combined with ongoing human
pressures, renders L. cretacea particularly susceptible to local extirpations. Consequently, a detailed under-
standing of its distribution, population dynamics, and habitat requirements is essential to formulate effective
preservation strategies.

Geographic and Taxonomic Context

The natural range of L. cretacea is fragmented into three main clusters: (1) the eastern Ukrainian chalk
ridges of Luhansk and Donetsk oblasts; (2) disjunct pockets across the southern European Russian steppes
(notably in Belgorod, VVoronezh, Saratov, Volgograd, and Rostov oblasts, with outliers in Ulyanovsk Oblast);
and (3) the westernmost limit in the C is Ural region (Orenburg Oblast) extending into northwestern Kazakh-
stan (Aktobe Region). This patchwork distribution spans a broad east-west and north-south gradient, reflect-
ing both geological constraints (chalk exposed in “island” outcrops) and historic biogeographical processes.
Systematically, L. cretacea belongs to the genus Linaria Mill., with earlier synonyms such as Linaria
creticola Kuprian now consolidated under the accepted name L. cretacea.

Obijectives

The present study aims to collect and analyze up-to-date information on the occurrence of L. cretacea in
Kazakhstan and neighbouring countries with the following specific objectives:

- To collect occurrence records from electronic herbarium databases and existing literature.
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- To supplement these historical data with results of targeted field studies, especially in the Aktobe re-
gion of Kazakhstan.

- To map and tabulate the geographical distribution of the species by region and collection date.

- To characterize the ecological and geomorphological conditions of its habitats on chalk outcrops.

- To assess the current status of known populations and identify the main threats.

- To propose practical recommendations for the ongoing monitoring and conservation of L. cretacea.

Materials and methods of research

Herbarium Data Sources

To delineate the distribution of L. cretacea, digitized specimen records from several major online her-
bariums were used: the National Herbarium of Kazakhstan (Institute of Botany and Phytointroduction, Al-
maty) provided collections from western Kazakhstan; the Herbarium of the Komarov Botanical Institute (LE,
St. Petersburg) and the Herbarium of Moscow State University (MW) provided material covering European
Russia and the Cis-Urals; and Ukrainian collections (Kholodny Institute of Botany, NASU — KW — and
various university herbaria) provided finds from eastern Ukraine. For each digital record, label information
was extracted, including the modern administrative location, geographic coordinates, collection date, reposi-
tory, and collector’s name. In total, about fifty L. cretacea specimens dating from the late 19th to early 21st
centuries were studied across the species’ range [1].

Field Surveys and Observations

Particular attention was paid to current locations in Kazakhstan. In 2023, a study of natural
cenopopulations of L. cretacea was conducted in the natural population of the species in the Ishkargantau
chalk massif (Fig. 1).

Figure 1. Ishkargantau chalk massif (photo by the author)

GIS Analysis.
A geodatabase of L. cretacea occurrence points was compiled.

Habitat and ecology data processing

Habitat characterization was based on field notes and published ecological reports. For each site, sub-
strate type (hard chalk, shingle chalk, or marl), slope aspect and gradient, evidence of recent erosion or vege-
tation cover, and degree of disturbance were recorded.

Conservation status assessment

Based on national and regional Red Data Books and recent botanical literature, the rarity categories as-
signed to L. cretacea across its range were reviewed, and the populations occurring within protected areas
were identified. The situation in Kazakhstan has been studied in detail: despite its inclusion in the national
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Red Book, no formal protection measures currently protect the known habitats of this species in the Aktobe
region, which highlights the urgent need for special conservation measures.

Description of the data set

L. cretacea occurrence table in Darwin Core format (occurrence.csv) with the following fields:
occurrencelD,  scientificName, eventDate, country, stateProvince, locality, decimallLatitude,
decimalLongitude, basisOfRecord, etc.

Link: https://github.com/olessya-max/linaria-cretacea.git

Results and discussions

Regional distribution of Linaria cretacea

The known localities of L. cretacea form a highly fragmented range concentrated in three main areas:

Eastern Ukraine — mainly in the Luhansk and Donetsk regions, corresponding to the chalk-rich
Seversky Donets River catchment and adjacent chalk ridges;

Southeastern European Russia — primarily the Don River basin and the lower Volga-Don interfluve
(Belgorod, Voronezh, Rostov, Volgograd, Saratov regions), with distant records extending north to the Ul-
yanovsk region;

The Cis-Urals and Northwestern Kazakhstan — chalk outcrops of the Orenburg region (Russia) and the
adjacent Aktobe region (Kazakhstan).

In each of these zones, L. cretacea is associated with steppe landscapes wherever chalk outcrops pierce
the surface. The composite map (Fig. 2) displays all verified localities taken from literature, herbarium spec-
imens, and fieldwork.

Figure 2. Linaria cretacea distribution: triangles marking the species locations
in Eastern Europe and Northwestern Kazakhstan

In Ukraine, L. cretacea is found exclusively in the Far East of the country. Classic localities include the
environs of Slavyansk and Svyatogorsk (Donetsk Oblast) and the chalk outcrops near Streltsovka
(Meloevsky district, Luhansk Oblast), in particular the “Streltsovka steppe”. These localities provided the
original specimens on which Fischer and Sprengel based their 1825 description. Recent field visits
(e.g. 2017) have confirmed its persistence on the chalk cliffs around Streltsovka. Although some populations
have been degraded by industrial development and regional conflicts, L. cretacea remains listed in the 2009
Red Data Book of Ukraine as a vulnerable species, known only from these two areas.

Throughout southern and central European Russia, L. cretacea occurs in scattered colonies. The north-
ernmost stands are in Belgorod and Voronezh Oblasts, marking the upper boundary of the Cretaceous steppe
flora. In Belgorod (e.g. Rovensky District, Nagolnoye village), field confirmations date back to no later than
2019. In Voronezh, there are several historical sites (Liski, Rossoshansky, Kantemirovsky Districts) with
herbarium material covering the 1930s-1980s. To the south, along the Don River, the species occupies chalk
hills in Rostov Oblast and on river banks in VVolgograd Oblast (Olkhovsky, Kalachevsky Districts). In Sara-
tov Oblast, it has been known from the Khoper and Medveditsa valleys since the 1990s, and the only record
from the early 20th century exists on the right bank of the Bityug River in Ulyanovsk Oblast. Each of these
regions includes L. cretacea in its own Red Book (categories from Il — decreasing numbers, to 111 — rare).
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Although population sizes are generally small and declining, some clusters (for example, along the Don in
the south of VVoronezh and north of Rostov regions) still form locally abundant stands.

Orenburg region is the easternmost outposts of the Eurasian distribution of the species. Here, two key
chalk massifs — Sol-lletsky (Upper Chebendinsky Mountains) and Perevolotsky (Chesnokovsky Hills) —
yielded records from the mid-2000s: herbarium collections in 2008 and 2015 on the slopes of the
Chesnokovsky Ridge and field observations in 2016 on the Upper Chebendinsky Ridges. These steppe semi-
desert outcrops are floristically distinct from European sites, but demonstrate the species’ tolerance of more
continental climates. L. cretacea is classified as rare (category Il1) in the regional Orenburg Red Book, with
explicit calls for population monitoring [2].

In Kazakhstan, L. cretacea reaches its eastern limit, today bounded by the northwest Aktobe Region.
The following chalk localities have been studied:

Akyrap. The Ishkargantau chalk ridge is located southwest of the village of Akyrap, Kobdinsky District,
Aktobe Region (about 15-17 km) and 70-80 km northwest of the village of Kursay. The chalk ridge consists
of high cliffs and deep ravines rising separately from the surrounding plains.

Two chalk massifs in the Khobdinsky District, Aktobe Region, should be designated as natural monu-
ments. One of them, Mount Shangrou, is located 15 km west of the village of Akrab, on the left bank of the
Bolshaya Khobda. The other, Mount Itas, or Zhantyztau, is located 13 km southwest of the village of
Novonayezhdinkiy in the upper reaches of the Kil River.

The Aktolagay Ridge is located in the Baiganinsky District. The length of the mountain range is 90 km,
the width is 5-10 km, and its highest point is Mount Kiyakty (217 m). The difference in altitude on the plat-
eau ledge reaches more than 130 m. It connects with the Caspian Lowland along the bank of the Zhem River.
The ridge is composed of chalk rocks.

Bestau is a chalk mountain that occupies the east and northeast of the village, 40-45 km from the vil-
lage of Kobda. It is located approximately 4-5 km south of the nearest rural district of Bestau (former
Pyatigorka). Consequently, in Kazakhstan, L. cretacea is highly localized, and its total national range covers
only a few tens of square kilometers. First listed in the Red Book of the Kazakh SSR in 1981 and assigned to
Category Il (rare) in the Red List of Kazakhstan in 2006, none of these remnant populations currently fall
within any of the protected areas [3-5].

Table 1
Analysis of the electronic herbarium of the distribution of Linaria cretacea
Region Number of Main locations Collection Data source Notes
samples date
Kazakhstan . . The most complete data
15 |Aktobe region, Uralsk, | 05 o) |Institute of Botany and | ) o yiciinution of the
Kostanay, Pavlodar Phytointroduction .
species.
Russia Southern Urals. Siberia Electronic Herbarium |Limited number of spec-
36 ; ' | 1955-1990 |of the Kyrgyz National |imens, requires clarifica-
Altai . .
Academy of Sciences |tion.
Ukraine Kharkiv region Russian Academy of
18 Lugansk reg ion' 1904-1970 |Sciences, Moscow
g glon, State University
General
information 69 - - - Need for further research.
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Additional data on herbarium specimens from the electronic herbarium

of the Institute of Botany and Phytointroduction»

Table 2

Collectorsanddet

Family | Genderindex| View Region Collection (label) Date .
erminants

Linaria
Scrophu- 7480Linaria cretaceaFi| Spurs of the Ural region Okr.g. Uralsk. 01.06.1925 |Poyarkova T. F.
lariaceae sch.ex Common Syrt

Spreng.

Linaria Adaevsky u. Between the
Scrophu- cretaceaFi river Amboy and Ust-Urtom. Rozhevits R. Yu.,
Iaria(F:)eae 7480L.inaria sch.ex Embinsky Chalk outcrops between 14.06.1926 |llyin M. M.,

' Kopty-Kuduk and Khan- Avramchik M. N.
Spreng.
dyurt-kul.

Linaria Adaevsky u. Between the
Scrophu— 7480Linaria cretaceaFi Embinsky river Amboy and Ust—L_thom. 29.06.1926 Krasheninnikov I.
lariaceae sch.ex G. Burlyu-pak on the river. M.

Spreng. Embe. Chalkoutcrops.

Linaria .
Scrophu- ~ lcretaceaFi . Adaevsky u. Between the Ro_zhewts R. Yu.,
lariaceae 7480Linaria sch.ex Embinsky river Amboy and Ust-Urtom. | 10.06.1926 |(llyin M. M.,

Spréng ChalkmountainAk-tau. Avramchik M. N.

Digital herbarium analysis shows that L. cretacea (Fig. 3) is quite widespread in Kazakhstan, especially
in the Aktobe region, where most of the specimens are concentrated. This is supported by data collected from
various sources, including herbarium collections, which indicate the presence of stable populations in this
region. For example, in the Aktobe region, 15 specimens were recorded, collected between 1950 and 2020,
which highlights the importance of this region for the conservation of this species [6, 7]. Also, the studies of
Aubakirova, Baytenov and others demonstrate the use of data from herbariums for a more detailed study of
the flora and fauna of Kazakhstan [8, 9].

2

Figure 3. Herbarium of Linaria cretacea

Ecological characteristics of habitats
Landforms and soils. L. cretacea is an obligate calciphile, associated with outcrops of Upper Cretaceous
chalk and marl. It thrives on steep, often south-facing, chalk escarpments where the substrate is either bare
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rock or a thin layer of humus over chalk rubble, an extreme edaphic environment with very high calcium
carbonate content. The species is absent from areas where continuous turf has formed on the chalk; it prefers
fresh erosional landforms such as scree slopes, gully walls, and isolated outcrop hills. In the Cis-Urals and
northwest Kazakhstan, these chalk ridges — locally known as “chalk mountains” — rise 150-200 m above
the surrounding semi-desert steppe plain. A typical habitat with scattered individuals on an open chalk slope
is shown in Figure 4.

Figure 4. Chalk toadflax (Linaria cretacea) on an open chalk slope, 1D:44-228-5009 [10]

Climate. All known populations of L. cretacea inhabit the conditions of moderate continental steppe
climate. Winters are cool (average January temperature fluctuates from —5 °C in the southern sectors to —
15 °C in the north), and summers are hot (average July temperature from +22 to +25 °C). Annual precipita-
tion decreases from west to east — from 450-500 mm in Ukraine and western Russia to 300—-350 mm in the
foothills of the Urals and Aktobe region — often falling in the form of irregular heavy showers. Due to their
height and white substrate, chalk ridges are intensely heated by direct sunlight and are subject to rain erosion.
L. cretacea demonstrates xerophytic adaptations: a glaucous leaf surface and a short growing season (flower-
ing in June—July followed by partial death of the above-ground parts). In dry springs the number of flowering
shoots may be sharply reduced; the plant survives by means of rhizomes and recovers when moisture condi-
tions improve. Thus climatic limitations act in combination with substrate sparseness to limit the distribution
of the species.

Plant community context. In each locality L. cretacea occurs in chalk steppe communities — petrophyll
grasslands dominated by calciphilous forbs and dwarf shrubs. Common associate species include Euphorbia
cretophila (chalk spurge), Polygala cretacea (chalk spurge), Matthiola fragrans (fragrant rootstock), Gyp-
sophila paniculata (paniculate gypsophila) and low shrubs such as Artemisia salsoloides and cushion plants
such as Nanophytonerinaceum. On more stable grassy chalk plateaus (with tussocks of Stipa capillata and
Astragalus spp.) L. cretacea is displaced and absent. Its optimum occurs on unstable screes and fresh eroding
slopes, where it is one of the few perennials able to establish near small shrubs and annuals. The complete
absence of soil (vertical chalk surfaces) is also unsuitable; the species prefers small terraces or benches that
capture enough substrate for rooting. The texture — fine chalk rubble — is crucial for seedling establishment
and vegetative regeneration. These consistent edaphic requirements throughout its range emphasize the nar-
row specialization of the species to chalk ecotopes [11].

Population Size and Trends

Across its entire range, L. cretacea exists in small, discrete populations, each typically comprising only
a few to a few dozen individuals on sites of a few hundred square meters to a hectare. For example, most
colonies in Belgorod and Voronezh oblasts consist of 10-30 flowering shoots—and rarely up to 100—while
Orenburg Oblast populations number 20-50 plants. In Kazakhstan, each known site contains no more than
around 50 specimens. Detailed morphometric studies of four populations in Aktobe Region reveal similar
demographic structures: a dominance of mature, reproductive individuals, limited recruitment of seedlings,
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and an overall density of only 2-3 plants per 10 m?. These data suggest stable but low reproductive output,
with population sizes remaining at a consistently low plateau.

Historical comparisons indicate either stable low numbers or outright declines since the mid-20th cen-
tury, likely driven by habitat destruction and successional change. In Rostov Oblast, several 1980s sites have
not been relocated in 2000s surveys—probably lost to slope exploitation or shrub encroachment. In Voro-
nezh Oblast, once-common stands along the Toluchéevka and Bityug rivers now survive as mere isolated
clumps. In Luhansk and Donetsk oblasts, industrial land use and regional conflicts have further contracted
the species’ footprint. Nonetheless, some strongholds—such as the Don valley border between VVoronezh and
Rostov oblasts, and the Streltsivska Steppe reserve in Luhansk—still harbor hundreds of individuals, serving
as refugia for chalk flora.

Long-term monitoring in protected sites is rare but encouraging: in the Belogorye Nature Reserve (Bel-
gorod Oblast), a chalk slope population of approximately 50 plants has shown no decline over two decades
of observation. Such cases remain exceptional. The prevailing pattern is one of acute vulnerability and poten-
tial extirpation of local populations absent ongoing management and monitoring.

Limiting Factors and Threats

Substrate Specialization. The primary natural constraint on L. cretacea is its strict dependence on pure
chalk substrates. The species cannot establish on any soil type other than freshly exposed Cretaceous chalk,
which confines its distribution to isolated “islands” of chalk outcrops. Even within these sites, it occupies
only very specific microhabitats—rocky scree slopes with minimal plant competition. This extreme habitat
specialization fragments its range into discrete patches, effectively isolating populations and limiting gene
flow. Such isolation fosters genetic differentiation among colonies and may reduce their resilience to envi-
ronmental stress.

Livestock Grazing and Trampling. Although chalk slopes are generally unsuitable for agriculture, they
are often used informally as summer grazing grounds. Cattle and sheep are herded along narrow trails across
chalk outcrops, causing direct mechanical damage to plants and accelerating soil erosion. A single herd can
wipe out an entire small colony, since L. cretacea grows in tight patches. Hoof compaction also degrades the
fragile chalk substrate, impeding seedling establishment and further diminishing recruitment. Grazing pres-
sure thus contributes significantly to population declines, especially where no formal protection exists.

Chalk Quarrying. Chalk is a valuable raw material for construction and industry, and many chalk hills
have been exploited by quarry operations. In quarries, vegetation cover is completely removed, eradicating
all local populations. For instance, in Donetsk Oblast, several historic L. cretacea sites were destroyed by
mid-20th-century mining. While active extraction has not yet impacted the known populations in Kazakh-
stan and Orenburg Oblast, future development plans for these resources pose a potential risk to the remaining
colonies.

Successional Overgrowth. Where grazing or quarrying cease, open chalk slopes often undergo natural
succession. Pioneer shrubs (e.g., Caragana frutex, Rosa spinosissima) and turf-forming grasses gradually
colonize eroded scree, shading out L. cretacea. As these microhabitats stabilize and lose their bare-rock
character, suitable niches vanish. Paradoxically, limited natural disturbance—minor rock falls or ephemeral
erosion—is essential to maintain the sparse, open conditions that L. cretacea requires. Both cessation and
intensification of disturbance (through uncontrolled grazing) can upset this balance and lead to habitat loss.

Conservation Status and Current Measures. L. cretacea is legally protected at national and regional lev-
els across its range. It is classified as Rare or Vulnerable in the Red Data Books of Ukraine and Kazakhstan
and appears in the regional Red Data Books of at least eight Russian oblasts. Some populations occur within
existing protected areas—such as Belogorye Nature Reserve (Belgorod Oblast), the Toluchéevka River
steppes (Voronezh Oblast), and several nature monuments in Luhansk Oblast. However, most colonies lie
outside any formal conservation unit. In Kazakhstan, none of the chalk ridges harboring the species have
protected status, a gap highlighted by recent studies as a serious threat even to currently stable populations.
Immediate action is needed to initiate monitoring and protective measures.

Recommendations for Monitoring and Conservation

Long-term Population Monitoring. Establish fixed monitoring plots at each known L. cretacea site.
Conduct systematic counts of individuals, record demographic structure, and assess habitat condition annual-
ly or every 2-3 years. In Kazakhstan, these plots should be set on the Ishkargantau and Akshatau ridges; in
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Orenburg Oblast on the Upper Chebendinsky and Chesnokovsky hills; and in Ukraine and Russia at key
chalk reserves and steppes. Local botanical institutions and universities should be enlisted for ongoing data
collection and analysis.

Designation of New Protected Areas. Expand the network of conservation reserves to include the most
important chalk ecosystems supporting L. cretacea. In Aktobe Region, Kazakhstan, confer “nature monu-
ment” status on one or more chalk ridges (e.g., Ishkargantau, Akshatau) to secure legal protection against
mining and unmanaged grazing. Similarly, in Orenburg Oblast, establish a dedicated zakaznik (protected
landscape) on the Chesnokovsky chalk hills, where multiple rare chalk-specialist species co-occur. Existing
reserves in Russia and Ukraine should have their management plans reviewed and amended to prohibit any
slope-disturbing activities.

Regulation of Grazing and Quarrying. For populations outside protected zones, engage local herders
and land users in management plans. Restrict livestock access to critical slopes during the species’ growing
season (spring—summer) by creating alternative herding routes. Legally ban any new chalk mining within
known L. cretacea habitats and direct extraction to less biodiverse areas. Public information campaigns—
including informational signage at trailheads—should raise awareness of the species’ protected status and the
importance of preserving chalk ridges.

Ex Situ Conservation and Reintroduction Research. Seed collection and cultivation experiments should
be initiated in regional botanical gardens (e.g., Voronezh State University, Almaty Botanical Garden, Astana
Scientific Center). Maintaining living ex situ populations will safeguard the genetic diversity of L. cretacea
and allow for propagation trials. Parallel development of reintroduction protocols—using restored chalk spoil
slopes or artificially created scree terraces—can pave the way for population reinforcement or reestablish-
ment at sites where the species has been extirpated. Although technically challenging, these measures offer a
promising route to bolster in situ conservation outcomes.

Conclusion

Linaria cretacea is an example of a relict species of the Cretaceous flora of southeastern Europe and ad-
jacent Asian regions. Our consolidated analysis shows that, despite its fragmented distribution and declining
numbers, the species persists in isolated “islands” of the Cretaceous steppe from the Luhansk region of
Ukraine, parts of Eastern Russia and its Orenburg region, and the Aktobe region of Kazakhstan. With appro-
priate conservation measures, Cretaceous toadflax can maintain viable populations. From a scientific point of
view, L. cretacea is invaluable as an indicator of specialized calciphile communities and as a model for stud-
ying the evolution of narrow endemics, their morphological plasticity and genetic diversification. Moreover,
it significantly enriches the biodiversity of steppe ecosystems, which are particularly vulnerable. Its chalk
habitats serve as refuges for numerous rare taxa and provide insight into the evolutionary history of the Eura-
sian flora. Conservation of L. cretacea is of both national and international importance, as its range crosses
many borders. Continued collaboration between botanists and ecologists from Ukraine, Russia and Kazakh-
stan is essential for coordinated monitoring and protection efforts. Implementation of the recommended
measures—from the establishment of new protected areas to public awareness campaigns—will ensure the
long-term survival of L. cretacea and preserve these unique “white mountains” of the steppe for future gen-
erations.
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M. BbakbIiT)KaHOBa

Linaria cretacea-upin Ka3akcranaa :KoHe OFaH KaKbIH eJlIep/e
TapajybIH 3epPTTey: JJIeKTPOHAbI repOoapuii 1epexkTepi

Makarnana SneKTpoHAbl repbapuii gepekrepine Gaca Hasap aymapa OTBIPbIN, CHpeK KesmeceTiH Linaria
cretacea ecimaik Typiepini Kazakcranna jxeHe Kepurijec enjepAe Tapalybl KapacThIPbUIFaH. 3epTTeyIiH
MaKcaThl — OYJI TYpIiH AKTe0e OOJBICHIHIAFEI Tapaly aiMarblH HAKThLIAY, dcipece OOpJibl OeTKeiIep OHbIH
MEKEH/Iey OpTachlHA KOJIAWJbI JKarmail Tyrbi3ansl. ['epbapuii mepekrepin tammay Linaria cretacea-usig
HIeKTeyi, Oipak aifTapibIKTail TapaTyblH KOPCETTi, OHBIH HET13T1 TaObUFaH xepiepi Kasakcranna, conmaii-ak
Peceit mMern VYxkpamnama. JKympIcTa OCBI TYpPIiH ecyi YHIIH OOp 3KOXKyHenepiHiH MaHBI3IBUIBIFBI aTam
KOPCETIIN, OHBIH TapalyblH >KCHUINETETIH KOpIIaFaH oOpTa >KarJaiiapbl CHOAaTrTaiFaH. Jlamanbik
3epTTeyiepae MeKeHIey OPbIHAAPhl aHBIKTAJIbI, OYJ TYPaKThl MOHUTOPUHT JKOHE MOIMYISIIUSHBIH JKai-KyHi
Typajibl MOJIIMETTEPIi JKaHApTy KaxerTirnirin kepcerexi. Conpaii-ak Makaiana Linaria cretacea-ubix
AQHTPOIOTEH/IK acepliepre XaHe KIMMATTHIH e3repyiHe acepi KapacThIPBUIBII, CUPEK Ke3JeCeTiH oCiMIiKTep
TYpJIepiH KopFay LIapanapblH 33ipiey KaXeTTilirine 6aca Ha3ap ayqapbuiajsl. 3epTTey HoTIKeIepi Ooamak
3eprTeyaep YVIIiH JKaHa MYMKIHIIKTep amaasl, COHBIH imiHme Linaria cretacea-HelH TeHETHKAIBIK
OPTYPJILTIriH jk0HE 6acKa TYpJIEPMEH e3apa OpeKeTTeCyiH 3epTTey, OYJI CHpPEK KEe3/IECETiH TYPIi CaKTay jKoHe
KaJIITbIHA KENTipy CTPaTeTusUIapblH THIMIIPEK TaMBITyFa MyMKIHIIK Oepei.

Kinm ce30ep: Linaria cretacea, tapanysi, Kazakcran, a5meKTpoH/IbI TepOapuil, qanaiblk 3epTTey, OCAIIBIK,
MOHHMTOPHUHT, 6CIMIIKTEpAI KOpFay.

M. BbakbIT)KaHOBa

M3yuenue pacnpoctpanenus Linaria cretacea B Kazaxcrane
M COMpe/ieJIbHBIX CTPAHAX: TaHHbIE YJIEKTPOHHOI0 repoapus

B naHHOI1 cTaThe paccMaTpHBaeTCsi pacpoCTpaHeHHEe PeKOro Bua pacteHuil Linariac retacea B Kasaxcra-
HE ¥ CONPEAENbHBIX CTPaHaX ¢ aKIEHTOM Ha JaHHbIEe JIEKTPOHHOTO repbapus. Llenpio nccnenoBanus sSBIs-
€Tcsl yTOYHEHUE apeaya 3TOro BHAA, OCOOEHHO B AKTIOOMHCKON 0OJIacTH, IZie METOBBIE CKIOHBI CO3/MAIOT
GJIaronpHsATHBIE YCIOBHS IS ero oOMTaHus. AHAIIM3 JaHHBIX repOapus mokasai, yro Linaria cretacea nmeer
OTpaHNYEHHOE, HO 3HAYUTENIbHOE PacpOCTpaHEHHEe — OCHOBHbIE HAXOJKH IMPUXOIATCA Ha Tepputopuio Ka-
3axcTaHa, a Takke Poccun u Ykpaussl. B paboTte moguepkuBaeTcst BaXXHOCTh MEJIOBBIX 3KOCHCTEM AJIS IIPO-
M3pACTaHUs JIaHHOTO BH/IA U OIIMCBHIBAIOTCS SKOJOTHYECKHE YCIIOBHS, CIIOCOOCTBYIOIIME €ro pacnpocTpaHe-
HHIO. B pe3ynbrare noneBbIX HccIeA0BaHUA ObIIN BBISIBIEHBI MECTOOOUTAHMS, YTO CBUETEIBCTBYET O HEOO-
XOAUMOCTH PETYIISIPHOTO MOHHTOPHHTA M OOHOBIICHHS IAaHHBIX O COCTOSHHHM IOIyIsnuid. B paGote Takxke
yaensiercss BHUMaHue ysi3BuMocTH Linaria cretacea x aHTPOIOreHHbIM BO3JCHCTBUSIM U M3MEHEHHIO KIIMMa-
Ta, TTOYEPKUBACTCS HEOOXOAUMOCTh Pa3pabOTKU Mep IO OXpaHe PeIKUX BUAOB pacTeHUi. PesymbraThr mc-
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CIICZIOBAHUS OTKPBIBAIOT HOBBIE HAIPABJICHUS 11 Oyaylmux paboT, B TOM YHMCIIE O U3YyYEHHIO [eHETHYECKO-
ro pa3sHooOpasus u B3auMmoeiicTBuii Linaria cretacea ¢ apyriumMu BHIaMu, YTO HO3BOJIHT Goliee 3PEeKTHBHO
pa3padaThIBaTh CTPATETHU COXPAHEHHUs M BOCCTAHOBJICHHUS 3TOTO PEIKOTO BHIA.

Knroueswie cnosa: Linaria cretacea, pacpocrpanenue, KasaxcraH, 371eKTpOHHBIN repOapuid, mojeBbie Hecie-
JIOBaHMs, Y13BUMOCTb, MOHUTOPHUHT, OXpaHa PaCcTCHUI.
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1

Genetic diversity of the Kazakh Tobet dog and comparison
with free-ranging dog populations

The Kazakh Tobet is a traditional livestock guardian dog (LGD) breed in Kazakhstan. A comparison of ge-
netic diversity between the traditional breed and free-ranging (outbred) dogs makes it possible to better un-
derstand whether the genetic diversity of this breed is more similar to that of a structured breed population or
an unstructured, free-ranging dog population. The aim of this study was therefore to assess the genetic diver-
sity of the Kazakh Tobet and compare it with the genetic diversity of free-ranging dogs. A total of 107 Tobet
samples from three regions of Kazakhstan and Mongolia and 55 free-ranging dogs were genotyped using 18
polymorphic microsatellite loci. The main parameters of genetic diversity — including mean number of al-
leles (Na), effective alleles (Ne), observed (Ho) and expected heterozygosity (He) and fixation index (F) —
were evaluated. Tobet dogs showed a high level of genetic diversity (Na = 10.722, Ho = 0.781, He = 0.805
for the total populations), comparable to the values of outbred dogs (Na = 9.556, Ho = 0.776, He = 0.791).
All four Tobet populations showed signs of internal diversity. Fixation index values were low or negative in
most populations, suggesting that there is no strong inbreeding.

These results confirm the position of the Kazakh Tobet as a genetically rich and structurally complex LGD
breed that is maintained without strict reproductive isolation. They also illustrate a paradox in the conserva-
tion of the Kazakh Tobet: while the high genetic diversity and admixture reflect the breed’s adaptive success
and functional selection history, formal recognition of the breed and long-term conservation require a strate-
gic framework. In the case of the Kazakh Tobet, this does not mean imposing rigid reproductive isolation, but
rather implementing a scientifically guided, open breeding system — that supports genetic monitoring, pre-
serves functional traits, and protects against both genetic erosion and uncontrolled hybridization.

Keywords: Genetic profile, gene pool, genetic diversity, inbreeding, microsatellite marker, population genet-
ics, Tobet breed.

Introduction

The Kazakh Tobet is one of the oldest and culturally most important guard dog breeds in Kazakhstan.
Historically used by Kazakh nomad shepherds to guard livestock during seasonal migrations and was primar-
ily selected for behavioral and functional traits such as alertness, endurance, weather resistance and inde-
pendence. Despite its cultural importance, the breed remained largely uncharacterized at the genomic level
until recently. Fragmented breeding practices, lack of centralized registration and increased crossbreeding
with local or import breeds have raised concerns about the preservation of the genetic identity and functional
capacity of the Kazakh Tobet.

To assess the current genetic status of the Kazakh Tobet, comparisons with free-ranging (or outbred)
dog populations are an important benchmark. Free-ranging dogs, which reproduce without pedigree control
or artificial selection, generally show a high degree of heterozygosity and allelic richness. These parameters
make them a meaningful reference point for assessing whether a traditional breed such as the Tobet exhibits
patterns of diversity consistent with purebred breeds, or whether it resembles the broader, genetically varia-
ble population of free-ranging dogs.

In parallel, several studies have begun in recent years to investigate the genetic characterization of
working breeds. It has been shown that many of these breeds frequently interbreed with local free-ranging
dogs [1, 2]. This has led to a paradigm shift: instead of interpreting genetic admixture as a threat to breed
purity, it is increasingly seen as a mechanism that improves adaptability and preserves working traits, espe-
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cially under extensive pastoral conditions. However, the Kazakh Tobet remains underrepresented in these
discussions and its genetic diversity compared to outbred dog populations has not been systematically
studied.

In this study, we present a comprehensive assessment of the genetic diversity and structure of the Ka-
zakh Tobet in comparison to free-ranging dog populations. Using 18 polymorphic microsatellite markers, we
analyzed samples of Kazakh Tobet from three regions of Kazakhstan and Mongolia. These were compared
with a reference population of outbred dogs. The main genetic parameters, including observed and expected
heterozygosity, average number of alleles, effective allele number and fixation index were evaluated. The
main objective of this work is to quantify the genetic diversity of the Kazakh Tobet, determine its relation-
ship to the outbred dog gene pool, and provide an empirical basis for strategies to preserve the breed.

Materials and methods of the research

Objects of the research

The research protocol was reviewed and approved by the Bioethics Committee of the RSE at REM In-
stitute of Molecular Biology and Biochemistry named after M.A. Aitkhozhin, under the Committee of Sci-
ence of the Ministry of Science and Higher Education of the Republic of Kazakhstan (Protocol No. 1, Au-
gust 18, 2023). The study was conducted in accordance with the “Bioethical Rules for Conducting Research
Involving Humans and Animals”, the legislation of the Republic of Kazakhstan, and the principles of the
European Convention on Bioethics. Importantly, no invasive experiments were performed on animals during
the study. All research procedures involved the collection of biological materials from dogs through mini-
mally invasive methods, posing no harm or distress to the animals.

Biological samples were obtained from Kazakh Tobet dogs during field expeditions, exhibitions, and
specialized breed-related events. Evaluation of each dog’s conformity to the Kazakh Tobet breed standard
was conducted by certified cynologists from the national organization “KANSONAR?”. These experts met
the qualification requirements and had extensive experience with both national Kazakh breeds and the
broader Central Asian Shepherd Dog group, to which the Kazakh Tobet is classified. The assessments were
based on the official breed standard for the Kazakh Tobet, approved by the Decree of the Ministry of Ecolo-
gy and Natural Resources of the Republic of Kazakhstan No. 101 dated March 30, 2023. For comparative
purposes, a control group of free-breeding (outbred) dogs was included. These dogs, known for their high
genetic variability and adaptive potential, were sampled from the animal welfare organizations “Tailed Para-
dise” and “New Chance”.

Two types of biological material were collected from Kazakh Tobet and outbred dogs:

- buccal swabs were obtained by gently brushing the inner cheek surface. Samples were placed in sterile
tubes containing phosphate-buffered saline (PBS). This non-invasive and painless procedure was used for
both Kazakh Tobet and outbred dogs.

- peripheral blood samples (up to 50 ml) were collected from the leg vein using EDTA-coated vacuum
tubes by a licensed veterinarian experienced in research sampling. All procedures were carried out under
sterile conditions and were minimally invasive.

All samples were promptly transported in a portable refrigerated container to the Institute of Genetics
and Physiology. Upon arrival, samples were stored at —80 °C until further molecular genetic analyses were
conducted.

Additionally, each sampled dog was photographed, and owners were asked to complete a detailed ques-
tionnaire. The questionnaire gathered data on the dog’s age, sex, origin, current place of residence, physical
description, and measurements. All data were digitized and entered into an electronic database. Informed
consent was obtained from each dog’s owner prior to the collection of samples and genetic testing.

Methods of the research

DNA extraction

DNA was extracted using “QIlAamp Fast DNA Tissue Kit” (Qiagen, Germany) kits according to the
manufacturer’s protocol. The qualitative and quantitative characteristics of the isolated DNA were deter-
mined using Qubit4.0 (Invitrogen, USA) or 2100 Expert (Agilent Technologies, USA).
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Microsatellite analysis

Microsatellite analysis was performed with the SeqStudio™ Genetic Analyser (Thermo Fisher Scien-
tific, USA) using the Thermo Scientific Canine Genotypes Panel 1 (Thermo Fisher Scientific, USA), which
contains 19 loci recommended by ISAG for dog (AHTk211, CXX279, REN169018, INU055, REN54P11,
INRA21, AHT137, REN169D01, AHTh260, AHTKk253, INUOO 5, INU030.

Methods for bioinformatics and statistical processing of microsatellite analysis data

Genetic evaluation based on allele frequencies was performed using the programs GenAlEx 6.5 [3] and
Cervus [4]. We evaluated indicators such as the average (Na) and effective (Ne) number of alleles, the ob-
served (Ho) and expected (He) heterozygosity, and the agreement with the Hardy-Weinberg distribution.

Results

Genomic DNA was extracted from all collected biological samples of Kazakh Tobet dogs (n = 163),
and its quality and quantity were assessed using standard protocols. Likewise, DNA was isolated from bio-
materials collected from outbred dogs (n = 55), followed by evaluation of DNA integrity and concentration.

Microsatellite genotyping was conducted for 18 autosomal loci in 107 Kazakh Tobet dogs representing
four geographic populations: South Kazakhstan (n = 73; hereafter Pop 1), East Kazakhstan (n = 16; Pop 2),
North Kazakhstan (n = 8; Pop 3), and Bayan-Olgii, Mongolia (n = 4; Pop 4). Additionally, 55 outbred dogs
were genotyped as a comparative group. Allele frequencies were calculated for each locus, and key parame-
ters of genetic variability were assessed for both Kazakh Tobet and outbred dogs (Tables 1, 2).

Table 1
Genetic variability of Kazakh Tobet dogs
Population Locus Na Ne Ho He F
Popl AHTK211 6,000 3,628 0,616 0,724 0,149
CXX0279 10,000 5,613 0,792 0,822 0,037
REN169018 11,000 5,721 0,808 0,825 0,021
INU055 9,000 4,992 0,849 0,800 -0,062
REN54P11 10,000 5,709 0,877 0,825 -0,063
INRA21 8,000 5,557 0,918 0,820 -0,119
AHT137 14,000 6,337 0,904 0,842 -0,074
REN169D01 11,000 6,307 0,932 0,841 -0,107
AHTh260 12,000 4,329 0,712 0,769 0,074
AHTK253 9,000 2,791 0,466 0,642 0,274
INU005 10,000 3,335 0,603 0,700 0,139
INU030 7,000 4,315 0,781 0,768 -0,016
FH2848 9,000 5,789 0,877 0,827 -0,060
AHT121 12,000 7,860 0,795 0,873 0,090
FH2054 12,000 6,563 0,767 0,848 0,095
REN162C04 13,000 6,149 0,833 0,837 0,005
AHTh171 12,000 8,167 0,877 0,878 0,001
REN247M23 9,000 4,372 0,685 0,771 0,112
Mean 10,222 5,418 0,783 0,801 0,027
SE 0,495 0,341 0,029 0,015 0,024
Pop2 AHTK211 5,000 4,303 0,813 0,768 -0,059
CXX0279 6,000 3,657 0,813 0,727 -0,118
REN169018 6,000 4,697 0,875 0,787 -0,112
INU055 7,000 5,389 0,875 0,814 -0,074
REN54P11 7,000 4,031 0,938 0,752 -0,247
INRA21 6,000 3,969 0,625 0,748 0,164
AHT137 9,000 7,314 0,938 0,863 -0,086
REN169D01 8,000 5,069 0,875 0,803 -0,090
AHTh260 7,000 4,303 0,688 0,768 0,104
AHTK253 7,000 3,737 0,750 0,732 -0,024
INU005 7,000 4,096 0,625 0,756 0,173
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Continuation of Table 1

Population Locus Na Ne Ho He F
Pop2 INU030 5,000 4,197 0,625 0,762 0,179
FH2848 6,000 4,452 0,813 0,775 -0,048
AHT121 10,000 7,014 0,938 0,857 -0,093
FH2054 9,000 5,333 0,813 0,813 0,000
REN162C04 8,000 4,531 0,750 0,779 0,038
AHTh171 8,000 3,580 0,750 0,721 -0,041
REN247M23 5,000 2,926 0,625 0,658 0,050
Mean 7,000 4,589 0,785 0,771 -0,016
SE 0,343 0,264 0,026 0,012 0,027
Pop3 AHTK211 4,000 3,048 0,375 0,672 0,442
CXX0279 6,000 5,120 0,875 0,805 -0,087
REN169018 5,000 3,556 0,875 0,719 -0,217
INU055 5,000 3,879 0,750 0,742 -0,011
REN54P11 6,000 4,414 0,750 0,773 0,030
INRA21 6,000 4,741 1,000 0,789 -0,267
AHT137 6,000 4,923 1,000 0,797 -0,255
REN169D01 8,000 5,818 0,875 0,828 -0,057
AHTh260 8,000 6,400 0,750 0,844 0,111
AHTKk253 8,000 6,400 0,875 0,844 -0,037
INU005 6,000 3,200 0,625 0,688 0,091
INU030 6,000 4,414 0,875 0,773 -0,131
FH2848 5,000 4,741 0,750 0,789 0,050
AHT121 7,000 5,333 0,750 0,813 0,077
FH2054 6,000 5,120 0,875 0,805 -0,087
REN162C04 6,000 4,267 0,625 0,766 0,184
AHTh171 6,000 4,129 0,625 0,758 0,175
REN247M23 6,000 3,765 0,500 0,734 0,319
Mean 6,111 4,626 0,764 0,774 0,018
SE 0,254 0,230 0,039 0,012 0,045
Pop4 AHTKk211 5,000 3,704 0,900 0,730 -0,233
CXX0279 7,000 2,941 0,900 0,660 -0,364
REN169018 5,000 4,082 0,900 0,755 -0,192
INU055 6,000 4,000 0,600 0,750 0,200
REN54P11 5,000 3,448 0,500 0,710 0,296
INRA21 6,000 5,000 0,800 0,800 0,000
AHT137 9,000 6,452 0,900 0,845 -0,065
REN169D01 8,000 5,714 0,900 0,825 -0,091
AHTh260 6,000 3,704 0,900 0,730 -0,233
AHTKk253 3,000 1,504 0,200 0,335 0,403
INU005 4,000 2,667 0,700 0,625 -0,120
INU030 5,000 4,167 0,900 0,760 -0,184
FH2848 7,000 4,762 0,900 0,790 -0,139
AHT121 7,000 5,405 0,800 0,815 0,018
FH2054 7,000 4,000 0,300 0,750 0,600
REN162C04 6,000 4,348 0,900 0,770 -0,169
AHTh171 6,000 3,571 1,000 0,720 -0,389
REN247M23 6,000 5,128 0,900 0,805 -0,118
Mean 6,000 4,144 0,772 0,732 -0,043
SE 0,333 0,276 0,054 0,027 0,062
All (n=107) AHTKk211 6,000 3,813 0,654 0,738 0,113
CXX0279 11,000 5,335 0,811 0,813 0,002
REN169018 11,000 5,632 0,832 0,822 -0,011
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Continuation of Table 1

Population Locus Na Ne Ho He F
All (n=107) INUO55 10,000 5,110 0,822 0,804 -0,023
REN54P11 10,000 5,516 0,841 0,819 -0,027
INRA21 8,000 5,408 0,869 0,815 -0,066
AHT137 14,000 7,198 0,916 0,861 -0,064
REN169D01 11,000 6,439 0,916 0,845 -0,084
AHTh260 13,000 4,733 0,729 0,789 0,076
AHTKk253 11,000 3,085 0,514 0,676 0,239
INUOO5 10,000 3,433 0,617 0,709 0,130
INUO30 7,000 4,504 0,776 0,778 0,003
FH2848 9,000 5,943 0,860 0,832 -0,034
AHT121 12,000 8,255 0,813 0,879 0,075
FH2054 13,000 6,584 0,738 0,848 0,129
REN162C04 15,000 6,293 0,811 0,841 0,035
AHTh171 12,000 6,895 0,850 0,855 0,005
REN247M23 10,000 4,233 0,682 0,764 0,107
Mean 10,722 5,467 0,781 0,805 0,034
SE 0,547 0,321 0,025 0,013 0,020
Table 2

Genetic variability of outbred dogs

Pop Locus Na Ne Ho He F
Outbred (n=55) AHTKk211 6,000 4,569 0,764 0,781 0,022
CXX0279 8,000 5,004 0,727 0,800 0,091
REN169018 10,000 5,490 0,855 0,818 -0,045
INU055 9,000 4,549 0,636 0,780 0,184
REN54P11 10,000 5,879 0,818 0,830 0,014
INRA21 7,000 4,632 0,818 0,784 -0,043
AHT137 12,000 5,996 0,891 0,833 -0,069
REN169D01 11,000 5,955 0,891 0,832 -0,071
AHTh260 12,000 5,891 0,873 0,830 -0,051
AHTKk253 7,000 3,085 0,709 0,676 -0,049
INU005 12,000 3,658 0,636 0,727 0,124
INU030 6,000 3,168 0,709 0,684 -0,036
FH2848 8,000 6,044 0,727 0,835 0,129
AHT121 13,000 8,509 0,891 0,882 -0,010
FH2054 11,000 5,762 0,764 0,826 0,076
REN162C04 12,000 4,844 0,873 0,794 -0,100
AHTh171 11,000 5,123 0,764 0,805 0,051
REN247M23 7,000 3,555 0,618 0,719 0,140
Mean 9,556 5,095 0,776 0,791 0,020
SE 0,550 0,308 0,022 0,013 0,020

The percentage of polymorphic loci in the sample of Kazakh Tobet dogs was 100 % and a total of
193 alleles were identified. Pop 1 had the highest average number of alleles per locus (Na=10.222+0.495). In
comparison, Pop 2 and Pop 3 showed moderate genetic diversity, with mean Na values of 7.000+0.343 and
6.111+0.254, respectively. The lowest genetic diversity among the four populations was observed in Pop 4,
where the mean Na value was 6.000+0.333. The highest number of alleles was found at loci REN162C04,
AHT137, AHTh260, FH2054, AHT121 and AHTh171, each with 12 to 15 alleles. The lowest number of
alleles was found for the AHTk211 locus with 6 alleles. The average number of effective alleles for the
all samples analyzed was 5.467+0.321 and ranged from 4.144+0.276 in Pop 4 to 5.418+0.341 in Pop 1.
The highest observed heterozygosity was found in Pop 2 (Ho=0.785+0.026), followed by Pop 1
(Ho=0.783%0.029) and Pop 3 (Ho=0.764+0.039). The highest expected heterozygosity was found in Pop 1
(He=0.801+0.015), while Pop 3 (He=0.774+0.012) and Pop 2 (He=0.771+0.012) also showed significant but
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slightly lower heterozygosity. In contrast, Pop 4 had the lowest heterozygosity values, with Ho at
0.772+0.054 and He at 0.732+0.027. The fixation index F was negative in Pop 2 (-0.016+0.027) and
Pop 4 (-0.043+0.062), indicating an excess of heterozygotes in these populations. In contrast, Pop 1
(0.027+0.024) and Pop 3 (0.018+0.045) had positive F-values, indicating a slight lack of heterozygotes.

The percentage of polymorphic loci in the sample of outbred dogs was 100 %, a total of 172 alleles
were identified. The average number of alleles per locus (Na) was 9.556+0.550. The highest genetic diversity
among the loci was found for the AHT121 locus, which had 13 alleles. The INUO30 locus had the lowest
number of alleles — only 6. The average Ne value was 5.0954+0.308 and varied from 3.085 for the AHTk253
locus to 8.509 for the AHT121 locus. The average observed heterozygosity (Ho) for all analyzed loci was
0.776+0.022, which is close to the average expected heterozygosity (He), which was 0.791+0.013. The high-
est observed heterozygosity was recorded for the AHT137, REN169D01 and AHT121 loci, where Ho
reached 0.891. The lowest observed heterozygosity was at the REN247M23 locus (Ho=0.618). The fixation
index was generally close to zero (F=0.020+0.020), indicating that there is neither a significant lack nor ex-
cess of heterozygotes in the population. Negative F-values, indicating an excess of heterozygotes, were
found for REN169018 (-0.045), AHT137 (-0.069), REN169D01 (-0.071) and other loci. At the same time,
positive F-values, indicating a slight heterozygote deficiency, were found at the loci INU005 (0.124),
FH2848 (0.129) and REN247M23 (0.140).

HWE assessment in the analyzed sample of Kazakh Tobet dogs showed a deviation from HWE for sev-
en loci (INRA21, AHT137, AHTh260, AHTKk253, FH2054, REN162C04 and AHTh171 at P<0.0011) and in
the analyzed sample of outbred dogs — for four loci (CXX0279 at P<0.05, INU055 at P<0.05, FH2054 and
INUOOS5 at P<0.001).

A comprehensive analysis of the genetic parameters of outbred and Kazakh Tobet dogs (Fig.) revealed
relatively similar values for all parameters assessed. At the same time, the Kazakh Tobet population even
showed a slightly higher genetic diversity compared to the outbred dogs, despite a relatively small deficit of
heterozygotes: the F-fixation index was higher in the Kazakh Tobets (0.034) than in the outbred dogs (0.02).

W Outbred dogs
I ETobet dogs
Na MNe Ho He

Figure. Comparative analysis of genetic diversity parameters of Kazakh Tobet and outbred dogs
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Discussion

This study provides the population genetic analysis of the Kazakh Tobet, a traditional LGD breed,
based on 18 highly polymorphic microsatellite loci. By analyzing 107 Kazakh Tobet dogs from three regions
of Kazakhstan and Mongolia, and comparing them with 55 free-breeding dogs, we assessed the genetic di-
versity that define the contemporary gene pool of this indigenous breed.

The Kazakh Tobet demonstrated high levels of genetic variability across all metrics analyzed. A total of
193 alleles were identified, and 100 % of loci were polymorphic. The average number of alleles per lo-
cus (Na) reached 10.722—substantially higher than values reported for many molossoid and non-molossoid
breeds. For example, the Kazakh Tobet parameters were higher than those of the Tibetan Mastiff (Na=7.7,
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panel of 10 STR loci [5]), the in English Bulldog (Na=6.455 and Ne=2.722; panel of 33 STR loci [6], the
French Bulldog (Na=5.1; Ne=2.9; panel of 18 STR loci [7]). In addition, the genetic analysis performed on
the basis of a panel of 10 STR markers showed lower values of observed heterozygosity (Ho) compared to
Kazakh Tobets for such breeds from the molossoid group as Boxers, Staffordshire Bull Terriers and Rottwei-
lers (Ho = 0.51, 0.63 and 0.47, respectively) when analyzing a panel of 15 markers [8], for the Tibetan Mas-
tiff and French Bulldog (Ho = 0.694-0.76, and 0.6077, respectively) when analyzing a panel of 10 mark-
ers [9]. However, similar values of over 70 % observed heterozygosity were also found for several non-
molossoid dog breeds: for the Korean Dongyonggi (Ho = 0.7266) when analyzing 10 microsatellite loci [10],
for the Italian Pointer and the Podenco (Ho = 0.723 and 0.710-0.718) when analyzing a similar panel of
19 microsatellite loci [11], for the Yorkshire Terrier (Ho= 0.73) when analyzing 15 STR markers [8].

In population genetic studies of dog breeds, high observed heterozygosity is often interpreted as an in-
dication of recent admixture, large effective population size or lack of strict reproductive isolation. Indeed,
our own control group of outbred dogs exhibited high heterozygosity (Ho = 0.776), very similar to that of the
Kazakh Tobet. This supports the conclusion that the Kazakh Tobet dogs are still kept in an open mating sys-
tem with varying degrees of reproductive isolation.

However, recent genomic studies have shown that LGD breeds worldwide often do not exhibit strict re-
productive isolation and show extensive genetic overlap with outbred dogs due to their traditional role in ru-
ral and nomadic livestock systems. Dutrow et al. were the first to point out the genetic link between purebred
and free-ranging dogs [1]. Coutinho-Lima et al. showed the widespread nature of this relationship within
LGD breeds and suggested that reproductive isolation may not be necessary to maintain highly specialized
dogs [2]. This has led to the growing consensus that reproductive isolation is not a prerequisite for the
preservation of important working traits. Rather, it is cultural and functional selection—based on perfor-
mance and behavior in the field—that maintains the integrity of LGD populations. In this context, the high
levels of heterozygosity observed in Kazakh Tobets are not indicative of breed degradation, but reflect the
adaptive diversity maintained by an open breeding system. Similar results have been reported for other tradi-
tional LGD breeds such as the Turkish Kangal [12] and the Portuguese Castro Laboreiro dog [13], where
genomic analyses revealed an extensive exchange of alleles with local outbred populations. From this per-
spective, the high genetic diversity observed in Kazakh Tobets should not be seen as a threat to the conserva-
tion of the breed, but rather as a sign of resilience and adaptability—traits that are essential for their survival
in the harsh steppe and mountainous landscapes of Central Asia.

Although the genetic diversity of the Kazakh Tobet breed was high overall, it was not evenly distributed
across all populations. There are clear differences between the four populations studied. The southern popu-
lation showed the highest genetic diversity, but a slight deficit of heterozygotes indicated low inbreeding
(positive F-value). The eastern and northern populations showed moderate diversity, with the former show-
ing an excess of heterozygotes (negative F-values), indicating inbreeding, and the latter showing a slight def-
icit of heterozygotes. The Mongolian population was characterized by the lowest genetic diversity and the
strongest evidence of crossbreeding (the lowest negative F-value).

Taken together, these results position the Kazakh Tobet as a genetically rich and structurally complex
LGD breed maintained under conditions of semi-natural selection and open gene flow. They also illustrate a
paradox in the conservation of the Kazakh Tobet: while the high genetic diversity and admixture reflect the
breed’s adaptive success and functional selection history, formal recognition of the breed and long-term con-
servation require a strategic framework. In the case of the Kazakh Tobet, this does not mean imposing rigid
reproductive isolation, but rather implementing a scientifically guided, open breeding system — that sup-
ports genetic monitoring, preserves functional traits, and protects against both genetic erosion and uncon-
trolled hybridization.
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Ka3ak Te0eT uTTEepiHiH reHeTHKAJBIK dPTYPJILIIriH Oaraaay
’KOHE OHBI Ka0aibl UTTEPAiH MONMYJISUUICHIMEH CAJBICTBIPY

KasakrbiH Te6eTi — KazakcTaH ayMarbIH/Ia MaJl(bl KOPFay KbI3METiH OpbIH/AFaH AJCTYPJIi UT TYKbIMBI. TeKTi
TYKBIMJIBI TONTap MEH jkabailbl UTTEpIiH MOIYJIALMSIIAPbl apachIHAAFbl [CHETHKAIBIK OPTYPJIIITiH callbl-
CTBIPMAJTBI TaJlIay TYKBIMHBIH T€HO(MOHIBIHBIH KYPBUIBIMABIK MOMYJIHs OeNriyiepiHe coiikec KeIeTiHAIriH
HeMece YHbIMAACTHIPbUIMAFaH, TeHETHKAJbIK JKaFblHAH op TYpJii TONTapAblH CHIATTaMajapblH
CaKTaWTBHIHIBIFBIH aHBIKTayFa MYMKIiHAIK Oepeni. Byn 3epTTey »KyMBICHIHBIH Herisri makcatel — Ka3zax
TOOCTIHIH TeHETHKAJbIK OPTYPJIUIK AeHreilin Oaranayra jKOHE OHBI XaOailbl UTTEPAIH KepceTKilTepiMeH
casnbIcThipyFa OarbiTTanFaH. JKymbic asceinaa KasakcTaHHBIH YII OHIpiHEH jkoHe MOHFONMSAIAH ipiKTENreH
TebeT TYKbIMAB! nTTepAiy 107 Typi, coHmaii-ax sxabaifel nTTepain 55 Typi Tanmangsl. ['enoruntey 18 monu-
MOP(THI MHKPOCAaTEIUIMTTIK JIOKycTap OoOMbIHIIA >KYpri3unmi. [eHeTWKanmblK BapHAlUsSHBIH —HETi3ri
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napamerpJiepi ecenTesi: amienbaepaiy oprama cansl (Na), amnenpaepain tTuimMai caubl (Ne), OaKpUIaHATHIH
(Ho) xone kytinetiH rereposurotansik (He) sxone ¢pukcanus unpekci (F). Hotmxkecinae »abaifbl nTTrepmMeH
cansicTbipranaa (Na = 9.556, Ho = 0.776, He = 0.791) TebeT reHeTHKAJIBIK OpTYPIILUTIKTIH KOFaphl AeHreiline
ne ekeHiH kepcerti (Na = 10.722, Ho = 0.781, He = 0.805). 3epTTeyre KaTbicKaH TOOCTTIH OapIbIK TOPT IMO-
MYJSIUSACHIHIA JKOFAphl TeTePOreH UK TipKenai. bekiTy MHIeKCiHIH Tepic HeMece HeJre JKakbIH MOHIEpi
KOII JKaF/aiiia alKblH HHOPHANHITIH KOKTBIFBIH KepceTei. ¥ ChlHbUIFaH HoTIKenep Kasak TeOeriHiH KataH
PENpOAYKTUBTI OKLIaynay OoJMaFaH jKaFaaijia KaJabIITaCKaH IeHEeTHKANBIK Op TYPJi XKOHE iIKi capaaHFaH
TYKBIM €KeHIiH KepceTeni. MyHail epeKIIeikTep Tay >KbIHBICTAPBIH CaKTay Mocelsenepinae oenrim 6ip ma-
paloKc TyAbIpalbl: JKOFaphl ©3TeprillTiK >koHEe Kocmla OenriiepiHiH Ooysl OHBIH OeHiMAENrim MKeMITir
MeH (YHKIMOHAJIBIK TYPAaKTBUIBIFBIH KopceTeal, Oipak COHbIMEH Oipre TaHy MEH Y3aK MEp3iMAl CaKTayIblH
CTPATEeTHSJIBIK TOCUTIH KakeT ereni. TeOeT WTTepiHiH >KardaiiblHOa KaTaH PENpONYKTHBTI OKIIAyJaybl
CHTi30¢ei, TYPaKThl TCHETUKANBIK OaKbLIaY/Ibl dKOHE HETI3T1 TYKBIMJIBIK OCITiIep/Ii caKTayabl, COHBIMCH KaTap
TeHEeTHKANbIK Aerpalalysaa aa, 0aKpuiaychl3 OylaHAaCThIpYAaH Ja KOpFay/bl KO3ACHTIH allblK TYKBIMJIbI
oCIpy/IiH FBUIBIMH HETi3/IeJITeH YITICIH jKacay JyphIC IIEMIiM el CaHaHMBI3.

Kinm coe30ep: reneTukanbIK npodmis, TeHOPOH, TeHETHKAIBIK SPTYPIIUIIK, HHOPHIUHT, MUKPOCATSIUTUTTIK
MapKep, IOy IIIUSUIBIK TeHETHKA, TOOET TYKBIMEL

A.B. Ilepdunbsesa, .M. AbsutkaceimMoBa, A.Jl. Tonebaesa, K.b. becrianosa,
E.b. Ky3osneBa, M.O. bermanosa, A.C. Amupranuesa, O.B. Bumnskosa,
N.A. Hazapenko, A.A. KakcwuibikoBa, A.E. Epxan,

A.C. CeiicenbaeBa, H.B. Murn

Ounenka reHeTH4eCKOro pasHoodopasus covaxk nopoanl Kazaxckuii ToOet
U e€ CpaBHEHHeE ¢ NONMYAAUAMHU 0eCIIOPOIHBIX CO0aK

Kazaxckuii Tobet npeacTaBisier co00il TPaAUIIHOHHYIO TOPOAY cO0aK, HCTOPUYECKH BBIMOMHIBIIYIO (QYHK-
IIUI0 OXPaHbI CKOTa Ha Tepputopun Kazaxcrana. CpaBHUTEIbHBIH aHAIN3 TeHETHIECKOTO Pa3zHOOOpasus Mmo-
POAHBIX M OECHOPOTHBIX COOAK MO3BOJISIET YCTAHOBUTH, COOTBETCTBYET JIM T'€HO(OHJ MOPOABI NMPHU3HAKAM
CTPYKTYPHPOBAHHOH MOMYJISIIMU WM COXPAHSIET XapaKTEePHCTHKH HEOPTaHH30BAHHBIX, TEHETHIECKH Pa3HO-
poxHbIxX rpymil. Hacrosiee nccienoBanye ObUIO HAPaBICHO Ha OIIEHKY YPOBHS T'€HETHYECKOTO pa3HOoOpa-
3us Kazaxckoro TobGeTa 1 ero conocraBieHue ¢ Moka3aTesiMu OecriopoiHbIX cobak. B pamkax paGoTs! ObuTH
npoaHanu3upoBansl 107 06pa3ior cobak mopoasl TobeT, 0ToOpaHHBIX B TpEX pernonax Kasaxcrana u MoH-
TOJINH, a TaKkxke 55 00pa3noB OGecrnopoaHbIX cobak. ['eHOTHIHMpOBaHKE OCYLIECTBISIOCH MO 18 momumopd-
HBIM MHKPOCATEIUTHTHBIM JIOKycaM. BBl paccunTaHbI KIFOUEBBIE TapaMeTPhl TeHETHUECKONH H3MEHYHBOCTH:
cpennee xonmyectBo ayueneil (Na), apdexruBHoe uncno amreneit (Ne), Habnmromaemas (Ho) n oxxumaemast
rereposurotHocTh (He), a Takke mHaeke ¢pukcanun (F). Pesymprater mokasamm, uro Tober obnamaer BBICO-
KAM ypOBHEM TeHeTudeckoro pasHooOpasus (Na = 10.722, Ho = 0.781, He = 0.805), cpaBHUMEBIM ¢ mOKa3a-
TemsiMu OeciopoaHbix codak (Na = 9.556, Ho = 0.776, He = 0.791). Bricokas rereporeHHOCTb Oblia 3auK-
CHpOBaHa BO BCEX YETHIPEX momyssinusx ToOera, y4acTBOBAaBIIMX B HccieNoBaHWHM. OTpULATENbHBIC HIIH
OnM3KMe K HYJIIO 3HAUCHWs MHJEKca (UKCAlUH B OOJIBIIMHCTBE CIydaeB CBHIETEIBCTBYIOT 00 OTCYTCTBHHU
BBIp@)KEHHOTO MHOpuanHra. [IpencraBieHHbIe pe3ynbTaThl CBUIETEIBCTBYIOT O TOM, uTo Kasaxckuit Tober
SIBJIICTCS] TEHETHYECKH pa3HOOOpa3HOH U BHyTpeHHe nuddepeHnpoBaHHON TOpooii, hopMupoBaBiIeiics B
YCIOBUSAX OTCYTCTBHUSI CTPOTOH PENpOAYKTHBHOH H30JAIMU. Takue 0COOEHHOCTH CO3IAal0T ONpeAeTEHHBII
MapagoKC B BOIPOCAX COXPAHEHUs MOPOJBI: BBICOKAass M3MEHUYMBOCTh M HAINYHE TMPH3HAKOB IIPUMECH OTpa-
JKAIOT €€ aJaTHBHYIO IIACTUYHOCTD U (PYHKI[MOHAIBHYIO YCTOHYNBOCTE, HO OJHOBPEMEHHO TpeOyroT Oomee
CTPATETHYECKOTO TOAX0Ja K NMPHU3HAHUIO H JIOJITOCPOYHOMY coxpaHeHmio. B cimydae ToGera memecoobpas-
HBIM NIPEACTABIISACTCS HE BBEACHHE CTPOTOi PEnpoAyKTHBHON HM30JISILUH, a pa3paboTka HaAy4HO 0OOCHOBAH-
HOH MOJZIeNU OTKPBITOTO pa3BeldeHHUs, NMpeayCMaTpUBalolleil peryssipHblii FreHeTUYeCKUii MOHUTOPHHT, CO-
XpaHCHUE KIIIOYEBBIX MOPOAHBIX NMPU3HAKOB U 3AIUTY KaK OT FeHETUYECKOM JAcrpagalvy, Tak U OT HCKOH-
TPOIUPYEMOH THOPUIN3ALINY.

Kniouesvie cnosa: reHeTmaeckuit mMpoQuiIb, TeHO(OH, TeHETHIECKOe pa3HOoOpa3nue, MHOPHUIMHT, MHKpPOCa-
TEJUTUTHBII MapKep, IOy IAIHOHHAsI TeHEeTHKa, mopoja Tober.
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Pharmaceutical development and standardization of Salvia stepposa tablets

In response to the growing threat of antimicrobial resistance, plant-derived compounds are increasingly being
explored as safe and effective alternatives to conventional antibiotics. This study focused on the development
of solid oral dosage forms based on a dry extract of Salvia stepposa (MVSHS-40), rich in phenolic acids and
flavonoids with proven antimicrobial and anti-inflammatory activity. The extract was obtained using micro-
wave-assisted extraction (MAE) with 40 % ethanol, yielding up to 6 % rosmarinic acid as the dominant bio-
active compound, along with caffeic and p-coumaric acids, and flavonoids such as apigenin, naringenin, and
luteolin. The tablets were formulated by direct compression using microcrystalline cellulose, EMDEX, citric
acid, and calcium stearate, with some variants incorporating essential oils. Out of more than 30 experimental
variants, five optimized compositions were selected. Physicochemical and pharmacopeial evaluations con-
firmed excellent disintegration times (<12 minutes), dissolution rates (>79 %), uniform mass, high mechani-
cal strength (=107 N), and minimal friability (>99.99 %). HPLC-UV/MS analysis quantified 3.046 mg of
rosmarinic acid per tablet. Comparative analysis revealed a 5.5-fold increase in active content over commer-
cial Salvia officinalis tablets while avoiding thujone-related safety concerns. Stability studies over 18 months
demonstrated sustained integrity of pharmacological properties. The resulting MVSHS-40 tablets meet all
quality specifications and represent a safe, stable, and effective herbal formulation with potential applications
in the prevention and treatment of upper respiratory tract infections.

Keywords: Salvia stepposa, microwave-assisted extraction, rosmarinic acid, phenolic compounds, HPLC-
MS/MS, phytopharmaceuticals.

Introduction

Amid the growing problem of microbial antibiotic resistance, there is an urgent need to find new, effec-
tive, and safe medicinal agents. Plant-derived bioactive compounds are attracting increasing attention due to
their low toxicity and ability to inhibit the growth of pathogenic and opportunistic microorganisms [1]. In
particular, herbal extracts have become a promising source of natural antimicrobial agents with a broad spec-
trum of activity and high bioavailability. Steppe sage (Salvia stepposa) is a plant known for its high content
of phenolic compounds and flavonoids, which exhibit pronounced antimicrobial activity [2]. In recent stud-
ies, thin-layer chromatography (TLC) and high-performance liquid chromatography coupled with mass spec-
trometric detection (HPLC-MS/MS) were used to identify key components of sage extracts, among which
rosmarinic acid was dominant [3], accounting for up to 6 % of the extract mass. Additionally, the extracts
contained caffeic and p-coumaric acids, as well as flavonoids such as naringenin, apigenin, and luteolin. The
antimicrobial activity of these extracts was confirmed through testing on bacterial strains (Staphylococcus
aureus, Bacillus subtilis, Escherichia coli, Pseudomonas aeruginosa) and fungi of the genus Candida
albicans [4]. The results showed significant inhibition of microbial growth, indicating the potential use of
steppe sage extracts as natural antimicrobial agents.

Solid oral dosage forms, particularly tablets, dominate modern pharmaceutical production due to their
versatility, cost-efficiency, and ease of administration [5]. Among them, tablets provide a targeted delivery
system for the treatment of upper respiratory tract infections. The goal of this research was to develop a tab-
let formulation based on a dry extract of Salvia stepposa (MVSHS-40), recognized for its anti-inflammatory
and antibacterial activity.

Experimental

Plant material. The wild species Salvia stepposa Des. -Schost (syn. Salvia dumetorum), native to the
flora of Kazakhstan, was collected during field expeditions in the Karaganda region (Republic of Kazakh-
stan) at coordinates N 49°88898’; E 73°15569’, during its budding and flowering stages in July—August
2024.

Microwave-assisted extraction (MAE). MAE of Salvia stepposa Des.-Schost leaves was performed ac-
cording to the methods described in the literature [6]. For MAE of Salvia stepposa, a 40 % hydroalcoholic

Fundamental And Experimental Biology. 2025, 30, 3(119) 79


https://10.0.123.1/2025FEB3/79-88
mailto:yaninka_25@mail.ru

Y.K. Levaya, K.Zh. Badekova et al.

solution was used as the extracting solvent. Air-dried Salvia leaves weighing 20 g were placed into a 500 ml
round-bottom flask, and 200 ml of the solvent was added, maintaining a solid-to-liquid ratio of 1:10 (mw%:
vw%). The flask containing the material was placed into a domestic microwave oven operating at a frequen-
cy of 2.45 GHz and connected to a reflux condenser to condense vapors. Extraction was performed four
times until a nearly clear solution was obtained, with microwave irradiation lasting 4 minutes at a power of
300 W. The exposure was carried out in 10-second cycles with 1-minute intervals to prevent overheating and
boiling of the solvent. The temperature of the mixture was monitored every minute using an IR-T1
CONDTROL infrared thermometer. The obtained extracts were concentrated under vacuum on a Labtech
IR-1LT rotary evaporator to preserve the bioactive compounds without degradation. Subsequently, the dry
extract was obtained by vacuum drying at temperatures not exceeding 40 °C, ensuring the preservation of
thermolabile components and producing a stable powder suitable for further use in pharmaceutical formula-
tions.

High-Performance Liquid Chromatography. The analysis of rosmarinic acid in the tablets was per-
formed using high-performance liquid chromatography (HPLC) combined with ultraviolet (UV) detection
and real-time tandem mass spectrometry (ESI-MS/MS) according to the methodology [7]. The analysis was
carried out on an Agilent 1260 Infinity HPLC system (Agilent Technologies, USA) equipped with a G1311C
1260 Pump VL (four-channel pump), G1329B 1260 ALS autosampler, G1316A 1260 TCC column thermo-
stat, G1314C 1260 VWD VL+ variable wavelength detector, and a G6130A Quadrupole LC-MS/MS mass
spectrometer. The system was operated using ChemStation software under Windows NT.

Chromatographic separation was performed on a reversed-phase Zorbax Eclipse Plus C18 column
(150 mm x 4.6 mm, 3.5 um, Agilent Technologies, USA). A gradient elution system was used with mobile
phase A (2.5 % formic acid in water) and mobile phase B (2.5 % formic acid in acetonitrile). The gradient
profile was as follows: 0.00 min—3 % B, 7.00 min—20 % B, 7.10 min—30 % B, 27.00 min—40 % B, 35.00
min—50 % B, 35.10 min—20 % B, 40.00 min—3 % B. The flow rate was 0.4 mL/min, and the column tem-
perature was maintained at 30 °C. Tablets and standard of rosmarinic acid were dissolved in a 1:1 (v/v) mix-
ture of acetonitrile and purified water. The injection volume was 20 pL for tablet and standard solutions. The
eluent passed through the UV detector before reaching the mass spectrometry interface. UV detection wave-
lengths were set at 280 nm and 360 nm.

Mass spectrometric detection with electrospray ionization was performed in negative mode with the fol-
lowing optimized parameters: capillary temperature 350 °C; drying gas N, at 8 L/min; nebulizer pressure
45 psi. Data collection was carried out using the multiple reaction monitoring (MRM) method, which tracks
specific mass transitions during the corresponding retention time windows.

Quantitative determination of rosmarinic acid was performed using the Agilent 1260 Infinity HPLC
system.

The percentage of rosmarinic acid (X) in tablets containing dry extract of Salvia stepposa leaves was
calculated using the formula:

X= Sl-mo-l-P-looy (1)
S, -m, -1.100

where:

S; — peak area of rosmarinic acid;

mo — mass of the standard sample of rosmarinic acid, g;

m; — mass of tablets containing dry extract of Salvia stepposa leaves, g;

P — content of rosmarinic acid in the standard sample, expressed as a percentage. Rosmarinic acid
(molecular formula C1gH60g), CAS — 20283-92-5, purity 98 % (Sigma-Aldrich, USA).

Methods of standardization of tablets [8, 9].

Description. According to the State Pharmacopoeia of the Republic of Kazakhstan (SPRK), Vol. 1,
p. 550, general monograph “Tablets” and Pharmacopoeia of the Eurasian Economic Union (EAEU) 2.1.6.0.

Average tablet mass. The average mass of tablets was determined in accordance with SPRK Vol. I,
2.9.5 and EAEU Pharmacopoeia 2.1.9.5.

Disintegration. The disintegration test was performed according to SPRK Vol. I, 2.9.1 and EAEU
Pharmacopoeia 2.1.9.1 using a Julabo disintegration tester (Germany).

Dissolution. The dissolution test was carried out in accordance with SPRK Vol. 1, 2.9.3 and EAEU
Pharmacopoeia 2.1.9.3.
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Friability. Tablet friability was evaluated according to SPRK Vol. |, 2.9.7 and EAEU Pharmacopoeia
2.1.9.6 using an AE-1 friability tester (Charles Isch AG).

Tablet crushing resistance. The crushing resistance was determined according to SPRK Vol. I, 2.9.8
and EAEU Pharmacopoeia 2.1.9.7 using an HC 6.2 hardness tester (Kraemer Elektronik GmbH).

Microbiological purity. Testing was carried out according to SP RK Vol. I, 2.6.12, SPRK Vol. |, 2.6.13,
SPRK Vol. I, 5.1.4 (category 3B), and EAEU Pharmacopoeia 2.3.1.4.

Loss on drying. Determination of loss on drying was performed according to SPRK Vol. I, 2.2.32 “Loss
on Drying” and EAEU Pharmacopoeia 2.1.2.31.

Results and Discussion

Excipients play a vital role in tablet formulation, influencing tablet integrity, disintegration, drug re-
lease, and stability. Moisture content was tightly controlled to improve flowability and compressibility.

Five optimal compositions were identified from over 30 experimental variants (Table 1). MVSHS-40
served as the active pharmaceutical ingredient (API). Excipients included microcrystalline cellulose (MCC
105) as a binder and disintegrant, EMDEX (dextrates) as a filler, citric acid for pH stabilization, and calcium
stearate as a lubricant. Peppermint and eucalyptus oils were included in selected formulations to enhance
organoleptic properties.

Table 1
Optimized formulations for MVSHS-40 tablets (per tablet, mg)

Component F1 F2 F3 F4 F5
Dry extract MV SHS-40 50.0 50.0 50.0 50.0 50.0
MCC 105 75.0 75.0 75.0 75.0 75.0
EMDEX - 593 589.5 589 587.5
Citric acid 28.0 28.0 28.0 28.0 28.0
Calcium stearate - 4.0 75 7.5 75
Lactose monohydrate 589.5 - - - -
Peppermint oil - - - - 15
Eucalyptus oil - - - 0.5 0.5
Tablet weight (mg) 750.0 750.0 750.0 750.0 750.0

The use of EMDEX improved flow and compressibility. Inadequate tablet ejection observed with 4 mg
calcium stearate prompted an increase to 7.5 mg. MCC enhanced water absorption and disintegration, while
essential oils improved flavor.

The tablets were evaluated for mass uniformity, disintegration, dissolution, mechanical strength, and
friability, complying with SPRK standards. Formulation 5 was deemed optimal.

Table 2
Quality evaluation of MVSHS-40 tablets

Test Requirement F1 F2 F3 F4 F5
Appearance Conforms v v v v v
Avg. weight variation +5% 0.002 0.004 0.002 0.003 0.003
Mass uniformity +10 % 3 4 4 2 5
Disintegration time <15 min 13:00 12:35 12:55 12:45 11:47
Dissolution (45 min) >75 % 2% 81 % 80 % 79 % 79 %
Crushing strength (N) >50 N 151.8 139.5 142.1 135.4 107.2
Friability >97 % 99.994 99.995 99.993 99.994 99.991

Bulk and tapped density, flow rate, compressibility, and ejection force were evaluated (Table 3).
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Table 3
Physico-technological properties of MVSHS-40 tablet blend

Property Value
Bulk density (g/cm?) 0.53 £0.01
Tapped density (g/cm?) 0.75+£0.02
Flow rate (g/s) 3.1+£0.1
Compressibility (kg) 8.5+0.21
Compression index (%) 3.97
Ejection force (kg/cm?) 270.0 £ 8.0

The blend exhibited good flow and compressibility, suitable for direct compression.

Tablets were produced using direct compression. Weighing of MVSHS-40 and excipients was per-
formed using MK-32.2 and ET-600P-E scales. All components were sieved through a PVS30 vibrosieve and
mixed in an Airpac blender. Lubrication was performed by adding calcium stearate, followed by mixing for
5 minutes. Moisture content was controlled (5-6 %) using EVLAS-2M. Tablets were compressed using a
rotary tablet press RTM-10 and then dedusted using an Elevating De-Duster.

Direct compression provided several advantages over wet granulation, including process simplicity, re-
duced equipment use, and lower labor and energy costs. The technological flowchart for the production of
tablets with MVVSH-40 by the direct compression method is presented in Figure 1.
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Raw materials:
- Dry extract MVShS-40
- MCC 105
- Citric acid
- Calcium stearate
- EMDEX

Material losses
Y

Stage 1:
Raw material preparation
Weighing, sieving

Material losses

In-process control

Stage 2:
Blending for tableting
Mixing in blender

Moisture check
<6%

Stage 3:
Powdering
Adding calcium stearate

Tablet mass: 750+0.03 mg
Y

Stage 4:
Tablet compression
Rotary tablet press
Dust removal, inspection

anual rejection

Final quality control

Stage 5:
Packaging and labeling
Blister packs, labeling, boxing

Quarantine storage

Y

Finished product storage

Figure 1. Technological flowchart for the production of tablets with MVSH-40.

HPLC-UV analysis confirmed the presence of rosmarinic acid, quantified as 0.41 % (3.046 mg per
tablet). Chromatograms showed clear identification peaks under multiple detection wavelengths (Fig. 2).
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Figure 2. HPLC-UV chromatograms: A — 360 nm, B — 280 nm; HPLC-MS/MS: C — total ion chromatogram (TIC),
and D — identification of rosmarinic acid in a tablets with steppe sage extract (SIM).
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A comparison with commercial Salvia officinalis tablets (Netherlands) highlighted key advantages of
the MV SHS-40 tablets (Table 4).

Table

Comparative characteristics of Salvia-based tablets

4

Parameter Salvia officinalis Salvia stepposa (MVSHS-40)
Extract type Dry Dry

Active content 12.5mg 50 mg

Essential oils Sage essential oil Eucalyptus, peppermint oils
Rosmarinic acid content 0.55 mg 3.046 mg

Safety concern

Contains thujone Thujone-free

MV SHS-40 tablets offer significantly higher active content without the safety concerns associated with

thujone.

Long-term stability studies were conducted over 18 months at 25+2 °C/60+5 % RH. Three production
batches were evaluated at 0, 3, 6, 9, 12, and 18 months. No significant changes in physical or chemical pa-
rameters were observed, confirming product stability.

Quality specification was developed in compliance with EAEU and SPRK guidelines, encompassing
organoleptic, physicochemical, microbiological, and assay parameters.

Table 5
Quality specification for tablets based on MVSH-40
Quality parameter Specification (acceptable limits) Test method references
Description Tablets whole, uniform, light gray with light brown speck- |EAEU Pharm. 2.1.6.0, SPRK
les, homogeneous surface, bitter taste, characteristic aro- Vol.1, p.550
matic odor.
Identification Retention time of main peak in test solution chromatogram |According to RD
must match rosmarinic acid peak in standard chromatogram.
Average mass / mass +5 % individual tablet, £10 % allowed deviations EAEU Pharm. 2.1.9.5, SPRK
uniformity Vol.1,2.95
Disintegration Not more than 15 minutes EAEU Pharm. 2.1.9.1, SPRK
Vol.1,2.9.1
Dissolution Not less than 75 % dissolved in 45 minutes EAEU Pharm. 2.1.9.3, SPRK
Vol.1,2.9.3
Related substances Caffeic acid, cynaroside, p-coumaric acid, apigenin According to RD
(identified impurities)
Friability Not less than 97 % EAEU Pharm. 2.1.9.6, SPRK
Vol.1,2.9.7
Tablet crushing strength Not less than 50 N EAEU Pharm. 2.1.9.7, SPRK
Vol.1,2.9.8
Microbiological purity Category 3B. In 1.0 g: aerobic microorganisms <10*4, fungi |EAEU 2.3.1.4, SPRK Vol.1,
<10*2, enterobacteria <10*2. No Escherichiacoliin1.0g, |2.16.12,2.16.13,5.1.4
Salmonella in 10.0 g, Staphylococcus aureus in 1.0 g al-
lowed.
Loss on drying / Water con- [Not more than 6.5 % EAEU Pharm. 2.1.2.31, SPRK
tent Vol.1,2.2.32
Quantitative determination |Not less than 1.5 mg per tablet According to RD
Packaging Blister pack of polyvinyl chloride film and printed lacquered|According to RD
aluminum foil or heat-sealable packaging paper, 10 tablets
per blister. 2, 3, or 5 blister packs per carton.
Labeling Label indicates name and content of active substances, expi- |According to RD
ry date, storage conditions, usage instructions.
Transportation According to GOST 17768-90E GOST 17768-90E
Storage In a place protected from light, at temperature not exceeding |According to RD
25°C
Shelf life 18 months (observation period) According to RD
Main pharmacological action|Anti-inflammatory, antimicrobial According to RD
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Conclusion

The development of tablets containing a dry extract MVSHS-40 of Salvia stepposa demonstrated prom-
ising results as a natural antimicrobial and anti-inflammatory agent suitable for pharmaceutical use. MAE
using 40 % ethanol efficiently yielded a dry extract rich in bioactive compounds, including rosmarinic acid at
6 % of extract mass. The tablets, formulated by direct compression with optimized excipients, showed excel-
lent physico-technological properties: uniform mass with variation within =5 %, rapid disintegration times
below 12 minutes, and dissolution rates above 79 % within 45 minutes, meeting pharmacopeial standards.

Quantitative HPLC-UV/MS analysis confirmed the presence of 3.046 mg of rosmarinic acid per 50 mg
tablet of dry extract, significantly surpassing comparable commercial Salvia officinalis tablets (0.55 mg
rosmarinic acid per tablet). Mechanical testing showed tablets had robust crushing strength (=107 N) and low
friability (>99.99 %), ensuring integrity during handling and transport. Long-term stability studies over
18 months at controlled temperature and humidity demonstrated no significant changes in quality attributes,
supporting product shelf life.

The absence of thujone, a toxic compound found in some Salvia species, further enhances the safety
profile of MVVSHS-40 tablets. Given their potent antimicrobial activity against key pathogens (Staphylococ-
cus aureus, Bacillus subtilis, Escherichia coli, Pseudomonas aeruginosa, and Candida albicans) and excel-
lent pharmaceutical qualities, these tablets represent a viable natural alternative for upper respiratory tract
infection treatments. This study confirms that MVSHS-40 tablets combine efficacy, safety, and stability,
warranting further clinical evaluation and potential commercial production.
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J.K. JleBas, K.)K. banexosa, I'.A. Ataxkanosa, C.A. IBacenko

Salvia stepposa TadseTkajaapbin GpapManeBTHKAJBIK 33ipJiey sKoHe CTAHAaApTTAY

AHTUMUKPOOTHIK TO3IMIUIIKTIH apTyblHa OaiJIaHBICTBI, OCIMIIK TEKTi KOCBUIBICTAp JACTYPJIi aHTHOMOTHK-
Tepre Kayilci3 jkoHe THiMAi OamaMa peTiHme KeHiHeH 3epTrenyzne. byn 3eprreyme MHKpoOKa Kapchl jKoHE
KaOBbIHYFa KapChl OEJICEH IUIITI qaMeneHrer (heHol KBIIKbUIIaphl MeH (aBoHouaTapra Gaii Salvia stepposa
Kyprak okctpakt (MVSHS-40) Herisinme KarThl Iopimik QopMansl 3ipiey IKYpri3iigi. DKCTpakrt
MHKPOTOJIKBIHIBIK dKcTpakiust (MAE) omicimen 40 % oTtaHon KonmaHbeIn anblHFaH, Oy 6 %-ra neifin
PO3MapHH KBIIIKBUIBIH 06l mIbIFapyra MyMKiHAiK Oepai. Tabnerkanap muxpouentonoza, EMDEX, numon
KBIIIKBUTBI YKOHE KaJbIIMH cTeapaThl KOCBUIFAH OHE KelOip HycKaiapra 3Gup Mailapsl CHTI3UITeH TiKelIeh
TabjeTkanay omici apKpUTbl JaipiHAangsl. 30-gaH acrtaM SKCHEPHMEHTANbIbl HYCKAHBIH IiOIHEH 5
OHTAMJIaHIBIPBIIFAH  KypaMmbl — TaHzaiapl. @DU3HKA-XUMUSIBIK JKOHE  (DapMakomesIbIK — ChIHAKTap
TaONeTKanapAblH JUCHEepPCHsUIaHy yaKbITBl 12 MHHYTTaH a3, epirimrik kepcerkimi 79 %-maH >xoFapel,
CalIMaKThIH OipKENKiNiri, )KOFapsl MeXaHHUKaIbIK OepikTik (=107 H) jxoHe TeMEH CHIHFBIUTHIK (>99.99 %)
ekeHin pactansl. HPLC-UV/MS Tannmayel GoiibiHmna Oip Tabnerkaga 3.046 Mr po3mMapuH KbIIIKBUIBI Oap
exeni ambikTangel. Caymara apuamran Salvia officinalis tabnerkanapeiMen canbictbipranga, MVSHS-40
TabJeTKanapbiHaa OeICeH Il 3aTThIH MeJepi 5,5 ece sKorapsl OONBIN, TYHOHMEH OaiIaHBICTHI KAyilCi3oiK
MocelelepiHeH cakTamFaH. 18 ail  OOHBI JKYpTi3UIreH TYpakTBUIBIK 3€pTTeyiepi IpemapaTThiH
(hapMaKOJOTHSIBIK KAaCHETTEpiHiH e3repMeiTiHiH kepcerTi. AnpiHFaH MVSHS-40 TtaGnerkanaper GapIiibik
cama TananTapblHa CoiKec KeNe/i KoHEe )KOFapFbl ThIHBIC KOJIIapbIHBIH MH(EKIUIApbIHEIH AIbIH aly XKoHEe
eMJey YLIIH KOJIIaHy MYMKIHZITi 06ap KayiIci3, TypaKThl )aHe THIMIII ©CIMIK Heri3iHaeri 1opiiik gopma.

Kinm ce30ep: Salvia stepp0sa, MHKPOTOJIKBIH/BI SKCTPAKIHUSI, PO3MapHH KBIIIKBUIBI, (PCHOIIBI KOCBUIBICTAP,
HPLC-MS/MS, ¢urodapmarieBTHka.

S.K. JleBas, K.)K. Banexosa, I'.A. Ataxxanosa, C.A. UBacenko

dapmaneBTHYECKas pa3padoTKa U cTaHAapTH3amus Tadaerok u3 Salvia stepposa

B cBsi3u ¢ Bo3pacraromieil yrpo3oif aHTUMAKPOOHOH PE3MCTEHTHOCTH PACTUTENBHBIE COCAMHEHHS BCE darie
paccMaTpuBaroTCs Kak Oe3omacHas U 3¢ GeKTHBHAS aJbTepHATHBA TPAJAUIIMOHHBIM aHTHOMOTHKAM. B manHOM
HCCIIeZIoBaHNK OblTa MpOBeJeHa pa3paboTka TBEPIOH JiekapCTBEHHOH (GOPMBI Ha OCHOBE CYXOTO IKCTPAKTa
Salvia stepposa (MVSHS-40), 6oraroro ¢eHombHBIME KHCIOTAMH M (DIABOHOMAAMHU C [OKA3aHHOW aHTH-
MHKPOOHOH M NPOTHBOBOCHAIUTENBEHON aKTHBHOCTBIO. DKCTPAKT MOJyYall METOJIOM MHUKPOBOJHOBOH JKC-
tpakiuu (MAE) ¢ ncnionbs3oBanuem 40 % 3TaHoia, YTO TTO3BOJIMIIO BBIAEIUTH 10 6 % PO3MapHHOBON KHCIIO-
Thl. TabneTkn GOpPMHPOBAIIM METOJJOM MPSIMOTO MTPECCOBAHMS C IPUMEHEHHUEM MUKPOKPHCTAITHYECKOH 11e-
nrono3sl, EMDEX, TMMOHHOW KHCIIOTHI ¥ KalbLHsl CTeaparta; B HEKOTOPBIX BapUaHTaX N00aBIsUIN d(HUPHbIE
Macna. 13 Gonee yem 30 3KCriepMMEHTaIbHBIX BAPHAHTOB OBUIO OTOOPAHO MATh ONTHMH3UPOBAHHBIX COCTa-
BOB. ®H3HKO-XUMHUYECKHE U (apMaKoIeiiHble HCCITeIOBaHHs MOATBEPANIN OTIIHYHOE BPEMsI TUCIIEPIUPOBa-
HUS (<12 MHHYT), BBICOKYIO CKOPOCTb pacTBOpeHus (>79 %), OJHOPOJHOCTh MAcChl, BBICOKYIO MeXaHH4e-
CKyI0 pouHOCTh (=107 H) 1 MEHIMAaIBHYIO JTOMKOCTE (>99,99 %). Anamm3 metogom BOXKX-YO/MC moxa-
3an coaepskanue 3,046 Mr po3MapHHOBOM KHCIOTHI B 0JHOM TabmeTke. CpaBHUTEIBHBIN aHAIN3 BBISBUI 5,5-
KpaTHOE TIPEBBILICHHE COJEpP)KaHMsI aKTUBHOTO BELIECTBA IO CPABHEHHIO C KOMMEPUYECKUMHU TableTKaMu
Salvia officinalis mpu orcyTcTBHN OmaceHui, CBA3aHHBIX ¢ TyiHoHOM. VcciaenoBaHns CTaOMILHOCTH B TeUe-
Hue 18 MecsieB NpoAeMOHCTPUPOBAIM COXpaHeHne (hapMaKoJIOTHYECKUX CBOMCTB mpenapara. [lomydeHHbIe
tabmerkn MVSHS-40 cooTBEeTCTBYIOT BCeM TpeOOBaHHMSAIM KadecTBa M MPEJCTaBIIOT co00i Oe30ImacHylo,
CTaOIIbHYIO U 3 (PEKTHBHYIO (UTONPEIAPATHBHYIO (HOPMY € MOTEHIHAIOM MPUMEHEHHS U TPOQHIaKTH-
KU U JIeueHHs1 HHQEKIUH BEpXHHUX JIbIXaTeIbHBIX MyTEH.

Knrwouesvie cnosa: Salvia stepposa, MHKPOBOJIHOBasi SKCTPAKIUS, PO3MAapHHOBAs KHUCJIOTa, ()EHOJBHBIE CO-
enunenns, BOXX-MC/MC, putodapmanenruka.
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Development of micropropagation protocol for production
of elite blueberry planting material in Kazakhstan

This study presents an optimized protocol for micropropagation of commercially valuable highbush blueberry
(Vaccinium corymbosum L.) varieties adapted to climatic conditions of Kazakhstan. An effective explant sur-
face disinfection technique was established, providing a high percentage of aseptic plants. Various nutrient
media with auxins (IBA, 1AA) and cytokinins (zeatin, BAP) were evaluated for shoot proliferation and root-
ing. The optimal medium for micropropagation was identified as Woodt Plant Medium (WPM) with a double
concentration of Ca(NOs),, 2 mg/L zeatin, 30 g/L sucrose, 3.5 g/L agar, 1.5 g/L gelzan, pH 5.2. The most ef-
fective shoot rooting was achieved on half-strength WPM medium with 0.5 mg/L IBA, 30 g/L sucrose, and
vermiculite (pH 5.2). In vitro rooted plants were successfully acclimatized to soil conditions by gradually re-
ducing humidity in a controlled greenhouse environment at 20-23 °C. The developed micropropagation pro-
tocol enables rapid and mass propagation of elite blueberry varieties, ensuring genetic stability and minimiz-
ing the risk of pathogen infection. The results obtained contribute to the development of industrial blueberry
cultivation in Kazakhstan and promote of modern biotechnological approaches in berry crop production.

Keywords: blueberry, Vaccinium corymbosum L., micropropagation, in vitro rooting.

Introduction

Highbush blueberry (Vaccinium corymbosum L.) belongs to the Ericaceae family and is a promising
berry crop showing a steady growth in global consumption and expansion of cultivation areas [1-2]. In recent
years, global blueberry production has been increasing at an average annual rate of 10 %, reaching nearly
2 million tons in 2023, more than double the five-year average. The high economic and biological value of
blueberries is due to the rich content of biologically active substances, including polyphenols, combined with
low caloric content and excellent taste [1]. Blueberry is used to strengthen blood capillaries, its positive ef-
fect on the thyroid gland has been revealed; berries have antisclerotic, anti-inflammatory and antitumor ef-
fects [3].

Based on information from Kazakhstan’s Ministry of Agriculture, the current production of fruits and
berries in the country is about 420 thousand tons, but more than 2.5 million tons are required to fully meet
the needs of the population. In this regard, about 70 % of fruit and berry products are imported, which em-
phasizes the need to develop domestic production of berry crops, including blueberries.

Traditional methods of vegetative propagation (green and woody cuttings) are widely used in nursery
farming, but their efficiency is limited by low rooting rate and accumulation of intracellular pathogens,
which negatively affects the quality of berry products and leads to significant yield losses. In this regard,
micropropagation is the most effective method that allows to quickly and massively obtain healthy and high-
quality plants, reduce the risks of pathogen spread, maintain genetic homogeneity and obtain high-quality
planting material.

Scientific research in the field of micropropagation of blueberry is actively carried out in the USA
[4, 5], Russia [6], Belarus [3, 7], EU countries [8, 9]. In Kazakhstan, studies on micropropagation of blueber-
ry were initiated at the Kazakh National Agrarian University, but they included only the development of the
mode of sterilization of explants and selection of nutrient medium at the step of in vitro culture initiation,
while the issues of propagation and in vitro shoots rooting, as well as obtaining planting material with a
closed root system were not considered in this article [10].

The purpose of this work is to develop biotechnology of accelerated micropropagation of blueberry and
obtaining elite planting material of promising for Kazakhstan berry culture for further implementation in the
practice of nursery farming.
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Materials and Research Methods

Plant Material and Conditions of In Vitro Culture. Commercially valuable blueberry varieties were
used as research objects: Bluecrop, Blue Gold, Chandler, Duke, Legacy, Meader, Spartan (USA).

The in vitro culture method was used to initiation in vitro plant material and micropropagation of berry
plants [11].

To initiate in vitro culture of blueberry varieties, shoots (15-20 cm long) from container-grown plants
were washed with soapy water, rinsed, cut into 1.0-1.5 cm pieces, disinfected in 0.1 % mercuric chloride for
3-10 minutes, and rinsed three times with sterile distilled water. Microcuttings were placed in tubes with
various variants of Woody Plant Medium (WPM) supplemented with growth regulators: zeatin, 6-
benzylaminopurine (BAP), indole-3-butyric acid (IBA) and gibberellic acid (GA) (Table 1).Composition of
WPM medium (mg/L): NH4NO3400, H3;BOs; 6.2, CaCl,72.5, Ca(NO3),386, CuSO4*5H,0O 0.25, Na,
EDTA°2H20 373, FESO4'7H20 2785, MgSO41807, MnSO4°H20 223, NazMOO4’2Hzo 0,25, KHZPO4170,
K,S0,990, ZnSO,+7H,0 8.6, Gelzan™1.5, Agar 3.5, pH 5.2 [12].

The number of green shoots, as well as shoots with bacterial and/or fungal contamination and necrosis
were counted. After 4 weeks, in vitro green plants, without visible signs of contamination, were tested on
selective medium 523 for the presence of endophytic bacteria [13]. Composition of the 523 medium: sucrose
10.0, casein hydrolysate 8.0, yeast extract 4.0, KH,PO, 2.0, MgSO,+7H,0 0.15, Gelzan™ 6.0, pH 6.9. Only
aseptic plants were used for subsequent micropropagation. In vitro plants were cultured at 24 °C, 25 umolem’
2e¢*light intensity, 16-h photoperiod, and transferred to fresh medium every 4 weeks.

Table 1
Variants of media used for blueberry micropropagation
Nutrientmedia Growth rggulators pH Reference
concentration(mg/L)
Modified WPM with doubled concentration of .
Ca (NO), Zeatin2.0 5.2 [14]
Standard WPM Zeatin 2.0.+ IBA0.2 5.8 [15]
Standard WPM BAP 0.1 52 -
Standard WPM BAP0.1+GAO0.4 52 -
Standard WPM BAP 0.05 5.2 -
Standard WPM BAP 0.05+GA 0.4 5.2 -
The multiplication rate was calculated by the formula (1):
Mr= a/bec, @

a — the number of newly formed shoots

b — the number of shoots transferred for micropropagation

¢ — number of subcultures

Rooting of in vitro plants was carried out using WPM medium with vermiculite, with half the mineral
salts, and with 0.5 mg/L IBA, pH 5.2. 10 g of agrotechnical vermiculite (BioMaster) were placed in culture
vessels (Magenta boxes) and 85 ml of liquid WPM medium were poured in. The Magenta boxes prepared in
this way were autoclaved at 0.8-1.0 atm for 20 min.

To obtain planting material, the in vitro plants with roots were transferred into soil substrate consisting
of peat, chernozem and perlite in various combinations and transferred to the greenhouse. The effect of tem-
perature and humidity in the greenhouse on plant establishment and adaptation was recorded.

The experiments were repeated in three replicates (n = 25-30). Data presented are means and standard
deviations. Statistical analysis was performed according to generally accepted methods [16].

Results and Discussion

In vitro culture initiation and propagation of aseptic plants

The initiation of in vitro culture and obtaining aseptic plants represents the initial and essential step in
developing micropropagation techniques. One of the important issues of this stage is the selection of effec-
tive disinfection of plant material introduced into in vitro culture, since the donor plants were grown in con-
tainers, i.e. in non-sterile conditions (Fig. 1).
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Figure 1. Donor blueberry plants used for in vitro culture initiation

For disinfecting plant material, a 0.1 % solution of mercuric chloride was used. During the initiation of
in vitro culture of blueberry varieties, it was observed that shoot apices were sensitive to this disinfectant. A
10-minute exposure resulted in complete necrosis of all explants. Reducing the treatment time to 7 minutes
led to necrosis in 40-50 % of the apices. However, shortening the duration to 4 minutes significantly im-
proved outcomes, promoting the development of green shoots. Under this treatment, bacterial and fungal
contamination occurred in only 3.2-10.3 % of explants, necrosis ranged from 0 to 34.2 %, and green shoot
formation was achieved in 39.4-93.7 % of explants, depending on the variety. The Duke variety showed the
highest necrosis rate (34.2 %), while the Meader variety produced the highest number of green plants
(93.7 %) (Fig. 2).
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Figure 2. In vitro culture initiation results for the blueberry cultivars Legacy, Duke, and Meader

In vitro plant testing for endophytic contamination

An important stage of this study was to test plants for endophytic bacterial contamination. Four weeks
after in vitro culture initiation, green plants without visible signs of contamination were tested on selective
medium 523 to detect endophytic bacteria [13]. During passaging, basal parts of shoots were placed in Petri
dishes with 523 medium. The development of bacterial contamination on selective medium 523 indicated
endophytic contamination of in vitroplants (Fig. 3).
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a b

Arrows indicate bacterial contamination on the basal parts of in vitro shoots
Scale 1 cm.

Figure 3. Detection of endophytic bacterial contamination in tissues of Duke (a)
and Meader (b) blueberry varieties on 523 selective medium

In vitro plants showing endophytic bacterial contamination were discarded. Following contamination
screening, aseptic plants of seven blueberry varieties were successfully obtained. The proportion of aseptic
plants ranged from 26.3 % to 75 %, depending on the variety, and these plants were suitable for further
micropropagation (Fig. 4).

% B |

Scale 1 cm.
Figure 4. Aseptic shoots of Meader blueberry variety suitable for further micropropagation

It is noteworthy that this method of testing plant material for endophytic contamination is not consist-
ently applied in other studies [10, 14, 17-19]. However, this step is crucial for ensuring the production of
healthy planting material and is also essential for successful cryopreservation and long-term storage of plant
genetic resources in cryobanks.
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Micropropagation of blueberries

An equally important stage in the micropropagation process is optimizing the composition of the nutri-
ent medium. For blueberries, the goal of nutrient medium selection was to maximize the multiplication
rate (Mr) and ensure optimal plant quality—characterized by bright green leaves, absence of pigmentation or
necrosis on leaves and shoots, and no callus formation. Phytohormones as BAP, IBA, GA are the main
growth regulators used in in vitro blueberry propagation [14, 17]. In studies conducted by Reed B.M., it was
demonstrated that the use of modified WPM medium with double concentration of Ca(NOs), and supple-
mented with zeatin significantly enhanced plant quality and Mr compared to media containing BAP as
cytokinin [14].

Six variants of nutrient media based on the WPM with various plant regulators—zeatin, BAP, IBA, and
GA were tested for blueberry micropropagation (Table 1). The results showed that excessive callus for-
mation on leaves and shoots was the main limiting factor in the micropropagation process. This issue was
especially evident when using WPM medium supplemented with BAP, even at a low concentration of
0.1 mg/L (Fig. 5). Replacing BAP with zeatin at 2.0 mg/L significantly improved shoot quality, eliminated
callus formation, and increased the multiplication rate (Mr) (Fig. 5).

A | b _ P &

Arrows indicate callus formation on leaves and shoots.
Scalel cm.

Figure 5. Blueberry shoots of Blue Gold variety on WPM medium with 0.1 mg/L BAP (a, b),
shoots of Meader variety on WPM medium with 2.0 mg/L zeatin (c)

The Mr of blueberry varieties on the modified WPM medium varied from 6.3 for the Spartan variety to
8.5 for the Meader variety, and on average for all varieties was 7.5 (Table 2).

Table 2
Multiplication rate, rooting percentage and adaptation percentage of blueberry in vitro plants
Cultivar Mr* Rooting**, % Adaptation***, %
Bluecrop 6.6+0,89 96.3 92.0
Blue Gold 8.1+0.76 92.6 100
Chandler 7.2+0.53 100 96.6
Duke 8.1+0.31 96.7 96.6
Legacy 7.5+0.23 92.6 92.0
Meader 8.5+0.31 100 100
Spartan 6.3+0.31 88.9 88.0
Mean 7.5+0.82 95.3+3.37 95.0+3.74
Note*. n =30 (3 x 10)
Note**. n = 27-30 (3 x 9-10)
Note***, All rooted plants were transferred for adaptation, n = 25-30
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In the article by V. Litwinczuk [17], micropropagation of blueberry was carried out in two stages,
differing in the content of phytohormones. At the first stage, cytokinin zeatin (0.5-1.0 mg/L) was used during
in vitro culture in 2-3 passages, which was replaced by cytokinin 2-isopentyladenine (2-iP) (5-10 mg/L) in
subsequent propagation. This approach was used by the author to reduce the cost of purchasing the expensive
hormone zeatin, although some authors [16] have noted that zeatin is a more suitable phytohormone for in
vitro culture initiation and micropropagation of blueberry. In this study, a high Mr of blueberry cultivars was
also achieved on medium with zeatin (Fig. 5, c).

In vitro rooted plants and adaptation to soil substrate

The aseptic blueberry plants obtained were propagated in sufficient numbers to carry out the subsequent
shoot rooting step. The in vitro rooting process is a difficult step, especially for hard-to-root species. Several
variants of nutrient medium with auxins: IBA and indole-3-acetic acid (IAA) were tested for rooting blueber-
ries.

Earlier foreign studies have shown that ex vitro rooting can be carried out both without pretreatment
with auxins and after a short-term immersion in the IBA solution [18]. This method helps lower the cost of
plant propagation; however, its effectiveness is limited by a reduced root formation rate compared to in vitro
rooting. Previous studies have shown that in vitro rooting reduces the risk of disease and enhances resistance
to environmental stress factors [19].

In the present work, an improved method of rooting blueberry shoots was applied based on the use of
vermiculite added to the medium instead of agar, which ensured a high percentage of rooting of blueberry in
vitro shoots (Table 2), as well as higher adaptability of plants when transferred to a soil substrate (Fig. 6, a).
The optimal medium for shoot rooting was determined to be half-strength WPM containing 0.5 mg/L IBA,
30 g/L sucrose and vermiculite at pH 5.2. The rooting percentage varied from 88.9 % for the Spartan variety
to 100 % (Meader, Chandler), and the average for varieties was 95.3 % (Table 2).

The rooted plants in in vitro culture were transplanted into soil substrate consisting of mixture of black
and brown peat: perlite (9:1). Within a week, plants were adapted to reduced humidity by removing the lids
from the cultivation containers. Temperature and humidity were monitored daily in the greenhouse where the
plants were adapted. The optimal temperature for transferring aseptic plants to soil is 20-23°C.

b

I

Figure 6. a) Shoot rooting on half-strength WPM medium containing 0.5 mg/L IBA,
30 g/L sucrose and vermiculite, pH 5.2. b) Blueberry plants in container culture in the greenhouse
c) rooted blueberry plant (Meader variety)
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Due to the fact that blueberry grows best in peat soils, the following composition of soil substrate was
used: a mixture of black and brown peat: perlite (9:1), a small depression was made in it for the volume of
the root system and filled with perlite, where the plant was transplanted. As a result, on average 95.0 % of
blueberry plants adapted to the soil substrate (Table 2).

Based on the conducted research, a protocol for accelerated in vitro propagation of plants of commer-
cially valuable blueberry varieties was developed (Fig. 7)

Step I a Optimization of Step I b Testing for endophytic ¥
the composition of the nutrient |~ ”| contamination on 523 detection medium |—» | ; FA~
g fSteP I . medium (callus formation) (1 week) I & & Aseptic plants
election of material, in vitro i 26,3-73,3%
culture initiation - { T o ﬁ‘; ? %
(2 weeks) . - 4 WA
‘ — - Viability
39,4-93,7%
Step II MWPM (modified woody plant medium) with
Micropropagation __, | double concentration of Ca (NO3)2, 2 mg/L zeatin, — = L
(1 passage — 4 weeks) 30 /L sucrose, 3.5 g/L agar, 1.5 g/L gelzan, pH | — @3: Multiplication
50 TEA rate Kp 7,5
W el %2 WPM medium with 0.5 mg/L IBA, 30 gL | e
SECHIZ 613 Dags =] — sucrose and vermiculite (pH 5.2). il
(3-4 weeks) rooted shoots
Step IV -
Plants adaptation to the soil | | Seil substrate: a mixture of black and brown peat: Adaptation
substrate perlite (9:1) 95%
(3-4 weeks)

Figure 7. Protocol for micropropagation of blueberry varieties

The developed protocol for accelerated in vitro propagation of commercially valuable blueberry varie-
ties includes a number of consecutive stages: selection of plant material, in vitro culture initiation of shoot
apices, disinfection from epiphytic and endophytic fungal and bacterial contamination, micropropagation and
rooting of in vitro shoots, in vitro plants adaptation to soil substrate

Conclusion

As a result of this research, an effective method of micropropagation of highbush blueberry (Vaccinium
corymbosum L.) has been developed. Disinfection treatment for explants were optimized, providing a high
percentage of aseptic plants. The most effective nutrient medium for micropropagation and rooting was es-
tablished, which allowed to obtain healthy planting material with a high degree of rooting.

The developed technologies allow rapid and mass multiplication of promising blueberry varieties, re-
ducing the risk of pathogen spread and increasing the genetic homogeneity of plants. The results obtained
can be used for industrial cultivation of blueberries and introduction of modern biotechnological approaches
in berry growing in Kazakhstan.
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H.K. PrimxanoBa, Y.A. Manankanosa, H.B. Muxaiinenko, C.B. Kyminapenko

Ka3akcTranaa :orapsl canajibl KOKKHICK KOIIEeTTePiH 6HAIpY YUIiH
MHUKPOKJIOHAJIAbI KOOEHTY JiCiH 33ipiey

3eprreyne KazakcTaHHBIH KIMMATTHIK JKaFqainapeiHa OeiiMeNnreH, mapyambUibKTa KYHIbI OHik OyTasbl
kekxkunek  (Vaccinium corymbosum L.) copTTapblHBIH ~MHKPOKIOHAJIbl KeOelTyre apHaiFaH
OHTAIIAHBIPBLUTFAH TPOTOKOJIBI YCHIHBUIABL. JKyMBIC GaphICHIHIIA AKCILIAHTTAPABI TUIM/II 3apapChI3JaHIbIpy
omicTepi O3IpJCHIN, JKOFaphl MAWBI3ABIK AaCENTUKAIBIK OCIMAIKTED KaMTaMmachl3 eTurmi. Ockinmepai
MHKPOKJIOHAJIIBI KOOCHTY *KoHE ONapibIH TaMBIPIaHYBIH KaMmTaMachkl3 ety ymiH aykcuaiep (UMK, NYK)
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MeH uuToKnHuHep (3eatuH, BAIT) KochUIFaH TYpJi KOPEKTIK opTajap ChiHAMAbl. MUKPOKIOHAIIb KOOCUTY
YLIiH OHTailnbl opta perinae kocapnanran memuepaeri Ca(NOs),, 2 Mr/n 3earun, 30 r/x caxaposa, 3,5 /i
arap, 1,5 r/n mxenpaiit xone pH 5,2 6onatsisn WPM opTackl aHBIKTabl. OCKiHAEPAl TaMBIpIaHAbIpyIa €H
Kakcel HoTmwkenep 2 WPM opraceinpa, 0,5 mr/n UMK, 30 r/n caxaposa »xoHe Bepmukymut (pH 5,2)
KOJIIaHbLIFaH Karaaiaa ansiHasl. In vitro tameipsr Gap ecimaikrep 20-23°C temneparypajia OaKbUIAHATHIH
JKBUIBDKAH OpPTACBHIHIA BUIFAJIBUIBIKTEL OIPTIHAC TOMEHAETY apKbUIBl TONBIPAK JKarjaiblHA COTTI
OeftiMaenyi. O3ipJIeHTeH IPOTOKON KOKOKUICKTIH AIIMTANBIK CYPHIITAphIH JKamai opi jkemen kebeiryre
MYMKIHIIK Oepeni, TeHEeTHKANbIK TYPaKTBIIBIKTEI KaMTaMachl3 €Telli JKoHE IaTOTeHIepMeH 3aKbIMIaHy
KaymiH asaiTansl. byn Hotmkenep Kasakcranza KeKXKHIEKTI OHEPKACINTIK ©CIpyAi JaMBITyFa XoHE KHICK
HIapyalIbUIbIFBIH/AA 3aMaHayH OMOTEXHOIOTHSUIBIK 9/IICTEP/Il CHII3yTe 63 YJIECiH KOCaIbl.

Kinm ce3dep: kexxuek, Vaccinium corymbosum L., MUKpOKIIOHAIIBI KOGEHTY, iN VItro TaMbIpaasisIpy.

H.K. PeimxanoBa, Y.A. Manankanoa, H.B. Muxaiinenko, C.B. Kymnapenko

Pa3pa6oTka cnocoda MUKPOKJIOHATbHOTO PA3MHOKEHHS
AJIsl MPOM3BOACTBA JIUTHOTO MOCAI0YHOT0 MaTepuasa roaxyonkn B Kazaxcrane

B nanHOM HCClleOBaHWY NPENCTABICH ONTHMHM3UPOBAHHBEIA NMPOTOKOJ MHKPOKJIOHAJIEHOTO Pa3MHOXKEHHUS
KOMMEPUECKH LIEHHBIX COPTOB roiyOHKH BbIcOKOpocioi (Vaccinium corymbosum L.), aganTHpoBaHHBIX K
KIuMaTHdeckuM ycnoBusiM Kazaxcrana. PaspaGoran >¢@ekTuBHBIA cnoco0 Ie3uMH(QEKINH 3KCIUIaHTOB,
00eCcTIeunBarOIUi BHICOKHI MPOIEHT ACENTHYECKUX PACTEHUH. BBUIM mpoTecTHpOBaHBI pa3iWYHbIC MHTa-
TenpHBIE cpenpl ¢ nobasneHneM aykcuHoB (UMK, UYK) u nuroxunnaoB (3eatuH, BAII) mns Mukpoxio-
HAJIBHOTO Pa3MHOXKEHHS MOOETOB M MX yKOpeHeHus. OnTuManbHas cpefa Uil MAKPOKJIOHAIBHOTO pa3MHO-
JKeHust okasanachk cpena WPM ¢ yaBoennoii kounenrparueit Ca(NOs),, 2 mr/i 3earuna, 30 r/n caxapossl, 3,5
r/n arapa, 1,5 r/n mwkenpaiita, pH 5,2. Haunydmivie pe3ynbTaTsl 0 YKOPEHEHUIO TOOETOB OBLIH MOJTYYCHBI
npu Ucmoib3oBanu WPM cpenbl ¢ TIOJOBHHHOW KOHIICHTpAIUEeH MHUHEPAJIBHBIX KOMIOHEHTOB, ¢ 0,5 Mr/n
VMK, 30 r/n caxapo3sl U BepmukyiutoM (pH 5,2). YkopeHEHHBbIe in Vitro pacTeHus GbUTH YCIEIUIHO aKKIIU-
MAaTH3HPOBAHBI K IIOYBEHHBIM YCIOBHSAM ITyTEM ITIOCTEIICHHOTO CHIDKECHHS BIIQ)KHOCTH B KOHTPOJIHPYEMOH Te-
wingHo# cpene npu temmeparype 20-23 °C. Pa3paboTaHHBIH MPOTOKOI MO3BOJISIET OBICTPO U MACCOBO pas3-
MHOaTh DJIUTHBIE COPTa TONYOHKH, 00ecTedrnBasi TeHETHYECKYIO CTA0MIBHOCTE U MHHUMH3HPYS PHCK 3apa-
JKeHHsl maTtoreHamu. [loiydeHHbIE pe3ynbTaThl CIIOCOOCTBYIOT PAa3BHTHIO NMPOMBIIIICHHOTO BBIPALIMBAHHA
ronyouku B Kazaxcrane U BHEIPEHUIO COBPEMEHHBIX OMOTEXHOJIOTHYECKUX METOJIOB B SITOIOBOJCTBO.

Kuiouesvle cnosa: romybuka, Vaccinium corymbosum L., MHKpOKIIOHAIBHOE Pa3MHOXXCHHE, YKOPECHEHHE
invitro.
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Comparative karyological analysis of four species of Aedes
mosquitoes inhabiting the territory of the Republic of Kazakhstan

In the present study, karyotypic analysis of four species of Aedes mosquitoes (Aedes vexans, Ae. caspius, Ae.
cataphylla, Ae. subdiversus) collected in the territory of the Republic of Kazakhstan was carried out. Chro-
mosome length measurements were performed in each of the studied species, and C-staining, DAPI-
fluorescence and fluorescence in situ hybridisation (FISH) methods were applied using 18S rDNA probe. C-
staining and DAPI-fluorescence showed that regions of heterochromatin localized predominantly in the
centromeric regions of chromosomes. FISH-hybridization results showed that in Ae. cataphylla the 18S
rDNA loci are located on the first chromosome, whereas in Aedes vexans, Ae. caspius and Ae. subdiversus
they were detected on the second chromosome.

Keywords: Aedes, bloodsucking mosquitoes, mitotic chromosomes, C-stain, DAPI, FISH, rDNA, hetero-
chromatin.

Introduction

Mosquitoes of the Culicidae family represent the most numerous group of insects on the planet. These
insects are widely distributed and can be found in both southern and northern regions. Mosquitoes are known
carriers of a variety of infectious diseases caused by viral and parasitic pathogens, which significantly impact
the health of both humans and animals. Many countries report imported cases of such diseases, while ongo-
ing climate change contributes to the spread of disease vectors into previously unaffected areas. Among the-
se expanding species, Aedes mosquitoes are commonly encountered [1-5].

The genus Aedes is characterized by high species diversity and includes numerous blood-feeding mos-
quito species [1]. One of the most invasive species of this genus, Aedes koreicus, was first identified in Ka-
zakhstan in 2021 [6]. To effectively assess and mitigate potential epidemiological risks, it is essential to de-
termine the precise species composition of local mosquito populations. However, species-level identification
within the genus Aedes is often complicated due to morphological similarities among closely related taxa. As
a result, the application of multiple diagnostic approaches is required to ensure accurate identification. Cyto-
genetic characteristics, such as the quantity and spatial organization of heterochromatin in chromosomes, are
known to be species-specific in many animals and plants [7]. Among ribosomal genes, 18S rDNA is consid-
ered the most conserved, making it a valuable tool in taxonomic and phylogenetic research. In light of these
considerations, a cytogenetic study was performed on selected Aedes species collected across Kazakhstan.
The findings contribute to the development of additional taxonomic markers and offer insights into the evo-
lutionary biology of Aedes mosquitoes.

Experimental

Fourth-instar larvae of Aedes mosquitoes were utilized in the present study. Field collections were car-
ried out during spring 2024 in multiple regions of the Republic of Kazakhstan, including Karaganda,
Kostanay, North Kazakhstan, and Akmola regions. The specimens represented various taxonomic groups:
Ae. vexans (subgenus Aedimorphus), Ae. caspius (subgenus Ochlerotatus, caspius group), Ae. cataphylla
(subgenus Ochlerotatus, communis group), and Ae. subdiversus (subgenus Ochlerotatus, rusticus group).

Sampling took place from March to May, with larvae collected from natural aquatic habitats and pre-
served in Carnoy’s fixative (1 part glacial acetic acid to 3 parts 96 % ethanol). A taxonomic expert on blood-
feeding mosquitoes performed morphological determinations using standardized identification protocols
[8-10]. Analysis of larval characteristics was carried out with a Stemi 2000-C stereomicroscope (Carl Zeiss).
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Cells obtained from the imaginal discs of Aedes larvae at the fourth instar stage were used to conduct
cytogenetic analysis of four mosquito species: Ae. vexans, Ae. caspius, Ae. cataphylla, and Ae. subdiversus.
This anatomical structure was selected due to the high density of cells undergoing metaphase, making it suit-
able for chromosome visualization. As in the majority of mosquito taxa, these species displayed a diploid
chromosome number of 2n = 6. The Chromosomes classified according their length.

For chromosomal analysis, the lactoacetoorcein technique was employed to stain preparations, allowing
for measurement of chromosome length, estimation of centromeric index, and calculation of relative lengths.
To examine constitutive heterochromatin, C-banding was applied, while DAPI staining was used to detect A-
T rich heterochromatin regions. Fluorescence in situ hybridization (FISH) enabled localization and quantifi-
cation of 18S rDNA loci across Aedes chromosomes from different subgenera [11-14].

Chromosomal imaging and analysis were conducted using Zeiss Axio Imager Al and Z1 fluorescence
microscopes (Zeiss, Germany). Comparative karyotype studies employing Giemsa C-banding and related
techniques have proven valuable for revealing patterns of chromosomal differentiation. These studies high-
light the variation in heterochromatin quantity and distribution as key elements in mosquito genome evolu-
tion, which show contrasting features among others mosquitoes lineages [15, 16].

Results and Discussion

Studies focused on Aedes reveal variability in overall chromosome lengths [17]. Chromosomes were
stained using the lactoacetoorcein technique (Fig. 1), allowing for precise measurement of their size using
the ImageJ software (Table 1). Based on this, the relative chromosome length (Lr, %) and centromeric index
(Jc, %) were calculated (Table 2). Notably, chromosome 1 in all species is significantly shorter than chromo-
somes 2 and 3, which are nearly identical in length within each species.

Figure 1. Lactoacetoorcein staining of chromosomes of Ae.vexans (a), Ae.caspius (b),
Ae.cataphylla (c), Ae.subdiversus (d). 1,2,3 — chromosome numbers.
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Chromosome lengths of mosquitoes of the genus Aedes

Species Chromosome 1, Chromosome 2, Chromosome 3,
+0,3 um +0,3 um +0,3 um
Ae.vexans 5.4 9.01 8.22
Ae.caspius 6.26 9.99 9.03
Ae.cataphylla 6.5 10.34 9.7
Ae.subdiversus 6.46 10.35 9.78

Centromeric index values were determined using the formula proposed in [18]. The observed relative
lengths ranged from 24 % to 39 %, while centromeric indices fell between 45 % and 51 %, indicating that
the chromosomes are metacentric, although chromosome 2 in some specimens approached submetacentric
morphology.

Table 2
Centomeric index and relative length of chromosomes

Species Chromosomes 1 Chromosomes 2 Chromosomes 3
L, % Jo, % L, % Jo, % L, % Jo, %
Ae.vexans 24 48 39 50 36 49
Ae.caspius 25 48 39 46 35 48
Ae.cataphylla 24 48 38 47 36 47
Ae.subdiversus 24 48 39 45 36 47

C-banding analysis revealed the presence of constitutive heterochromatin in the centromeric areas of all
examined species. As an illustration, Figure 2 shows heterochromatin patterns in Ae. cataphylla. Using DAPI
staining, small A-T rich heterochromatin blocks were visualized, particularly in Ae. vexans and Ae.
subdiversus. In contrast, these blocks were nearly undetectable in Ae. caspius and Ae. cataphylla. Figure 3
demonstrates the centromeric localization of DAPI-positive regions. These observations are consistent with
previous works by Wasserlauf et al. (2018) and Alekseeva et al. (2020) [13, 14].

10 um

Figure 2. C-stained chromosomes in Ae.cataphylla.
Arrows indicate C-blocks of constitutive heterochromatin. The numbers indicate chromosome numbers.

Fluorescence in situ hybridization (FISH) was applied to all four studied species to map the 18S rDNA
loci. All studied species have 1 loci 18S rDNA (Fig. 3).
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Figure 3. Localization of 18S rDNA on chromosomes of Ae.vexans (a), Ae.caspius (b)
Ae.subdiversus (c) Ae.cataphylla (d). The arrows indicate the localization sites of 18S rDNA.
The numbers indicate chromosome numbers. The chromosomes stained by DAPI.

The colors of the chromosomes are artificial.

In Ae. cataphylla, the 18S rDNA cluster was located on chromosome 1, confirming earlier findings
from specimens collected in the Tomsk region [19]. While Ae. cataphylla is part of the communis group
within the Ochlerotatus subgenus — where 18S rDNA signals are typically observed on chromosome 2 [19]
— our results show locus variability within this clade. Ae. vexans and Ae. subdiversus, which belong to dif-
ferent subgenera, exhibited 18S rDNA sites on chromosome 2 (Fig. 3).

Conclusions

The findings concerning chromosome size variation, as well as the distribution of heterochromatin and
18S rRNA gene loci, provide the additional cytogenetic markers for species differentiation within the Aedes
genus and offer insights into their evolutionary history. The localization patterns of 18S rDNA in the species
analyzed in this study (Ae. vexans, Ae. caspius, Ae. subdiversus, and Ae. cataphylla), and compared with ear-
lier studies [19], reflect a common evolutionary pattern within groups of the Ochlerotatus subgenus. Ob-
served differences in the chromosomal positioning of 18S rRNA genes — both between and within subgene-
ra — suggest that evolutionary chromosomal rearrangements, such as translocations, have contributed to
their relocation.
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C.C. Anekceesa, F0.B. Anapeesa, A.M. CubaraeBa, A.K. CubartaeB

Ka3akcran Pecny6iukacel aymarbinaa Tapairad Aedes TybIChIHA )KATATHIH
MacaJapAblH TOPT TYPIHiH CATBICTBIPMAJIbI KAPHUOJOTUSIJIBIK TAJ/AaybI

3eprreyne Kaszakcran PecrmyOnuKachlHbIH ayMarblHIa KHHANFaH MacanapiasiH Aedes TybIChIHBIH 4 TypiHe
(Aedes vexans, Ae.caspius, Ae.cataphylla, Ae.subdiversus) kapronorusisik Tanaay xyprizingi. Hotmxkecinae
opOip TYypAiH XpoMOCOMaNlapbIHBIH Y3bIHABIFE! eieHl, C- xone DAPI Gosysl sxone 18S rDNA 30HIBIMECH
xpoMocomanapabsie  ¢uryopectenTti ruopuamsanmsickl (FISH) oxyprizimmi. C- sxeme DAPI Gostymapst
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LEHTpOMepa aiiMarblHIa TeTePOXPOMATHHHIH JoKanu3auusichiH kepcerri. FISH —Ae.cataphylla 1-
xXpomocomachina sxoHe Aedes vexans, Ae.caspius skone Ae.subdiversus 2-xpomocomana pJIHK nokycrapsia
AHBIKTAJIBL.

Kinm ce3dep: Aedes, KaHCOPFBIII Macaiap, MUTO3IBIK xpomocomanap, C-6Gosrein, DAPI, FISH, p/IHK,
reTepoXpOMaTHH.

C.C. Anekceena, F0.B. Anaapeesa, A.M. CubaraeBa, A.K. CubartaeB

CpaBHHUTEJIbHBIH KapHOJOTHYeCKHi AaHAJIN3 YeThIPEX BUI0OB KoMapoB poaa Aedes,
oouTaomux Ha Teppuropun Pecnmydsiuku Kazaxcran

B HacTosilieM HCCJIEIOBaHHU NPOBEACH KApUOTHUIIMYCCKHH aHaIn3 4YeThIPEX BUIOB KoMapoB poxaa Aedes
(Aedes vexans, Ae. caspius, Ae. cataphylla, Ae. subdiversus), cobpannsix Ha Tepputopun Pecrnybmuku Ka-
3axcTaH. B xoxe paGoThl OBUTH BBINOJHEHBI H3MEPEHUSI IJIMHBI XPOMOCOM y KaXKIOTO M3 HCCIIETyeMbIX BH-
JIOB, a TaKkXkKe IpuMeHeHb! Metobl C-okpammBanusi, DAPI-duyopecuennuu u ¢iayopecueHTHOH rudpuan3a-
mun in situ (FISH) ¢ nucnonezoBannem 30ua2a 18S p/IHK. C-oxpacka u DAPI-¢pmyopecueHnus mokasaim, 4To
YYacCTKH TeTePOXPOMATHHA JIOKATHU3YIOTCS NMPEUMYIIECTBEHHO B IIEHTPOMEPHBIX 30HaX XxpomocoM. Ilo pe-
synbratam FISH-rubpuausanun ycraHosieHo, uto y Ae. cataphylla mokycer 18S p/IHK pacronaratorcst Ha
nepBoil Xxpomocome, Torja kak y Aedes vexans, Ae. caspius u Ae. subdiversus oHu BBISBICHBI Ha BTOPOM
XpOMOCOME.

Kniouesvie crosa: Aedes, xpoBococylle KOMapbl, MUTOTHYECKHE XpoMmocombl, C-okpacka, DAPI, FISH,
rDNA, retepoxpoMaTuH.
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Genotyping of Vitamin-D Receptor (VDR) gene polymorphisms rs7975232,
rs1544410, rs731236 and analysis of their association with susceptibility
to SARS-CoV-2 among the Kazakh ethnic group

This pilot study investigated the single nucleotide polymorphisms rs731236, rs1544410, and rs7975232 of the
VDR gene using real-time ARMS-PCR in a cohort of 119 individuals of Kazakh ethnic group. Participants
were stratified into COVID-19-positive (p-COVID-19; n = 88) and COVID-19-negative (no-COVID-19; n =
31) groups based on the detection of SARS-CoV-2-specific IgM and IgG antibodies by ELISA. The allelic
and genotypic distributions of all three SNPs conformed to Hardy—Weinberg equilibrium. No statistically
significant differences in allele or genotype frequencies were observed between the groups for rs731236,
rs7975232, or rs1544410 (p > 0.05), indicating that these polymorphisms do not influence susceptibility to
SARS-CoV-2 infection in the studied population. A borderline association was noted for the heterozygous CT
genotype of rs1544410 (p = 0.0548), suggesting a potential protective effect (OR = 0.426; 95 % Cl: 0.1816 —
0.9563). Despite the limited sample size, this is the first study to examine rs731236, rs1544410, and
rs7975232 in relation to SARS-CoV-2 susceptibility within the Kazakh ethnic population, as well as one of
the few to simultaneously analyze all four alleles of rs1544410.

Keywords: vitamin D receptor (VDR) gene, single nucleotide polymorphism, rs731236, rs7975232,
rs1544410, SARS-CoV-2, COVID-19, susceptibility, Kazakh ethnic group.

Introduction

The COVID-19 pandemic, caused by the SARS-CoV-2 virus, has had a devastating impact on global
health and economic systems. Marked by high transmissibility, substantial mortality, and long-term health
consequences, the pandemic has revealed the limitations of current treatment strategies. Although mass vac-
cination campaigns and public health measures have helped curb the spread of the virus, there remains no
universally effective therapy, especially in patients suffering from severe respiratory complications. This
highlights the urgent need to identify biological factors that influence susceptibility to the virus. One promis-
ing area of investigation is the role of genetic variation, particularly single nucleotide polymorphisms
(SNPs), which may influence individual susceptibility to infection. The vitamin D receptor (VDR) gene has
emerged as a potential genetic marker of interest in this context [1, 2].

Vitamin D is known for its immunomodulatory and anti-inflammatory properties. Deficient levels of
vitamin D have been associated with a higher risk of various chronic and infectious diseases, including can-
cers, autoimmune conditions, cardiovascular disorders, and respiratory infections [3]. Increasingly, clinical
and epidemiological data suggest a strong link between low serum levels of vitamin D and an elevated risk
of contracting COVID-19 [4]. This association has also been observed in individuals of Kazakh ethnicity,
among whom vitamin D deficiency is relatively prevalent [5].

The biological effects of vitamin D are mediated through its active form, calcitriol, which binds to the
VDR—a nuclear receptor encoded by a highly polymorphic gene located on chromosome 12. Among the
numerous SNPs identified in the VDR gene, four have been widely studied for their potential role in disease
susceptibility: rs228570, rs7975232, rs1544410, and rs731236. Of these, rs7975232, rs1544410, and
1s731236 are positioned in the 3’ untranslated region (3' UTR) and are in strong linkage disequilibrium, often
referred to collectively as the 3' UTR polymorphisms [6, 7].

According to dbSNP data, the rs731236 polymorphism includes three alleles, with A and G being pre-
dominant; rs7975232 comprises the A and C alleles; and rs1544410 contains all four possible allelic vari-
ants [8-10]. However, both the reported allele composition and the number of alleles analyzed for these
SNPs can vary across studies. For example, some researchers investigate rs731236 in terms of the T and C
alleles [11, 12], while rs1544410 is commonly analyzed using only two allelic variants at a time—either A
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and G [11] or A and T [13]. Therefore, in the present study, the allele composition is considered according to
the dbSNP database, and all four alleles of rs1544410 are analyzed simultaneously.

Although numerous studies have examined the association between these three VDR variants and
COVID-19 susceptibility, their findings remain inconclusive and vary across different ethnic groups and
methodological approaches. Given these discrepancies, the present study aims to explore the relationship
between VDR polymorphisms rs731236, rs1544410, rs7975232 and susceptibility to SARS-CoV-2 infection
in individuals of Kazakh ethnic group.

Experimental

A total of 119 volunteers participated in the study. Participant selection was based on a preliminary
guestionnaire, with key inclusion criteria being age over 18 years, no COVID-19 vaccination received within
the past 12 to 18 months, and belonging to the Kazakh ethnic group. The study was conducted in accordance
with the ethical principles of the Declaration of Helsinki and was approved by the Local Bioethics Commit-
tee of the Non-commercial Joint-Stock Company “Karaganda Medical University” (Protocol No. 2, dated 11
October 2022). Written informed consent was obtained from all participants.

Venous blood samples were collected into two EDTA tubes. One tube was centrifuged to obtain plas-
ma, which was subsequently analyzed via enzyme-linked immunosorbent assay (ELISA) to detect SARS-
CoV-2-specific IgM and IgG antibodies. The following diagnostic kits were employed: SARS-CoV-2-1gG-
ELISA-BEST and SARS-CoV-2-1gM-ELISA-BEST (Vector-Best, Novosibirsk, Russia).

Previous studies have shown that IgM and IgG antibody levels typically begin rising simultaneously
within the first week of SARS-CoV-2 infection [14]. IgM titers typically decline and become undetectable
within approximately three months of symptom onset, whereas 1gG antibodies persist, gradually decreasing
over a period of 4-7 months [15, 16]. Therefore, IgM and/or 1gG titers exceeding the diagnostic threshold
(>1 ng/mL) were considered as evidence of an active or recently resolved SARS-CoV-2 infection (within 1
week to 6 months prior to sampling).

Based on ELISA results, participants were stratified into two groups: SARS-CoV-2-positive (p-
COVID-19) and SARS-CoV-2-negative (no-COVID-19). Summary demographic and clinical characteristics
of the participants by group are provided in Table 1.

Table 1
General characteristics of the study groups

p-COVID-19 no-COVID-19
Total (n) 88 31
Age (years; mean £ SD) 43 £14.38 41 +15.24
Sex (M /F) 27/61 12/19
IgM (ng/mL; mean + SD) 1.691 + 3.008 0.399 + 0.181
IgG (ng/mL; mean + SD) 7.086 + 3.881 0.3191 + 0.2282

The second blood sample was used for genotyping the VDR gene SNPs rs731236, rs1544410, and
rs7975232. Genomic DNA was isolated from whole blood using the RIBO-prep kit (AmpliSens, Moscow,
Russia) following the manufacturer’s instructions. DNA concentration and purity were assessed using a DS-
11 spectrophotometer (DeNovix Inc., Wilmington, DE, USA). Genotyping was performed using real-time
polymerase chain reaction (PCR) with forward and reverse outer and inner primers (Lumiprobe, Russia),
based on the amplification-refractory mutation system (ARMS) technique.

Each 25 pL PCR reaction included 50 ng of genomic DNA, 10 pmol of each allele-specific or control
primer pair (FIP-ROP, RIP-FOP, or FOP—ROP), Taq polymerase, dNTPs, and PCR buffer (GeneLab, Asta-
na, Kazakhstan). Amplification was carried out in a DTlite real-time PCR system (DNA Technology, Mos-
cow, Russia) using Real-Time_PCR software v.7.9 (DNA Technology). Primer sequences and PCR cycling
parameters are provided in Figure.
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SNP Alleles Primer sequence PCR protocol
A FIP 5'-CGGTCCTGGATGGCCGCA-Y 94°C / 3 min
731236 G RIP 3'-CAGGACGCCGCGCTGCTC-3 (94°C / 15 sec.

FOP 5-TTGGCATAGAGCAGGTGGCTGCC-3' 62°C / 30 sec) % 40
ROP 5-CCCAGCTGAGAGCTCCTGTGCCTT-3' - ’

FIP 5-CACAGGAGCTCTCAGCTGGACA-S 94°C / 3 min
rsT075232 RIP ::L—TGGTGGGATTGAGCAGTGAAGG—E' (94°C / 15 sec,
FOP 5'-CCTGGATGGCCTCAATCAGC-3' 62°C / 30 sec) x A0
ROP 5-GTCATAGAGGGGTGGCCTAGGG-3 '

£

FIP 5'-CAGAGCCTGAGTATTGGGAACGC-3'
RIP 3"-GGGGCCACAGACAGGCCTACT-3
FOP 5-TTTTGTACCCTGCCCGCAAGA-S
ROP 5-TGTGCAGGCGATTCGTAGGG-3'

FIP 5-AGCAGAGCCTGAGTATTGGGAAAGC-F
RIP 3'-GGOCACAGACAGGCCTCCC-3

FOP 5-AAGTTTTGTACCCTGCCCGCAAG-3
ROP 5-GTGCAGGCGATTCGTAGGGG-3

FIP 5'-GCAGAGCCTGAGTATTGGGAAGGT-3
RIP 3'-GGCOCACAGACAGGCCTTCG-3'

FOP 5-AAGTTTTGTACCCTGCCCGCAA-S
ROP 5-TGTGCAGGCGATTCGTAGGG-3

= 0

94%C / 3 rmun
(94=C / 15 sec,
62°C /30 sec) x 40

QN

rs1544410

-

Figure. The designed primer sequences and thermal cycling conditions for genotyping rs731236,
rs7975232, and rs1544410 using the ARMS-PCR

Following real-time amplification, allele-specific reactions were subjected to melting curve analysis
under the following protocol: 15 seconds at 90 °C followed by 100 cycles with 0.5 °C increments.

A complete description of the genotyping methodology for rs731236, rs1544410, and rs7975232 is pro-
vided in the methodological guidelines [17].

Continuous variables were expressed as mean + standard deviation (SD). Categorical variables were re-
ported as percentages and compared using the chi-square or Fisher’s exact test where appropriate. Hardy—
Weinberg equilibrium (HWE) was assessed using chi-square distribution. Odds ratios (ORs) with 95 % con-
fidence intervals (Cls) were calculated. Two-tailed p-values < 0.05 were considered statistically significant.
Statistical analyses were performed using GraphPad Prism 8.0 (GraphPad Software, San Diego, CA, USA).

Results and Discussion

To evaluate whether the VDR gene polymorphisms rs731236, rs1544410, and rs7975232 influence sus-
ceptibility to SARS-CoV-2 infection, we compared allele and genotype frequencies for each SNP between
COVID-19-positive and COVID-19-negative groups. All genotype distributions were in Hardy—Weinberg
equilibrium (HWE), with p-values > 0.05: p = 0.0628 for rs731236, p = 0.1125 for rs7975232, and p = 0.5381
for rs1544410. Genotyping results and comparisons for these VDR SNPs are presented in Table 2.

Table 2
Allele and genotype frequencies of rs731236, rs1544410, and rs7975232 within the studied groups
p-COVID-19 (n)  |no-COVID-19 (n) |OR (CI 95 %) y p-value”
1 2 3 4 5 6
rs731236
Alleles n =176 (Freq.) n =62 (Freq.)
A 115 (65.34 %) 41 (66.13 %) 0.9656 (0.5176 — 1.772)  |0.01261 0.9106
G 61 (34.66 %) 21 (33.87 %) 1.036 (0.5643 — 1.932) 0.01261 0.9106
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Continuation of Table 2

1 2 3 4 5 6
Genotypes n = 88 (Freq.) n = 31(Freq.)
AA 47 (53.41 %) 18 (58.06 %) 0.8279 (0.3520 — 1.822)  |0.2004 0.6807
AG 21 (23.86 %) 5 (16.13 %) 0.63 (0.5898 — 4.282) 0.8032 0.4548
GG 20 (22.73 %) 8 (25.81 %) 0.8456 (0.3198 — 2.179) |0.1208 0.8064
rs7975232
Alleles n=176 (Freq.) n =62 (Freq.)
A 77 (43.75 %) 25 (40.32 %) 1.151 (0.6481 — 2.046) 0.2199 0.6576
C 99 (56.25 %) 37 (59.68 %) 0.8687 (0.4888 — 1.543) |0.2199 0.6576
Genotypes n = 88 (Freq.) n = 31(Freq.)
AA 20 (22.73 %) 6 (19.35 %) 1.225 (0.4706 — 3.401) 0.1527 0.8039
AC 37 (42.05 %) 13 (41.94 %) 1.005 (0.4542 — 2.372) 0.0001138  |0.9915
CcC 31 (35.63 %) 12 (38.71 %) 0.8765 (0.3878 — 1.954)  [0.09346 0.8291
rs1544410
Alleles n =176 (Freq.) n =62 (Freq.)
C 120 (68.18 %) 43 (69.35 %) 0.9468 (0.5175 —1.779)  |0.02923 0.8642
G 14 (7.95 %) 2 (3.23 %) 2.593 (0.6581 — 11.74) 1.635 0.2514
T 42 (23.86 %) 17 (27.42 %) 0.8397 (0.4380 — 1.635)  |0.3109 0.6095
Genotypes n = 88 (Freq.) n = 31(Freq.)
CC 40 (45.45 %) 12 (38.71 %) 1.319 (0.5964 — 2.934) 0.4239 0.5363
TT 5 (5.68 %) NA NA 1.839 0.3248
GG 1(1.14 %) NA NA 0.3553 0.5512
CT 30 (34.09 %) 17 (54.84 %) 0.426 (0.1816 — 0.9563) [4.13 0.0548
GT 2 (2.27 %) NA NA 0.7166 0.3973
CG 10 (11.36 %) 2 (6.45 %) 1.859 (0.4541 — 8.861) 0.61 0.7293
“p-values were calculated using Fisher’s exact test
p > 0.05 = not significant.
Abbreviation: NA, not available

As shown in Table 2, no statistically significant differences were found in allele or genotype frequen-
cies between the p-COVID-19 and no-COVID-19 groups for any of the three 3' UTR polymorphisms.

In the case of rs731236, allele A was present in 65.34 % of the p-COVID-19 group and 66.13 % of no-
COVID-19, while allele G occurred in 34.66 % and 33.87 %, respectively. The odds ratio (OR) for alleles A
and G were 0.9656 (95 % CI: 0.5176-1.772; p = 0.9106) and 1.036 (95 % CI: 0.5643-1.932; p = 0.9106),
indicating no significant association with infection risk.

The genotypic analysis showed that genotype AA was present in 53.41 % of COVID-19-positive partic-
ipants and 58.06 % of COVID-19-negative ones, yielding an OR = 0.8279 (95 % CI: 0.3520-1.822), p =
0.6807. Heterozygous genotype AG occurred in 23.86 % of p-COVID-19 versus 16.13 % in no-COVID-19
(OR = 0.63, p = 0.4548), while homozygous GG was found in 22.73 % and 25.81 % respectively (OR =
0.8456, p = 0.8064). None of these comparisons reached statistical significance, indicating that rs731236
genotypes do not appear to be associated with susceptibility to SARS-CoV-2 infection in this sample.

For rs7975232, the A allele appeared in 43.75 % of COVID-19-positive individuals and 40.32 % of
COVID-19-negative ones. The C allele was slightly more prevalent in both groups (56.25 % and 59.68 %,
respectively). The OR for allele A was 1.151 (95 % CI: 0.6481-2.046; p = 0.6576).

Genotype frequencies were also comparable. The AA genotype was observed in 22.73 % of COVID-
19-positive individuals and 19.35 % in no-COVID-19 group (OR = 1.225, p = 0.8039). The AC genotype
was almost equally represented (42.05 % in cases vs. 41.94 % in controls; OR = 1.005, p = 0.9915), and CC
occurred in 35.63 % and 38.71 % of the respective groups (OR = 0.8765, p = 0.8291).

These findings are consistent with results reported by Jafarpoor et al. in an Iranian cohort, where no as-
sociation was found between rs731236 or rs7975232 and COVID-19 susceptibility [18]. An ecological study
involving data from 26 countries did report a positive correlation between the frequency of the rs731236 TT
genotype and COVID-19 prevalence (r = 0.42, p = 0.03), as well as between the rs7975232 AA genotype and
both COVID-19 prevalence (r = 0.45, p = 0.02) and mortality (r = 0.42, p = 0.03) [12]. However, methodo-
logical differences and population heterogeneity preclude direct comparison with our data.
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Analysis of rs1544410 allele frequencies also revealed no significant differences between groups. The
C allele was most prevalent across both groups, with 68.18 % in p-COVID-19 and 69.35 % in no-COVID-19
(OR =10.9468, p = 0.8642). The T allele was present in 23.86 % and 27.42 %, respectively (OR = 0.8397, p =
0.6095), while the G allele occurred in only 7.95 % of COVID-19-positive participants and 3.23 % of
COVID-19-negative (OR = 2.593, 95 % CI: 0.6581-11.74, p = 0.2514), indicating a non-significant trend
toward higher G allele frequency in p-COVID-19 group.

Importantly, allele A at the rs1544410 locus was absent in all participants, consistent with the known al-
lele distribution in the Kazakh ethnic group, possibly due to regional or ethnic-specific genetic architecture.

Among genotypes, CC was observed in 45.45 % of COVID-19-positive subjects and 38.71 % of
COVID-19-negative (OR = 1.319, p = 0.5363). The heterozygous CT genotype was less frequent in p-
COVID-19 group (34.09 %) compared to no-COVID-19 group (54.84 %), yielding a result at the threshold
of statistical significance (OR = 0.426, 95 % CI: 0.1816-0.9563, p = 0.0548). This may suggest a potential
protective effect of this genotype, although it narrowly missed the conventional threshold for statistical sig-
nificance.

The TT genotype was found in 5.68 % of COVID-19-positive participants and was absent in no-
COVID-19 group, precluding calculation of a reliable odds ratio (x> = 1.839, p = 0.3248). Several geno-
types—such as GG, GT, and CG—were detected at very low frequencies in our sample. This limited occur-
rence reduces statistical power and makes it challenging to draw meaningful conclusions about their associa-
tion with SARS-CoV-2 susceptibility. As a result, any observed trends involving these rare variants should
be interpreted with caution and considered exploratory rather than confirmatory.

Thus, despite some numeric variation, rs1544410 did not show a statistically significant association
with SARS-CoV-2 susceptibility. Similar findings, despite methodological and population differences, were
reported in the ecological study by Karcioglu et al. [12].

More data are available regarding the association of 3' UTR polymorphisms with COVID-19 severity
and mortality than with infection risk. However, these studies vary considerably in methodology, popula-
tions, and outcomes. For example, a 2024 systematic review encompassing 12 studies found that the
rs7975232 AA and rs731236 TT genotypes were associated with increased risk of COVID-19-related death.
Additionally, rs1544410 may serve as a predictive biomarker for disease severity, while all three polymor-
phisms were considered potential markers of mortality risk [19]. In contrast, a study by Tentolouris et al. in a
Caucasian Greek cohort found no association between rs7975232, rs731236, and COVID-19 severity [20]
and Saba et al. found that in the recessive model, the T/T rs7975232 genotype was statistically associated
with a lower risk of the infection severity [7].

We acknowledge that limitations of the current work include a relatively small sample size, which may
have reduced the statistical power to detect modest genotype—phenotype associations. This limitation in-
creases the risk of errors, particularly in the analysis of rare genotypes such as GG, GT, and CG, which were
underrepresented in our cohort.

Despite these limitations, the study possesses several notable strengths. To our knowledge, this is the
first investigation of VDR gene polymorphisms and SARS-CoV-2 susceptibility conducted specifically with-
in the Kazakh ethnic population. Primer combinations were also developed for the ARMS-PCR technique to
allow simultaneous analysis of all four allelic variants of the rs1544410 polymorphism.

Although our study in Kazakh individuals did not find a significant association between rs731236,
rs1544410, or rs7975232 and COVID-19 susceptibility, inconsistent results across populations and study
designs highlight the need for further investigation of the role of VDR gene polymorphisms in SARS-CoV-2
infection, including larger multi-ethnic cohorts to improve generalizability and statistical robustness.

Conclusions

This pilot study was conducted among 119 individuals of Kazakh ethnic origin, who were stratified into
COVID-19-positive and COVID-19-negative groups based on ELISA testing for the presence or absence of
antibodies against SARS-CoV-2. Genotyping of the VDR gene single nucleotide polymorphisms rs731236,
rs1544410, and rs7975232, followed by a comparative analysis of allele and genotype frequencies between
the groups, revealed no statistically significant differences.

Based on these findings, it can be generally concluded that the rs731236, rs1544410, and rs7975232
polymorphisms do not appear to influence susceptibility to COVID-19 within the Kazakh population
(p > 0.05). However, the observation of borderline statistical significance for the rs1544410 CT genotype,
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the relatively small sample size, the limited number of peer-reviewed studies on this topic, and the conflict-
ing results reported in the literature underscore the need for further research in this area.
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Ka3zak 3THuKaabIK TOObIHAAFBI SARS-C0OV-2-re GeitiMaisiknen
OaittanbicTarbl BUTaAaMMH D penentopsl (VDR) reninin rs7975232,
rs1544410 sxone rs731236 nonumoppu3mMaepiH reHOTUIITEY
sKOHE 0J1apAbIH 0allJIAHBICHIH TAJIAY

byl MUIOTTHIK 3epTTeyle Ka3ak STHUKAIBIK TOObIHA »kataThiH 119 amamubiy yaricinme VDR reHiHiH
18731236, rs1544410 >xone 1s7975232 Gip Hykmeotuari nmomuMmopdusmaepi HakTel yaksiTra ARMS-TILP
anicimen 3eprrenni. Karsicymbulap SARS-CoV-2-re cienndukansik IgM sxone IgG antunenenepinin UOA
apKpUTBl aHbIKTaNybiHA Oaimaneictel COVID-19-ox (p-COVID-19; n = 88) xone COVID-19-tepic (no-
COVID-19; n = 31) Tontapra Geminmi. Ymr SNP GoifbiHIa amienbIiK sKoHE TEHOTHUITIK Tapany Xapau—
Baiinbepr teme-tenairine colikec kenmai. rs731236, rs7975232 sxone rs1544410 ymiH TomTap apachlHIa
JUleNIpiep MEH TeHOTHUNTEp JKUUIIKTepiHAE CTATHCTUKAIBIK TYPFBIAAH MaHBI3ABl aidbIPMalIbUIBIKTAp
aHBIKTAIFaH KOK (p > 0.05), 6y1 ochl mommMophU3MAEPIiH 3epTTeNin oTeipraH momymsusiga SARS-CoV-2
nHpeKkuuschiHA OeiiMaiikke acep erneiTiHiH kepcereni. rs1544410-ubH rereposurotansl CT reHoTHmi
YIIiH IIeKTi MaHBI3ABUIBIKTaFbl OaiimaHeic Oadkangsl (p = 0.0548), Oy TeHOTHNTIH MYMKiH OOJATBHIH
KOpFaHbIITHIK ocepin yceiHansl (OR = 0.426; 95 % Cl: 0.1816 — 0.9563). Yurinin kejemi miekTeysi
OoiFaHbIHA KapaMacTaH, Oyl — Ka3aK JTHHUKAaIbIK TOObIHAa 15731236, rs1544410 xone 157975232
nomuMopdusmaepinin SARS-CoV-2-re OeitimainikieH GaiaHbIChIH 3¢PTTETSH aJFAIIKbI )KYMbIC, COHIaN-aK
1rs1544410 monmumopdu3MiHiH OapIbIK TOPT ajulelNiH Oip Me3riiae TaliaFraH CUpPEK 3epTTeyaepaid Oipi.

Kinm co3dep: D nopymeni penenrropst (VDR) rewi, 6ip Hykieoruari momumopdusm, rs731236, 1s7975232,
rs1544410, SARS-CoV-2, COVID-19, OeitiMainiK, Ka3aK STHUKAILIK TOOLI.

B.B. Ilporac, I'.I1. [Torocsan, K.I'. JIu, A.I'. )Kymuna, A K. bucenesa

I'eHoTunMpoBaHue MOJMMOP(PU3MOB reHa pelenTopa BUTAMHHA
D (VDR) rs7975232, rs1544410, rs731236 u aHaJu3 UX CBS3U ¢ BOCIPUMMYHBOCTHIO
Kk SARS-CoV-2 cpean npeacraBuTe/ieil Ka3axCKoil 3THUYECKOH IPyNIbI

B HacTosiIieM MMIOTHOM HCCIIEAO0BaHHU NPOBEJCHO T€HOTUITMPOBAHKUE OJHOHYKICOTHIHBIX MOIUMOP(HU3MOB
15731236, rs1544410 n 157975232 rena penentopa BuramuHa D (VDR) meromom ARMS-IIIP B peansHOM
BpeMeHHu cpenu 119 mpexncraButeneil ka3axckoil STHUYECKOW TPyNNbl. YUYaCTHUKHM ObUIM pa3zielieHbl Ha JiBe
rpynmsr: COVID-19-nonoxurensayio (p-COVID-19; n = 88) m COVID-19-orpunarensuyro (no-COVID-19;
n = 31) Ha OCHOBaHMM HaIMYUs WIM OTCyTCcTBUS creuuduueckux anruren IgM n IgG x SARS-CoV-2,
BBISIBJICHHBIX METOZOM MMMYyHO(epMmenTHoro aHamm3a (MDA). Pactipenenenne amneneif 1 TeHOTHIIOB BCeX
Tpex MoaMMOp(U3MOB COOTBETCTBOBaJO 3akoHy Xapau—BaiinOepra. ITo pesysnbratam HcclieoBaHHS He
OBUIO BBISBICHO CTATHCTHYECKH 3HAYMMBIX Pa3iIMUMi B 4acTOTax ajulelied M TeHOTHIIOB MEXAy I'pyNITaMH
tst 18731236, 157975232 u rs1544410 (p > 0,05), 94T0 MO3BOIAET MPEAIIONOKHUTE OTCYTCTBUE HX BIUSHHS Ha
BOCIIPMUMYHBOCTH Opranu3ma k uHdekiupoBanuio SARS-CoV-2 B uccrnenyemoii nonymsiuuu. [pu aTom s
rereposurotHoro reroruna CT mommmopdmsma 151544410 3adukcupoBaHa TEHASHIUS K aCCONMALUH C
MHOUIMPOBaHUEM Ha IPAHULIE CTaTHCTHYeCcKoil 3HaunmMoctH (p = 0,0548), uTo MOXKET CBUACTENBCTBOBATH O
BO3MOXKHOM 3amuTHOM 3ddexre (OR = 0,426; 95 % Cl: 0.1816-0,9563). HecMOoTpst Ha OrpaHHYEHHBIH
00BEeM BBIOOPKH, 3TO IIEPBOE HCCIIEAOBAHNE, TOCBAIICHHOE aHAN3Y CBsI3U 15731236, 151544410, rs7975232 ¢
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BocnpuuMunBOCThIO K SARS-C0OV-2 cpenu npencraBuTeneil ka3axckoi STHUUECKOH IPYIIIEL, a TAKXKE OJJHO
W3 HEMHOTHX, B KOTOPOM IIPOBEICHO OJJHOBPEMEHHOE TeHOTHITMPOBAHIE BCEX YeThIpex ameneit s1544410.

Kniouesvie cnosa: ren peuentopa Butamuna D (VDR), omHOHyKIeoTHAHBIH momuMopdusm, rs731236,
rs7975232, rs1544410, SARS-CoV-2, COVID-19, BocipuiUMYHBOCTh, Ka3aXCKasl 3THUYECKas TPyIIa.
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Study of adaptive states and variability of phenological
development of introduced woody plants of the genus Berberis L.
in the conditions of the Altai Botanical Garden

The article considers the features of phenological development and adaptive capabilities of the genus
Berberis L. during primary introduction in the conditions of the Altai Botanical Garden. The characteristics of
the origin of the collection taxa of the genus are given; the taxonomic composition of the collection fund of
the genus Berberis L. as of 2025 is verified. The introduced species are divided by soil-geographical origin,
where the introduced species are distributed into 5 groups. An introduction assessment of the genus
Berberis L. is given based on ecological-geographical, morpho-biological characteristics. The adaptive poten-
tial of introduced species is assessed based on long-term phenological observations, where the full develop-
ment cycle is established. Based on the results of the assessment of the prospects of introduced species, two
groups of species prospects were identified: promising (83%) of the collection fund and less promising
(17%). Based on this assessment, introduced species are recommended for use in phytomelioration, gardening
and park construction, as ornamental and fruit crops in Eastern Kazakhstan.

Keywords: introduction, collection fund, genus Berberis L., prospects, adaptation, phenological phases.

Introduction

Currently, urbanization of cities is a significant cause of depletion of natural resources, leading to dis-
ruption of the ecological balance of plant communities. In this regard, the problem of greening recreational
areas and restoring urban ecosystems under the influence of anthropogenic and technogenic activities is
acute. The range of such plants is based on their resistance to aggressive environmental conditions and a
complex of protective and environment-forming functions.

Plants of the genus Berberis L. are universal for landscaping city streets, parks, squares. Numerous rep-
resentatives of the genus combine decorative, valuable food, medicinal qualities [1]. They are often used to
form hedges or borders, creating natural dividing strips and adding a visual accent in green spaces, they can
also be planted individually on lawns or combined into decorative groups [2]. These plants are easy to care
for, while they have high decorative qualities. The bright berries of the bush attract birds and animals.

The first botanical taxonomy of the genus was compiled at the end of the 16th century by K. Linnaeus
and included 2 species—Berberis vulgaris L. and Berberis cretica L. By the end of the 19th century, the ge-
nus already had 150 species. In 1905, the Austrian botanist S.K. Schneider published a monograph with the
most complete description of the genus, which included 156 species from 22 sections [3]. According to the
research conducted by A. Redder (1949), the genus includes 175 species [4]. According to the latest data
from the website The Plant List [5], the genus has about 580 species. Plants of the genus Berberis L. belong
to the department MAGNOLIOPHYTA, class MAGNOLIOPSIDA, order BERBERIDALES, family
BERBERIDACEAE Juss.

In nature, they are represented by shrubs or small trees with loose, thorny branches and beautiful flow-
ers. Wide geographical distribution of the genus Berberis L. (tropical, subtropical, temperate and cold zones)
indicates its ancient origin. Paleobotanists note leaf imprints in layers dating back to the Oligocene and Mio-
cene periods of Western Europe and in the Sarmatian deposits of Krynka. Modern centers of species diversi-
ty of the genus are located in Southeast Asia (China, the provinces of Sichuan, Yunnan and Southeast Tibet),
in Central Asia (the Himalayas) and on the West Coast of South America [6]. The unpretentiousness of the
genus and its ability to adapt allowed it to occupy vast territories not only in latitudinal zonality, but also in
vertical zonality. Some species grow at an altitude of 4,300 m above sea level (Berberis diaphana Maxim.),
are mainly deciduous shrubs from Central Asia [2].
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The genus Berberis L. in the wild flora of Eastern Kazakhstan is represented by two species—Berberis
sibirica Pall. and Berberis heteropoda Schrenk [7, 8]. Expansion of the range of plants for landscaping the
cities of the East Kazakhstan region is possible with the involvement of non-regional species.

The aim of the study is to investigate the phenological characteristics and adaptive capabilities of the
genus Berberis L. under introduction conditions.

Research objectives:

- to verify the taxonomic composition of introduced species of the collection fund of the genus
Berberis L. in the Altai Botanical Garden;

- to establish the ecological and geographical confinement of the natural growth of introduced species
of the genus Berberis L.;

- to provide a morphological and biological assessment of the genus under the conditions of introduc-
tion;

- to determine the calendar dates of the onset of phenological phases of development of introduced spe-
cies of the genus for practical application;

- to summarize the results of the initial testing of the genus Berberis L. in the Altai Botanical Garden, to
assess the prospects of the species for economic use.

In general, representatives of the genus Berberis L. are an important and versatile resource that finds
application in various areas of human activity: in medicine, food industry and landscape design.

Objects and methods of research

The object of the research is a collection of the genus Berberis L. of the Altai Botanical Garden in the
amount of 30 taxa, of which 20 are foreign species, 8 varieties, and 2 local species.

The climate of the introduction area is sharply continental, with characteristic frosty long winters and
cool short summers. The mountainous relief softens the sharply continental climate. The average temperature
in January is -12.6° C, the absolute maximum is 41.6° C. The period of active vegetation of plants is short,
69-135 days. The Selyaninov hydrothermal coefficient is within 1.2. Sufficient precipitation with average
daily temperatures above 10 ° C during the growing season allows plants to adapt to a temperate climate. The
soils of the arboretum are represented by mountain chernozems with a humus content of 4-6%, with a well-
defined profile. Along the left edge of the site there is an oxbow lake of the Bystrukha River, which dilutes
the chernozems with sandy soils and provides additional soil drainage [9].

Phenological observations of introduced species were carried out according to the Methodology of
Phenological Observations in Botanical Gardens of the USSR (1979) [10, 11].

Biometric analysis of shoots was performed according to the method of G.F. Lakin (1990) [12].

Evaluation of the viability and prospects of introduced species based on visual observations using the
scale of P.I. Lapin (1973) and M.N. Kosaev (1987) [13, 14].

Evaluation of the introduction value of species of the genus Berberis L. will allow to expand the range
of products for economic use in Eastern Kazakhstan [15, 16].

Research results and their discussion

Testing of the genus Berberis in the Altai Botanical Garden began in 1952. The first taxa were grown
from seeds of unknown origin and were represented by species specimens of B. vulgaris L., B. integerrima
Bunge, Berberis x serrata Koehne. The species were selected based on the ecological conditions of plant
growth in natural conditions. About 35 species, forms and varieties were tested during this period. The sam-
ples of taxa currently in the collection were grown from seeds of cultural origin obtained from countries of
the near and far abroad. The collection includes plants obtained from seeds of their own reproduction and
natural populations.

The varietal material was mainly drawn from a private nursery located in the outskirts of Almaty, using
live plants. Currently, the collection of the Altai Botanical Garden contains 30 species, forms and varieties of
the genus Berberis L., which are adapted to varying degrees to the harsh climatic conditions of the Kazakh
Altai.

The characteristics of the origin of the collection plants are given in Table 1.
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Table 1

Characteristics of the origin of collection taxa of the genus Berberis L.

Species hame

Origin of source material/age

B. x ottawensis Schneid. cv. Superba

Russia, NIISS named after Lisavenko, Barnaul, live plants/2007

B. amurensis Rupr.

Russia, Moscow, VILR, seeds/1979

B. chinensis Poir.

Ireland, Dublin, National Botanic Garden, seeds/2005

B. circumserrata (C.K. Schneid.)
C.K. Schneid..

Russia, Moscow, GBS, seeds/1985

B. crataegina DC.

Belgium, Beveren, Municipal Arboretum, seeds/2007

. diaphana Maxim.

Ireland, Dublin, National Botanic Garden, seeds/2004

. dielsiana Fedde

Russia, Ussuri region, Mountain Taiga station, seeds/2008

. heteropoda Schrenk

Kazakhstan, ABS, reproduction, seeds/2008

. integerrima Bunge

Unknown/1955

. koreana Palib.

Russia, NIISS named after Lisavenko, Barnaul, live plants/1970

. lecomtei Schneid.

Sweden, Bergian Botanical Garden, Stockholm, seeds/1972

. orientalis Schneid.

Russia, Stavropol Botanical Garden named after V.V. Skripchinsky, Stavro-
pol, seeds/1966

. poiretii C.K. Schneid.

Kazakhstan, GBS Almaty, seeds/1989

. sibirica Pall.

Kazakhstan, East Kazakhstan region, Listvyaga ridge, seeds of natural
origin/1991

. sieboldii Mig.

Belarus, Centralized Botanical Garden, Minsk, seeds/1981

. silva-taroucana Schneid.

Lithuania, Kaunas Botanical Garden, Kaunas, seeds/1977

. thunbergii DC.

Russia, NIISS named after Lisavenko, Barnaul, live plants/2002

th. cv. Carmen

Kazakhstan, Almaty, nursery “Mountain gardener”, live plants/2007

th. cv. Atropurpurea Nana

Kazakhstan, Almaty, nursery “Mountain gardener”, live plants/2007

th. cv. Colden Ring

Kazakhstan, Almaty, nursery “Mountain gardener”, live plants/2009

th. cv. Kornik

Kazakhstan, Almaty, nursery “Mountain gardener”, live plants/2007

th. cv. Maria

Kazakhstan, Almaty, nursery “Mountain gardener”, live plants/2009

th. cv. Pink Attraction

Kazakhstan, Almaty, nursery “Mountain gardener”, live plants/2007

| o|m|w[m|[m|m|®m[e[m] ©@ |® © B[] o|o|wm[o

th. cv. Red Rocket

Kazakhstan, Almaty, nursery “Mountain gardener”, live plants/2009

B.th. f. atropurpurea Chenault

Germany, Botanical Garden of the University of Mainz/2002

B. turcomanica Karel.

Italy, Botanical Garden of the Technical University of Udine, seeds/2007

B. vulgaris f. atropurpurea Bunge

Russia, TSHA Moscow, seeds/1971

B. vernae Schneid.

Germany, Botanical Garden of Berlin, seeds/1969

B. virescens Hook.

Russia, Botanical Garden of the Ural Branch of the Russian Academy of
Sciences, Sverdlovsk, seeds/1976

B. vulgaris L.

Kazakhstan, ABS, reproduction, seeds/2009

Taxonomic composition of the collection fund of the genus Berberis L. is represented by 8 sections,

3 subsections (Table 2):

Table 2

Taxonomic composition of the collection fund of the Altai Botanical Garden of the genus Berberis L.

Section

Subsection

Name of species

Berberis vulgaris L.
Berberis vulgaris f. atropurpurea Bunge
Berberis sieboldii Mig.

Vulgares Berberis orientalis Schneid.
Berberis koreana Palib.
Berberis amurensis Rupr.
. Berberis chinensis Poir.
Sinenses

Berberis poiretii C.K. Schneid.
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Continuation of Table 2

Section Subsection Name of species

Berberis diaphana Maxim.

Diaphanous Berberis circumserrata Schneid.
Angulosae Berberis virescens Hook.

Eufranchetime Berberis. lecomtei Schneid.

Siberian Berberis sibirica Pall.

Dasystach Berberis dielsiana Fedde

Berberis integerrima Bunge

Integerrimae Berberis turcomannica Karel.

Berberis vernae Schneid.

Berberis x ottawensis Schneid. cv. Superba
Berberis thunbergii DC.

Berberis thunbergii f. atropurpurea Chenault
Berberis thunbergii cv. Atropurpurea Nana
Berberis thunbergii cv. Carmen
Tschonoskyanae Berberis thunbergii cv. Colden Ring
Berberis thunbergii cv. Maria

Berberis thunbergii cv. Kornik

Berberis thunbergii cv. Red Rocket
Berberis thunbergii cv. Pink Attraction
Berberis silva- taroucana Schneid.
Heteropodae Berberis heteropoda Schrenk

Crataeginae Berberis crataegina DC.

Territorially, according to soil-geographical origin, introduced species are classified into 5 regions: North
American, East Asian, Central Asian, Central Asian—Kazakhstan and European-Caucasian [2] (Table 3).

Table 3
Territorial division by soil-geographical origin of the collection fund of ABS Berberis L.
‘ S c
§3 | 88 | Sc | .c | <8
Types/areas qé— § f—i % ‘E 5 Lﬁ 5 E 5
53 =N 3 < < Z €
e) c g <
O
1 2 3 4 5 6
Berberis amurensis Rupr. +
B. chinensis Poir. +
B. circum — serrata Schneid. +
B. crataegina DC. +
B. diaphan Maxim. +
B. dielsiana Fedde +
B. integerrima Bunge +
B. koreana Palib. +
B. lecomtei Schneid. +
B. orientalis Schneid. +
B. x ottawensis Schneid. cv. Superba +
B. poiretii C.K. Schneid. +
B. sieboldii Mig. +
B. sibirica Pall. +
B. silva — taroucana Schneid. +
B. heteropoda Schrenk +
B. thunbergii DC. +
B. thunbergii. f. atropurpurea Chenault +
B. turcomanica Karel. +
B. vernae Schneid. +
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Continuation of Table 3

1 2 3 4 5 6
. virescens Hook. +
. vulgaris L. +
. vulgaris f. atropurpurea Bunge +

. thunbergii cv. atropurpurea nana
. thunbergii cv. Carmen

. thunbergii cv. Colden Ring

. thunbergii cv. Maria

. thunbergii cv. Kornik

. thunbergii cv. Red Rocket

. thunbergii cv. Pink Attraction

O|0|00(00|0|0|00(00(0|

As of 2025, the collection of the genus Berberis L. is dominated by introduced species from the East
Asian and Central Asian regions, which account for 29% of the Altai Botanical Garden’s collection. Species
from the European-Caucasian region account for 12.5%, while those from the Central Asian-Kazakhstan re-
gion make up 16%. The North American region is represented by a single species—B. x ottawensis Schneid.
cv. Superba.

The introduction assessment of the genus Berberis includes an analysis of potential risks and benefits
associated with the introduction of its species into new regions. The assessment consists of the following
characteristics of the introduced species: eco-geographical, morpho-biological, adaptive. The history of the
development of species in certain soil-geographical conditions determines their ecology.

In relation to soil fertility, the introduced species of the genus Berberis L. are oligotrophs—17 (57%),
mainly natives of the Central Asian and East Asian regions. Mesotrophs are represented by 6 (20%) spe-
cies—natives of the East Asian region—B. amurensis, B. koreana, B. poirretii, B. sieboldii, Central Asian—
B. dilsiana, Central Asian-Kazakhstan—B. integerrima and make up a smaller part of the collection.
Eutrophs are represented by the European—Caucasian and North American races 7 (23%) (Fig. 1).

eutroph; 7;
23%

oligotroph; 17;
57%
mesotroph; 6;
20%

Figure 1. Classification of the collection of the genus Berberis L. in relation to soil fertility

The largest percentage of collection species of barberries are xerophytes from East and Central Asia—9
(30%) and mesoxerophytic species—natives of mountainous regions, which make up 13 (43%). The Europe-
an-Caucasian race in the collection fund of barberries is represented by mesophytes—38 (27%). Plants of this
genus tolerate waterlogging, while thickening of shoots and an increase in the rate of shoot growth are noted,
which is not always a positive condition for introduction (Fig. 2) [16].
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xerophyt; 9;
30%

mesoxerophytic;
13;43%

mesophyt; 8;
27%

Figure 2. Classification of the collection of the genus Berberis L. by moisture conditions

The genus Berberis L. is characterized by high photophilousness, although many species are also capa-
ble of growing in partial shade. Representatives of the European-Caucasian and East Asian regions tolerate
shading satisfactorily in conditions of a sharply continental climate.
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Figure 3. Changes in biological characteristics of introduced species of the genus Berberis L. in the arboretum

Changes in the biological characteristics of introduced species clearly reflect their adaptive capacity to
the sharply continental conditions of the introduction site and are evident to varying degrees in traits such as
height, crown structure, shoot formation, and reproductive ability (Fig. 3).

All species show a decrease in bush height by 20 to 35%, the crown diameter is preserved due to the
good shoot-forming ability of the species. Under the conditions of introduction, obvious changes in biologi-
cal parameters are observed in the Integerrimae section, where under the conditions of introduction, the
height of the bushes decreases by 40% while maintaining the crown diameter. Skeletal branches are strong,
thick at the base, from 5 to 8 pcs. The Sinenses section is represented by 2 species, one of which (B. poiretii)
has good adaptation to the harsh conditions of Eastern Kazakhstan, adapts with difficulty B. chinensis to
changes in environmental conditions, which is expressed in a decrease in the height of the bush by 35%
compared to the genetically determined height, a weakening of the shoot-forming ability and a decrease in
the number of stems to 57 pieces, while in natural growing conditions their number is 12—20 pieces. In the
species from the Angulosae section, under the conditions of introduction, a slight increase in biometric indi-
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cators is noted—in height by 5-10%, all bushes with well-developed stems from 5 to 12 pieces. The
Vulgares section is distinguished by high plasticity of species to environmental conditions of a sharply conti-
nental climate, preserving the habit of the bush. Introduced species from other sections showed minor chang-
es in biometric indicators [17].

The annual average growth rates in height and trunk diameter of introduced species indicate the degree
of their adaptability to unfavourable environmental conditions (Fig. 4).
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OJOOO growth by
& S S

trunk diameter
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Figure 4. Indicators of annual average growth in height and trunk diameter of introduced species
of the genus Berberis L., m

The most pronounced adaptive abilities for recovery after the winter period were demonstrated by spe-
cies belonging to the sections Vulgares, Dasystach, Tschonoskyanae, Crataeginae. According to long-term
indicators, the annual growth of species of this group fluctuates from 0.068 to 0.084 m in height and from
0.044 to 0.056 m in trunk diameter. Species of the sections Angulosae and Integerrimae are restored annual-
ly, but with lower indicators from 0.039-0.046 m and 0.024 m, respectively.

The most significant indicator influencing the adaptive processes of plants under introduction condi-
tions is the ability to withstand prolonged, stable frosts in the winter period, early autumn frosts and the re-
turn of late spring frosts [18].

An analysis of the nature of overwintering of species based on long-term observations has established
that the majority of species have winter hardiness of grade Il, with partial damage to the annual growth
(shoot) (Fig. 5). Average winter hardiness of grade Ill with complete damage to the annual growth is noted
in the Sinenses and Angulosae sections.

195

190

185 . Growing

2 .
season, in days
180
175
1
170 Winter
hardiness score
165
160 0

Figure 5. Indicators of winter hardiness and growing season of introduced species of the genus Berberis L.
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High winter hardiness—I point is noted in introduced species from the Central Asian-Kazakhstan and
East Asian regions. Damage to perennial lignified shoots (IV point of winter hardiness) is noted in barberries
from the Angulosae (B. lecomtei) and Sinenses (B. chinensis) sections.

Comparison of the average degree of potential winter hardiness and the duration of the growing season
by sections showed that all sections are characterized by an extended growing season, and an increase in the
duration of which does not have a decisive effect on the degree of winter hardiness (Fig. 5). The maximum
growing season is in the Crataeginae section and is 191 days, the minimum growing season is typical for the
Dasystach section—171 days. Reduced winter hardiness (111 points) is noted in the Sinenses and Angulosae
sections. Weak winter hardiness is determined by the genotype of the introduced species, which come from
the temperate zone of the Northern Hemisphere.

In new ecological conditions, introduced species adapt by changing the timing of phenological devel-
opment phases, which also affects the preparation of plants for overwintering (Fig. 6) [19, 20].

Winter rest
Swelling of the buds
. Opening of the Kidueys

Growth of shoots

Preparing for the
dormant period

\H_" ” Coloring of leaves

Figure 6. Diagram of the timing of the onset of phenological phases of introduced species of the genus Berberis L.:
1—Vulgares; 2—Sinenses; 3—Angulosae; 4—Dasystach; 5—Integerrimae; 6—Tschonoskyanae;
7—Heteropodae; 8—Crataeginae.

The beginning of active bud swelling is observed in the third ten-day period of April in all sections.
Leaf blossoming occurs in the first ten-day period of May, 7-10 days after the bud swelling phase.

According to the start and end dates of shoot growth, introduced species are divided into three groups:

- with a late start, in the second ten days of June, and early completion of shoot growth, in the third ten
days of July—B. heteropoda (PR);

- with a long period of shoot growth—with an early start of shoot growth, in the first ten days of June
and a late end of shoot growth, in the second ten days of August—B. crataegina (RP);

- for other species, the period of shoot growth is observed from the first ten days of June to the first ten
days of August (RS).

A late start of lignification of shoots (end of the third decade of June, first decade of July) is observed in
plants from the East Asian, Central Asian and Central Asian-Kazakhstan regions.

The end dates of lignification reflect the readiness of introduced species for the winter period and affect
the winter hardiness grades. Incomplete maturation of shoots (75%) is typical for the Crataeginae section. In
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other sections, the degree of lignification of annual shoots is 100%. The phase occurs in the third ten-day
period of August and lasts 25-30 days.

One of the most important indicators of the degree of adaptation of introduced species to new condi-
tions is fruiting [21, 22]. All introduced species enter the generative phase. Mass flowering occurs in the se-
cond half of June. Single flowering and fruiting is observed in B. crataegina, which indicates a reduced indi-
cator of the degree of adaptation. In general, intraspecific differences in the passage of introduced species
through the generative phase are preserved.

In the sharply continental climate of the introduction area, autumn leaf colouring and leaf fall indicate
the transition of the introduced species to a dormant state and depends on the onset of the first autumn
frosts [23]. Natural leaf fall is observed only in B. sibirica Pall. in the third ten-day period of September. For
other species, leaf coloring is typical in the third ten-day period of September and forced leaf fall in the se-
cond half of October.

The fact that barberries go through a full development cycle indicates the success of their introduction.

The adaptation level was assessed based on eight main biological indicators: shoot lignification, winter
hardiness, growth form retention, shoot formation, height gain, generative development, possible reproduc-
tion methods, and drought resistance. These criteria characterize the success of introduction and reflect the
adaptive capabilities of introduced species to new environmental factors. Results of the prospects of intro-
duced species of the genus Berberis L. are shown in Figure 7.

less promising
17%

promising
83%

Figure 7. Evaluation of the potential of introduced species of the genus Berberis L.

Based on the results of the assessment of the prospects of introduced species, two groups of prospects
of the genus Berberis L. were identified: promising and less promising. The less promising group includes
B. chinensis Poir., B. diaphana Maxim., B. vernae Schneid., which grow in the European-Caucasian and
Central Asian regions. These introduced species are characterized by reduced winter hardiness and drought
resistance. The promising group includes the remaining species of the genus Berberis L., with high winter
hardiness, preserving the genetically determined life form, with the annual passage of all phenophases, pos-
sessing high drought resistance and producing viable seeds.

Thus, the primary test of the genus Berberis L. in the conditions of the Altai Botanical Garden can be
considered successful. The species involved showed high adaptive abilities in uncharacteristic growing con-
ditions.

Based on this assessment, introduced species are recommended for use in phytomelioration, gardening
and park construction, as ornamental and fruit crops in Eastern Kazakhstan.

Conclusions

Based on the results of verification of the collection fund of the genus Berberis L. of the Altai Botanical
Garden, according to taxonomic ranks, 30 species, including varietal ones, belong to 8 sections, 3 subsec-
tions.
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According to their affiliation with the floristic regions of their natural habitats, introduced species of the
genus Berberis L. are classified into 6 regions: Central-South American, North American, East Asian, Cen-
tral Asian, Central Asian-Kazakhstan and European-Caucasian.

According to their soil fertility requirements, the introduced species are divided into three groups:
oligotrophs 17 (57%), eutrophs 7 (23%) and mesotrophs 6 (20%).

Based on moisture conditions, three groups were identified: xerophytes 9 (30%), mesophytes 8 (27%)
and one intermediate group—mesoxerophytes 13 (43%).

Changes in biometric indicators under introduction conditions have been established. In the Angulosae
section, an increase in bush height by 5-10% is observed, in the Integerrimae section, a decrease in bush
height of up to 40% is noted, in the remaining sections, the height decreases from 20 to 35%. The crown di-
ameter is maintained in all sections due to the good shoot-forming ability of the genus, with the exception of
B. chinensis. from the section Sinenses. According to the annual average growth in height and trunk diameter
of introduced species, annual recovery is noted in all sections. High adaptive abilities after overwintering are
distinguished for the sections Vulgares, Dasystach, Tschonoskyanae, Crataeginae.

The level of adaptation of introduced species by the limiting factor—winter hardiness—is determined.
Winter hardiness of the Il point with partial damage to the annual growth is noted in most sections. Average
winter hardiness of the Il point with complete damage to the annual growth is noted in the Sinenses and
Angulosae sections. In general, introduced species also show sufficient winter hardiness, which indicates
high ecological plasticity of the genus.

Analysis of phenological observations shows that the passage of the entire vegetation cycle from the
bud swelling phase to the end of leaf fall is extended in introduced species. The duration of the vegetation
period in the arboretum of the Altai Botanical Garden is 171-191 days.

Determination of calendar dates of seasonal development of introduced species of the genus
Berberis L., the beginning and end of the growing season, the duration of shoot growth, the degree of lignifi-
cation, flowering and fruiting of all studied species have practical benefits in landscaping populated areas,
use in household plots, as ornamental and fruit crops. The completion of the full development cycle by intro-
duced species indicates the success of their introduction and resistance to unfavourable environmental condi-
tions.

Based on the results of the assessment of the prospects of introduced species, two groups of prospects
of species of the genus Berberis L. were identified: promising and less promising.

Thus, the initial testing of the genus Berberis L. in the Altai Botanical Garden can be considered suc-
cessful.
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E.A. UcakoBa, A.A. Bunokypos, A.H. Jlanunosa, O.A. Jlaryc

AJiTail 00TAaHMKAJBIK 0arbl sKaFaaiibinaa Berberis L.
TYBICHIHA KATATHIH JKePCIHAIpiJreHn aram ociMaikTepain OediMmaenyin
7K9He (PeHOJIOTHANIBIK AaMYybIHBIH 63reprilTirid 3eprrey

Makanana Antail GOTaHHKAIBIK OaFbl KaFlaiblHIa aNFallIKbl KepciHmipy Kesinme Berberis L. TybICBIHBIH
(eHONOTHSIIBIK  JaMybl MeH OediMzeny MyMKiHIIKTepiHiH epekurenmikrepi kapacteipsuiran. Berberis L.
TYBICH KOJUICKIMSUIBIK TaKCOHIAPBIHBIH IIBIFY Teri cumartansi, 2025 Kbl OOMBIHIIA KOJJICKIHSIIBIK
KOPJIBIH TAKCOHOMHSUIBIK KYpaMbl HAKTHI aHBIKTAJIFaH. VIHTPOAYILIEHTTEDP TOIBIPAKTHIK-TeOrpaQHsIIbIK IIBIFY
Terine Kapail Gec Tomka Oeiminren. Berberis L. TybichiHA 3KONOTHSIIBIK-reorpadusuibiK xoHe MOpdO-
OHMOJIOTHSITBIK CHITATTaMaliap Heri3iHIe HHTPOIYKIUIIBIK Oaranay sKyprizinreH. KemKbpuiabpK (eHOIOTHSITBIK
OakpuTayJap HETi3iHAEC MHTPOMYLHEHTTEPIIH AaMy IMKIIH TOJBIK ©TKEHI aHBIKTAJBIN, OJapAblH Oeiimmery
aneyeri OarananraH. baramay HoOTIIKeCiHIE MHTPOAYLEHTTEP/AiH Oosamarsl OOMbBIHIIA €Ki TOI alKbIHAAIABL:
nepcrekTusTi Typiep (83 %) xone a3 nepcrektusti Typiep (17 %). Ocbl 6aranay HeriziHae HHTPOAYLICHTTEP
HIswrbic Kasakcranga ¢uromennopauus, 0arOaHIbIK jkoHE casOak KypBUIBICBIHZIA COHIIK JKOHE XKEMiCTi
JAKBUIAAP PETiHAE KOJIAHYyFa YChIHBUIAIbI.

Kinm ce30ep: xepciniipy, KOIICKIUSIBIK KOp, Berberis L. Tybichl, Oonamarsl, Gefiimaeny, HeHONOTHSIIBIK,
¢azamap.
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E.A. UcakoBa, A.A. Bunokypos, A.H. Jlanunosa, O.A. Jlaryc

HccnenoBanne agjanTUBHBIX COCTOSIHUI U M3MEHYHBOCTH
(eHoOSIOrMUECKOr0 Pa3BUTHA HHTPOAYUHUPOBAHHBIX IPEeBECHBIX PACTEHUH
pona Berberis L. B yc1oBusix AJTaiickoro 60TaHN4YeCcKOro cajaa

B cratse paccmaTpuBaroTcss 0COOEHHOCTH (PEHONOTHYECKOTO PAa3BUTHS U aAalTallMOHHBIE BO3MOXKHOCTH PO-
na Berberis L. npu mepBUYHONW HHTPOAYKIMH B YCIOBHAX AJNTAiCKOr0 GOTAaHHYECKOTo cajia. [IpuBosTCS
XapaKTEPUCTUKHU MPOUCXOKACHUS KOJIIEKIIHOHHBIX TAKCOHOB POJIa, BEIBEPEH TAKCOHOMUUECKUI COCTaB KOJI-
nekiponHoro ¢ouma poxa Berberis L. mo cocrosauio Ha 2025 rox. IIpoBeeHO JielieHHe HHTPOIYIICHTOB IO
MOYBEHHO-TeorpaIIeckoMy IIPOUCXOXKACHHIO, T/Ie HHTPOAYLICHTHI paclpeieNieHsl Ha 5 rpymi. Jlana HHTpo-
IYKLIHOHHas olieHKa poja Berberis L. mo skosoro-reorpaduueckum, MoppoOHOIOTHIECKUM XapaKTepUCTH-
kaMm. OIeHEeH afanTaIlMOHHBIM ITOTEHIHA] MHTPOIYLEHTOB Ha OCHOBE MHOTOJIIETHHX (DEHOJIOIMYECKHX Ha-
OIr0JIeHNH, B X0I€ KOTOPBIX YCTAHOBJIEHO IMPOXOJKACHUE MOJHOTO IUKIA pa3BUTHs. 1o pe3ympraTaM OleHKH
HEPCIEKTUBHOCTH HHTPOAYLIEHTOB BBUIBIICHO JIBE TPYIIIBI IEPCIIEKTHBHOCTH BUIOB: epCreKTuBHbIe (83 %)
KOJUIEKIMOHHOTO (hoHAa U MeHee nepcrekTuBHbIe (17 %). Ha ocHOBe maHHOW OLEHKHM MHTPOIYIEHTHI PEKO-
MEHIOBaHBI K MPUMEHEHUIO Il (PUTOMEIHOpAUH, CaJOBOACTBA U CaJ0BO-NIAPKOBOTO CTPOHTEIHCTBA, KaK
JIEKOpaTUBHEIE U IIJIOIOBEIE KYJIBTYpHI B BocTrounom Kaszaxcrane.

Kriouesvie cnosa: MHTPORYKUYS, KOJUICKIMOHHBIH (o, pon Berberis L., mepcnekTHBHOCTb, afanmTanys,
(enonornueckue passl.
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Comparative analysis of the COMET, FISH, and TUNEL methods
for assessing DNA damage in plants under abiotic and biotic stresses

Research that investigates plant DNA damage caused by various stress factors represents an important area of
modern molecular biology and genetics. In recent decades, there has been active development of methods that
allow for detailed analysis of molecular responses in plants to abiotic and biotic stresses, significantly deep-
ening our understanding of the mechanisms underlying their adaptation to adverse conditions. One of the key
aspects of such studies is the assessment of damage to genetic material, which plays an important role in dis-
rupting the normal functioning of plant cells and tissues. Special attention is paid to the combined effects of
stress factors such as high fever and viral infections, such as Tobacco bushy stunt virus (TBSV) infection,
which can significantly disrupt DNA integrity and normal cellular processes. This, in turn, can lead to chang-
es in the activity of key genes, DNA repair, as well as effects on the physiological and morphological charac-
teristics of plants. In this article, we examined three methods that are actively used to assess DNA damage
under combined stress conditions: the COMET, TUNEL and FISH. These methods allow for a comprehen-
sive analysis of DNA damage, as well as to investigate their relationship to physiological and cellular changes
in plants exposed to viral and temperature stress. The purpose of this study is to explore the prospects of us-
ing the COMET, FISH, and TUNEL assay methods to assess the level of damage to plant DNA caused by
abiotic and biotic stress. The research is aimed at analyzing their effectiveness, as well as identifying ad-
vantages and limitations when working with plant objects.

Keywords: TBSV, Nicotianabenthamiana, combined stress, DNA damage, oxidative stress, DNA repair,
COMET assay, TUNEL assay, FISH hybridization.

Introduction

Plants, as immobile organisms, are constantly exposed to various abiotic and biotic stressors, such as
high temperatures, drought, UV radiation, and pathogens, including viruses. One of the most serious conse-
quences of stress is DNA damage, which can lead to mutations, genomic instability, and even cell death
[1-4]. Scenarios of combined stress (e.g., heat plus viral infection) are especially impactful because the fac-
tors act synergistically to intensify oxidative damage, perturb replication and repair, and reprogram stress-
responsive gene networks [5, 6]. Given the broad adoption of Nicotiana benthamiana as a model for plant—
microbe and plant-virus interactions, and its recently improved reference genome, the system is well-suited
to dissect stress-induced genome instability [7].

One of the widely studied viruses that have a significant effect on plants is Tobacco bushy stunt virus
(TBSV), a virus with positive single-stranded RNA. TBSV affects various plant species, including
Nicotianabenthamiana, Arabidopsis thaliana, and other crops. The virus enters plant cells, activating the rep-
lication mechanisms of its RNA, which can disrupt the normal functioning of cells and tissues. Infection with
the virus causes the destruction of cellular structures, inhibition of metabolic activity and disturbances in the
process of photosynthesis. At the same time, changes in the structure and function of the plant’s DNA may
occur, which in turn can lead to genetic instability and deterioration of resistance to additional stresses [8].
Concurrently, viral infection (e.g., TBSV) intensifies the burden on cellular replication and defense, often
elevating reactive oxygen species (ROS) and triggering programmed cell death pathways, thereby com-
pounding genome instability under heat-virus co-stress [5, 9].

Temperature stress has a profound effect on DNA molecules, disrupting their stability and integrity.
High temperatures, being an abiotic stress, can cause DNA denaturation, which is the breakdown of hydro-
gen bonds between a base and a complementary base in a double-stranded DNA molecule. At temperatures
above 40-42 °C, the double helix collapses, leading to the formation of single-stranded fragments, which, in
turn, can create “hot spots” for subsequent damage [6, 10, 11]. DNA denaturation activates cellular signaling
pathways, including single-strand break repair systems and repair of damaged areas. Temperature stress can
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also alter the tertiary structure of chromatin, which initiates adaptive mechanisms of cells aimed at maintain-
ing genome stability [12].

Disruption of replication is another important aspect of exposure to temperature stress. At high tempera-
tures, DNA denaturation occurs, preventing the normal functioning of replicative enzymes such as DNA
polymerases and disrupting the replication process. This can lead to the arrest of replication and the for-
mation of double-stranded breaks (DSBs), which require intensive repair. Double-stranded breaks are among
the most dangerous DNA damages, as they can lead to serious losses of genetic information and disruption
of cellular functions [13]. Excessive repair of breaks and the lack of normal replication can also disrupt the
cell cycle, especially in critical areas, which causes delays in the passage of the cell cycle and can lead to the
accumulation of mutations [14].

Under conditions of extreme stress, the repair mechanisms may be insufficient. The main repair sys-
tems, such as excision of damaged bases and repair of double-stranded breaks through restrictases and kinas-
es, are activated, but their effectiveness decreases under severe temperature stress [13]. This process can lead
to the accumulation of structural changes in chromosomes, which disrupts the stability of the genome and
increases the likelihood of mutagenesis and cell death.

Particular attention should be paid to the combined effects of viral infection and temperature stress, as
this interaction can significantly enhance molecular damage. For example, the TBSV virus (Tomato bushy
stunt virus) disrupts the balance between viral RNA replication and plant genome replication. Under condi-
tions of viral infection and temperature stress, the formation of DNA breaks increases, which is aggravated
by a deficiency of repair mechanisms, leading to increased genomic instability. Viral replication requires
significant energy expenditure, which can lead to an increase in oxidative stress, and together with increased
temperature, this creates a critical situation for repairing DNA damage.

Analysis of molecular mechanisms

From the above analysis, it can be seen that the effects of temperature stress on plants lead to multiple
molecular damages, including DNA denaturation, oxidative damage, and replication disorders. These injuries
activate cellular repair mechanisms, but their effectiveness strongly depends on the degree of stress. In turn,
viral infections such as TBSV enhance this effect by increasing the load on cellular DNA replication and dis-
rupting the balance between viral and cellular RNA replication.

DNA damage includes single- and double-stranded breaks, base modifications, apurine/apyrimidine
sites, and inter-stranded crosslinking [15]. Reactive oxygen species (ROS) react to the effects of viruses and
high temperatures, which contribute to oxidative damage to DNA [16, 17]. For example, a significant in-
crease in 8-oxoguanine, one of the main markers of oxidative damage, is observed during heat stress [18].

The combined effects of thermal and viral stress lead to a synergistic effect: increased ROS activity in
heat conditions weakens the plant’s antioxidant system, while the virus disrupts the regulation of the cell cy-
cle and repair processes [19, 20].

This highlights the importance of research aimed at elucidating deeper molecular mechanisms of inter-
action between viruses and stressors, as well as developing methods to protect plants from these stresses.

Methods of DNA damage investigation

Modern methods of studying the effects of stress on plants, changes in reactive oxygen species (ROS),
and DNA repair processes include several key approaches. One of the most common methods is fluorescence
microscopy, which makes it possible to visualize the localization and level of ROS in plant cells using fluo-
rescent sensors. This method allows us to track the dynamics of ROS formation in response to stress, which
is important for understanding the mechanisms of cellular adaptation to adverse conditions.

Enzymatic assays also play a significant role in assessing the antioxidant activity of plants. Measuring
the activity of antioxidant enzymes such as superoxide dismutase (SOD), catalase, and peroxidase allows us
to study the plant’s ability to detoxify ROS and its protective mechanisms. These enzymes play an important
role in repairing damage caused by oxidative stress, and their activity serves as an indicator of cellular re-
sistance to stress.

Molecular biological methods such as polymerase chain reaction (PCR) and sequencing are widely used
to analyze the expression of genes related to DNA repair. Genetic studies reveal changes in the expression of
key genes encoding enzymes involved in repairing DNA damage. This makes it possible not only to investi-
gate the mechanisms of repair, but also to identify molecular markers of plant resistance to various stress
factors.
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In practice, three single-cell/genome-architecture methods are widely used and complementary: the
COMET (single-cell gel electrophoresis) for detecting strand breaks and selected base lesions; the TUNEL
for apoptosis-associated DNA fragmentation; and the FISH for chromosomal aberrations and spatial genome
organization [5, 21, 22, 23].

The COMET method (or Single Cell Gel Electrophoresis, SCGE) is a highly sensitive and effective
method for assessing DNA damage at the level of individual cells.

It is based on the electrophoretic migration of DNA fragments forming a characteristic “comet”
[21, 24]. In the case of DNA damage, such as breaks, the DNA molecule becomes less compact, which leads
to its migration and the formation of a comet-like shape, which is why this method got its name. Cells ex-
posed to stress (for example, radiation, chemicals, temperature stress) are first suspended in an agarose gel.
The gel undergoes electrophoresis, while the damaged DNA migrates towards the anode, forming a “tail”
(destroyed DNA fragments). After DNA staining using fluorescent dyes, the resulting “comets” are exam-
ined under a microscope. The method is used to assess DNA damage caused by various abiotic and biotic
stresses, to study mutagenic effects on cells, and to analyze the effectiveness of DNA repair. For plant sys-
tems, community guidelines emphasize pre-analytical standardization (tissue type, embedding, lysis, electro-
phoresis conditions) to ensure reproducibility [25], while recent reviews consolidate plant-specific applica-
tions across abiotic and biotic stresses [5, 26]. Beyond laboratory models, the COMET is being used in
biomonitoring and sustainability contexts, including climate-change biology and environmental genotoxicity
screening [27, 28, 29].

The COMET (Single Cell Gel Electrophoresis, SCGE) method is a highly sensitive tool for assessing
DNA damage at the level of individual cells. One of the main advantages of this method is its ability to de-
tect even minor DNA damage, such as single-stranded and double-stranded breaks, as well as base modifica-
tions. This method is used to study the effects of various stress factors, such as radiation, chemicals, and
temperature stresses [30]. The advantages of the COMET method are its high sensitivity, as it is able to de-
tect DNA damage at the level of individual cells. It is also a simple and affordable method that does not re-
quire complex equipment and can be used in laboratories with basic equipment. The COMET method is uni-
versal and can be used to assess DNA damage in both plant and animal cells. However, the method has limi-
tations. The method is highly sensitive and applicable for the quantitative assessment of damage [31], but it
does not allow distinguishing the types of damage and requires standardization of the conditions [32]. It may
also be less informative for assessing the structure of the genome and the detailed localization of genetic
damage.

The TUNEL method is used to identify cells in which apoptosis (programmed cell death) occurs. It al-
lows the detection of single-stranded breaks in DNA, which are characteristic signs of apoptosis. During
apoptosis, DNA fragmentation occurs in the cell, and free 3'-hydroxyl groups are formed at the ends of these
fragments. This method is based on labeling the free 3'-OH ends of DNA breaks [9, 33, 34]. Fluorescent or
radioactive ANTP molecules are added to label these ends using the enzyme terminal deoxynucleotidyl trans-
ferase (TdT). After that, the marks can be visualized using fluorescence microscopy or other methods. This
method is used to analyze apoptosis in cells and tissues, assess DNA damage caused by external factors such
as radiation or viral infections, as well as to study the mechanisms of cell death in various organisms [35].
Manipulating pro-/anti-apoptotic regulators (e.g., BAG-family genes) further illustrates how cell-death path-
ways intersect with stress resilience in crops [36].

The advantages of this method are its ability to accurately detect DNA fragmentation, which is charac-
teristic of apoptosis, and to provide quantitative data on cells undergoing apoptosis [35]. The TUNEL meth-
od has a high specificity for apoptosis, which makes it possible to accurately detect DNA damage caused by
cell death, and is a powerful tool for studying the mechanisms of apoptosis and progressive DNA damage in
cells, which is especially useful when studying the body’s response to various stresses. However, this meth-
od has limitations. It does not allow detecting DNA damage in living cells, as it requires sample fixation. In
addition, it only tests for the same type of DNA damage (breaks at the ends of DNA fragments), which limits
its use for analyzing other types of damage. TUNEL is sensitive to the late stages of apoptosis, but can give
false positive results in the presence of necrotic lesions [37].

The FISH (fluorescent in situ hybridization) method is used to visualize specific regions of chromo-
somes.

The method is particularly useful for detecting chromosomal aberrations and genome instability
[22, 23, 38, 39]. This method is based on the specific binding of fluorescently labeled probes to the corre-
sponding DNA or RNA regions. DNA is fixed in cells or tissues, which is then denatured to separate the
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chains. Specific single-stranded oligonucleotides labeled with fluorescent dyes are added to the sample and
bind to complementary DNA regions. Measuring fluorescence using a microscope makes it possible to local-
ize these areas and examine their distribution throughout the cell. The FISH method is used to study the
structure of chromosomes, including locating genes and other sequences, as well as to evaluate chromosomal
abnormalities such as deletions, duplications, and translocations. In addition, the method is used to study the
distribution of specific genes or viral genomes in cells [40]. Methodological notes for cereals and other taxa
highlight practical considerations for denaturing vs non-denaturing protocols and sample quality control [41].

The FISH method (fluorescent in situ hybridization) allows us to study the spatial organization of the
genome, as well as analyze the localization of specific genes and viral genomes. It has high accuracy, as it
allows localization of certain DNA sequences directly in cells or tissues. This method is widely used to de-
tect chromosomal abnormalities such as deletions, duplications, and translocations [40]. The FISH method
allows precise localization of specific DNA regions in chromosomes, which provides a deep understanding
of the structure of the genome. It can be used in both plant and animal cells, providing information about
chromosomal abnormalities such as deletions, duplications, and translocations, which is important for genet-
ic research and diagnosis. However, the method has limitations. It requires high precision in sample prepara-
tion [42] and can be difficult to work with degraded samples. In addition, the method can be time-consuming
and require highly qualified personnel to interpret the results. FISH is also limited in its use to detect DNA
damage if it is not located in the area of the genes or chromosome regions of interest.

Integrated use under combined stress conditions. COMET, TUNEL, and FISH together provide a multi-
angle assessment of stress impacts: COMET detects overall strand-break burden and oxidative lesions;
TUNEL quantifies apoptosis-associated DNA fragmentation; FISH identifies structural chromosomal rear-
rangements and spatial genome alterations. In combined heat-virus scenarios in model hosts such as N.
benthamiana, such an integrated panel can reveal elevated DNA migration (COMET), extensive TUNEL
positivity in affected tissues, and FISH-detectable rDNA/centromere instability—Ilinking molecular lesions
to cytological outcomes [5, 7, 23].

These methods have different applications in molecular biology and genetics, and each provides unique
information about DNA damage and genome structure. The COMET method is suitable for assessing DNA
damage at the cellular level, TUNEL helps to study apoptosis and DNA fragmentation, and FISH helps to
analyze the localization of genetic sequences and chromosomal abnormalities [43, 44]. In the context of
combined stress, the use of a combination of all three methods is the most informative [45]. For example,
when analyzing Nicotiana benthamiana exposed to thermal and viral stress, COMET revealed a sharp in-
crease in DNA migration, which indicates the presence of multiple breaks [45], whereas TUNEL confirmed
active apoptosis in mesophyll cells [46], and FISH showed rDNA instability and signals of loss of
centromeric regions [47].

However, each method has its limitations, such as the need to prepare high-quality samples or the diffi-
culty in interpreting the results, which requires knowledge and experience from the researcher.

Conclusion

Combined abiotic and biotic stresses, including heat and viral infection, impose multi-layered burdens
on plant genomes, from oxidative base damage and strand breaks to large-scale chromosomal instability.
Applying COMET, TUNEL, and FISH in concert yields complementary evidence spanning single-cell DNA
damage, apoptosis-associated fragmentation, and chromosomal architecture, informing mechanism-driven
strategies for improving stress resilience [5, 6, 34, 48].

The study showed that the combined effects of various stress factors, such as temperature stress and vi-
ral infections, significantly affect plants at the molecular level, which puts cells in a critical position where
defense mechanisms such as heat shock proteins and DNA repair systems may not be able to cope with dam-
age. This highlights the importance of research aimed at elucidating deeper molecular mechanisms of inter-
action between viruses and stressors, as well as developing methods to protect plants from these stresses.

Using the COMET, TUNEL, and FISH methods allows you to obtain comprehensive information about
the types and extent of damage. The COMET method effectively evaluates DNA damage at the level of indi-
vidual cells, allowing us to analyze the effects of various stressors, including radiation, chemicals, and tem-
peratures. The TUNEL method makes it possible to assess apoptosis-related damage and analyze the mecha-
nisms of cell death, while the FISH method allows for detailed investigation of the genome structure, identi-
fication of chromosomal abnormalities and gene localization. Each of these methods has its advantages and
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disadvantages, and the choice of a specific approach depends on the objectives of the study, the type of sam-
ples and available resources.

Thus, there is a comprehensive approach to stress research, including viral infections and temperature
stress, and these data are critically important for understanding plant resistance mechanisms and developing
stress-resistant varieties [2, 15, 49, 50].
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K.C. Typap6ekona, H.H. Ukcat, A.A. Manupos, A.Y. Tyskbaesa, XK.K. Macanumos

AOHOTHKAJBIK K9He OMOTHKAJBIK KepHeyJIep Ke3inae eciMaikrepaeri
JAHK-nbIH 3akbiMaanybin 0aranay ymin COMET, FISH xone TUNEL
diCTEPiH CAJIBICTBIPMAJIBI TAIAAY

Ocimaikrepain JJHK-cbiH apTypii cTpecc GpakTopiaapbIHBIH oCepiHEH 3aKbIMIAHYBIH 3epTTeyre OarbITTaNFaH
3epTTeyiaep Kas3ipri 3aMaHFbl MOJIEKYJajbIK OHOJOTHS MEH TIeHEeTHKAHBIH MaHBI3IbI OaFbITTapbIHBIH Oipi.
CoOHFBI OHXBUIABIKTap/a ©CIMAIKTEpIiH aOHOTHKAIIBIK JKOHE OMOTHKAJBIK CTPECTEPre MOJEKYNANBIK peak-
LMSUIAPBIH eMKel-TerkKeil Tanaayra MyMKiHIIK OepeTiH aicTep GenceH i JaMblil, OCIMIIKTepAiH Konaiichl3
JKarainapra OeiiMaeny MEXaHHU3MAEPIH TepeHipeK TYCIHyre »OJ amTel. MyHIail 3epTTeyiepiH Heri3ri
acCIIeKTiIepiHiH Oipi — reHeTHKAIBIK MaTepUANIbIH 3aKbIMIaHy JIeHreiiH Oaranay, cebebi Oy ecimMik ka-
Cymazapsl MeH TiHAEpPiHIH KaJbINTH KeI3METiH Oy3yFa alTapibIKTail ocep eTemi. Ocipece, XKOFapsl TeMIepa-
Typa MeH BHUPYCTHIK HH(pekmmsuiap (Mmbicansr, Tobacco bushy stunt virus — TBSV) cuskrsr crpecc
(axToprapbIHbIH OipiKTIpiNreH acepiHe epekiie Hazap ayaapbuiajabl, cebedi onap JIHK-HBIH TyTacThIFBIH
Oy3blIII, JKacyIIANBIK MPOLECTEPAIH KaIBINTHI XKYpYiHe Keaepri kentipyi Mymkin. by e3 keseringe JJHK-HbI
KallblHA KeNTipy, Heri3ri TeHAepAiH OelCeHalniri MeH OCIMAIKTepAiH (H3HOJOTHSIBIK IKSHE
MOPGOJIOTHSJIBIK epeKIIeNiKTepiHe acep eTyl MyMKiH. Makanana OipiKTipinreH crpecc jkaraailapblHaa
ocimiik JIHK-coiHmarer 3akeIMpaHyas! Oaranayza >KMi KOJJAHBIIATBIH YII ofic KapacTelpsuinel: COMET
(cinrimi rempuix anexrpodopes), TUNEL (repMmuHambii J1€30KCHHYKICOTHAMITpaHC(Epa3a apKbUIbl
HYKJICOTHATEPIH Ti30eKTi xanraHybl) skoHe FISH (duyopecuentrik in Situ rubpuausarms). byn omicrep
JUHK 3akpIMpaHybIH KeOIeHAI TYple Taljayra, COHJAH-aK BHUPYCTHIK >KOHE TEMIIEpPaTYpalBIK CTpecc
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JKarJaiiapelHa YIIbIparaH eciMaikTepaeri (U3HOMOTHSIIBIK JKOHE XKACyLIANIBIK e3repicTepMeH OailllaHbIChIH
3epTITeyre MyMKiHIIK Oepeni. by 3epTreymiH mMakcaTbl — ©CIMIIKTEpre aOMOTUKANBIK JKOHE OMOTHUKAIBIK
ctpecc dakropiapbiably ocepi kesinae JHK-HbIH 3akpiMaany nexreitin 6aranay ymin COMET, FISH sxone
TUNEL rtangay smicTepin KoinaHy MYMKIHIIKTEpiH 3epTTey. 3epTTey OyiI oicTepAiH THIMIUITIH Tangayra,
COHJaif-aK eCiMIIK HBICAaHIAPBIMEH JKYMBIC iCTEY Ke3iHIE ONap/blH apTHIKIIBUIBIKTaphl MCH LICKTEYJICPiH
aHBIKTayFa OaFbITTAIFaH.

Kinm ce30ep: TBSV, Nicotiana benthamiana, 6ipikripinren crpecc, THK 3akpiMaanysl, ToTiFy crpeci, JJHK
penapanusice, COMET-tanmay, TUNEL-tannay, FISH-rubpuausarms.

XK.C. Typap6exona, H.H. Ukcar, A.A. Manupos, A.Y. Tysakbaesa, K.K. Macaiumos

CpaBuaurenbnbiii anaau3 metoqoB COMET, FISH u TUNEL nans ouenku
noBpesxkaenunii JJTHK pacrenunii npu abMoTnvyeckux U OMOTHYECKHUX CTpeccax

WccnenoBanus, HanpasieHHble Ha u3ydenue nospexaenuit JJHK y pactenuit nmon Bo3aeiicTBueM pa3inyHbIX
CTPECCOBBIX (PaKTOPOB, SIBISIFOTCS BaKHBIM HAIPaBICHHEM COBPEMEHHOH MOJICKYISIPHOH OHOJIOTHH U TeHe-
TUKH. B mocienHue necsatuineTnst HaOIIOIaeTCsl aKTUBHOE Pa3BUTHE METOIOB, IMTO3BOJIIONIMX JETAIBHO aHa-
JIM3MPOBATh MOJIEKYJIIPHBIC PEaKI[MU PAaCTCHUH Ha aONOTHYECKHe U OHOTHYECKHE CTPECCH, YTO 3HAUUTEIHHO
yrayOssieT MOHUMAaHHuEe MEXaHW3MOB HMX aJalTalid K HeOMaronmpusATHBIM yciaoBUSAM. OIHHM W3 KITFOYEBBIX
ACIIEKTOB TAKHUX UCCIIEIOBAaHUH SBISETCA OLCHKA MOBPEXKICHUH T€HETHUYECKOTO MaTepHaia, IOCKOJIbKY OHHU
UTPAOT BKHYIO POJIb B HAPYIICHUH HOPMAJIFHOTO (DYHKIIMOHUPOBAHMS KIETOK M TKaHeH pactennit. Ocoboe
BHUMaHUE YAEIIETCS KOMOMHUPOBAHHOMY BO3ICHCTBHIO CTPECCOBBIX (PAKTOPOB, TAKUX KaK BBHICOKAs TEMIIE-
parypa 1 BHpYCHbIe HH(DEKIHH, HATPUMEp 3apaKCHHE BUPYCOM KyCTHCTOM KapimkoBocti Tomara (Tobacco
bushy stunt virus, TBSV), cnocoGHBIX CyIIeCTBEHHO HapymaTh neaoctHocts JJHK u HopMaibHbIE KileTOY-
HbI€ IIPOLECChl. DTO, B CBOIO OYepelb, MOXKET NPUBOAUTH K M3MEHEHUSAM B aKTUBHOCTHU KIIIOUYEBBIX I'€HOB,
HapymeHuro npoueccos penapanun JTHK, a taxke oxa3piBaTh BIMsSHHE Ha (U3HOIOTHYECKHE U MOP(OIIOTH-
YeCKHe XapaKTePUCTUKN pacTeHUil. B maHHOU cTaThe pacCMOTPEHBI TPH METOa, AKTHBHO MPHMEHSIEMBIE IS
ouenkn mnoBpexaeHnit JIHK B ycmoBmsx xomOumnHupoBanHoro crpecca: COMET (menouHod remb-
anekrpodopes), TUNEL (meron TepmuHansHO# aezokcunykieotuamnrpadcdepassl) u FISH (pmyopecuent-
Hast i Situ rubGpumu3aIs). ITH METOIBI MIO3BOJIIOT IPOBOIUTH KOMIUIEKCHBIH ananu3 nmoBpexaenuii JJHK, a
TaKOKe MCCIIEIOBATh MX B3aHMMOCBSI3b C (DM3MOJOTUUECKUMH W KIETOYHBIMH M3MEHEHHSIMH Y PACTeHHH, MO -
BEprIIUXCs BO3JCHCTBUIO BUPYCHOTO U TEMIIEPAaTypHOro crpecca. Llesplo 1aHHOro uccieoBaHUs SBISETCS
uzyuenue nepcrektuB npumeHenus metogoB COMET, FISH u TUNEL mist onieHKH cTeneHu MOBpPEexkISHUS
JIHK pactenuii mon BIUSTHEEM a0MOTHICCKUX U OMOTHYECKUX CTPECCOB.

Knioueswie crosa: TBSV, Nicotianabenthamiana, kom6unupoBanuslii crpece, nospexaenne JJHK, oxucnu-
TenbHBIN cTpecc, penapanus JJHK, COMET-ananu3, TUNEL-anamm3, FISH-rubpunu3zanms.
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Molecular phylogenetic analysis of six Ribes L. species from Kazakhstan
based on DNA barcodes of nuclear and chloroplast genomes

Ribes L. species are of significant ecological and economic importance. Their berries are rich in functional
metabolites, which contribute to both their nutritional value and potential health benefits. However, the genus
is taxonomically complex and requires comprehensive studies to resolve its phylogenetic relationships. In this
study, we sequenced three genetic regions—the internal transcribed spacer (ITS) and the chloroplast genes
matK and rbcL to investigate the phylogeny of Ribes species collected in Kazakhstan. There were six species
analyzed Ribes janczewskii Pojark., Ribes aureum Pursh, Ribes graveolens Bunge, Ribes nigrum L., Ribes
rubrum L., and Ribes saxatile Pall., collected from various regions of Kazakhstan. Phylogenetic trees were
constructed using the Maximum Likelihood method implemented in IQ-TREE. The aligned sequence lengths
were 686 base pairs (bp) for ITS, 750 bp for matK, and 498 bp for rbcL. Among these, the ITS region showed
the highest number of polymorphic sites (219), followed by matK (195) and rbcL (50). Nucleotide diversi-
ty (Pi) was also the highest in the ITS region (0.0735), nearly double that of matK (0.03703), and substantially
greater than rbcL (0.01378). The nucleotide sequences of ITS, matK, and rbcL obtained from this study have
been deposited in the GenBank database of the National Center for Biotechnology Information (NCBI) under
accession numbers PV702933-PV/702944, PV730383-PV730394, and PV730395-PV730406, respectively.
The newly generated sequence data provide a valuable foundation for future phylogenetic and evolutionary
research in Ribes.

Keywords: Ribes, Kazakhstan, phylogeny, ITS, rbcL, matK, DNA-barcoding.

Introduction

Ribes L., a genus in the family Grossulariaceae DC., which is primarily distributed across Eurasia,
North America, and parts of South America [1]. The genus comprises approximately 200 species of decidu-
ous, perennial shrubs [2]. Commonly referred to as currants and gooseberries, members of Ribes are of sub-
stantial ecological, economic, and horticultural significance [3]. Ribes species are particularly valued for
their fruits, which are consumed both fresh and in a variety of processed forms, including jams, wines, juic-
es, and candies. This wide range of uses is attributed to the fruits’ high content of functional metabolites,
which contribute to their nutritional and commercial appeal [4]. Among the species, Ribes nigrum L. (black
currant) has been extensively studied for its phytochemical composition [5-7]. These studies have demon-
strated that R. nigrum berries are particularly rich in phenolic compounds and exhibit significant antioxidant
and antimicrobial activities.

In Kazakhstan, the genus Ribes is represented by 11 wild species [8], including Ribes janczewskii
Pojark., which is listed in the Red Book of Kazakhstan [9]. Among these, Ribes aureum Pursh, Ribes
graveolens Bunge, Ribes nigrum L., Ribes rubrum L., and Ribes saxatile Pall. are the most widely distribut-
ed. Most of these species are of particular importance due to their high vitamin content and potential use in
nutritional and pharmaceutical applications. Several species of Ribes in Kazakhstan have been the subject of
research involving cryopreservation techniques [10] and molecular genetic studies [11]. In addition, numer-
ous investigations have focused on the biochemical composition and breeding potential of various cultivated
Ribes varieties, underscoring their value for both conservation and agricultural development [12—-14].

Molecular phylogenetic analysis plays a crucial role in resolving complex evolutionary relationships,
particularly in plant genera characterized by high levels of morphological convergence. Ribes is one such
genus with a long history of taxonomic ambiguity and ongoing debate regarding its classification [2]. De-
spite numerous morphological and molecular studies, the taxonomy of Ribes remains controversial. To ad-
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dress these challenges, molecular markers from both nuclear and chloroplast genomes have been widely em-
ployed in phylogenetic investigations of Ribes [15-17]. However, despite these efforts, the molecular taxon-
omy of the genus is still incomplete and requires further comprehensive studies involving broader sampling.

In this study, we sequenced the internal transcribed spacer (ITS) region along with the chloroplast genes
matK and rbcL to evaluate the phylogenetic positions of six Ribes species—Ribes janczewskiiPojark., Ribes
aureum Pursh, Ribes graveolens Bunge, Ribes nigrum L., Ribes rubrum L., and Ribes saxatile Pall., collected
from various regions of Kazakhstan.

Experimental

Collection of the plant leaves and DNA isolation

Plant samples were collected from the southeastern, western, and eastern regions of Kazakhstan by
Ivaschenko A., Imanbayeva A., and Sumbembayev A., respectively. Detailed information on the collection
sites is provided in Table 1. The collected plant materials were dried using silica gel and subsequently used
for DNA extraction. Genomic DNA was isolated following the cetyltrimethylammonium bromide (CTAB)
protocol [18]. DNA concentration was determined using a NanoDrop 2000 spectrophotometer (Thermo
Fisher Scientific, USA), and DNA quality was assessed by electrophoresis on a 1.0 % agarose gel.

Table 1
Collected sites of the studied seven Ribes species from Kazakhstan
Species Collected site Collected by
Ribes nigrum L. Western Altai, Lineisky ridge Sumbembayev A.
Ribes rubrum L. Western Altai, Kholzun ridge Sumbembayev A.
Ribes saxatile Pall. East Kazakhstan region, Kokpekty district, Eastern Kalba ridge Sumbembayev A.
Ribes graveolens Bunge  |East Kazakhstan region, Ridder district, Koksu ridge Sumbembayev A.
Ribes janczewskii Pojark. [Almaty region, upper reaches of Turgen Ivaschenko A.
Ribes aureum Pursh Mangistau region, Mangyshlak, Western Karatau, Kogez gorge Imanbayeva A.

PCR amplification and sequencing

DNA barcoding markers, including ITS, matK, and rbcL, were employed for phylogenetic analysis.
PCR amplification was carried out in a 20 pL reaction mixture comprising genomic DNA as the template,
buffer solution, MgCl,, dNTPs, forward and reverse primers, and Tag DNA polymerase. The amplifications
were performed using a SimpliAmp Thermal Cycler (Thermo Fisher Scientific, USA). PCR conditions and
the nucleotide sequences of the primers used were applied as described in White et al. (1990) [19] for ITS,
Kress & Erickson (2007) [20] for matK and rbcL. Following amplification, PCR products were separated by
electrophoresis on a 1.5 % agarose gel. Target bands were excised from the gel and purified using the
ULTRAPrep® Agarose Gel Extraction Mini-Prep Kit (AHN Biotechnologie GmbH, Nordhausen, Germany),
following the manufacturer’s protocol. The purified PCR products were then sequenced in forward and re-
verse directions using BigDye™ Terminator Cycle Sequencing chemistry (Applied Biosystems, USA). Se-
guencing was carried out on an ABI 3130 Genetic Analyzer (Applied Biosystems, Thermo Fisher Scientific,
USA). Two samples from each species were sequenced and included in the analysis.

Phylogenetic analysis

For the phylogenetic analysis, nucleotide sequences of ITS, matK, and rbcL markers were utilized.
Analyses were conducted using both individual and concatenated sequence datasets. A total of 25 samples
were included, comprising 12Ribes samples (representing six species) collected from Kazakhstan, 11Ribes
sequences retrieved from NCBI GenBank, and two additional outgroup sequences (Rosa laevigata and
Rhamnus grubovii). Sequence alignment was performed using MEGA X [21]. Phylogenetic trees were re-
constructed using the Maximum Likelihood (ML) approach. The optimal nucleotide substitution models
were selected based on the Bayesian Information Criterion (BIC), with the following models:
TIM+F+I+R2for ITS, TPM3u+F for matK, and TPM2 for rbcL nucleotide sequences. ML analysis was con-
ducted using 1Q-TREE v2.2.2.6 [22]. The subgenus and section names were given according to Schultheis &
Donoghue (2004) [16]. Schultheis & Donoghue (2004) proposed a molecular phylogenetic classification
system for the genus Ribes, based on data from nuclear and chloroplast DNA markers [16].
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Results and Discussion

In the present study, three datasets were employed for phylogenetic analysis: (1) nucleotide sequences
of the internal transcribed spacer (ITS) region, (2) nucleotide sequences of the matKgene, and (3) nucleotide
sequences of the rbcL gene. The nucleotide sequences of ITS, matK, and rbcL obtained in this study have
been deposited in the GenBank database of the National Center for Biotechnology Information (NCBI) under
accession numbers PV702933-PV702944, PV730383-PVV730394, and PV730395-PV730406, respectively.
Phylogenetic trees for each dataset were constructed using the Maximum Likelihood (ML) method. A total
of 23 Ribes samples were included in the analysis, comprising 12 samples representing 6 species collected in
this study, along with sequences obtained from the NCBI GenBank. Additionally, two species—Rosa
laevigata and Rhamnus grubovii were used as outgroups to root the phylogenetic trees. Detailed information
on all samples is provided in Table 2.

Table 2
The list of samples used in the study
. NCBI accession numbers
Species
ITS matK rbcL
Ribesaciculare AY138050.1 PQ348655.1 PQ337383.1
Ribesamericanum AF426375.1 MK520528.1 HQ590238.1
Ribesaureum PQ443797.1 0Q847549.1 PQ337465.1
Ribescynosbati AY138051.1 MK520529.1 HQ590239.1
Ribesglaciale MH710923.1 MW382543.1 MW382720.1
Ribesgraveolens MZ366410.1 MZ361533.1 MZ361434.1
Ribeshimalense MH711381.1 MH659873.1 JF944130.1
Ribeslacustre AF426366.1 KX677769.1 HQ590240.1
Ribesnigrum AF426374.1 HE967476.1 PQ337447.1
Ribesstenocarpum AY138056.1 MW382557.1 MW382733.1
Ribesjanczewskii PP464115.1 PP708896.1 PP493207.1
Ribesnigrum Kz 1 PV702933.1 PV730383.1 PV730395.1
Ribesnigrum Kz 2 PV702934.1 PV730384.1 PV730396.1
Ribesrubrum Kz 1 PV702935.1 PV730385.1 PV730397.1
Ribesrubrum Kz 2 PV702936.1 PV730386.1 PV730398.1
Ribessaxatile KZ 1 PV702937.1 PV730387.1 PV730399.1
Ribessaxatile KZ 2 PV702938.1 PV730388.1 PV730400.1
Ribesgraveolens KZ 1 PV702939.1 PV730389.1 PV730401.1
Ribesgraveolens KZ 2 PV702940.1 PV730390.1 PV730402.1
Ribesjanczewskii KZ 1 PV702941.1 PV730391.1 PV730403.1
Ribesjanczewskii KZ 2 PV702942.1 PV730392.1 PV730404.1
Ribesaureum KZ 1 PV702943.1 PV730393.1 PV730405.1
Ribesaureum KZ 2 PV702944.1 PV730394.1 PV730406.1
Rosa laevigata FJ416663.2 MH552372.1 GU363797.1
Rhamnusgrubovii KR083248.1 MZ361530.1 MZ361431.1

The Maximum Likelihood (ML) phylogenetic tree constructed from ITS nucleotide sequences divided
the Ribes species into three primary clades, corresponding to the two major subgenera: Ribes and
Grossularia. The samples of Ribes aureum analyzed in this study clustered together with R. aureum refer-
ence sequences from the NCBI GenBank, confirming their species identity. Similarly, the samples of Ribes
graveolens, Ribes nigrum, and Ribes janczewskii formed a distinct subclade along with corresponding se-
guences of these species from GenBank, indicating strong phylogenetic coherence. Ribes saxatile samples
grouped with Ribes glaciale from GenBank, suggesting a close genetic relationship between these taxa, indi-
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cating that the Ribes saxatile might belong to the section Berisia. Additionally, Ribes rubrum samples from
this study clustered with Ribes himalense sequences, indicating shared ancestry, which is consistent with
their placement in the same subgenus (subg. Ribes) and section (sect. Ribes) according to the sectional classi-
fication proposed by Schultheis & Donoghue (2004). Species from the subgenus Grossularia—namely Ribes
aciculare, Ribes cynosbati, and Ribes stenocarpumformed a well-supported clade together with Ribes
lacustre (classified under the subgenus Ribes) from GenBank. This grouping suggests a complex evolution-
ary relationship between members of the two subgenera (Fig. 1). The section and subgenus names of the ana-
lyzed species were assigned according to Schultheis and Donoghue (2004) [16].

Scetion Subgenus
10| PQ443797.1 Ribes aureum
Ribes aureum KZ 1 Symphocalyx Ribes
Ribes aureum KZ 2 h

—AF426375.1 Ribes americanum  \Coreosma
MZ366410.1 Ribes graveolens
Ribes graveolens KZ. 1

33 | s Ribes graveolens KZ 2
100 Ribes janczewskii KZ, 1
84 Ribes janczewskii KZ 2
ss| Ribes nigrum KZ 1 Coreosma )

Ribes nigrum KZ 2 Ribes

4'AF426374.1 Ribes nigrum
PP464115.1 Ribes janczewskii
0ol MH710923.1 Ribes glaciale |Berisia
s6|Ribes saxatile KZ 1

Ribes saxatile KZ 2
-MH711381.1 Ribes himalense

89

wn
3

‘Ribes rubrum KZ 1 Ribes .
_P3Ribes rubrum KZ 2 Ribes
3| —AF426366.1 Ribes lacustre \Grossularioides
VLAY 138051.1 Ribes cynosbati
AY 138050.1 Ribes aciculare Grossularia Grossularia

LAY 138056.1 Ribes stenocarpum
FJ416663.2 Rosa laevigata
KRO083248.1 Rhamnus grubovii

]
1100

0.2

Figure 1. Maximum Likelihood phylogenetic tree based on ITS sequences reconstructed using 23 ingroup
and 2 outgroup samples. The numbers at the branch nodes represent ML bootstrap value.
The species analyzed in this study are highlighted in blue.

The ML phylogenetic trees reconstructed from the nucleotide sequences of the matK (Fig. 2) and rbcL
(Fig. 3) genes exhibited similar topologies, supporting congruent evolutionary relationships among the Ribes
species. Samples of Ribes aureum and Ribes rubrum obtained in this study clustered together with Ribes
americanum, Ribes himalense, and Ribes aureum reference sequences from GenBank, indicating close genet-
ic relationships among these taxa. Likewise, samples of Ribes graveolens, Ribes nigrum, and Ribes
janczewskii from this study formed a clade with corresponding GenBank sequences of the same species. Ad-
ditionally, the samples of Ribes saxatile from this study grouped with Ribes glaciale and Ribes aciculare
from GenBank, suggesting a potential phylogenetic affinity among these species.
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Section Subgenus
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Figure 2. Maximum Likelihood phylogenetic tree based on matK sequences reconstructed using 23 ingroup
and 2 outgroup samples. The numbers at the branch nodes represent ML bootstrap value.
The species analyzed in this study are highlighted in blue.

Section Subgenus
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Figure 3. Maximum Likelihood phylogenetic tree based on rbcL sequences reconstructed using 23 ingroup
and 2 outgroup samples. The numbers at the branch nodes represent ML bootstrap value.
The species analyzed in this study are highlighted in blue.

Summary statistics for the aligned sequences of the ITS, matK, and rbcL are presented in Table 3. The
aligned sequence lengths were 686 base pairs (bp) for ITS, 750 bp for matK, and 498 bp for rbcL. Among
these, the ITS region exhibited the highest number of variable (polymorphic) sites (219), followed by matK
(195) and rbcL (50), indicating that ITS was the most informative marker for detecting sequence variation in
the studied Ribes species. A comparable number of polymorphic sites in the ITS region has also been report-
ed in Asclepias species [23]. The number of observed haplotypes was highest for matK (17), slightly exceed-
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ing ITS (16), while rbcL displayed a lower haplotype count (10). Haplotype (gene) diversity (Hd) was high
across all markers, with matK showing the greatest diversity (0.953), followed by ITS (0.917) and
rbcL (0.833).

Nucleotide diversity (Pi), a measure of average pairwise sequence divergence, was highest in the ITS
region (0.0735), nearly double that of matK (0.03703), and significantly higher than rbcL (0.01378). Similar-
ly high Pi values exceeding 0.07 have been reported for chloroplast DNA markers in certain orchid species,
such as Caularthronbicornutum and Myrmecophilathomsoniana [24], suggesting that elevated nucleotide
diversity is not restricted to nuclear regions in all taxa. These results confirm that the ITS region provided the
relatively greatest resolution for assessing variability within Ribes, whereas rbcL was the most conserved
marker among the three.

Table 3

Summary of sequence characteristics and genetic diversity parameters for ITS, matK, and rbcL
in analyzed Ribes species

ITS matK rbcL
Aligned length 686 750 498
Variable (polymorphic) sites 219 195 50
Number of Haplotypes, h 16 17 10
Haplotype (gene) diversity, Hd 0,917 0,953 0,833
Nucleotide diversity, Pi 0,0735 | 0,03703 | 0,01378

The nucleotide sequences of the ITS are widely utilized in resolving phylogenetic relationships across
diverse plant taxa [25-27]. The high informativeness of ITS has also been demonstrated in several previous
studies. For example, its effectiveness in species-level discrimination has been reported in families such as
Cactaceae [28], Orchidaceae [29], as well as Fabaceae and Poaceae [30]. The phylogenetic analyses con-
ducted in this study demonstrated that the ITS nucleotide sequences exhibited the highest level of polymor-
phism among the markers tested, indicating that ITS is potentially more informative for resolving phyloge-
netic relationships among Ribes species than the chloroplast markers matK and rbcL. The newly generated
nucleotide sequence data represent a valuable resource for future phylogenetic and evolutionary studies in
Ribes. These findings might contribute to a better understanding of species relationships within the genus
and provide a foundation for future taxonomic revisions.

Conclusions

In this study, nucleotide sequences of the nuclear internal transcribed spacer (I1TS) and the chloroplast
genes matK and rbcL were generated and utilized for phylogenetic analysis of Ribes species. The results in-
dicate that the ITS region is the most informative among the three markers, offering the highest resolution for
detecting genetic variability within the genus. In contrast, rbcL was found to be the most conserved marker,
providing limited phylogenetic differentiation. These results underscore the effectiveness of the ITS region in
resolving intrageneric relationships in Ribes. The newly obtained sequences enrich the molecular dataset for
the genus and provide a foundation for future phylogenetic and evolutionary studies. However, further stud-
ies, including a broader sampling of Ribes species, are necessary to achieve a more comprehensive and ro-
bust understanding of the genus taxonomy.
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HI.C. AnbmepekoBa, M.M. EpmaramberoBa, A.A. CymbemOaces,
A.A. UBamenko, A.A. Umanbaesa, E.K. TypycnekoB

Ka3zakcranabik aarel Ribes L. TypaepiHin sapoabik
JKoHe xJy1oporuiact renomaapoiabid JIHK-0apkoarapsl Herisinae
MOJIEKYJIAIBIK-(PHUI0TeHeTHKAIBIK TAJAaybl

Ribes L. Tybichl Typiepi aiftapiblKrail SKOJOTHSIIBIK JKOHE SKOHOMHKAIBIK MaHBI3IBUIBIKKA He. OnmapbiH
KuAeKTepi GyHKIHOHAIIBI MeTabosuTTepre 0aif, Oyl oapblH TaFraMAbIK KYHIBUIBIFBIHA /12, AEHCAYJIbIKKa
nmaiganel KacHeTTepiHe e bIKman ereidi. Aunaiima, OV TybIC OHBIH (HUIOTCHETHKANBIK OaillaHBICTAPhIH
HaKTBUIAY YIOiH KEIICHIi 3epTTeyiepli KaKeT eTeTiH TaKCOHOMILUIBIK Kypaeni Tom. 3eprreyne Kasakcran
ayMmarbIHa )xuHanFaH Ribes Typrepiuin GpuioreHeTHKachiH 3epTTey MAKCATHIH/A YIII TeHETHKAJIBIK alMaK —
imki Tpanckpunimsutanatein creiicep (ITS) sxome matKmenrbcL xmopormact reHmepi CEKBEHHPICHII.
KazakcranublH op aiiMakTapblHIa XHUHAJIFAH aaTel TYp TangaHasi: Ribes janczewskii Pojark., Ribes aureum
Pursh, Ribes graveolens Bunge, Ribes nigrum L., Ribes rubrum L. sxouneRibes saxatile Pall.
Ounorenerukansik neaaporpammanap 1Q-TREE 6armapnamaceinga Maximum Likelihood spicimen xy3ere
aceIpbuIIBL. Ty3erinreH Ti30exTepaiH y3bHABFEI I TS yiin 686 HykimeoTHATIK xyOb! (H.k.), MatK ymin 750
H.OK. koHe rbcl yurin 498 H.ok. Gonmel. OnapipiH imiHge noauMopdThl aiiMakTapabiH eH kon caHbl ITS
alimarpiama (219), oman keitin matK (195) sxone rbcL (50) HykmeoTHaTik Ti30eKTepiHIe aHBIKTAJIbL.
Hyxneorunrik amyanryprimik (Pi) telTS nHykmeotmarik Tizoeringe eH sxorapel (0,0735) Oommer, matkK
(0,03703) men rbcl (0,01378) HykineoTHATIK Ti30eKTepiHEH ailTapibIKTai >KOFapbl €KeHMIri alKbIHIaIbI.
Aunpmaran TS, matK, xonerbcL myxneorunrik Tizoekrepi coiikecinme PV702933-PV702944, PV730383-
PV730394 xome PV730395-PV730406 Tipkey HeMipiepiMeH ¥ITTBHIK OWOTEXHOJOTHSUIBIK aKapaT
opranbirbiHbiH (NCBI) GenBank pepexrep 6GasackiHa »kykrenai. JKana Hykieotuarik Ttizoekrep Ribes
TYBICBIHBIH OoJamiak (UIOreHETHKAIBIK JKOHE SBONIOLMSIBIK 3epTTeydepi YIIH KyHIbl Heri3 OoJblm
TaOBILIAIbI.

Kinm cesoep: Ribes, Kazakcran, gunorenus, ITS, rbcl, matK, THK-6apkoaray.

[I.C. AnemepekoBa, M.M. EpmaramberoBa, A.A. CymGem0OaeB,
A.A. UBamenko, A.A. Uman6aesa, E.K. Typycnekos

MoaekyasipHo-(puIoreHeTHYECKHI aHAJIN3 mecTH BUIoB Ribes L.
u3 Kasaxcrana Ha ocHoBe /IHK-0apkoa0B s11epHOI0 U XJIOPOIJIACTHOIO T€HOMOB

Buast posna Ribes L. 061a1ai0T 3HaYUTENBHOM SKOIOTHIECKON M 9KOHOMHUYECKO# BaKHOCTHIO. VX siro sl 60-
ratbl QyHKIHOHATEHBIMH METa0OIUTaMH, KOTOPbIE CIIOCOOCTBYIOT KaK WX MUIIEBOU [IEHHOCTH, TaK U MOTCH-
[UaJBHBIM MOJIE3HBIM CBOWCTBAM sl 310poBbs. OJTHAKO JaHHBIA PO MPEACTABISIET COO0M TAKCOHOMHYECKH
CJIOKHYIO TPYIITY, TPEOYIOIIYI0 KOMIUICKCHBIX HCCIICOBAHUN Il YTOUHCHUS €ro (QIIOTCHETHICCKUX B3au-
MocBsizell. B HacTosimem Mcciie[oBaHuU ObUTH MPOCEKBEHUPOBAHBI TPU TEHETUYECKUX PETHOHA — BHYTPCH-
Huil TpaHckpubupyembiii crneficep (ITS) u xmoporutactaeie redsl matk u rbcl — ¢ uensio usyuenus
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¢unorenerrky BumoB Ribes, cobpanusix Ha Tepputopnn Kasaxcrana. Bputo mpoaHalIu3HpoBaHO LIECTH BH-
noB: Ribes janczewskii Pojark., Ribes aureum Pursh, Ribes graveolens Bunge, Ribes nigrum L., Ribes rubrum
L. u Ribes saxatile Pall., cobpaHHbIX B pa3inuHbIx perioHax Kazaxcrana. GHUIOreHETHIECKUE AEPEBbs ObLTH
HOCTPOCHBI METOZOM MakcuMaibHOro mpasmonoxodust (Maximum Likelihood) B mporpamme IQ-TREE.
JlnHa BEIPOBHEHHBIX ITOCIIENOBATENBHOCTEH cocTaBmia 686 map Hykieotunos (m.H.) must TS, 750 mH. s
matK u 498 m.H. ms rbel. Cpean HuX HanOoJbIIEe YUCIO HOMTUMOP(HBIX YYaCTKOB OBUIO BBISBICHO B pe-
ruoHe ITS (219), 3a uum cnegosanu matk (195) u rbel (50). Hykneotuasoe pazHoo6pasue (Pi) Takxe oka-
3anock HamBeicmaM B I1TS (0,0735), moutu B qBa pasa mpessimas 3xaucHue s matk (0,03703) u 3Haum-
TenapHO mpeBocxos rbel (0,01378). TMomydeHHsle HykIeoTHAHBIE mociaenoBarensroctd ITS, matK, u rbcl
ObuTH IeNOHUPOBaHbI B 0a3y naHHbIX GenBank HarmoHansHOTo meHTpa OMOTEXHOIOTHYECKOH HH(pOpMauu
(NCBI) nox peructparuontsiMu HoMepamu PV702933-PV702944, PV730383-PV730394 u PV730395-
PV730406 coorBercTBeHHO. HOBBIC HYKICOTHIHBIC MOCICIOBATEIHLHOCTH MPEACTABISIOT IICHHYIO OCHOBY
Uit Oyaymux GUIOreHeTHYECKHUX 1 3BOIOIIMOHHBIX HcCleqoBaHui posa Ribes.

Knioueswie cnosa: Ribes, Kazaxcran, punorenus, ITS, rbclL, matK, THK-6apkoxupoBanue.
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Study of correlations between selection traits of oatgenotypes in Akmola region

The aim of the present study was to investigate the correlational relationships between valuable agronomic
traits of common oat (Avena sativa), important for breeding programs aimed at improving the productivity of
agricultural crops. The research was conducted in 2023-2024 on field experimental plots at the A. I. Barayev
Scientific and Production Center for Grain Farming. Observations were carried out using biometric measure-
ments of plant height and morphological traits related to productivity. The biological material consisted of 16
oat genotypes. The results were analyzed using correlation coefficients, analysis of variance, multiple regres-
sion, and the study of relationships between traits. It was established that productive tillering has a linear rela-
tionship with a number of traits, except for the mass and number of grains in the panicle (r = —0.39...0.46).
According to the correlation analysis, the following relationships were identified: 1000-grain weight and
plant height; seed mass per plant and panicle length (r = 0.38...0.46); productive tillering and seed mass per
panicle (r = 0.46). These traits can be effectively used in the breeding process to develop high-yielding oat
varieties. According to the results of structural analysis of productive elements, the genotypes featuring a
complex of valuable traits were selected: Yarovoy and Fax varieties, as well as the FL 0524 sample. These
valuable genotypes can be recommended as sources for increasing productive properties in oat plants.

Keywords: oats, correlation, selection, variety, valuable agronomic traits, vegetation period, productivity.

Introduction

Common oat (Avena sativa) is an annual herbaceous plant, a species of the Oats genus (Avena), a valu-
able cereal widely used in agriculture. Oat is tolerant to various soil and climate conditions, has a relatively
short vegetation period (75-120 days), and its seeds germinate at +2 °C. Oat seedlings survive slight frosts
up to 4-5 °C: cold tolerance of oat culture allows it to be cultivated successfully in the North [1]. Oat straw is
soft and more suitable for livestock than the straw from other cereal crops. The health benefits of oats have
been recognised only recently. All these characteristics offer opportunities to improve oat as a green fodder
crop for intensively cultivated grazing animals and as a dual-purpose crop for resource-limited farmers [2].
According to the Bureau of National Statistics of the Republic of Kazakhstan, oats are cultivated on an area
about 231.3 hectaresin our country (https://stat.gov.kz/api/iblock/element/73401/file/ru/).

The present study was conducted to evaluate oat cultivars for various forage and grain yield traits: plant
height (cm), panicle length (cm), number of grains per plant, number of grains per panicle, weight of
1000 grains (g) and duration of vegetation period (days). However, to obtain a clear picture of the inheritance
of various grain yield traits, the present experiment was conducted to assess the variability of common oat
and to identify phenotypic correlations between grain yield and its components, as well as between individ-
ual elements.

Even if it is sown in small areas, oat is an important crop not only for its grain purposes but also for the
whole food industry. Studies of extensive collections of oats show that oats have a wide genotypic and phe-
notypic diversity. Most productivity components, including several grains, are highly heritable. Regarding
phenotypic expression, the general performance of a genotype depends on its area of origin. The genotypes
in a particular region have been found to share a common genetic origin. Even if genetic diversity is limited
in plant breeding, the traits that contribute to the plant’s productivity maintain high genetic diversity. This
also includes plant height and duration of the vegetation period. For valuable genetic resources identification,
the studies which include molecular markers are instrumental: they follow and support the studies of pheno-
typic variability [3, 4]. The evaluation of collections to find sources for plant selection work is continuous.
The effect of some traits on panicle productivity, determined by the number of grains per panicle, is signifi-
cant. This trait also depends on other productivity traits and is affected by environmental conditions. In this
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regard, our research aimed to study the relationship between the valuable agronomic traits in oat genotypes
and to determine the traits that heavily impact plant productivity.

Experimental

The study was conducted in 2023-2024. The research materials were the following oat varieties ap-
proved for use in the different regions of Kazakhstan: Mirt, Debut, Lidya, Fax, Ural 2, SIG, Yazdyk, Desant,
Antey, Baizat, Syrgalum, as well as samples FL06014, FL0524, FL0538, and FL06006 (Fig. 1).

Caspian )
Sea

0 120 240 360 480 km
—_—

Scale 1 : 3 000 000

Figure 1. Regions of the Republic of Kazakhstan where the studied oat varieties are approved for use

Methodology of field experiments. The Duman variety was used as a standard variety in every 10 sam-
ples, with three repetitions. Phenological observations, assessment of resistance to environmental stress fac-
tors, yield estimation, laboratory analysis of the plants and other indicators are carried out by the methodo-
logical VIR (Vavilov All-Russian Institute of Plant Genetic Resources) guidelines for enrichment, conserva-
tion and study of the world collection. The accuracy of assessment and estimation at all stages of the sample
collection study depended on precise work performance and a correct understanding of plant development
phases and their characteristics. During the phenological observations, visits to the experimental plot were
repeated every 1-2 days. The observations were recorded in the field journals. General phenological observa-
tion of all the plants was carried out to ensure data comparability before plant monitoring, and field germina-
tion of plants was also recorded. Oat vegetation and development can be divided into the following phases:
seed germination, emergence of seedlings, tillering, stem elongation, flowering and maturation. Related to
plant adaptation and productivity component traits were analyzed: vegetation period, plant height, productive
tillering, grain weight per plant, grain weight per panicle, panicle length, number of grains in panicle, weight
of 1000 grains [5].

Statistical processing of the obtained data. The principal component analysis (PCA) method visualised
the relationships and described the distances between the values. Conventional cluster analysis was used to
group the varieties featuring the valuable agronomic traits. Coefficients were calculated using the RStudio
correlation matrix to determine the relationships between the values.

The meteorological data for the growing experimental period 2023-2024 was gathered at the local
weather station (Table 1).

Table 1
Location, environment, and weather data during agronomic seasons

Site/Region Akmola Region
Latitude/Longitude 51.41'/70.59’
Soil type dark chestnut (3.6-4.1 % humus)
Conditions Rainfed
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Continuation of Table 1

Year 2023 2024
Annual rainfall, mm 72.2 309
Mean temperature, °C 18.1 18
Max temperature, °C 24.4 27
Min temperature, °C 11.8 14

Results and Discussion

The studies on identifying correlations between the elements that contribute to productivity highlight
that understanding the relationships between traits benefits plant selection programmes [6]. Component traits
of plant productivity have high variability, most of which are strongly impacted by climatic conditions. Even
if variability is high between and within populations, there is a positive linear correlation between them; it
primarily concerns such vital traits as panicle length, panicle productivity and weight of 1000 grains [7].
Correlations between traits are essential for all the types of oat plants, whether they are cultivated for fodder
or grain. Grain weight per panicle, last leaf weight, protein percentage in grain and chlorophyll content in
leaves were studied in addition to the number of grains per panicle. All these traits are positively correlated
with grain production [8]. Genotypic correlations must complement phenotypic correlation coefficients.
Plant development ensures grain production. Productive tillering, plant height and vegetative mass are the
traits that contribute to grain formation in a panicle and the development of a certain amount of vegetative
mass in fodder oat. Green forage mass development positively correlates with the number of leaves per plant,
plant height, stem to leaf ratio, number of shoots and straw diameter. Due to this fact, all these traits can be
improved simultaneously. Grain quality, which is determined by protein and fibre content, is negatively cor-
related with productivity elements. Grain yield is positively related to the number of seeds per panicle, the
weight of 1000 grains and the grain length to width ratio. So, the selection strategy should be considered a
combination of activities considering the relationships between all the traits [9]. Other experiments have un-
derlined the importance of the interval before flowering in vegetative plant development and the ratio be-
tween foliage and stems because these traits influence yield and quality [10].

Northern Kazakhstan’s climate is insufficient to ensure the reliable ripening of medium-ripening and
late-ripening oat varieties, complicating the attempts to introduce oats into the region. Oat sprouts tolerate
short-term temperature drops to +5 °C. Autumn frosts below +2 °C disrupt seed development and cause leaf
freezing. Considering an average daily temperature below 9 °C in May and September in the Akmola region,
and frosts can occur in early September, the main requirement for local oat cultivation is a short vegetation-
period. In this context, one of the essential objectives of the study was to carry out selection and genetic
evaluation of the gene pool and to identify promising forms for developing the new varieties suitable for cul-
tivation in the country’s northern regions.

In 2023-2024, the valuable agronomic traits of oat genotypes were evaluated comprehensively. As a re-
sult of the research, the promising varieties were selected; the selection was based on the duration of the
vegetation period, grain yield per square metre, and weight of 1000 grains. There value was p<0,05, which
means varieties did not affect the yield, but the traits had p value above 0.05, which proves the influence of
varieties on the yield (Fig. 2).
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Figure 2. Variation of the genotypes based on the results of the test by
the valuable agronomic traits in field conditions

The study of the vegetation period is essential for understanding the life cycle of oat plants, determining
optimal conditions for cultivation, and predicting crop yield. Information about vegetation period duration
and other characteristics helps to plan crop rotations, select varieties and plant species well-adapted to spe-
cific climatic conditions, and effectively use resources in plant selection programmes aimed at crop yield
increase. Thus, recording individual phenophases and interphase periods of the oat varieties allowed select-
ing the earliest-ripening varieties adapted for the conditions of the Akmola region: Syrgalum, FL 0538,
Yarovoy, Fax, and Debut. These varieties matured earlier than the standard or showed the same results
(82-83 days).

Experimental data obtained in the course of our research evaluate the average value of grain yield and
reveal the most productive genotypes cultivated in the northern region of Kazakhstan and formed in the con-
trasting climatic conditions. On average for two years, grain productivity of the varieties Yarovoy, Antey,
Ural 2, and Fax was 200—232 g/m?, which is higher than the standard variety by 102 g/m?2.

Evaluation of structural elements of the oat genotypes. For all years of the research, productive tiller-
inggave a stable result of 1.8-1.9 pcs/1 plant. The FL06006 sample excelled and showed 1.8 pcs/1 plant for
this trait. The trait of grain weight per plant had the most significant difference by year. Thus, the observa-
tions on the experimental plots showed fluctuations in the range of 0.7-1.84 g, where the varieties Fax and
Ante excelled. According to the data from the experimental plots of the A.l. Barayev Research and Produc-
tion Centre for Grain Farming, grain weight from the main panicle did not differ that much (0.49-1.24 g),
while the number of grains in the panicle was from 15 to 44 pieces. The SIG, Yarovoy, and Fax varieties
contained the most grains (34-44 pieces) (Table 2).

Table 2
Results of the productivity elements analysis of the selected oat varieties
. Plant Productive . . . . . Number of | Weight of
Variety height, | tillering, pc/1 Grain weight | Grain V\{EIght Panicle length, grains in 1000 grains,
samples per plant, g | per panicle, g cm -
cm plant panicle, pc g
Duman, st 48,8 1,6 - 0,52 14,8 32 22,5
Syrgalum 471 1,6 0,8 0,54 15,3 20 27,9
Baizat 47 1,2 0,99 0,81 14,2 28 30,1
FL06006 47,6 18 0,73 0,65 14,1 20 318
FL 0538 53 15 0,79 0,49 17,5 15 32,3
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Continuation of Table 2

. Plant Productive . . . . . Number of | Weight of
Variety height, | tillering, pc/1 Grain weight | Grain V\(elght Panicle length, grains in 1000 grains,
samples per plant, g | per panicle, g cm -

cm plant panicle, pc g
FL0524 68 11 1,09 0,79 16,1 29 27,2
FL06014 50 1,6 0,83 0,56 13,5 17 32,7
Antey 53 1,2 1,84 0,98 15,7 31 31,7
Desant 49 0,9 0,72 0,62 12,8 24 26,1
Yarovoy 52 1,1 1,34 1,07 12,8 34 315
SIG 57 1 1,17 1,11 17,4 34 32,5
Ural 2 63 1,4 0,88 0,8 16,7 21 38,6
Fax 52 15 1,62 1,24 14,8 44 28,2
Lidya 45 1,6 0,7 0,65 13,5 23 28,6
Debut 40 1,5 0,82 0,52 11,9 19 26,7
Mirt 46 13 1,18 0,7 12,8 27 25,5

Grain size shows the food significance of a variety, determines its nutrient reserve, germination capabil-
ity, and food and fodder qualities of a genotype. At the same time, it is limited by the varietal characteristics
of the plant and the duration of its development, i.e., varietal specificity in combination with environmental
conditions. Lack of productive moisture and high temperatures during the grain filling significantly decrease
grain size [11]. Consequently, the need to determine the adaptive potential of the shared oat gene pool on the
trait of weight of 1000 grains by experimentation in different conditions is a relevant task for breeding. Dur-
ing the research the most favourable conditions for large grains formation were in 2023: weight of
1000 grains for the Baizat, FL06006, FL 0538, FL06014, Antey, Yarovoy, SIG and Ural 2 varieties was be-
tween 30.1 and 38.6 g, that was by 7.6-18.6 g higher than the same metric of the Duman standard variety.

Analysis of correlations between the research results. The success of crop breeding depends on geno-
typically determined correlations of qualitative traits, selection of parental forms for hybridisation, accurate
and objective evaluation and rejection of plant breeding material [12]. Correlation was considered particu-
larly relevant in cereal crop breeding at certain stages of the breeding process due to significant genotypes
and a lack of seed material. Also, some unique characteristics of grain quality indicators are essential for
plant breeding, such as the extent and variability of the relationship between individual traits and weather
conditions in different years. Therefore, plant breeders face the challenge of identifying traits that overlap or
have significant differences in the values of the studied indicators. If the absolute value of the correlation
coefficient is large enough or close to linear dependence, it is also effective to use the correlation coefficients
in the selection process [13, 14]. When sorting by a set of quality indicators, decisions must be made on
various models that combine several indicators. To avoid selection bias, plant breeders should focus on criti-
cal quality and yield indicators that remain constant yearly and are closely related to other indicators. Thus,
correlation analysis aims to identify quantitative traits of common oat genotypes relevant for selection im-
provement and to identify the best varietal samples for further crop breeding to improve grain quality and
yield.

In this regard, PCA analysis was carried out to determine the relationships between the valuable traits of
the oat genotypes. The results of PCA analysis demonstrated the degree of relative proximity and distance
between the genotypes (Fig. 3).
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Figure 3. Results of PCA analysis of the yield-determining traits of the oat collection variety samples

The Dim1 and Dim2 axes are the main components: Dim1 (36.9 %) explains almost 37 % of the total
variability in the data. Dim2 (23.3 %) explains another 23 %. Together, they provide about 60 % of the in-
formation on agronomic differences between the varieties. Each point represents a variety projected onto a
new feature axis. The dots’ colour reflects the array’s contribution (cos2): the lighter the colour (closer to
red), the more the variety influences the distribution. Debut, Syrgalum, Duman, and Lidya are on the left side
of the graph. These varieties have similar characteristics, although some parameters may have lower values
(e.g. weight of 1000 grains, panicle length). Debut stood out, occupying an extreme position in Dim1 and
Dim2. Baizat and FL06014 are located near the centre: their characteristics are close to the average sample,
i.e. they are “balanced”. Antey, Yarovoy, Fax, SIG, and Ural 2 are situated on the right side: these varieties
have distinct differences, especially Fax and Ural 2. Fax is highly distorted in both components, probably
due to its maximum number of grains per panicle and the length of the plants. Thus, the varieties Fax, Ural 2
and Antey are unique and may be of interest for oat breeding, especially by yield characteristics. Due to its
location near the centre, Baizat and FL06014 can be versatile and tolerate different conditions. The Debut
and Lidya varieties, shifted to the left side of the graph, may have low values of the valuable agronomic
traits.

Regression analysis determined the relationships between the individual traits (Fig. 4).
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Figure 4. Matrix of the correlation traits of the oat genotypes

Correlation analysis revealed that plant height was moderately correlated with panicle length (r=0.71)
and weight of 1000 grains (r=0.45). Number of grains in panicle correlated with seed weight per panicle
(r=0.83), and seed weight per plant associated with the traits of seed weight per panicle (r=0.58), weight of
1000 grains (r=0.38) and with duration of vegetation period (r=0.34). A similar stable relationship was found
between panicle seed weight and plant height (r=0.39), seed weight per plant (r=0.58) and number of grains
per panicle (r=0.83). Other valuable traits, such as the number of grains in a panicle, are closely correlated
with grain weight per panicle (r=0.83).

The following traits were negatively correlated: productive tillering and plant height; number of grains
in panicle and productive tillering, grain weight per plant and number of grainsin panicle (r= -0.39-0.46).
Conventional cluster analysis was used to group genotypes differing in valuable agronomic traits (Fig. 5).
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Figure 5. Grouping of the oat genotypes by the valuable traits
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Closely related varieties, such as Syrgalum and Desant, FL06014, and FL 0538, have similar character-
istics. The most unique (distantly related) varieties are Fax, Ural 2, and FG524, as they are related to others
at a long distance (about 25-30).

Thus, after determining the relationships between the valuable agronomic traits of the oat genotypes, it
was found that the trait of 1000 grains is positively related to grain weight in panicle and duration of the veg-
etation period. The obtained results present valuable information for use in the oat breeding process.

Conclusions

Plant breeding on oat at the experimental plots of the A.l. Barayev Research and Production Centre for
Grain Farming has selected several valuable genotypes, and various activation methods have increased the
efficiency of the crop breeding process. The presented scientific work summarises the phenological charac-
teristics of the varieties and shows the optimal ripening dates for the Syrgalum, FL 0538, Yarovoy, Fax, and
Debut variety samples.

According to the results of the productivity evaluation of the genotypes, it can be concluded that some
oat varieties are high-yielding. This is confirmed by the performance of the Yarovoy, Antey, Ural 2, Fax
genotypes (200-232 g/m2). Highly productive tillering has a positive effect on total yield. Regarding grain
yield per panicle, which directly affects yield per unit area, the Yarovoy, Ural 2, and Fax varieties should be
highlighted. Analysis of panicle length shows that the FL 0538, FL 0524, Ural 2, and SIG genotypes are
characterised by long panicles (16.1-17.5 cm), which contributes to larger grains in the panicle. TheBaizat,
Antey, Yarovoy, SIG, Ural 2 varieties, and the FL06006, FL 0538, and FL06014 samples have the most sig-
nificant weight of 1000 seeds (30.1-38.6 g), which points to high quality and large size of grains. According
to the results of correlation analysis, the most closely related pair of traits was identified: productive tillering
and grain weight per panicle (r=0.46), which can be effective in oat breeding to achieve high yield.
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AKMO0J1a 00J1bICHI KAFAANBIHAAFBI €TiCTIK CYJIbl TeHOTUNITEPiHIH
CeJICKIMSJIBIK Oesrijiepi apacbIHAAFbI KOPPEJALMSHBI 3epTTey

3epTTeydiH MaKcaThl aybUIIAPyallbUIBIK ©CIMIIKTEPIHIH OHIMAIITIH apTThIpyFa OarbITTanFal CelneKIusITbIK
GarmapnaManap YIIH MaHBI3ABI CYJIbl TYKbIMbIHBIH (Avenasativa) KyHabl arpoHOMHUSUTBIK —Oenrimepi
apachIHIAFbl KOPPEIIMSUIBIK OaiimanpicTapasl KapacTelpy. 3eprrey 2023-2024 sxpuimapel A.U. bapaes
aTBIHIAFEl ACTBIK IIAPYallbUIBIFl FRUIBIMA-OHAIPICTIK OPTAIBIFBIHBIH JANANBIK TOKIPUOETIK ydacKkeIepiHae
Kyprizingi. bakeutaynap ecimMik OMIKTIriHIH OHOMETPHSIIBIK OJIeMIepi MeH OHIMIUTIKTIH MOP()OIOTHSIIBIK
OenrinepiH KoJNgaHy apKbLIbI XKy3ere achIpbUIAbl. BHOJNIOTHAIBIK MaTepral peTiHae cysisl 16 reHoTunTepaeH
xuHanapl. HoTwkenep xoppemsius kodhQUIMEHTTepi, AUCIEPCHSIIBIK Tanjaay, OipHelle perpeccus >koHe
Oenriyep apachIHAAFbl KaThIHACTApAbl 3epTTEY apKbUIbl TajjaHipl. OHIM cabarbIHBIH I[IAalIaKIyJiHIer
JIOHZEPIiH Maccackl MeH canbiH Kocnaranzaa (r = -0,39 0 0,46), Gipkarap Genrijepre ChI3BIKTHIK TOYEIIUTIT]
Oap exeHAiri aHBIKTANABl. KoppemsnusiplK Tangay HOTIDKeNepi OOWBIHIIA Keeci KaThIHACTAp aHBIKTAJIIbL:
1000 moHHIH Maccachl jKOHE OCIMIIKTIH OWIKTIri; ©CIMIIKTEeH TYKBIMHBIH Maccachl JKOHE INAIIakryJiHiH
y3eiaaeiFsl (I = 0,38 0 0,46); enimHuiH cabarbl MeH mamakryiHgeri TyKsiMHBIH Maccacsl (I = 0,46). By
Genrinepi CYJIBIHBIH )KOFapbl OHIMAI TYPJEPiH aly YIIiH CeNeKIMsUIBIK MpoliecTe THIMAI naliaanaHyra 0oJa-
Jbl. OHIMALTIK JIEMEHTTEPiH KYPBUIBIMABIK Tajjay HOTIKECIHIe KYHABI Oenrijiep KeuleHi 6ap reHoTHnTep
aHBIKTAJIBI, OJlap. KOeKTeMri sxoHe Pakc coprrapsl, conmaii-ak FL 0524 ynrici. Ocel TeH Typiepi CyJibl
OCIMIIKTEpPiHIH OHIM/IUIITH apTTHIPY YIIIH Ke3/ep PeTiH/e YChIHBLIAIBL.

Kinm ce30ep: cyiibl, KOppeisiIus, CENeKIHs, COPT, MIAPYyallbUIBIK-KYHIBI OeNriiep, BereTanusuiblK Ke3eH,
OHIMILTIK.

O.H. diocubaesa, F0.10. Honunneiii, U.A. XXupnosa, A.b. PricOekoBa,
A.E. 3eitnymunna, A.E. Opazos, K.C. U36actuna, M.M. AObuikanpoBa
HN3yuyeHue KOppPEJSLHOHHBIX CBA3EHd MEXKAY CeJeKIUOHHBIMHU NPU3HAKAMU

T€HOTHIIOB OBCA MOCEBHOI0 B AKMOJIMHCKOR 00J1aCTH

Hem,}o HACTOALICTO UCCIICAOBAaHUA OBLIO HU3Yy4YCHUC KOPPECIATUOHHBIX cBsI3ei MEXKAY HEHHBIMU arpOHOMHUY -
CKUMU IIpU3HAKAMH OBCa IMOCEBHOT'O (AVena SatiVa), BaXXHBIMU TSI CCIICKIMOHHBIX IIpOrpaMM, HallpaBJICH-
HbIX Ha MOBBIIICHUC MNPOAYKTHBHOCTH CEITbCKOX03SHCTBEHHBIX paCTeHHﬁ. I/ICCHeI[OBaHI/I}I IIpOBOAUIINCHL B
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2023-2024 rr. Ha TOJICBBIX OMBITHBIX yyacTkax HaydHO-IPOM3BOACTBEHHOIO LIEHTPA 3€PHOBOTO XO3SHCTBA
uM. A. U. bapaeBa. HaGmoneHus 0CyIecTBISUIUCH C UCTIOJIB30BAHUEM OHOMETPHYECKUX U3MEPEHHH BBICOTHI
pacTeHHit ¥ MOP(OIOTHIECKUX NMPU3HAKOB MPOMYKTHBHOCTU. Bronorndecknum MarepuanoMm mocityxuiau 16
TEHOTHIIOB OBCa. Pe3ybTaThl aHAIM3UPOBAINCH C TOMOIIEI0 KOA()(OUINEHTOB KOPPEISIAY, AUCTICPCHOHHOTO
aHanM3a, MHOXKECTBEHHOHW DPErpeccMy M HM3Y4YeHUs B3aMOCBS3eH MeXIy NpH3HaKaMH. YCTaHOBJIEHO, YTO
HPOJYKTUBHASI KyCTHCTOCTh MMEET JTMHEHHYIO 3aBHCHMOCTD C PSIOM TIPU3HAKOB, 32 HCKIIOYEHHEM MacChl 1
gncna 3epeH B Metenke (r = —0,39...0,46). ITo pe3yapraTaM KOPPETAIOHHOTO aHAJIN3a BBIIBICHBI CIIETyTO-
mue B3auMocBs3u: Macca 1000 3epeH W BbICOTa PAaCTEHHUs; Macca CEeMsSH C PAcTeHUS U JJIMHA METEJKH
(r = 0,38...0,46); mpomyKTUBHAsE KyCTHCTOCTh U Macca ceMsaH ¢ MeTenkd (r = 0,46). DTU mpU3HAKH MOTYT
ObITh 3 (H)EKTHBHO HCIOIBb30BaHbI B CEICKIIMOHHOM MPOLIEecce IS MOTy4EHUS BBICOKOYPOXKaHBIX (hOpM OB-
ca. B pesynbrare CTpyKTypHOro aHaiu3a 3JIEMEHTOB MPOIYKTHBHOCTH OBUIM BBIIENICHBI T€HOTHIIBI, 00na-
JaroIye KOMIUICKCOM IIeHHBIX NIPHU3HAK0B: copTta SpoBoit n daxc, a taxke obpasery FL 0524. Dt reHOTHIIBI
PEKOMEH/IOBaHBI B KaUeCTBE HCTOYHMKOB JUTS TTOBBIIICHHS IIPOAYKTUBHOCTH PAaCTEHUH OBCa.

Kniouesvie cnosa: opec, KOppelslus, CEIEKLUS, COPT, XO3AHCTBEHHO-IICHHbIC NPHU3HAKU, BEreTallMOHHBINA
HEepUO/, ypOxKAUHOCTb.
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Species and functional diversity of forest communities with wild
fruits plants in Central Kazakhstan

The alpha-, beta-, gamma-, and functional diversity of forest communities of Central Kazakhstan, which are
habitats of wild fruit plants, were analysed. Forest communities were studied in seven sites represented by
mountain forests, island forests, and steppe kolki. A total of 41 relevés were collected and analysed. We
counted 195 species of vascular plants, including 10 species of fruit plants: Crataegus sanguinea Pall.,
Lonicera tatarica L., Ribes aciculare Sm., Ribes nigrum L., Ribes saxatile Pall., Rosa acicularis Lindl., Rosa
laxa Retz., Rosa majalis Herrm., and Rosa spinosissima L. Results of non-metric multidimensional scaling
revealed no dividing of relevés between the studied sites. Cluster analysis using Ward’s method identified 4
groups of relevés. No statistically significant differences in alpha-diversity indices were found between the
groups. Beta-diversity assessment based on Jaccard distance showed that the groups differed well in species
composition. The results of functional diversity analysis based on ecological-coenotic groups and the calcula-
tion of indicator species values showed differences in the structure of the four community groups. It was
shown that Rosa majalis is a significant indicator species for the mountain-forest massif of Karkaraly, and
Ribes nigrum — for steppe kolki with predominance of forest species. Other fruit species were found in all
analysed groups of communities and did not show specific coenotic predilection.

Keywords: communities, biodiversity assessment, indVal, ecological-coenotic structure, GBIF.

Introduction

Forests in Central Kazakhstan cover less than 2 % of the area [1]. Forest habitats in this territory are
represented by relatively small steppe kolki and larger mountain-forest areas confined to the lowlands of the
Kazakh Shallow Forest (Sary-Arka) [2]. The mountain-forest areas located within the Ob-Irtysh interfluve
are relicts of a formerly continuous forest territory connected with the forests of Western Siberia and Altai
during the cold and wet Pleistocene epochs. Due to this, they have preserved a complex of boreal (and other
forest) plant species considerably distant from the main range [3].

Forest communities in Central Kazakhstan are still poorly explored. The floristic diversity of some
mountain-forest massifs has been studied [4-6]; a few assessments of species and functional diversity of for-
est communities are available [7]. At the same time, forest areas of Central Kazakhstan are key habitats for
most species of wild fruit plants of the genera Rosa, Ribes, Lonicera, and Crataegus [8-9]. Studying the nat-
ural habitat of these species is relevant for assessing ecosystem services for the use of wild fruit plants as
genetic, food and medicinal resources. The aim of the study was to assess the diversity and structure of forest
communities with wild fruits in Central Kazakhstan.

Materials and methods

The climate of Central Kazakhstan is sharply continental, with hot, temperate summers and cold, snowy
winters. The average temperature in winter is about —13 °C, in summer—about +24 °C, and annual precipita-
tion is 180-250 mm [10]. Steppe and semi-desert vegetation prevails [11].

Field studies were carried out in 7 areas (Fig. 1) located in the Karagandy, Ulytau, and Akmola regions.
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Figure 1. Study areas. 1 - Karkaraly National Park (mountain forests); 2 - Ortau mountain forests;
3 - island pine barrens near Kerney settlement; 4 and 5 - Buiratau National Park: 4 - steppe kolki near Ereimentau town;
5 - steppe kolki near Belodymovka village; 6 - steppe kolki Ulytau National Park; 7 - steppe kolki near Koyandy hill.

We studied 41 vegetation plots of 100 m? following the standard relevé method [12]. All vascular plants
and their abundance according to the Braun-Blanquet cover-abundance scale were recorded in herb, shrub,
and tree layers. In Karkaraly, 17 vegetation relevés were performed: 7 in Ortau, 4 near Kerney, 3 near
Ereimentau, 4 near Belodymovka, 4 in Ulytau, and 2 near Koyandy. Most of the studied tree stands were
small-leaved (Betula pendula Roth and Populus tremula L.); 3 sample plots were described in pine forests
(Pinus sylvestris L.), and 2—in black alder forests (Alnus glutinosa (L.) Gaertn.). All data collected were
digitised, standardised according to the Darwin Core [13] and published through the Global Biodiversity In-
formation Facility (GBIF) portal [14].

Data analysis was performed using the R environment [15]. At the first step to visualise the gradient of
vascular plant species composition across the study areas, we used non-metric multidimensional scaling
(NMDS) calculated in the vegan package, metaMDS() function [16]. After that, Ward’s cluster analysis with
Hellinger distance was performed for grouping of relevés (vegdist() and hclust() functions). For each group,
we assessed alpha, beta, and gamma diversity. Alpha diversity scores were calculated as species richness, the
Shannon index, and the Simpson index [17]. The significance of differences in alpha diversity scores be-
tween groups was assessed using one-way ANOVA (aov() function). Group-level species beta-diversity was
measured using the Jaccard’s distance. Gamma diversity was estimated as the total number of species in each
group [18]. Functional diversity was estimated based on the diversity of ecological-coenotic groups
(ECG) [19]. The ECGs published in [20] were used; calculations were made taking into account species
abundance. For each group, indicator species values were calculated using the Indval.g algorithm imple-
mented in the multipatt() function of the Indicspecies package [21].

Results and Discussion

A total of 195 vascular plant species were recorded in our relevés. The following species of wild fruit
plants were counted: Crataegus sanguinea Pall., Lonicera tatarica L., Ribes aciculare Sm., Ribes nigrum L.,
Ribes saxatile Pall., Rosa acicularis Lindl., Rosa laxa Retz., Rosa majalis Herrm., and Rosa spinosissima L.

At the level of 7 study areas, the NMDS analysis did not result in a clear division of vegetation relevés
(Fig. 2). Relevés from the Karkaraly and Ortau mountain forests and black-alder stands from the
Belodymovka were placed in the left part of the ordination diagram. Island pine barrens and steppe kolki
were in the right part of the diagram.
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Figure 2. NMDS ordination of 41 vegetation relevés from forests of Central Kazakhstan.

As a result of cluster analysis, 4 groups of relevés were divided (Fig. 3). Cluster 1 grouped most of the
relevés from Karkaraly mountain forests. Cluster 2 was composed of the relevés in steppe kolki described in
Yereymentau, Belodymovka, Ulytau, and Karkaraly. Cluster 3 was related to black-alder stands near the
Belodymovka study area. Cluster 4 grouped relevés belonging to the Ortau mountain forests, island pine bar-
rens near Kerney, and steppe kolki from Koyandy and Ulytau.

Cluster Dendrogram
2.0-
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_%1 0 = 3
T @] 4
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Figure 3. Results of cluster analysis of 41 vegetation relevés from forests of Central Kazakhstan.
Cluster diagram (left) and clusters in the NMDS diagram (right)

No significant differences in alpha diversity scores were found between groups 1, 2, and 4 (P>0.05,
Fig. 4). Overall, group 1 had narrower ranges in species richness, Shannon, and Simpson indexes than groups
2 and 4. Group 3 was not included in the comparisons due to the small sample size (only 2 relevés). More
relevés are needed to characterise this group. However, black alder forests are a rare community type in Cen-
tral Kazakhstan, and Alnus glutinosa is a protected tree species [22]. The total number of species (gamma
diversity) was 108 in Group 1, 112 in Group 2, 16 in Group 3, and 114 in Group 4.

Fundamental And Experimental Biology. 2025, 30, 3(119) 161



N.V. lvanova, M.P. Shashkov

Shannon index
N
(o]

A (o o] (o]
30 °
(0] (€]
. s
% 25 ™ %@ )
[ [ @
S H o
2 201 eee o @
w @
o o *
3 157 ee
Q.
%) e ®
@
10 o ° °
@
1 2 3 4
Gropus

w
e

2.24

@ ¢ @
® © oo ®
o ¥ o 20

g ° * o
s . o 3 B s

o ° _-51 ) o
° c 5/ eeee® ©O0 @

¢ 2 L aad o
® g_ ] o e

o
a0l *° ° °

i o
o ® ° o @

ee 5 oo
1 2 3 4 1 2 3 4

Gropus Gropus

The results of the beta-diversity assessments found differences in species composition between groups
1, 2, and 4 (Table 1). The large distances of Group 3 with other groups may be related both to insufficient
sample size and to the specific species composition of black-alder forests.

Table 1
Jaccard distances for divided vegetation groups
Group 1 Group 2 Group 3 Group 4
Group 1 0
Group 2 0.63 0
Group 3 0.92 0.93 0
Group 4 0.64 0.57 0.92 0

The results of the functional diversity assessment showed that the analysed groups of relevés differed in

the composition and abundance of ecological-coenotic groups.
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Figure 4. Diversity of ecological and coenatic groups in forests of Central Kazakhstan.
For a detailed description of the groups, see [20].
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The structure of forest communities in Group 1 (Karkaraly mountain forests) is dominated by forest-
related species, with considerable participation of boreal species. This result confirms the evidence of the
long presence of forests in this area [3]. Nitrophilous species were expectedly dominant in the ECG structure
of group 3 (black alder forests), and the participation of steppe species was minimal. Relevés of steppe kolki
were divided into two groups that differ in the ECG structure. Steppe species predominate in Group 2, and
boreal and nemoral species predominate among forest species. In group 4, the participation of forest species
is higher than that of steppe species. The most represented are nemoral species; compared to group 2, the
participation of pine-forest species is higher. The reasons for these differences require further research. It is
likely that differences in the structure of ECGs may be related to the area and age of steppe stakes, pasture
load, or fire frequency.

The results of calculating indicator species in the analysed groups agree well with the estimates of func-
tional diversity (Table 2). Most of the significant indicators for Group 1 are represented by forest species. In
Group 2, all indicator species were steppe ECG. In Group 3, two of the three significant indicators were
nitrophilous forest species. In Group 4, both forest and steppe species were indicator species.

Table 2
Indicator species values for analysed groups of relevés
species | ECG code | Indval.gvalue |  p-value
Group 1
Clematis sibirica (L.) Mill. Boreal 0.535 0.030
Rosa majalis Herrm. Nemoral 0.675 0.015
Equisetum pratense Ehrh. Nemoral In Forest-Nemoral 0.661 0.005
Prunus padus L. Nitrophilous In Forest-Nitrophilous 0.711 0.005
Geum rivale L. Nitrophilous In Forest-Nitrophilous 0.535 0.025
Potentilla argentea L. PineForest 0.823 0.005
\Veronica pinnata L. PineForest 0.655 0.005
Vicia sepium L. Meadow-Steppe FreshMeadow 0.655 0.005
Ligularia spp. Meadow-Steppe FreshMeadow 0.607 0.015
Thalictrum foetidum L. Meadow-Steppe DryMeadow 0.580 0.030
Group 2
Plantago maxima Juss. ex Jacq. Meadow-Steppe FreshMeadow 0.853 0.005
Scrophularia nodosa L. Meadow-Steppe FreshMeadow 0.618 0.010
Achillea millefolium L. Meadow-Steppe FreshMeadow 0.558 0.050
Artemisia dracunculus L. Meadow-Steppe DryMeadow 0.522 0.030
Filipendula vulgaris Moench Meadow-Steppe Steppe 0.624 0.010
Group 3
Humulus lupulus L. Nitrophillous 0.816 0.01
Cardamine amara L. Nitrophilous InForest-Nitrophilous 1.000 0.01
Galeopsis bifida Boenn. Meadow-Steppe FreshMeadow 0.707 0.01
Group 4
Senecio jacobaea Loscos & Pardo Nemoral 0.593 0.025
Poa nemoralis L. Nemoral InForest-Nemoral 0.683 0.035
Ribes nigrum L. Nitrophillous 0.612 0.030
Pentanema britannicum (L.) Nitrophillous
D.Gut.Larr., Santos-Vicente, Anderb., 0.595 0.045
E.Rico & M.M. Mart.Ort.
Calamagrostis epigejos (L.) Roth PineForest 0.628 0.025
Cuscuta europaea L. Meadow-Steppe FreshMeadow 0.598 0.010
Crepis tectorum L. Meadow-Steppe DryMeadow 0.756 0.005
Turritis glabra L. Meadow-Steppe DryMeadow 0.566 0.025

It should also be noted that among the significant indicator species, 2 fruiting plants were recorded: Ro-
sa majalis for Group 1 and Ribes nigrum for Group 4. This result shows that these species have specific re-
quirements for habitat conditions, unlike other fruiting species that occurred in different community groups.
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Conclusions

Our study provides, for the first time, quantitative forest biodiversity assessments in Central Kazakh-
stan. We found that the studied forests are diverse in species diversity and composition of the herbaceous
layer. Using quantitative analysis methods, 4 groups of forest communities were obtained: (1) forests of the
Karkaraly mountain-forest massif dominated by forest species; (2) black alder forests dominated by
nitrophilous species; (3) steppe kolki dominated by steppe species; (4) steppe kolki dominated by forest spe-
cies. The identified groups do not differ in alpha diversity metrics but differ significantly in species composi-
tion. It is also found that most of the fruiting species are found in all community groups. Strict cenotic con-
finement is shown for Rosa majalis (Karkaraly mountain forests) and Ribes nigrum (kolki dominated by for-
est species). These species were significant indicators in corresponding groups of forest communities.

Obtained results are relevant for prognosing potential habitats for wild fruit plants. Vegetation relevés
will be used for further studies of forest biodiversity in the Karkaraly State National Nature Park. Primary
data available through GBIF contributes to filling gaps in Kazakhstan’s digital biodiversity map.
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H.B. UBanosa, M.II. Illamkos

Opransik Kazakcranaarsl :kadaiibl skeMic eciMaikTepi 0ap
OPMaH KaybIMJACTBHIKTAPbIHBIH TYPJIIK K9HEe KYPbUIBIMABIK dPTYPJILIIri

JKymepicTa xabalibl keMiC ©CIMAIKTEpiHIH MEKeHISHTiH kepi Oonbin TaOpuiaTeiH OpTanblk KasakcTaHHBIH
OpMaH KaybIMIACTHIKTapBIHBIH ab(a-, OeTa-, raMMa- KOHEe KYPBUIBIMABIK SPTYPIIUIIriHe Tajgay *KYpri3iimi.
OpMaH KayBIMIACTBIKTAPHI JKET1 ayMaKTa 3epTTeNIi, OapIblH KaTapblHa TayJIb-OpMaH MacCHUBTEPi, apaIbIK
KaparaiJibl OpMaHap JKOHE JajajblK TOFail ankanTtapsl Kipedi. bapibiFer 41 cunarrama TangaHasl. bapibik
cunarraManap GoibIHIIa 195 TaMBIpIB! ©CIMAIK TYPI TipKenai, onapably imriage 10 sxabaibl xkeMicTi Typiiep:
Crataegus sanguinea Pall., Lonicera tatarica L., Ribes aciculare Sm., Ribes nigrum L., Ribes saxatile Pall.,
Rosa acicularis Lindl., Rosa laxa Retz., Rosa majalis Herrm., sxone Rosa spinosissima L. NMDS 3eptreinren
y4acKelepAiH CHIlaTTaMaiapbl apachbiHIa allKeIH OelliHy OosMaraHBIH KepceTTi. Bapn smiciMeH »kyprisinreH
KJIaCTepIiK Tanjgay HETi3iHAe TOpT TON aHBIKTANAbL. bysl TomTap apachiHIa anb(a-opTypiurik Oaramay
KepceTKimTepi OONBIHIIA CTATUCTUKAJIBIK TYPFBIIAH MaHBI3/bl albIpPMaIIbUIBIKTAp aHbIKTaIMazpl. JKakkaps
KAIIBIKTBIFBl OOMBIHIIA €CeNTeNreH O0eTa-opTYpIiliK HATHXKeJIepi aHBIKTaJFaH TONTapAbIH TYPIIK Kypamebl
TYPFBICBIHAH JKAaKChl epeKIIeJeHeTiHIH KepceTTi. KaybIMOacThIK KYpbUIBIMBIHBIH QPTYPJILIITi HKOJIOr0-
LEHO3JBIK TONTAp MEH WHAWKATOPJIBIK TYPJIEpAl Tajjgay apKbUibl Oarananiael. HoTwxkecinme TepT
KaybIMIACTHIK TOOBIHBIH KYPBUTBIMBIH/IA albIpMAIIbUIBIKTAp Gap ekeHi aHbikTasiapl. Rosa majalis Kapkapas
TayJbl-OpMaH alKanTapblHA TOH MHIMKATOPJIBIK TYP PETiHIe epekiieneHce, Ribes nigrum opmanms Typiiep
OacelM [ama ToOFaiapelHa TOH TYp Oosbim TaObuiabl. KamraH skemicTi Typiep Oapliiblk 3epTTenreH
KaybIMJACTBIK TONTAPBIH/IA KE3/IECIIT, alfKbIH IICHO3BIK OeHiIMIITIK KOpCeTHe .

Kinm ce30ep: KaypIMOacThIKTap, OMOJOTHSIIBIK OPTYPILTIKTI Oaranay, indVal, SKONOTHSIIBIK-IIEHOTHKAIBIK
KypbsuieiM, GBIF.

H.B. UBanosa, M.II. IllamkoB

BuaoBoe u cTpyKTypHOE pa3HooOpa3ue JeCHbIX cO00IeCTB
HenTpaabHoro Kazaxcrana ¢ yyactueM IMKOPacCTyILIMX IJIOAOBBIX

B pabote nposenen aHanu3 anbda-, 6era-, raMMa- U CTPYKTYPHOTO pa3HooOpasust JiecHbIX coobuiecTs LleH-
TpasibHOro Kaszaxcrana, sIBJSIOIIMXCS MECTOOOMTAHUSIMHU JTMKUX TUIOJOBBIX pacTeHuid. JlecHble cooliecTBa
HCCIIECI0OBAaHbI HA CEMH yqaCTKax, NpEACTABJICHHBIX T'OPHO-JICCHBIMU MacCCHBaMU, OCTPOBHBIMH 6opaMn u
CTEeNHBIMH KoJKaMH. Bcero npoananusuposaHo 41 onucanue. Bo BceM MaccuBe onucanuid yureHo 195 Bu-
JIOB COCY/IMCTBIX pacTeHuii, B ToM uncie 10 BumoB miogoBeix: Crataegus sanguinea Pall., Lonicera tatarica
L., Ribes aciculare Sm., Ribes nigrum L., Ribes saxatile Pall., Rosa acicularis Lindl., Rosa laxa Retz., Rosa
majalis Herrm., u Rosa spinosissima L. Pe3ynbTaTsl HEMETPHYECKOTO MHOTOMEPHOTO IIKATHPOBAHUSI HE BBI-
SIBHJTH Pa3JIeICHHs ONMCAHUK MEXIy UCCIeJOBaHHBIMH Y4acTKaMu. [Ipy MOMOIIN KIacTEepHOTO aHaIH3a Me-
tonoM Bapna Beimeneno 4 rpymmbl onucaHud. Mexay TpyNIaMd He BBISBICHO CTATUCTUYECKH 3HAYHMBIX
pa3Muui 1Mo moKaszareisiM anbga-pasHoodpasus. OueHka Gera-pazHooOpas3ms Ha OCHOBe paccTosHus JKak-
Kapa MoKazaa, YTO BEIJIEJICHHBIC TPYIIITEI XOPOIIIO Pa3INYaloTCs MO BUIOBOMY COCTaBy. Pe3ynbpraTsl aHanmza
CTPYKTYPHOTO Pa3HOOOpa3Hs Ha OCHOBE 3KOJIOTO-IIEHOTHYECKUX TPYII U pacdeTa HHIUKATOPHBIX BUIOB TI0-
Ka3aJli pa3iMvus B CTPYKTYpE YeThIpex rpym coobmects. [Tokazano, uro Rosa majalis siBisiercst 3SHaYMMBIM
MHMKATOPHBIM BHIOM JUISl TOPHO-JIecHOrO MaccuBa Kapkapansr, a Ribes nigrum — st CTemHBIX KOJNKOB C
npeoliIagaHueM JecHbIX BHI0B. OcTanbHbIe BUABI IUIOJOBBIX BCTPEYAINCH BO BCEXaHAIN3UPYEMBIX I'PYIITax
COOOIIECTB U HE MOKA3aJIH CIIeNNU(HIECKON [IEHOTHYECKOH IIPHYPOUYECHHOCTH.

Knioueswvie crosa: coobiecTBa, OleHKH OropazHooOpasus, indVal, sxonoro-neHotrueckas crpykrypa, GBIF.
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Comparative anatomic analysis of leaves
of Lonicera tatarica and Lonicera microphylla

The study of anatomical structure of vegetative organs of plants allows to estimate biological and ecological
features of species and to reveal features of structure, which allow to carry out identification of taxa at micro-
scopic level. This is especially important for taxonomically close species. The paper presents the results of a
comparative anatomical study of leaves of Lonicera tatarica and Lonicera microphylla. Leaf samples were
collected in the summer period of 2024, fixed in Strauss-Fleming’s solution, surface preparations and trans-
verse sections were made manually. The results of the studies allowed us to establish that both honeysuckle
species are characterized by light leaves, of dorso-ventral type with differentiated mesophyll into columnar
and spongy tissues. Stomata are few, of anomocytic type, localized mainly on the underside of the leaf. In
both species, small rounded druzes of calcium oxalate are present. Differences between the species were
found in the shape of leaf epidermal cells, the number of columnar and spongy tissue layers, the shape of
conductive bundles, the number of calcium oxalate druses and the presence of simple trichomes.

Keywords: Lonicera tatarica, Lonicera microphylla, anatomical structure, leaf, petiole, comparative study.

Introduction

Nowadays, the study of fruit plants is of great importance as sources of food, vitamins and biologically
active substances [1, 2]. In Karaganda region, the genus Lonicera L. (family Caprifoliaceae Juss.) is a prom-
ising object for use as a fruit crop and object for green building.

Anatomo-morphological structure of plants in the comparative aspect is an indicator of biological fea-
tures and ecology of species, and also allows to establish affinity between taxa [3, 4], to act as diagnostic
signs of medicinal plant raw materials [5, 6].

In Karaganda region Lonicera tatarica L. and Lonicera microphylla Willd. ex Schult are of interest as
ornamental, food and medicinal plants. Thus, Lonicera tatarica is characterized by resistance to climatic
conditions, weakly damaged by diseases and pests, suitable for wide application in green building [7], during
flowering as an excellent mellifer, berries contain a complex of vitamins and minerals [8], suitable in cook-
ing, and weaving as a source of medicinal raw materials [9]. The fruits of Lonicera microphylla have antiox-
idant and tonic properties [10].

As a study of biological properties of both species of honeysuckle, the objective was to investigate the
anatomical parameters of the leaf and to identify the diagnostic characters of the species.

Experimental

Leaf samples of both species of Lonicera L. (Fig. 1) were collected in the Karkaraly mountains
(Karkaraly district, Karaganda region) in June 2024. Species identification was carried out at the Department
of Botany of the University. The plant specimens were deposited in the herbarium fund of the Faculty of Bi-
ology and Geography of Karaganda Buketov University.

Dry leaves (leaves plates and petioles) were soaked in Strauss-Fleming mixture (distilled water: ethyl
alcohol 96 % — glycerol 40 % in the ratio 1:1:1), transverse sections and surface preparations were prepared
using a blade [11].

The description of micropreparations was carried out in accordance with the methodological guide-
lines [12, 13]. During description, attention was paid to cell structure, shape, presence of trichomes and in-
clusions, shape of stomata, shape and localization of conductive bundles.
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Figure 1. Lonicera tatarica and Lonicera microphylla in fruitening phase, Karkaraly Mountains

Results and Discussion

The cells of the upper and lower sides of the leaf of L.tatarica are rounded or slightly
elongated (Fig. 2), the walls are slightly curved. Rounded druzes of calcium oxalate are translucent on both
sides. Stomata are oval in shape, anomocytic type, localized mainly on the lower side of the leaf.

Figure 2. Micropreparation of the leaf of Lonicera tatarica, fragments of preparations with surface:
A — upper epidermis, B — lower epidermis; 1 — epidermis cells, 2 — druses; 3 — stomata

Cells of upper and lower epidermis of Lonicera microphylla leaf are characterized by elongated or
rounded shape, with straight and distinctly thickened walls (Fig. 3). Stomata are localized on the lower side
of the leaf, rounded, anomocytic type. Trichomes are placed along the central vein; they are simple,
1-2-celled.

Figure 3. Micropreparation of the leaf of Lonicera microphylla,
fragments of preparations with surface: 1 — epidermis cells, 2 — stomata
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On the transverse section (Fig. 4) the leaf of L. tatarica is of dorso-ventral type, the mesophyll is indis-
tinctly differentiated into palisade and spongy tissues. A single-layered epidermis is located on both sides. Its
cells are rounded in shape, with a clearly visible layer of cuticle on the outer side. In the area of the main and
lateral veins, areas of collenchyma are located under the epidermis, with mesophyll between the veins. Under
the upper epidermis there are 1-2 layers of palisade tissue, on the lower side there are cells of spongy tissue
with developed intercellular layers. Conductive bundles of elliptical shape, collateral, closed type, reinforced
by sections of sclerenchyma. Numerous druzes of calcium oxalate are localized in the mesophyll.

Figure 4. Transverse section of a leaf of Lonicera tatarica.
Fragment in the area of the central vein: 1 — lower epidermis, 2 — upper epidermis, 3 — collenchyma,
4 — spongy mesophyll, 5 — palisade mesophyll, 6 — phloem, 7 — xylem, 8 — sclerenchyma

The transverse section of Lonicera microphylla is also flat, dorso-ventral on the transverse sec-
tion (Fig. 5), not clearly differentiated into palisade and spongy tissue. On both sides, the leaf is surrounded
by a 1-layer epidermis composed of oval cells and a thick layer of cuticle. The columnar tissue is arranged in
2 layers and the spongy tissue in 2-3 layers. Conducting bundles are oval curved, collateral, closed type.

Figure 5. Transverse section of a leaf of Lonicera microphylla.
Fragment in the area of the central vein: 1 — lower epidermis, 2 — upper epidermis, 3 — collenchyma,
4 — spongy mesophyll, 5 — palisade mesophyll, 6 — phloem, 7 — xylem, 8 — sclerenchyma

The leaf petiole of Tatar honeysuckle is broadly ovate, slightly curved in cross section (Fig. 6). Along
the perimeter there is a single-layer epidermis with a thick layer of cuticle. Beneath the epidermis lies a mul-
tilayered collenchyma. In the center of the petiole lies a vascular-fiber bundle, collateral, closed type, rein-
forced by sclerenchyma strands. The mesophyll zone is thin, composed of thin-walled parenchyma cells,
with large intercellular cells and small druzes of calcium oxalate.
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Figure 6. Transverse section of Lonicera tatarica leaf petiole: 1 — epidermis, 2 — cuticle,
3 — collenchyma, 4 — mesophyll, 5 — phloem, 6 — druzes, 7 — xylem, 8 — sclerenchyma

The leaf petiole of Lonicera microphylla on a transverse section is curved (Fig. 7). Rounded epider-
mal cells with cuticle, adjacent to 2—6-layer collenchyma, lie along the perimeter. The conducting bundle is
narrow, elongated, collateral, of closed type, surrounded by sections of sclerenchyma. Numerous druzes of
calcium oxalate are placed around the central vein under a layer of lamellar collenchyma. Few simple

trichomes are noted.

Figure 7. Transverse section of a leaf of Lonicera microphylla. Fragment in the area of the central vein:
1 — epidermis, 2 — trichomes, 3 — collenchyma, 4 — calcium oxalate druses, 5 — central conductive bundle.

Comparison of anatomical features of the leaf of both species of honeysuckle allowed us to identify

characteristic features (Table).

Table

Comparative anatomical features of the leaf of Lonicera tatarica and Lonicera microphylla

Characteristics

Lonicera tatarica

Lonicera microphylla

Cells of leaf epidermis

Rounded or slightly elongated

Elongated or rounded

Drusae of the leaf lamina

+

Stomata

Anomocytic, localized on the lower
side

Anomocytic, localized on the lower
side

Trichomes on the leaf lamina

Simple

Type of leaf on transverse section

Dorso-ventral

Dorso-ventral

Mesophyll

Differentiated into palisade and spongy
tissues

Differentiated into palisade and spongy
tissues

Number of layers of columnar tissue  |1-2 2
Number of layers of spongy tissue 2-3 2-3
Shape of conductive bundles Elliptical Oval

Shape of petiole on transverse section

Broadly ovate, slightly curved

Narrow-ovate, strongly curved

Druses

Few

Numerous
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Thus, differences in the shape of leaf epidermis cells, presence of trichomes and druses of calcium oxa-
late, number of layers of columnar and spongy tissue, shape of petiole on transverse section were noted.

Conclusion

Thus, the anatomical structure of the leaves of Lonicera tatarica and Lonicera microphylla was studied.
It was determined that the leaves are light-type, with a dorsoventral structure in cross section, and petioles
reinforced with areas of sclerenchyma. The mesophyll of the leaf blade is differentiated into columnar and
spongy tissues. The stomata are small, few in number, anomocytic, and usually located on the lower side of
the leaf. Round calcium oxalate crystals are present in the structure of the leaf blade and petiole.

Distinctive features of the leaves of both species are the shape of the epidermal cells, the number of lay-
ers of columnar and spongy tissue (Lonicera microphylla has more layers), the shape of the conducting bun-
dles (broad and narrow-ovoid), the number of calcium oxalate crystals and the presence of simple trichomes
on the underside of the leaf in Lonicera microphylla, in the absence of trichomes in the structure of Lonicera
tatarica.

The data obtained confirm the xeromesophytic structure of the leaves and also show differences be-
tween plants for species identification based on vegetative organs.
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Lonicera tatarica :xone Lonicera microphylla skanbipakTapbIHBIH
CAIBICTBIPMAJIBI AHATOMUNJIBIK TAJ1AAYbI

OcCiMAIKTEpIiH BEreTaTHBTI MYILIENEPiHIH aHATOMHSIBIK KYPBUIBIMBIH 3€pTTEY TYPJIEPIiH OHOIOTHSIIBIK
JKOHE IKOJIOTHSIIBIK CpPEKIICIKTepiH OaFanayra )oHe TaKCOHAAP/Ibl MUKPOCKONMSIIBIK JACHIeiile aHbIKTayFa
MYMKIHAIK OepeTiH KYpBUIBIMABIK EpeKIIeNiKTepAi aHbIKTayFa MYMKIHIOIK >kacaimel. bym acipece
TAaKCOHOMUSUIBIK JKaKbIH TYypJep YIiH eTe MaHbi3asl. Makanana Lonicera tatarica »xome Lonicera
microphylla skanbipakTapbHBIH CaTBICTHIPMAIbl aHATOMHUSIIBIK 3€pTTEY HOTHXKENepi KenTipiared. JKambipax
yirinepi 2024 sxpuinbiH kaszeiHaa xkuHaas!, [ tpayc-dnemuHr epitinaicinae Tipkenai, 6eTTik mpenaparrap
MEH KeJJICHeH KHMalap KOJMEH Kacayibl. 3epTTey HOTHKeJepi YIIKATTap TYKBIMIACHIHBIH €Ki Typi ne
OaraHaNbl JKOHE KEYEKTI Topi3ai yimamapra muddepeHimanianrad Me30pmuri 0ap JI0p30-BEHTPATBIBI
THIITET], XKapbIK JKalbIPaKTapPbIMEH CHITATTAIATBIHBIH aHBIKTa bl JKamblpak caHpUIayIapbl a3, aHOMOIUTTIK
THIITI, HETi31HEH JKAIBIPAKThIH TOMEHTI KaFbIH/Ia JIOKAIH3alMsuIaHFal. Exi Typ/ie e KaJbliuii OKCaIaThIHBIH
ycaK JeHreiek apysamapsl Oap. Typiep apachlHAArbl afbIpMAIIBUIBIKTAp KANbIPAK AIUICPMHUCIHIH
JKacymanapsl TypiHae, OaraHabl )KOHE KeyeK TOpi3/i TIHAEPAiH KaOaTTapbIHBIH CaHbl, OTKI3TIlI MIOKTAPIbIH
MiIiHi, KaJbLUI OKCAJaTHIHBIH JPY3aapbIHBIH CaHBI )KOHE KapamaiflbIM TpUXOMaTapabiH OOTybL.

Kinm ce30ep: Lonicera tatarica, Lonicera microphylla, anaroMHsIbIK KypbUIBIMIAp, XKAambIpak, KbICKa
HIBIOBIK, CATBICTBIPMAIIBI 3EPTTEY.

E.A. I'aBpunibkoBa, C.Y. Tneykenona, /[.B. Arees, A.K. Pamazanos

CpaBHUTe/ILHBI AHATOMUYECKHH aHAJIU3 JINCThEB
Lonicera tatarica m Lonicera microphylla

W3yueHne aHATOMUYECKOTO CTPOEHHUS. BETETATHBHBIX OPraHOB PACTEHUI MO3BOJISAET OLEHUTH OUOJIOTUYECKHE
1 DKOJIOTHYECKUE OCOOEHHOCTU BUIIOB, & TAK)KE BBIABUTH OCOOEHHOCTH CTPOEHHS, KOTOPHIE MO3BOJISIOT HPO-
BOJUTH UICHTU(DHKALKMIO TAKCOHOB Ha MUKPOCKOIIMYECKOM YPOBHE. ITO 0COOEHHO BAKHO ISl TAKCOHOMUYE-
CKU OJIM3KUX BHIOB. B cTaThe MpecTaBiieHbl pe3yibTaThl CPABHUTENBHOTO AHATOMUYECKOTO MCCIIEI0BAHHS
nuctheB Lonicera tatarica u Lonicera microphylla. O6pasis! ucthe Gbuti cobpaHbl B ieTHHi nepuox 2024
r., 3adukcupoBansl B pactsope llTpayca-®nemMuHra, MOBEPXHOCTHBIE MPEMAPATHI U TONIEPEYHBIE CPE3bI BbI-
TOJIHEHBI BPYUYHYIO. McCreoBaHus MOKa3aiy, yTo 00a BUIA HKUMOJIOCTEN XapaKTEPU3YIOTCsl CBETOBBIMHU JIU-
CTBAMH, JI0P30-BEHTPAILHOTO TUIA ¢ Ju(dHepeHIPOBAHHBIM ME30(DUILIOM Ha CTONOYATYIO U Iy0UaTyIO TKa-
HA. YCThUIIa HEMHOTOYHCIIEHHBIE, aHOMOI[UTHOTO THIIA, JIOKAIH30BAHbI TIPEMMYIIECTBEHHO C HHKHEH CTO-
POHBI JIECTa. Y 00OMX BUIOB TPHUCYTCTBYIOT MEIIKHE OKPYTIIBIE APY3bl OKcanata Kaiblus. OTINdus MEXIy
BH/IAMU BBIABJIEHBI B OPME KIIETOK SIUIEPMHCA JIHCTA, KOIMYECTBE CIIOEB CTONOYATON M Iy(uaToll TKaHw,
(bopMe NpoBOSIIKIT TyYKOB, KOJTUYECTBO JPY3 OKCAIIATA KAJBLHS M IPUCYTCTBUM IPOCTBIX TPUXOM.

Kmioueswie cnosa: Lonicera tatarica, Lonicera microphylla, anaromuueckie CTpyKTyphl, JHCT, YEpPEIIOK,
CPaBHUTENHHOE U3yIEHHE.
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Scots pine (Pinus sylvestris L.) in natural
and cultural populations of Central Kazakhstan (review)

The review summarizes recent findings on the morphological, anatomical, and biochemical characteristics of
Pinus sylvestris L. in both natural and cultural established populations in Central Kazakhstan. Natural popula-
tions, occurring in the mountainous zones of the Kazakh Uplands, are characterized by ecological stability,
climatic resilience, and high genetic diversity. In contrast, cultural plantations, established to mitigate deserti-
fication and stabilize soils, exhibit altered morphometric traits and a decrease in biodiversity due to
monocultural practices. Comparative analysis of recent CIS and Kazakhstani studies reveals that environmen-
tal stressors, including technogenic pollution and soil degradation, significantly affect anatomical parameters
of needles, radial growth, and phytochemical composition. The accumulation of heavy metals, decline in pho-
tosynthetic pigments, and variation in essential oil profiles reflect adaptive responses of P. sylvestris to an-
thropogenic impacts. The observed differences between natural and cultural populations underscore the need
for region-specific forest management strategies, informed by anatomical and biochemical diagnostics. These
findings support the development of improved selection and breeding programs tailored to Kazakhstan’s di-
verse ecological zones.

Keywords: Pinus sylvestris L., Central Kazakhstan, natural and cultural populations, needle anatomy, mor-
phological variability, biochemical adaptation, forest management, environmental stress.

Introduction

Pinus sylvestris L. (Scots pine) is a widely distributed coniferous species of significant ecological, silvi-
cultural, and economic value across the Eurasian continent. Its natural range extends from Western Europe to
Eastern Siberia, exhibiting remarkable adaptability to diverse climatic zones, including the semi-arid and
strongly continental environments of Central Kazakhstan [1]. Within this region, P. sylvestris occurs in both
natural and anthropogenically established populations, each fulfilling distinct ecological and land-use func-
tions [2, 3].

Natural populations of Scots pine in Central Kazakhstan are predominantly located in mountainous and
forest-steppe zones, particularly within the Karaganda and Ulytau regions. These relict forest communities
are ecologically stable systems that contribute to biodiversity conservation, microclimate regulation, and soil
stabilization. In contrast, cultural (planted) populations—mainly established in the middle of the XX centu-
ry—are cultural afforestations intended to combat desertification, prevent soil erosion, and support regional
timber production. These plantations are typically monocultures and experience different ecological pres-
sures than their natural counterparts.

Despite the wide distribution of P. sylvestris, comparative studies focusing on the ecological and genet-
ic characteristics of natural versus cultivated populations remain limited. In Kazakhstan and other CIS coun-
tries, various biological aspects of the species have been explored, including anatomical structure, genetic
diversity, physiological stress responses, and the chemical composition of pine needles. However, integrated
reviews assessing the adaptive capacities, ecological roles, and long-term sustainability of natural and cultur-
al populations remain scarce [4, 5].

This review aims to consolidate and analyze existing scientific literature on Pinus sylvestris populations
in Central Kazakhstan. It focuses on their distribution, morphological and anatomical traits, chemical com-
position, genetic structure, and practical applications, with particular attention to the distinctions between
natural and cultivated populations. By evaluating their ecological functions and adaptive strategies, this re-
view provides a scientific basis for developing sustainable forest management and conservation policies.

Ultimately, understanding and differentiating between natural and cultural populations is not only criti-
cal for biological and ecological research, but also essential for designing effective strategies for forest resto-
ration, biodiversity conservation, and adaptive forest management in arid and semi-arid regions.
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Experimental

Review method. This review was conducted through a structured analysis of scientific literature related
to Pinus sylvestris (Scots pine) in Central Kazakhstan and adjacent Eurasian regions. Relevant publications
were identified using academic databases such as Google Scholar, ScienceDirect, Scopus, and eLibrary.ru.
Additional sources were gathered from national forestry research institutes and university repositories.

The selection criteria included: Studies published between 2000 and 2024; peer-reviewed articles, con-
ference proceedings, and dissertations; research focusing on natural and/or cultural populations of P.
sylvestris; publications providing data on morphological, anatomical, phytochemical, ecological characteris-
tics; comparative or region-specific (Kazakhstan/CIS) studies.

Climatic conditions of Central Kazakhstan. Central Kazakhstan is characterized by a sharply continental
and semi-arid climate. Average annual precipitation ranges between 200-350 mm, falling mostly during
spring and early summer. The soil types are predominantly light chestnut and sandy soils, often prone to
wind erosion and desertification. These harsh climatic and edaphic conditions significantly influence the
growth, structure, and distribution of P. sylvestris, making it a relevant model species for studying adaptation
and resilience in arid ecosystems.

Literature sources. The review synthesized data from over 30 scientific sources, including both Ka-
zakhstani and CIS-based studies.

Key contributors from Kazakhstan include: Kopabaeva A. (2019) on dendrochronological and ecologi-
cal analysis; Elkenova B.Z. et al. (2020) on pollution impact on needle structure; Krekova Yu. et al. (2023)
on genetic diversity in northern populations [6-8].

From the wider CIS and international context, studies by: Lebedev A., Kuzmichev V.V. (2021) on bio-
mass dynamics under climate change; Ermakov N.B. (2020) on pine forest classification; Kandziora-
Ciupa M. (2016) on heavy metal accumulation and antioxidant response; were critically evaluated for com-
parative insights [9-11]. These sources provided a foundation for comparing natural and cultural populations
in terms of: growth patterns; resistance to environmental stress; biodiversity support; chemical and genetic
indicators of ecological fitness.

Results and Discussion

Literature review. Scots pine (Pinus sylvestris L.) is one of the most widely distributed and ecologically
significant conifer species of the Northern Hemisphere, thriving across a wide range of climates and land-
scapes in Eurasia. Its natural populations in Central Kazakhstan are primarily found in mixed coniferous for-
ests in mountainous and foothill regions. These populations have adapted to the harsh continental climate,
marked by sharp seasonal temperature variations and low precipitation. Due to long-term ecological adapta-
tion, their genetic structure is diverse. These forests are ecologically important for maintaining biodiversity
and contributing to carbon sequestration. Natural and cultural populations in Central Kazakhstan. The intro-
duction of P.sylvestris into forest management and afforestation programs in Central Kazakhstan began dur-
ing in the middle of the XX century. Cultural plantations were established to combat desertification, stabilize
sandy soils, and mitigate soil erosion. These cultural pine forests also serve as a source of timber and con-
tribute to local economies [12]. However, monoculture plantations are increasingly criticized due to their
potential to decrease soil fertility, reduce biodiversity, and disrupt native plant communities [13, 14]. Several
studies have documented changes in soil properties—such as decreased nitrogen content and reduced micro-
bial activity—under P.sylvestris plantations [15, 16]. Recent studies in the CIS have evaluated the physiolog-
ical response, morphological changes, and biochemical adaptations of P.sylvestris under various environ-
mental conditions. Research has shown that the species growth and needle structure are sensitive to drought,
industrial emissions, and soil contamination.

Table 1
Data from recent studies on the species of Pinus sylvestris studied in CIS
. Geographical _— Recent research
Species location Key Findings (authors, year)
Europe Long-term changes in biomass due to climate Lebedev A., Kuzmichev V.V.
Pinus P shifts since 1940 (2021)
sylvestris Ai-Petri. Crimea N_atural _reforestatlon and regeneration patterns in Saltykov A.N. (2023)
high-altitude forests
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Continuation of Table 1
. Geographical - Recent research
Species location Key Findings (authors, year)
Northern Eurasia CIaSS|f|cqt|0n of pine forests; ecological- Ermakov N.B. (2020)
geographical zonation
Russia Chemlcal composition in pine needles across age Yustina Potashkina (2024)
gradients
Poland Ac_cumulatlon of heavy metals and increased anti- Kandziora-Ciupa M. (2016)
oxidant response in polluted areas
Middle Ural, Russia | OrPhological and biochemical shifts intrees |y, 1ina ot a1, (2025)
growing on technogenic mine substrates
Pinus _ Krasnoyarsk, Russia Radial growth modified by climatic and pollution Kladko et al. (2023)
sylvestris factors

Siberia

Tree rings as geochemical indicators of past con-
tamination

Mironova et al. (2020)

Kostanay Region,
Kazakhstan

Morphometric changes in needles due to
technogenic pollution

Bragina et al. (2024)

Karelia, Russia

Effectiveness of pine forest plantation methods on
grassy clearings

Gavrilova et al. (2023)

East Kazakhstan

Needle responses to asbestos tailing dumps; bio-
chemical stress reactions

Chukina et al. (2024)

Table 1 presents key research findings from CIS and European studies on P.sylvestris, highlighting its
responses to environmental stressors such as industrial pollution, soil degradation, and climatic fluctuations.
Many of these studies emphasize the morphological, anatomical, and biochemical shifts observed under
technogenic conditions, including changes in radial growth, heavy metal accumulation, and antioxidant

activity.
Table 2
Data from recent studies on the species of Pinus sylvestris studied in Kazakhstan
. Geographical _— Recent research
Species location Key Findings (authors, year)
The Small hills of  |Dendrochronological analysis of growth dynamics
Central Kazakhstan |under climate change Kopabaeva A. (2019)
Semey region, East De_creaseq need!e I_ength and annual increment due Elkenova et al. (2020)
Kazakhstan to industrial emissions
North Kazakhstan Ger_letl_c_dlversny of half-sib families and growth Krekova et al. (2023)
variability
“Irtysh forest” re- . T
serve, East Kazakh- Study o_f ectomycorrhizal symbiosis with Pinus Nurlabi et al. (2023)
sylvestris
stan
Kostanay region Morphometric and necrotic needle changes across Bragina, Shvan (2024)
polluted and clean sites
Pinus . Burabay, North Ka- |Chemical \{arlablllty in essentl_al_ oils in pine needles Aidarkhanova et al. (2022)
sylvestris zakhstan under varying ecological conditions

Kazakh uplands

Forest site conditions and their relation to reforesta-
tion success

Makeeva et al. (2014)

“Semey ormany”
Natural reserve

Health condition of pine stands across forest size
categories

Zalesov et al. (2015)

Beskaragay,
Bayanaul regions

Climatic effects on radial growth in forest ecosys-
tems

Zhumadina et al. (2019)

Northeast Kazakh-
stan (ribbon pine
forests)

Suppressed growth due to mass outbreaks of gypsy
moth

Mapitov, Zhumadina (2015)

Central Kazakhstan
(several settlements)

Comparative anatomical assessment of pine needles
from different populations

Tuleshova (2023)
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A cross-comparison of the studies presented in Tables 1 and 2 highlights the differing research priorities
between international/C1S-based studies and those conducted in Kazakhstan. While the former focus heavily
on stress response mechanisms to pollution and climate variability, the latter prioritize morphological and
anatomical changes under region-specific conditions. Notably, Kazakhstani studies contribute uniquely to
understanding adaptation in semi-arid continental ecosystems, providing data that is underrepresented in
broader Eurasian reviews.

Genetic and breeding research. In a pan-European context, P.sylvestris has been the subject of extensive
breeding programs. Studies by Krakau et al. highlight how different European countries have advanced or
halted breeding programs based on national priorities. Somatic embryogenesis and selection of elite geno-
types are current focal areas of breeding research. In CIS countries, particularly Russia, extensive investiga-
tions into the genetic variability and selection potential of Scots pine populations have been carried out to
improve forest productivity and resilience.

Comparative analysis of literature: CIS and International studies and Kazakhstan-based research. The
literature presented in Table 1 and 2 highlights the diversity of scientific approaches and ecological contexts
in which P.sylvestris populations have been studied. A comparative analysis reveals both commonalities and
region-specific focuses that are essential for understanding the ecological plasticity and physiological re-
sponses of Scots pine across Eurasia.

Studies from CIS countries and Europe (Table 1) predominantly investigate the effects of technogenic
pollution, climatic stressors, and forest management strategies on the growth and survival of P.sylvestris. For
instance, Kandziora-Ciupa (2016) reported the accumulation of heavy metals and the activation of antioxi-
dant responses in pine needles collected from polluted sites in Poland. Similarly, Chukina et al. (2025), and
Potashkina (2024) documented significant anatomical, physiological, and biochemical changes in
P.sylvestris growing under technogenic and mining conditions in Russia, emphasizing the species stress re-
sponse mechanisms [17-23].

In contrast, the studies conducted in Kazakhstan (Table 2) largely emphasize the species adaptation to
harsh continental climates, with a specific focus on morphological and anatomical traits (Tuleshova et al.,
2023; Bragina, Shvan et al., 2024), radial growth dynamics under varying climatic and ecological conditions
(Zhumadina et al., 2019; Mapitov et al., 2015), and phytochemical composition of pine needles
(Aidarhanova et al., 2022). These studies reflect a strong regional interest in ecological monitoring, affor-
estation strategies, and the assessment of forest health in semi-arid environments [24-28]. Methodologically,
international and Russian studies tend to employ a broader spectrum of analytical tools, including
dendrochronological series, geochemical monitoring, somatic embryogenesis (Krakau et al., 2013), and ad-
vanced spectroscopic techniques [29]. In Kazakhstan, while modern chromatographic and microscopic tech-
niques are applied, many investigations remain practice-oriented, focusing on local ecological indicators and
applied forestry. In terms of practical implications, the research conducted in Europe and the CIS under-
scores the importance of genetic improvement, forest productivity, and resilience under environmental
stressors. Conversely, Kazakhstan-based studies contribute valuable insights into the viability of P.sylvestris
in afforestation projects, particularly under challenging environmental and climatic constraints of Central
Asia [30]

In conclusion, while both datasets demonstrate the ecological versatility of P.sylvestris, the Kazakhstan
studies provide a unique contribution to understanding the species adaptation strategies in arid-steppe and
semi-arid conditions. Integrating findings from these different geographical contexts enhances our under-
standing of the species ecological amplitude and supports the development of region-specific conservation
and forest management strategies.

Conclusions

Overall, Pinus sylvestris is not only a key species in natural ecosystems but also a vital component of
afforestation and land stabilization projects in Central Asia. While natural populations exhibit high adaptive
potential and ecological value, cultural plantations pose challenges related to biodiversity and soil health.
Continued interdisciplinary research combining anatomical, biochemical, dendrochronological, and ecologi-
cal approaches is essential for sustainable pine forest management and breeding programs in Kazakhstan and
beyond.
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K.A. Tynemosa, A.K. Kaiiu, M.M. CunantbeBa

Opragnsik Kazakcranaarsl TAOUFU K9HE JAKbULIBI NONMYJISAMSAIAPAAFbI
Kkaimri Kaparaii (Pinus sylvestris L.) (mmosy)

By wony sxymeicta Opransik Kasakcrangarer Pinus sylvestris L. (komimri kaparaii) TaGuFy %oHE TaKbUIIBI
HOMYJISIIMSUIAPBIHBIH MOP(OJIOTHSIIBIK, aHATOMISIIBIK JKOHE OMOXMMHUSIIBIK epeKIIeiKTepiHe KaTICTHI COHFBI
3epTTey HOTIKeNepl KapacThlpbutrad. Taburu nomyssinusiiap HerizineH Ka3akThlH ycak MIOKBUIAPBIHEIH Tay-
76l allMaKTapbIHa OpHATACKaH JKOHE IKOJIOTHSIIBIK TYPAaKTBUIBIFBIMEH, KIMMaTKa OeHiMIUIIriMeH, jKOFapbl
TCHETHKAJBIK OpPTYPJIUIriMEH epeKmieleHeal. AN IMeJeHTTeHy MEH TONBIpaK 3PO3UACBIMEH Kypecy
MaKCaThIH/Ia JKaCaH/Ibl TYPJIC OTHIPFBI3bUIFAH JAaKbULIBI OMYJIALMIIAD MOHOKATAPIIBI KYPHIIBIM CalllapblHaH
MOP(POMETPHSIIBIK ©3repicTepre yIblpar, OHOoayaHTYpIUTIKTIH TeMeHaeyiHe ceben 6omyma. TMJ] emnepi
MeH KasakcTaH[a JKYpri3ulreH CaJbICTBIPMAalbl 3epTTeyjep KOPCEeTKEHJEH, TEXHOTeHMAIK JIacCTaHy MEH
TOIBIPAKTBIH ~ JeTpajaiisichl  KBUIKAHHBIH ~AHATOMMSUIBIK ~ KYPBUIBIMBIHA, pagHalibl ©cCyiHe JKoHe
(UTOXMMHSIIBIK KypaMblHA aWTapJIBIKTall ocep eTeli. AybIp MeTalgapiblH JKHHATYBL, (OTOCHHTE3MIIK
MUIMEHTTEP/IIH a3alobl, COHIal-aK 3(up Maiaapbl KypaMbIHAAFbl ©3repicTep aramTapablH OelimMaeny peak-
IUACHIH cunarTaiiiel. TaOuFy KoHe AaKpUIIBI NOMYJSIIMSUIAp apachblHAAFrbl OyJ1 albIpMalIbUIBIKTap OpMaH
IIapYaIlbUIBIFBIH 0acKapy/a, CENeKIMSUIBIK JKOHEe KOPFay CTpaTerHsulapblH JKETULTIpYAE MaHBI3AbI eKEHiH
KepceTesi.

Kinm ce30ep: Pinus sylvestris L., Opransik Ka3akcran, Taburu jxoHe JAAKbUIABI MOMYISIMSUIIAD, KbUIKAHAAD
AQHATOMUSCHI, MOP(QONOTHAIBIK ~ ©3TeprimTiK, OWOXMMHUAIBIK Oedimmery, OpMaH [IapYyallbUIBIFBI,
9KOJIOTHSUIBIK KYH3eic.

K.A. Tynemosa, A.K. Kaimu, M.M. CunantbeBa

OobixkHOBeHHas1 cocHa (Pinus sylvestris L.) B npupoanbIx
U KyJbTYpHBIX nomyJsinusix LleaTpanbroro Ka3zaxcrana (0630p)

B 00630pe 0000IIEHBI COBPEMEHHBIE HUCCIIEOBAHHS MOP(OIOTHIECKUX, aHATOMHYECKHX U OHOXMMHYECKUX
ocobennocreii Pinus sylvestris L. (cocHbl 0OBIKHOBEHHO#) B MPUPOJHBIX U KYJIBTYPHBIX momyisiiusx LleH-
tpanbHoro Kazaxcrana. IIpupo/Hble MOMYNSAIMH, IPOU3PACTAIONINE B TOPHBIX paifoHax Kazaxckoro Mesko-
COTOYHHUKA, XapaKTEePH3YIOTCS BHICOKUM T'€HETHYECKHM pPa3HOOOpa3neM, YCTOWYMBOCTBIO K KOHTHHEHTAIIb-
HOMY KJIMMAaTy U CTaOHILHOCTBIO SKOCHCTEM. B TO ke BpeMsi KylbTypHbIE HACKACHHUS, CO3aHHbIE C [EIbI0
GOpBOBI C OMYCTHIHUBAHUEM M IPO3HEi MOYB, JEMOHCTPHPYIOT MOPGHOMETPUUESCKUE N3MEHEHHS, CHIIKCHUE
6uopa3Hoo0pa3us U TpaHCHOPMAIMIO TOYBSHHBIX CBOWCTB BCIIEICTBUE MOHOKYJIBTYpHOro moxaxona. Cpas-
HUTENBHBIN aHAJINU3 HccnenoBaHui, npoBeacHHbIX B crpaHax CHI' n Kazaxcrane, moka3piBaeT 3HAUUTEIBHOE
BIIMSIHAE TEXHOTCHHOW Harpy3Kd U Jerpajlalliyl II0OYBBI HA aHATOMHYECKHE MapaMeTphl XBOH, paJHaJIbHbINA
HOpUPOCT U (PUTOXUMHUYECKUH cocTaB. HakomieHne TsHKENBIX METaUIOB, CHIDKCHHE COJIepsKaHusl (POTOCHHTE-
THYECKUX MUTMEHTOB M M3MEHEHHe d(HHPHOMACIHIHOTO MPOQMIIS SBISIOTCS peakiyeld Ha SKOJIOTHYECKHUH
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Scots pine (Pinus sylvestris L.) in natural...

cTpecc. BrIsiBIeHHbBIE pa3nuuus MeXIy MPUPOAHBIMU U KYIbTYPHBIMU MOMYIALHAMH MOAYEPKUBAIOT HEOO-
XOAUMOCTh aJaNTalUU JIECOXO3SHCTBEHHBIX CTPATeTHi U COBEPLICHCTBOBAHUS CENEKIIMOHHBIX MPOTPaMM C
Y4€TOM PETHOHATIBHBIX IKOJIOTHYECKUX YCIOBUH.

Knioueswie crosa: Pinus sylvestris L., Ilenrpansusiii KazaxcraH, npupoIHble MOMYISIUH, KyJIbTypPHBIE JIECO-
HACaXJICHHS, aHATOMUSI XBOU, MOP(HOJIOTHIECKAsT N3MCHYHBOCTh, OMOXHMHYECKAs aanTalus, JIECHOE X035 ii-
CTBO, SKOJIOTUYECKUI CTpecc.
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