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Welcome Greetings from Organizers

Dear Colleagues,

On behalf of the Organizing Committee of the ICPBB 2024, | am cordially inviting you to this
event in Almaty, Kazakhstan.

Approximately 200 participants from 17 different countries of the World are attending this
international conference. We will witness 14 plenary talks from leading scientists in Plant Biology,
84 oral presentations in parallel sections, and 92 poster presentations.

We often say that Kazakhstan is the land where the East meets the West, and it is truly a
multicultural country where over 130 ethnic groups live in peace and friendship.

Therefore, it is very symbolic that we have large groups of colleagues from many former USSR
countries, Europe, the Far East, and West Asia attending this forum. We are happy to see our old
friends and looking forward to finding new friends and partners!

Using this opportunity, | would like to thank the Local Organizing Committee led by Prof. Saule
Abugalieva and her entire group at the IPBB for their outstanding job in managing all aspects of the
conference preparation.

| want to thank Dr. Ruslan Kalendar (Nazarbayev University, Astana, Kazakhstan) for his constant
support of the conference and administration of the web page of the ICPBB 2024.

This event could not have been accomplished without the support of sponsors. Therefore, |
appreciate the group of main sponsors of the conference, led by Zalma Ltd (General Sponsor), Veld
Ltd, Juggernaut Ltd, TechPrime Ltd, and Sesana Ltd (Golden sponsors), and others for their
valuable help in hosting this conference in Almaty City.

Finally, and most importantly, | am grateful to all participants of the ICPBB 2024 for your interest
in this conference, and | hope you will enjoy the forum and have a wonderful time in our city!

Yerlan Turuspekov

Chairman of the International
Organizing Committee ICPBB 2024,
IPBB, Almaty, Kazakhstan
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Session 1. Genetic Resources and Biodiversity Plenary Session

PLANT GENETIC RESOURCES FOR BREEDING AND RESEARCH

Andreas Borner
Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Gatersleben, Germany

E-mail: boerner@ipk-gatersleben.de

Plant genetic resources for food and agriculture (PGRFA) play a major role for global food
security. The most significant and widespread mean of conserving PGRFA is ex situ conservation.
World-wide 7.4 million accessions are stored in about 1,750 ex situ genebanks. Plant ex situ
genebank collections comprise seed genebanks, field genebanks as well as in vitro and cryo
collections. Species whose seed can be dried, without damage, down to low moisture contents can
be conserved in specially designed cold stores. Such “orthodox” seeds can be expected to maintain
a high level of vigour and viability for decades. Field genebanks, in vitro and cryo storage are used
primarily for species which are either vegetatively propagated or which have non-orthodox seeds
that cannot be dried and stored for long periods. With a total inventory of 150,000 accessions from
3,212 plant species and 776 genera, the ‘Federal ex situ Genebank of Germany’ in Gatersleben
holds one of the most comprehensive collections worldwide. It comprises wild and primitive forms,
landraces as well as old and more recent cultivars of mainly cereals but also other crops.

Since the majority of genebank accessions globally are stored in the form of seed, seed
longevity is of particular importance for crop germplasm preservation. At the IPK research was
initiated for a range of crops stored in the genebank over decades. Variation between crop species
was detected. However, there is also intraspecific variation within genebank collections. It was
concluded that the differences in germination after long term storage are genetically based.
Therefore, genetic analyses of seed longevity were initiated. Genetic mapping was performed for
barley, wheat, oilseed rape and tobacco.

Furthermore, in cereals, mainly wheat and barley, a number of bi-parental mapping
populations and association mapping panels have been established to allow for the genetic analysis
of various traits. The current focus covers resistance/tolerance to a number of biotic and abiotic
stresses, in particular drought and cold.
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Session 1. Genetic Resources and Biodiversity Plenary Session

PLANT GENETIC RESOURCES IN THE CONTEXT OF GENETIC
TECHNOLOGIES

Khlestkina E.K. ", Ukhatova Yu.V. !, Agakhanov M.M. ¢, Antonova E.V. !?,
Baymukhametova E.A. 3, Bérner A. *, Dodueva |.E. 1°, Egorova A.A.1®,
Erastenkova M.V. 1, Evlash A.Ya.%’, Gancheva M.S. *°, Gerasimova S.V. %%,
Goncharova E.E. *7, Gordeeva E.1. 1%, Hertig C.W. 4, Inozemtseva A.V. 1,
Khatefov E.B. !, Kolosovskaya E.V. 4, Korotkova A.M. ¢, Kukoeva T.V. ¥/, Krylova E.A. %,
Kuluev B.R. 13, Kumlehn J. %, Lebedeva M.A. *°, Loskutov I.G. !, Lutova L.A. 1°,
Mikhailova A.S. !, Mikhailova E.V. 3, Musin K.G. 3, Popov V.S. 1, Putina O.V. 1,
Rakhmangulov R.S.1, Rozanova I.V.?, Semilet T.V.!, Sokolova D.V.1, Solovieva A.V. !,
Tikhonova N.G. !, Tvorogova V.E. ¥, Ul’yanov A.V.

Shvachko N.A.1, Shimalina N.S.'?, Zavarzin A.A. %, Zykova T.1.%, Shoeva O.Yu. 1©

IN.I. Vavilov All-Russian Institute of Plant Genetic Resources, St. Petersburg, Russia
2 Institute of Plant and Animal Ecology UB RAS, Yekaterinburg, Russia
3 Ufa Federal Research Center RAS, Institute of Biochemistry and Genetics, Ufa, Russia
*IPK-Gatersleben, Gatersleben, Germany
% Saint Petersburg State University, Saint Petersburg, Russia
® Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia
’Sirius University, Sirius, Russia

*E-mail: director@vir.nw.ru

The conservation and utilisation of plant genetic resources (PGR) is the base for breeding and
plant production. At the same time, basic research on PGR collections is a way for development of
breakthrough technologies for crop improvement. VIR as a key holder of one of the largest world’s
PGR collections, collaborates closely in the field of genome editing, providing research teams with
proper material to be edited, with new target genes and the improved laboratory protocols. We
report on genotype improvement for different crops in our joint projects as well as complex studies
of modified genotypes and development of protocols for edited material documentation,
conservation and management in Genebank. Over 10 crops and 20 target genes are involved into
joint studies. The target genes related to traits with mono- and oligogenic control mostly represent
the genes to be knocked out (such as Ant2, Nud and Winl in barley, Lpx1, Cer9 or CKX1 in wheat,
TFL1 in cowpea, E4 in soybean or the PSSBE and PsCle genes in pea) by break and further NHEJ
resulting in frameshift. Along with loss-of-function we aimed at gain-of-function mutations using
the same mechanism (NHEJ) but resulting in excision of 1bp (Myc2 in barley) or the longer
insertion (Rg-Bla in wheat or MybAl in grapes) to restore either frameshift in cds or cis regulatory
region in noncoding gene part. We applied editing to both, widely used genotypes, like barley
Golden Promise, or elite cultivars like wheat Sigma, Taya and Fisht. Besides expected phenotype
changes, we observed both positive and negative pleiotropic effects (certain examples are reported).
Thus, the lines obtained (currently, over 40 edited lines are under documentation to be conserved in
Genebank) represent both, the models for reverse genetics studies as well as valuable material for
plant breeding.

The research is supported by the Ministry of Science and Higher Education of the Russian
Federation research programmes 075-15- 2021-1066 (editing wheat and triticale), 075-15- 2021-
1050 (protocols for edited PGR management) and Russian Science Foundation (project No 21-66-
00012 editing other crops, besides wheat and triticale).



Session 1. Genetic Resources and Biodiversity Plenary Session

A LOOK INTO TURKEY'S CEREAL GERMPLASM RESOURCES:
DIVERSITY AND APPLICATION

Hakan Ozkan

Cukurova University, Agriculture Faculty, Department of Field Crops,
Adana, Tiirkiye

E-mail: hozkan@cu.edu.tr

Wild cereal relatives have been used in plant breeding as a crucial practice that increases
cultivated cereal varieties' genetic diversity and resilience. In Turkey, wild cereal relatives are found
in different regions, providing a diverse gene pool with valuable traits such as resistance to abiotic
and biotic stress and adaptability to various climatic conditions. It is crucial to preserve the genetic
integrity of these wild relatives in their natural habitats through conservation efforts and ensure their
availability for future breeding programs. Genetic studies focusing on these wild cereal relatives
aim to uncover the genetic mechanisms for beneficial traits that can be exploited in breeding
programs to increase cultivated cereal crops' yield, quality, and resilience. The exploration and
utilization of the genetic diversity of wild cereal species in Turkey offer significant opportunities for
sustainable cereal breeding initiatives and agricultural advances. During the meeting, 1 will discuss
the diversity of the Turkish cereal’s gene pool and its use in plant breeding.



Session 1. Genetic Resources and Biodiversity Plenary Session

GENETIC FEATURES IN PLANT DOMESTICATION

Takao Komatsuda

Shandong Academy of Agricultural Sciences (SAAS), Crop Research Institute, Jinan,
Shandong, China

Plant domestication is the process of accumulation of genetic modifications associated with
morphological and physiological changes towards human merit. Barley (Hordeum vulgare L.) is
one of the earliest domesticated crops in the Fertile Crescent as shown by archaeological studies.
Six-rowed spikes and non-brittle rachis are diagnostic morphological features of domesticated
barley observed in archaeological sites, whereas reduced seed dormancy is a physiological one
absent from sites. The genes responsible for these domestication traits are encoded in several parts
of the plant's enormous genome, highlighting a rather prominent event in the domestication and
development of this plant as a staple food crop in the early civilization.



Session 1. Genetic Resources and Biodiversity Oral Session

EXAMINATION OF PLANT RESOURCES OF CENTRAL ASIA BY VIR
EXPEDITIONS: HISTORY OF TRAVELS AND COOPERATION
Ozerski P.V.*1, Ozerskaya T.M.2

! Institute of Zoology Republic of Kazakhstan, Almaty, Kazakhstan
2 Federal Research Center N.1. Vavilov All-Russian Institute of Plant Genetic Resources (VIR),
St. Petersburg, Russia

*E-mail: ozerski@list.ru

The study and preservation of the plant gene pool is very important. Expeditionary surveys of
territories are part of fundamental scientific research; they also make it possible to replenish the
gene pool of the collection with samples of wild relatives of cultivated plants, local cultivars of
agricultural crops. To preserve the entire diversity of plant genetic material, there are gene banks,
one of the largest of which is VIR.

The first expeditions in Central Asia were carried out in 1912 by V.M. Benzin (in the
Semirechye province) and A.K. Golbeck (in Turkestan, Bukhara and the Trans-Caspian province).
In 1916 N.I. Vavilov undertook an expedition to the Pamirs.

In total, from 1912 to the present, VIR has conducted more than 400 expeditions to Central
Asia (Kazakhstan — 119; Kyrgyzstan — 62; Tajikistan — 103; Turkmenistan — 148; Uzbekistan —
113). Often these expeditions were attended also by employees of local scientific institutions,
scientists from various countries, and specialists from international organizations. The first
comprehensive Soviet-American expedition to Central Asia took place in 1929. Since 1992, almost
all expeditions in Central Asia were tripartite. The expeditions were attended by researchers from
universities and research centers, as well as representatives of farmers and seed breeders
organizations from different countries.
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Session 1. Genetic Resources and Biodiversity Oral Session

CURRENT STATE OF FLORA OF THE MANGISTAU REGION

Imanbyaeva A.A., Belozerov I.F.

Mangyshlak Experimental Botanical Garden, Aktau, Kazakhstan

E-mail: imangarden@mail.ru; bifl7@mail.ru

In 2023-2024 within the framework of the implementation of the scientific and technological
progress program “Study of the current state of species diversity of vascular plants in Kazakhstan using
modern methods of botany, molecular genetics and bioinformatics in the Mangistau and Atyrau
regions”, the formation of preliminary lists of flowering and higher spore plants, including rare,
endemic, alien, weeds, ruderal and alien taxa in Microsoft Excel spreadsheet format. Information about
the ecological group, life form, status and economic value, distribution throughout the territory of
Kazakhstan according to floristic zoning, and morphological description of taxa was also collected and
entered.

When compiling the lists, an analysis was carried out of literary sources, materials from existing
field surveys and collections, as well as the composition of the local and server versions of the floristic
databases developed by the MEBS computer program “BD-PLANT-KZ”.

At this time, the preliminary list of plants of the flora of the Mangistau region includes 668 taxa from 4
divisions, 4 classes, 12 subclasses, 25 superorders, 53 orders, 10 suborders, 70 families and 295 genera.

More than half (64.1%) of plants (428) with information available in the database are
representatives of the 8 most numerous families: Asteraceae Dumort. (88), Boraginaceae Juss. (27),
Brassicaceae Burnett (50), Caryophyllaceae Juss. (28), Chenopodiaceae Vent. (97), Fabaceae Lindl.
(55), Poaceae Barnh. (64) and Polygonaceae Juss. (19). Among the genera, Artemisia L. (18 - 2.7%),
Astragalus L. (26 - 3.9%), Atriplex L. (10 - 1.5%), Galium L. (8 - 1.2%) significantly prevail, Salsola L.
(15 - 2.2%) and Tamarix L. (11 - 1.6%).

In total, the flora of the region contains 3 herbaceous and 6 woody life forms of plants. Moreover, the
dry conditions of Mangistau contributed to a significant predominance of perennial (266 species, 39.8%) and
annual (256 - 38.3%) herbaceous plants. Also, due to the aridity of the climate and, primarily, the lack of
precipitation, tree taxa are quite rare in the flora. Trees are represented by only 10 species, shrubs - 53,
subshrubs - 39, shrubs - 10, subshrubs - 6 and vines - only 1 species.

A comparative analysis of the ecological properties of plants showed the presence of 8 groups in
the flora in relation to moisture conditions: ultraxerophytes, xerophytes, xeromesophytes, mesophytes,
mesohygrophytes, hygrophytes, hydrohygrophytes and hydrophytes. It was expected that in the desert
zone of Mangistau the flora would be dominated by taxa of the xerophytic series: xerophytes proper
(298 species - 44.6%) and xeromesophytes (193 - 28.9%). Mesophytes account for 18.1% of the
composition (121 species). There are very few mesohygrophytes (37 - 5.5%), hygrophytes (6 - 0.9%),
hydrohygrophytes (2 - 0.3%) and hydrophytes (5 - 0.7%). At the same time, especially on sandy
massifs, even ultraxerophytes grow in a total of 15 taxa (2.2%).

In general, the flora of the Mangystau region contains 194 ecological groups of plants growing in
476 ecotopes. According to status, there are 3 alien, 4 relict and 40 endemic species.

14 plant species are included in the Red Book of the Republic of Kazakhstan (2014), 40 species
are included in the Catalog of Rare and Endangered Plant Species of the Mangystau Region (Red Book)
(2006). To preserve their populations, it is necessary to carry out a number of activities, the most
important of which are: inclusion in the list of protected species, creation or expansion of the territory of
a protected object, introduction to culture, as well as monitoring and control of the state of populations.

Currently, MEBS is intensively working on preparing a list of flora for placement on the GBIF
platform and developing a web application for the BD-PLANT-KZ computer program, which allows
online entry of information about plants of natural flora from any computer in botanical gardens,
connected to the Internet.
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Session 1. Genetic Resources and Biodiversity Oral Session

ASSESSMENT OF SPECIES COMPOSITION OF FRUIT AND BERRY
PLANTS OF CENTRAL KAZAKHSTAN FLORA

Ishmuratova M.Yu., Madieva A.N., Zhanayeva M.B., Tleukenova S.U.
Karaganda Buketov University, Karaganda, Kazakhstan

E-mail: Margarita.ishmur@mail.ru

The problem of preservation of genetic diversity of fruit and berry plants, its practical introduction into
culture, and use in modern breeding is one of the basic bases for creation of new varieties, forms and hybrids.
The necessity of work on the study of genetic potential of wild fruit and berry plants and creation of gene
pool of new assortment is dictated by the fact that due to climate change, anthropogenic impact on
biocenoses their habitats are sharply decreasing, up to the threat of complete extinction [1]. The research is
conditioned by the need of Kazakhstan to assess the current state of wild fruit and berry plants for solving the
problem of food security, in monitoring for scientifically based conservation measures.

For selection of promising species and nursery establishment, the necessary stage of the research is the
analysis of the full species composition of fruit and berry plants of the local flora.

The complexity of natural reliefs, significant amplitude of temperatures, precipitation and humidity
determined the diversity of vegetation of Karaganda and Ulytau regions (Central Kazakhstan). Thus, in
Central Kazakhstan there are more than 1250 species of vascular plants from 434 genera and 99 families [2].
As the preliminary analysis showed, the studied flora contains a significant number of species of economic
value, including wild fruit plants. This group is represented by 31 species belonging to 14 genera and 7
families.

Dominant number of species belongs to the family Rosaceae: 14 species from 7 genera; the second
place is occupied by the family Grossulariaceae - 4 species from 2 genera; on the third place is the family
Caprifoliaceae: 2 species from 1 genus. The other families are represented by 1 genus and species. Woody-
shrubby plants (21 species) prevail among life forms; and herbaceous plants are represented by only 3
species (Fragaria vesca, Fragaria viridis and Rubus saxatilis). In relation to moisture conditions, species
were divided into mesophytes (21 species: Rubus idaeus, Ribes nigrum, Rubus saxatilis, Berberis sibirica,
Rosa laxa, Lonicera tatarica, etc.) and xerophytes (3 species: Elaeagnus oxycarpa, Nitraria schoberi, Rosa
spinosissima, etc.).

A review of species distribution over the territory shows their unevenness. Most of the species are
confined to the northern, north-western and central parts characterized by higher annual precipitation,
moderate summer temperatures and the presence of coniferous, mixed coniferous forests and numerous shrub
thickets.

Southern, south-western territories are characterized by extremely arid conditions, poor soils and high
summer temperatures. Fruit crops in these habitats are mainly concentrated along river valleys, in the vicinity
of springs. All described species are well adapted to the conditions of Central Kazakhstan and can be used
for introduction into culture as fruit crops.

Based on the analyzed material, areal maps were drawn up and promising localities for the selection of
source material were identified.

The research was carried out within the framework of the program BR21882166 "Scientific and practical
bases of reproduction WILD RELATIVE CULTURAL PLANTS FLORA OF UZBEKISTAN

, conservation, use of fruit and berry plants of natural flora of western, eastern, central and northern
Kazakhstan to ensure food security™ (2023-2025).

References
1 Del Rio Celestino M., Font R. (2020). The health benefits of fruits and vegetables. Foods, 9(3); 369.
https://doi.org/10.3390/foods9030369
2 Ishmuratova M.Yu., Tleukenova S.U. (2009). About vascular plants of Central Kazakhstan flora.
Bulletin of the Karaganda University, 4(56); 9-20.
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WILD RELATIVE CULTURAL PLANTS FLORA OF UZBEKISTAN

Abduraimov O.S., Shomurodov H.F.
Institute of Botany of the Academy of Sciences of the Republic of Uzbekistan
E-mail: ozodbek88@bk.ru

Growing research interest in wild relative cultural plants (WRCP) has highlighted their value for
crop improvement, particularly to mitigate the impact of climate change and contribute to global food
security. As most conservation activities are implemented at national level there is a requirement for
each country to develop and implement a national WRCP conservation strategy.

The Central Asiatisc Region is commonly known as one of the primary centers of origin of
cultivated plants, especially for apricots, cherries, apples, pears, pistachios, almonds, walnuts, and some
vegetables. However, it lacks exact data and information about cultivated plants in this region.

Central Asia is famous as a center of diversity of apples, pears, onion, spinach, carrot, and other
crops. Therefore, Vavilov defined Central Asia as one of the centers of origin of cultivated plants in
different stages.

Uzbekistan is a landlocked, largely mountainous country of Central Asia. Its territory totals
447,400 km?, with the mountains covering ca. 15% of the country. The territory lies between 37°11" and
45°36" of northern latitude and 56° and 73°10’ of eastern longitude, stretching for ca. 1,400 km from
west to east and 925 km from north to south. Uzbekistan shares borders with Kazakhstan, Kyrgyzstan,
Tajikistan, Turkmenistan and Afghanistan.

In spite of all the achievements, an updated checklist of vascular plants of Uzbekistan is still
lacking. Summarizing the published data, we estimate that the number of native species of vascular
plants in the country is no less than 4,300.

In the flora of Uzbekistan, it is very important to study the cultural plant and their current state.
As a result of a literary review and analysis of previous studies, 224 species of WRCP belonging to 106
genera and 28 families were identified in the flora of Uzbekistan.

That the largest number of species falls on the Poaceae family — 63 species, Fabaceae — 32,
Rosaceae — 24. These three families include about 55% of the species of the WRCP of Uzbekistan.

We have analyzed economically valuable groups of plants. Thus, it was determined that among
the WRCP, the largest number refers to forage plants - 130 species, the second position is occupied by
food plants - 59 species, in the third-place honey plants - 34 species. Medicinal plants are represented by
25 species, technical - 11, vitamin - 7, decorative - 6 species.

Thus, 224 species of WRCP from 106 genera and 28 families grow in the flora of Uzbekistan. The
Rosaceae, Poaceae and Fabaceae families are the richest. The genera Poa, Aegilops, Hordeum, Vicia,
Medicago, Prunus, Lathyrus, Allium are characterized by a high species diversity of the WRCP. It
should be noted that the figures given for the composition of wild relatives of cultivated plants of the
flora of Uzbekistan are not yet final.

Further detailed study of the flora of certain regions of the republic should undoubtedly lead to
clarification of the number of genera and species of flora of the republic that have economic value.
Currently, the demand for natural reserves of plants of this species is growing.

The preliminary results show the wide biological diversity of the WRCP flora of Uzbekistan and
the prospects for their widespread use and introduction into culture. In turn, there is no doubt that
comprehensive research on WRCP, an analysis of the current state of natural populations, and the
development of a system of protection and rational use are necessary.

The research was carried out within the framework of the scientific research program
"Assessment of the current state of populations and creation of a living collection of economically
valuable species of wild relatives of cultivated plants of the flora of Uzbekistan™ of the laboratory
"Population Biology and Plant Ecology" of the Institute of Botany of the Academy of Sciences of the
Republic of Uzbekistan.

13



Session 1. Genetic Resources and Biodiversity Oral Session

RESEARCH OF PROMISING SPECIES OF ESSENTIAL OIL PLANTS
OF THE ISSYK-KUL BASIN

Sazykulova G.J., Sodombekov I.S., Ashymbaeva B.A.

Kyrgyz State University named after I. Arabaev, Bishkek, Kyrgyzstan
E-mail: Gulbaira.dj@rambler.ru

The vegetation of the Issyk-Kul depression contains the richest genetic resources of raw
materials of wild essential oil plants, therefore the conservation and sustainable use of promising
species is of extremely important ecological, economic, social and aesthetic importance.

The purpose of our research is to identify and study the most common local wild-growing
promising species of essential oil plants containing essential oils growing in the mountainous areas
of the Issyk-Kul depression.

Hundreds of species of medicinal and essential oil plants are considered promising, of which
not all species have been studied, and the species indicated in the work, found in the natural
conditions of the Issyk-Kul depression, have already been included in the State Pharmacopoeia.
Based on an analysis of literary sources and data from our studies of essential oil plants, the
essential oil content was identified and the place where this species grows was given.

Currently, due to the return to natural medicines, interest in medicinal plants in general and
those containing essential oils (EOs) in particular has increased. In addition to the traditional use of
essential oil plants in perfume production and the food industry, they are increasingly used as
medicines.

Of the total number of species of flora of Kyrgyzstan, essential oil plants make up (9.9%, by
the number of genera - 20.6%, by the number of families - 41.6%).

The largest number of genera is represented in the families: Apiaceae - 22.2% (of the total
number of genera), Lamiaceae and Asteraceae, 12.9 and 13.4%, respectively, Rosaceae - 8.8%. The
following families are distinguished by the number of species: Apiaceae and Liliaceae - 20.1%
each, Asteraceae - 13.9%, Lamiaceae - 9.8%.

Wild essential oil plants are distributed unevenly across the biogeographical regions of
Kyrgyzstan. There are about 130-132 species in the Issyk-Kul basin.

As a result of the research, innovative technologies for propagation and cultivation of
valuable medicinal and essential oil plants will be proposed for introduction into production and
sale to the population. Work will be carried out to determine the bactericidal properties of essential
oils and determine the category of pharmacopoeial, traditional and promising essential oil plants of
this region.
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Dilarom Tajetdinova
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Since 2021, the work program in the laboratory of the "Flora Uzbekistan" in the Botany
institute of the Academy of Sciences of the Republic of Uzbekistan has included grid mapping of
the Western Hissar, Hissar-Darvaz and Panj districts in Mountainous Central Asian province.

The Kuhitang botanical-geographical region includes the Kuhitang ridge and its northeastern
spur — the Susyztau mountain, as well as the southern slope of the Tyubere-Oland mountain. It
borders the Surkhan-Sherabad and Tarkapchigay region of the Western Hissar district, the western
part of the district is located on the territory of the Republic of Turkmenistan.

The territory of the Kuhitang botanical-geographical region was divided in the GIS
environment into 130 indexes with dimensions 5x5 km.

According to the results obtained, 1162 herbarium specimens belonging to 101 species of the
family of Poaceae were collected in 113 indexes, mainly in the North-East of the Uzbekistan part of
the Kuhitang ridge.

Mostly, on the territory of the Kuhitang botanical-geographical region, the species richness of
representatives of the Poaceae family is low (1-9 species) in eighty-seven indixes. There are only
twenty indexes with average abundance of species (10-19), and six indexes with high abundance
(23-29 species). Basically, the indexes with high and medium species richness correspond to the
desert part of the area.

The maximum collection density of Poaceae was 43 collections for index W193, which
corresponds to the index with maximum species richness.

Analysis of the georeferencing of herbarium specimens shows that most of the field research
was carried out in the piedmont plain and foothill zone, therefore the maximum number of species
and herbarium collections per index falls on these plain zones. The attention to the composition of
the flora of the piedmont plain and foothills, as well as to the flora of anthropogenic landscapes,
was very low.

Available specimens of Poaceae, mainly belong to polymorphic genera or rare species of the
flora of the region. In this regard, the grid mapping of the flora of the Kupitang botanical-
geographical region has important scientific and practical significance in identifying the features of
the spatial distribution of the flora species of Uzbekistan.
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The collection fund of floral and ornamental plants of the cultural flora includes 915 taxa -
species, subspecies, variety, form, variety. The introduced material came in the form of live plants,
bulbs, tubers and seeds from botanical institutions of the former USSR and other countries, and was
also imported during expedition trips. Individual taxa entered the collection as a gift from private
collections and were purchased at garden centers. The seeds were received through the international
exchange fund and collected in nature.

When reconciling the names of varieties and matching the names of taxa, the following
sources were used: Ornamental herbaceous plants for the open ground of the USSR, Vascular plants
of Russia and neighboring countries

Catalog of floral and decorative herbaceous plants of the botanical gardens of the CIS and
Baltic countries, Varieties of hybrid garden iris of foreign selection grown in the USSR, as well as
Online resources: http://www.daffseek.org , http://www.daylilies.org , http://www.flower-iris.ru and
others.

To review the results of the introduction tests in East Kazakhstan, an analysis of the
assortment of floral and ornamental plants recommended for green construction in the East
Kazakhstan region was carried out. The assortment under consideration is based on the results of
direct introduction tests.

The seasonal rhythms of the development of introducents were studied according to the
generally accepted Methodology of phenological observations in botanical gardens, the success of
intoreduction was according to the methodology of V.V. Bakanova, the decorative effect of
introducents was evaluated on a scale given by V.N. Bylov and R.A. Karpisonova.

Based on a number of indicators (winter hardiness, generative development, vegetative
reproduction, resistance to diseases and pests, preservation of habitus), an integral assessment of the
success of the introduction of floral and decorative perennials is given. There are 6 classes of
prospects: the most promising, promising, less promising, unpromising, unpromising, unsuitable. A
comprehensive assessment of perennials is carried out on a three-point scale proposed by Bylov,
Karpisonova

The collection of floral and decorative perennials of the informational and cultural flora of the
Altai Botanical Garden includes 915 taxa from 102 genera, which belong to 38 families.

The article was written within the framework of the scientific and technical program IRN
BR 21882166 "Scientific and practical foundations of reproduction, conservation, use of fruit and
berry plants of the natural flora of Western, Eastern, Central and Northern Kazakhstan to ensure
food security™ with the financial support of the Science Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan for 2023-2025.
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Shevtsov V.A., Nazarec N.A.
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The importance of developing an electronic herbarium for rare and endangered plant species
in the light of preserving the ecological balance and biodiversity is indisputable. In today's context,
where plants are threatened by human actions, climate change and other factors, information on
these species is often unavailable or incomplete, making it difficult to effectively manage their
conservation.

The development of an electronic herbarium will systematize and centralize information on
rare and endangered plant species, providing easy access for the scientific community,
conservationists and decision-makers. Herbarium records, which are an important source of data on
the distribution and condition of plants, will be available in electronic format, which will greatly
facilitate their use in research, monitoring and conservation planning.

The advantages of an electronic herbarium include easy access to information, the ability to
quickly update and disseminate data. This will make information about rare and endangered plant
species more relevant and useful for nature conservation, as well as for the development of
systematic approaches to their conservation.

Thus, the creation of an electronic herbarium represents an important step in ensuring the
effective management of rare and endangered plant species, providing the necessary information for
the development and implementation of nature conservation and biodiversity conservation
programs.

As part of our research, an extensive database of rare and endangered plant species was
developed. The database contains information on the distribution, characteristics and conservation
status of various plants, including information on habitats, threat levels, population sizes and other
relevant data.

To create this database, we used herbarium records, literature sources, field research results,
and other available data sources. An important aspect of the development of the database was its
structuring and organization to provide convenient access and analysis of information for
researchers, conservationists and other stakeholders.

17



Session 1. Genetic Resources and Biodiversity Oral Session

PROTECTED AREAS OF UZBEKISTAN AND CONSERVATION OF PLANT
BIODIVERSITY

Beshko N.Yu.

Institute of Botany, Academy of Sciences of the Republic of Uzbekistan

E-mail: natalia beshko@mail.ru

The Republic of Uzbekistan is a home to a rich plant biodiversity with a large number of endangered species,
endemics, relicts and crop wild relatives. Currently, more than 4380 species of vascular plants are recorded in the
wild. Globally threatened (CR, EN and VU categories of the IUCN Red List) are 27 representatives of the flora of
Uzbekistan; 314 species (7.1% of flora) are listed in the national Red Data Book, among them, 15 species are
assessed as probably extinct, 98 critically endangered, 130 endangered, and 71 vulnerable. The leading families and
genera are Asteraceae (Cousinia s.l., Jurinea, Artemisia, Taraxacum), Fabaceae (Astragalus, Oxytropis,
Hedysarum), Poaceae (Bromus, Elymus, Poa, Stipa), Brassicaceae (Draba, Parrya, Strigosella), Apiaceae (Ferula,
Seseli), Lamiaceae (Nepeta, Phlomoides, Salvia, Scutellaria), Rosaceae (Potentilla, Rosa), Caryophyllaceae (Silene),
Boraginaceae (Lappula), Ranunculaceae (Ranunculus), Amaranthaceae (Salsola s.l., Climacoptera, Suaeda),
Amaryllidaceae (Allium), Liliaceae (Gagea, Tulipa), Iridaceae (lris), Asphodelaceae (Eremurus), Polygonaceae
(Calligonum, Polygonum), Plumbaginaceae (Acantholimon), etc.. In terms of biogeography, Uzbekistan belongs to
the Mountain Central Asian and Turan floristic provinces of Iran-Turanian region of Ancient Mediterranean
subkingdom of the Holarctic Kingdom; the mountains of Uzbekistan are divided into 8 floristic districts, and the
deserts are divided into 8 floristic districts. There are five main types of natural ecosystems: deserts and semi-deserts;
foothills and lowlands; mountains; river and coastal ecosystems; wetlands. Modified habitats occupy about 20% of
territory. Uzbekistan.

The first nature reserve in Uzbekistan and one of the oldest protected areas in Central Asia, Zaamin State
Nature Reserve, was established in 1928 under the name "Guralash Reserve™ in the western part of the Turkestan
Range for the conservation of mountain juniper forests and initially covered 8000 hectares (its current area is
26 840 ha). The next protected area, Chatkal State Reserve, was created in 1947 in the western part of the Chatkal
Range under the name “Mountain-Forest Reserve”, and it was designated a UNESCO biosphere reserve in 1986.
This nature reserve was established to protect the unique landscapes, flora and fauna of the Western Tien Shan. At
the present, ecosystems and outstanding biodiversity of Uzbekistan are protected in 8 state nature reserves
(protected areas of IUCN category la), 1 landscape wildlife sanctuary (category Ib), 13 national parks (IUCN
category 1), 11 state nature monuments (category IlI), 12 wildlife sanctuaries and 1 wildlife nursery (category
IV), and in 2 state biosphere reserves (a special category of protected areas). In total, protected areas of IUCN
categories -1V occupy almost 6 min. hectares (13.3% of the country) and cover all types of ecosystems and
landscapes of Uzbekistan. Nature reserves, national parks and biosphere reserves provide in-situ protection for
195 plant species listed in the Red Data Book of Uzbekistan (61.2 %).

The flora of mountain reserves and national parks of Uzbekistan is significantly richest than the flora
of protected areas situated in the desert zone. The Ugam-Chatkal National Park (506 941 hectares) situated in
the mountainous part of Tashkent Region ranks first in the number of flora species (1724 species, 54 of them
are red-listed at the national level). The second position occupy the flora of Hissar Nature Reserve (78 986
ha) situated in highlands of the Hissar Range, which counts 1298 species (34 red-listed). Actually, the flora
of Zaamin Nature Reserve includes 1192 species, 1118 species are reported for the Ugam-Chatkal biosphere
reserve established in 2018, 877 plant species grow in the Kitab National Park, 848 species of vascular plants
are found in Nuratau Nature Reserve, 774 in Chatkal Nature Reserve and 718 in Surkhan Nature Reserve.
Following numbers of plant species are recorded for protected areas of the desert zone of Uzbekistan: 378
species in Khorezm National Park, 235 species in Kyzylkum Nature Reserve. The flora of some protected
areas is still poorly studied, especially recently established nature reserves and national parks, as Tupalang,
Babatag, Pap, Central Kyzylkum and Southern Ustyurt national parks or Aktau-Tamdy nature reserve. In this
connection, the revised National Strategy and Action Plan on the Biodiversity targeted to complete inventory
of biodiversity of all protected areas of Uzbekistan.
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GENETIC DIVESITY OF WILD PLANT SPECIES OF KAZAKHSTAN

Abugalieva S., Almerekova Sh., Yermagambetova M., Turuspekov Y.
Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan

E-mail: absaule@yahoo.com

Kazakhstan is the ninth-largest country in the world and it is home to more than 6,000 of
vascular plant species. The country’s territory was divided into 29 main floristic regions, each
having specific natural conditions with own composition of species and natural populations.
Floristic regions with a high number of endemic species are located in mountainous regions of the
south, south-east, and east of Kazakhstan, Karatau, West Tian Shan, Zailiskiy and Dhungar Alatau.
Every mountain chain is characterizing by a specific representation of endemic species from
different floristic families and genus of vascular plants. Flora of Kazakhstan is specific and unique
in its own way, including by composition and area of distribution of wildly growing populations.

In the framework of the Program 0237/PTF «Genetic diversity and preservation of genetic
resources of endemic, rare and industrially important plants in the Republic of Kazakhstany», 841
populations of 502 endemic, rare, endangered and wildly valuable plant species were collected in 6
State National Reserves and 9 State National Nature Parks in the Eastern, Central, Northern,
Western, Southeast, and Southern Kazakhstan. The program combined the efforts of botanists,
geneticists, biotechnologists from Botanical gardens, universities, specially protected areas
(reserves and parks). The main goal was to study genetic diversity of endemic, rare, and
economically important plant species from different regions of the country, with the focus on
National State Reserves and National Nature Parks of Kazakhstan, and other territories in different
floristic regions.

Samples from 818 populations of 502 species (214 genus, 75 family) were collected. For each
collected species, a reference herbarium was compiled in duplicate. Plant samples of 841
populations of 502 species were used to isolate and purify DNA. Three DNA markers of nuclear
and chloroplast genomes were selected for DNA barcoding of flora species - ITS, matK and rbcL.
The nucleotide sequences were deposited into the NCBI database.

DNA barcoding markers can be successfully used (1) in taxonomy of plant species and (2)
correct identification of medicinal plants.

The first steps have been taken to digitalize data on molecular genetic and botanical
documentation of the wild flora of Kazakhstan.

Several studies on genetic diversity of wild plant species from different genera were
conducted.

The research was conducted in the framework of the grants AP14870612, AP14869593
(2022-2024), AP09259027 (2021-2023), AP05131621 (2018-2020), Program 0237/PTF-14 (2015-
2017) supported by the Ministry of Sciences and Higher Education of the Republic of Kazakhstan.
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SEQUENCES OF TULIPA L. (LILIACEAE JUSS.) SPECIES FROM
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Almerekova S.!, Yermagambetova M.%, Ivaschenko A.A.2, Turuspekov Y.%,
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Tulipa L. known as economically important genus in the family Liliaceae Juss. and comprises
ca. 150 wild species all over the world (Veldkamp and Zonneveld, 2012). The Tian Shan and
Pamir-Alay Mountain ranges in Central Asia are recognized as principal centers for Tulipa species
diversity (Botschantzeva, 1962), hosting around 80 species (Tojibaev and Beshko, 2014).
Specifically, Kazakhstan hosts 42 Tulipa species (Ivashchenko, 2019), with 18 among them listed in
the Red Book of Kazakhstan (2014). Tulips pose taxonomic challenges that cannot be sufficiently
resolved solely through morphological analysis or by relying on a limited set of genetic markers.

This study focuses on evaluating the complete plastid sequences of Tulipa species collected in
Kazakhstan. Previously published plastomes were retrieved from GenBank for comparison and
phylogenetic analysis. Within the Tulipa plastomes, a total of 136 genes were annotated, with 113
being unique. Among these unique genes, 79 were protein-coding, 30 were transfer RNA, and four
were ribosomal RNA genes. Simple sequence repeats, tandem, forward, palindromic, reverse, and
complementary repeats were identified in the studied Tulipa plastomes. Regions exhibiting
relatively high polymorphism were identified, which may potentially serve as DNA barcoding
markers for the genus. The data obtained from Tulipa plastome sequences could important for
future phylogenetic studies of the Tulipa genus based on plastid genomes.

This research has been funded by the Science Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan (Grant No. AP14870612).

References:

Veldkamp J.F., Zonneveld B.J.M., The infrageneric nomenclature of Tulipa (Liliaceae), Plant
Syst. Evol. 268 (2012) 87-92.

Botschantzeva Z.P., Tulips: taxonomy, morphology, cytology, phytogeography, and
physiology, Rotterdam: Balkema, Crc Press (1962).

Tojibaev K., Beshko N., Reassessment of diversity and analysis of distribution in Tulipa
(Liliaceae) in Uzbekistan, Nord. J. Bot. 33(3) (2014) 324-334. doi:10.1111/njb.00616

Ivashchenko A.A., O.V. Belyalov, Kazakhstan is the birthplace of tulips, Almaty: Atamura
(2019) 368.

The Red Book of Kazakhstan. Plants. Re-edition, completed and revised, Astana 2 (1) (2014)
446.

20



Session 1. Genetic Resources and Biodiversity Oral Session

ENDEMIC SPECIES OF FLORA OF UZBEKISTAN
Turginov O.T.

Institute of Botany, Academy of Sciences of the Republic of Uzbekistan, Tashkent, Uzbekistan,
National University of Uzbekistan named after Mirzo Ulugbek, Tashkent, Uzbekistan

E-mail: orzimat@mail.ru

Uzbekistan shares borders with Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan and
Afghanistan. The country's altitudes vary between 12 and 4643 m above sea level. Lowlands
occupy northern, western, and central parts of the country and are largely deserted, except for the
depressions of Ferghana, Zeravshan, and Surkhon-Sherobod with mild climatic conditions, which
are mostly turned into arable lands. The main mountain systems in Uzbekistan include the Western
Tien Shan and the Pamir-Aloy, which are small parts of their territory, and most of the larger
mountain ranges they share with neighboring countries. The region of the plain corresponds to the
desert Kyzyl-Kum.

The flora of Uzbekistan has a long history of studies, perhaps the strongest in Central Asia.
After a period of the first plant descriptions from the area (1840-1920), published mainly by
botanists affiliated with the Russian Academy of Sciences in St. Petersburg based on materials
collected in the course of the Russian colonization of Central Asia, and culminated in the first
synopsis of the flora of Central Asia, the first university in Central Asia was established in Tashkent
in 1920.

The old Flora of Uzbekistan (Kudryashev 1941, Vvedensky 1953-1962) provided the first
detailed treatment of vascular plants of Uzbekistan, largely following but sometimes (as for part of
the Asteraceae) being ahead of the Flora of the USSR. When completed, this Flora included
treatments of 3,663 native species. Despite all the progress, there is still no updated checklist of
vascular plants in Uzbekistan. Summarizing the published data, we estimate that the number of
local species of vascular plants in the country is more than 4400.

Flora of Uzbekistan has many endemic, threatened, and globally important species. In the
endemic species flora of Uzbekistan, 32 families belonging to 101 genera have the status of 313
endemics (these numbers are not free from changes, there are ined species). Endemics make up
7.25% of the entire flora of Uzbekistan. Among them, dicots (Eudicotyledons) consist of 251species
belonging to 25 families and 91 genera (80.65%), and monocots (Monocotyledons) consist of 62
species (19.35%) belonging to 7 families and 10 genera. The overall ratio of monocots to dicots is
1:4.16. Endemics of Uzbekistan have 1 to 60 species in families, an average of 9.75 species per
family. The total ratio of endemics is 1:3.18:9.75. The taxonomic structure of endemic species was
analyzed and it was found that they are predominantly represented by Asteraceae, Fabaceae,
Lamiaceae, Apiaceae, Liliaceae, Amaryllidaceae, and genera such as Astragalus L., Cousinia Cass.,
Allium L., Gagea Salisb., Oxytropis DC., Phlomoides Moench, Silene L., Iris L., and Hedysarum L.
These genera are considered polymorphic for the mountainous regions of Central Asia, which
explains the high diversity of species in these families. This diversity is due to the process of
species formation in mountainous Central Asia, particularly in the mountain and foothills regions of
Uzbekistan.

Life form was based on the classification developed by S.Raunkiaer (1934). Accordingly, the
endemics of Uzbekistan consist of 41 therophytes, 73 cryptophytes, 155 hemicryptophytes, 41
chamaephytes, and 6 phanerophytes. Among endemic species, hemicryptophytes (155 species)
dominate in number, which is recognized as one of the features characteristic of mountainous
Central Asia. Extensive research is ongoing.
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Juniperus seravschanica Kom., a species widespread in the mountainous regions from
Central Asia to Oman, plays a crucial role in developing shrub-forest formations and stabilizing and
draining soils at various elevations. Understanding the genetic variability and the structure of its
populations is fundamental for evaluating the current condition of J. seravschanica's resources,
which is vital for devising future preservation strategies. This study involved collecting samples
from 15 different populations of J. seravschanica across the mountainous terrains of Uzbekistan,
Kyrgyzstan, and Kazakhstan. An assessment of these populations' genetic diversity and structure
was conducted using 11 polymorphic simple sequence repeat (SSR) markers. Several genetic
diversity indicators were measured, such as the total number of alleles, the effective number of
alleles, Shannon’s information index, the proportion of polymorphic sites, Nei’s genetic diversity
index, and principal coordinate analysis. From the study of the 15 populations using these 11 SSR
markers, 35 alleles were identified. The average polymorphic information content (PIC) value was
0.432, with the highest marker (JT_40) showing a value of 0.662. Nei’s genetic diversity index
across the populations was 0.450, with a range from 0.407 (in population 14) to 0.566 (in
population 4). The analysis of molecular variance (AMOVA) indicated that 90.3% of the genetic
variation exists within populations. The gene flow among all populations was calculated to be
4.654. The analysis of population structure showed limited clustering, corroborating the AMOVA
findings. The results from this research are instrumental in supporting the conservation efforts for J.
seravschanica throughout Central Asia.

This research was funded by the Science Committee of the Ministry of Science and Higher
Education of the Republic of Kazakhstan (Grant No. AP09259027).
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The problem of studying, conserving, and sustainably utilizing biodiversity remains relevant
amid anthropogenic stresses and global environmental changes. The genus Betula, or birch, plays a
significant role in the ecosystem of the Kazakh Altai, exerting a notable influence on the natural
environment and human activities in the region. Birches are essential components of forest
ecosystems, contributing to biodiversity conservation and soil enrichment with organic substances.
One of the methods for studying biodiversity and genetic identification is DNA barcoding.
Recently, this method has been considered one of the most useful and objective "tools" for species
identification based on the diversity of sequences of nuclear and chloroplast genome marker genes.
Numerous studies highlight the high efficiency of using large subunits of RuBisCo (rbcL) combined
with the intron matK as markers, as well as nuclear genome markers - ribosomal internal
transcribed spacers (ITS). These are the most extensively characterized and rapidly evolving genes,
with their resolving power being sufficiently high when used together.

This study was conducted to determine the genetic diversity and establish relationships
between different birch species found in the territory of the Kazakh Altai.

The study focused on herbarium specimens of 8 Betula species: Betula: B. glandulosa, B.
humilis, B. pendula, B. pubescens, B. rotundifolia, B. rezniczenkoana, B. tianschanicau B.
microphylla, collected in the territory of the Kazakh Altai. Botanical identification of the species
was conducted by specialists from the RSE "Altai Botanical Garden".

After analyzing the GenBank data using the BLAST algorithm, it was found that the ITS
markers were the most effective: in all cases, the consensus marker sequences of the species
matched those in the NCBI database with 98-100% identity. However, for other markers, such as
rbcL for species B. rezniczenkoana and B. tianschanica, as well as matK for B. microphylla, the
identity scores were lower. It is worth noting that there are no relevant marker sequences for B.
rezniczenkoana in the international NCBI database, and only ITS sequences are available for B.
humilis.

The comparative analysis of sequenced marker gene sequences revealed different frequencies
of nucleotide occurrence, emphasizing the genetic variability among Betula species. The observed
differences in nucleotide frequencies between species indicate their genetic diversity and adaptive
strategies. For example, species such as B. pendula and B. pubescens are characterized by a high
adenine (A) content, while other species, such as B. humilis and B. microphylla, demonstrate a
predominance of thymine (T) and cytosine (C). These differences may be associated with the
characteristics of their ecological niche and historical factors.

It is interesting to note that the average (G+C) content for all studied species was 43.7%,
which corresponds to expected values for this taxonomic group of plants and indicates the
preservation of a certain degree of genetic conservatism among birch species in this region.

The obtained results expand our understanding of the genetic architecture and evolutionary
relationships within Betula L. species. Such efforts are crucial for effective conservation strategies
and sustainable management of Betula species in the face of environmental challenges.
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The phenotyping of pathogens is an important prerequisite for the evaluation of genetic
resources and the provision of resistant genotypes for subsequent fruit breeding. However,
phenotyping is still mainly done manually and therefore the bottleneck in fruit breeding.

To increase the efficiency of phenotyping, two high-throughput digital phenotyping methods,
one for use in the laboratory and the other for use in the field. Both methods are based on an object
recognition approach that recognizes disease symptoms in RGB images using apple blotch
(Diplocarpon coronariae) and European pear rust (Gymnosporangium sabinae) as model
pathogens.

The apple blotch resistance test is carried out in the laboratory and is based on the appearance
of black spots on detached leaves after artificial inoculation with D. coronariae. Resistance to pear
rust is assessed directly in the field by observing the conspicuous yellow-orange symptoms on the
tree.

For model training, an image dataset with apple blotch symptoms was recorded in the
laboratory using a handheld camera. For pear rust symptoms an image dataset was recorded in the
field using a UAV camera.

After annotating the respective symptoms with the Computer Vision Annotation Tool
(CVAT), annotated image datasets were used to train a YOLOV5 algorithm. As a result, we created
a model for digital detection with a symptom prediction accuracy of 95% for apple blotch and 81 %
for pear rust. The precise localization of pear rust symptoms within the orchard is made possible by
a novel photogrammetry approach on georeferenced image data.

In the future, these two approaches can be used for high-throughput digital phenotyping to
evaluate genetic resources in the laboratory and in the field.
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In recent decades, cryobiotechnologies such as cryopreservation and cryotherapy have found
wide practical application in agriculture, crop production and conservation of biological diversity.
Cryopreservation has proven effective in long-term preservation of plant genetic resources at ultra-
low temperatures. Cryotherapy is implemented to eliminate phytopathogens (viruses, viroids and
phytoplasma) and produce healthy plant material.

In Kazakhstan, research on plant cryopreservation began in 2002 at the Institute of Plant
Biology and Biotechnology. To date, the Laboratory of Germplasm Cryopreservation has developed
cryobiotechnologies for use in the following areas:

- to preserve the biodiversity of rare and endangered species of Kazakhstan flora in in vitro
culture and in a cryogenic bank;

- to preserve germplasm of valuable agricultural crops, including foreign and local varieties
and hybrids;

- for eliminating viruses and obtaining virus-free plant material for various clonally
propagated crops.

Micropropagation and cryopreservation protocols have been developed for a wide range of
valuable food crops such as apple, pear, apricot, raspberry, blackcurrant, barberry, honeysuckle,
cherry, potato, hazelnut, and walnut. Plant material from fruit and berry native populations have
been cryopreserved using seeds, from nut populations using excised embryonic axes.
Cryopreservation of shoot tip isolated from in vitro-grown plants has been used as another option
for clonal germplasm conservation (selected wild forms, varieties, and hybrids). Cryotherapy
protocols in combination with chemotherapy and thermotherapy for eradication of viruses from
apple, raspberry and potato in vitro plants have been developed. The cryogenic bank at -196°C for
preservation of valuable plant germplasm has been established in Kazakhstan. It consists of 1240
accessions of wild forms and varieties of Malus, Pyrus, Rubus, Ribes, Lonicera, and Berberis.
Some of the most valuable accessions in the cryogenic bank are rare wild species listed in the Red
Book of Kazakhstan: relict endemic species Malus sieversii, whose populations are decreasing;
endemic threatened species Berberis iliensis and Lonicera iliensis, and rare threatened species
Coryllus avellana.

Cryobiotechnologies, in addition to conventional methods of preserving biodiversity in
botanical gardens and field gene banks, have great potential for ex situ conservation of plant
germplasm.

This research was funded by the Science Committee of the Ministry of Science and Higher
Education of the Kazakhstan Republic, Grant # AP19676481.
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The instability of climatic conditions and ecological situation in the world indicates the need
to create a reliable doublet for preservation of genetic resources of vegetatively propagated crop
collections in a viable state by cryopreservation in liquid nitrogen or its vapors. Studies carried out
at the turn of XX-XXI centuries on cryopreservation of fruit and berry plants showed the possibility
of preserving plant material in the form of separate parts - vegetative cuttings, buds, pollen and
apices of microshoots (Sakai, Noshiro, 1975; Tumanov, 1979; Forsline et al, 1998; Barbara B.M.
Reed,2008; Pavlov et al., 2019; Tikhonova, 2020; Verzhuk, Erastenkova, Khokhlenko, Agakhanov,
Kislin, Ukhatova, 2022; Verzhuk, Eremin et al., 2023). Cryopreservation of pollen viability has
practical application in breeding and biotechnological programs according to the following criteria:
1. year-round provision and exchange of genetic material inside and outside the country; 2.
minimizing the loss of valuable specimens; 3. reducing material costs of maintaining plant
resources.

The study and evaluation of pollen viability of peach and nectarine pollen after exposure to
ultra-low temperatures of liquid nitrogen (-196°C) were carried out on seven peach varieties: Red
PF Big George, Golden Jubilee, Peach of the Peace, Vesna, Lel’, Cio-Cio-San, Mao-Tha-Or and
two nectarine varieties: Orion and Obilny. Pollen collection was carried out in 2022, during the
flowering period of the varieties in the collection garden of the branch of the Crimean Experimental
Breeding Station of VIR. Pollen was extracted from unopened buds, dried, placed in cryotubes and
the initial viability of the samples was determined by germination. Pollen of the samples was
germinated in Petri dishes on nutrient medium containing 10% sucrose and 0.8% agar-agar. Dry
pollen was frozen by vitrification — direct immersion of cryotubes with pollen in liquid nitrogen.
Incubation in nitrogen was 1 year. After extraction from cryotanks, pollen was thawed at room
temperature +18 — +20°C, germinated and post-cryogenic assessment of its viability was performed.

At the end of the research the following results were obtained: the initial pollen viability of
the studied varieties ranged from 10.79% to 75.56%, after a year of storage in nitrogen - from
5.08% to 56.3%. Mao-Tha-Or peach variety showed the highest pollen viability at ultralow
temperatures (56.3%). The lowest viability was found in peach variety Lel (5.08%). After storage in
nitrogen, most peach and nectarine accessions showed a slight decrease in viability, on average by
8.0%. However, an increase in pollen viability by 24.64% was observed in the variety Cio-Cio-San.
Assessment of the adaptive potential of peach and nectarine pollen allows us to conclude that pollen
of the studied stone fruit crops tolerates well the impact of ultralow temperatures of liquid nitrogen
and its vapors (-196-185°C).
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Hawthorn (Crataegus spp.), a popular plant species belonging to the Rosaceae family and
Maloideae sub-family, is found worldwide, comprising approximately 280 species.

The studies on hawthorn development, which clarify the evolution of its nutritional content
and beneficial properties, align with the broader interest in exploring wild plant species for their
potential pharmacological effects.

Understanding the biochemical processes of hawthorn species not only offers insights into
their nutritional value but also illuminates their potential therapeutic benefits against diseases. The
specific compounds and metabolites identified in connection with fruit maturation highlight the
complex nature of hawthorn's bioactive profile.

A series of studies effectively validated the anti-cancer properties of Crataegus species extract
through multiple approaches. This comprehensive investigation strengthens the evidence
confirming the plant's effectiveness as a natural anti-cancer agent. Furthermore, it highlights the
importance of conserving high biodiversity due to its role in preserving the genetic diversity of
plant species, which may harbor novel bioactive compounds. Thus, the conservation of diverse
ecosystems becomes not only an ecological but also a crucial aspect of pharmacology.

Assessing genetic diversity and identifying plant species is crucial for promptly conserving
endangered valuable plant genera. DNA barcoding serves as an efficient tool for species
identification. Numerous studies have demonstrated that the ITS region shows genetic variations,
making it valuable for classification. Additionally, matK and rbcL, have been recognized for their
ability to differentiate genera.

The objective of this study was the molecular identification of valuable plant species and
optimization of micropropagation protocol for the conservation and maintenance of the genetic
diversity of hawthorn.

Scientific literature is specifically lacking on the micropropagation of Crataegus sanguinea
even the plant has a wide specter of applications. The choice of nutrient medium and hormone
concentration for proliferation is genotype-specific. This process might be influenced by secondary
metabolites that are produced by plants with pharmaceutical properties. It is important to customize
the micropropagation protocols, including the selection of nutrient medium and hormone
concentrations, based on the specific genotype to achieve optimal results. In the experiment, we
identified an effective hormone concentration for promoting shoot proliferation and growth in tissue
culture. In conclusion, the identified and evaluated genetic diversity of plants using molecular
markers supports the conservation of genetic resources of valuable species in Kazakhstan. Uniquely
identified species used as medicines help prevent their misuse. Micropropagation of wild plants has
potential perspectives in ecosystem restoration and biodiversity conservation, discovering the
diverse benefits that these plants offer to society.

The research is conducted in the framework of the program BR21882166 with financial

support from the Ministry of Science and Higher Education of the Republic of Kazakhstan
(duration: 2023-2025).
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Malus orientalis (Uglitz.) is the predominant Malus species of the Caucasian forests,
distributed in the north of Anatolia, Armenia, Russia as well as in Iran. It is considered as one of the
probable minor ancestors of domestic apples. Although Malus orientalis has a lower diversity of
fruit quality, other valuable traits such as later blooming, adaptation to a wider array of habitats, and
capacity for longer storage of the apples should be taken into account for improving the genetic
makeup of the domestic apple.

Joint expeditions of scientists of the Julius Kiihn-Institute (JKI) from Germany, the Nikolaj I.
Vavilov Research Institute of Plant Industry from Russia, the Department at Scientific-Research
Center of Agriculture from Georgia, and the Azerbaijan National Academy of Sciences, Genetic
Resources Institute from Azerbaijan were conducted in the North and South Caucasus regions
during August/ September 2011, 2012 and 2014. Altogether, the collection material included seed
samples from 249 mother trees of Malus orientalis, as well as seed samples from 26 mother trees of
Pyrus caucasica and stones from 10 trees of Prunus ceracifera.

Currently, 1,165 seedlings of Malus orientalis, 55 Pyrus caucasica and 47 seedlings of
Prunus ceracifera are available for characterisation and evaluation in the JKI orchard. The aim of
the research project is the comprehensive characterization and evaluation of fruit genetic resources
collected during three Caucasus expeditions. The assessment of morphological and fruit-growing
relevant traits, as well as the evaluation of susceptibility to diseases occurring in the field on leaves
and fruits, will be carried out with the seedling material. After field evaluation, testing of the
material evaluated as robust will be conducted using artificial tests in the laboratory and
greenhouse. Additionally, since the trees are not sprayed with pesticides, the material will be used
to establish a digital phenotyping by unmanned aerial vehicle to determine apple scab symptoms.
Based on the phenotypic and genetic data obtained, a core collection will be derived, especially for
Malus orientalis. After project completion, the selected genotypes will be transferred to the
permanent collections of the fruit gene bank to be available for future work in breeding research and
breeding. The first results will be presented in the presentation.

28



Session 1. Genetic Resources and Biodiversity Oral Session

THE STUDY OF THE CURRENT STATUS OF VASCULAR PLANTS
DIVERSITY IN THE KOSTANAY REGION

Kakimzhanova A.*, Nurtaza A.*, Zhanybekova Zh., Perezhogin Yu.V.?,
Borodulina O.V.2, Mukhtubayeva S.K. *, Koblanova S.A. %, Abileva G.A.%, Kurlov S.1.2

! National Center for Biotechnology, Astana, Kazakhstan
2 Akhmet Baitursynuly Kostanay Regional University, Kostanay, Kazakhstan
3 Astana Botanical Garden, Astana, Kazakhstan

E-mail: kakimzhanova@biocenter.kz

Plant identification traditionally relied on morphology that could be observed visually.
However, over the past decade, DNA barcoding of plants has emerged as a cutting-edge scientific
tool, commonly employed for species identification and taxonomic purposes. This approach has
demonstrated high efficacy in plant species identification through the analysis of short DNA
sequences from particular genome regions. DNA barcoding typically involves the utilization of both
plastid DNA, which includes regions such as rbcL, matK, trnL, and trnH-psbA, as well as nuclear
DNA, comprising regions ITS and ITS2. The Consortium for the Barcode of Life (CBOL)
advocates for the use of rbcL and matK regions as the standard two-locus barcode for global plant
databases due to their ability to differentiate species. DNA material for barcoding purposes can be
extracted from fresh plant material as well as herbarium specimens.

By employing a combination of modern and classical botanical methods, molecular genetics,
and bioinformatics, we analyzed the species diversity of vascular plants in the Kostanay Region.
Subsequently, routes were carefully developed to ensure comprehensive coverage of the study
areas, facilitating field expeditions aimed at studying the species diversity of the regional flora and
collecting samples across various vegetative stages.

We utilized both herbarium specimens and fresh plant material to extract genomic DNA using
various DNA extraction protocols. The DNA collection contains 250 plant samples. We employed
commonly accepted gene regions, including matK, rbcL, and ITS, as markers for DNA barcoding to
identify species of higher vascular and spore-bearing plants. In total, 70 species were sequenced and
190 sequences were deposited to NCBI across the three markers.

Therefore, utilizing three distinct DNA barcoding regions (ITS, matK and rbcL) facilitated the
identification of species for studying the current status of plant diversity in the Kostanay region.

The research is conducted in the framework of the program BR18574125 with financial
support from the Ministry of Science and Higher Education of the Republic of Kazakhstan
(duration: 2023-2024).
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The purpose of this research is to develop a biotechnology for preserving in vitro and in a
cryogenic bank germplasm of rare, endangered plant of the Rosaceae species; listed in the Red Book of
Kazakhstan. The objects of the study were seeds of Crataegus ambigua C.A. Mey. ex A. Beck,
Louiseania ulmifolia (Franch.) Pachom., Malus sieversii (Ledeb.) M. Roem., Prunus tenella Batsch,
Sibiraea altaiensis (Laxm.) Schneid., and Spiraeanthus schrenckianus Maxim.

The seeds were surface sterilized with a solution of “Belizna” bleach diluted 1:1 for 5 minutes,
washed with distilled water and placed: 1) for stratification in moist perlite at 4°C for 8§ weeks with a
light intensity of 10 uE m™s™, 16-hour photoperiod; 2) for stratification in plastic containers at 4°C for 8
weeks with a light intensity of 10 uE m™s?, 16-hour photoperiod; 3) germinated in perlite under
standard conditions (25°C, light intensity 40 uE m™s?, 16-hour photoperiod); 4) germinated seeds or
embryonic axes under standard conditions on Knop medium of the following composition: 1 g/L
Ca(NOs),, 0.25 g/L MgSO4*7H,0, 0.25 g/L KH2PO4, 0.125 g/L KCI, 27.8 mg/L FeSO4*7H.0, 37.3
mg/L Na;EDTA*2H,0, 1.75 g/L Gelrite™, 4 g/L agar, pH 5.7; 5) seeds or embryonic axes were
germinated under standard conditions on Murashige and Skoog (MS) medium; with 30 g/L sucrose, 1
mg/L 6-benzylaminopurine (BAP), 0.1 mg/L indolyl-3-butyric acid (IBA), 1.75 g/L Gelrite™, 4 g/L
agar, pH 5.7.

For C. ambigua, the percentage of germination was in the following variants: 1) 63.6%; 2) 54.3%;
3) 32.1%; 4) 28.0%. For L. ulmifolia: 2) 24.3%; 4) 8.0%. For M. sieversii: 1) 66.6%; 2) 64.3%; 3)
62.1%; 4) 63.1%; 5) 13.2%. For P. tenella: 2) 40.5%; 4) 26.4%. For S. altaiensis: 1) 52.2%; 2) 54.3%;
4) 28.3%. For S. schrenckianus: 1) 26.6%; 2) 24.3%; 4) 26.2%; 5) 0%. It should be noted that in all
accessions, stratification at 4°C either increased or did not affect the percentage of seed germination; in
vitro germination of seeds on MS medium gave consistently low germination results in the all variants.

Non-sterile shoots 1-2 cm in size obtained from seeds were cut and disinfected in a laminar air
flow chamber in 0.1% solution of HgCl> for 3-5 minutes. After disinfection, the tips of the shoots were
placed in the tubes with MS medium with various concentrations of phytohormones. Currently, the
composition of the nutrient media for in vitro Rosaceae plants have been optimized. The most optimal
for C. ambigua, L. ulmifolia, M. sieversii and P. tenella was MS medium with 0.5 mg/L BAP, 0.01 mg/L
IBA. For S. altaiensis: MS with 1.0 mg/L BAP, 0.01 mg/L IBA. For S. schrenckianus, MS medium
without the addition of growth regulators is optimal.

The creation of a cryogenic bank of seeds and DNA at -196°C has begun. Seeds from 12 S.
schrenckianus accessions were placed in liquid nitrogen for long-term storage. Total DNA was isolated
from leaves of M. sieversii, S. persica and L. ulmifolia, and DNA quality was tested using
electropherograms. As a result, 20 DNA accessions of S. persica, 16 accessions of M. sieversii, and 6
accessions of L. ulmifolia were placed in a cryogenic bank for long-term storage.

Keywords: Rosaceae, seeds, embryonic axes, in vitro culture, cryogenic bank.

This research was funded by the Science Committee of the Ministry of Science and Higher
Education of the Kazakhstan Republic AP19676010.
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Ribes janczewskii is an important and valuable species listed in the Red Book of Kazakhstan
and the International Red List. The species holds significance for selection purposes, as it exhibits
resistance to many negative biotic factors. The fruits are rich in high content of ascorbic acid,
polyphenols, and anthocyanins. This currant species is an endemic, growing in limited ecosystems
and facing the threat of extinction due to various anthropogenic and natural factors. Therefore, the
conservation and propagation of Ribes janczewskii become a relevant task in the context of
conserving the biodiversity of Kazakhstan.

In this study, young leaves and one-year-old shoots of Ribes janczewskii from natural

populations growing within the territory of the “Sayram-Ugam” National Park were used as the
research objects. Species identification of the selected samples was conducted using molecular-
genetic markers matK, rbcL and ITS. For each sample, the consensus sequence was compared with
nucleotide sequences in the NCBI, and inventory numbers were obtained for novel sequence data.
To investigate intraspecific polymorphism among populations, genetic diversity was studied using
the iPBS amplification profiling method.

To conserve the species under ex vitro conditions, a protocol for micropropagation has been
developed. The stages of establishment of in vitro culture and micropropagation have been
optimized. The WPM nutrient medium was selected with the addition of 0.25 mg/L 6-
benzylaminopurine, 0.5 mg/L gibberellic acid, and 0.5 mg/L indole-3-butric acid for the
propagation of additional shoots of Ribes janczewskii. The obtained microshoots were used to create
an in vitro collection. For this purpose, a protocol for medium-term storage of shoots was
optimized. Mannitol was chosen as the osmotic agent, allowing the microshoots to be stored for
four months without intermediate culturing. Thus, the comprehensive research conducted enabled
the study, propagation, and preservation of the rare and valuable Ribes janczewskii species.

The research is conducted in the framework of the project AR 14869409 with financial
support from the Ministry of Science and Higher Education of the Republic of Kazakhstan
(duration: 2022-2024).
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Cherry (Rosaceae family) is one of the most popular stone fruits in the world. Currently, 150
species of cherry are known, four species grow in Kazakhstan: Prunus fruticosa Pall., P.
erythrocarpa (Nevski) Gilli, P. griffithii var. tianshanica (Pojark.) Ingram, P. verrucosa Franch.

Expedition trips were carried out to Zhambyl, Turkestan, Kostanay and Almaty regions and
87 accessions of cherry were collected.

Morphoanatomical study showed that seeds of wild cherry consist of three parts: the seed
coat, the embryo (embryo axis and cotyledons) and residual endosperm. In vitro initiation of four
wild cherry species has begun, surface disinfection was carried out using 0.1% mercuric chloride
for 5 minutes, then material was washed with sterile distilled water 3 times for 1 minute. For in
vitro culture initiation the embryo and embryo axis were used. Further observation showed that the
most effective explant for initiation was embryo, due to fast, stable development. Six different
media were tested for in vitro initiation and further micropropagation: Murashige-Skoog (MS) or
Woody Plant Medium (WPM) with/without hormones (0.5 mg/L 6-benzylaminopurine (BAP) and
0.01 mg/L indolyl-3-butyric acid (IBA), 0.75 mg/L gibberellic acid (GA)). The optimal media for
micropropagation was MS with 0.5 mg/L BAP, 0.01 mg/L IBA and 30 g/L sucrose, pH 5.7, the
multiplication rate ranged from 3.6 to 4.8 depending on species.

Twenty-two accessions of four wild cherry species were initiated into in vitro culture, average
of 29.8% tissue necrosis, fungal and bacterial contamination was found in 13.5% explants, the green
plants percentage was 56.7%. The in vitro shoots were tested for endophytic contamination on a
specialized medium 523, the samples were 100% aseptically clean. As a result, in vitro culture
initiation and micropropagation was carried out, a collection of Kazakhstan wild cherry species was
established. These wild cherry accessions have never been cultured before, so this study contributes
to the preservation of valuable Prunus genetic resources.

Key words: cherry, Prunus sp., in vitro culture, micropropagation

This research was funded by the Science Committee of the Ministry of Science and Higher
Education of the Republic of Kazakhstan, Project No. AP19676481.
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Flora is not merely a random assortment of plant species in a given area; rather, it constitutes
a complex assembly with its own internal structural patterns, geographical and genetic connections,
all of which are influenced by various environmental factors. Kazakhstan, as a participant in the
Convention on Biological Diversity, is obligated to preserve plant biological diversity. According to
the UN Convention on Biodiversity, the initial step towards conservation is conducting an
inventory. In the contemporary context, conducting an inventory of flora and natural plant
resources, both at regional and national levels, and augmenting it with new information about
beneficial properties, serves as the foundation for developing a scientifically based algorithm for the
rational use of plant resources.

Despite numerous measures aimed at preserving biological diversity, plant biodiversity
continues to face threats associated with rapidly advancing scientific and technological progress,
increasing anthropogenic load, and the development of industry and transport communications.
These factors contribute to the deterioration of the natural environment and disruption of the normal
functioning of natural communities, ultimately leading to a reduction in biodiversity.

In this context, the objective of this study was to assess the species diversity of wild and
forage plants in the village of Enbekshi, a location with a history of pesticide warehouses.

In the study area of the village of Enbekshi, we identified 121 species from 94 genera and 30
families, with the dominant families being Asteraceae (25 species or 20.66%, 19 genera), Rosaceae
(15 species or 12.40%, 11 genera), Brassicaceae (12 species or 9.92%, 10 genera) among
Dicotyledons, and Poaceae (13 species or 10.74%, 11 genera) among Monocots. The dominant
families constitute 53.72% of the total number of plant species in this area. Leading genera include
Artemisia, Potentilla, Rumex, and Geranium. No endemic species were identified.

The natural vegetation cover around the villages is degraded and is primarily represented by
weed species such as cocklebur (Xanthium strumarium), brunette (Sophora alopecuroides), hemp
(Cannabis ruderalis Janisch.), Bassia scoparia (L.) A.J.Scott, among others.

These areas with severe disturbances of phytocenoses are localized and do not cover large
areas. The number of weed species identified is 78.

At the Enbekshi monitoring point, 33 forage plant species were identified. Representatives of
the food species include Bromus inermis (Leyss.) Holub, Rumex confertus Willd., Trifolium
pratense L., Artemisia scoparia Waldst. & Kit., Stipa capillata L., Zea mays L., Chenopodium
album L., Carduus nutans L., Carex physodes Bieb., Medicago sativa L., etc.

In some areas, the replacement of forage species (cereals, wormwood) with weeds, plants of
low nutritional value (Xanthium strumarium), and poisonous species (Sophora alopecuroides) was
observed.

This research was funded by the Science Committee of the Ministry of Education and Science
of the Republic of Kazakhstan (Grant No. BR05236379) for 2018-2020.
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The Chenopodiaceae Vent. is one of the largest and oldest plant families found in desert and
semi-desert regions across the globe (Kadereit, 2005; Miiller & Borsch, 2005). With an approximate
count of 1700 species spread across approximately 110 genera (Kadereit et al., 2003), the
Chenopodiaceae family holds significant ecological importance in desert ecosystems. These plants
serve as essential food sources for herbivores and play a vital role in soil stabilization (Osmonali et
al., 2022). Despite numerous studies attempting to delineate the taxonomy of this family, utilizing
both morphological traits and molecular genetic methods, a precise taxonomy remains elusive
(Akhani et al., 2007).

In this study, we compared various genomic features, nucleotide diversity, and repeat
sequences, alongside conducting a phylogenetic analysis of Salsoleae s.l. species. Each analyzed
plastid genome contained 133 genes, comprising 114 unique genes, including 80 protein-coding
genes, 30 tRNA genes, and 4 rRNA genes. Within the Salsoleae s.1. plastid genomes, eight distinct
regions (accD, atpF, matK, ndhF-ndhG, petB, rpl20-rpl22, rpoC2, and ycf3) displaying significant
divergence were identified, which may serve as DNA barcoding markers. Additionally, various
repeat elements were detected, encompassing simple sequence repeats, tandem repeats, forward
repeats, palindromic repeats, and reverse repeats. The phylogenetic analysis provided robust support
for the relationships among Caroxylon species. This data constitutes a valuable resource for
conducting future phylogenetic studies within the genus.

This research is funded by the Science Committee of the Ministry of Education and Science
of the Republic of Kazakhstan (Grant No. AP14869593).
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SPECIES PRUNUS ARMENIACA L. AND EX SITU CONSERVATION OF
GENOTYPES WITH VALUABLE ECONOMIC AND BIOLOGICAL TRAITS
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Romadanova N.V.
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The mountains of southeast Kazakhstan are unique in their richness of wild fruit plants. About
130 species grow here, including Prunus armeniaca L. Common apricot is the only representative of the
apricot genus in Kazakhstan; it is a rare species with a sharply shrinking range, which is listed in the
Red Book of Kazakhstan. Academician V.L. Komarov points out that the ancestor of the cultivated
apricot should be considered precisely this Tien Shan wild apricot, which, together with the apple, forms
forests in the mountains and foothills. Wild apricots are characterized by increased winter hardiness,
have exceptional polymorphism in ripening time, fruit quality, long dormant period, high winter
hardiness of flower buds and wood, and disease resistance. In connection with the above, apricots are
the most valuable material for breeding. Purpose of the study was creation of an in vitro collection of P.
armeniaca to obtain planting material that will be used in restoring the ecology of natural habitats.

Embryonic axes isolated from apricot seeds after stratification for 8 weeks at 4°C were used as
explants for in vitro initiation. The seeds, peeled from the hard shell, were sterilized with a solution of
commercial bleach 74 “Belizna” for 4 min, followed by rinsing in running water for 5 min. Then, in a
laminar flow hood, sterilization was carried out in a 0.1% HgCl; solution for 3 min, followed by three
rinses with sterile bidistilled water. The isolated embryonic axes were placed on two media: 1) Knop (1
g/L Ca(NO3)2, 0.25 g/L MgSO4*7H20, 0.25 g/L KH2PO4, 0.125 g/L KCI, 27.8 mg/L FeSO4*7H0, 37.3
mg/L Na;EDTA*2H,0, 1.75 g/L Gelrite™, 4 g/L agar, pH 5.7) and 2) Murashige-Skoog (MS) with 30
g/L sucrose, 1 mg/L 6-benzylaminopurine (BAP), 0.1 mg/L indolyl-3-butyric acid (IBA), 1.75 g/L
Gelrite™, 4 g/L agar, pH 5.7. A total of 143 embryonic axes (10 apricot accessions) were in vitro
initiated. The first sprouts appeared on Knop medium on the 3rd day, on MS medium on the 6th day.
The percentage of laboratory germination varied on Knop medium from 75.0% to 91.2%, and on MS
medium from 53.3% to 82.4%. Obtained in vitro plants were tested for the presence of endophytic
contamination on a specialized medium 523 for the detection of fungi and bacteria: 10 g/L sucrose, 8
g/L casein hydrolysate, 4 g/L yeast extract, 2 g/L KH2POj4, 0.15 g/L MgSO4*7H-0, 6 g/L Gelrite™, pH
6.9. As a result, endophytic contamination was detected only in accession No. 42. For
micropropagation, MS medium with different composition and concentration of growth regulators was
used: 1) 0.5 mg/L BAP, 0.1 mg/L IBA; 2) 1 mg/L BAP, 0.1 mg/L IBA, 0.1 mg/L gibberellic acid.
Vigorous plant growth was noted on both variants of the medium, the multiplication rate on the 2nd
variant was slightly higher — 4.0; on the 1st variant — 3.4. Further optimization of the medium is
planned.

Keywords: Prunus armeniaca L., in vitro initiation, embryonic axes, micropropagation, in vitro
collection.

The work was carried out within the framework of the project: BR21882024 “Study of
biodiversity and development of methods for ex situ conservation of genetic resources of fruit and nut
plants”, project 0123PK01118 “Study of biodiversity of the rare endangered species Prunus armeniaca
L. and ex situ conservation of genotypes with valuable economic and biological traits”.
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DEVELOPMENT OF MICROPRPAGATION AND CRYOPRESERVATION
TECHNIQUES FOR CONSERVATION OF RARE ENDANGERED SPECIES
CORYLUS AVELLANA L.
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Amirova A.K.2, Kushnarenko S.V*
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European hazelnut (Corylus avellana L.) is one of the most economically important nut crops.
In Kazakhstan, C. avellana wild population has been registered in the west region and protected in
the “Dubrava” State Botanical Reserve along the Zhaiyk River (Ural River). A survey of this
population was carried out in 2018-2023 and the unsatisfactory condition of the plants was
revealed. In 2018, only 30% of plants had fruits that were collected for in vitro culture initiation
using isolated embryonic axes as explants. No fruiting plants were found during the survey in 2023
and annual shoots were collected to initiate in vitro culture. In vitro C. avellana shoots were
propagated on modified Driver and Kuniyki walnut medium (DKW) with 1 mg/L 6-
benzylaminopurine (BAP), 0.01 mg/L indolbutyric acid (IBA), 4.0 g/L agar, 1.75 g/L gerlite, pH
5.7. Shoot cultures were maintained in a growth room at 24+1°C with light intensity of 40 umolem"
2e51 photoperiod 8/16 hours.

After successful micropropagation, cryopreservation technique for shoot tips isolated from in
vitro-grown C. avellana shoots was developed. The main purpose of the study was to determine the
effect of cold acclimation duration (0-5 weeks) with alternating temperatures (8 h at 22°C, light
intensity 10 pmol m™2s?/ 16 h at -1°C, in the dark) on shoot tip regrowth after cryopreservation by
PVS vitrification. Shoot tips (1.8-2.0 mm) were dissected from in vitro-grown shoots of C. avellana
wild accessions. Regrowth of cryopreserved shoot tips increased and was significantly higher (P <
0.05) after 4-5 weeks cold acclimation. For three accessions tested, the highest regrowth ranged
between 50-55% after 4 weeks cold acclimation and 80 min of PVVS2 exposure. Micropropagation
and cryopreservation techniques will allow for the propagation and preservation of rare endangered
species C. avellana L. valuable material, which will make it possible to restore the only degraded
population in Kazakhstan.

Key words: Corylus avellana L., micropropagation, in vitro culture, cold acclimation, shoot
tips, PVS2 vitrification, cryopreservation

This research was funded by the Science Committee of the Ministry of Science and Higher
Education of the Kazakhstan Republic (Scientific and technical program BR21882024).
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MONITORING OF VIRAL DISEASES OF POTATO IN KAZAKHSTAN
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Potato (Solanum tuberosum L.) is one of the main food crops worldwide, including in
Kazakhstan. According to the Bureau of National Statistics, the average per capita consumption of
potatoes in Kazakhstan is 44.975 kg per year per capita, i.e. potatoes are still the second bread for
Kazakhstanis.

The sown area of potatoes in the Republic of Kazakhstan for 2023 amounted to: 187.8
thousand hectares, with gross yield: 3788.1 thousand tons, and potato yield: 20.5 tons/ha.

The volume of annual potato production in the world market is increasing every year, this
shows that the importance of potato production for food security makes more sense than ever.

The study is devoted to identification of phytosanitary status of potato virus diseases in
Kazakhstan and creation of potato virus distribution map.

Viral diseases are a major constraint to sustainable potato production, as they cause large
losses in crop quantity and quality. To determine the current status of potato production in
Kazakhstan, we studied tuber and leaf samples in large seed and commercial farms of the Republic.
Samples of tuber and leaf samples randomly sampled according to international potato field
inspection methods as well as the international EPPO protocol were tested for five main viruses:
potato virus Y (PVY), potato virus X (PVX), potato virus M (PVM), potato virus S (PVS), and
potato leafroll virus (PLRV). A multiplex reverse transcription polymerase chain reaction (mpRT-
PCR) was used to monitor viral infection. During the monitoring of tuber samples, it was found that
the most common virus in almost all regions was the PVS virus at 64.5%. Moreover, most of the
viruses originated in commercial farms. As a result of the analysis of leaves selected in the fields, it
was found that the most common viruses in the regions were PVM at 46% and PVS at 35.3%. The
work performed to monitor viral diseases in various regions of Kazakhstan will enable direct
actions to maintain and improve the phytosanitary status of potatoes in Kazakhstan in the future.
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MONITORING THE SPREAD OF JUGLANS REGIA L. IN THE SOUTHERN
AND SOUTHEASTERN REGIONS OF KAZAKHSTAN AND
MORPHOLOGICAL STUDY OF WALNUT FRUITS
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Walnut (Juglans regia L.) is one of the main nut crops of world importance. The conservation
and effective use of walnut genetic resources is one of the fundamental principles of breeding work.
Today, China, the United States, and Iran are the largest producers of walnuts, accounting for more
than 74.7% of global production. In general, the global production of walnuts has grown by almost
250% over the past 20 years. According to FAO statistics, the annual production of walnuts in the
world is approximately 3.74 million tons. In Kazakhstan in 2016, according to the Statistics
Committee, nuts were grown in an area of 414.9 hectares. This, of course, is not enough.

Morphological studies have an important role in plant breeding. Plant breeding has led to
increased uniformity of crops in the world, contributing to increased genetic vulnerability to biotic
and abiotic stresses. For these reasons, it is important to better understand the impact of modern
plant breeding on genetic diversity. Similarly, prudent management of this diversity can provide
valuable assistance to breeders. The diversity of germplasm is usually assessed using morphological
descriptors. This is usually the first step in the classification and description of germplasm and in
the study of the heritability of traits for a new breeding program and the selection of superior
genotypes. Thus, morphological studies provide a direction for choosing from varieties suitable for
specific growing conditions. The distribution of Juglans regia L. in the southern and southeastern
regions of Kazakhstan was monitored; phenotyping and nut fruit quality indicators were studied. As
a result of the expedition work, a collection of 60 walnut samples was formed. The collection of
wild specimens was carried out on the territory of the Ugam branch of the Sayram-Ugam State
National Natural Park. 30 walnut trees of various age groups have been described by international
descriptors. 7 trees were described on the territory of Mashat village, Tulkubassky district of
Turkestan region. Ten trees were found near the village of Sarkyrama in the Saryagash district of
Turkestan region. Seven samples were examined in the Kyrgyz Republic. Six walnut trees have
been described on the territory of the Almaty region. Herbarium material and fruits of the Juglans
regia L. walnut (60 genotypes) were collected from all trees, indicating the geographical
coordinates of the collection site based on GPS. Walnuts were collected from 57 fruit-bearing trees
(95% of the collection) to study the morphological characteristics of the fruits. The diversity of the
collection in shape, size, and color of fruits was noted. The quality of walnut fruits was studied
according to the main characteristics and criteria of the quality and productivity of the walnut
kernel; six of the most productive by weight and yield of the kernel were selected. Based on the
obtained data from the collection phenotyping, a dendrogram was constructed using the Ward
method. In assessing the diversity, the studied walnut samples were grouped into five clusters
according to the phenotypic characteristics of the walnut collection. In the future, thanks to this
research work, it will be possible to study the genetic diversity of the walnut, which will help
determine different varieties, disease resistance, adaptation to different climatic conditions, and
other valuable genetic characteristics of the walnut.

This research has been funded by the Science Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan (Grant No. BR21882024).
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A total of 4,148 species is given in the six-volume first edition of the “Flora of Uzbekistan”
(1941-1962), including 3,663 native and 485 non-native species (aliens together with cultivated crops
and ornamentals). Since the publication of this fundamental treatment, a lot of botanical findings have
been made and many new plant species and even genera have been described. In this connection, the
Institute of Botany of the Academy of Sciences of the Republic of Uzbekistan launched a large-scale
international project dedicated to the publication of a new edition of the national flora. The first six
volumes of the new edition of Flora of Uzbekistan containing treatments of 20 families with 184 genera
and 820 species (about 19% of flora) have been published in 2016—2023; herbarium specimens are cited
and distribution maps based on their georeferencing are given for each species.

At the same time with the fundamental taxonomical revision of the flora, the Institute of Botany
performed several scientific projects targeted to the step-by-step inventory and mapping of flora of the
administrative regions of Uzbekistan and compilation of the state cadaster of threatened plants. At the
present, the inventory of the flora of Bukhara, Dzhizak, Kashkadarya, Navoi, Samarkand and Tashkent
regions was completed. The flora of Bukhara Region includes 764 species of vascular plants, 25 species
of them are listed in the Red Data Book of Uzbekistan. The check-list of the flora of Dzhizak Region
includes 1991 species (50 nationally red-listed); 2022 plant species are reported for Kashkadarya Region
(88 species are red-listed at the national level); the check-list of the flora of Samarkand Region includes
1687 species (53 nationally red-listed). The richest is the flora of Tashkent Region that consists of 2344
species of vascular plants, or more than 53% of the flora of Uzbekistan and 25% of the flora of Central
Asia, including 71 species listed in the Red Data Book of Uzbekistan. The inventory of flora of
Surkhandarya Region is still in progress, 2152 species are recorded in total. A new project devoted to
the flora of Syrdarya Region started recently. To date, only 515 species are revealed for this
administrative region almost entirely occupied by anthropogenic landscapes. The following information
for each species is provided in these floristic checklists: life form, habitat, distribution, conservation
status, and economic use.

A new area of botanical research in Uzbekistan is the grid mapping of plant species distibution
based on georeferenced herbarium specimens and field data. Thus, 62,204 occurrence records of 2152
species were georeferenced for Surkhandarya Region divided into 884 grid cells (5x5 km). Another
example is a recently completed project focused on an inventory and grid mapping of the urban flora of
Tashkent and Bukhara. As a result of this project, 620 plant species were recorded in Tashkent city and
mapped using 1x1 km cells (591 cells in total), and 208 species were identified for the urban flora of
Bukhara city divided into 85 cells. The species richness and collection density patterns were analyzed.

Some studies focused on the inventory of alien plants also have been conducted in Uzbekistan,
and the results have been summarized in the national check-list of 228 naturalized and invasive alien
species published in 2018 in GBIF. During the last five years, a number of new adventive species was
recorded as a result of researches devoted to the inventory of the flora of administrative regions of
Uzbekistan and publication of a new national “Flora”. Some native weedy species were mistakenly
considered adventive in the first version of the above mentioned check-list, and their status should be
corrected. In this regard, the national check-list of naturalized and invasive alien species is currently
being revised and updated.
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The gypsy moth (Lymantria dispar) is a hazardous forest pest, listed among the "100 worst
invasive species in the world.” This species poses a significant threat as it can consume over 400
species of trees, potentially leading to the depletion of vast forest resources. The most well-known
subspecies include Lymantria dispar dispar, Lymantria dispar asiatica, and Lymantria dispar
japonica. Females of the latter two subspecies possess the ability for long-distance flight, thereby
elevating the risk of their global dissemination.

Identifying the subspecies at the early stages of moth development is a crucial objective in
managing the distribution of this pest. Evaluating genetic diversity will facilitate the assessment of
subspecies hybridization levels and determine the genetic potential for evolution. To understand the
genetic diversity of moths distributed in Kazakhstan, we employed randomly amplified
polymorphic DNA (RAPD) markers, which revealed a high level of polymorphism. Five universal
RAPD markers AB1-4, AB2-2, AB6-15, AB9-3, and UBC278 were chosen.

A total of 83 samples were collected from the territory of the Almaty region. The results of
the study using markers AB1-4, AB2-2, AB6-15, and UBC278 demonstrated substantial genetic
diversity. The number of amplified fragments ranged from 1 to 12, with sizes varying between 410
and 2200 bp. However, the AB9-3 marker did not exhibit genetic diversity, as all samples displayed
only one amplified fragment. In this study we for first time evaluated AB1-4, AB2-2, AB6-15, and
UBC278 markers for population genetics of Lymantria dispar.
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Pear, one of Central Asia's oldest fruit crops and second only to apple among pome crops,
boasts a diverse array of wild species and cultivated varieties. Central Asia serves as a hotspot for
the speciation of the Pyrus L. genus, with wild pear species offering valuable allelic diversity for
breeding programs, providing resistance and tolerance to various stresses.

Notable varieties include the Pyrus regelii from Kazakhstan, prized for its economic value
and exceptional drought resistance, ideal for afforestation in arid regions with poor soil conditions.
The Pyrus ussuriensis, native to the Russian Far East, Manchuria, and Japan, stands out for its
remarkable winter hardiness, making it a favored choice for breeding programs.

While pears naturally reproduce via seeds and cuttings, biotechnological methods offer
efficient means to produce virus-free planting material identical to the parent plant. Preservation
techniques such as in vitro culture and cryopreservation in liquid nitrogen ensure long-term storage
of germplasm, safeguarding valuable genetic resources against loss.

To preserve biodiversity and create new pear varieties that are resistant to disease, wild
genotypes of the P. regelii were selected in the Sayram-Ugam State National Natural Park and the P.
ussuriensis in the Botanical Garden of Astana. Selection of pathogen-resistant genotypes was
carried out using molecular markers RAPD and SSR. 3 resistant populations of P. regelii and 4
resistant populations of P. ussuriensis were selected. These populations were used for further
studies.

To preserve wild pear genotypes in vitro, the method of micropropagation was used. The first
step is sterilization and establishment in vitro culture. To effectively sterilize the P. regelii, 12%
H20, was used for 5 minutes; with this sterilization, the viability of the explants was 70%. For P.
ussuriensis, sterilization with 10% “Belizna” for 15 minutes was effective - 60% of explants proved
to be viable.

For the establishment in vitro culture of P. regelii, the optimal composition of the nutrient
medium was shown by DKW (Juglans medium) with the addition of BAP (6-Benzylaminopurine) -
1.5 mg/l. For P. ussuriensis WPM (Woody Plant Medium) and DKW with BAP — 1.0 mg/l. With
these options, a formed main shoot was formed, without callus and vitrification of leaves.

Thus, a collection of pathogen-resistant wild genotypes of P. regelii in the amount of 500
microshoots and P. ussuriensis in the amount of 150 microshoots was created.

The research is conducted in the framework of the program BR21882024 with financial

support from the Ministry of Science and Higher Education of the Republic of Kazakhstan
(duration: 2023-2025).
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In recent years, the grass Brachypodium dystachion (Bd) has been actively used as a model to
assess the interaction between host plant and pathogenic fungi, including Fusarium (Peraldi et al.,
2011; Tancic, 2017; Dinolfo et al., 2021). The process of small grain cereals infection with weakly
aggressive F. langsethiae and F. sibiricum fungi, producing the T-2/HT-2 toxins (T-2/HT-2), still
remains poorly studied. Inoculation with these fungi of plants does not lead to the appearance of
visually noticeable disease symptoms (Martin et al., 2018; Aamot et al., 2022; Somma et al., 2022),
but results in the mycotoxins accumulation in the grain.

The aim of study was to evaluate the response of two lines Bd 21 and Bd 3-1 to infection with
F. langsethiae or F. sibiricum strains in laboratory conditions. Plants were sprayed with the fungal
conidial suspensions, and quantitative infection parameters were analyzed in the obtained grain. The
amounts of fungal DNA and T-2/HT-2 in grain were estimated using real-time PCR and ELISA,
respectively.

In the grain of all inoculated plants, F. langsethiae DNA (0.4-13.3 ng/ng) or F. sibiricum
DNA (0.5-56.9 ng/ng), as well as T-2/HT-2 (124-3797 pg/kg) were detected. At Bd inoculation
with F. langsethiae strains the amount of T-2/HT-2 in grain was significantly lower (on average 729
pg/kg) than in case of the plant inoculation with F. sibiricum strains (2081 pg/kg). The Bd 21 line
was more susceptible to infection by fungi, especially F. sibiricum, than the Bd 3-1 line. However,
the average amount of T-2/HT-2 in the Bd 21 grain was 3 times lower than in the Bd 3-1 grain.

Thus, B. distachion is a promising model plant for studying the interaction of Fusarium
species with cereals, especially due to a short generation time (2 months) and prolific seed
production through self-pollination.

The study was supported by the Russian Science Foundation (project Ne 19-76-30005).
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Cryopreservation is a crucial strategy for preserving the genetic diversity of endangered plant
species, safeguarding them against the threats posed by climate change and human activities. This
study focuses on Euonymus koopmannii Lauche, a protected botanical species found in various
regions globally, particularly in Aksu-Zhabagly nature reserve in Kazakhstan, and listed in the Red
Book of the country. E.koopmannii is at risk of extinction despite its ecological significance and
ornamental value. This research aims to aid conservation efforts by developing an effective
cryopreservation protocol for its meristematic tissues.

The optimized cryopreservation procedure for E. koopmannii meristems was determined
through experiments involving sucrose concentration and treatment duration. A sucrose
concentration of 0.3M resulted in the highest survival rate (56.7%). A 30-minute treatment with
PVS2 cryoprotectant yielded the most effective post-thaw viability (93.02%). Furthermore, a
recovery medium containing MS with 20 g/L sucrose demonstrated superior efficacy with a
survival rate of 54.742.4%. Cryopreservation influenced cellular regeneration, requiring multiple
passages for complete recovery of plant components. Although the height was reduced, the
cryopreserved regenerants showed an increase in shoot number and root development compared to
the control group. However, cryopreserved specimens showed a discernible trade-off between
vegetative growth and root development.

This study's refined cryopreservation protocol provides valuable insights into the preservation
and regeneration of E.koopmannii meristems. The text highlights the importance of precise
treatment modalities and nutrient medium composition in facilitating successful cryopreservation
and subsequent tissue culture-based regeneration. This research contributes foundational knowledge
essential for the conservation of E.koopmannii by elucidating these intricacies.
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In the course of the research, the geographical distribution of representatives of the Aegilops
L. genus throughout the Fergana Valley, the seed reserve in the cenopopulations, and the
regeneration from the seed were determined. A GIS map and species composition were determined
based on the data obtained throughout the Fergana Valley. Among the species studied is Aegilops
crassa Boiss. We observed that the ecological range of Fergana Valley is somewhat limited. This
species was found only in the Khojabad district of Andijan region, Imam ota hillsides
(940032'47.66"N, 72036'21.8"E, at an altitude of 807 m above sea level, at a latitude of 2010 south-
west). The number of bushes was small, 19 per 1 m*.

In recent years, the genus Aegilops L. has been the most intensively studied group of grasses,
especially since its close relationship with wheat cultivars was discovered. In particular, it helps to
improve complex traits such as abiotic tolerance for drought and heat, in increasing the productivity
of wheat varieties. Therefore, studying the influence of climatic conditions on the change of the
biological characteristics of the species of the genus, their geographical distribution in the Ferghana
Valley is of great scientific and practical importance.

In recent years, many countries of the world have created National programs for the
conservation of plant genetic resources. The basis of these programs is the preservation of species in
situ. To date, the importance of the problem of preserving wild relatives of cultivated plants "in
situ™ in Uzbekistan is very great, and their comprehensive systematic analysis has not been fully
covered. Human activities in agriculture and urbanization processes lead to the genetic erosion of
wild relatives of cultivated plants. Aegilops L. family Poaceae Barnh. is considered one of the
important categories of the family. The representatives of this group deserve attention because they
are of great importance in creating useful genes in wheat varieties and in animal husbandry. In
recent years, the genus Aegilops L. has been the most intensively studied group of grasses,
especially since its close relationship with wheat cultivars was discovered. In particular, it helps to
improve complex traits such as abiotic tolerance for drought and heat, in increasing the productivity
of wheat varieties. Therefore, the study of the biological characteristics of the species of the series,
and their geographical distribution is of great scientific and practical value. Such studies allow
determining ways to preserve various ecological and biological diversity of plants.

At the same time, by studying the modern cenopopulation status and geographical
distribution of these plants in different natural areas of the Fergana Valley, it is possible to assess
the current status of representatives of the genus (Aegilops L.) throughout the valley and develop
strategies for restoring cenopopulations.

Today, biomorphological and population studies are widely used in the world's leading
scientific research centers to solve the issues of plant biodiversity conservation.

Among the studied regions, in Andijan and Fergana regions of the Fergana Valley, due to the
increase of anthropogenic influence, the soil seed reserve of the representatives of the genus and the
self-regeneration of species from it to the generative stage gives a somewhat low indicator.
Therefore, it is important to preserve the representatives of this group in natural ecotopes, where the
representatives of this group have acquired specific adaptations over the years.

Aegilops crassa Boiss. distribution in the Fergana Valley is somewhat limited, this species
was found only in the Khojabad District of Andijan Region, Imam Ota hillside (940032'47.66"N,
72036'21.8"E, at an altitude of h-807 m above sea level, at a latitude of 2010 in the southwest).
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FIRES AS A FACTOR AFFECTING FLORA AND ITS BIODIVERSITY

Issayeva D.A.
Kostanay Regional University named after Akhmet Baitursynuly, Kostanay, Kazakhstan
E-mail: dinar.issayeva@gmail.com

The impact of fires on plants is determined by various factors including fire intensity, plant
species and their stage of development. Negative consequences of fires include the destruction of
vegetation, damage to root systems, stems, leaves, and seeds, as well as alteration of soil cover,
which can lead to biodiversity loss, soil degradation, and reduced fertility hindering ecosystem
recovery. However, some plants possess adaptive mechanisms, such as sprouting from dormant
buds, seed dispersal from specialized structures, or regeneration from residual root systems,
enabling them to survive or recover after a fire. Fires can also contribute to competitor removal,
reduction of vegetation density and creation of conditions for ecosystem renewal, promoting species
diversity enrichment and improvement of vegetation condition.

In early studies on the impact of fires on plants including the works of N. Sushkina (1931), it
is noted that fires contribute to the natural regeneration of coniferous trees (Pinus sylvestris),
emphasizing their importance in the regeneration of forest ecosystems. In recent research, such as
that by A. Geraskina (2021) the positive influence of fires on the biodiversity of forest ecosystems
is underscored, along with their role in the formation and evolution of forest biota. According to a
study by Santacruz-Garcia et al. (2021) it was found that shrub species like Acacia emarginata,
Sargassum johnstonii and Celtis ehrenbergiana exhibited a higher capacity for germination after the
occurrence of fires, whereas woody species like Sarcomphalus mistol, Schinopsis Lorentzii and
Aspidosperma quebracho-blanco showed reduced germination ability. These results may be
associated with the size and height of shoots. Additionally, the research showed that the physical
stress induced by fires stimulates plants to increase the production of secondary metabolites such as
terpenoids and phenolic compounds, which play an important role in regulating germination
capacity after fires. As a result of the studies, it was determined that tannins play a key role in
detoxification mechanisms, contributing to increased plant survival in the post-fire period.

For a deeper understanding of the mechanisms of fires' impact on plants, soil microbiome and
biodiversity research, utilizing modern molecular biology methods is necessary. This will help
improve understanding of the impact of fires on forest ecosystems which is important in the context
of a changing climate and the impact of human activity.

Scientific supervisors: G.Zh. Sultanagazina, Candidate of Biological Sciences, Professor of

the Department of Biology, Ecology, and Chemistry at Kostanay Regional University named after
Akhmet Baitursynuly, T.M. Yergaliev, PhD
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ASSESSING THE RESPONSE OF WILD TREES IN THE TIAN SHAN
REGION TO CLIMATE CHANGE OVER THE PAST TWO DECADES

Khusnitdinova M.!, Taskuzhina A.>?, Kerimbek N.%2, Pozharskiy A.%,
Nizamdinova G.}, Gritsenko D.!

! Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan
2 al-Farabi Kazakh National University, Almaty, Kazakhstan

* E-mail: germironame@gmail.com

The variations in the normalized difference vegetation index (NDVI) primarily depend on
changes in climatic factors such as precipitation and temperature. In this study, our focus was on
assessing the inter-annual variation in the normalized difference vegetation index (NDVI) of wild
trees in the Tian Shan region, particularly within the lle Alatau State National Natural Park (SNNP),
spanning from 2006 to 2023, with a specific emphasis on data collected in August. NDVI values
and their classification were derived from Landsat images, specifically Landsat 4-5 and Landsat 8-
9. The Landsat images were processed using the QGIS software. Temperature and precipitation data
were obtained from the gridded monthly time series provided by the Kazakhstan Meteorological
Database, specifically from weather stations located in the study area, including Assy, Almaty
(Kamenskoe plato), Esik, Shelek, BAL, and Mynzhylky. In the results, we developed maps
depicting NDVI values for the SNNP, as well as diagrams illustrating the inter-annual variation of
NDVI, precipitation, and temperature. Furthermore, we conducted analyses to investigate the
variations and trends in NDVI response to climate factors using regression models. On average,
NDVI values of wild trees in the study area ranged from 0.29 to 0.47, with maximum values
approaching 0.50-0.55. The relationship between climatic factors and NDVI values was analyzed
using simple linear regression and correlation coefficient analysis.

The results reveal that NDVI is positively correlated with precipitation and shows little
correlation with temperature. The trends observed in NDVI time series are crucial indicators of the
risk of declining growth in wild tree forests. In the years 2006, 2008, 2012, 2014, 2016, 2021, and
2022, low NDVI values were observed, which were closely correlated with precipitation levels. The
brief intervals between unfavorable years may lead to genetic erosion within wild tree populations.
These results underscore the importance of preserving biodiversity among wild trees, particularly
by considering the trends in vegetation responses to climate change.
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DETECTION OF ACLSV AND ASPV IN SEEDS OF POME FRUIT CROPS
AND ASSESSMENT OF THE LIKELIHOOD OF VIRUS TRANSMISSION
BY SEEDS

Kukharchyk N., Kolbanova E., Bazhydai T.

Institute for Fruit Growing, Minsk Region, Belarus
E-mail: kychnataly@rambler.ru

The analysis of scientific literature shows that the data on the transmission of viruses by seeds
is ambiguous. It was previously believed that in pome crops viruses are not transmitted by seeds.
Therefore, in the production system of healthy planting material, seedling rootstocks of apple and
pear trees were classified as virus-free without additional tests.

The current study was conducted to evaluate whether some viruses of pome fruit crops
(ACLSV, ASPV) are seed transmitted.

The research was carried out from 2021 to 2023 as part of the State Scientific Research
Program «Agricultural Technologies and Food Security» for 2021-2025, R&D 1.6.4 «Identification
of the features of accumulation and main ways of vertical transmission of the most pathogenic
viruses of fruit plants (apple, pear, plum, cherry)».

Seeds were extracted from fruits collected from pear trees infected with ASPV and from apple
trees infected with ACLSV and ASPV.

ELISA assay revealed the presence of viruses in fruits and seeds. More detailed research was
carried out using the real-time PCR method.

A total of 500 seeds were tested for viruses. ASPV was detected in 100% (197 out of 197) of
tested apple seeds and in 89.6% (172 out of 192) of tested pear seeds. ACLSV was detected in
100% (111 out of 111) of tested apple seeds.

In order to analyze the seed transmission of ACLSV, ASPV to seedlings, seeds harvested
from these virus-positive apple trees were stratified and sowed in pots. One-, three-, and six-month-
old seedlings were tested for ACLSV and ASPV using ELISA and real-time PCR to assess the
occurrence of seed transmission. Of 27 progeny of virus-infected apple trees, none was found to be
positive for virus. These results showed that seed transmission did not occur in this study, but
further study of this issue, retesting of these seedlings, and assessment of virus accumulation during
plant growth are necessary.
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METAGENOMIC ANALYSIS OF APPLE AND HAWTHORN POPULATIONS

Makhambetov A., Mendybayeva A., Nizamdinova G., Gritsenko D.

Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan

The wide variety of apple and hawthorn populations make up a significant portion of the
Kazakhstan’s natural biodiversity. The apple tree is an endemic to the Almaty region and is highly
valued to Kazhakhstan’s agricultural industry. One of the problems that affects the hawthorn and
apple tree wild populations of the Almaty region is the wide spread of bacterial and fungi
pathogens, such as Erwinia amylovora.

Nowadays there is a reliable method of analyzing the spread of pathogen infection and its
impact on plant’s natural habitat. The main object of this research was to perform metagenomic
analysis of apple and hawthorn trees growing in wild populations. In order to compel the study
following analyzing methods were utilized: Bacterial DNA extraction, amplification using 16S and
ITS primers, and Nanopore sequencing.

In this research 210 apple tree and hawthorn tree samples were collected and studied. The
samples were collected from 4 populations of Almaty region: Dzungarian Alatau, lle-Alatau,
Ketpentau and Sumbe. The branches of trees were used to prepare plant extract by following
plating it onto Bacteria screening medium 523. The bacteria cultured on the Petri dish were
carefully washed off using TE buffer to remove any contaminants or residual media. Subsequently,
genomic DNA extraction was performed for further analysis. The isolated DNA was amplified
using universal 16s and ITS1-ITS2 primers by following ligation of barcodes for sequencing.
Before sequencing, the PCR products were combined in sets of 5 samples from the same
population.

Predominantly, pathogenic microflora included bacteria of the genus Erwinia, while the
endophytic microflora comprised Pseudomonas, Klebsiella, and Pantoea. Associated microflora
mainly consisted of bacteria of the genus Pseudomonas. In wild populations of apple trees,
hawthorn, and rowan, Erwinia was not detected, only in orchards with cultivated apple trees.
Among plants in wild populations, the endophytic microflora predominantly featured Pseudomonas
fluorescens. Pathogenic fungi of the genus Alternaria, predominantly Alternaria mali, causing apple
alternariosis, were detected in more than 60% of the samples from wild populations. In cultivated
orchards, this pathogen was found in only 5% of the samples. Among hawthorn and rowan trees,
pathogenic fungi including Diplocarpon mespili, Alternaria, and Monilinia johnsonii were
identified, with a 13.9% prevalence of infected plants. Endophytic fungi species identified included
Alternaria infectoria, Alternaria sclerotigenum, Aspergillus terreus, Penicillium chrysogenum, and
Fusarium lateritium. All of these endophytic fungal species were detected in wild populations,
while in cultivated orchards, only Alternaria infectoria was found (20% of the samples).

The composition of pathogenic and endophytic microflora varied depending on the plant
organ studied. In leaves Pseudomonas, Klebsiella, Pantoea, Alternaria sclerotigenum, Aspergillus
terreus, and Alternaria mali were detected. Meanwhile, in branches, Erwinia, Pseudomonas
fluorescens, Alternaria infectoria, Alternaria sclerotigenum, Aspergillus terreus, Penicillium
chrysogenum, and Fusarium lateritium were identified.

Presently, our assessments reveal that the majority of the surveyed regions harbor dangerous
pathogens, underscoring the need for management strategies to mitigate potential threats to
biodiversity and ecosystem integrity.
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SEED POTATO QUALITY CONTROL - INSPECTION AND
CERTIFICATION

Raissova N., Shamekova M., Sapakhova Z., Zhambakin K.
Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan

E-mail: n.raissova@ipbb.kz

The market of potato seeds and planting material of fruit crops in the country needs increased
regulation both in the domestic market and in imports. Cases of low-quality seed material from both
domestic sources and illegal imports are often detected, resulting in lower yields, and the spread of diseases.
Protection of the rights of farmers purchasing seeds and planting material is a prerequisite to ensure the
production of high-quality products suitable for both domestic consumption and export to international
markets.

Industrialized countries possess their quality assurance frameworks for seeds and planting materials
(such as ESCAA, EPPO, NAPPO, etc.), which are not standardized with the system in Kazakhstan. Current
seed quality control in Kazakhstan is carried out according to an outdated Soviet system, where the
manufacturer himself issues a certificate of seed quality and the demand for modernizing Kazakhstan's seed
and nursery production system is incredibly pressing. This modernization aims to generate top-quality
domestic seeds and planting materials for both domestic consumption and export, as well as to allure
investments from both local and international investors.

By the order of the Ministry of Agriculture of the Republic of Kazakhstan, during 2021-2023,
researchers of the Institute of Plant Biology and Biotechnology developed a scientific program and
implemented a scientifically based system of certification and inspection of seed potatoes and planting
material of fruit crops in the Republic of Kazakhstan.

The program was aimed at solving the problem of quality control of seed and planting material
produced in Kazakhstan, as well as imported into Kazakhstan. In terms of program implementation, the
following work has been done:

- analysis of the inspection and certification systems of leading countries producing seed potatoes,
fruit and berry crops was carried out and the optimal model was determined - the inspection system of the
Kingdom of the Netherlands for transfer to Kazakhstan.

- inspectors were trained at the Inspection Services of the Kingdom of the Netherlands for seed
potatoes and planting material of fruit crops, 9 inspectors for seed potatoes, and 9 inspectors for planting
material of fruit crops.

- work algorithm of the authorized body on inspection and certification of seed potatoes and
planting material of fruit crops in the Republic of Kazakhstan and its interaction with other organizations was
developed.

- system for certification and traceability of seeds after micropropagation has been defined.

- anational standard for seed potatoes based on UNECE Standard S1, developed for harmonization
with European standards.

- after assessing the industry's status and the legal landscape, a preliminary draft of the Law of the
Republic of Kazakhstan, aimed on the implementation of a new inspection system and titled "On
Amendments and Supplements to Certain Legislative Acts of the Republic of Kazakhstan Regarding Support
for Seed Production” was formulated.

- draft rules for accreditation by the authorized body (MoA) of professional organizations have
been developed.

- five detection systems for identifying the most perilous pathogens affecting potatoes, walnuts,
apples, raspberries, and plums were devised and put into practical use.

- genetic bank of detected phytopathogens created.

- pilot inspections of seed potatoes and fruit crop planting materials were carried out in alignment
with the established inspection and certification system, utilizing a developed database.

- a database for tracking seed potatoes in Kazakhstan and fruit crop planting material was
developed and tested in pilot inspections conducted in seed farms throughout Kazakhstan.

49


mailto:n.raissova@ipbb.kz

Session 1. Genetic Resources and Biodiversity Poster Session

FEATURES OF IN VITRO PROPAGATION OF RARE AND ENDANGERED
TULIP SPECIES IN KAZAKHSTAN

Rakhimzhanova A.O., Manabayeva S.A.

National Center for Biotechnology, Astana, Kazakhstan
E-mail: r.aizhann@mail.ru

Kazakhstan is the homeland of tulips. Currently, there are 35 species of wild tulips in
Kazakhstan, 18 of which are listed in the Red Book. They are distributed across the entire territory
of the country. Conservation of tulip species is a significant global challenge, and relying solely on
in situ conservation methods does not guarantee their complete preservation. To solve this issue,
biotechnological methods associated with in vitro conservation and propagation are proposed,
allowing for the reproduction of valuable genotypes in natural populations.

The aim of our research was to study the features of in vitro propagation of rare and
endangered tulip species in Kazakhstan. Rare and endangered tulip species in Kazakhstan, namely
Tulipa greigii, Tulipa bifloriformis, and Tulipa patens, collected from their natural habitats in the
Aksu-Zhabagly State Nature Reserve, were selected as research objects.

The first and obligatory stage of biotechnological research related to in vitro culture is the
introduction of plant material into a sterile culture. For the normal development of explants in in
vitro culture, complete sterilization of the initial material is necessary. Tulip bulbs have been used
as primary explants. The sterilization of bulb scales presents certain challenges, requiring healthy
scales without mechanical damage. To overcome these challenges, the bulbs were prewashed with
tap water and a commercial bleach product (Domestos). Further sterilization of the prepared bulbs
was performed under sterile conditions in a laminar flow hood. We tested the effectiveness of
several disinfectants, including sodium hypochlorite, hydrogen peroxide, ethanol, and a 0.1%
solution of corrosive sublimate. The most optimal disinfectant was a solution of corrosive sublimate
solution, which resulted in both sterile and viable explants. The lowest number of sterile explants
was obtained with sodium hypochlorite. The sterile bulbs were sliced into cross-sections and placed
on agarized Murashige and Skoog (MS) medium containing zeatin (3.0 mg/l) and NAA (1.0 mg/l).
Cultivation was carried out in the dark at 25-26°C, and direct regeneration of microshoots was
observed after 7-8 weeks. On average, 2 to 5 microshoots were formed on one cross-section. For
further growth and development of microshoots, media with different growth regulators (BA, NAA,
thidiazuron, kinetin) and their combinations were used. The best growth was observed on a medium
containing BA and NAA at concentrations of 2.0 and 1.0 mg/l, respectively. The selected
sterilization scheme and cultivation conditions for bulb scales allowed obtaining a sufficiently high
percentage of viable explants for subsequent in vitro propagation and the formation of microbulbs.
Complete maturation of microbulbs was achieved on MS medium containing 0.1% methyl
jasmonate.

Thus, the cultivation conditions for rare and endangered tulip species in Kazakhstan have
been optimized in vitro culture. The achieved results contribute to the conservation of these species
using biotechnological methods and enable the application of genetic engineering methods for
improvement of these genotypes.
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DNA BARCODING AND PHYLOGENETIC ANALYSIS OF BRASSICACEAE
BURNETT SPECIES USING RBCL AND MATK MARKER GENES

Ramazanova M., Tussipkan D., Manabayeva S.A.

National Center for Biotechnology, Astana, Kazakhstan

E-mail: malikaramazan.7@mail.com

Precise identification of taxa or species of living organisms is crucial for various areas of
research including biodiversity studies and conservation, molecular biology and genetics, expansion
of biological prospecting and biotechnological applications. DNA barcoding is one of the effective
methods for species identification. This is a modern method of molecular genetics that allows to
distinguish an organism by certain genetic markers to classify within biological systematics at the
species level.

The Brassicaceae Burnet species are widely spread across the world. This family includes
various species that are essential for agriculture and horticulture. In the territory of Kazakhstan
occur approximately 298 species including 15 species recorded in IJUCN Red List. The aim of this
work is to study biodiversity and phylogenetic relationships of the Brassicaceae family in
Kazakhstan using suitable marker genes.

Research material consisted of herbarium specimens from 12 different species of
Brassicaceae including Capsella bursa-pastoris, Erysimum diffusum, lIsatis tinctoria, Rorippa
palustris, Clausia aprica, Odontarrhena tortuosa, Erysimum quadrangulum, Cardamine repens,
Erysimum cheiranthoides, Isatis gymnocarpa, Sisymbrium polymorphum and Lepidium latifolium.
Two gene regions rbcL and matK were used as candidate barcodes to identify an effective
interspecific variation in the mustard family. The obtained sequences were identified by BLAST in
the NCBI Nucleotide database. Phylogenetic analyses were conducted using MEGAL11.

The average evolutionary divergence across all species using rbcL was estimated to be 0.83.
This allowed to divide the species into two main groups with a distance of 2.55. Using matK this
value was estimated 0.12, resulting formation of three main groups among species. Based on the
rbcL definite differentiation was observed at the species level with a maximum distance of 0,03274
between the species Erysimum diffusum and Odontarrhena tortuosa. Furthermore, the most
prominent divergence according to matK with distance of 0,10775 was exhibited between species
Erysimum cheiranthoides and Odontarrhena tortuosa. While a minimum distances of 0, 00000 for
rbcL were exhibited between similar species Erysimum diffusum and Erysimum quadrangulum, and
between Rorippa palustris and Clausia aprica. In addition, a minimum distances of 0, 00229 and
0,01864 were exhibited between similar species Erysimum diffusum and Erysimum quadrangulum,
followed by Isatis tinctoria and Isatis gymnocarpa respectively.

Research has established that DNA barcoding is a practical and efficient method for
identifying and tracking phylogenetic relationships among species. Two candidate barcoding loci,
rbcL and matK, were shown to be the most appropriate candidate barcodes with the highest
interspecific divergence among the different species of the Brassicaceae Burnet family.
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STUDY OF TAL-EFFECTORS IN XANTHOMONAS CAMPESTRIS PV.
CAMPESTRIS AS VIRULENT FACTORS FOR BRASSICA OLERACEA

Razhina O.L.%, Chernyaev K.A.%, Zlobin N.E.%, Jalilov F.S.U.2, Ignatov A.N.3,
Taranov V.V.1

1 All-Russia Research Institute of Agricultural Biotechnology, Moscow, Russia
2 Russian State Agrarian University - Moscow Timiryazev Agricultural Academy, Moscow, Russia
8 Peoples’ Friendship University of Russia named after Patrice Lumumba, Moscow, Russia

E-mail: oksana-razhina@yandex.ru

Xanthomonas campestris pv. campestris (Xcc) causes a black rot disease on various cultivated
plants of the Brassicaceae family and especially damages cabbage crops. It was previously shown
that some Xcc strains use TAL-effectors to bind promoter regions of some plant genes and change
its expression in order to promote infection rates. The unique feature of the TAL-effectors is that
the target DNA sequence can be determined according to the TAL-effector aminoacide sequence.
Establishing the amino acid sequence of TAL-effectors makes it possible to reveal target plant
genes, which can be considered as S-genes. Further modification of these genes will increase
resistance to the cabbage black rot disease.

In this work, an examination of TALE genes biodiversity among a set of Xcc isolates belong
to different races was performed. The Xcc isolates were collected from various regions of Russia
and from different countries such as Belarus, Moldova, USA, China, Brazil, etc. More than 100 Xcc
isolates were analyzed.

The work was financially supported by the Ministry of Science and Higher Education, project
No. 13.2251.21.0205.
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GENETIC ADAPTATION STRATEGIES OF RHODIOLA LINEARIFOLIA
PLANTS FROM VARIOUS ECOLOGICAL AND GEOGRAPHICAL
POPULATIONS

Terletskaya N.V., Khapilina O.N.2, Erbay M., Turzhanova A.S.?

Lnstitute of Genetics and Physiology, Almaty, Kazakhstan
2 National Center for Biotechnology, Astana, Kazakhstan

E-mail: teni02@mail.ru

Representatives of the Crassulaceae family’s genus Rhodiola are succulents and have a great
capacity for adaptation to unfavorable environmental influences. We studied the individual
specimens from from R. linearifolia Boriss. from three different natural populations of nature
reserves in various mountainous regions of Kazakhstan.

One of the most significant tools for analyzing plant resources, including numerous genetic
processes in wild populations, is the analysis of molecular genetic polymorphism. This work aimed
to look at the polymorphisms of allelic variations of the superoxide dismutase (SOD) and auxin
response factor (ARF) gene families, as well as the genetic diversity of from three different natural
populations of R. linearifolia, using the retrotransposons-based fingerprinting approach. The multi-
locus exon-primed intron-crossing (EPIC-PCR) profiling approach was used to examine allelic
variations in the SOD and ARF gene families. We implemented the inter-primer binding site (iPBS)
PCR amplification technique for genome profiling, which demonstrated a significant level of
polymorphism in the Rhodiola samples studied. The results obtained in this study show a high level
of molecular genetic polymorphism in the coding part of the genome in the studied samples.

Both SOD family genes and ARF genes had a great variety of EPIC-PCR amplicons in
populations studied. Yes, the analyzed populations of R. linearifolia, respond mainly similarly to
stress. But the results indicate the presence of genetic differences or structural features between
these populations, which may be associated with adaptation to different environmental conditions or
allelic drift.

The iPBS profiling analysis for the studied samples of analyzed populations also revealed the
level of genetic differentiation of the studied populations and demonstrated Genetic profiles
contained both common amplicons and unique one’s characteristic of each specific population of R.
linearifolia. Based on the results of genetic analysis of populations based on DNA profiling data,
we can conclude that about 64% of genetic diversity is due to intrapopulation variability.

The variability in the regulatory regions of the ARFs and SOD genes may be associated with
different plant responses to stress factors, while PBS polymorphism may be due to the geographic
remoteness of populations and the influence of environmental conditions.

So, the genetic variety of wild populations of R. linearifolia leads to their improved tolerance
of opposing environmental circumstances and evolutionary divergence.
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GENE POOL OF WILD FRUIT AND BERRY PLANTS IN THE ALTAI
BOTANICAL GARDEN

Vdovina T.A.*, Lagus O.A., Danilova A.N., Isakova E.A.

Altai Botanical Garden, Ridder, Kazakhstan
*E-mail: lelik_ridder1994@mail.ru

The mobilization of genetic resources of fruit and berry crops is relevant in connection with
the ever-increasing scale of extinction of valuable species and forms. In order to implement modern
breeding programs and rational use of the world gene pool of horticultural crops, collections of
adaptively significant and economically valuable qualitative and quantitative traits have been
created in the Altai Botanical Garden (ABG) for Hippophae L., Viburnum L., Lonicera L., Berberis
L., Fragaria L., Rosa L., Ribes L.

The genetic collection of fruit and berry crops in the ABG is represented by 11 genera:
Berberis L. (one species — Berberis heteropoda Schrenk, 24 forms), Crataegus L. (one species —
Crataegus chlorocarpa Lenne et c. Koch, 2 samples), Fragaria L. (two species — Fragaria vesca
L., Fragaria viridis (Duch.) Mill., 15 specimens), Hippophae L. (one species — Hippophae
rhamnoides L., 46 forms, one variety ‘Yubileinaya Kotukhova’), Lonicera L. (one species —
Lonicera altaica Pall., 17 specimens, one form ‘Blue Wave’), Rubus L. (one species — Rubus idaeus
L., 5 specimens), Prunus L. (one species — Prunus padus L., 13 specimens), Ribes L. (two species —
Ribes petraeum Wulfen, Ribes nigrum L., 6 ecotypes), Rosa L. (two species — Rosa acicularis
Lindl., Rosa spinosissima L., 4 samples), Sorbus L. (one species — Sorbus aucuparia subsp.
Glabrata (Wimm. & Grab.) Hedl., 4 specimens), Viburnum L. (one species — Viburnum opulus L.,
18 forms), from 6 families. Total 13 species, 89 forms, 6 ecotypes, 60 varieties, 1 variety.

Extensive breeding work has been carried out since 1968 on five species: Ribes nigrum L.,
Hippophae rhamnoides L., Viburnum opulus L., Lonicera altaica Pall., Berberis heteropoda
Schrenk, the reserves of which are limited in nature. The main goal of the research is to study the
biological characteristics, adaptive capabilities, biochemical composition of fruits, as well as their
preservation in the collection.

As a result of the research, highly productive, adaptive species of fruit and berry crops were
identified, with good consumer qualities of the fruits, with high vitamin value and antioxidant
activity for their effective use in industrial and amateur gardening. For sea buckthorn, the following
forms have been prepared for variety testing: 'Dolgozhdannaja’, 'Podarok Bajtulinu’, 'Solnyshko',
'‘Nesravnennaja’, 'Shetlastinka’, 'Fakel’, 'Fejerverk’, 'Krasnoplodnaja’, 'Ljubimec’, 'Gustoj Tuman',
Lonicera form — 'Golubaja Volna', Viburnum form: 'Shtambovaja’, 'Blestjashhaja’, '‘Botanicheskaja’.
The selection fund of the above-mentioned species includes more than a thousand forms and
seedlings: Hippophae rhamnoides - 374, Berberis heteropoda — more than 400, Viburnum opulus
about 20, Lonicera altaica — 25.

In their natural form, in the fruit growing area (the southwestern slope of Mount Belkin) grow:
Prunus padus Mill., two species of Rosa: Rosa spinosissima on an area of 67 — 120 m? and beyond on the
total territory of the Altai Botanical Garden — 3.8 hectares. R. acicularis grows singly. Recently, there
has been an intensive development of free sites by Fragaria viridis. Strawberries grow in small, sparse
clumps from 15.0 to 60.0 m?. The total projective coverage is 4-6%, previously it was 3—4%.

This research has been funded by the Science Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan (BR21882166 «Scientific and practical basis of
reproduction, conservation, use of fruit-berry plants of natural flora of Western, Eastern, Central
and Northern Kazakhstan to ensure food security»).
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GENETIC DIVERSITY OF VIRUSES INFECTING STRAWBERRIES IN
THE SOUTHEAST OF KAZAKHSTAN

Yefremova Yu., Malakhova N., Khanseitova A., Urazayeva M.

M. Aitkhozhin Institute of Molecular Biology and Biochemistry, Almaty, Kazakhstan
E-mail: ydyo@inbox.ru

Cultivation of strawberries in southeast Kazakhstan is an important part of industrial fruit
growing, characterized by constant demand and high profitability. However, new approaches to the
technology of cultivating and selling the products of this crop require improving the cycle of work
on its cultivation, including control over viral infections characteristic of the agro-ecological
conditions of the south-eastern region.

Modern conditions of agricultural market relations require a quick return on investment and
subsequent receipt of regular, high profits. That is why potential productivity, depending in
particular on susceptibility to certain viral diseases and the specific use of protective equipment,
have a significant impact on the cost of finished berry products.

Since garden strawberries are perennial plants with a lifespan of 7-8 years and an active
fruiting period of 2-3 years, they occupy an intermediate position between herbaceous and shrub
forms, are characterized by compactness and high productivity - they are successfully grown
throughout the south-east of Kazakhstan, in particular Almaty and Zhetysu regions.

This work includes the selection of biological tissue samples of stems, roots, leaves and fruits
of garden strawberries of the four most industrially valuable varieties cultivated in the Almaty and
Zhetysu regions for the purpose of screening for the presence of viral diseases, as well as analysis of
their prevalence, molecular genetic analysis samples, purification of PCR amplification products,
subsequent sequencing and establishment of phylogeny, further purification of viral particles for
conducting a pathogenetic virulence test.

Thus, this work will contribute to a deeper understanding of the extent of the spread of viruses
affecting strawberries in the south-eastern region of Kazakhstan, the severity of the infectious load,
the phylogenetic specificity of viral agents, as well as their virulence. Since currently all garden
strawberry planting material is imported from abroad, this work will help update information about
the current infectious situation in the specified region, and consequently, increase the level of food
security of produced berry products.

These studies are carried out as part of the implementation of a scientific and technical
program with individual registration number BR21881942 “Development of biotechnological
approaches for the control of phytopathogens in order to increase the productivity of agricultural
crops”.
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ESTABLISHMENT OF PLANT BACTERIA AND FUNGI COLLECTION

Yelchaninov M.I., Nizamdinova G., Gritsenko D.

Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan
E-mail: yelchaninov.mikhail@gmail.com

This study represents a crucial step in exploring and understanding the plant microbiome in
the context of agriculture in Kazakhstan. Considering the growing need to increase crop
productivity and resilience of agricultural crops to extreme climatic conditions, the creation of a
collection of plant bacteria and fungi becomes particularly significant.

The research involved sampling the apple, walnut, and hawthorn tree material from various
ecosystems in the regions of Zhongar Alatau, Ketpen, and Ile-Alatau, as well as targeted sampling
from apple orchards, where apple bacteria were of particular interest. This allowed us to obtain
extensive data on the biodiversity of microorganisms existing in natural and anthropogenically
modified ecosystems of Kazakhstan. After collecting the samples, we processed and isolated
microorganisms using standard culture methods.

Subsequently, Nanopore sequencing was applied for the identification and classification of
microorganisms. These methods enabled us to obtain detailed information about the genera and, in
some cases, species of bacteria. Presently, our collection comprises 25 isolates of Erwinia, 57
isolates of Pseudomonas, 31 isolates of Klebsiella, and 42 isolates of Pantoea. These isolates were
obtained from diverse samples and populations. Additionally, glycerol stocks of Erwinia amylovora
were prepared for long-term preservation at low temperatures. The potential biological agents, such
as Pseudomonas fluorescens, were also preserved for subsequent testing to evaluate their efficacy in
promoting plant health and combating pathogens. Pseudomonas fluorescens stands out as a
powerful biocontrol agent against plant pathogens. Through mechanisms such as antibiosis,
competition for nutrients, and induction of plant defense responses, this bacterium suppresses the
growth of harmful organisms, thereby reducing the need for chemical pesticides. Moreover,
Pseudomonas fluorescens has been shown to promote plant growth by facilitating nutrient uptake,
enhancing stress tolerance, and stimulating root development.

The collection of plant bacteria has the prominent potential for enhancing agricultural
production. Plant microbiome analysis will help to identify biological agents capable of increasing
crop yields, protecting plants from diseases and stressful conditions, and improving soil fertility.
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EVALUATING PHYSIOLOGICAL TRAITS IN WHEAT GENETIC
RESOURCES ASSOCIATED WITH HEAT TOLERANCE
AND DROUGHT RESISTANCE

Yessimbekova M.A., Suleimenova M.Sh., Mukin K.B.

Kazakh Research Institute of Agriculture and Plant Growing, Almalybak, Kazakhstan
E-mail: minura.esimbekova@mail.ru

The predicted global climate changes in the world are of particular importance for
Kazakhstan, the main areas of agricultural production of which are characterized by high variability
of environmental factors. According monitoring climate change, drought conditions and wheat
production in Eurasia: the case study of Kazakhstan (Karatayev M (2022) by 2030, the average
annual temperature in Kazakhstan is expected to increase by 1-2°C (on average 1.5°C), by 2050 by
2-3°C, even 3.5°C. The highest growth rate of average surface air temperature was noted in the
southern and western regions in winter, from 0.210C to 0.510C per decade.

High temperature can be one of the main factors limiting the productivity of all agricultural
crops, including wheat. In this regard, understanding the physiological problems associated with
stress caused by high temperature is of great importance. The aim of the studies was to phenotype
wheat germplasm (Triticum aestivum L.) to assess the potential of using NDVI (normalized
difference vegetation index) and CTD (canopy temperature depression) measurements to identify
wheat genotypes that show a high correlation of productivity with heat tolerance (CTD) and drought
resistance (NDVI) cultures in the foothill and dry steppe zone of the Trans-Ili Alatau.

As a result of studies CTD, calculated as the difference between the temperature of the
canopy and the environment, the genotypes were divided into 3 groups. The trend of increasing
productivity with increasing CTD (r=0.67) was revealed. The five winter wheat accessions were
selected as sources of productivity and adaptability to high temperatures.

Monitoring of the wheat gene pool using the “Greenseeker” optical sensor showed a change
in the plant biomass index (NDVI) value depending on the conditions of cultivation, the phase of
development. A connection (r=0.64) between NDVI and the yield of winter wheat was established.
For spring wheat, a significant relationship (r=0.51-0.54) of NDVI with spike length, number of
spikelets, kernels and weight of kernels per spike was noted.

Key words: bread wheat, physiological indicators, heat tolerance, drought resistance, yield.
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IDENTIFICATION OF PLANTS OF THE RANUNCULACEAE FAMILY BY
DNA BARCODING

Zhumabay N.B., Bekkuzhina S.S., Sutula M.Y., Manabayeva S.A.

National Center for Biotechnology, Astana, Kazakhstan
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In the context of global environmental change and the extinction of many plant species, the
importance of biodiversity research and conservation is increasing. The identification of
economically important plant species has become not only an urgent task, but also a strategic
priority. DNA barcoding is a powerful tool for solving this problem. The use of the DNA barcoding
method provides a deeper understanding of the genetic and evolutionary aspects. This method
allows for more accurate identification and classification of plants, thus improving taxonomic
understanding.

The Ranunculaceae family is widely used for its medicinal and pharmacological properties.
There are about 180 species of this family in Kazakhstan, 9 of which are endemic. Of all the species
found on the territory of Kazakhstan, 90 species are alkaloid-bearing, which in the future could be
used in pharmaceutical production. The aim of this work is to study the biodiversity of species of
the Ranunculaceae family in Kazakhstan, as well as the identification and study of taxonomy using
the DNA barcoding method.

The materials were herbarium specimens brought from the botanical gardens of the Akmola,
Karaganda, and Eastern Kazakhstan regions. DNA was isolated using a modified CTAB protocol.
PCR amplification was performed in a volume of 25 pl. The following primers were used for
amplification: rbcLa F 5-ATGTCACCAACAAACAGAGACTAAAGC-3’, rbcLa R 5’-
GTAAAATCAAGTCCACCRCG-3°, ITS4 5 -TCCTCCGCTTATTGATGC-3’, ITS5 5’-
GGAAGTAAAAGTCGTAACAAG-3’, 3F KIMf 5’- CGTACAGTACTTTTGTGTTTACGAG-3’,
IR KIMr 5’-ACCCCATTCATCGGAAATCTTGGTTC-3’. Sequencing was performed by the
Sanger method using the BigDye Terminator sequencing kit. Identification was carried out using
BLAST, the search was carried out in the NCBI global database. The analysis of all datasets (rbcL,
ITS, mark) was performed using the MEGAL11 software.

As a result of the search, 27 nucleotide sequences from 10 plant species of the Ranunculaceae
family were obtained. In addition, 30 nucleotide sequences from 13 species were obtained from the
GenBank database. In general, the species of the Ranunculaceae family from five regions of
Kazakhstan (Altai, Kostanay, Akmola, Karaganda, Mangystau) were analysed. The concentration of
the 1solated DNA was >100 ng/ul, the absorbance ratio at A260/A280 was about 1.8. The primary
data showed that the highest amplification rate was recorded in the rbcL DNA barcode (100%), the
lowest rate in the matK marker (60%). The average length of the nucleotide sequences obtained was
507 bp, 634 bp and 708 bp, in rbcL, ITS and matK, respectively. rbcL sites proved to be the most
conservative (86%), the matK marker turned out to be less conservative (79%). High divergence
was found in ITS, the number of variable sites was about 37%. Identification by BLAST search at
the generic level was 93-100% for rbcL, 90-100% for matK and 83-94% for ITS. Chloroplast
markers (matK, rbcL) contain more conservative sites compared to ITS, which allowed effective
identification of species within each genus of the Ranunculaceae family. The ITS, on the other
hand, has a higher information content due to the high level of divergence. All the nucleotide
sequences obtained were uploaded to the international database NCBI. Phylogenetic analysis will
be performed on the results obtained.
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GENOMIC TOOLS AND STRATEGIES FOR DURUM WHEAT BREEDING
Nicola Pecchioni

Council for Agricultural Research and Economics, Foggia, Italy

The genome sequence of durum wheat, thanks to the efforts of an International consortium,
has turned into its second (platinum) version, by long-read sequencing, and it is ongoing the
assembly of its pangenome. This genomic path will be described, with insights into the discovery or
characterization of genes and QTLS relevant to durum wheat breeding.

Association of genomic loci with key phenotypic traits will be also presented, as the
application of genomic selection for single and multiple traits.

Development for durum wheat breeding of high-throughput, image-based phenotyping will be
presented, together with a comparison between genomic and phenomic selection in the species.

Current programmes and strategies for durum wheat breeding will be then reviewed,
including the experiences done in gene editing and cisgenesis.
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GENETIC STRATEGIES TO INCREASE THE NUTRITIONAL DENSITY
OF WHEAT

Simon Griffiths

John Innes Centre, Norwich, UK

The humble wheat grain was central to the birth of civilisation and, together with rice and
maize, continues as a global staple on which humanity depends. The statistics which support these
statements are worth careful consideration. In the season 2023-24 global wheat production was
almost 785 million tonnes. Production steadily increases, most years are a new record, perfectly
tracking global population increase which is predicted to peak in 2050 with no new land available to
expand production. Can wheat continue to deliver for us until then? This depends on the success of
plant breeders who made possible the increases achieved so far. From the late nineteenth century a
select and quite random group of unimproved landraces were sampled from limited geographical
ranges and became the founders of modern breeding programmes. We rely on the genetic gains
delivered by reshuffling their genomes to this day! By reading the genetic code of global wheat
landrace collection, assembled by AE Watkins in the early twentieth century an international team
of researchers has shown that the foundations of modern wheat are simply too narrow and that most
of the genetic diversity present in landraces has been unused in systematic breeding. Taking into
account the existential challenges of climate change, biodiversity loss, declining soil health, and
dietary crisis on top of our absolute need for food security | argue we need to revisit the origins of
breeding and start again, enabled by the revolutionary technologies that underpin precision
breeding.
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SPEED BREEDING A POWERFUL TOOL TO FAST TRACK WHEAT
VARIETAL DEVELOPMENT PROCESS

Mahmood Z.**, Qamar M.%, Arshad M.?, Hussain 1.3, Aziz A.* Rasheed A.°

! Wheat Programme, Crop Sciences Institute, National Agricultural Research Center (NARC), Park
Road, Islamabad, Pakistan
2 Crop Sciences Institute, National Agricultural Research Center (NARC), Islamabad, Pakistan
3 Plant Sciences Division, Pakistan Agricultural Research Council (PARC), Islamabad, Pakistan
# International Maize and Wheat Improvement Center (CIMMYT) Pakistan Office, Islamabad,
Pakistan
® Department of Plant Sciences, Quaid-i-Azam University, Islamabad, Pakistan

*E-mail: zeearid@gmail.com

Plant breeding programs desire many crop plant generations to be produced and assessed prior
to crop cultivar is certified. Newly established speed breeding technique is capable of fast
generation advancement through prolonged photoperiod in controlled glasshouses. Experiments
were conducted on rapid wheat hybridization and generation advancement in speed breeding
facilities at The University of Queensland, Australia and National Agricultural Research Centre,
Pakistan. We harvested matured wheat accessions (synthetic hexaploids, landraces and hexaploid
wheats) in 56-64 days under speed breeding glasshouse. We attempted 236 crosses and produced
healthy seeds in a short time. F1 plants produced a maximum 21 healthy spikes and maximum 768
healthy seeds from a single plant. Through this technique in one year, we have developed 5200
wheat lines, their generations were advanced from F1 to F5 and now they are under field trials at F8
generation. Speed breeding procedure enables to harvest 5 to 6 spring wheat generations per year.
By acceleration of generation advancement, speed breeding can save 5-7 years in the wheat varietal
development process.
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IMPLEMENTATION OF GENETIC TECHNOLOGIES IN SOYBEAN
AND WHEAT BREEDING

Salina E.A.

Institute Cytology and Genetics SB RAS, Novosibirsk, Russia

E-mail: salina@bionet.nsc.ru

Over the past few years, various genetic and biotechnological approaches have been used for
development of improved and relevant crop varieties. Such approaches include marker-assisted
(MAS) and genomic selection, genome editing and dihaploid technologies.

A genetic platform for accelerated development of new breeding lines of cultivated soybean
and bread wheat has been developed. The platform is based on the fundamental knowledge of
identification and marking of unique alleles of genes defining agricultural valuable traits using gene
sequencing and genome-wide association studies of a panel of 150-190 breeding accessions.

The main focus of genetic studies conducted on cultivated soybean was directed to the study
of genes affecting the duration of the main phases of soybean development, first pod insertion
height, protein content and yield components. Thirty-nine genetic locus were found to be
significantly associated with the studied soybean traits, allelic variation in maturity genes E1-E4
effected on soybean adaptation in different regions of Russia was studied.

Organization of a genetic platform for spring and winter bread wheat was based on studies of
gene identification affecting the heading and maturation date, resistance to fungal diseases, grain
protein content, and resistance to pre-harvest sprouting.

The created database on molecular markers was used for acceleration of breeding of grain
crops by MAS and dihaploid technology. Implementation of genetic data into breeding allowed for
a short period of time (2 years) to obtain high-yielding lines of spring bread wheat, adaptive to
different ecological and geographical zones, carrying target genes providing resistance to powdery
mildew, leaf and stem rust, high protein and gluten content. More than 600 lines of spring wheat are
now being tested in breeding nurseries in the Ural and West Siberian regions.

This research was funded by the Russian Science Foundation (RSF project No. 21-76-30003).
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NGS-enabled wheat genotyping platforms for breeding application

Rasheed A.12, Xia X.2, He Z.2

!Department of Plant Sciences, Quaid-i-Azam University, Islamabad 45320, Pakistan
2Chinese Academy of Agricultural Sciences (CAAS), and CIMMYT-China office, 12 Zhongguancun
South Street, Beijing 100081, China

Improving the crop productivity, resilience to climate extremes, resistance to biotic stress and
improving the quality are the main breeding objectives. Different tools, resources and strategies are
used to precisely select the desirable cultivars in crop breeding. One of such tools is the genomics-
assisted breeding (GAB), which improves selection accuracy during breeding cycles. However,
practicing GAB depends on the availability of molecular markers for selecting the desired
phenotypes. Once a marker is available for use in breeding, the efforts are then made to make it
cost-effective and high-throughput to integrate its use in applied breeding. However, different
breeding scenario like gene tagging, marker-assisted recurrent selection (MARS), background
selection, diversity estimates, and genomic selection require different genotyping platforms, and
there is no ‘one size fits all’ solution. We provided an overview of the efforts around developing
cost-effective, high-throughput and breeding-oriented genotyping platforms in wheat. A successful
genotyping platform would have the features of high genome coverage, least ascertainment bias,
high power in gene discovery studies, balance between throughput and flexibility, provide high
prediction accuracy in genomic selection, and, above all, affordable for most of the crop breeding
programs.
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NOVEL QTL HOTSPOTS FOR BARLEY FLOWERING TIME, PLANT
ARCHITECTURE, AND GRAIN YIELD IDENTIFIED IN KAZAKHSTAN
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Barley (Hordeum vulgare L.) is an important cereal crop with high genome plasticity that is
cultivated in all climatic zones. Traditionally, barley grain is used for animal feed, malting,
brewing, and food production ensuring food security worldwide and within the country. Genetic
studies empower us to conserve existing cultivars and breed superior ones using marker-assisted
selection (MAS) approach. Modern barley breeding science and the usage of new molecular genetic
technologies together may increase the efficiency of new cultivars development. The current study
evaluates a diverse world collection of 273 two-rowed spring barley accessions, comprising
cultivars and breeding lines from the USA, Kazakhstan, Europe, Africa and Middle East. The
collection was grown during 3 seasons — 2019/2020, 2020/2021, and 2021/2022 — in fields of
Kazakh Research Institute of Agriculture Plant Growing (southeastern Kazakhstan) and Karabalyk
Agricultural Experimental Station (northern Kazakhstan). The collection was assessed by 5 plant
adaptation traits (heading time, heading-maturity time, vegetation period, plant height, and peduncle
length) and by grain yield per m2. All 272 accessions were also genotyped using Barley 50k iSelect
SNP Array resulting in 26,529 polymorphic SNP markers (MAF < 0.1).

A genome-wide association study (GWAS) using a multiple-locus mixed linear model
(MLMM) for a GAPIT package in R software environment allowed for the identification of 95
significant (P < 1.00E-04) quantitative trait loci (QTLS) for the 6 studied agronomic traits of barley.
Among them, for 58 QTLs we identified candidate genes and/or QTLs with the most of them
associated with flowering time. The remaining 37 QTLs were presumably novel. The analysis of
QTLs identified three genomic regions as QTL hotspot on chromosomes 1H, 3H, and 6H, wherein
several QTLs associated with flowering time, plant architecture and grain yield were found to be
co-localized. These QTLs could be used for gene mining and breeding programs, including MAS
approach to improve barley adaptation parameters and to increase general grain yield of barley in
Kazakhstan.

The research was funded by the Committee of Science of the Ministry of Science and Higher
Education of the Republic of Kazakhstan (Program No. BR18574149).
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TETRAPLOID WHEAT FIELD-TESTED IN KAZAKHSTAN
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LInstitute of Plant Biology and Biotechnology, Almaty, Kazakhstan
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Durum wheat (Triticum turgidum L. ssp. durum) is one of the top crops in Kazakhstan, where
it is cultivated in different ecological niches, mainly at higher latitudes, in the steppe zone of the
northern region. As a result, local durum wheat breeding programs in Northern Kazakhstan
primarily aim to select for high productivity by introducing promising foreign germplasms and
utilizing marker-assisted selection. In this study, a world tetraploid wheat collection consisting of
184 primitive and domesticated accessions that were previously genotyped using 16,425
polymorphic SNP markers was field-tested in northern and southeastern Kazakhstan. Field tests
have allowed the identification of promising durum wheat lines in Northern Kazakhstan compared
with a local standard cultivar. A genome-wide association study (GWAS) has allowed the
identification of 59 QTLs for five agronomic traits (heading time, plant length, spike length,
number of productive spikes, and 100-grain weight). The co-localization of a large number of QTLs
with those previously published confirmed the validity of the results of this study. The QTLs
reported here will provide an opportunity to implement marker-assisted selection in ongoing durum
wheat breeding projects targeting higher productivity in the region.

This research has been funded by the Science Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan (Grants No. AP05131328, AP14871383).
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SPOT (PYRENOPHORA TRITICI-REPENTIS) USING BREEDING AND
MOLECULAR METHODS
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Tan spot of wheat, the causative agent of which is Pyrenophora tritici-repentis (Ptr), is the
most aggressive among leaf diseases of wheat both worldwide and in Kazakhstan. Under favorable
conditions for the development of the disease, crop losses reach 50-65%. The increased importance
of tan spot of wheat in recent years is due to an increase in the acreage of wheat with a combination
of direct sowing (no-till) and monoculture; the absence of disease-resistant wheat cultivars and the
emergence of new Ptr races; the use of ineffective fungicides, which ensured the geographical
spread of the pathogen over large areas. Tan spot management is achieved through existing
strategies, mainly genetic breeding approaches. The creation of wheat varieties resistant to P. tritici-
repentis is the best solution to the problem. To identify promising lines, a comprehensive study was
conducted, including modern breeding and molecular research methods.

Phytopathological assessments of tan spot resistance in adult plants (APR) in the field
identified 23 promising lines with an immune type of reaction (I1T-0), 29 promising lines with a
resistance type of reaction (R), and 25 samples with a moderately stable type of reaction (MR).
Based on the results of phytopathological screening, the area under the disease progress curve
(AUDPC) was estimated. As a result of the assessment, the susceptibility index (¢) was determined:
61 promising lines (48.03%) were classified as high (¢ — 0.1-0.4) and 58 promising lines (45.7%)
with an average susceptibility index (¢ —0.4-0.7).

Using molecular markers, sources of wheat resistance to tan spot were identified. Molecular
screening of wheat samples was carried out using markers Xfcp623 and XBE444541 to diagnose the
Tsnl and Tsc2 genes, which control the sensitivity of toxins of the pathogen P. tritici-repentis.
Based on the results of molecular screening, 94 genotypes (65.2%) were identified as carriers of the
recessive tsnl gene linked to resistance to race 1 and the Ptr ToxA toxin. While 100 genotypes
(69.4%) were identified as carriers of the recessive gene tsc2 combined with resistance to race 5 and
Ptr ToxB.

Principal component analysis (PCA) was performed based on the AUDPC results and the
structural productivity analysis results. This analysis showed that the first two principal components
explained 51.83% of the variance. According to ANOVA analysis (p < 0.001), the degree of tan
spot development varied significantly between genotypes in different growing seasons (2022-2023).
There was a significant negative correlation between AUDPC and 1000 grain weight (r = -0.42; p <
0.001).

As a result of comprehensive research, 28 promising lines have been identified that combine
resistance to tan spot and high productivity. The identified promising lines combining adult plant
resistance (APR) and tan spot resistance genes will be used in breeding hybridization programs to
increase tan spot resistance.

This research has been funded by the Science Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan (Grant No. AP22787867), as well as by the
Science Committee of the Ministry of Science and Higher Education of the Republic of Kazakhstan
(Grant No. BR18574149, the task 01).
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INDUCED MUTAGENESIS IN THE CREATION OF BARLEY (HORDEUM
VULGARE L.) SOURCE MATERIAL FOR PRACTICAL BREEDING
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In conditions of intense global warming, which significantly affects the climate of the Kyzylorda
region, the importance of breeding in the breeding of stress-resistant varieties is increasing, with special
emphasis on drought-resistant crops such as barley (Hordeum vulgare L.). Scientists highlight its significant
economic importance in arid climate conditions. For practical selection, the Aral region represents a special
interest as a natural ecological background for evaluating plant resistance to a complex of stress factors.
Breeders often face the problem of narrow genetic variability, which has led to the loss of alleles present in
wild relatives. This will lead to the disappearance of traditional local varieties and indigenous forms,
ultimately threatening food security worldwide. Therefore, the original material requires constant updating
through the introduction of new beneficial genes.

In achieving these goals, alongside the utilization of classical selection potential, induced mutagenesis
stands as one of the effective methods considered worldwide as a source for creating fundamentally new
parental forms. Furthermore, the application of experimental mutagenesis methods reduces the time for
breeding new varieties by 3-4 years, as mutant forms are not subject to segregation, which is inherent in
hybrid lines. In recent years, many countries have shown interest in the peaceful use of atomic energy,
particularly in the treatment of agricultural products with ionizing radiation. It is worth noting that in the last
decade, the International Atomic Energy Agency (IAEA) of Austria has widely disseminated mutation
breeding methods in Asian and Latin American regions and achieved very good results. Examples include
the high-protein hulless barley mutant variety Molina-5, grown in the Andean mountain regions, and the rice
variety Zhefu-802, occupying over 11 million hectares in China.

In this study, we developed a new method of radiation mutagenesis using the linear electron
accelerator ILU-10 of the Joint Stock Company "Nuclear Technology Park" (Kurchatov, East Kazakhstan).
The results showed that the most productive were mutant lines whose original varieties were treated in the
absorbed dose range from 100 to 150 Gy. Among them are mutant lines: M 1/15-3-21; M 1/15-2-31; M 1/15-
5-31; M 1/15-5-3SA; M1/15-3-3 SA. Yield increases over the standard Syr Aruy variety ranged from 6.1 to
11.6 t/ha. Noticeable elongation of spike length and increase in the number of grains per spike up to 28 were
observed. Important distinguishing features were their tallness combined with dense, strong straw and
resistance to lodging.

In addition to visible changes in the biological development of plants, the use of mutagenesis causes
the appearance of quantitative changes in various varieties and lines, which are the main criteria for
searching for a breeder. The results showed that the productivity of M1 populations was significantly lower
than the initial varieties and also decreased proportionally with an increase in the dose of ionizing radiation.
Thus, the grain weight per 1 m2 of Syr Aruy decreased by 125.0 g (50+ 10%) and 186.8 g (250+ 10%); in
Inkar by 223.3 g (50 £10%) and 283.1 g (250+ 10%), compared with the original genotypes. It was revealed
that the Inkar variety, in comparison with the Syr Aruy variety, significantly reduces productivity under the
action of mutagens, which indicates a significant share of the contribution of the genotype itself or the
dependence of the mutagen effect on the genetic nature of the genotype.

In general, a significant increase in yield was determined mainly by the weight of grain per ear, due to
the better grain content of the ear and the weight of 1000 grains. The selected mutant lines from the control
nursery were included in the final stage of the selection process - as part of the competitive nursery in 2024.
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Central Asia is home to numerous wild shrubs and fruit-bearing plants that survive harsh
climatic conditions and high mountain altitudes. The wild apple tree Malus sieversii growing in the
Tien Shan is one of the most important plants with a broad ecological adaptation under the extreme
conditions of this environment and at the same time bearing biological and ecological importance.
A scientific study of the wild apple tree and other wild-growing fruit plants is an important step in
understanding adaptation mechanisms, as well as genetic diversity and evolution.

In the present study, genotyping was performed on M. sieversii and Malus niedzwekyana
samples collected from various mountain regions of Northern Tien Shan, including the Zhongar
Alatau, lle-Alatau, and Ketmen. Additionally, samples were collected from the Tarbagatay
mountain. In total, 352 samples of wild apple were genotyped and analyzed using the Axiom
JKI50kMd apple genotyping array, which comprises 48,139 SNPs. Subsequently, after quality
control 22,888 markers were selected for further analyses.

This investigation uncovered the genetic diversity of M. sieversii in the Northern Tien Shan.
The principle component analysis was used to evaluate genetic struture of 331 wild apple genotypes
using genotyping data. The three principal components (PCs) collectively captured 55.38% of the
variability, with PC1 accounting for 38.06%, PC2 for 9.91%, and PC3 for 7.41%. The analysis of
PC1 and PC2 indicated a clear differentiation between M. sieversii and M. niedzwekyana. PC3 has
shown supplementary insights into the genetic disparities between these species, potentially
elucidating finer-scale distinctions in their genetic profiles. The analysis of the population structure
using ADMIXTURE algorithm indicated that the wild apple populations from the Zhongar Alatau
and lle-Alatau exhibited variations in the range of K values, spanning from three to eight. In
contrast, M. niedzwekyana exhibited consistently different genetic characteristics across all K
values, highlighting its distinct genetic makeup compared to M. sieversii populations. Cross
validation of ADMUXTURE analysis with 10 repetitions was not able to reveal potential true K
value.

The study findings revealed extensive genetic diversity within the wild apple populations of
Malus sieversii, with notable genetic differentiation among populations inhabiting the lle-Alatau
and Zhongar Alatau mountains, indicative of their adaptation to varied ecological settings.
Moreover, the analysis identified distinct genetic markers associated with crucial traits such as
disease resistance, fruit quality, and environmental adaptability within these wild apple populations.

This study provides valuable information regarding conservation and sustainable management
strategies that identify the significance of wild apple gene pools in breeding programs for cultivated
varieties. This research is an important step forward in understanding the genetics and dynamics of
evolution in M.sieversii within Central Asian mountain ranges; it is a foundation stone for future
studies on important traits and breeding programs that are interested in this species.
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THE STORY OF THE BREAD WHEAT ROOT: FROM AN
INTROGRESSION CASE TO THE BREEDING EFFECT

Pshenichnikova T.A., Smirnova O.G., Simonov A.V., Bulatov I.0.

Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia

Roots are an essential part of the plant organism. This is a primary organ that captures a state
of the soil water status and transmits signals to the shoot. The architecture of the root system
determines a solid plant rooting and effective absorption of nutrients and water from the soil.
Among cultivated cereal plants, the genetic control of root system formation has been best studied
in barley, corn, and rice. A number of genes involved in the gene networks of root system
development were identified and cloned. In wheat, the second most important crop in the world,
QTL associated with different parameters of the root system have been identified in many
chromosomes. It was found that Vrn-1 locus is involved in the genetic control of root growth and
determines phenotypic features such as root angle, root length and weight, and root-to-shoot ratio.
Ae. tauschii is currently intensively involved in the creation of synthetic wheats—genomic
analogues of modern wheat cultivars. It was shown that the wheat genotypes obtained with the use
of synthetic wheats have a larger root system. One of the first winter habit AABBDD synthetic
hexaploid wheat called Synthetic 6x (Syn 6x), was obtained by crossing wild relatives of wheat T.
dicoccoides and Ae. tauschii. Single chromosomes of Sen 6x were introduced into the genome of a
spring variety Chinese Spring (CS), resulting in a complete set of single chromosome substitution
lines CS (Syn 6x). Subsequently, on the base of the substitution lines, D-genome introgression lines
were obtained including the lines for 5D chromosome. They carry Ae. tauschii chromosome 5D
fragments of various lengths and some of them have large roots. In our work, we found that the size
of the root system depends on the timing of vernalization (30, 45 or 60 days) and the water regime.
The longer the vernalization and the shorter the period until flowering, the less were the length and
weight of the roots. The QTL cluster for root lengths, root weights, and flowering time was
localized on chromosome 5D in the region of the microsatellite marker Xxgwm292 and Vrn-D1 gene.
The lines with the introgression in this region had a significantly larger root length and weight
compared with the recipient and donor under all conditions of irrigation and drought. We showed
that among the three genes of Vrn-1 locus, the gene Vrn-Al showed the greatest reducing effect on
the size of roots. The further breeding aim of our investigation was to transfer this valuable trait to a
spring cultivar Saratovskaya 29 (S29) with a small root system — the carrier of Vrn-Ala allele.
During a series of successive selections of the hybrids between S29 and a line carrying
introgression from Ae. tauschii in 5D chromosome, early ripening families were created with a large
root system. The plants showed root length and weight comparable to the winter donor. Their
average root length was 1.4 times longer than that of S29, and their root weight was more than three
times heavier. The wide range of variation in stem length was found among the families, with the
number of tillers exceeding that of S29 by 1.5 to 2.8 times. Grain weight per plant was two to five
times higher than that of S29, while thousand kernel weight was essentially the same as that of the
parent cultivar. In addition, most families inherited such an important economic trait as high protein
and gluten content in grain. The presence of such a gene near Vrn-D1 gene was predicted by Law et
al. (1978). One of the families along with the strong root system and high gluten content
demonstrated excellent physical properties of flour and dough, making it possible to classify the
genotype as f strong wheat.

The Russian Science Foundation (project #23-26-10046) and the Ministry of Science and
Innovation policy of Novosibirsk Region (project Nep-59) supported this work.
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DEVELOPMENT AND IMPLEMENTATION OF A BREEDING SCHEME
FOR THE CREATION OF DOMESTIC WHITE CABBAGE HYBRIDS WITH
INCREASED RESISTANCE TO BLACK ROT, FUSARIUM WILT AND
ALTERNARIOSIS BASED ON MAS TECHNOLOGIES

Dubina E.V., Makukha Yu.A., Simonenko D.S.

Federal Scientific Rice Centre, Krasnodar, Russia

E-mail: lenakrugl@rambler.ru

One of the main reasons that significantly reduce the yield of white cabbage is diseases and pests.
Among them the most harmful to white cabbage are Xanthomonas campestris pv. campestris (Pammel)
Dowson, bacterium that causes black rot, Fusarium oxysporum f.sp. conglutinans (Wollenweb.), the fungus
that causes fusarium wilt, and Alternaria brassicicola, the fungus that causes alternariosis [1, 2, 3]. The most
reliable and modern method of combating these diseases is breeding resistant white cabbage hybrids using
SSR markers.

The purpose of the work is to study the polymorphism of SSR markers that identify resistance genes to
black rot, fusarium wilt and alternariosis, and to establish their linkage with the trait of white cabbage
resistance to these diseases.

At the beginning of the study, contrasting plant forms of white cabbage in terms of resistance to black
rot (resistant isogenic line 269-Yasl12p-2 and susceptible isogenic line Pi714), to fusarium wilt (resistant
isogenic line DT-46 and susceptible isogenic line Kb1P) and to alternariosis (resistant isogenic line Ten and
the susceptible isogenic line 270-488), taken from the department of vegetable and potato growing of the
Federal State Budgetary Scientific Research Center of Rice, were analyzed using PCR analysis with SSR
markers taken from VegMarks database. Then the most polymorphic markers of them were tested on F2 and
BCiF; plants of segregating populations of the hybrid combinations 269-Yas12p-2 x Pi714, DT-46 x Kb1P
and Ten x 270-488. At the same time, phytopathological testing of these plants was carried out to study the
linkage of the selected markers with the trait of resistance to vascular black rot, fusarium wilt and
alternariosis, according to the methodology of the All-Russian Rice Research Institute [4].

On the basis of the results of PCR analysis and phytopathological testing, the ratios of plants of
segregating populations by genotype and phenotype were determined to establish the linkage of tested
markers with resistance to black rot, fusarium wilt and alternariosis by statistical methods (chi-square). By
means of scoring the recombination frequency the informative DNA marker systems have been identified:
OI10-CO01 - for the resistance gene to black rot, Ol10-D01 - for the resistance gene to fusarium wilt, Ol11-
BO5 - for the resistance gene to alternariosis. They can be used for the accelerated breeding of resistant
genotypes of white cabbage. It will significantly contribute to increasing the competitiveness of domestic
hybrids and import substitution in the context of constantly changing conditions of vegetable crops market.

The research is carried out with the financial support of the Kuban Science
Foundation and the Federal Scientific Rice Centre in the framework of the scientific project Num. MFI-P-
20.1/41.
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The progression of genetic mapping from biparental to multiparental populations signifies a
substantial advancement in plant breeding, facilitating a more thorough comprehension of genetic
diversity and trait heritability. Nested Association Mapping (NAM) and Multi-parent Advanced
Generation Inter-Cross (MAGIC) populations, as examples of multiparental approaches, provide
exceptional opportunities to dissect complex traits and accelerate the development of superior crop
varieties. The careful selection of parental lines is a crucial aspect of utilizing the capabilities of
these new type of mapping populations. This study aims to optimize the selection of pre-breeding
resources by allocating different weights to phenotypic and genotypic data to compute core
collections. By employing a weighted integration technique on a dataset consisting of 309 soybean
lines, we delineated a core collection of 15 individuals that encompasses a large range of genetic
diversity and phenotypic variation within the entire set. This core collection highlighted a
significant retention of representativeness and genetic diversity, maintaining all 11 subpopulations
that exist in the whole collection. Comparative pairwise phenotypic correlations using BLUPS
confirmed that the core collection accurately mirrors the full set's trait interrelationships. Positive
association between productivity and oil content (whole: r = 0.697, core: r = 0.842), a negative
correlation with protein (whole: -0.443, core: -0.608), and a weaker negative one with the growing
season (whole: -0.073, core: -0.390) are reflected in the whole and core collection. These findings
suggest a methodology for the precise selection of parental lines, streamlining pre-breeding efforts
for NAM and MAGIC populations. This method, which thoroughly accounts for both phenotypic
and genotypic diversity, also holds significant promise for gene banks focused on conserving the
breadth of diversity in their germplasm collection.
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GENOME-WIDE ASSOCIATION STUDY OF AGRONOMIC TRAITS IN
WINTER WHEAT COLLECTION GROWN IN KAZAKHSTAN

Amalova A.}, Yessimbekova M.2, Ortaev A.3, Griffiths S.*, Burakhoja A.?,
Turuspekov Y. 1", Abugalieva S.1

! Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan;
2 Kazakh Research Institute of Agriculture and Plant Industry, Almalybak, Almaty region,
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% Krasnovodopad Breeding Station, Sarkyrama, Turkestan region, Kazakhstan;
4 John Innes Centre, Norwich, United Kingdom;

*E-mail: yerlant@yahoo.com

Central Asia is an important region for the growth of winter wheat, with a cultivation area of
more than 15 million hectares (ha). Despite this, the average yield remains notably lower, around 3
tons per ha, compared to that of developed countries. Consequently, there's a pressing need to
prioritize the development of new, competitive, high-yielding cultivars in winter wheat breeding
projects. Among these tools is the outcome of identifying novel genes and quantitative trait loci
(QTLs) for agronomic traits through diverse germplasm panels and genome-wide association
studies (GWAS). In this study, a panel of winter wheat accessions was curated, comprising 115
accessions from Central Asia and 162 from other regions of the world. The GWAS, based on a two-
year field evaluation of the collection in Kazakhstan southern and southeastern regions and 10,481
polymorphic SNP (single-nucleotide polymorphism) markers, allowed for the detection of 173
stable QTLs in nine studied agronomic traits.

An analysis of existing scientific literature revealed that 23 out of these 173 stable QTLs align
with previously reported QTLs, underlining the robustness of the findings. Furthermore, at
Kazakhstan's southern and southeastern stations, 221 and 162 accessions, respectively, exceeded
local standards cultivars for grain yield. Consequently, this study additional contribution to the
identification of new QTLs key agronomic traits and identifies promising genetic lines for winter
wheat breeding projects.

This research was funded by the Ministry of Science and Higher Education of the Republic of
Kazakhstan (grant AP14871383).
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Among agricultural crops, wheat cultivation and productivity is a matter of great importance
to fight against global food insecurity. Kazakhstan annually produces 15-20 M tonnes of wheat
grain a half of which is exported allowing the country to earn ~$1.2B per season and at the same
time contributing to the regional and global food security significantly. Despite these significant
economic and social impacts, the wheat growing area shrank from 14 to 11M h in the last decade
due to the land code on diversification (https://adilet.zan.kz/).

This definitely poses a great threat to the local and global food security as most of the local
dietary commodities consisted of wheat flour and Kazakhstan’s share in global wheat exports
accounts for ~2.35% (8 to 10 M/t) (www.oec.world). Moreover, the distraction in the global wheat
grain supply chain caused by a recent unprecedented geopolitical turbulence has again proven
wheat as a main source of nutrients in many parts of the world, including Kazakhstan itself when
the cost of the 1 kg wheat flour tripled.

In addition to above mentioned challenges, the crossing scheme widely used by Kazakh wheat
breeders resulted in the founder effect. This automatically diminished the chance of identifying
exotic alleles and then use them in wheat improvement plans effectively through MAB (Marker
Assisted Breeding).

Our recent study showed that this is the case as we were only able to identify and isolate the
genetic factors that control plant height through crossing KZ wheat variety with the UK, not with
KZ or genetically close RUS varieties. Importantly, these fixed alleles provided no yield and quality
benefit in Kazakh wheat gene pool. Using the same sophisticated molecular breeding approaches
that aimed at breaking the founder and genetic effects, we can strive to manipulate the final grain
quality and yield via improving the genetic potential and resilience to stress.
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KAZAKHSTANI WHEAT GERMPLASM
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Wheat is a vital cash crop in Kazakhstan. Since the reclamation of virgin land campaign in
1950’s, the country remained as a main grain provider mitigating food insecurity comprehensively
in Central Asia the home for several developing and underdeveloped nations. In spite of these
significances, wheat growing area shrunken by more than 3M hectares (~ 30% of total land) giving
a way to legumes which promoted by the recent land code. So, consideing the massive land under
wheat (currently ~11M ha), a minor increase in grain yield could compensate the loss in total
production. However, wheat breeding activities in many breeding stations rely on conventional style
of plant breeding. With the aim of taking advantage of modern plant breeding approaches, we
developed four mapping populations and their high density genetic maps simultaneously and we
report that genetic mapping successfully combined with tranditional plant breeding methodologies
stands as a cornerstone in unraveling the intricate genetic and phenotypic architecture of Kazakh
wheat germplasm, paramount for enhancing crop breeding, identification of exotic allelic variants
and agricultural productivity in the country.
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FINE-TUNING WHEAT HEADING TIME THROUGH GENOME EDITING:
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YInstitute of Cytology and Genetics SB RAS, Novosibirsk, Russia
2Kurchatov Genomic Center, Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia

*E-mail: antkiseleva@bionet.nsc.ru

Wheat heading time stands as a crucial trait, significantly impacting plant yield and
adaptability to environmental conditions. In our pursuit to engineer common wheat lines with
tailored heading times and to dissect the genetic mechanisms governing this trait, we focused on the
PPD-1 genes responsible for wheat's photoperiod sensitivity. PPD-1 genes are pivotal in
determining heading time, with long deletions in their promoter regions leading to misexpression
and accelerated flowering.

Employing CRISPR/Cas9 genome editing techniques, we engineered a series of wheat plants
harboring diverse mutations within the promoter regions of PPD-1 genes. These mutations
encompassed nucleotide substitutions and indels of varying lengths, up to 500 base pairs, targeting
regions housing binding sites for various transcriptional regulators. To elucidate the effects of these
mutations, we conducted analyses of diurnal expression patterns of PPD-1 under short-day
conditions across 15 wheat lines. Our findings revealed that deletions spanning different lengths
(ranging from 4 to 266 base pairs), which encompassed binding sites for the transcriptional
repressor CHE, resulted in significant alterations in expression patterns compared to wild-type
plants. These results substantiate the hypothesis positing these cis-elements as pivotal regulators of
PPD-1 expression. Furthermore, PPD-1 variants harboring distinct mutations exhibited divergent
expression patterns, suggesting the potential involvement of additional transcription factors in their
regulation. Subsequently, we evaluated the phenotypes of T1 generation plants carrying various
mutations, identifying individuals with accelerated heading times.

These findings collectively underscore the significant potential of genome editing in fine-
tuning wheat heading time and shed light on the intricate regulatory networks governing this critical
trait.

This work was done within the framework of State Assignment Kurchatov Genomic Center of
ICG SB RAS (Ne075-15-2019-1662).
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Wheat stripe or yellow rust (YR) and leaf rust (LR) caused by Puccinia striiformis f. sp. tritici
(Pst) and Puccinia triticina (Pt), respectively, are two important fungal diseases of common wheat
(Triticum aestivum) across the globe. Stripe rust is a significant threat, it causes regular crop losses
in the range of 0.1 to 5.0%, however, crop losses may shoot up to 5-25% based on varietal reaction
and prevailing environmental conditions and in severe conditions, yield losses may reach up to
100%. The objective of the present study was to identify the novel genomic region(s) associated
with the expression of yellow rust adult plant resistance (APR), leaf rust APR, yellow rust seedling
resistance, or all-stage resistance (ASR), and leaf rust ASR two winter wheat recombinant inbred
line (RIL) populations derived from a cross between Almaly x Avocet S (206 RILs) and Almaly x
Anza (162 RILs). The RIL population was genotyped using DArTseqTM technology and
phenotyped for APR in three environments (Almaly X Anza), APR in two environments (Almaly X
Avocet S), and one environment for both leaf and yellow rust ASR. A linkage map was constructed,
and QTLs and closely linked molecular markers associated with stripe and leaf rust resistance were
identified. There are 51 QTLs including 22 for yellow rust APR, 11 for leaf rust ASR, and nine
each for leaf rust APR and yellow rust ASR. Also, a set of 13 consistent QTLs including nine QTLs
(QYR-APR-2A.1, QYR-APR-2A.2, QYR-APR-4D.2, QYR-APR-1B, QYR-APR-2B.1, QYR-APR-2B.2,
QYR-APR-3D, QYR-APR-4D.1, and QYR-APR-4D.2) for yellow rust APR and four QTLs (QLR-
APR-4A, QLR-APR-2B, QLR-APR-3B, and QLR-APR-5A.2) for leaf rust APR were identified. In
the present study, only a few significant positive associations were reported between the races of the
same rust or between the rusts or APR and ASR, these associations can be exploited in a breeding
program for simultaneous improvement. Several putative candidate genes with important functions
in the resistance mechanism of leaf and yellow rust were identified. Further validation and
functional characterization of the candidate genes to elucidate the role of these genes in wheat is
envisaged. The identified novel QTLs, particularly stable QTLs are useful for further validation and
subsequent use in marker-assisted selection (MAS).

This research has been funded by the Science Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan (Grant No. AP09258991), as well as by the
Science Committee of the Ministry of Science and Higher Education of the Republic of Kazakhstan
(Grant No. BR18574099, the task 02).
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It is now widely recognized that plants employ two primary defense mechanisms against
pathogens: resistance, which refers to the host's capacity to restrict pathogen multiplication, and
tolerance, which denotes the host's ability to mitigate the negative impacts of infection. Despite
extensive literature on wheat resistance to pathogens, tolerance has been relatively understudied.

Here, we examine the influence of morphological and immunological traits of wheat on
tolerance to rust species and tan spot under an artificial infectious background. A total of 220
varieties of spring soft wheat and 80 varieties of winter wheat were investigated, with the
experiments conducted using fungicides authorized for use in the territory of the Republic of
Kazakhstan. In field conditions, the study examined the impact of wheat morphological parameters,
as well as influence of the plant development phases such on tolerance to the rust species and tan
spot. Additionally, the study investigated the effect of the infection type and severity on tolerance to
fungal diseases.

The analysis of variance revealed a statistically significant difference in yield parameters
among plots of the same samples affected by pathogens and those protected by fungicide in the
experiment (p<0.0001). On average, the infected wheat cultivars exhibited a 6% increase in stem
height and a 19% increase in flag leaf area, resulting in a 28.5% increase in yield parameters
compared to fungicide-protected samples.The application of the principal component method
unveiled a statistically significant effect of flag leaf area and plant height on the main factors (PC1),
explaining 39.19% of the total variance. Immunological parameters also influenced the main factors
(PC1), explaining 32.10% of the variability. Here, we explore traits that have the potential to
measure various forms of tolerance.

Research funding: «Determination and conservation of wheat accessions with tolerance
mechanisms to major fungal diseases» AP14870987.
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Tomato (Solanum lycopersicum L.) is one of the most widespread vegetable crops in the
world. Tomato fruit is a source of vitamins A and C and also contains lycopene, an antioxidant that
protects the body from cancer and heart disease. However, widespread tomato production is
hampered by biotic and abiotic stresses. Among the biotic stresses, early blight is one of the most
damaging diseases of tomatoes in the world, and yield losses can reach from 35 to 80%. Plant
material was collected in the fall of 2023 in the fields of the Kazakh Research Institute of Fruit and
Vegetable Growing (FVRI), Almaty; a total of 200 samples of infected tomato leaves were
collected. Small spots of gray and brown color increased in size as the disease progressed, and
leaves defoliated. To isolate a pure culture of the fungus, pieces of the deseased tissues were
transferred to petri dishes with potato carrot agar (PCA) and incubated at 25°C.

The colonies initially appeared grayish-white and then turned dark green. The conidia (n =
50) were ovoid, measuring 9 to 42.9 um x 4.3 to 13.6 um with 2 to 7 transverse septa. The
morphological characters corresponded to those of Alternaria spp. (Simmons 2007). For molecular
identification, DNA was extracted from the mycelium of a purified single colony, amplified with
universal primers ITS4/5, and sequenced. As a result, the analysis of the ITS segment of nucleotides
597 bp in length. showed 100% homology with the A. alternata accession MK972909.1 registered
in the GenBank. To confirm the pathogenicity of A. alternata isolates, conidia were collected from a
culture on PCA medium. The resulting spore suspensions were brought to a concentration of 10° per
ml, with which healthy individual leaves of the Surpriz tomato variety were inoculated. Inoculated
tomato leaves were placed in sterile plastic containers and incubated for 14 days at 25°C. After 7
days, round or oval brown spots of disease were visible. The pathogen A. alternata was isolated to
fulfill Koch's postulates. Morphological identification and sequencing confirmed the presence of A.
alternata. These data form the basis for diagnosing and managing this disease.

The research is conducted in the framework of the project AR19679502 with financial

support from the Ministry of Science and Higher Education of the Republic of Kazakhstan
(duration: 2023-2025).
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Soybean stands as the globe's primary oilseed crop, comprising approximately 60% of
worldwide production. The vegetable oil derived from soybeans serves as a crucial protein source
suitable for both human and animal consumption. Rich in heart-healthy lipids, it also offers
soymeal, a protein-rich feed for livestock, poultry, and aquaculture. Augmenting soybean yield and
seed quality remains a central challenge in its breeding and cultivation. Contemporary genomic
research methods offer promise in enhancing breeding efforts aimed at improving soybean
productivity and seed quality traits. Thus, this genome-wide association study (GWAS) aimed to
scrutinize a soybean collection comprising 252 accessions concerning yield and seed quality traits.
The collection underwent field evaluation in Kazakhstan's South-eastern region, a key area for
soybean production. The study primarily sought to pinpoint quantitative trait loci (QTL) linked to
yield components and seed quality. Leveraging resequencing data from 2,019,772 SNP markers via
the Illumina HiSeq X Ten System, GWAS identified 145 marker-trait associations (MTAS)
pertaining to yield components and seed quality. Among these, 91 exhibited associations with both
yield components and seed quality, showcasing a pleiotropic effect. Notably, comparison with
previously documented QTLs associated with these traits revealed that 49 of the identified
associations were likely novel. These findings offer valuable insights for enhancing local breeding
initiatives, particularly through marker-assisted selection approaches.

The authors would like to acknowledge the funding from the Ministry of Science and Higher
Education of the Republic of Kazakhstan for the grant AP13068118.
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Kostakov A.K., Aliev A.l.

LLP "Agricultural Experimental Station for Cotton and Melon Growing", Atakent village,
Turkestan region

E-mail: kazcotton1150@mail.ru

The purpose of the research is to form, replenish, preserve, study, document and use genetic resources
in cotton breeding and seed production.

Main areas of research: Collection, study, storage, documentation, use in breeding and seed programs.

The object of research is the culture of medium-fiber and fine-fiber cotton varieties.

The scientific significance lies in replenishing and preserving the gene pool of this crop, maintaining a
collection of gene resources, studying economically valuable, biological characteristics and identifying
donors for further breeding programs.

In 2021-2023, according to the planned calendar plan, a nursery was founded to study the collected
material from local 127 samples of the Republic of Kazakhstan and 73 foreign samples of cotton genetic
resources. In the process of studying the number of days from sowing to 50% ripening, when compared with
the standard variety M-4005, it was revealed that 15 samples with a ripening period of 118-119 days were
classified in the ultra-early ripening group. The early ripening group included 134 samples with a ripening
period of 120-129 days. The mid-ripening group included 43 samples with a ripening period of 130-143
days, the late-ripening group included 8 samples with a ripening period of 143-153 days. The fiber yield
showed that 119 samples exceeded the standard grade by 0.2-3.6%. In terms of fiber length, 157 samples
exceeded the M-4005 standard by 0.1-1.4 mm. From the studied collection of genetic resources of 200
samples, 20 samples were selected based on high economically valuable traits. The yield of all 20 selected
samples was very high, 46.5-74.9 c/ha, the excess over the standard variety M-4005 was high, the excess was
131.4-240.8%. 10 donor varieties M-4011, Myrzashol-80, M-4017, M-5027, Atakent-2010, M-4007, PA-
3044 PA-3031, Bereke-07, M-5030 were selected based on basic economic and biological characteristics .
The selected donor varieties for 3 years in the amount of 10 pieces in terms of early ripening, the ultra-early
ripening group includes 8 samples with a ripening period of 115-119 days, 1 sample in the early ripening
group with a ripening period of 125 days, 1 sample in the mid-ripening group with a ripening period of 135
days. 50 samples were transferred for use in the breeding process to the scientific divisions of LLP "
Agricultural Experiment Station Cotton and Melon Growing" to the selection department.

300 samples of them are documented: 236 samples of Kazakhstan selection, 46 samples of Uzbek
selection, 10 samples of Turkish selection, 3 samples of Chinese selection, 1 sample of Pakistan selection, 1
sample of Argentina selection, 1 sample of Brazilian selection, 1 sample of South African selection, 1 sample
of USA selection .

100 samples were transferred to the genetic resources of Kazakh Scientific Research Institute of
Agriculture and Plant Growing LLP with a description of economically valuable traits. Of the 100 samples
deposited, 54 samples were identified for technological qualities, 47 samples for productivity, of which 43
samples showed themselves to be resistant to diseases during long-term testing.

The total number of cotton samples is 650. The structure of the gene pool includes 491 samples of
national selection, including 31 ancient (15-20 years old) varieties of local selection, material from other
countries - 159 samples.

The research is carried out with the financial support of the Ministry of Science and Higher Education
of the Republic of Kazakhstan within the framework of grant funding for scientific and (or) scientific and
technical projects for 2023-2025, grant No. AP19676175.
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IDENTIFICATION OF ALLELIC DIVERSITY OF VERNALIZATION
GENES (VRN) IN SAMPLES OF THE WORKING COLLECTION AND
VARIETY BREEDING NURSERY OF WINTER AND SPRING BARLEY

Yerzhebayeva R.S., Bazylova T.A., Maykotov B.N., Baymuratov A.Zh., Sariev B.S.

LLP "Kazakh Research Institute of Agriculture and Plant Growing"

Barley (Hordeum vulgare L.) is an important multi-purpose food and feed crop. As an early
ripening, drought- and salt-tolerant crop, barley is cultivated in almost all regions of the country.
The area under barley cultivation in Kazakhstan is 2,175.7 thousand hectares (https://stat.gov.kz/).
For each climatic zone of the Republic of Kazakhstan, varieties with a certain duration of the
growing season are required. In barley, control of the duration of the germination—earing period is
mainly carried out by the genetic systems of the VVrn (vernalization response) and Ppd (photoperiod
response) genes. The variety of combinations of alleles of the Ppd and Vrn genes found in barley
determines the adaptation of plants to different environmental conditions. To date, molecular
markers have been developed for barley that allow the identification of Vrn and Ppd alleles in large
samples of varieties and breeding lines using PCR and restriction analysis. The purpose of this
study is to introduce DNA markers into practical breeding of barley for adaptability genes (Vrn and
Ppd).

At the first stage, the allelic diversity of VRN genes was identified in samples of the working
collection and senior breeding nurseries of winter and spring barley of the «Kazakh Research
Institute of Agriculture and Plant Growing» LLP. Allelic polymorphism of vernalization genes of
196 accessions of the spring and winter barley collection was represented by the following
combinations: VrnH1 vrnH2 vrnH3, vrnH1 VRNH2 vrnH3, VRNH1 vrnH2 VRNH3. It was
established that the entire working collection of spring barley (100 samples) was represented by one
combination VrnH1vrnH2vrn-H3. Identification of allelic variation of vernalization genes in
collection samples makes it possible to draw up crossing schemes to obtain the desired
combinations.

In 45 samples of the competitive variety testing nursery of spring barley, the following allelic
variations of vernalization genes were identified - VrnH1 vrnH2 vrnH3, VrinH1 VRNH2 vrnH3,
VrnH1 vrnH2 VRNH3. In 19 samples of the competitive variety testing nursery winter barley
nursery, the following allelic variations of vernalization genes were identified: vrnH1 vrnH2 vrnH3,
vrnH1 VRNH2 vrnH3. Identification in variety breeding nurseries makes it possible to predict the
length of the growing season and carry out selection and differentiation for different regions of
Kazakhstan.

The second stage is planned to use DNA markers in segregating hybrid populations and the
KP nursery (control nursery).

This research has been funded by the Science Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan Grant AP19678544 (2023-2025y.)
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PATHOGENS AND PESTS: TOWARDS SUSTAINABLE AGRICULTURE

Adilbayeva K.!, Moisseyev R.}, Nizamdinova G.}, Khassanov V.2, Azhimakhan M.?,
Gritsenko D.!

YInstitute of Plant Biology and Biotechnology
2. Seifullin Kazakh Agro Technical University

*E-mail: kamila.adilbayeva@gmail.com

Potato (Solanum tuberosum ssp. tuberosum L.) is the fourth most important human food crop in
the world after rice, wheat and maize, and the first non—grain among them. In Kazakhstan, potato is
considered to be a staple food and is second only to wheat. However, infectious diseases caused by a
number of pathogens and pests, including viruses, nematodes, oomycetes, and fungi lead to significant
damage to crops, and the yield losses caused by them range from 20% to 80% worldwide. Furthermore,
approximately 90% of the potato seeds utilized in Kazakhstan's agricultural sector are imported from
Europe. This substantial reliance on foreign seed sources leads to the accidental introduction and
exchange of various pathogens, including novel strains, isolates, and even new species, posing risks to
local crop health and biosecurity, and requiring stringent monitoring and management practices. One of
the prospective schemes aimed at pathogens and pests is cultivation and implementation of resistant
varieties in mass breeding programs by DNA markers tightly linked to resistance genes.

In this study 352 potato genotypes from different origins grown in Kazakhstan were screened for
the presence of resistance genes to the most harmful and economically important viral and fungal
pathogens as well as nematodes using 30 DNA markers. These markers are tightly linked to R-genes
that determine natural resistance to pathogens and pests. Resistance to PVY was evaluated by resistance
genes: Radg (markers ADG1, ADG2, RYSC3), Rysto (STM003, SCARYysto4), Ry-fsto (GP12271g) and
Rychc (RY186). CAPS markers, SPUD237 and CP60, associated with Nb and Rx, respectively, were
used to determine an extreme resistance response to PVX. For the detection of Rladg, conferring
resistance to PLRV, RGA-derived SCAR marker RGASC850 was applied. Two CAPS markers, SC811
and CP16 were used to confirm genetic resistance to PVS. The presence of Globodera rostochiensis
resistance genes was assessed by TG689, 239E4left, N146 N195 (H1), Grol-4 (Grol), U14, SCAR-X02
(GroV1) markers. C237 and GP34 were selected for determining GpalV®.¢g and Gpa2 Globodera pallida
resistance genes, respectively. Resistance to potato late blight was conducted by the following markers:
GP76, BA47f2 (R1), Rl100 (R1), GP179 (R1), 45/XI (Rpi-Smiral), CT214 (Rpi-ber 1), GP94 (Rpi-ber
1). N125 was used as the only marker for the evaluation of resistance to potato wart.

In the present study, two cultivars from Russian breeding programs, namely ‘Rucheek’ and
‘Spiridon’, have emerged as the most prominent for bearing resistant loci to different pathogens and
pests, with 17 and 15 markers tested positively out of 30 analyzed, respectively. They are followed by
the top cultivars: ‘Jigulevskii’, ‘Kolobok’, and ‘Resurs’ (Russia); ‘Fedor’ and ‘Janaisan’ (Kazakhstan);
‘Fioretta’ (Germany); ‘Escort’ and ‘Kondor’ (Netherlands); ‘Montana’ (USA); ‘Jivica’ and ‘Dina’
(Belarus). All these specimens were positive at least for 14 markers. Six potatoes viz., ‘Berkut’,
‘Janaisan’, ‘Maksim’, ‘Fedor’ cultivars and ‘42-16-03°, ‘12-15-03" hybrids were superior within
Kazakhstani selection, while no positive results were obtained with ‘21-16-03, ‘04-08-02" kazakhstani
hybrids. Most of the specimens analyzed in the study exhibited resistance loci to potato viruses Y and X,
rather than to other viruses. Dutch cultivar ‘Kondor’ was the only one that was characterized by the
presence of simultaneous two resistance alleles to G.pallida. 57 out of 356 occasions were positive for
single marker NL25, linked to the wart-resistance gene.

Identified potatoes with the highest resistance loci could have a great potential for further MAS
and gene pyramiding strategy to develop new extreme resistance potato varieties. Further investigations
include virus inoculation tests to ensure their 100% reliability and integration in breeding selection.
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IN ASIATIC COTTON (GOSSYPIUM ARBOREUM) WITH SSR AND SNP
MARKERS
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Soil is a vital resource for feeding the growing global population. Excess soil salinity poses a
significant threat to agricultural production and environmental health. Increased salt tolerance of perennial
species used for fodder or fuel production is an important and natural method for controlling the spread of
secondary salinity. However, different crop species have different threshold tolerance. Cotton is one of the
advantageous salt-tolerant crop with a threshold salinity level of 7.7 dS-m—1.

This study was carried out to identify marker-trait association analysis using 7 traits and one
comprehensive index of salt tolerance (CIST) and SSR and SNP markers for 215 accessions of Asiatic cotton
(G. arboretum). The traits related to salt tolerance like germination rate (GR), fresh weight (FW), stem
length (SL), water content (WC), chlorophyll content (ChIC), electric conduct (EC) and methylene
dioxyamphetamine (MDA), of 215 cotton accessions were screened out using 150mM NaCl concentration
after 7 days of seed growth. According to a comprehensive index of salt tolerance (CIST), 215 accessions
were mainly categorized into four groups, and 11 accessions (top 5%) with high salinity tolerance were
selected for breeding. Group 1 contained 12 accessions that were sensitive to high salt treatment (<0.6),
group 2 contained 26 accessions that were moderate tolerant to salt treatment (0.6~1.5), group 3 includes
153 accession that were tolerant (1.5~2.5), and group 4 had 24 accessions that were highly tolerant to salt
treatment (>2.5).

The natural population of 215 accessions of G. arboretum was first classified into 3 main groups by
phylogenic analysis, in which Group 2 (G2) and Group 3 (G3) represented the Yellow River and Yangtze
River accessions respectively, while Group 1 (G1) contained mixed cotton accessions which belongs to
different cotton growing areas in China. The grouped accessions results were largely congruent with the
breeding history and ecological region, which indicates the extensive genetic diversity of G. arboretum
accessions both in phenotype and genotype.

The relative value (R) of the traits was used for marker-trait association analysis. Twenty-two strong
SSR marker-trait associations were obtained with strict significant P value i.e. P< 0.01 and four makers
including NAU1023, NAU1099, JESPR222, and NAU2783 were significantly related to salt tolerance. The
marker NAU2783 was highest associated (P= 1.98E-12) with REC, and with the highest phenotype variation
of 20.87%. Some markers are significantly associated with more than two traits. MUSS020 was significantly
(P<0.01) related with RFW, and RMDA, NAU1375 was associated with RFW and RSL, while NAU3468
was significantly associated with RFW, RGR, and RWC.

By applying the threshold of —logio P>4.0, the 2062 SNP markers covered all 13 chromosomes and
100 SNP markers locations that were unknown. Among these 2062 marker-trait associations, 61 markers
were associated with RGR, 187 markers were associated with RFW, 255 markers were associated with RSL,
370 markers were associated with RWC, 190 markers were associated with RChIC, 583 markers were
associated with REC, 335 markers were associated with RMDA and 81 markers were associated with CIST.
The nine SNP rich regions analysis revealed 143 polymorphisms that distributed 40 candidate genes and
significantly associated with salt tolerance. Notably, two SNP rich regions on chromosome 7 were found to
be significantly associated with two salinity related traits, RFW and RSL, by the threshold of —logl1 0P > 6.0,
and two candidate genes (Cotton_A 37775 and Cotton_A_35901) related to two key SNPs (Ca7_33607751
and Ca7_77004962) were possibly associated with salt tolerance in G. arboreum. The classification
information derived from these studies may be used to facilitate the development of salt tolerant cotton
accessions that could give economic yield in salinity prone areas. The strong marker-trait association results
might provide insights for marker-assistant selecting salt-tolerant varieties and will be useful for future
cotton breeding programs.
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ESTABLISHMENT OF THE FIRST “SPEED BREEDING” FACILITY
FOR THE USE OF WHEAT BREEDING IN KAZAKHSTAN:

PERSPECTIVES AND PROSPECTIVES

Abduakassov A.r, Mahmood Z.2, Baimyrzayev K.!, Yermekbayev K.1*

1 Zhetysu University, Institute of Biotechnology and Ecology, Taldykorgan, Kazakhstan
2 National Agricultural Research Centre, Islamabad, Pakistan

*E-mail: kanat.yermekbayev@gmail.com

The major limiting factor of the current plant breeding is a prolonged timeline required for the
new crop variety development with outstanding adaptive characteristics. Currently, a challenge of
significantly shortening the breeding cycle is being addressed through the “speed breeding”
technique which is developed to accelerate the breeding of crops, particularly for the purpose of
creating new varieties or improving existing ones. The method is based on optimized growth
conditions, such as light, temperature, and nutrients, to promote rapid growth and reproduction in
plants. The technique has already been adapted to many economic agricultural crops such as wheat,
barley and rice. Thus, the establishment of speed breeding platform is particularly valuable in
Kazakhstan facing challenges such as stagnated grain yield, climate change, pests and diseases in
wheat breeding. Despite the fact that Kazakhstani wheat is a vital contributor of regional and global
food security, the entire sector is in danger due to economic inefficiencies and governmental
regulations aimed at reducing its growing area. These challenges could potentially be addressed
through the rapid creation of wheat varieties with traits such as drought tolerance, disease
resistance, and/or improved yield and quality. Here, we discuss the challenges that we faced while
establishing the first speed breeding facility in Kazakhstan for wheat breeding and its potential
prospects.

85



Session 2. Genetics and Breeding Poster Session

EVALUATION OF PROSO MILLET (PANICUM MILIACEUM L.)
GERMPLASM ON AGRONOMIC TRAITS UNDER CONDITIONS OF DRY -
STEPPE ZONE OF KAZAKHSTAN

Abylkairova M., Dyussibayeva E., Rysbekova A.

S. Seifullin Kazakh Agrotechnical Research University, Astana, Kazakhstan

E-mail: margarita.abkv@gmail.com

Proso millet is a short season crop with low water requirement and high resistance to heat, salt and
drought. It is valued for its extreme soil and climatic conditions tolerance as it yields reasonable harvest even
in degraded soils under unfavorable weather conditions. In Kazakhstan, Russia and India, the breeding of
proso millet is mainly aimed at high yield, large grain size, yellow seed coloring; so, the breeding process is
mainly based on morphological and biological traits (Kotlyar at al., 2016; Dyusibayeva at al., 2016;
Sidorenko at al., 2006).

The objective of this study was to evaluate and give an agronomic characterization of proso millet
germplasm under conditions of dry steppe zone of Kazakhstan for identification of the most important
accessions. A total of 90 proso millet accessions were used as materials, originating from 19 countries. The
field experiments of the nursery collection were laid in the conditions of Akmola and Aktobe regions. During
the study of the worldwide collection of proso millet, which contained 61 foreign varieties and 29 local
varieties, phenotypic variability was recorded with a focus on the most important seven agronomic traits and
the climatic conditions of the place of growth. As a result, it was revealed that in soil-climatic conditions of
A.l. Baraev SPC GF (Akmola region) the average value of plant height ranged from 63.1 to 95.6 cm. In the
conditions of Aktobe Agronomical Experimentation Station (Aktobe region), the same trait varied from 67.4
to 99.2 cm. The number and the weight of grains from the main panicle had the most significant association
to growing conditions. Observations in the experimental areas showed that there was a fluctuation in the
number of panicle grains in the conditions of A.l. Baraev SPC GF: 460+10.9 pieces in average, 706+16.6
pieces for the western region, the weight of panicle seeds: 2.6+0.09 and 2.55+0.08, respectively. Productive
bushiness was 1.0-1.5 piece per plant in average in the conditions of Akmola region; on the contrary, this
trait differed significantly in the conditions of Aktobe region: 0.8-3.8 piece per plant plant. The obtained
field data show that though the plants were grown in the different regions of Kazakhstan and were formed in
contrasting soil and climatic conditions, they do not differ in their yield traits, such as seed weight per
panicle and weight of 1000 seeds. Average indicators affecting productivity of proso millet genotypes in the
terms of the mass of 1000 seeds amounted to 5.7 g in the conditions of A.l. Baraev SPC GF, and to 6.45 g in
Aktobe Agronomical Experimentation Station, respectively. Evaluation of the average grain yield of proso
millet varieties revealed that the yield of the northern region (225-1248 g/m?) was almost twice higher than
the one of the western region (49.0-668.0 g/m?). The difference in productivity between the two regions was
209 g/m?. The study of seed productivity of proso millet plants per square meter allowed to identify the most
productive genotypes, such as: Saratovskoye 3 (608.5 g/m?), Pl 209790 (635.3 g/m?), K-2241 (636.0 g/m?),
Shortanda 7 (713 g/m?), Pl 177481(720.3 g/m?), Pl 211058 (738.5 g/m?), K-2468 (1206.2 g/m?); they
managed to give a stable yield regardless of climatic conditions prevailing the year of research. According to
the vegetation period, the collection can be divided into three groups: fast-ripening (67-70 days); mid-
ripening (71-99); late-ripening forms (100 and more). In the current year, the vegetation period of three
samples was shorter by 3.3% compared to the standard. In the Aktobe region, 18 varieties of the domestic
collection had a growing season 20% shorter than the local standard Pamyati Bersieva. The studies
conducted in this region showed that the vegetation periods of 27 foreign genotypes were shorter than
Pamyati Bersiyeva local standard variety. According to the results of phenological observations the
vegetation period averaged 90.4+2.1 days in the conditions of A.l. Baraev SPC GF. In the conditions of
Aktobe Agronomical Experimentation Station it was shorter by 13.8 days and averaged 75.8+2.3 days.

As a result of research, the evaluation of proso millet initial material on traits was carried out and the
varieties featuring high indices of growth, development and resistance to stress were selected. Promising
permanent lines were selected for the conditions of dry-steppe zones of Kazakhstan according to structural
analysis.
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In this study, we evaluated 290 recombinant inbred lines (RILs) of Nested Association
Mapping (NAM) population of spring wheat from the UK. The population derived from 24
families, where the common reference parent was "Paragon” which is a spring elite cultivar from
UK. All lines were tested in 2019-2022 in two regions of Kazakhstan: at the Kazakh Research
Institute of Agriculture and Plant Industry (KRIAPI, Almaty region, Southeast Kazakhstan) and A.l.
Barayev Research and Production Center for Grain Farming (SPCGF, Shortandy, Akmola region,
Northern Kazakhstan).

The NAM population was evaluated on plant adaptation-related traits, including heading date
(HD, days), seed maturation date (SMD, days), plant height (PH, cm), and peduncle length (PL,
cm). In addition, the yield per m? (YM2, g/m2) was analyzed in both regions. GWAS was
performed based on the population field-testing in five conditions and genotyping data of 10,448
polymorphic SNP (single-nucleotide polymorphism) markers, allowed for the detection of 81 QTLs
for four studied agronomic traits. The Pearson correlation index showed a positive correlation
between HD and PH and between PH and PL for both regions. The principal component analysis
divided 290 RILs using PC1 (36.6%) and PC2 (21.6%). It appears that HD and SMD in the graph
were forwarded in alternative directions. The assessment of the average YM2 values suggested that
11 and 60 RILs showed higher values than local check cultivars at KRIAPI and SPCGF,
respectively. The results of research will be used for further studies related to adaptation and
productivity of wheat in the breeding program.

This research was funded by the Ministry of Science and Higher Education of the Republic of
Kazakhstan (grant AP14871383).
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Leaf rust (LR) and stem rust (SR) are diseases that increasingly affect wheat production
worldwide. Fungal pathogens that cause rust diseases in wheat can cause yield losses of up to 50—
60%. One of the most effective ways to prevent such losses is to create resistant cultivars with high-
yield potential. Achieving this goal necessitates extensive breeding research, including the
identification of key genetic factors that control rust resistance. The purpose of this study was to
identify the sources of tetraploid wheat resistance to LR and SR races at both the seedling growth
stage in the greenhouse and the adult plant stage in field experiments conducted in the North
Kazakhstan region. In a genome-wide association study (GWAS), we utilized a panel of 193
tetraploid wheat accessions to investigate plant development in both seedling and adult stages. With
16,425 polymorphic SNP markers, we aimed to identify QTLs associated with LR and SR
resistance. The panel under investigation comprised seven tetraploid subspecies (Triticum turgidum
ssp. durum, ssp. turanicum, ssp. turgidum, ssp. polonicum, ssp. carthlicum, ssp. dicoccum, and ssp.
dicoccoides). A GWAS analysis of the tetraploid collection identified 38 QTLs (p < 0.001) related
to response to two rust species at seedling and adult stages: 17 for LR resistance and 21 for SR
resistance. Ten QTLs were associated with the reaction to LR at the seedling stage; six QTLs were
at the adult plant stage; and one QTL was at both the seedling and adult stages. Eleven QTLs were
linked to SR response at the seedling stage, nine at the adult plant stage, and one at both stages.
When these findings were compared to previous LR and SR studies, 11 of the 38 QTLs were
identified as potentially novel loci. The identification of these QTLs in this study opens up the
possibility of using them for marker-assisted selection of tetraploid and hexaploid wheat in breeding
new LR- and SR-resistant cultivars.

This research has been funded by the Science Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan (AP14871383).
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The aim of this study was to ascertain the introduction potential of the three snap common bean
cultivars from Great Britain in the mountain site of Almaty Region in 2023.
Previously, since 1972, the bean collection has been generated for many years by graduates of

different years of the Kazakh National University, founders and associates of the Institute of Plant
Biology and Biotechnology celebrating its 30-th anniversary (F.A. Polimbetova, L.K. Mamonov, O.N.
Taranov, and one of the authors of this abstract). Between 2006 and 2022, the collection enlisted more
than forty cultivars and accessions, and more than half of it was studied including bean batches from the
Russian Federation, EU, USA, and Kazakhstan. Besides, the adzuki cultivars from stocks of the
Japanese Genetic Foundation were examined. This became possible thanks to the implemented project
0213PK01168 “The establishment and comprehensive assessment of bush high-protein bean specimens
and lines” (2012-2014). Propagation of domestic bean forms, and maintenance of the existing collection
takes place these days in the mountainous zone of the Almaty Region, owing to exceptional enthusiasm
of the staff of the Department of Molecular Biology and Genetics of the Kazakh National University.

Seeds of common bean, Phaseolus vulgaris L. (lines “Aktatti”, “Karakoz”, “Dzhungarskaya”
(Kazakhstan), and snap bean cultivars “Amethyst”, “Impero bianco”, “Seline” from Great Britain, etc.)
were planted on plots in the mountainous site of the Almaty Region. Each specimen was trialed on an
area of 0.04 ha by applying the own computer program “Planting Manager” to plan the sown areas.
Cultivars and lines were sown as 20-28 seeds in rows, at a half-meter distance in three replicas.

Plant structural analysis comprised of productivity, the dynamics of the stem elongation and the
upper leaf parameters, bean (pod) size, number of pods and seeds per plant, and seed weight per pod.
Wax leaf imprints were sampled in the end of July, at 68-74 days after planting from the adaxial surface
with the following microphotography with the Axioscop FL-40 at X10 magnification.

Harvest time, plant growth dynamics, leaf expansion, its trichomes completed by the snaps
productivity at technical maturity were identified. Cultivars “Amethyst” and “Seline” proved to be
suitable snap breeding donors for local bush bean forms owing to their seed germination, plant leaf size
and trichome parameters, alike to the domestic forms under trial.

Harvesting as investigating  beans should be promoted in  Kazakhstan for the

following mainstream reasons: |, Supporting the food and superfood supply; Il, The ancient human
history and precious cultural values; Ill, Soil enrichment enabled by the beans and nitrogen
fixers; IV, Water export in kinds of the beans delivery by the most prosperous countries; V, Ornamental
worth  of beans; VI, Use of bean collections for educational, commercial, agricultural skill
development and promotional aims; VI, Application of bean collections in bringing up future breeders,
geneticists, agronomists, gardeners and landscape designers.
The ongoing study is supposed to lead to the introduction of useful genetic traits of the snap bean

cultivars into the specimens of local breeding.
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Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan
E-mail: kanat1499@gmail.com

Wheat is one of the economically important crops of our country. Kazakhstan is among the
leading countries in the production and export of wheat. Leaf rust disease of wheat is one of the
diseases that directly affect its yield. Leaf rust disease appears on wheat leaves. The causative agent
of the disease is the fungus Puccinia triticina. Since leaf rust disease is a fungal disease, rust disease
can also damage varieties that were once resistant to this disease, due to the ability to form new
races. Even a little rain is enough to infect wheat. Before the flowering period of wheat, leaf rust
causes significant damage to the plant. The affected fungi use nutrients that are formed in wheat
leaves, necessary for grain formation, which leads to premature fall of wheat leaves and improper
grain formation due to a lack of nutrients in the grain, which reduces wheat yield. For these reasons,
it is economically important to identify varieties resistant to leaf rust. The research was carried out
in the Almaty region, the village of Almalybak, at the Kazakh Research Institute of Agriculture and
Plant Growing and in the Laboratory of Genetics and Selection of the Institute of Plant Biology and
Biotechnology. Thirty varieties of winter wheat were taken as the object of research. NDVI
(Normalized Difference Vegetation Index) was used to predict plant health and performance in
winter wheat varieties grown under natural conditions. It was measured with the GreenSeeker
device. The resistance of samples to leaf rust was assessed according to Mclntosh et. al., 1995. In
addition, the area under disease progress (AUDP - Area under disease progress) was also assessed
in the field. After harvesting, an analysis of yield components was carried out for each wheat
variety. This analysis was carried out by determining the following parameters: spike length,
number of spikelets per spike, number of grains per spike, grain weight per spike, and weight of
1000 grains. As a result of a phytopathological study of the resistance of 30 wheat varieties to
Puccinia triticina, the immune level of resistance was determined in varieties Alikhan, Keremet,
Naz, Rasad, Taza, Tyngysh. As a result of the yield component analysis, the highest level of traits
was shown by winter wheat varieties Alatau, Kyzylbiday, Mayra, Mereke 70, Naz, Raminal, Rasad,
and Sapaly. Among the 30 varieties of winter wheat, according to the results of a general study, the
varieties Alatau, Alikhan, Almaly, Kyzylbiday, Mayra, Mereke 70, Naz, Raminal, Rasad, Sapaly,
and Tyngysh were distinguished by resistance to leaf rust and valuable yield traits of the farm.

This research has been funded by the Science Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan (Grant No. BR18574149).
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SEARCH FOR CARRIERS OF RESISTANCE TO SEPTORIA IN THE
COLLECTION OF WHEAT VARIETIES AND PROMISING LINES

Bolatbekova A., Kokhmetova A., Kumarbayeva M., Keishilov Zh., Kokhmetova As.

Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan
E-mail: ardashkal984@mail.ru

Wheat is the main food crop for the world's population. In Kazakhstan, the 2021 wheat
harvest was 11.8 million tons, significantly below the five-year average. The decrease in yield is
due to a combination of abiotic (droughts, high temperatures) and biotic (diseases, pests) stresses.
Septoria blight is one of the most destructive leaf spot diseases of wheat. Of the five fungi of the
genus Septoria registered in Kazakhstan, the main species of the disease are Stagonospora
(Septoria) nodorum Berk. and Septoria tritici, caused by the ascomycete Zymoseptoria tritici
(anamorph of S. tritici and Mycosphaerella graminicola). Septoria blight is a serious problem for
wheat in Kazakhstan, where yield losses amount to 15-30%, and during epiphytotic periods they
can reach 40-50%. The development of Septoria causes premature death of leaves and glumes,
which interferes with photosynthesis and reduces yield. Rainfall and temperature will influence the
spread of the disease, and high CO2 levels will favor the development of the disease. Treatment
with fungicides becomes ineffective due to the emergence of resistance alleles and the growth of
pathogen strains that are insensitive to fungicides. Using fungicides requires large financial and
environmental costs that are not available to developing countries. In this regard, selection for host
plant resistance is the most economical, effective, and environmentally friendly strategy for
combating septoria. The objects of the study were 220 varieties and lines of hexaploid wheat from
Kazakhstan (58 pcs.), Russia (57 pcs.), Belarus (22 pcs.), as well as samples from international
nurseries CIMMYT-SEPTMON (31 pcs.) and KASIB (Kazakhstan-Siberian wheat improvement
network) (52 pcs.) and disease differentiator varieties. A contrast in the manifestation of traits of
productivity and disease resistance characterized the objects. As a result of molecular screening, 70
genotypes with Stb resistance genes were identified from 220 varieties and promising lines of
wheat. The following genotypes contained a larger number of genes: Omskaya 18 contains 2 genes
— Stb2, Sth8; Samgay 2 genes — Stb4, Stb7; JAC161/TEMU51.80 2 genes — Stb2, Stb8; KR12-5035
also contains 2 genes — Stb2, Stb7. The remaining genotypes that showed resistance to Septoria
contained one gene each. Based on these data, we recommend using these genotypes for crossing
and breeding programs to improve resistance to Septoria.

This research has been funded by the Science Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan (Grant No. AP14869967).
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STUDY OF BREEDING-VALUABLE TRAITS AND SNP DISCOVERY
IN RAPESEED MUTANT LINES

Daurova Al., Oshergina 1.2, Daurov D.!, Sapakhova Z.%, Zhapar K.%,
Shamekova M.%, Zhambakin K.

! Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan
2 A.l. Barayev Research and Production Centre for Grain Farming, Shortandy, Kazakhstan

E-mail: a.daurova@ipbb.kz

Rapeseed (Brassica napus) is an important oil crop distributed worldwide with a broad
adaptation to different climate zones, and is widely used as food, an animal feedstock, and
biodiesel. The cultivation of rapeseed is one of the most commercially viable areas in crop
production. In Kazakhstan, the northern regions are the most suitable for rapeseed cultivation.
However, the rapeseed varieties grown at an industrial scale in Kazakhstan largely originate from
foreign breeding programs. Consequently, the primary objective of country-specific selection
programs is to establish a diverse genetic reservoir to develop new, high-yielding cultivars that suit
Kazakhstan's climate condition.

We evaluated 46 doubled haploid mutant lines using ethyl methanesulfonate (EMS) from
plant material of 'Galant' and 'Kris' cultivars to enhance the diversity of rapeseed in Kazakhstan.
The development of mutant lines was performed via embryo callusogenesis or embryo secondary
callusogenesis. The fatty acid composition of seed oil, the agronomic characteristics forming the
yield, and the investigation of mutation load using SNP were considered. The analyses showed
highly significant differences between the mutants and original cultivars in all the studied
characteristics. Mutant lines DHK12-3, DHK12-4, DHK12-8, DHG12-16, DHG12-18, and
DHG12-10 combined improved indicators of fatty acid composition with high yield. The obtained
lines were homozygous since they were doubled haploids, and the stability of agronomic and
qualitative traits was observed in two generations. The results obtained confirm the higher
productivity of doubled haploid mutant lines, as well as their availability to variable environmental
conditions. Using the Brassica90k SNP array, we analyzed these mutants and identified 24,657
SNPs out of 26,256 SNPs after quality control on the Bra_napus_v2.0 genome assembly. Among
these, 18,831 SNPs were linked to annotated genomic features. Most loci with predicted variants
contained single SNPs with significant predicted effects, which are subject to further evaluation
concerning the genotypes and phenotypes of the obtained mutant doubled haploid plants.

In summary, the mutation load and rate in the prospective lines according to agronomic traits
were investigated. Subsequently, an attempt to derive homozygous plants from most perspectives’
lines by self-pollinating and via the isolated microspore culture will be carried out. Our results may
improve molecular breeding for suitable SNPs among rapeseed mutants and could be useful for the
development of novel cultivars for mutation breeding programs.

Moreover, in the results of two-year field experiments at the final stages of the breeding
process these doubled haploid mutant lines in northern Kazakhstan were identified as perspective
genotypes. One of them has been served for variety registration.
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EFFECT OF NO IRRIGATION ON YIELD OF DOMESTIC SOYBEAN
VARIETIES UNDER CONDITIONS OF SOUTHEAST KAZAKHSTAN

Didorenko S.V., Yerzhebayeva R.S., Amangeldiyeva A., Kassenov R.Zh.

Kazakh Research Institute of Agriculture and Plant Growing, Almalybak, Kazakhstan

E-mail: svetl_did@mail.ru

Soybean is the leading oilseed and legume crop in world agriculture. In Kazakhstan in 2022,
sown areas amounted to 128.0 thousand hectares, and gross yield — 250.4 thousand tons
(www.fao.org/faostat). The leader in sown areas of soybean are irrigated arable lands in Almaty and
Zhetysu regions, where 83.6% of soybean crops are concentrated.

Growth and development of all agricultural crops are affected by abiotic and biotic stress
factors. Water is still the main limiting abiotic factor that dramatically affects crop yields, especially
for such a monsoon crop as soybean. According to our research, lack of moisture reduces soybean
yield by 30-80% depending on the variety.

Depending on the genotype, soybean plants use about 450-700 mm of water during the
growing season. According to FAO statistics for Kazakhstan, there is a trend of increasing
temperature and decreasing precipitation over the last 10-15 years
(https://www.fao.org/faostat/ru/#data/ET). In 2021-2023, the level of precipitation during the
growing season of soybean in Almaty region was 210-250 mm. Increase in temperature
background, decrease in precipitation, shallowing of rivers cause risks of timely and sufficient
supply of soybean regions of southeast Kazakhstan with irrigation water.

There is a need to screen the available varietal diversity of soybean for the effect of lack of
irrigation on yield.

In the conditions of Almaty region studied 33 varieties of domestic selection of 5 groups of
ripeness on two backgrounds — with drip irrigation and without irrigation. In 00, 00 and O groups of
ripeness, the minimum yield loss of varieties under conditions without irrigation was 62.5%, 60.3%,
and 60.0%, and the maximum was 73.4%, 76.2%, and 69.1%, respectively. Cultivation of varieties
of these maturity groups without irrigation in southeastern Kazakhstan is inexpedient. In late
maturing varieties of Il and Il ripeness groups, the minimum vyield loss was 29.2-48.9% and
maximum 63.9-66.4%, respectively. Among the medium-late varieties of soybean of domestic
selection were identified — Zhansaya, Akku, Danaya, Milka, Aisaule reaching yield at drip irrigation
40.8-58.1 c/ha, without irrigation at the level of 1.93-2.25 t/ha. Yield reduction in these varieties
without irrigation in the conditions of southeastern Kazakhstan is at the level of 52.7-56.4 %.

The work was carried out under the grant project (2023-2025) of the Ministry of Science and
Higher Education of the Republic of Kazakhstan, AP19677163.
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GENOTYPING SOYBEAN COLLECTION FOR RESISTANCE TO
HETERODERA GLYCINES ICHINOHE

Doszhanova B.N.*12, Suzuki T. 3, Zatybekov A.K.2, Turuspekov Y.K.2

L Al-Farabi Kazakh National University, Almaty, Kazakhstan
2 Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan
% Hokkaido research Organization, Sapporo, Japan

*E-mail: sybanbaeva bota@mail.ru

Soybean cyst nematode (SCN), Heterodera glycines Ichinohe, has been one of the most
devastating pathogens affecting soybean production worldwide. Infection of SCN can impact growth
and yield by removing plant nutrients, disrupting water uptake, and preventing root growth. It can also
reduce the number of root nodules and therefore inhibit nitrogen fixation. SCN-infected plants may also
be more susceptible to the development of root rot and seedling diseases, due to openings in the root
created by cysts. Once above-ground symptoms are noticed, up to 30% vyield loss can already be
expected.

Heterodera glycines Ichinohe is included in the list of quarantine objects of the Euroasian
Economic Union, where Kazakhstan is from the beginning. For Kazakhstan soybean relatively new
culture and grows mainly in southeastern regions, but every year sowing territories broaden to the east
and northern parts of the country. One of the most effective methods for regulating soybean nematode
infestation is proper crop rotation systems and the usage of resistant soybean cultivars. So, for that
reason, it is very important to identify genetical resources of soybeans resistant to SCN.

According to the literature search, several QTLs associated with soybean cyst nematode (SCN)
resistance genes, such as Rhg4, rhgl, and rhg2 (resistance to Heterodera glycines 1, 2, and 4 races),
were discovered and their mapping information has been used in different breeding projects. Among
them, the Rhgl gene provides the strongest protection and is commonly used to deploy SCN resistance
in soybean germplasm.

In our research, we analyzed 288 soybean accessions from different origins, including
Kazakhstan, Eastern and Western Europe, East Asia, and Northern America countries. DNA was
extracted from the young soybean leaves by the CTAB method. The genotyping analysis was performed
by PCR methods with genetic markers to genes rhgl, rgh2, and Rhg4 developed in Hokkaido research
Organization (Sapporo, Japan).

The results of genotyping by the rhgl gene of the studied collection identified a resistant R allele
on 13 accessions. Those were soybean cultivars from Eastern Europe (11 accessions), Kazakhstan (2
accessions, lines “308/1” and “350/1”) and East Asia (2 accessions, cultivars “Kan Nun 8”, “Kan Fen
20”). Two accessions which have resistant allele on the rhg2 gene were from Kazakhstan (cultivar
“Nadezhda”) and East Asia (cultivar “Kan Nun 8”). The resistant allele according to the Rhg4 gene were
found on the two accessions from East Asia (cultivar “Xinjiang D10-135" and line “1065”), and one
from North America (cultivar “Cobb 2667). Eastern Europe genotype, line “R121427”, had resistant
allele for two genes rhgl and Rhg4, Chinese cultivar “Ken Nun 8” had resistant allele for two genes
rhgl and rhg2. All identified soybean genotypes are important genetic resources and can be
recommended for future breeding programs in developing SCN resistant soybean cultivars.
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STUDY OF THE GENETIC DIVERSITY OF COLLECTION FORMS OF WILD
SOYBEANS (GLYCINE SOJA) BASED ON AGRONOMIC CHARACTERS

Galichenko A.P.

Federal State Budget Scientific Institution Federal Research Center «All-Russian Scientific
Research Institute of Soybeany, Blagoveshchensk, Russia

E-mail: gap@vniisoi.ru

Soybean (Glycine max (L.) Merr.) is one of the economically important crops worldwide used
as food for both humans and livestock. Although soybean yields have increased over the past
century, soybean production still cannot meet the needs of the growing world population. The
narrow genetic base impedes soybean improvement and significantly limits the development of new
generation soybean varieties with high yields and stress resistance to changing environmental
conditions. The research goal is to study the gene pool of Glycine soja of the Federal Research
Center of the All-Russian Scientific Research Institute of Soybean and to identify sources of the
main agronomic characters for their further use in breeding. The research objects were 46 collection
forms of wild soybeans selected in various regions of Amur Region (Zeysky, Tambovsky,
Belogorsky, Mikhaylovsky, Arkharinsky, Blagoveshchensky), 2 forms from the People’s Republic
of China, 1 — from Primorsky Territory, and 1 — from Khabarovsk Territory. Two samples were
used as reference standards: the Lydia soybean variety — a cultivated type and KT-156 — a form of
wild soybeans. The duration of the growing season for wild forms of soybeans ranged from 88 to
115 days. The study revealed an ultra-early-ripening sample selected from Zeysky District of Amur
Region — KZ-642 (88 days). Most collection samples of Glycine soja (55%) were represented by
early-ripening samples with a growing season of 90...99 days selected from different areas of the
region. The weight of seeds per plant for the best samples of the wild soybean collection nursery
ranged from 13.0 g for No. 20 — KBel-30 to 105.5 g for No. 37 — KBI-93, the wild soybean standard
was exceeded by 16 forms (+ 14.2... 28.4 g to st). The weight of 1,000 seeds ranged from 9.2 g for
No. 33 — KA-455 to 35.2 g for No. 27 — KA-346, 7 samples demonstrated the highest values (+
0.3...5.7 g to st). The number of seeds per plant for the best forms of the wild soybean collection
nursery ranged from 755 pcs for No. 20 — KBel-30 to 8,725 pcs for No. 33 — KA-455, the wild
soybean standard was exceeded by 77.5% of the samples. The protein content was from 43.8% to
53.8%. An increased level of protein in seeds (> 50%) was found in 17 samples (42.5%). Of them,
form No. 20, KBel-30, demonstrated the highest value in this character, however, in terms of weight
and number of seeds per plant, this sample had the low values (13.0 g and 755 pcs, respectively).

An analysis of correlations established a direct pronounced relationship (on the Chaddock
scale) between the weight of seeds per plant and the weight of 1,000 seeds (r = 0.59), an inverse
pronounced relationship between the weight of seeds per plant and the protein content in seeds (r =
—0.67), and between the growing season and the weight of 1,000 seeds (r = —0.64). The studies of
the Glycine soja collection forms identified the following: 22 sources of early ripening (88...99
days), 8 — high seed weight per plant (91.3...105.5 g), 7 — high weight of 1,000 seeds (30.7...35.2 g),
6 — the largest number of seeds per plant (4,092...8,725 pcs) and 17 — high protein content in seeds
(50.0...53.8%). The study also helped find sources combining two or more agronomic characters.
These forms of wild soybeans are recommended for use in the breeding process as initial parent
forms for hybridization.

The study was supported with Russian Science Foundation Grant No. 23-26-00076,
https://rscf.ru/project/23-26-00076/
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SSR-BASED ASSESSMENT OF GENETIC DIVERSITY IN TOMATO
CULTIVARS AND LINES GROWN IN KAZAKHSTAN

Genievskaya Yu.!, Jantasov S.2, Nurbayeva E.3, Turuspekov Y.
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2 Kazakh National Agrarian Research University, Almaty, Kazakhstan
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*E-mail: yerlant@yahoo.com

Tomato (Solanum lycopersicum L.) is a versatile crop known for its nutritional value and
health benefits, thriving in diverse climates worldwide. Nevertheless, regional variations persist in
tomato yield, with Kazakhstan serving as an example of lower productivity in contrast to global
averages. Closing this disparity requires comprehensive genetic studies and focused breeding
efforts. This study is focused on the genetic diversity of 49 tomato cultivars and hybrids sourced
from Kazakh Research Institute of Fruit and Vegetable Growing (Almaty), employing 10 SSR
markers associated with important agronomic traits. SSR genotyping unveiled polymorphisms
across 6 markers with variable allele numbers. Genetic diversity metrics highlighted significant
genetic diversity within both outdoor and greenhouse tomato cultivars and lines. Bayesian
clustering, Neighbor-joining (NJ) clustering, and principal coordinate analysis (PCoA) delineated
genetic differentiation between outdoor and greenhouse tomatoes with small admixture, indicating
distinct breeding directions for these two types. Highly polymorphic SSRs (PIC > 0.5) associated
with essential fruit traits emerge as promising targets for marker-assisted selection (MAS) that can
be used to enhance tomato breeding efficiency in Kazakhstan. According to 8 SSRs, 22 out of 30
outdoor accessions and 8 greenhouse tomato accessions were genetically uniform. The presence of
genetic uniformity within cultivars provides a valuable information for the pedigree selection in
refining breeding strategies. This study offers comprehensive insights into the genetic diversity and
population structure of tomato cultivars and lines in Kazakhstan, laying the foundation for informed
breeding endeavors aimed at bolstering yield and resilience in tomato crops.
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PHYTOSANITARY MONITORING OF WHEAT YELLOW RUST DISEASE
(PUCCINIA STRIIFORMIS) IN ZHAMBYL AND TURKESTAN REGIONS

Keishilov Zh., Kumarbayeva M., Kokhmetova A.

Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan
E-mail: Jeka-Sayko@mail.ru

Yellow rust of wheat (caused by P. striiformis f. sp. tritici) is one of the most common and serious
fungal diseases that can lead to significant production and economic losses in wheat if not controlled.
Yellow rust poses a serious threat to food security in many countries around the world. It is distributed
throughout most of North and South America, Europe, East, Central and South Asia, North Africa, and
Australia. This disease is known to occur in more than 60 countries and is the most common wheat
disease in Kazakhstan. In extreme situations of very susceptible varieties and under favorable weather
conditions, yellow rust can reduce yields by up to 100%. Monitoring the spread and harmfulness of
yellow rust included phytopathological examinations of wheat crops in the Kordai, Shu, Ryskulov,
Zhambyl, and Merke districts. In 2022, surveys in Zhambyl region included the production of wheat
crops (20-150 ha). In the Zhamby! region, Kordai district, in the rural district of Sarybulak, the peasant
farm of Nur Al LLP, the Steklovidnaya 24 and Bogarnaya 56 wheat varieties showed an average
susceptibility to the disease with damage of 28-18%, the degree of disease development of these
varieties was 1.60% and 0.90%. In the same area, in the rural districts of Kakpatas, Nogaybay, and
Sharbakty, the Steklovidnaya 24 and Bogarnaya 56 varieties showed susceptibility to yellow rust, the
damage rate was 0.60% and 0.80%, and the prevalence rate was 12% and 16%, respectively. In the Shu
and Ryskulov districts, and the rural districts of Belbasar and Algabas, no symptoms of the pathogen
were observed. All studied varieties showed an immune type of reaction (IT — 0).

In the Merke district, in the rural district of Surat, in the peasant farm of Sypatai Batyr LLP, the winter
wheat varieties Euclid and Steklovidnaya 24 did not show symptoms of yellow rust (IT - 0). In the same
area, in the rural districts of Tatti and Aspara, symptoms of P. striiformis were found on the Naz and
Kazakhstanskaya 10 varieties; the prevalence of the disease was 26% and 32%, and the development rate
was 1.30% and 1.60%, respectively. Zhambyl region, in the Besagash rural district, the peasant farm of the
Zhamby! branch of KazNIIZR LLP, the variety Steklovidnaya 24, showed susceptibility to yellow rust, the
infection rate was 1.20%, and the spread level was 24% and higher.

As a result of route research in the fields of Karabau and Zhibekzholinsky rural districts, Kazygurt
and Saryagash districts, Turkestan region in the peasant farm of LLP "Karabau" and LLP
"Krasnovodopadskaya SHOS" it was established that the development of yellow rust (P. striiformis) in
the varieties Steklovidnaya 24 (super-elite) and Pamyat 47, was significant - 0.80% and 1.30%, and the
prevalence index was - 16% and 18%, respectively. In the same area, in the peasant farm of
Krasnovodopadskaya SHOS LLP, the level of damage to Steklovidnaya 24 in various fields (field 2,
super-elite) and (field 3, super-elite) wheat showed susceptibility to the disease in the range of - 0.80%
and 1.10 %, respectively. The disease prevalence was 14% and 16%. In the Sharbulak and Darbazinsky
rural districts of the peasant farm of Sapa 2002 LLP, the wheat varieties Steklovidnaya 24 (super-elite),
Shol (super-elite), Krasnovodopadskaya 210 and Shol (super-elite) did not show symptoms of yellow
rust (IT — 0). As a result of monitoring work carried out in Zhambyl and Turkestan regions, it was
established that most wheat varieties are not resistant to yellow rust and it is necessary to continue
monitoring work to identify new varieties of wheat resistant to yellow rust disease.

This research has been funded by the Science Committee of the Ministry of Science and Higher
Education of the Republic of Kazakhstan (Grant No. BR18574099)
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MASRUSPLANTS V2.0: AN UPDATED COMPREHENSIVE WEB
RESOURCE OF DNA MARKERS ASSOCIATED WITH RUST RESISTANCE
GENES VALIDATED IN RUSSIAN BREAD WHEAT
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Bread wheat (Triticum aestivum L.), a valuable agricultural crop, is well-suited for cultivation
across diverse ecological and climatic conditions. Throughout its life cycle, wheat faces numerous
stresses that can diminish both yield and grain quality. Among these biotic stresses are rust fungi,
the primary causal agents of cereal plant diseases. Under favorable climatic conditions, rust fungi
can spread rapidly and cause widespread crop losses. It is considered an epiphytotic disease,
meaning it has the potential to cause a large-scale outbreak.

Genetic protection is the most effective and environmentally friendly strategy to combat the
causative agent of rust. To successfully implement this approach, advanced breeding methods are
employed to develop new wheat varieties with diverse resistance types and genes. A supply of
genetically characterized sources with rust resistance genes is crucial for timely variety changes.

The precise identification of wheat resistance genes stands as a main and expedited procedure
within modern breeding, particularly through the employment of marker-assisted selection (MAS)
techniques. To catalog information about DNA markers associated with rust resistance genes
validated in Russian bread wheat, we have updated the online database MASRUSplants to v2.0,
accessible at https://masrusplants.ru.

The primary goal of the MASRUSplants database v2.0 is to promote the utilization of wheat's
genetic potential for resistance against fungal diseases and to make the MAS technique extensively
accessible.

The MASRUSplants v2.0 carefully provides detailed information about DNA markers and
their associated resistance genes, such as Sr genes (stem rust resistance), Lr genes (leaf rust
resistance) and Yr genes (stripe rust resistance). Comprehensive information including marker type,
genetic locus, primer sequence, PCR protocols, and bibliographic references accompanies each
DNA marker record. In addition, the DNA markers presented in the database, tested in the
Laboratory of Plant Molecular Genetics and Cytogenetics at the Institute of cytology and genetics
SB RAS, are illustrated with original electropherograms. Notably, the MASRUSplants houses data
of Russian and global wheat germplasm: name, pedigree, geographical origin, identified gene
alleles and reaction to biotic stressors — rust fungi. On the main page, the database contains the
following main objects: protocols, chromosomes, markers, plants, photographs of pathogens. We
built simple relationships between objects aimed at information on DNA markers and resistance
genes.

MASRUSplants is a comprehensive and user-friendly database that promotes the use of DNA
markers in wheat breeding programs. By furnishing an abundance of information pertaining to
resistance genes and their corresponding DNA markers, the database plays a pivotal role in
advancing the creation of more robust wheat cultivars, ensuring sustainable agricultural practices
and fortifying food security measures.

This work was done within the framework of State Assignment Kurchatov Genomic Center of
ICG SB RAS (Ne075-15-2019-1662).
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ASSESSMENT OF THE GENETIC DIVERSITY OF RICE USING SSR-
MARKERS
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Rice stands as one of the world's most crucial cereal crops. In the 2022/2023 crop year, China
produced about 146 million metric tons of milled rice, a higher volume than any other country.
India came in second place with over 135 million metric tons of milled rice in that crop year.
Understanding the genetic diversity within germplasm collections is pivotal for crop enhancement
efforts. Molecular markers, particularly Simple Sequence Repeats (SSRs), play a vital role in
characterizing germplasm and delineating genetic differences at the molecular level. SSR markers
are known for their reliability, reproducibility, high polymorphism, and resolution.

In a study conducted at the Kazakh Rice Research Institute (Kyzylorda, Kazakhstan.), 60 rice
samples analyzed microsatellite analysis utilizing 10 polymorphic SSR markers (RM1, RM5, RM44,
RM124, RM152, RM144, RM162, RM171, RM212, and RM215). These markers are associated with
different traits crucial for plant adaptability, yield components, stress resistance, and grain quality.
For instance, markers RM171 and RM215 are linked to grain thickness and width, while RM212 is
associated with drought resistance, and RM5 is closely tied to rice yield genes. The genetic analysis
revealed varying numbers of alleles per locus, ranging from 2 to 7 across the markers, with an
average of 3.30. Number of effective alleles ranged from 1.1 to 5.8, with an average of 2.2. The
Shannon’s information index and Nei's genetic diversity index, indicated a high level of genetic
diversity among the analyzed rice accessions for the 10 polymorphic microsatellite markers.
Through genotyping, the allelic statuses of 60 rice cultivars and lines were determined for the 10
SSR markers, directly linked to important agronomic traits of rice. These findings provide valuable
information of rice varieties and lines, aiding in future breeding and improvement programs.

This research was funded by the Ministry of Science and Higher Education of the Republic of
Kazakhstan (grant BR18574099; BR10765056).
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GENOME EDITING-BASED CONTROL OF PLANTS PIGMENTS
SYNTHESIS FOR PRACTICAL BREEDING PURPOSES

Mikhailova A.S.*, Smirnova N.V.}, Sokolova D.V.%, Popov V.S.1, Kuluev B.R.1?,
Baymukhametova E.A. 2, Musin K.G. 2, Mikhailova E.V. %2, Gerasimova S.V. 13,
Shoeva O.Yu. 3, Shvachko N.A.%, Khlestkina E.K.?
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Beta vulgaris L. is a valuable raw material in the production of betalain pigments used in the
food industry. The creation of high-betaine forms is an important practical problem that can be
solved by genome editing. In our work, we identified suitable candidate genes (CYP76AD5.1,
CYP76ADS5.2, CYP76ADS5.3, CYP76ADS6) for knockout by NHEJ-based editing in order to increase
the level of betanins. The gain-of-function effect of knockout is assumed to be due to avoiding
competition for substrate. Another mechanism of using NHEJ to restore function (pigment
synthesis) was previously demonstrated for the synthesis of anthocyanins in barley aleurone,
restored by gain-of-function mutation (by reading frame restoration in target gene Myc2). The next
example for using NHEJ to restore function is expected restoring of phlobaphene synthesis in wheat
glumes by converting the recessive allele into the dominant via excision of insertion in 47 bp from
intron (this insertion suppressed the gene necessary for pigment synthesis activation). Further target
gene was its homoeologue with low expressivity and penetrance, which prevent the correct
assessment of wheat varieties for uniformity, thus this gene should be knocked-out in order to solve
this problem. In conclusion, when working with key crops, we diversified the use of the same
editing mechanism - NHEJ - to control the synthesis of pigments by either enhancing, restoring or
suppressing synthesis of different pigments, depending on the particulate breeding task. In the
report, the details of target genes selection and analysis as well as construction of vectors for target
gene modification and delivering of the constructs to the plants are presented.

The research is supported by Russian Science Foundation (project No 21-66-00012).
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FIELD EVALUATION OF DOMESTIC BARLEY ACCESSIONS
FOR RESISTANCE TO NET BLOTCH

Moldazhanova R., Maulenbay A., Kurymbaeva N., Rsaliyev A.

Research Institute for Biological Safety Problems, Laboratory for Phytosanitary Safety,
Guardeyskiy, Kazakhstan

E-mail: rmoldazhan@bk.ru

Barley holds significant importance as a cereal crop, ranking as the fourth most essential grain
globally. In Kazakhstan, barley harvests reached approximately 3.3 million tones, marking a notable
39% increase compared to previous years. However, challenges threaten both the quality and yield
of these cultivated crops. Among the prevalent fungal diseases affecting barley, net blotch poses a
significant threat. Developing resistant cultivars stands as a primary strategy in combating net
blotch disease.

In this study, we conducted a phenotypic evaluation of infected barley by assessing the
response to Pyrenophora teres f. teres resistance at the adult growth stage. Our research drew upon
106 spring barley accessions obtained from six different breeding stations in Kazakhstan. The
evaluation of net form in barley accessions took place at RIBSP (Gvardeisky, Zhambyl region,
southern Kazakhstan) in 2022. Disease severity scores were determined using a 0-100% scale based
on the percentage of necrotic and chlorotic areas: < 10% for resistant (R), 11-20% for moderately
resistant (MR), 21-30% for moderately susceptible (MS), and 31-100% for susceptible (S) lines.
Disease intensity over time was quantified by calculating the area under the disease progress curve
(AUDPC).

Out of the 106 barley samples analyzed, the maximum disease severity reached 40%, with 47
lines and cultivars demonstrating resistance (R, 0-10%), 45 showing moderate resistance (MR,
20%), 11 displaying moderate susceptibility (MS, 30%), and 2 exhibiting susceptible symptoms (S,
40%). The AUDPC values varied, spanning from 0 to 490. Pearson's correlation coefficient between
AUDPC and disease severity score indicated a positive correlation (r = 0.885). Collectively, our
findings suggest the presence of potential sources of resistance within the examined barley
accessions, which could be valuable in breeding efforts.

Research was done in the framework of the Program «Creation of highly productive varieties
and hybrids of grain crops based on the achievements of biotechnology, genetics, physiology,
biochemistry of plants for their sustainable production in different soil and climatic zones of
Kazakhstan» (BR10765056).
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BREEDING OF LOW- WATER-REQUIREMENT RICE VARIETIES:
RELEVANCE FOR KAZAKHSTAN

Mukhambetzhanov S.K. * 2, Usenbekov B.N. 2, Amirova A.K. *?2, Mynbayeva D. 12,
Berkimbay Kh.?

YInstitute of Plant Biology and Biotechnology, Almaty, Kazakhstan
2Al-Farabi Kazakh National University, Almaty, Kazakhstan
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In Kazakhstan, rice is an important crop that ensures food security and has export potential, so
45% of the rice produced in the country is used in the domestic market, and 55% is exported.

Rice production in Kazakhstan is localized mainly in the Kyzylorda, Almaty, Turkestan and
Zhetysu regions, where 99.6% of the cultivated area is located. Since 2022, according to the
Ministry of Ecology of the Republic of Kazakhstan, in these areas, water resources in the areas of
the Syrdarya, Shu, Ili and Talas rivers used for irrigation are practically exhausted and there is an
acute shortage of irrigation water. These problems, as a result of climate change and cross-border
disputes, will only get worse. According to World Bank forecasts, the volume of water resources in
Kazakhstan will decrease from 90 to 76 km? per year by 2030, i.e. in six to seven years it will be
about 15% per year. So, already now, in terms of water scarcity, Kazakhstan ranks 8-th among
Asian countries and is included in the red zone, where the issue of water resource scarcity is a
critical problem, and the level of water stress in the country’s agricultural sector is already more
than 80%.

Increasing trends in water scarcity due to climate change make the development of domestic
low-water-requirement rice varieties an extremely important task for breeding programs.

In the last decade, there has been a growing number of studies in the world related to the
creation of low-water-demanding varieties, which show that “low-water-requirement” rice can be
defined as the ability to survive and maintain productivity under water deficit conditions. This is a
complex trait that manifests itself at the morphological, physiological, biochemical and molecular
genetic levels. Screening of thousands of rice genotypes for this trait led to the creation of a limited
number of low-water-requiring varieties, which is due to the lack of truly low-water-requiring
genotypes and the lack of suitable screening methods.

To solve this problem in Kazakhstan, it is proposed to use a modified method that combines
physiological, biochemical methods and marker-associated selection. This will make it possible to
select the best genotypes and reduce the time required for breeding low-water-requirement rice
varieties that are resistant to water stress. The obtained samples will be used to provide the initial
forms for breeding programs to create new varieties, conduct fundamental and applied research in
breeding, physiology, genetics and biotechnology, as well as replenish the rice gene pool with new
samples adapted to the changing climatic conditions of the rice-growing regions of Kazakhstan.
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RICE BREEDING FOR RESISTANCE TO MAGNAPORTHE ORYZAE USING
MAS ANALYSIS

Mynbayeva D.!, Amirova A.2, Usenbekov B.!, Berkimbay Kh.!, Zhunusbayeva Zh.?

L Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan
2Al-Farabi Kazakh National University, Almaty, Kazakhstan

Rice is the most important food crop in terms of production in the world, ranking second
among cereal crops. For most countries that grow rice, this crop serves as the main source of food
products. There are many known diseases that affect different parts of the plant, and the most
dangerous of them is considered to be rice blast. Blast is a rice disease caused by the fungus
Magnaporthe oryzae, causing many lesions. There are three forms of blast disease - leaf, paniculate
and nodular. Damage to the leaves and panicle indicates that it causes damage to both the vegetative
and reproductive organs of rice plants. During epiphytotic years, blast disease can have a
devastating impact on world rice production. The outbreak of the disease depends on the climatic
conditions of different regions. The occurrence of the disease and symptoms vary from country to
country. Also, the cause of the outbreak of the disease may be seed material imported from other
countries. According to the Food and Agriculture Organization (FAO), rice production and
consumption are steadily increasing every year, which indicates the need to grow healthy, non-
infected material. Due to global climate change and the high variability of pathogen virulence, the
study of rice blast and the development of new rice varieties resistant to blast is an urgent and
promising direction.

In order to obtain a line of rice resistant to rice blast, in this study used domestic highly
productive zoned rice varieties — Bakanas, Fatima, Aisaule and Aru. As donors of blast resistance
genes, were used varieties provided by colleagues from the Federal State Budgetary Institution
“Federal Scientific Centre of Rice” (Krasnodar, Russia). To obtain the initial hybrid material, the
methods of pneumocastration and the “TVELL” method of pollination were used. The widely used
marker-mediated selection (MAS) technology used to screen the initial genotypes and hybrid lines.
To control gene transfer, the polymerase chain reaction (PCR) method were used using SSR
markers that are closely linked to the resistance genes Pil, Pi2, Pi-ta and Pi33. This feature
guarantees the detection of a highly specific site in order to avoid false data.

As a result of crossing, 50 hybrid lines were obtained. Molecular screening of these hybrids
was carried out for the presence of resistance genes to Magnaporthe oryzae. Based on the screening
results, hybrids containing resistance genes were identified: for the Pil gene — 14 dominant
homozygous and one heterozygous lines; for the Pi2 gene — 4 heterozygous hybrid lines; for the
Pi33 gene — two dominant homozygous and one heterozygous lines; for the Pi-ta gene — one
dominant homozygous and 13 heterozygous lines. The studied hybrids studied do not contain these
resistance genes. Selected hybrid lines containing genes for resistance to Magnaporthe oryzae are
promising lines and will be used in further research.

This research has been funded by the Science Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan Grant AP14869300.
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DIVERSITY IN HIGH-MOLECULAR-WEIGHT GLUTENIN SUBUNIT
LOCI IN DIFFERENT VARIETIES OF SPRING WHEAT
(TRITICUM AESTIVUM L.)

Najodov B.B.}?, Pylnev V.V.1, Rubets V.S.2, Moskalev E.A?, Polkhovskaya E.S?,
Gruzdev 1.V?

! Russian State Agrarian University — Moscow Timiryazev Agricultural Academy, Moscow, Russia
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E-mail: boburnajodov@gmail.com

Wheat (Triticum aestivum L.) is fundamental to global food security, with its flour quality
largely attributed to high molecular weight glutenin subunits (HMW-GS). These proteins
significantly affect the dough's viscoelastic properties, impacting critical baking quality traits such
as dough strength, elasticity, extensibility, and water absorption. This study explores the allelic
diversity of HMW-GS across 43 spring wheat cultivars through sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and nanopore sequencing, targeting the allelic
variants at the Glu-1A, Glu-1B, and Glu-1D loci.

One example of such a technique is sequencing the complete gene sequence by reading its
amplicons on the ONT platform (Oxford Nanopore Technologies), which allows for comprehensive
information on the polymorphism of loci encoding HMW-GS, information that is impossible or
difficult to obtain using the standard SDS-PAGE method. In this study, SDS-PAGE identified the
following allelic variants: in the Glu-4y! locus — a (subunit 1), b (2*), ¢ (null); in the Glu-1B locus -
b (7+8), ¢ (7+9), f (13+16), h (14+15), i (17+18); in the Glu-1D locus - a (2+12), d (5+10).
Subsequently, the amplicons of genes encoding HMW-GS were sequenced on the ONT platform in
22 of the studied samples. Based on the nanopore sequencing data, the Glu-1 locus alleles identified
earlier by SDS-PAGE were detected in the studied samples; however, a detailed analysis of reads
from amplified sequences in some samples revealed deletions in the gene encoding the Bx7 subunit
and SNPs in the gene encoding the Ayl subunit. These could potentially be associated with effects
on baking properties different from those of the conventional Bx7 and Ay1 subunits.

Our findings underscore the critical role of HMW-GS allelic diversity in wheat breeding
strategies aimed at enhancing flour quality. By identifying unique alleles and genetic variations, the
study provides new insights into the genetic determinants of wheat flour's baking characteristics,
offering avenues for targeted genetic improvements in wheat breeding programs.
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QUANTITATIVE PCR AS A TOOL OF ASSAYING THE RESISTANCE
OF WINTER WHEAT VARIETIES TO FUSARIUM HEAD BLIGHT

Orina A.S., Gavrilova O.P., Gagkaeva T.Yu.
All-Russian Institute of Plant Protection (VIZR), St-Petersburg-Pushkin, Russia

E-mail: orina-alex@yandex.ru

Fusarium fungi is common in grain and produce mycotoxins, that negatively effect on seed
quality and health of grain consumers. The breeding of wheat varieties with high resistant to
Fusarium head blight and other fungal diseases using molecular methods is of current concern.

In this study 17 winter wheat varieties created in National Center of Grain named after P.P.
Lukyanenko were grown in Krasnodar region under the natural infections. Real-time PCR was used
for quantification of DNA trichothecene producing Fusarium fungi (Tri-Fusarium) (Halstensen et
al. 2006) and the most aggressive pathogen F. graminearum (Yli-Mattila et al., 2008) in the
harvested grain. The fungal DNA content was represented as a proportion of the wheat DNA
content (pg/ng).

A high amount of Tri-Fusarium DNA was found in the grain in range 0.14-0.42 pg/ng. The
F. graminearum DNA content varied significantly from 0.01 to 0.43 pg/ng. The proportion of F.
graminearum DNA as a percentage of the Tri-Fusarium DNA ranged from 6.1% to 100.9%.
According to our observations, the value of this parameter above 30% means the susceptibility of
varieties to Fusarium infection, and the smaller one is inherent in relatively resistant. The Adel,
Tanya, Lebed’, Kurs, Gurt and Yuka varieties in grain of which a low ratio of F. graminearum
DNA in Tri-Fusarium fungi (no more than 10%) contained were the most promising.

The investigation was supported by the Russian Science Foundation (No. 19-76-30005).
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SOWING SEEDS OF KNOWLEDGE: GENETIC EDUCATION FOR
AGRICULTURAL ADVANCEMENT

Sartbayeva Zh.!, Ozkan H. 2, Yermekbayev K.*
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The discovery of the molecular structure of DNA was a turning point in the history of science
and brought genetics to the forefront of biotechnological research studies. In agricultural sciences,
this breakthrough catalyzed profound changes in plant/animal breeding, food production, land
management and the promotion of sustainable development practices. Realizing these advances,
however, depends largely on the collaborative efforts of scientists and the nurturing of new
scientific talents.

Thus, our study examines the intersection of genetics education and agriculture, emphasizing
the critical role of genetic knowledge in addressing current and future agricultural challenges. We
examined the factors that influence student’s engagement in science, identifying barriers such as
lack of motivation, limited hands-on experience and difficulties in understanding the genetics as a
subject. Consequenctly, we propose incorporating genetic knowledge into the curriculum: develop
courses that include the basics of plant genetics and its extensive applications across various
agricultural fields, showcasing its versatility and effectiveness to help students better understand the
link between genetics and agriculture; increase student information literacy; attract qualified, most
importantly experinced, teachers and researchers to help enrich instruction and bring new
knowledge and techniques into the classroom; ignite a passion for science by immersing the
students in laboratory experiments and incorporating them into their research; and encourage
students to become more involved in science.

Educating future scientists and fostering a culture of scientific inquiry will enable agricultural
communities to effectively navigate the complexities of a rapidly changing world. Ultimately, the
trajectory of agricultural innovation and scientific discourse depends on the quality of education
that today's budding scientists receive.

Key words: Genetic education, agriculture, future scientists, biotechnological research,
sustainable development
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RED-FLOWERED MUTANT OF WHITE CLOVER
(TRIFOLIUM REPENS L.)

Shamustakimova A.O., Ivanova A.A., Klimenko I.A.

Federal Williams Research Center of Forage Production & Agroecology, Lobnya, Russia
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White clover (Trifolium repens L.) is perennial, allotetraploid (2n=4x=32) legume species.
The are 232 varieties of white clover in the global agricultural production. T. repens can be grown
in the wide soil type and temperature range under the sufficient moisture and sunlight conditions.

As seen from the name white clover normally has white petals. However, there are two
ornamental cultivars “Dragon’s blood” that have “blush” flower color. In 1950 and 1980 a red-
flowered mutant of white clover also was found.

The most detailed analysis on red-flowered mutant was conducted by the group of scientists
from China in 2018. The studied plant was found in a T. repens cv. “Regal” experimental field.
Using transcriptome sequencing and subsequent quantitative real-time PCR (qRT-PCR) they
identified eight key genes (CHS, F3’H, F3’5’H, UFGT, FLS, LAR, ANS and DFR) that might be
responsible for certain type of flower pigmentation.

In 2021 we have found two plants with the same phenotype in our field. The part of obtained
F1 generation seedlings has strong anthocyanin pigmentation and red flowers. Thus, the aim of our
study was to compare promoter regions of eight genes from flavonoid biological synthesis pathway
of red-flowered (RF) and white-flowered (WF) T. repens plants.

For experimental procedure ten plants (Five RW and five WF) were selected from
greenhouse. DNA was extracted from young leaves of the mature plant using modified SDS
method. To identify the certain region that is responsible for the observed biological appearance we
design primers to amplify promoter regions (about 800 bp) of each 8 key genes from all ten plants.
For PCR amplification, each 20 pL PCR reaction mixture consisted of 30 ng of genomic DNA, 10x
Tag Turbo buffer, 50x dNTP mix, 2 units of Taq polymerase, 0,2 pumol of each primer.
Amplification was carried out on “Bio-Rad iCycler, USA” as follows: 3 min at 94 °C; 35 cycles are
run at 94 °C, 30 sec, 56/59/62 °C, 1 min, and 72 °C, 5 min, for denaturing, annealing and extension,
respectively.

The analyzed PCR-product sizes for seven of eight promoter regions from all ten plants were
as expected from NCBI data. The amplified fragments of F3’5°H gene promoter regions from WF
and RW was 775 and 865 bp, respectively. Flavonoid 3°5’- hydroxylase (F3°5’H, CYP75A) is
cytochrome P450-dependent monooxygenase. F3’5’H is responsible for blue delphinidin
production. Comparison of two F3’5’H promoter regions from contrasted plants revealed the
number of red-flowered plants and different cis-acting elements landscape.
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MARKER-ASSISTED SELECTION FOR CULTIVAR UNIFORMITY
CONTROL OF HEXAPLOID WHEAT (TRITICUM AESTIVUM L.):
A CASE STUDY
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Glume color is one of the descriptors for bread wheat cultivars uniformity test. The trait is
controlled by homoeologous loci Rg-Al, Rg-B1 and Rg-D1 (in chromosomes 1A, 1B and 1D,
respectively), which are suggested to encode R2R3-MYB transcriptional factor. Some winter wheat
cultivars bred as white-glumed may later express pseudoheterogenety by glume color, which
prevents successful release of such cultivars. We assumed that they may carry the Rg-Alb allele
responsible for the weak red color, well-known for old spring bread wheat varieties, but less studied
in winter wheat. We hypothesized low penetrance and low expressivity of Rg-Alb in winter wheat
to be a reason for pseudoheterogenety. In spring wheat diagnostic marker XgwmO0136-264bp was
described for Rg-Alb. To exclude effect of homoeologs we developed ILP-marker to distinguish
Rg-B1b. Rg-D1b was not considered, since cultivars studied had no synthetic allohexaploids
developed using Aegilops tauschii (the donor of Rg-D1b) in their pedigree. Using Xgwm0136 and
ILP-marker developed we showed genotypes of winter cultivars Kupava and Fedor having
pseudoheterogenety: Rg-AlbRg-AlbRg-BlaRg-BlaRg-DlaRg-Dl1a. Thus, these homogeneous
cultivars are mistakenly assessed as heterogeneous due to low penetrance and low expressivity of
Rg-Alb. Since these cultivars are used as parental genotypes in ongoing breeding programs, we use
now diagnostic marker XgwmO0136-264bp to select offspring against Rg-Alb and the both
Xgwm0136 and the developed ILP-marker to control selection of white-glumed homozygous Rg-
AlaRg-AlaRg-BlaRg-BlaRg-DIaRg-Dl1a genotypes.
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THE GENETIC ASSESSMENT OF CUCUMBER (CUCUMIS SATIVUS L.)
ACCESSIONS OF KAZAKHSTAN USING SSR MARKERS
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Cucumber (Cucumis sativus L.) is an important agricultural crop in Kazakhstan,
contributing significantly to both local consumption and the economy. Cultivated across various
regions of Kazakhstan due to its adaptability to diverse climatic conditions, cucumbers are integral
to local diets and agricultural practices. The country’s unique geographical and climatic features
allow for the cultivation of a wide array of cucumber varieties, each characterized by distinct
qualities such as flavor, texture, and resistance to environmental stresses. Recent genetic studies in
Kazakhstan focus on enhancing these traits through selective breeding and molecular genetics,
particularly aimed at improving yield, disease resistance, and stress tolerance.

This study presents a comprehensive genetic analysis of cucumber (Cucumis sativus)
accessions in Kazakhstan employing Simple Sequence Repeat (SSR) markers, aiming to explore the
genetic diversity and structure within this important crop. We used 180 samples from various 60-
cucumber accessions in 3 repeats and analyzed them using 15 SSR markers, 10 of which were
highly polymorphic. This method facilitated the assessment of genetic diversity, the identification
of unique and shared alleles, and the evaluation of genetic relationships among the accessions. The
genetic diversity indices, including the number of alleles per locus, observed and expected
heterozygosity, and Shannon's Information Index, were calculated to provide a detailed picture of
the genetic landscape of cucumbers in Kazakhstan. Additionally, population structure analysis
highlighted distinct genetic clusters within the accessions, suggesting the presence of different
genetic lineages. This research contributes to the genetic conservation and breeding programs of
cucumbers in Kazakhstan. It serves as a model for genetically assessing vegetable crops in other
regions using SSR markers.
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BASED ON RESEQUENCING DATA
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Soybean (Glycine max (L.) Merr) is an essential food, feed, and technical culture. In
Kazakhstan the area under soybean is increasing every year, helping to solve the problem of protein
deficiency in human nutrition and animal feeding. Analysis of population structure is an integral
part of soybean breeding to assess genetic diversity of studied collection. The purpose of this study
was to analysis the population structure and assess the genetic diversity in a collection of modern
soybean cultivars from Kazakhstan, as well as accessions obtained from various geographical
regions of the world, including wild species and landraces. This included studying both local and
global population structures, as well as identifying important genes involved in soybean adaptation
mechanisms. The genetic relatedness and population structure of soybean world collection consisted
from 694 accessions, including local genotypes were examined using resequencing data for 80 972
single-nucleotide polymorphism (SNP) markers obtained from Illumina HiSeq x Ten System. In the
initial approach, the construction of a neighbor-joining tree revealed ten subclusters and identified
10 subclusters in which wild forms and landraces were separated into a separate subcluster.
Genotypes for Kazakhstan formed two large clusters together with modern cultivars from Europe
and North America. These results offer promising potential for effective utilization in studies
concerning soybean adaptation and can be integrated into breeding programs to develop novel,
high-performing cultivars.

The authors would like to acknowledge the funding from the Ministry of Science and Higher
Education of the Republic of Kazakhstan for the grant AP13068118.
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VARIABILITY OF AGRONOMIC TRAITS IN CHICKPEA COLLECTION
GROWN IN IRRIGATED AND NON-IRRIGATED CONDITIONS

Zatybekov A.K.1, Burakhoja A.K.1, Kudaybergenov M.S.2, Varshney R.3, Krempa A,
Anuarbek Sh.1, Turuspekov Y.K.Y*
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Chickpea (Cicer arietinum L.) is a vital leguminous crop renowned for its nutritional value
and adaptability to diverse environmental conditions. In Kazakhstan, due to crop diversification
program, special attention is focused on pulse crops, including chickpea, as strategic crop for food
security and fodder production. In this study, we investigate and compare the growth performance
of world collection of chickpea (238 accessions) cultivated in irrigated and rainfed conditions of
South-East of Kazakhstan.

Experiments in the field carried out using the generally accepted methodology of B.A.
Dospekhov. The field experiments performed in 1 m lines with two randomized replications, the
distance between rows will be 45 cm, the depth of seed sowing will be 4-5 cm. During plant
growing were observed main vegetation periods (flowering time, pod fill, full maturity). After
harvesting was conducted structural analysis of seven agronomic traits (plant height (PH), height of
lower pods (HLP), number of lateral branches (NLB), number of fertile nods (NFN), number of
seeds per plant (NSP), yield per plant (YP), thousand seeds weight (TSW)).

Our findings reveal significant disparities in chickpea growth dynamics between the two
conditions. On irrigated soils, chickpea plants exhibited enhanced vegetative growth, increased leaf
area, and more vigorous root development. Comparative analysis of morphological traits showed
PH of accessions from irrigated soil (38.86 + 8.33 cm) were higher than rainfed (36.47 £ 5.99 cm).
The HLP on the contrary, showed the opposite effect, under irrigated conditions was 16.47 + 4.68
cm and 19.28 + 4.46 cm on rainfed. Moreover, plants in irrigated soils demonstrated superior
reproductive performance, manifesting in higher pod counts, larger pod size, and elevated seed
yield. Accessions under irrigation showed higher YP (5.95 £ 1.13 g) and TSW (160.71 £ 32.56 g)
compared to rainfed YP (4.79 = 1.76 g) and TSW (147.21 + 23.05 g).

Our study underscores the crucial role of irrigation in shaping plant development and yield
potential. Overall, this study sheds light on the contrasting growth responses of chickpeas cultivated
on irrigated soils versus hard gypsum soils. The findings emphasize the importance of soil
management practices and underscore the potential for targeted interventions to optimize chickpea
production in diverse agroecological contexts.

This research was funded by the Science Committee of the Ministry of Science and Higher
Education of the Republic of Kazakhstan (Grant AP19677444).
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MOLECULAR SCREENING OF SPRING WHEAT COLLECTION
FOR THE PRESENCE OF YELLOW RUST RESISTANCE GENES
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Yellow rust of wheat caused by Puccinia striiformis f.sp. tritici is one of the most important
diseases of cereal crops worldwide. Yellow rust causes large crop losses every year. In Kazakhstan,
the main habitat of yellow rust is the southern and southeastern regions. The pathogen reduces
yield, and seed quality, and can cause 100% vyield loss when availability of optimal weather
conditions. Yellow rust reduces the plant's ability to photosynthesize and increases evaporation. As
a result, the pathogen leads to the drying of wheat grain and a decrease in its quality. Using resistant
wheat varieties is an economically and environmentally sound method of disease control, thereby
reducing the use of fungicides. Creating wheat varieties resistant to yellow rust and ensuring long-
term preservation of their resistance remains the main task of breeding. Therefore, in this regard, a
constant search for new donors of sustainability is always necessary.

The most effective resistant genes against stripe rust in Kazakhstan are Yr2+, Yr4+, Yr5, Yr10
and Yr15. Additionally, there are a few Yr genes that confer non-race-specific resistance, acting at
the adult plant stage such as Yr18, which is a multi-pathogen resistance gene and confers part field
resistance against stripe rust, leaf rust, stem rust, and powdery mildew have been used in breeding
programs for a century and so far, no pathogen adaptability has been found.

The objects of the study were 50 spring wheat varieties cultivated or used in breeding in
Kazakhstan. The thesis presents the results of a study of a wheat collection of 50 samples; 15
varieties of spring wheat were identified that were carriers of the Yr9 gene, 15 carriers of
the Yr10 gene, 17 carriers of the Yr15 gene, one carrier of the Yrl7 gene, 4 carriers of the Yr18 gene
and 8 carriers of the Yr29 gene. The highest frequency of occurrence among spring wheat samples
was observed in the Yrl5gene (34%), followed by the Yr9 (30%), Yrl0 (30%), Yr29 (16%),
and Yr18 (8%) genes. The Yrl7 gene was detected in only one (2%) wheat genotype.

This research has been funded by the Science Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan (Grant No. BR 18574099, the task 02).
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THE INFLUENCE OF THE DWARFING GENES RHT AND THE
PRODUCTIVITY GENES TAGW, TAGS ON THE YIELD OF SPRING WHEAT
VARIETIES IN THE CONDITIONS OF NORTHERN KAZAKHSTAN

Zotova L., Serikbay D., Gajimuradova A.

S. Seifullin Kazakh Agrotechnical Research University, Astana, Kazakhstan
E-mail: l.zotova@kazatu.edu.kz

When selecting parental and hybrid forms in the conditions of Northern Kazakhstan, it is
important to choose samples with optimal height and coleoptile length, as well as high productivity
indicators. Moreover, to expedite and optimize the selection process, it is crucial to take into
account the genetic parameters of the samples. To identify effective productivity genes, an analysis
of the Rht genes (RhtBla, RhtD1a, RhtB1b, RhtD1b) and GS/GW genes (TaGS 5-3A-T, TaGWS8-
Bla) and their interactions was conducted. The study employed Spearman's correlation analysis,
regression analysis, and analysis of quadratic values using OLS.

A significant positive correlation by Spearman (R=0.328, p=0.010) indicates that in the
presence of the TaGS5-3A-T gene, the 1000 grain weight (TGW) also tends to increase. The Rht
genes (Rht-Bla, Rht-Dla, Rht-Blb, Rht-D1b) more often show insignificant correlations with
productivity traits. Even in the case where Rht-Bla exhibits moderate positive correlation with grain
length (GL), this value is statistically insignificant (p=0.063). The TaGS-3A-T gene also
demonstrates moderate positive correlation, but with grain weight (GW) (R=0.249, p=0.055),
approaching statistical significance. The correlation of productivity with the TaGW8-Bla gene,
compared to TaGS5-3A-T, is generally weaker and statistically insignificant, indicating that this
gene has indirect or weak influence on the studied productivity traits. Ordinary Least Squares
(OLS) regression analysis of TGW shows that 17.5% of its variability is explained by the studied
genes. Additionally, the TaGS5-3A-T gene shows significant positive association with TGW
(p<0.05). The parameter Grain size (GS) has about 8.8% of its variance explained by the influence
of the studied genes. Regarding GS, the TaGS5-3A-T gene also shows a significant positive effect
(p<0.05), while Rht-B1b has an almost significant negative effect (p=0.053). Analysis of R-squared
values in the OLS regression analysis indicates an increase in TGW to 0.328 compared to the
previous analysis. This suggests that around 32.8% of TGW variability is explained by both
individual genes and their interactions. For example, according to this analysis, the interaction of
Rht-Dla_TaGS5-3A-T (p<0.1) influences GS, indicating a potential effect when these genes are
present together. The interaction of genes RhtBla TaGS 3A, RhtDla TaGS 3A, and
RhtB1b_TaGS_3A at p<0.05 suggests significant interaction between these genes.

The studied correlation between genes and their interactions influencing grain productivity
and optimal plant height under drought conditions indicates that the presented Rht genes should
provide plant height ranging from 53 to 62 cm to ensure optimal productivity. This height ensures
coleoptile length of more than 4 cm and resistance to lodging. The genetic basis of productivity,
along with optimal wheat height, demonstrates the influence of the interaction of the TAGS5-3A-T
gene on TGW and GS. In this context, the TaGW8-Bla gene does not exert a statistically significant
influence on these indicators, or it may have an indirect effect.

Thus, the presented genes and their combinations contribute up to 32.8% of the influence on
TGW, leading to an increase in total yield by 13-92% for individual samples.
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FURTHER IMPROVING SPIKE FERTILITY TRAITS IN WHEAT TO KEEP
INCREASING YIELD POTENTIAL

Slafer G.A. 12, Savin R.1*
!Department of Agricultural and Forest Sciences and Engineering, University of Lleida —
AGROTECNIO-CERCA Center, Av. Rovira Roure 191, 25198 Lleida, Spain
2ICREA, Catalonian Institution for Research and Advanced Studies, Barcelona, Spain

*E-mail: gustavo.slafer@udl.cat

When improving complex traits, such as crop yield, understanding the CROP-physiological basis
is instrumental to identify underlying traits controlling yield (and eventually identifying genes
responsible for these traits). Identifying such traits is critical in order to design strategic crosses and/or
to generate selection criteria.

A comprehensive view of all physiological bases of yield determination identifying promising
traits for designing alternative management practices or breeding strategies to increase yield would be
impossible in the framework of this presentation. Although wheat yield is built up from sowing to
maturity, there are phases of the crop that are more critical for yield determination. Considering yield as
the balance between sources and sinks having in mind that the processes determining yield change
during developmental progress would help in identifying most critical traits that could then be
physiologically analysed and genetically determined.

The two most popular approaches to understand the crop-physiological determination of yield are
the dry matter approach (considering growth and partitioning) and the yield components approach. The
former is conceptually source driven, the latter basically sink driven. But in reality crop yield is limited
by both source- and sink-strength, but not implying co-limitations. It seems more or less clear that yield
is dominantly sink-limited during post-flowering (when grain weight is being realized) and source-
limited during pre-flowering (when grain number is being determined); which could explain the huge
difference in plasticity between these two main yield components and why yield is most frequently
related to grain number. Thus, critical traits to improve yield would be those determining the level of
sink-limitation during the effective period of grain filling, basically those determining the number of
grains per unit land area (and to some degree the potential size of the grains).

Spike fertility is, in this context, a critical trait determining yield. The final determination of the
number of grain number per spike is strongly dependent on the availability of resources allowing more
floret primordia initiated to become fertile florets at anthesis and most of them filled grains at harvest.
Thus, it depends upon both the availability of resources allocated to the juvenile spikes where florets are
developing, and the efficiency in their use at the time the number of grains is being determined (fruiting
efficiency). Indeed, the physiological bases for the step change produced by the Green Revolution is a
proof of concept for the relevance of spike growth and development immediately before anthesis have.
Fruiting efficiency reflects the fate of floret development and grain abortion: more efficient genotypes
would show a higher survival of floret primordia, and/or a reduced level of grain abortion. As abortion
is low (most fertile florets set grains) and failure of floret primordia to become fertile florets is large,
differences in fruiting efficiency in elite material maybe more related to survival of floret primordia.
This may be achieved through increased allocation of resources for the developing florets and/or
through an intrinsic improved rate of floret development. Fruiting efficiency can be used as criterion for
selecting parents for strategic crosses, as it showed substantial transgressive segregation and trade-offs
with spike growth can be avoided. Although it has been shown that the trait responds to selection, its
real application would depend on counting with molecular markers.
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THE MUTANT POPULATION OF WILD BARLEY ACCELERATES GENE
CLONING

Shun Sakuma
Faculty of Agriculture, Tottori University

Wild barley (Hordeum vulgare ssp. spontaneum) is the sole member of the primary gene pool
of cultivated barley (H. vulgare ssp. vulgare) and hence a valuable genetic resource. Several wild
barleys were used as genetic material for map-based cloning due to the presence of wild ancestral
traits such as brittle rachis, strong seed dormancy, and two-rowed spike. These traits were
controlled mainly by dominant functional alleles in the wild and recessive non-functional alleles in
cultivated barley, respectively, suggesting that wild barley leaves many intact genes for lesions.
Here we have developed a large-scale mutant population from wild barley accession OUH602 to
accelerate forward genetics mainly focusing on inflorescence structure. From sowing to harvest,
plants were exposed to weak irradiation by cobalt 60 in the gamma field from the time of sowing to
harvesting. This system is called chronic irradiation as opposed to acute irradiation commonly in
plant mutagenesis. M2 seeds were harvested manually and through the phenotypic screening of
about 50,000 M3 plants, we found domestication-related mutants like six-rowed spikes and several
novel plant architecture mutants. Causal genes were identified through a combination of traditional
mapping approaches and rapid identification of the causal mutations using next-generation
sequencing technology together with the OUH602 chromosome-scale assembly. This wild barley
mutant population is instrumental in improving barley and the discovery of novel genes and their
mode of action.
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ADDRESSING QUANTITATIVE DISEASE RESISTANCE IN LEGUMES
VIA WHOLE-GENOME ANALYSIS AND BIOTECHNOLOGY
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Controlling legume diseases is pivotal for sustainable agriculture and global food security.
Leveraging advanced technologies in genome analysis and biotechnology, we aim to enhance legume
quantitative disease resistance, offering increased durability and broad-spectrum effectiveness. Our
research spans various legume species, including lupine, alfalfa, vetch, and Medicago truncatula,
investigating their response to fungal pathogens like Verticillium sp. and Colletotrichum lupini,
exploring intricate genetic mechanisms among host genetics, pathogen variability, and environmental
factors. Primary objectives involve elucidating genomic regions linked to disease resistance, uncovering
molecular pathways in plant-pathogen interactions, and utilizing biotechnological tools for breeding
resilient legume varieties.

White lupine (Lupinus albus L.), a promising protein source, faces threats from anthracnose.
Analysing the whole genomes of six C. lupini strains from the same field yet exhibiting differing fitness
and aggressiveness levels, we uncovered varying genetic relationships and genomic characteristics
within putative virulence factors. Variant calling unveiled missense mutations occurring in the coding
sequences of 35 genes, potentially associated with the virulence and fitness of the two most aggressive
strains. Using LC-MS/MS-based proteomic analysis, we investigated the response of three lupine
cultivars with distinct tolerance levels when infected with these two C. lupini strains. This approach led
to the identification of candidate genes and pathways linked to either tolerance or susceptibility.
Notably, changes in glutamate and proline metabolism were shown as essential in the response of the
more tolerant Muchirinskij cultivar. Aspartate aminotransferase (AspAT) and nodulin 19 (Nod19)
proteins were identified as potential modulators of the response to infection. SRNAs were devised for
targeted knockdown of these candidate genes utilizing the CRISPR-Cas system.

To better understand the interplay between biotic and abiotic stresses in legumes, we assessed
resistance to Verticillium wilt amidst rising temperatures and salinity levels in Medicago sp. The
experimental adaptation of V. alfalfae to elevated temperatures in M. truncatula resulted in increased
aggressiveness, even towards alfalfa, a closely related crop. This indicates that root pathogen
interactions are affected by global warming, with heat-adapted pathogens posing potential threats due to
their broader host range and increased aggressiveness. Genome-Wide Association Studies (GWAS)
unveiled a shift towards heightened susceptibility and distinct genetic control when exposed to a "warm"
Iranian strain compared to a "temperate” French strain at two different temperature levels. Salinity also
impacted the plant's response to V. alfalfae. GWAS revealed distinct genetic architecture governing the
response to infection alone versus when combined with salt stress, with no overlap between these
conditions. The exploration of ecologically relevant genetic material, along with monitoring the
emergence of newly adapted pathogens, are crucial for identifying resistance sources and guiding future
breeding endeavors.
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INVASIVE PLANT-ENVIRONMENT INTERACTIONS: CASE STUDY OF
IMPATIENS PARVIFLORA DC.

Kupcinskiene E., Marozas V., Jociene L., Krokaite E., Rekasius T.,
Janulioniene R., Stravinskaite K., Paulauskas A.

Vytautas Magnus University, K. Donelaicio str. 58, LT-44248 Kaunas, Lithuania

The world is facing multiple environmental challenges simultaneously, including chemical and
biological pollution, climate change, degradation, and loss of biological diversity. Overcoming these
challenges has become increasingly complicated due to the raise of temporal and spatial human-environment
interactions. Phenomenon of species invasion is considered among the most harmful processes, creating
threats to agriculture and forestry, health and the global economy. To date, an unusually large amount of time
and money has been spent controlling invaders. The regulation of invasive alien species has become a top
priority for conservation policy at the national and European levels. Information about steps and vitality of
populations of alien herbs in North-East parts of Europe still remains very fragmental.

Small balsam (Impatiens parviflora DC. from Balsaminaceae) could be classified in this category as
alien species that is extremely penetrative into various natural, semi-natural ecosystems. Impatiens parviflora
is an exceptionally successful invader of forest vegetation and is presently the most common alien plant in
European woodlands. According to the biotope I. parviflora sites might be divided into urban forests,
riparian forests and agrarian shrublands. Extensive investigations of 1. parviflora have started long before the
dawn of molecular methods for population studies. Till now, I. parviflora remains among the least
genetically examined invasive alien plant species world-wise. The aim of this study was to assess the genetic
diversity of Lithuanian I. parviflora populations using a set of molecular markers and to correlate the genetic
parameters with the species' abiotic and biotic environments.

Twenty-one populations (315 individuals) of small balsam (Impatiens parviflora DC.) were selected in
the way to cover all the territory of Lithuania. The coverage of each species was calculated using Braun-
Blanquet methodology and transformed into mean-percentage values for each degree (0.1%, 0.5%, 3%, 15%,
38%, 63%, 88%). For evaluation of environmental preferences of I. parviflora in each site, Ellenberg
indicator values, i.e. — light, temperature, continentality, soil moisture, soil reaction and soil nutrients, were
guantified. To assess the similarity of assemblages of herbaceous plant species in the sites, a cluster analysis
was performed, applying program PC-ORD.

For genetic analyses six inter-simple sequence repeat primers (GGCC(AG)8, GGCC(AC)8,
CCGG(AG)8, CCGG(AC)8, GCGC(AG)8, and GCGC(AC)8), six simple sequence repeat (SSR) primer
pairs (IGNSSR101-EF025990, IGNSSR104-EF025992, IGNSSR106-EF025993, IGNSSR203-EF025994,
IGNSSR210-EF025995, and IGNSSR240-EF025997), eight randomly amplified polymorphic DNA (RAPD)
markers (OPA-20, OPD-20, 222, 250, 269, 340, 474, and 516) and eight amplified fragment length
polymorphism (AFLP) markers were used. For identification of gene clusters of I. parviflora populations,
Bayesian analysis was performed using STRUCTURE. To explain were the most important parameters for
the variability of I. parviflora populations, principal component (PC) analysis was performed.

The number of herbaceous species at one site ranged from 13 to 32. A total of 138 herbaceous plant
species or (after elimination of the species that grew at single sites only) of 76 herbs growing along with 1.
parviflora were grouped by two-way cluster analysis into species dendrogram. Urtica dioica was found at all
sites. The polymorphism extent at ISSR and AFLP loci was significantly positively correlated with the total
coverage of herbaceous plant species. Bayesian Structure analyses of molecular data demonstrated existence
of many genetic clusters and this finding is in support to multiple introduction of the species. Defined by
principal component analysis, the variability of study sites was most related to the coverage of herbaceous
plants and least related to the molecular features of I. parviflora populations.
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RHIZOSPHERE MICROBIOME OF THE BIOENERGETIC PLANT
MISCANTHUS % GIGANTEUS AND ITS REMEDIATION POTENTIAL
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Giant miscanthus (Miscanthus x giganteus Greef et Deu) is a promising bioenergy species
that can grow on marginal and abandoned fallow lands, maintaining its high productivity and
showing the ability to clean soils from organic and inorganic pollutants. Studying the formation of
the rhizosphere microbial community, which ensures plant growth in unfavorable conditions and
remediation of contaminated soil, is an important aspect of assessing the possibility of growing
Miscanthus on contaminated soil.

The objective of the research was to characterize the influence of organic (oil sludge) and
inorganic (heavy metals) pollutants on the physiological and biochemical characteristics of the plant
Miscanthus x giganteus and the formation of its rhizosphere microbial community.

Plants were grown for 6 months under laboratory conditions in soil (leached chernozem)
contaminated with zinc (1650 mg/kg), oil sludge (15 mL/kg), or both, after which the taxonomic
structure of the rhizosphere microbial communities was examined by metagenomic 16S rRNA gene
analysis. Oil sludge caused more pronounced changes in the taxonomic structure of the Miscanthus
rhizobiome than did zinc, largely determining the nature of the effect of mixed pollution on this
parameter. Under the influence of zinc, the proportion of Actinobacteria in the rhizosphere
microflora increased, and oil sludge promoted the growth of Proteobacteria. Oil sludge and zinc,
both individually and in combination, contributed to an increase in the proportion of
Sphingomonadaceae. We, therefore, speculated that members of this family can participate in the
cleansing of soil from oil sludge, be resistant to zinc as an accompanying pollutant, and effectively
survive in the Miscanthus rhizosphere. In addition, the Miscanthus rhizosphere community
contained taxa with plant-growth-promoting potential. From polluted rhizosphere samples,
microbial strains were isolated and examined for their resistance to heavy metals and for plant-
growth-promoting potential, manifested through nitrogen fixation, phosphorous mobilization, and
synthesis of siderophores and phytohormones. Isolation of pure cultures and detailed studies on the
microorganisms associated with the Miscanthus rhizosphere may be promising in the making of
biological agents to promote plant growth and remediation of contaminated soils. Some
rhizobacterial strains were examined to improve the performance of Miscanthus plants growing on
polluted soils.

This research was funded by the Ministry of Education and Science of the Republic of
Kazakhstan (project no. AP 19679273).
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Phytoremediation strategies using rhizobacteria adapted to heavy metals are attracting more and
more attention, as soil contamination with toxic elements is a serious environmental problem that
negatively affects human health and agriculture. Phytoremediation is a promising method for the
remediation of environments contaminated with heavy metals. However, there are limitations: long
remediation time, low biomass, inhibition of growth and development, and slow and limited
bioavailability of some elements. Various agricultural practices, growth regulators, and microbial
organisms are used to improve biomass production and increase phytoremediation efficiency. Of
particular interest is the study of rhizospheric bacteria, which belong to the PGPRs, as they are resistant
to metals in the composition of engineered plant-microbial complexes while having a growth-promoting
effect on phytosanitizing.

Goal: to develop an effective technology for phytoremediation of soils contaminated with heavy
metals by increasing the productivity of the bioenergetic phyto plant M. x giganteus using rhizobacteria
(PGPR).

Mxg inoculation with PGPR strains (Rhizobium sp., Pseudomonas sp., Agrobacterium sp.,
Shinella sp., yeast Trichosporon sp.) which were isolated from the rhizosphere of miscanthus has an
ambiguous effect on HMs mobility and bioavailability in the soil, depending on the strain used. The
rhizobacteria p growing on technogenically contaminated soil. When M xg inoculated with PGPRs, Sr
and Mn accumulated in the aboveground in all experimental variants. Among the studied
microorganisms, Rhizobium sp. and Shinella sp. translocated almost all elements (excluding V, Mn)
from the root system into aboveground biomass relative to non-inoculated plants (TLF >1). Inoculation
of Mxg with Trichosporon sp., Pseudomonas sp., and consortium Trichosporon sp. + Rhizobium sp.
increased the immobilization of Pb, V, Cr, Co, Ni, Cu, Cd, As, and Ba not only in the soil but also in
plants - TLF values < 1 relative to non-inoculated plants. In relation to the toxic elements Cd, Pb, and
As, which are not involved in biological systems, Mxg inoculation with PGPR strains reduced their
bioavailability, and prevented their migration to terrestrial organs, thereby reducing the likelihood of
metals entering the food chain.

The comprehensive bio-concentration index of inoculated M xg for 14 studied elements (As, Pb,
Zn, Co, Ni, Cr, Cu, Sr, Cd, Mn, Ba, V, U and Fe) showed that Trichosporon sp. and Rhizobium sp.
improved phytostabilization potential; consortium Trichosporon sp. + Rhizobium sp. and Pseudomonas
sp. induced HMs mobility within plants; Shinella sp. — enhanced phytoextraction. Inoculants
Trichosporon sp., Pseudomonas sp., and consortium Trichosporon sp. + Rhizobium sp. can be used in
phytostabilization of Pb, V, Cr, Co, Ni, Cu, Cd, As, and Ba; Shinella sp. and Pseudomonas sp. for
phytoextraction of Zn.

Utilization of PGPR strains to increase the phytoremediation efficiency of HM-contaminated soil
can be considered promising from an economic perspective compared to physical and chemical
approaches. Furthermore, PGPR utilization is beneficial to increase productivity and phytostabilise HMs
in the soil for further cultivation of M xg as an energy crop.

Acknowledgements. This research was funded by the SC of the MSHE RK (Grant AP 19679273)

120



Session 3. Physiology, Biochemistry and Biotechnology Oral Session

THE INFLUENCE OF IONIZING RADIATION IN LOW DOSES ON THE
MECHANISMS OF FORMATION OF RESISTANCE TO
ENVIRONMENTAL STRESS FACTORS IN PLANTS

Grinberg M.A.*, Nemtsova Y.A., lvanova A.V., Vodeneev V.A.

Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia
* E-mail: mag1355@yandex.ru

Due to natural and anthropogenic reasons, there are areas on Earth with increased background
radiation. It is known that the state of living organisms, including plants, in such areas may differ
somewhat from that under normal radiation background. There is reason to believe that the most
pronounced differences appear under the influence of additional unfavorable conditions. In our
work, we investigated the ability of plants to develop resistance to short-term (heat stress) and long-
term (drought) unfavorable conditions against the background of low-intensity chronic ionizing
radiation (IR) in laboratory conditions. We considered the effect of IR on signaling systems as a
mechanism for modifying resistance.

Experiments were performed on 2-week-old wheat (Triticum aestivum L.) and 6-week-old
tobacco plants (Nicotiana tabacum L.) expressing the pH-sensitive genetically encoded sensor Pt-
GFP. Irradiation (30 uGy/hour, 90Sr-90Y B-emitter) lasted throughout the growing period. Short-
term heat stress was set by heating in a thermostat. Drought was simulated by stopping irrigation.
The activity of photosynthesis (PAM fluorimetry) and transpiration (thermal imaging) were
measured to assess plant status. Electrical signals were considered as significant stress signals for
the formation of resistance. Their parameters were recorded using macroelectrode technology. The
pH shifts accompanying the electrical signals were recorded by the fluorescence of the Pt-GFP
sensor.

It was shown that IR has virtually no effect on the morphometric parameters and
photosynthetic activity in plants in the absence of additional stress factors. However, IR
significantly modifies plant resistance to short-term (heat stress) and long-term (drought)
unfavorable conditions. This effect may be based on changes in the parameters of stress-induced
electrical signals: their amplitude increases in irradiated plants. The key element sensitive to IR and
involved in changing the activity of physiological processes that contribute to the formation of
resistance appears to be pH shifts.

The work was supported by the Russian Science Foundation (project no. 23-24-00340).
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There is a global need to discover effective anti-cancerous compounds from natural sources.
Cultivated wheat cells can be a valuable source of non-toxic or low toxic plant-derived
polysaccharides. In this study we evaluated the antitumor ability of seven fractions of wheat cell
culture polysaccharides (WCCPSs) in the HCT-116 colon cancer cell line. Almost all (6/7) fractions
had an inhibitory effect on the proliferation of colon cancer cells, and two fractions (A-b and A-f)
had considerable therapeutic indexes. The WCCPS fractions induced cell cycle arrest in the G1
phase and induced different rates of apoptosis (<48%). Transmission and scanning electron
microscopy revealed that WCCPS fractions caused apoptotic changes in the nucleus and cytoplasm,
including damage to mitochondria and external morphological signs of apoptosis. In addition, the
WCCPSs induced an increase in the levels of Bax, cytochrome c, caspases 8 and 3, indicating that
cell death was assessed through intrinsic and extrinsic pathways of apoptosis. Furthermore, some
fractions caused a significant decrease of c-Myc, b-catenin, NFkB2 and HCAM (CD 44) levels,
indicating enhanced cell differentiation. Thus, for the first time, our results provide a proof of
concept of the anti-cancer capacity of WCCPS fractions in colorectal cancer.

This research was supported by the FEDER Operational Program 2020/Junta de Andalucia-
Consejeria de Economia y Conocimiento/ Project (B-CTS-562-UGR20) and the Chair “Doctors
Galera-Requena in cancer stem cell research” (CMC-CTS963); Erasmus+ Mobility Program;
“Bolashak” Presidential Scholarship of the Republic of Kazakhstan for scientific work abroad;
Scottish Government’s Rural and Environment Science and Analytical Services (RESAS) division.
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UNDERSTANDING THE CONTROL OF STARCH GRANULE SIZE IN
WHEAT AND ITS IMPACT ON STARCH DIGESTIBILITY

Makhamadjonov F.
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Starch is a ubiquitous polysaccharide in plants and an important source of carbohydrates in
the human diet. In most plants including modern staple crops like wheat (Triticum aestivum), it is
synthesized and stored in semicrystalline granules. In wheat endosperm, there are two types of
starch granules — larger lenticular A-type granules and smaller spherical B-type granules. The
properties of these granules affect the nutritional quality of starch, however, the mechanisms that
control those properties are not well understood. B-GRANULE CONTENT 1 (BGCl) — a
carbohydrate-binding protein with no enzymatic activity has been implicated in B-type granule
initiation and morphology in wheat. It is known to interact with many other starch biosynthesis
proteins, but its function and mechanism of action is not clear. In this project, we aim to further our
understanding of the role of BGCL1 in the control of wheat B-type starch granule formation and
morphology and its implications on human health. We have discovered that BGC1 strongly
interacts with itself and forms dimers. We will investigate the functional importance of this
oligomerization, along with the structure and function of native BGC1, with in vitro mutagenesis
and mutant wheat populations, crystallography, and substrate binding assays. Mutant wheat
populations with varying starch granule phenotypes will be used to make pasta and analyze its
nutritional properties, such as digestibility and effects on the gut microbiome. These investigations
will help understand how starch granule morphology is controlled in wheat and its impact on human
health.
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BIOTECHNOLOGICAL APPROACHES TO IN VITRO CULTURE
INTRODUCTION OF RHAPONTICUM CARTHAMOIDES

Raizer O.B.*, Akinfeeva E.V.

National Center of Biotechnology, Astana, Kazakhstan
*E-mail: 2008olesya @mail.ru

Biological diversity is a necessary condition and factor in increasing the viability and vital
activity of all biological objects. Consequently, the conservation of biodiversity is not only an
important ecological, botanical task, but a problem that generally solves our well-being.

A solution to the problem of preserving the biological diversity of flora can be found through
the use of biotechnological methods. The need to use tissue culture of rare, medicinal and
endangered plant species is dictated by the biological characteristics of their development, namely
the slow restoration of population numbers in natural growing conditions.

Rhaponticum carthamoides - one of the valuable medicinal plants used in official and folk
medicine, is the most important large herb species of the world flora, with the ability to synthesize
ultra-high levels of ecdysteroids, the potential for productive longevity and significant productivity.
Due to the high medicinal and resource significance, R. carthamoides is listed in the Red Book of
Kazakhstan.

To obtain a sterile culture of R. carthamoides, 6 options for seed sterilization were optimized
using various sterilizing agents and exposure times. A multi-stage method of seed sterilization was
most effective when R. carthamoides was introduced into in vitro culture.

At the first stage, pre-sterilization was carried out using a 0.1% solution of potassium
permanganate and soaking the seeds for two days in sterile distilled water to remove lightweight
seeds. Actually, the sterilization stage consisted of sequential treatment of seeds in a 10% sodium
hypochlorite solution and a 0.1% mercuric chloride solution. The sterility of explants using this
sterilization scheme reached 85%.

Surface-sterilized seeds were placed on MS and MS media containing 2 mineral salts with
different hormonal compositions. Signs of germination in R. carthamoides seeds appeared on days
3-5 of cultivation; seed viability depended on both the sterilization scheme and the hormonal
composition of the medium and ranged from 42.9 to 85.5%. Thus, the lowest percentage of
germination was noted on the BO medium option (Y2 MS) - 42.9%. The highest percentage of
germination was in seeds on the B3 medium option (MS + 3 mg/l BAP + 3 mg/l kinetin), in this
option the germination percentage was 85.8%. The combination of various phytohormones in all
environments did not affect the morphological characteristics (growth and development) of R.
carthamoides seedlings.

As a result of the research, individual stages of in vitro cultivation of R. carthamoides were
optimized - sterilization of seeds, obtaining sterile seedlings.
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BIOTECHNOLOGY AND GENOMIC STUDY OF FAR EASTERN
ACTINIDIA SPECIES, CULTIVARS AND FORMS
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Slobodova N.12, Sharko F.2, Tsygankova S.1?
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Actinidia (Actinidia Lindl.) is a large genus (about 70 species), the center of diversity is in East
Asia. Most of the Actinidia species have edible fruits containing a large amount of laxative, antidiabetic,
anti-oxidant, anti-inflammatory, and other health-promoting compounds. Fruits are widely used in
various branches of food industry. Flowers and fruits are promising raw material for the cosmetic
industry.

Three frost resistant species can be cultivated in places with cold winters: A. arguta (Sieb. et
Zucc.) Planch. ex Mig., A. kolomikta (Maxim. et Rupr.) Maxim., and A. polygama (Sieb. et Zucc.)
Maxim. A. arguta u A. polygama withstand temperatures up to -31°C without damages, while A.
kolomikta — up to -40°C). The most representative Actinidia collection in Russia about 200 samples was
placed at Federal Horticultural Center for Breeding, Agrotechnology and Nursery and now is placed at
N.V. Tsitsin Main Botanical Garden (MBG RAS) in Moscow.

The objective of the study was to investigate biotechnology approaches of three Far Eastern
Actinidia species propagation: A. arguta, A. kolomikta, A. polygama, and some genomic aspects of four
Far Eastern Actinidia species, included A. purpurea.

The in vitro collection was created at the MBG and have a unique assemblage of Far Eastern
Actinidia species: more 60 cultivars of 3 species: A. arguta, A. kolomikta, and A. polygama. It was found
that the genus traits affected the multiplication rate of the genus Actinidia representatives more than
cultivar traits. The explants of different Actinidia species vary significantly by the regeneration capacity.
Microshoots of A. arguta and A. polygama developed faster (multiplication rate from 6.3 to 8.4 and
from 6.0 to 7.7) than explants of A. kolomikta (from 4.6 to 5.5) at the initiation and micropropagation
stages. The regeneration capacity of explants and the number of Actinidia microshoot formed depended
on the genotype and on the composition of the culture medium. It was demonstrated that meta-topolin
induced the formation of a large number of adventitious shoots at the base of cultured explants and the
induction of axillary and adventitious buds on microshoots, compared to other cytokinins, such as 6-
BAP and 2-ip. The cultivation on QL culture media with mT contributed to significant increase of
multiplication rate of A. arguta (by 1.3 and 1.7 times) and A. kolomikta (by 1.5 and 1.7 times).

Draft nuclear genomes of A. arguta and A. kolomikta were collected for the first time.
Mitochondrial genome of A. purpurea is not represented in international databases and is assembled
completely for the first time. Over 90 thousand SNPs were obtained characterizing each cultivar group
during of genotype 113 samples of Actinidia by modified RADseq protocol. The genetic structure of the
Russian Actinidia collection was determined. The cultivars and forms of A. kolomikta are characterized
by a homogeneous genome structure, in contrast to the cultivars of A. arguta and A. polygama, between
which a high degree of hybridization was found.

Thus, first time the complete biotechnology and genomic investigation of Far Eastern Actinidia
collection in Russia was done as a base on new modern breeding and mass propagation of valuable
healthy plant material.

This study was funded by a research grant Ne 22-16-00074 of the Russian Science Foundation.

Keywords: Actinidia arguta, A. kolomikta, and A. polygama, regeneration capacity, multiplication
rate, chloroplast and mitochondrial genome, SNP, genome structure
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THE IMPACT OF CHITOSAN-CAFFEIC ACID CONJUGATE WITH
BACILLUS SUBTILIS 47 ON PLANT DEFENSE AGAINST PVY UNDER
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Plant Growth Promoting Bacteria is an eco-friendly method for achieving sustainable
agriculture. Bacillus species are commonly studied as biocontrol agents to suppress plant pathogens,
but are sensitive to environmental factors. Biopesticides can be combined with bioactive
compounds based on chitosan. The aim of our work was to investigate the potential of chitosan-
caffeic acid conjugate (Ch-CA) with a mixture of Bacillus subtilis strain 47 to protect potato plants
against PVY under water deficient stress.

The conjugates exhibit a significant antibacterial effect against Pectobacterium carotovorum
and Pseudomonas syringae. The antibacterial activity of the conjugates Ch-CA against B. subtilis
47, used in a mixture with conjugates against PVY, showed that the strains of B. subtilis 47 resistant
to the conjugate.

It was found that the application of Ch-CA significantly reduced the infection rate of PVY in
potato plants grown under optimal and stress conditions. The production of hydrogen peroxide and
changes in antioxidant levels due to Ch-CA may play a crucial role in maintaining potato resistance
to PVY. The combination of B. subtilis 47 and Ch-CA reduced infection levels only in plants under
soil water deficit. Lower antioxidant activity and hydrogen peroxide content are correlated with
susceptibility to PVY infections when applying the mixture of B. subtilis 47 + Ch-CA under
optimal conditions. Ch-CA and B. subtilis 47 + Ch-CA induced the expression of several PR genes
were involved in the development of induced systemic resistance in potato plants.

This work was supported by the Russian Scientific Foundation, grant number 23-16-00139.
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AIR HUMIDITY EFFECT ON PLANT ARCHITECTONICS AND GENE
EXPRESSION: DEEP STUDY INTO UNINVESTIGATED MOLECULAR
MECHANISMS

Krylova E.A.*, Burlyaeva M.O., Khlestkina E.K.
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The introduction of some demanded plant species from arid and semi-arid areas into crop
production in countries with a humid climate is a difficult task. The molecular mechanisms for
tolerance to high air humidity remain the least studied in comparison with those for other biotic
stress factors (drought, heat, cold, flooding, etc.). The purpose of the work is to study the molecular
mechanisms of resistance to excessive air humidity. We studied cowpea (Vigna unguiculata (L.)
Walp) to improve finally its breeding programs for sowing areas in Northeast Asia, where typical
cowpea accessions from arid and semi-arid zones are not suitable.

Analysis under contrasting natural and controlled moisture conditions revealed different
responses of different cowpea genotypes. The architecture (and therefore the suitability for
mechanized harvesting) of some genotypes changed significantly in response to high air humidity,
while other genotypes were tolerant. Such contrasting genotypes were taken for comparative
transcriptomic analysis. In total we identified 657 upregulated and 630 downregulated DEGs. Fine
differences between RNA-seq results for different genotypes are discussed in the report. DEGs
associated with jasmonic acid metabolism are proposed to be key contributors into maintenance of
compact architecture under humid conditions. In addition, we create isogenic lines by the TFL1
gene editing. This gene controls plant architecture by determining where and when flowers are
made by delaying the switch from vegetative phase to flowering, so finally it controls
determinate/indeterminate type of stem growth. Having such isogenic lines one can distinguish the
mechanisms of plant architecture formation depending on and independent of humidity. The results
of genome editing aimed on TFL1 knockout are also presented in the report.

The work was supported by the Russian Science Foundation (project no. 21-66-00012).
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Plant viruses pose significant challenges to the economy and agriculture of the Republic of
Kazakhstan, with current control methods often insufficient due to the emergence of new viral
strains each season. When viral RNA enters a plant cell, it generates dsRNAs, initiating an
intracellular mechanism through the DICER enzyme, that produces short RNAs. Short interfering
RNAs (siRNAs) activate viral resistance by programming the effector RNA-induced silencing
complex (RISC).

However, evolutionary viruses exploit cellular machinery to synthesize suppressor proteins,
such as PVY-HC-Pro, which blocks protective RNA interference by trapping and retaining short
RNAs on the protein subunits surfaces. RNA-mediated gene knockout technology presents a
promising avenue in enhancing plant resistance to viruses. This technology utilizes double-stranded
RNA (dsRNA) to initiate RNA interference (RNAI), producing short interfering RNAs that
specifically target and degrade viral RNA molecules.

Our research demonstrates a novel methodological approach utilizing preprogrammed
siRNAs to confer resistance to viruses in S. tuberosum plants infected with Potato virus Y (PVY).
From 2020 to 2023, on model plants N. benthamiana and three varieties of potatoes from
Kazakhstan, we observed that siRNA-treated plants exhibited minimal disease symptoms in the
early stage of PVY infection completely disappearing by days 21-27 after PVY inoculation. The
development of aboveground parts and tuber material proceeded normally until the end of the
growing season. Furthermore, siRNA treatment led to an 80% reduction in viral particle
accumulation in plant cells and tissues after inoculation, as confirmed by ELISA and PCR analyses.
Laboratory and field trial results indicated that the viability of second-generation plants derived
from immunized siRNA-treated plants after PVY infection exceeded 90%, with symptoms of PVY
observed in only 60% of immunized plants. Notably, potato tubers were unaffected by viral
infections, including various types of necrosis. Second-generation plants treated with CP-PVY
SiRNA displayed mild PVY symptoms, primarily in the early stages of development. By the end of
the growing season, all plants exhibited a recovery phenotype, with no tuber necrosis symptoms,
indicating a high resistance level to PVY. These findings are consistent with those of foreign
researchers investigating RNA interference and the suppression of plant defense mechanisms by
viral proteins.

The potential of RNA interference extends to a broad spectrum of viruses encoding
suppressor proteins similar to HC-Pro, including Barley stripe mosaic virus (BSMV), Cucumber
vein yellowing virus (CVYV), Turnip mosaic virus (TuMV), Potato virus S (PVS), Tomato
aspermy virus (TAV), and Cucumber mosaic virus (CMV). Understanding the interaction between
these viruses and RNAIi components provides avenues for developing tailored approaches to
effectively combat viral infections.
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Discovery of antimicrobial proteins and peptides from dandelion (Taraxacum
officinale Wigg.) as a new tool FOR development of biopesticides
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In order to develop a direction for a fundamentally oriented study of a group of protein-
peptide extracts of wild plants that showed pronounced antimicrobial activity against a group of
filamentous fungi and bacteria (including phytopathogenic species), fractionation of individual
samples was carried out using liquid chromatography methods, followed by structural and
functional analysis of individual peptides. As one of the objects, we selected a cosmopolitan weed
species - dandelion (Taraxacum officinale Wigg.), which earlier in a series of our previous studies
showed potential in terms of containing a complex of polypeptides with antimicrobial action
(AMP), and their presence was supposedly completely contrasting in flowers and seeds. Thus,
representatives of three unique structural motifs (with 6-8 cysteine residues, forming 3-4 disulfide
bridges) from the TOAMP1-4 group were isolated from a water-acid extract of flowers of this plant,
as well as two linear proline/hydroxyproline-rich peptides modified with pentose residues through
glycosidic bonds (ToHyp1-2); from seeds - a complex of isoforms of storage proteins, 2S-albumins
(ToA1-3), which also have protective functions, apparently ensuring safety from biotic factors of
seeds in the soil, as well as at the stage of initiation of germination. The functional characterization
of proline-hydroxyproline-rich glycopeptides of the ToHyps group of the dandelion flowers (T.
officinale) was also carried out in the aspect of a more detailed study of the manifestation of
possible signaling properties, which can classify these molecules as bifunctional. The first block of
experiments concerned the testing of total protein-peptide extracts of a number of wild plants for
the manifestation of a reactivating effect on pre-stressed (UV irradiated) yeast cells (S. cerevisiae).
As a result, it can be observed that at a final effective concentration of 3 mg/mL, the dandelion
flower concentrate increased the survival rate of the yeast test culture CFU by more than 1.5 times,
while the dandelion seed extract was inactive. In addition to the previously obtained data on the
specific antifungal activity of the complex of protective peptides of dandelion flowers from the
ToHyps and ToOAMP groups, their effect on the inhibition of collection opportunistic micellyal and
yeast cultures was studied. The antimicrobial activity of dandelion defense peptides was studied
against pathogenic fungi: A. niger, A. fumigatus, P. chrysogenum, F. oxysporum, C. albicans using
the disk diffusion method at 0.1 mg/mL. According to the results of the study, none of the peptides
had activity against A. niger. Also, the peptides TOAMP1, TOAMP2, ToHypl demonstrated a lack
of antimicrobial activity against these pathogens. Only ToAMP3, ToHyp2, ToHyp3 showed
antimicrobial activity against A. fumigatus and P. chryzogenum. At the same time, ToHypl has an
average, and ToHyp3 a weak activity in relation to both test microorganisms. TOAMP3 exhibited a
moderate antifungal action against P. chryzogenum and a weak one against A. fumigatus. The
purpose of this block of research was determined by the formulation of fundamental and potentially
applied problems. The first was to clarify the method of antifungal action of one of the groups of
AMPs of dandelion flowers, which may expand the existing understanding of the peptide actions to
pathogens, while the solution of the second will provide an actual understanding of the so-called
“suitability” of whole protein-peptide concentrate of dandelion as a prototype of a “new generation”
biofungicide through an introduction to peptidomic analysis.

This work was supported by the Russian Science Foundation (grant Ne 19-76-30005-P).
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Kazakhstan is located in the centre of Eurasia with an area ranking ninth in the world and has
almost all types of landscapes existing on the globe. In the republic 14 % of the flora (about 700
species) belong to endemic species. A significant number of endemics (about 20%) are represented in
the genus Tulip Kazakhstan is one of the key centres of tulip distribution in the world, on the territory of
which more than 30 species of tulips grow, the habitats of 9 species are located in Northern and Central
Kazakhstan, of which 2 species are endemics: Tulipa auliekolica, Tulipa turgaica.

Conservation of these species is a serious problem worldwide, and the use of in situ conservation
methods alone does not guarantee their full conservation. To solve this problem, the use of
biotechnological methods related to conservation and propagation in in vitro culture is proposed,
allowing the reproduction of valuable genotypes in natural populations. Despite the fact that work on the
study and conservation of rare endemic species of Tulipa sp. is actively carried out, the development of
in vitro conservation technologies is required for new endemic species in need of conservation.

Tulips are propagated in situ mainly by seeds, but a period of seed dormancy results in low
germination rates. Dormancy is a biological adaptation of seeds regulated by many factors. Temperature
is the major environmental factor responsible for various changes in seed dormancy, and the dormancy
period can be disturbed by temperature fluctuations or warm/cold stratification. Hormones also
influence the process of seed dormancy and germination.

The aim of our research is to study the effect of temperature and growth regulators on seed
germination of T. auliekolica, T. turgaica.

Seeds of T. auliekolica and T. turgaica were used as research material. Seeds were sterilized in
0.1% thiabendazole solution for 20 minutes, washed three times in distilled water. Seeds were
considered germinated when a seedling petiole 1-2 mm long appeared. The seeds were cultured with
constant temperature and temperature fluctuations in the dark. The constant temperatures were 4, 10 and
20°C. The temperature fluctuations were carried out as follows: 4/10°C, 10/20°C, 20/4°C. The effect of
gibberellin 13 and 52 mg/L (GA3), potassium nitrate 100 mg/L (KNO3), thiourea 100 mg/L (CH4N2S)
was investigated to improve seed germination.

Analysis of the effect of temperature factor on seed germination rate showed species differences.
The highest germination rate of 72% was for T. auliecolica at a constant temperature of 4°C, while the
optimal temperature for T. turgaika was 10°C, with a germination rate of 43%. At 20°C the seeds did
not germinate. Temperature fluctuations had a positive effect on germination, which was increased from
72% (4°C) to 78% (4/10°C) in T. auliecolica species and from 53% (10°C) to 57% (10/20°C) in T.
turgaika species. The effect of exogenous growth regulators was also studied to improve seed
germination. Gibberellic acid (GAZ) significantly improved seed germination of T. auliecolica species,
the highest germination percentage was obtained on medium with 52 mg/l GAZ - 93%, in T. turgaika
species this indicator was - 53%. KNO3 also had a positive effect on seed germination of both species:
T. auliecolica - 85%, T. turgaika - 50%. The germination of the studied species on media with thiourea
addition was low. It was revealed that gibberellin plays a key role in seed dormancy disruption and
increases germination. The nitrogenous compound KNO3 also had a positive effect on reducing
dormancy and promoted seed germination, increasing overall germination. Thus, analysis of the data
obtained showed that the germination of Tulipa seeds under different temperature regimes was species
dependent. For T. auliecolica species, the optimum is cultivation at 4°C, and for T. turgaika species,
cultivation at 10°C on %2 MS medium supplemented with 52 mg/l GAZ.
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The concept that yield is most frequently sink-limited during grain filling, does not get along
well with the fact that a negative relationship between average grain weight (AGW) and grain
number (GN) is commonly found when genotypic or management factors increase GN. As the
critical period to determine GN and AGW is minimally overlapping during wheat growth, this
negative relationship might not be involved in feedback process. Generally, this negative
relationship has been interpreted as reflecting a competitive mechanism (i.e. a true trade-off
between GN and AGW), though non-competitive alternatives, representing only an apparent trade-
off are possible. Ascertaining whether the negative relationship driven by genotypic factors is due
to competition or not would be critical to justify that further increasing GN might be still a good
strategy for yield improvement. Possibly, whether or not grain growth of particular wheats are
mainly sink-limited during grain filling may depend on the background environmental condition. If
so, in regions with lower chances of successfully exploiting increases in GN, attempting to increase
AGW might be a better breeding strategy. In this context, it would be a key point to quantify the
magnitude of source or sink limitation in modern elite wheat cultivars, and plasticity of wheat yield
components in response to environmental conditions to understand the putative traits related to GN
and AGW in modern, elite genotypes of wheat. Therefore, the main objective of this research was
to elucidate whether the reduction in AGW in response to genetic increases in GN represents a case
of source-limitation under low or high soil fertility conditions. GN and AGW showed a noticeable
difference in phenotypic plasticity (in response to the contrasting nitrogen condition). Across three
field studies, GN and yield showed to be very plastic, while AGW was extremely conservative. But
the relevance of particular components in determining yield is not independent from the source of
variation. Whilst GN was much more strongly affected by two contrasting soil nitrogen availability
levels, the genotypic effect was quite relevant for AGW. The reduction in AGW was not due to an
increased proportion of small grains as when GN increased, discarding the most plausible
explanation for such negative relationship not involving competition among grains: in general, all
grain size classes were smaller in genotypes with more GN than in those with less GN.
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Photosynthesis is the basis of plant bioenergetics and biochemistry. Changing environmental
conditions affect the rate of photosynthesis, which is realized at different levels. The rate of light
reactions is largely controlled by the pH value of the thylakoid lumen. When protons accumulate in
the lumen, a protective mechanism, named photosynthetic control, is triggered by the slowing of
electron transport during the step of oxidation of plastoquinol (PQH2) to plastoquinone (PQ) in the
quinol-oxidizing (Qo)-site of the cytochrome b6f complex. This slowdown is due to the fact that
electron transfer from PQH2 to the cytochrome b6f complex involves deprotonation of PQH2
followed by proton diffusion into the lumen. The diffusion of protons from the Qo-site to lumen is
accomplished through two channels in the cytochrome b6f complex. Little research attention has
been paid to the functioning of these channels and their role in the regulation of photosynthesis.

In our work, we have developed an approach to investigate the mechanism by which lumen
pH affects proton diffusion through these channels during PQH2 oxidation in the Qo-site of the
cytochrome b6f complex and the development of photosynthetic control. In experiments with
isolated thylakoids from higher plants (Pisum sativum and Arabidopsis thaliana), we found that
lumen pH differentially affects the affinity of the Qo-site for two competitive inhibitors of PQH2
oxidation, 2,4-dinitrophenyl ether of 2-iodo-4-nitrothymol (DNP-INT) and 2,5-dibromo-3-methyl-
6-isopropylbenzoquinone (DBMIB), leading to different level of inhibition of electron transport
under given conditions and allowing us to assess the effect of lumen pH on the functioning of the
cytochrome b6f complex. The experimental data obtained suggest that the effect of lumen pH on the
binding of these inhibitors in the Qo-site is realized through different proton channels. The
developed approach makes possible to selectively investigate the two channels for proton diffusion
in the cytochrome b6f complex under different stress conditions and in plants of different
genotypes.

This work was supported by the Russian Scientific Foundation (RSF) grant No. 23-14-00396.
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Potato virus Y (PVY) belongs to a large family of plant RNA-viruses Potyviridae and is
considered as one of the most harmful pathogens affecting potato farming. Viral genome is
composed of 10kb single-stranded (+)RNA with polyadenylated 3’-end and covalently linked VPg
protein at the 5’-end. Successful development of PVY infection results from availability of
susceptibility factors, namely eukaryotic translation initiation factors 4E (eIF4E). It’s considered
that VPg recognises specific elFAE after the disassembly of the capsid. This interaction reorganizes
plant translational machinery to synthesize viral polypeptide. Although there are several PVY-
resistant Solanaceae species carrying mutant form of eif4e genes: with substitutions in coding
sequence in pepper and tomato and with deleterious mutation in tobacco. Unfortunately, there is
still no potato S. tuberosum L. plants possessing strong resistance to PVY. So, the main purpose of
our work become the pursuit and implementation of such modification of potato eif4e gene, which
could help to achieve a strong resistance to PVY infection.

As the other Solanaceae plants, potato contains a small family of elFAE, which is consisted of
elF4E-1 and its paralog elF4E-2, elF(iso)4E, nCBP. Initially, we’ve determined that both eIF4E-1
and elF4E-2 are able to bind VVPg of PVY using yeast two-hybrid assay. However, the interaction
between VPg with elF4E-2 was weaker than with elF4E-1. The main fork in the road was to decide,
which modification should be introduced in certain eif4ie gene: knock-out or amino acid
substitution? To further deepen our understanding of main features of PVY infection development,
especially VPg partner in planta, we obtained eifde-1 and eif4e-2 knock-out potato plants by
CRISPR/Cas9 technology. Also, we’ve found a few point mutations for both eIF4E-1 and elF4E-2
that disrupted their interaction with the variety of the most common VPg by analysing a set of
different mutant elF4E. Chosen mutations of elFAE were tested for their functionality in yeast
model system.

This work was funded by the Comprehensive Research Program “Development of Potato
Breeding and Seed Production”.
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Heat stress is the most impactful factor affecting agriculture and the economy, reducing crop
yields by up to 40% worldwide. According to modern concepts, high temperatures induce oxidative
stress in plant cells due to the accumulation of Reactive Oxygen Species (ROS), leading to
irreparable cellular damage. To mitigate the adverse effects of heat stress, plants activate defensive
mechanisms, including enzymatic and non-enzymatic pathways. ROS-scavenging enzymes function
by converting reactive oxygen species into less harmful alternatives, thus reducing their toxic
effects on cells. Our findings in Hordeum vulgare demonstrate that under stress conditions (40°C)
with low humidity, barley activates ROS-scavenging enzymes such as Catalase and Superoxide
Dismutase. However, their activity depends on the duration of stress; SOD activity peaks on the 3rd
day of stress but decreases gradually thereafter. Similarly, Catalase activity follows this trend, albeit
less actively than SOD. Aldehyde oxidase activity mirrors that of Catalase. Correspondingly, the
levels of MDA and proline content in stressed plants are higher than those in control plants, peaking
on the 3rd day and gradually decreasing thereafter.

Acknowledgements: The study has been supported by the Budget project: AP19676731.
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Sea buckthorn (Hippophae rhamnoides L.) is an ancient crop traditionally used as a medicinal
plant, a health tonic, and a food supplement. The fruits of H. rhamnoides L., as a source of
carotenoids, have been harvested since ancient times, but it was only introduced into cultivation in
the early 20th century. Currently, sea buckthorn berries are harvested on an industrial scale due to
the high content of bioactive substances, which has significantly increased consumer interest in sea
buckthorn products, leading to their expanded use in the food industry and medicine. Thanks to its
bioactive compounds, high content of vitamin C, flavonoids, carotenoids, and tocopherols, sea
buckthorn berries are excellent raw material for functional food products.

The aim of this work was to obtain aseptic plants of H. rhamnoides L. in vitro culture from
seeds collected at different times, develop effective sterilization regimes, and study the effects of
various antioxidants and phytohormones to develop an effective reproducible protocol for multiple
regeneration of sea buckthorn plants.

Seeds of H. rhamnoides collected from natural populations in the territory of the Kazakh Altai
served as material for initiating a sterile culture. Solutions of 0.1% Mercury (I1) chloride, 34%
hydrogen peroxide, and a 10% solution of "Domestos"” were used for seed sterilization, with an
exposure period of 20 minutes. The seeds were then sown on the surface of WPM nutrient medium
supplemented with 1 mg/l BA and 1 mg/l GA. Activated charcoal, ascorbic acid, silver nitrate, and
polyvinylpyrrolidone were used as antioxidants and inhibitors to reduce the accumulation of
phenolics in the medium. The control consisted of a medium without added hormones and
antioxidants.

Germination began on the 7th day depending on the genotype of sea buckthorn. The minimum
number of infected seeds was observed when using 0.1% Mercury (II) chloride. When using
hydrogen peroxide, seed infection rates with fungal and bacterial infections ranged from 40.8% to
45.5%.

The evaluation of the influence of various antioxidants on sea buckthorn seedlings in vitro
conditions showed that maximum growth and development were observed on media supplemented
with activated charcoal. Sterile seedlings were characterized by intense green coloration and well-
developed cotyledon leaves. Intensive growth and the appearance of the second node were observed
in individual genotypes. For seedlings cultivated on media supplemented with
polyvinylpyrrolidone, hypocotyl growth and the formation of callus-like structures were noted.

Thus, it was established that activated charcoal is a highly active antioxidant capable of
inhibiting the negative effects of phenolics in vitro culture. The optimized conditions for obtaining
sterile seedlings of H. rhamnoides L. in vitro culture will allow obtaining shoots for subsequent
microclonal propagation.
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Allochrusa gypsophiloides (Regel) Schischk (fam. Caryophyllaceae Juss.), Turkestan soap
root (TSR) is a rare species of the natural flora of Central Asia and Kazakhstan with a limited
habitat in the Western Tien Shan and Pamir-Alai is a valuable saponin-bearing plant. The rare TSR
has pharmacological value and technical application as an effective foaming agent and emulsifier.
For further scientific and practical utilization of the unique potential of this valuable crop, it is
relevant to develop an alternative approach based on in vitro system to replace wild TSR raw
material. Adventitious roots (AR) cultures are characterized by genetic and biosynthetic stability,
optimization of the main factors of the nutrient medium allows to achieve intensive growth of root
biomass and stable level of biologically active metabolite in culture. The aim of the research was
comparative evaluation of AR culture and natural roots of wild plants from Kazakhstan for total
saponins, phenols and flavonoids content, antioxidant (AOA) and antimicrobial activity in model
test systems. In AR culture, growth index and secondary metabolites were evaluated on days 25 -,
45-, 60- of cultivation on %2 MS medium without (control) and with auxin application. The
conducted studies revealed differences in the content of secondary metabolites in AR culture
material and in wild plants, as well as in their AOA and antimicrobial activity in model test
systems. The levels of saponins and flavonoids were higher in AR culture at optimal timing and
medium of cultivation compared to native roots. High antimicrobial activity was detected in control
extracts of in vitro AR culture with increased levels of saponins. The hormonal composition of the
medium determined the nature of the relationship between AR culture growth and the accumulation
of secondary metabolites in it. The content of saponins and flavonoids positively correlated with the
growth of the culture on the control medium and on the NAA medium. In vitro AR culture is
promising for obtaining triterpene saponins TSR with high antibacterial and antifungal activity.
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Virus-free planting material is one of the significant factors in obtaining high yields of fruit
and berry crops. As is known, clonally propagated fruit and berry crops are severely affected by
various infections, including intracellular pathogens such as viruses, which negatively affects the
yield and quality of fruit and berry products. The purpose of the work was to study the state of
infection of commercial varieties of fruit and berry crops with viral diseases and to develop
technique for virus eradication from in vitro plants.

The objects of the study were in vitro plants of 39 Malus accessions including varieties and
clonal rootstocks (Malus domestica Borkh.) and wild accessions (Malus sieversii (Ledeb.) M.
Roem., and 3 blackberry varieties: Natchez, Cacanska Bestrna and Chester. In vitro collection was
established and maintained in the Laboratory of Germplasm Cryopreservation at the Institute of
Plant Biology and Biotechnology. In vitro plants were tested using RT-PCR method. Malus plants
were tested for four viruses: Apple chlorotic leaf spot virus (ACLSV), Apple stem pitting virus
(ASPV), Apple stem grooving virus (ASGV), and Apple mosaic virus (ApMV). Blackberry plants
were tested for five viruses: Raspberry bushy dwarf virus (RBDV), Strawberry necrotic shock virus
(SNSV), ApMV, Black raspberry necrosis virus (BRNV), and Blackberry yellow vein virus
(BYVV).

The various combinations of viruses were detected in 19 Malus accessions. No viruses have
been identified in blackberry plants. For chemotherapy, infected Malus accessions were used: Aport
Alexander (ACLSV, ApMV, ASPV), Gold Rush (ACLSV, ASPV), Red Free (ACLSV),
Landsberger Renette (ACLSV, ASPV), Suislepper (ACLSV, ASPV), and clonal rootstock: B 7-35
(ASGV). In vitro shoots were cultured on MS medium containing 0.5 mg/L BAP, 0.01 mg/L IBA,
with addition 50, 75 or 100 mg/L ribavirin. In vitro shoots were cultured in plant growth room at
23-25°C, light intensity of 40 uE m2.s', 16-hour photoperiod. The duration of culturing (1 passage)
was 45 days, the number of passages was from 1 to 3. It was revealed that 75 and 100 mg/L
ribavirin had detrimental effect on in vitro plants whereas 50 mg/L ribavirin resulted only 5% shoot
necrosis. As a result of the experiment, three subcultures on 50 mg/L ribavirin resulted 100% shoots
free of ACLSV, ApMV, ASPV, and ASGV. A virus-free in vitro collection of apple and blackberry
was established, which will be used for create a cryobank of shoot tips at -196°C and to obtain
virus-free planting stocks.

The work was carried out with the support of the Ministry of Science and Higher Education of
the Republic of Kazakhstan within the framework of the scientific and technical program
BR18574099.
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Plants of the genus Rhodiola sp. (Crassulaceae) are common in Eastern Siberia, Scandinavia,
Alaska and Northern Europe and are widely used in folk and traditional medicine, they have
antioxidant, anti-inflammatory and regenerative activity, which is due to the presence of various
biol ogically active substances. More than 100 species of Rhodiola sp. are known in the world, the
most studied are the species R. rosea and R. crenulata. The most valuable representative is R.rosea
L., global demand for it contributes to the fact that this species has become rare and endangered, as
the raw material is harvested from natural populations. In Kazakhstan and other countries, this
species is listed in the Red Book. Uncontrolled destruction of natural populations negatively affects
its conservation and availability for use in medicine. This encourages the search for other
alternative sources of biologically active substances (BAS) in plant materials, similar in biological
value to R. rosea. There are 11 species of Rhodiola growing in Kazakhstan, the most promising of
which are R. quadrifida, R. algida, R. linearifolia, R. semenovii.

The use of biotechnology methods, based on the cultivation of isolated plant cells, tissues, and
organs of plants on artificial nutrient media, is one of the solutions to the problems of providing
high-quality and renewable plant raw materials for medical needs in accordance with GMP
standards. In addition, plant tissue culture allows us to preserve the diversity of natural populations
of rare and endangered plant species.

The purpose of the research was to optimize the production of callus cultures of various
species of Rhodiola sp. Seeds, shoot apexes, leaf fragments, and rhizoid buds were used as explants.
The introduction of plants into in vitro culture was carried out in laboratory conditions, after
preliminary sterilization with various types of antiseptics, the concentrations and exposure time of
which were selected empirically. Cultivation was carried out on Murashige and Skoog nutrient
media, supplemented with various growth regulators.

In our research, a certain dependence of the type of explants on the sterilization protocol used.
Thus, leaf explants of R. semenovii, unlike other species, were most sensitive to the use of chlorine-
containing agents, which caused necrosis even during short-term sterilization.

The analysis of the results revealed that the callus induction occurs most actively when using
shoot apexes and leaf explants in all studied Rhodiola species. The frequency of callus formation
when using these types of explants was higher on media supplemented with thidiazuron (TDZ) and
naphthaleneacetic acid (NAA) in a 1:2 ratio. For R. quadrifida, cultivation on a medium
supplemented with 2,4-D, NAA and kinetin in a ratio of 1:2:0.5 was effective. When using rhizome
buds as explants for all species, the MS medium enriched with casein hydrolyzate with the addition
of zeatin was optimal. Additionally, it was shown that the callus induction occurs very slowly when
using stem explants; the frequency of callus formation was less than 10% of explants.

As a result of the conducted research, the features of introducing various species of Rhodiola
sp. into in vitro conditions were studied, and aseptic, stably growing callus cultures were obtained
in all studied species.
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Plants known to play an important role in establishing ecological balance and stopping the
further pollution migration due to their dust-collecting properties. Phytoremediation, which uses the
combined metabolic potential of microorganisms and plants, plays a special role in freeing the
arable soil layer from toxicants.

The choice of plant objects for research is based on Almaty region characteristic flora.
Features of the species were that plants have a short ripening period and do not require special care
conditions, they are distinguished by a high stem and wide large leaves, as well as a fibrous root
system, which allows you to fully assess the impact of pollutants on all organs. Dandelion
(Taraxacum L.) is a genus of perennial herbaceous plants of the Asteraceae family. Dandelion
officinalis reacts to the increased content of heavy metals in soils by intensifying the processes of
lipid peroxidation. Field sow thistle (Sonchus arvensis L.) is a species of herbaceous plants of the
genus Sow thistle resistant to the effects of oil pollution, which is associated with a developed root
system that allows it to receive nutrition outside of oil pollution. Bonfire (Bromus L.) is a genus of
perennial herbaceous plants of the Poaceae family accumulates oil products from the soil and
getting stimulating effect on germination compared to background indicators.

Plant samples were taken on the territory of Almaty CHPP-1, located in the central part of the
city and being one of the large operating enterprises in Almaty. Environmental control of the
territory of CHPP-1 over the condition of soils is carried out at 5 points of the monitoring network
at the ash dump site and at 5 points at the industrial site, located both on the border of sanitary
protection zones and inside them. According to the results of laboratory tests, the soils are
contaminated with lead, cadmium, nitrates, fluorides and petroleum products.

Results of the dried plant samples elemental analysis and soil atomic absorption analysis
showed accumulation of the heavy metals by the plants, which explains the low content of lead and
the almost complete absence of cadmium in the soil, despite the high concentration in solutions.
The concentration of lead in the soil decreased from 7 mg/kg to 0.62, cadmium from 5 to 0.57
mg/kg.

According to the elemental analysis results samples accumulated higher levels of other
elements, such as potassium (5.66 mg/kg), magnesium (1.07 mg/kg), chlorine (1.06 mg.kg) and
calcium (3.58 mg.kg).

It can be assumed that carbon in the composition of soot can act as a factor that increases the
absorption of nutrients by plants. Most likely the rapid withering in both experiments is caused by
the toxic effects of benzene. However, it should be taken into account that not all control samples
continued to grow after the sixth week, so it becomes possible to study carbon black as growth
enhancers in small quantities within the framework of zero-waste production.

A comparative analysis of the research results showed that the ability of plants to accumulate
heavy metals at an industrial facility was lower than during laboratory studies. The reason is the
additional influence of external factors, such as: ventilation, temperature changes, light conditions,
humidity, frequency of precipitation, atmospheric pressure, zoocenosis and others.
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Kazakhstan is producing bast plants like oil flax, fiber flax, and industrial hemp. There is no
special equipment for processing bast fibers. But at the same time, there are factories for processing
wool into yarn and non-woven materials which stopped now.

According to classical technology, bast fibers are used to produce yarn intended for producing
fabrics and knitwear for clothing, using the so-called wet spinning technology. Kazakhstan occupies
a leading position in the cultivation and export of oilseed flax and hemp; however, enterprises
cannot provide a full cycle of processing of these crops. The need for rational use of oilseed flax
stem mass, which is simply burned, is especially acute. The main problem of processing bast fibers
in Kazakhstan is the lack of processing technology.

A distinctive feature of bast fibers is that the coefficient of friction of the fibers strongly
depends on the force of normal pressure on the fiber. Therefore, to obtain high-account yarn from
bast fibers using a dry spinning system, it is necessary to change the friction properties of these
fibers. In this case, the optimal values of the static friction coefficient should be a maximum of 0.2,
and dynamic - 0.15. This can be achieved by mixing wool, cotton, or chemical fibers or using
special lubricants.

In this work, acrylic fiber (20%) was used to mix with oilseed flax fibers. This mixture was
processed using the worsted wool spinning system to produce NM 10 yarn.

The linear density of the fibers after decortication is 87-91 tex. During the processing process,
it decreased by 25 tex. The average fiber length during processing decreased from 96-107 mm to
52.7-60.6 mm. This length is sufficient for processing flax fibers on worsted wool equipment.

The lignin content in the feedstock of oilseed flax was 14.7%, in the sliver after carding -
2.2%.

Thus, from Kazakhstan linen material it is possible to produce various textile materials,
including non-woven fabric for technical purposes, yarn, and then fabrics from it for both technical
and household purposes.

The main problem in the textile processing of oil flax material is the presence of a large
number of stalks in the technical fiber when using modern high-speed combines to harvest oil flax
seeds by tearing them off the stems. In this case, the stalks remain on the stem and are not removed
during primary processing. To remove the stalks, you can use a combing process, which allows you
to get rid of them almost completely.

The physical and mechanical properties of oilseed flax fiber practically do not differ from the
parameters of short fiber and tow obtained by processing long flax fiber.

To process bast fibers, you can use worsted equipment. But the equipment needs to be
partially modernized.

The properties of the resulting yarn meet the requirements of yarn standards for technical
textiles and furniture fabrics.
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Accumulation of heavy metals in the soil to a certain extent not only leads to its degradation
but also suppresses plant growth and development.

The territories adjacent to Shymkent city are characterized by ordinary gray soil, xerosol type.
Since these are alkaline soils, the pH of which is 7.5-8, with absolute dominance of oxidative
processes, they do not have a high ability to accumulate lead, zinc, or cadmium directly, but lead
processing wastes have been polluting this territory for more than 70 years. High heavy metal
concentrations of 1354, 226 and 61 mg/kg for Pb, Zn and Cd, respectively, were determined in the
ash dumps. At point Ne 1 (50 m from the epicenter of the ash dump) in the top layer (5 cm) of soils
near the ash dump the highest heavy metal concentrations were 551, 245, and 14 mg/kg. Thus, the
amount of lead at point 1 in the adjacent plant area exceeds from 11.5 to 17 times the MPC. The
geoaccumulation index proposed by Muller indicated high levels for all metals at all sampling
points. The highest index was 11.32 units for Zn in Field 3 at a depth of 5 cm and was characterized
as extreme Zn contamination. Analyzing the overall ecological risk level for each metal, it is worth
noting the high values of lead and cadmium. The 1st and 3rd sampling points are characterized by
significant environmental risk.

The HM concentrations were significantly higher in the sweet potato samples than in the
control samples. The highest HM concentrations were found in Field 3, in which the Pb, Zn, and Cd
concentrations in tubers were 34.0 + 0.03, 94.2 + 0.07, and 1.19 + 0.03 mg/kg and in leaves were
32.5+0.09, 59.4 £ 0.01, and 2.75 + 0.01, respectively. Furthermore, in the experimental sites Field
1 and Field 2, the Pb, Zn, and Cd concentrations in tubers varied from 28.7 = 0.07 to 45.1 + 0.09,
70.0 +£0.05 to 94.1 £ 0.09, and 0 to 1.80 + 0.02 mg/kg, respectively.

The bioconcentration factor is one of the main indicators of the phytoremediation efficiency
of a plant. The sweet potato tuber BCFs for Zn in Fields 1, 2, and 3 were 18.08, 35.77, and 0.85,
respectively. This correlated with the results for the leaf BCF, which were 12.18, 17.72, and 1.34,
respectively. HM accumulation. Pb values for Fields 1, 2, and 3 were 10.5, 9.12, and 6.36, and for
leaves 1.7, 4.22, and 6.01, respectively. The ability of sweet potato to accumulate metals was as
follows: Zn > Pb > Cd. Except for Cd with BCF < 1, this indicator was >1 for Zn and Pb, from
which we can conclude that sweet potato has great potential for use in phytoremediation. It was
found that sweet potato plants accumulated HMs in their aerial and root parts. According to the data
obtained, concentrations in the roots (tubers) were higher than those in the aerial parts (leaves). In
addition, Pb and Zn concentrations in plants were high, whereas Cd was found only in tubers from
Field 3.

According to the contamination coefficients obtained for HM concentrations, the soil in the
experimental plots was moderately contaminated. It was found that sweet potato is a
hyperaccumulative plant for two heavy metals, Pb and Zn.



Session 3. Physiology, Biochemistry and Biotechnology Poster Session

SELECTION OF RICE LINES FOR RESISTANCE TO MULTIPLE STRESS
FACTORS

Amirova A.l, Usenbekov B.2, Mynbayeva D.2, Berkimbay Kh.?

Al-Farabi Kazakh National University, 050040, Kazakhstan, Almaty
?Institute of plant biology and biotechnology, Almaty, 050040, Kazakhstan

* E-mail: aiqul amir@mail.ru

Rice is an important grain crop that is grown in many countries around the world with
different climatic conditions and can be subject to a huge number of environmental stresses, both
biotic (fungi, bacteria, viruses, insects) and abiotic (cold, drought, salinity, etc.), which limit rice
productivity. Due to climate change in the world the improvement of rice to multiple stresses is the
best decision in increasing of the efficiency of selection processes. Breeders and scientists are trying
to find effective measures to combat stress factors to ensure global food security. The development
of high-yielding, stress-resistant and good-quality new rice varieties is relevant to meet the needs of
a growing population in the context of a simultaneous reduction in arable land as a result of global
climate change.

As research objects 13 parent varieties and 28 rice breeding lines from the collection of the
Institute of Plant Biology and Biotechnology (IPBB) were used. Molecular screening of studied rice
genotypes to cold tolerance was carried out using markers RM24545, RM1377, RM231 and RM569
associated with QTLs (QPSST-3, qPSST-7 and qPSST-9). When studying the presence of the blast
resistance gene in genotypes, pre-selected for cold 7 parental varieties and 21 rice line were used as
research objects. Molecular markers Pi-ta, Pita3, RM224, RM1233, Z56592, MSM6, 9871.T7E2b,
195R-1, NMSMPI9-1, TRS26 and Pikh MAS, associated with blast resistance genes Pi-ta, Pita, Pi-
1, Pi-40, Pi-9 and Pi-54, were used for PCR.

Molecular screening of rice lines and parental varieties to cold tolerance was identified the
presence of three QTLs characterizes the cold resistance of studied genotypes, and the absence of
one of them leads to cold sensitivity. As a result, 21 cold-resistant out of the 28 studied rice lines
were identified. These selected cold-resistant rice varieties and rice lines were screened for presence
of blast resistance genes Pi-ta, Pita, Pi-1, Pi-40, Pi-9 and Pi-54. It was revealed that 17 rice lines
from 21 studied cold-resistant lines contain 5-6 genes of blast resistance. It should be noted that
according to the blast resistance strategy, the presence of 5 or more genes ensures the formation of
stable resistance to Magnaporthe oryzae. Thus, molecular screening allows to identify lines
resistant to multiple stress factors. 17 rice lines resistant to multiple stresses such as cold and blast
disease were developed. It should be noted that 5 of the selected lines are high-yielding, which is
very important in rice breeding program. These selected rice lines can be used in breeding process
as starting lines, germplasm exchange as a source of resistant genes for the creation of new rice
varieties that are resistant to different stress factors. It seems that in connection with global climate
change, in the process of creating new rice varieties, it is very important to screen promising lines
for the presence of resistance genes not only to one stress factor, but also to other stresses, which
reduces the time in rice breeding to multiple stresses.

This research has funded by the Science Committee of the Ministry of Education and Science
of the Republic of Kazakhstan Grant AP14869300.
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Haploids are unique objects for cell selection and genetic engineering. Our work presents the
results of the use of induced mutation selection and haploid biotechnology in the practical selection
of Triticum aestivum L. for resistance to rust diseases. In the first series of experiments, the field
resistance of the original wheat varieties and hybrids under conditions of an infectious nursery was
determined. The greatest resistance to rust was shown by the isogenic line Lr 24: to yellow rust -
2/20, to brown - 2/10, and was immune to stem rust. Similar values of resistance to yellow and
brown rust showed isogenic lines Lr 19, Lr 25. By resistance to stem rust, the isogenic line Lr 25
was weakly susceptible - 2/20, and Lr 19 showed an average susceptibility - 3/30, respectively. In
the second series of experiments, the varieties of common wheat were crossed with donors of
effective resistance genes - isogenic lines Lr 19, Lr 24, Lr 25. Valuable wheat hybrids were
genetically stabilized by haploid biotechnology based on in vitro culture of isolated microspores. As
a result of studies on the use of haploid biotechnology based on in vitro culture of isolated
microspores in the selection of wheat Triticum aestivum L. for resistance to rust diseases, we
obtained embryoids, morphogenic calli and regenerant plants from which dihaploid lines were
created. To determine the resistance of dihaploid lines to rust diseases, they were studied in the
conditions of an infectious nursery of South-East Kazakhstan. As a result of the studies conducted
in an infectious nursery, dihaploid wheat lines were selected, which showed a high level of
resistance to rust diseases. Thus, it was shown that haploid biotechnology is an effective method for
accelerating the selection process and rapid genetic stabilization of promising mutants. In the early
stages of the selection process, wheat ADH lines carrying the genes for resistance to rust diseases
were selected.
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For the Solanaceae family, and, in particular, for potatoes, the most dangerous viral disease
today can be considered potato virus Y (PVY), infection with which leads to large yield losses. One
of the main mechanisms for protecting potato plants from viral diseases can be considered a
mechanism based on resistance genes. Thus, the Rychc gene, found in the wild potato S.chacoense,
is a valuable gene for potato breeding programs because it confers extreme resistance to PVY.
Rychc was first introduced into the commercial variety "Konafubuki™ from the doubled S.chacoense
"w84" and was mapped to the distal end of the long arm of chromosome nine. In 2022, a group of
Chinese scientists reported cloning the Rychc gene into bacterial artificial chromosomes and, by
screening clones, determined the sequence of the Rychc gene and its belonging to the group of LRR
proteins, and also proposed their own DNA marker, which is aimed at the sequence of the gene
itself [1]. Then a group of Japanese scientists also obtained the Rychc sequence and presented their
DNA marker, confirming previously obtained data on the sequence and location of the gene [2]. It
is noteworthy that in both studies there was a 100% correlation between the phenotype and the
presence of a marker for the Rychc gene. We examined the correlation between the presence of
published DNA markers and PVY resistance in a large sample of S.chacoense genotypes. In our
work, we assessed the resistance of wild potato plants S.chacoense (43 individuals) to PVY by
artificial inoculation with the sap of Nicotiana tabacum infected and their further identification by
ELISA. The same plants were analyzed for the presence of markers for the Rychc gene using PCR.
As a result, it was found that in 6 plants there was no correlation between the presence of a marker
for the resistance gene and resistance to the PVY itself. Thus, it was shown that the presence of
DNA markers for the Rychc gene in plants does not provide a 100% chance that the plant will be
resistant to PVY. The lack of resistance in the presence of the Rychc gene gives reason to believe
that unstable genotypes may contain non-functional allelic variants of the Rychc gene. To test this
assumption, the complete sequences of the Ry genes were sequenced on the OxfordNanopore
platform, which revealed the presence of polymorphisms.

The study was supported by the RSF project Ne 21-76-10050.
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BIOTECHNOLOGICAL APPROACH TO THE CONSERVATION OF
ENDEMIC CENTRAL ASIA - ALLIUM PSKEMENSE B. FEDTSCH.

Bashylau A.V., Spirydovich E.V., Tarasevich A.Y.

Central Botanical Garden of the National Academy of Sciences of Belarus

Solving the global problem of plant biodiversity conservation at the current stage is
impossible without searching for new strategies and approaches. Therefore, today's promising
direction biology is the biotechnology of plant conservation. The main aim of this direction is to
complement existing traditional methods of ex situ biodiversity conservation with modern
biotechnological tools that allow mass reproduction of valuable genotypes without causing damage
to natural populations.

Research on the culture of plant cells and tissues in the Department of Plant Biochemistry and
Biotechnology of the Central Botanical Garden of the NAS of Belarus began in the late 70s. In 1986
under the leadership of Academician of the NAS of Belarus V.N. Reshetnikov was written the first
dissertation in Belarus on the culture of plant tissue. In 1998 the researches on creating and
expanding the in vitro collection began.

Allium pskemense B. Fedtsch. — an endemic of Central Asia, listed in the Red Book of
Kazakhstan, Uzbekistan and Kyrgyzstan, it is one of the plants on the verge of extinction. A big
problem of cultivation A. pskemense is reproduction from seed material: in natural conditions, seeds
undergo multi-stage stratification, which negatively affects their germination.

To introduce A. pskemense seeds into in vitro culture, a stratification technique was used (60
days of exposure at +4 °C), after which Petri dishes with seeds were placed in initial conditions
(16/8 photoperiod, +25 °C, illumination 3000 Lux). On the 4th day after changing the cultivation
conditions, seed germination was observed. The seedlings were cultivated after 15 days on a
modified nutrient medium containing mineral salts according to the Murashige & Skoog
prescription with the addition of 0.5 mg/l 6-benzylaminopurine and 15 g/l sucrose. In this way, a
stable in vitro culture of A. pskemense was obtained. It has been established that microseedlings in
in vitro culture have a low growth rate. Seedlings of A. pskemense were first planted on an artificial
ion-exchange substrate under LED lighting (for 3 months) (DSL 26-01-RC-01, 1800 Lm), and then,
after the end of frost, in open ground, where they produced healthy plants.

To obtain a callus culture, leaf blades and roots were used as primary explants, which were
transferred into callusogenic media containing mineral salts according to the Murashige & Skoog
recipe, with the addition of 1.0 mg/l 2,4-dichlorophenoxyacetic acid, 0.2 mg/l 6-benzylaminopurine
and 30 g/l sugar. Cultivation conditions: thermostat, darkness, +25 °C. After 3 months,
callusogenesis was observed in only 15% of the total first-hand explants. In explants from the leaf
blade at the 3rd month of cultivation there was no initiation of callusogenesis. The resulting callus
tissue was of a loose type and had a low growth rate.

To obtain a suspension culture of A. pskemense, callus was used. It was macerated before
being added to a liquid nutrient medium of the following composition: mineral salts according to
Murashige & Skoog with the addition of 1.5 mg/l 2,4-dichlorophenoxyacetic acid, 0.2 mg/I
6-benzylaminopurine, 30 g/l sucrose. Cultivation of suspensions of A. pskemense plant cells was
carried out using a laboratory shaker (US-13500) at a speed of 110 rpm in room conditions of +23
°C. A resistant culture of A. pskemense has been obtained which requires further study.

We have obtained data on the biotechnological reproduction and conservation of the Central
Asian endemic A. pskemense. Additionally, callus and suspension culture were obtained, which
require further study not only in the field of preserving the gene pool of A. pskemense.
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COLLECTIONS IN VITRO - AWAY OF PLANT BIODIVERSITY
CONSERVATION AND RATIONAL USE
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Plant biotechnology use collections in vitro to produce sterile test-tube plants, culture organs,
tissues or plant cells, and to isolate protoplasts. Based on the final products, the biotechnologies are
divided into two groups: first produces intact economically-useful plants, in the second group the end
products are biomass cell cultures and/or phytochemicals. Thus, the aim of this work is to review in
vitro collections from Central Botanical Garden NAN of Belarus in its broadest sense and to explore its
use across many fields of application: from the conservation of endangered species to the storage of
economically important crop plants and industrial plant cell culture collections.

A wide range of biotechnological methods were utilized including: 1) tissue culture; 2) cell
culture techniques; 3) molecular genome analysis; 4) cryopreservation for the collection long-term
storage 5) documentation, 6) microclonal propagation, 7) patenting, 8) storage, 9) techniques to deposit
of rare and endemic plants species, including medicine; 10) exchange of plant genetic resources

Plant in vitro collections of wild flora of Russia and Belarus on the basis of natural sources and
existing collections in EurAseC countries and the experience of their creation were analyzed. The
Central Botanical Gardens of NAS of Belarus was awarded with a Certificate of the Ministry of Natural
Resources and Environmental Protection RB for the collection of aseptic cultures of economically
useful plants in 2005. Currently, it contains 242 taxa from more than 20 families of angiosperms.
Aseptic collection of were established for the purpose of conservation, reintroduction and development
of industrial use. Plant biotechnologies (from plants in the test-tube to protoplasts) are directed toward
creating new plant forms, simplifying selection processes, and effectively reproducing and improving
valuable genotypes. Optimization of nutrient media for the tissue culture propagation and the deposit of
rare and endemic plants species, including medicinal were carried out. Many medicinal plants are rare
and endangered species that are important not only for environmental aims (Species conservation), but
also, they have considerable economic significance. To preserve unique genotypes, it is important to
stop formation of cell populations in vitro in the beginning of the plant cell cultures. Otherwise due to
somaclonal variation it’s possible to lose the valuable properties of the varieties. In this case the test
tube individuals, plant organs or tissue can be used as the storage objects. Seeds and meristem of several
rare species from Belarus were deposited to cryobank of the Timiryazev Institute of Plant Physiology of
Russian Academy of Sciences for the long-term storage.

Common platform concerning creating, maintaining, and utilizing of biotechnological collections
was developed: protocols of preservation of genetic resources and deposition at low temperatures of in
vitro plant banks; protocols for plant clonal micropropagation to obtain high quality planting material,
protocols of plant cell and tissue culture using for BAS production: protocols for production of natural
herbal remedies for various purposes; protocols for assessing the genetic diversity (GD) parameters of
natural populations of protected natural flora for including in the collection. Genotyping and genetic
certification are carried out in the CBG to assess the genetic diversity of populations, samples, and
varieties of collections. It means that each individual or form is checked on the presence or character of
the display of the set of molecular genetic markers.

The work is supported by the SPSI “Biotechnology”, “Natural Resources and the Environment”
2020 - 2025 and the biotechnology commission of the Scientific Council of Botanical Gardens of the
CIS countries at the IAAS.
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THE PROLIFERATIVE CAPACITY OF CISTANCHE DESERTICOLA IN
CELL CULTURE AND THE ANALYSIS OF THE QUANTITATIVE
CONTENT OF BIOLOGICALLY ACTIVE SUBSTANCES

Bekkuzhina S.S.*, Rakhimzhanova A.O. Manabayeva S.A.

Plant Genetic Engineering Laboratory, National Center for Biotechnology, Astana, Kazakhstan

In vitro technology offers the potential to produce environmentally friendly raw materials all
year round, regardless of climatic conditions and difficulties in collecting raw materials, to increase
the yield of biologically active substances and to regulate their accumulation in the culture.
Unfortunately, like most parasitic plants, the Cistanche deserticola has been relatively poorly
studied in Kazakhstan and around the world, although it has significant scientific and practical
interest. Research is particularly important to study both the theoretical and applied aspects of the
cell culture of this specific parasitic plant, with a focus on its pharmaceutical applications.

While suspension culture presents advantages for the production of active ingredients, there
are cases where the synthesis of desired secondary metabolites may be lower than in intact plants.
In some cases, entirely new substances have been synthesized in cell cultures. Sustainable
proliferation depends on genetic, physiological, and environmental factorsin addition to balance
between media volume and cellular biomass. Therefore, investigating the impact of initial inoculum
mass on biomass growth in suspension cultures of three different lines - light (white), dark grey and
brown — is of great interest.

The growth dynamics of Cistanche suspension cell cultures were assessed by monitoring dry
matter accumulation during growth cycles. Optimal suspension concentrations of 20-30 ml were
identified to achieve notable growth rates, with deviations resulting in diminished growth activity,
likely due to medium depletion and waste product accumulation. Notably, light and dark gray cell
suspension cultures exhibited higher growth activity compared to dark cells.

Quantitative analysis of biologically active substances in Cistanche suspension cell cultures
was conducted via HPLC chromatography, referencing external standards like apigenin, rutin, and
quercetin. Flavonoid content ranged from 0.01% to 0.52%, with the highest levels observed in
extracts from light callus cells (Line I). Flavonoid content demonstrated a declining trend from light
to brown cultures. Rutin concentration peaked in Cistanche seed extracts, while quercetin was
exclusively identified in Line | suspension culture cell extracts.
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SELECTION OF PROMISING RICE LINES OF THE LATE GENERATION
WITH COLORED PERICARP BASED ON TECHNOLOGICAL GRAIN
QUALITY
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Black and red rice (Oryza sativa L.) are a set of forms that appeared as a result of centuries-old
introduction into the culture of wild rice, which has a colored pericarp of the grain. Unlike white rice, rice
with colored pericarp is characterized by higher antioxidant activity.

Depending on the biochemical composition of rice grains, including the content of amylose, protein,
vitamins, microelements and antioxidants, as well as the morphological characteristics of the varieties of this
crop can be used in functional or traditional nutrition. The antioxidant properties of rice with colored
pericarp are due to the presence of anthocyanin pigment, phenolic acids, vitamin E and phytic acid in the
pericarp. For example, glutinous rice has a beneficial effect on indigestion and heartburn. Brown rice extracts
are used to treat breast and stomach cancer, as well as warts. They have also been used to treat nausea and
diarrhea. Some pigmented varieties of rice are still used to treat skin diseases, blood pressure, fever,
paralysis, rheumatism and leucorrhoea, and even as the basis of general tonics.

Seed quality is an important characteristic in the initial stages of the plant life cycle, and special
attention should be paid to this characteristic, since seed quality is necessary for the preservation and
reproducibility of the genome of a variety or hybrid from generation to generation [6]. Technological
indicators depend on the degree of crystallinity or amorphism of the starch grains that form the basis of the
endosperm of the rice grain, and its productivity. The total yield of cereals depends on filminess; the best
varieties have less filminess. The filminess of unhusked rice ranges from 14 to 35%; The average structure of
rice when cut is glassy.

As research objects were used rice lines with colored pericarp of the late generation and the red grain
variety Almavita. The hybrid lines were assessed for some important technological indicators, such as
filminess, glassiness, cracking and grain shape. Filminess was determined according to GOST 10843-73,
glassiness and fracturing according to GOST 10986-76 using a diaphanoscope DSZ-2M.

As a result of the research, several genotypes with different grain shapes, filminess and fissuring of the
endosperm were identified. A high grain shape index was observed in genotype Fg Mavr/Pak-Li var.
Bansmatica Koern (3.02 mm), and in other varieties it ranged from 2.02 to 2.89 (mm), including genotypes
Fz Yir 5815/Bakanas var.pyrocarpa Alef. and Fs Black Rice/Viola var.desvauxii Koern showed the same
values (2.13 mm). Filminess indicates the percentage of shells (films) around the grain relative to its total
mass. The filminess index varied from 16.42% to 21.95% (Fs Mavr/Pak-Li var.bansmatica Koern and F7 Yir
5815/Bakanas var.pyrocarpa Alef), respectively.

Cracking indicates the percentage of cracks or breaks within the endosperm (the main nutritional part
of the grain). A zero indicator is observed in the hybrid combinations: F; Yir 5815/Bakanassky var.
sundensis Koern, F7 Yir 5815/Pak-Li var.subpyrocarpa Gust, several hybrid combinations of Black rice with
Yantar, Marzhan, Bakanas and Viola, dihaploid DH2 F; Black rice/Bakanas and Almavita variety. Cracking
in the combination of Mavr and Kurchanka varied from 0% to 10% (Fs Mavr/Kurchanka var.pyrocarpa Alef,
Fs Mavr/Kurchanka var.sundensis Koern), respectively. For other genotypes, this trait ranges from 10-20%.

Thus, damaged grains respire more intensively, which increases biological losses during post-harvest
ripening and disruption of the integumentary tissue creates favorable conditions for the development of
microorganisms and pests. All this reduces the safety of grain and deteriorates its quality, so it is necessary to
select genotypes that are most resistant to kernel crushing.

This research has funded by the Science Committee of the Ministry of Education and Science of the
Republic of Kazakhstan Program-targeted financing BR 18574149.
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DEVELOPMENT AND USE OF MARKERS IN SOYBEAN (GLYCINE MAX
(L.) MERR.) AND SUNFLOWER (HELIANTHUS ANNUUS L.) BREEDING
AND GENETIC PROGRAMS BASED ON KOMPETITIVE ALLELE
SPECIFIC PCR (KASP)

Boldyrev S.V., Habib Y., Baik A.S., Ben C., Gentzbittel L.
Skolkovo Institute of Science and Technology (Skoltech)

Kompetitive allele-specific PCR is increasingly used in plant and animal breeding and genetic
programs, as well as in medicine. The advantage of this system is recognized as codominant, good
scalability, robustness, low cost, and the possibility of setting up the experiment both on
instruments for quantitative PCR and in combination of a classical amplifier with a microplate
reader with the ability to read fluorescent signals from FAM and HEX/VIC.[1]

For sunflower collection, markers were developed and tested for traits of broomrape
resistance (Or7), fertility restoration (Rf1), branching (B), and herbicide resistance (Ahasl).[2,3]

For soybean collection, markers linked to the seed protein content trait and flowering time
were tested (E1, E2, E3, E4, gqSPC_20-1, qSPC_20-2, qSPC_20-3, gSPC_15-1, qSPC_15-2,
qSPC_08-1, qSPC_08-2, gFirstflower, gFlower_number_1-2, QDTF).[4-7]

Most of the combinations of the selected primers successfully determined both homozygous
and heterozygous states for the listed markers. However, for some of the primer combinations, it
was not possible to get success results.

1. Semagn K. et al. Single nucleotide polymorphism genotyping using Kompetitive Allele
Specific PCR (KASP): overview of the technology and its application in crop improvement // Mol.
Breed. 2014. Vol. 33, Ne 1. P. 1-14.

2. Goryunov D.V. et al. Association mapping of fertility restorer gene for CMS PETL1 in
sunflower // Agronomy. MDPI, 2019. Vol. 9, Ne 2. P. 49.

3. Sivolapova A.B. et al. Refinement of Rf1-gene localization and development of the new
molecular markers for fertility restoration in sunflower // Mol. Biol. Rep. 2023. Vol. 50, Ne 9. P.
7919-7926.

4. Hwang E.-Y. et al. A genome-wide association study of seed protein and oil content in
soybean // BMC Genomics. 2014. Vol. 15, Ne 1. P. 1.

5. Kim W.J. et al. Quantitative Trait Loci (QTL) Analysis of Seed Protein and Oil Content in
Wild Soybean (Glycine soja) // Int. J. Mol. Sci. MDPI, 2023. Vol. 24, Ne 4. P. 4077.

6. Mao T. et al. Association mapping of loci controlling genetic and environmental
interaction of soybean flowering time under various photo-thermal conditions // BMC Genomics.
2017. Vol. 18, Ne 1. P. 415.

7. Wang J. et al. Genetic mapping high protein content QTL from soybean ‘Nanxiadou 25’
and candidate gene analysis / BMC Plant Biol. 2021. Vol. 21, Ne 1. P. 388.
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One of the most serious problems worldwide is heavy metal (HM) pollution. HMs can have a
toxic effect on human health and thus cause serious diseases. To date, various mechanical or
physicochemical methods have been developed, which are crucially needed for the remediation of
technogenically polluted areas. The use of physical and chemical methods of soil cleaning, namely,
leaching, chemical oxidation, and reduction, often leads to the accumulation of secondary pollutants
and requires additional manipulations related to the removal of contaminated soil cover and
subsequent waste collection. In addition, physicochemical cleaning methods are based on the use of
special reagents that are not always safe for the environment. Unfortunately, there are limitations to
such approaches: high cost, inefficiency at low metal concentrations, and irreversible changes in the
physicochemical and biological properties of soils, which lead to deterioration of the soil
ecosystem. Thus, for effective soil remediation, additional efficient and environmentally friendly
soil restoration technologies are required for soils contaminated with heavy metals.
Phytoremediation technology, which, unlike traditional methods, is inexpensive, environmentally
friendly, and generally available, is one of the most promising new methods for restoring the
environment. Hyperaccumulator plants represent a valuable resource for the remediation of metal-
contaminated sites as they can carry, absorb, and translocate high levels of HMs that would be toxic
to most organisms.

Sweetpotato [Ipomoea batatas (L.) Lam], the sixth most important food crop in the world, is
tolerant to various environmental stresses, owing to its high antioxidant capacity. Sweetpotato has a
high biomass ratio of both stem and tuber necessary for remediation.

In this study, we selected sweetpotato cultivars showing high tolerance to lead (Pb) for
phytoremediation-related applications. These cultivars were kindly provided by Sang-Soo Kwak
from Korea Research Institute of Bioscience and Biotechnology (KRIBB). Young seedlings of 20
sweetpotato cultivars were treated with 30 mM Pb. Daeyumi (KO-12) and Dahomi (KO-5) were
selected as Pb-tolerant and -sensitive cultivars, respectively, based on their photosynthetic activity
and growth inhibition index (lso). In the Pb treatment, hydrogen peroxide and malondialdehyde
contents of KO-12 were 1.5-fold less than those of KO-5. In addition, KO-12 showed higher ability
to accumulate Pb in roots and leaves than KO-5. Expression levels of four Pb-responsive genes,
including the metallothionein gene IbMT1, were higher in the roots and leaves of KO-12 than in
those of KO-5. Interestingly, KO-12 showed greater tolerance to high Pb concentrations than
sunflower and rapeseed, which have been well-studied for phytoremediation.

Our results suggest that sweetpotato is a suitable biomaterial for the phytoremediation of soils
contaminated with HMs, including Pb, for sustainable agriculture. Futher, tolerance cultivars of
sweetpotatoes will be studied for their ability to accumulate HMs from the lead plant, located in
Shymkent city. Additionally, cultivation of sweetpotato for the phytoremediation of lead-
contaminated soils is possible with the subsequent production of biofuel.
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EFFICACY OF A NUMBER OF FUNGICIDES AGAINST THE WALNUT
PATHOGEN ALTERNARIA ALTERNATA IN THE SOUTHERN ZONE OF
FRUIT GROWING IN KAZAKHSTAN

Ismaqulova E.S.”, Kairova G.N.

Kazakh National Agrarian Research University, Almaty, Republic of Kazakhstan
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Since ancient times walnut has been considered a miracle of nature, which by the number of
useful properties has no analogues in the plant world. Walnut (Juglans regia L.) is valued as a food,
technical, tannin, medicinal, ornamental plant. The yield of walnut depends on many factors, one of
them are diseases. To tackle this problem, it is necessary to precisely identify the pathogens and
protective measures against them.

It was revealed that in the southern fruit-growing zone of Kazakhstan the most widespread
disease of walnut is Alternaria alternata, found on leaves in the form of spotting. The aim of the
study was to determine the biological efficacy of a number of fungicides against the causative agent
of the disease, caused by the fungal pathogen Alternaria alternata.

Field studies were carried out in 2022-2023 in LLP "Integration - Turgen™ of Almaty region,
and laboratory studies were carried out in the laboratory of LLP "Kazakh Research Institute for
Fruit and Vegetable Growing". In laboratory and field experiments we tested four types of
fungicides of different mechanism of action: Scor 250, c.e. (difenoconazole, 250 g/l), Horus 750,
v.d.g. (cyprodinil, 750 g/kg), Stroby 50%, v.d.g. (kresoxim - methyl, 500 g/kg), Luna Tranquility,
c.S. (fluopyram,125 g/l + pyrimethanil, 375 g/l).

Alternaria alternata pathogen was initially isolated from infected leaves and fruits of walnut
and identified on the basis of microbiological and molecular-genetic methods. Further, in laboratory
studies, the efficacy of 4 fungicides were tested against the pathogen under aseptic conditions using
agar block methodun. In field studies, fungicides were applied three times during the season - at full
leaf opening, at the end of flowering and 30 days after the second treatment. The rate of working
fluid consumption was 1000 litres/ha. Control plants were sprayed with water for objective
comparison. Three repetitions of each treatment were carried out during the experiment. During the
season 4 surveys were conducted: before fungicide treatment and 25, 50 and 80 days after the first
survey. The presence and degree of disease development were visually determined on four labelled
branches on each tree, located on four sides of each tree, on which all leaves were examined.

The studies allowed to establish the following: in vitro studies showed high efficacy of
fungicide Scor (difenoconazole) against the pathogen of walnut disease caused by Alternaria
alternata fungus. The fungicide had a high inhibitory effect against the pathogen, inhibiting the
growth of mycelium isolates relative to the control from 68.68 to 92.42% on the 7th day of
cultivation, and from 59.25 to 91.71% on the 14th day of growth. The in vivo studies showed that,
Fungicides Scor and Stroby successfully protected walnut plants against Alternaria alternata
pathogen with biological efficacy of more than 90% and 80%, respectively.
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The Sorghum bicolor L. is the fifth most important cereal crop after wheat, corn, rice, and
barley. Food sorghum is used as food in 30 countries for more than 500 million people living in
tropical Africa and South Asia. Forage sorghum is the main ingredient for the preparation of feed
for divorce. Sugar sorghum is grown on an industrial scale for the production of syrup, malt, starch,
and protein is also a promising raw material for the production of bioethanol.

We have conducted studies on the factors affecting the frequency of formation of
morphogenic calluses in a culture of somatic sorghum cells grown in the conditions of the South-
East of Kazakhstan.

During the cultivation of somatic sorghum cells, it was noted that the frequency of callus cell
formation and their morphology was significantly influenced by the original genotype of the donor
plant.

It should be noted that during the cultivation of somatic sorghum cells, the main problem for
most genotypes is the phenolic compounds, which are secreted by somatic cells on the seventh to
the tenth day of in vitro cultivation. Phenolic compounds are substances of an aromatic nature
containing one or more hydroxyl groups of an aromatic ring.

In the process of the research it was found that the frequency of callus formation during the
cultivation of somatic sorghum cells in vitro grown in the conditions of the South-East of
Kazakhstan depends on the original genotype. Also, sorghum genotypes have been found that are
capable of forming morphogenic calli that can be used in cell selection for resistance to biotic and
abiotic environmental stress factors and production of syrup on an industrial scale.
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Viral diseases of stone fruits, especially “Sharka”, lead to species and varietal degeneration, and
also decrease a yield and quality of fruits and, as a result, to large economic losses. Recovery of plants
from viral infection and planting elite and super-elite basic plantings with healthy planting material will
significantly increase productivity. The south-east of the country is origin of the endemic apricot species
of Prunus armeniaca, vulgaris Lam and two species of plum Prunus Sogdiana Vass. (cherry plum) and
Prunus spinosa (thorn). Commercial and home gardens of domestic and foreign varieties are also
grown. Using a real-time RT-PCR test, the Plum pox potyvirus (PPV) was detected on plum cultivars
Ayana, Ansar, Stanley, apricot cultivar Monitoba and P. armeniaca.

Virus clearance was performed in a stepwise manner under in vitro conditions. The apical tips of
the plants were introduced into aseptic culture. Precultivation and adaptation were carried out on MS
N75% medium, BAP-0.5 mg/l, GA-1.0 mg/l, IBA-0.1 mg/l, at 24°C+0.5 in variable light mode - 16
hours illumination (25 pmol m-2s-1) and 8 hours without illumination (n = 15). Combinations of
sanitation methods were tested on ‘Stanley’, ‘Ansar’ and P.armeniaca: 1) Thermotherapy + Shoot apical
meristem (SAM); 2) Thermotherapy + Chemotherapy (treatment with Ribavirin) + SAM.
Thermotherapy of microshoots in vitro was carried out for 12 days at 36°C, humidity 70%, light mode —
16 hours of illumination (25 pmol m-2s-1) and 8 hours without lighting. During chemotherapy, 15 or 25
mg/l Ribavirin was added to the MS N75% nutrient medium. From the microplants grown under such
conditions, the shoot tips with apical meristems measuring 1.5-3 mm was isolated and transplanted onto
a nutrient medium of MS N75%, BAP-0.2 mg/l, GA-1, 0 mg/l, IBA-0.1 mg/| for the regeneration. After
completing all stages of therapy, a control diagnosis was carried out on day 30.

In the Thermotherapy + SAM option, growth and reproduction were observed in three
microshoots of ‘Stanley’ and three of ‘Ansar’, and P.armeniaca plants died. Control diagnostics for the
presence of PPV showed that ‘Stanley’ and ‘Ansar’ are free from the virus.

During the course of recovery with the combination of Thermotherapy + Chemotherapy + SAM,
the influence of the concentrations of the antiviral drug Ribavirin on the survival of plants at the stage of
thermotherapy was noted. After treatment at a concentration of 15 mg/l, 5 viable microshoots of
‘Stanley’ were noted; all shoots of ‘Ansar’ and P. Armeniaca died. Treatment with Ribavirin at a
concentration of 25 mg/l was more successful: 7 shoots of the ‘Stanley’ survived, 5 of P. armeniaca
survived, and all shoots of ‘Ansar’ also died. After reproduction on the nutrient medium, control
diagnostics showed that the use of the methods Thermotherapy + Chemotherapy + SAM (treatment with
ribavirin at a concentration of both 15 and 25 mg/l) was successful for the plum ‘Stanley’, the shoots
were free from the PPV virus; the presence of the PPV virus in the tissues of P. Armeniaca plants could
not be eliminated.

Based on the results of our experiments, the combination of thermo- and chemotherapy with
Shoot apical meristem appears to be a promising approach for obtaining virus-free stone fruit plants.
Work on recovery from viruses will continue using a combination of thermotherapy, chemotherapy and
cryotherapy.
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CHARACTERIZATION OF FUNCTIONAL ACTIVITY OF RECOMBINANT
PROTEINS EIFAE FAMILY FROM SOLANUM TUBEROSUM IN VITRO

Kolesnikova V.V.}%*, Nikonova E.Yu.!, Balobanov V.A.}, Korchinskaya V.Yu.?,
Andreytsev V.V.! Nikonov O.S.!

! Institute of protein research, Pushchino, Russia
2 All-Russia Research Institute of Agricultural Biotechnology, Moscow, Russia

*E-mail: kolesnikovavicto@yandex.ru

Potato virus Y is phytopathogens and a major limited factor potato yield. For a realized life
cycle viruses need to recruit a cell translation apparatus to translate viral RNA. Viral protein VPg
mimics the cellular mMRNA cap structure and interacts with eukaryotic initiation translation factor
4E (elF4E), which allows for the initiation of biosynthesis of viral proteins. We have combined
genetic, biochemical, and bioinformatic methods to study the formation of resistance in Solanum
tuberosum against potyviruses. Previously, using molecular modeling and dynamics, we have
obtained a structural interpretation of the biochemistry results. In this project, we characterized
functional activity recombinant proteins family elF4E from Solanum tuberosum. Recombinant
proteins of the elFAE family were obtained in the bacterial system and purification using
chromatography. The ability of each purified protein to bind cap-analog and VPg was checked
using fluorescence spectroscopy. Isoforms of elF4E show different affinity to the cap analog and
VPg.
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IDENTIFICATION OF EIF4E ISOFORMS INTERACTING WITH THE
VIRAL PROTEIN VPG OF POTATO VIRUS Y
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All-Russia Research Institute of Agricultural Biotechnology, Moscow, Russia
2L omonosov Moscow State University, Moscow, Russia

*E-mail: KorchinskayaV@yandex.ru

Virus Y is an economically important pathogen of the Solanaceae family, including potato. A
key role in the reproduction of this virus is played by the viral protein VPg, the interaction of which
with translation initiation factor 4E (elFAE) of the host plant is necessary for the translation of viral
MRNA. Determining which elF4E isoforms VPg uses and their quantification in potato plants will
facilitate understanding of the mechanisms of infection and resistance to virus Y. This goal can be
achieved using proteomics methods based on mass-spectrometry, which have recently become
powerful a high-throughput approach to characterize entire viral interactomes.

In our study, we decided to use a tandem mass-spectrometry approach in combination with
the pull-down method, which will allow us to characterize the elF4E isoforms that directly interact
with viral VPg. We created a genetic construct for the expression of recombinant VPg in E. coli
cells; induction of protein synthesis was carried out under a wide range of conditions. As a result of
a pull-down using purified recombinant VPg and subsequent mass-spectrometric analysis, we
identified the binding of VVPg to the elF4E-1, elF4E-2 and elF(iso)4E isoforms and didn’t detect
interaction with the nCBP isoform. To determine whether the interaction of VPg and the three
elFAE isoforms is due to their high content in cells or to the high affinity of VVPg even for small
amounts of certain elF4Es, we further performed quantitative mass-spectrometric assessment of the
content of all elF4E isoforms in potato plants. It has been shown that nCBP is indeed the least
represented isoform.

In total, these results indicate the high adaptive ability of the virus to use several isoforms at
once to carry out its own life cycle, and confirm the low importance of nCBP for translation
initiation, shown previously in the literature.

The work was supported by the Russian Science Foundation (Grant No. 21-76-10050).
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PLANT TISSUE CULTURE-MEDIATED BIOTECHNOLOGICAL
APPROACHES OF SOME REPRESENTATIVES OF THE GENUS LYCIUM

Lapchanka K.A., Stralkouski V.V.!, Barysevich K.G.?, Allaberdiev R.Kh.?,
Spirydovich E.V.1

Central Botanical Garden of the National Academy of Sciences of Belarus
ZNational University of Uzbekistan named after Mirzo Ulugbek

The following biotechnological directions are well-developed at the Central Botanical Garden
of the National Academy of Sciences of Belarus: conservation and propagation of endemics, rare
species, elite plant varieties; plants that have lost the ability to produce seeds; obtaining a large
number of healthy, uniform plant material; creation of varieties by methods of cell selection; and
exchange of sterile material for research purposes.

The purpose of our study was to investigate the growth and development under in vitro
conditions of three economically valuable species, medicinal species of the Lycium genus (L.
barbarum, L. ruthenicum, L. chinence) of the Solanaceae family, widespread in the territory of the
Southern Aral and the Priaralye, for preservation in the collection of aseptic cultures of the CBG
and successful introduction in the conditions of Belarus.

Seeds were used for introduction into in vitro culture. Dried fruits were soaked for 12 hours in
distilled water and rubbed through a fine sieve to remove fruit pulp from the seeds, which were then
sterilized. For this, a 2% solution of 72% household soap (5 minutes), 0.05% solution of
difenoconazole - a systemic fungicide (brand name Score) - (5 minutes), 0.1% solution of AgNOs
(5 minutes) were used. At the end of exposure in each sterilizing agent, the seeds were washed
twice for 3 minutes with sterile distilled water and transferred directly to the nutrient medium.

The selection of nutrient medium options was based on the composition of soils in the natural
habitats of the Lycium L. genus in the territory of Uzbekistan. Nutrient — mineral base DKW, 15 g¢/I
sucrose, 0.2 mg/l Kinetin (6-furfurylaminopurine); variants differ in pH (5.6-7.8) before
autoclaving, as well as NaCl concentration (1-1.5 g/l). 25 seeds were placed on each nutrient
medium. Cultivation conditions: 16-hour photoperiod and temperature 25+2 °C.

On the 8th day after introduction into aseptic culture, the first seedlings suitable for
subsequent subculturing appeared. The presence of NaCl in the nutrient medium inhibited seed
germination, as did high pH values. When the seedlings were 1.0+0.5 cm in length, they were
transferred to cultural vessels (180 ml) on the nutrient medium different from the introduction
medium — Woody Plant Medium (WPM) — with the addition of 15 g/l sucrose, pH 5.6-5.8 before
autoclaving. After 7 days, the transferred seedlings looked as follows: active growth and
development of plants in in vitro conditions were noted, with the formation of an extensive root
system, and there were no developmental anomalies such as vitrification, callus formation, etc.

As a result of the experiment, peculiarities of seed germination of plants of the Lycium genus
(L. barbarum, L. ruthenicum, L. chinence) under in vitro conditions were revealed. The obtained
data indicates the suitability for cultivation of the proposed nutrient medium and the successful
introduction of the studied plants into in vitro culture.
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CALLUS INDUCTION AND PLANT REGENERATION FROM
EMBRYOGENIC CALLUS OF PAULOWNIA 9501 HYBRID (PAULOWNIA
TOMENTOSAxPAULOWNIA FORTUNEI)

Gubarevich A.V., Lapchanka E.A., Spirydovich E.V.

Central Botanical Garden of the National Academy of Sciences of Belarus

Paulownia is a valuable woody plant belonging to the family Paulowniaceae. It is native to
Southeast Asia. Paulownia is a 10-30 m tall tree with a wide crown and large (about 70 cm in diameter)
heart-shaped leaves with long petioles. The flowers are pale purple in erect pyramidal inflorescences up
to 30 cm long.

All parts of Paulownia are used for different purposes: leaves and flowers used for medicine,
leaves — rich proteins and nitrogen, a trunk — a source of timber. Paulownia is not only a decorative tree,
it’s also a multi-purpose plant and a source of renewable energy.

The use of biotechnological methods of microclonal propagation and plant regeneration in vitro
increase plant production. The use of modern biotechnological methods of in vitro plant propagation can
overcome main disadvantages the traditional method of propagation (genetic diversity of the resulting
planting material and the duration of the juvenile period) and increase the production of plants.
Biotechnology at the Central Botanical Garden of the National Academy of Sciences of Belarus in its
broadest sense explores its use across many fields of application from the conservation of endangered
species to the storage of economically important crop plants and to the industrial plant cell culture
collections. Higher plant cell culture can be an alternative method of raw plant material production for
medicine, veterinary science, perfumery, and in food industry. The main point is to obtain biomass in
large volume bioreactors in sterile conditions.

The purpose of this paper was to study the effect of plant growth regulators on callus induction
and in vitro morphogenesis using various explants of hybrid 9501 (Paulownia tomentosa xPaulownia
fortunei).

Testing of the various nutrient media for callus induction and plant regeneration capacities of
hybrid 9501 used MS nutrient media supplemented with 6.0 g/L agar, 30g/L sucrose and plant growth
regulators. Nutrient mediums: MS1 — MS+8 mg/L BAP+1 mg/L NAA, MS2 — MS+5 mg/L BAP+
1 mg/L NAA, MS3 — MS+6 mg/L BAP+0.1 mg/L NAA. Types of explants were used for callus
induction: leaf laminae, petioles, stem part with and without bud. Cultivation conditions: thermostat,
darkness, +24.6+0.5°C and light, fotoperiod 16/8, 25+2°C.

A high percentage of callus formation was observed in all types of explants. The frequency of
callus induction from leaves and stem with bud was higher than others.

The optimal medium for obtaining nonmorphogenic callus is MS medium containing 5 mg/L 6-
BAP and 1 mg/L NAA (callus induction darkness — 88,85%, light — 61,43%). MS medium with 6mg/L
BAP and 0.1 mg/L NAA (darkness — 65,68%, light — 31,46%) and MS medium with 8 mg/L BAP and 1
mg/L NAA (darkness — 66,65%, light — 65,48%) can also be used for callus induction, but with lower
efficiency. MS medium with 6 mg/L BAP and 0.1 mg/L NAA (plant regeneration darkness — 16,26%,
light — 25,91%) can be used to induce morphogenic callus and regeneration of new plants by forming
several shoots from a single bud. MS medium with 5 mg/L BAP and 1mg/L NAA (darkness — 4,00%,
light — 22,28 %) and MS medium with 8 mg/L BAP and 1 mg/L NAA (darkness — 18,00%, light —
21,81%) can also be used for plant regeneration, but with lower efficiency.

All of the selected media can be used for regeneration of shoots from callus. Shoot formation
from an explant with a bud was observed on all media, best under lighting conditions with a photoperiod
of 16/8 at 25+2°C. The most favourable cultivation conditions for obtaining a nonmorphogenic callus is
cultivation under unlit thermostat conditions at 24.6+0.5°C.

The work was supported by SCSTI "Biotechnology”, "Natural Resources and Ecology" 2020 -
2025 and carried out as part of the Master's thesis.
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TURANGA POPULATIONS
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In Kazakhstan, forests cover only about 5 per cent of the territory. The main reasons
restraining the spread of forests are the aridity of the climate, and desertification of a large part of
the territory (about 60%). One way to combat desertification is through the use of drought-resistant
and salinity-tolerant woody plant species. These include Populus diversifolia Schrenk and Populus
pruinosa Schrenk, which can grow on sandy, saline and depleted soils. In the natural environment
they reproduce by seeds, but for a number of reasons they do not take root well in harsh
environmental conditions, which leads to population regression. They are also capable of vegetative
propagation, which makes it possible to use clonal micropropagation, selecting the best trees with
high growth and development rates.

In winter, after the rest phase was completed, trees in the floodplain of the Ili River were used
to cut 20-25 cm long annual tree cuttings. In vitro inoculation was carried out in two ways: 1)
lignofied cuttings were cut into segments 6-7 cm long with 2-3 buds, sterilized and planted on the
nutrient medium; 2) shoots from lignified cuttings were germinated, divided into segments with one
bud, sterilized and planted on a nutrient medium. In both versions, the saprophytic microflora was
sterilized by using bleach «Whiteness (Belizna)» (1:1) 10 min and 0.1% HgCI2 solution 5 min,
washed 3 times with sterile distilled water. The second method of in vitro inoculation was the most
effective. In this case, the number of aseptic plants produced was 57%.

Aseptic mini cuttings were placed in Murashige and Skoog (MS) medium with growth
regulators: 6-benzylaminopurine (BAP) in concentrations of 0.3 mg/l and R-indole-3-oil acid (IMA)
— 0.01 mg/l. After the leaves are formed for growth and propagation, they are transplanted to
nutrient media of different composition: 1) MS, BAP — 0.1 mg/l, GA — 0.01 mg/l, sucrose — 30 g/I,
pH 5.7. 2) MS, BAP — 0.1 mg/l; GA — 0.01mg/l; sucrose — 20 g/l; pH 5.7. 3) MS, B1 — 0.5 mg/I;
BAP — 0.2 mg/l; GA — 0.02 mg/l; sucrose — 20 g/I; pH 5.7. 4) MS, B1 — 0.5 mg/l; BAP — 0.1 mg/I;
GA — 0.02 mgl/l; sucrose — 20 g/I; pH 5.7. 5) MS, B1 — 0.5 mg/l; BAP — 0.1 mg/l; GA — 0.02 mg/I,
glucose — 20 g/l; pH 5.7. The medium containing glucose was the best, the propagation rate over 3-
4, depending on the species. The use of sucrose ranged from 1.5 to 2, and plants were in poor
condition.

For rhizogenesis, propagated plants were transplanted to nutrient media MS, IBA — 0.5 mg/I
or MSY% + IBA — 0.5 mg/l. The best was the second variant of medium, after 2 weeks plants began
to appear and develop a root system. After 4-5 weeks, the root system amounted 80-91.1%
depending on the species.

The rooted turanga plants were transplanted into containers, 10 cm in height and 10 cm in
diameter, filled with layers: 6 cm peat and 4 cm perlite, poured with a solution of fungicide
(fludioxonil — 25 g/l) in a concentration of 4 ml/2 | of water and covered with transparent caps with
a lid. After 6-7 days, the lids were opened. As soon as there were signs of active growth in
transplanted plants, gradually opened caps until the plants fully adapt to ex vitro conditions. This
usually took three to four weeks.
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ADVENTITIOUS ROOTS CULTURE OF ALLOCHRUSA
GYPSOPHILOIDES: SAPONINS-BEARING RARE SPECIES

Mursaliyeva V.K.*, Mukhanov T.M.
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Allochrusa gypsophiloides (Regel) Schischk (fam. Caryophyllaceae Juss.), Turkestan soap
root (TSR) is a rare species of the natural flora of Central Asia and Kazakhstan with a limited
habitat in the Western Tien Shan and Pamir-Alai is a valuable saponin-bearing plant. The rare TSR
has pharmacological value and technical application as an effective foaming agent and emulsifier.
For further scientific and practical utilization of the unique potential of this valuable crop, it is
relevant to develop an alternative approach based on in vitro system to replace wild TSR raw
material. Adventitious roots (AR) cultures are characterized by genetic and biosynthetic stability,
optimization of the main factors of the nutrient medium allows to achieve intensive growth of root
biomass and stable level of biologically active metabolite in culture. The aim of the research was
comparative evaluation of AR culture and natural roots of wild plants from Kazakhstan for total
saponins, phenols and flavonoids content, antioxidant (AOA) and antimicrobial activity in model
test systems. In AR culture, growth index and secondary metabolites were evaluated on days 25 -,
45-, 60- of cultivation on 2 MS medium without (control) and with auxin application. The
conducted studies revealed differences in the content of secondary metabolites in AR culture
material and in wild plants, as well as in their AOA and antimicrobial activity in model test
systems. The levels of saponins and flavonoids were higher in AR culture at optimal timing and
medium of cultivation compared to native roots. High antimicrobial activity was detected in control
extracts of in vitro AR culture with increased levels of saponins. The hormonal composition of the
medium determined the nature of the relationship between AR culture growth and the accumulation
of secondary metabolites in it. The content of saponins and flavonoids positively correlated with the
growth of the culture on the control medium and on the NAA medium. In vitro AR culture is
promising for obtaining triterpene saponins TSR with high antibacterial and antifungal activity.
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The challenge of maintaining plant productivity in water scarcity conditions is of paramount
importance worldwide. Phenolic acids, including hydroxycinnamic acids and their derivatives, are
rapidly induced by various stressors, such as salinity (NaCl) stress. Applying hydroxycinnamic
acids exogenously to plants can enhance their sustainability to stress. One way to alter the
bioavailability of hydroxycinnamic acids is to bind them to a carrier polymer matrix. Chitosan is
one of the promising biopolymers in this regard. The modification of chitosan chemically enables
the production of derivatives with improved solubility, growth-promoting properties, and
antioxidant activities.

The purpose of this study is to investigate the impact of treating barley seeds with conjugate
chitosan and either caffeic acid (Ch-CA) or ferulic acid (Ch-FA) on growth and antioxidant
components during short-term salinity (NaCl) stress and in the post-stress period.

The growth of seedlings was inhibited by the Ch-CA conjugate under stressful salinity
conditions. The slowdown in growth was more pronounced in the root system, where the MDA
content increased by 18%. Additionally, the SOD and POX activities increased by 2 and 2.5 times,
respectively. The adaptation in the post-stress period was more active with Ch-CA conjugate
treatment, as reflected in an increase in root length and dry biomass, and a decrease in antioxidant
activity. The dry biomass and proline accumulation were noted in the leaves, along with an increase
in SOD and POX activities, but a decrease in APX and GR activities.

The application of the Ch-FA conjugate did not significantly affect the growth of the
seedlings. However, it did contribute to the accumulation of proline content in the roots and induced
the activities of SOD and POX in both the roots and leaves of the seedlings. No activation of
growth and development of the seedlings was detected during the repair period, and the indicators
of the antioxidant status were lower than those in the control.

The Ch-CA conjugate exerted a low stressful effect on barley seedlings induced of resistance
to salt stress, activated antioxidant components to minimize oxidative damage and maintain cellular
homeostasis.
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EARLY CHANGES IN PHOTOSYNTHESIS ACTIVITY ARE MODULATED
BY DISTANT SIGNALS DURING SALINITY IN POTATO PLANTS

Pecherina A.A.*, Mudrilov M.A., Brilkina A.A., Vodeneev V.A.
Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia
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Salinity is one of the most important abiotic stressors that reduce crop yield. The roots of
plant come into direct contact with high concentrations of Na* and CI" in soil or water, but salinity
affects the plant as a whole. A change in the osmolarity of the solution due to an excess of Na* and
CI" (osmotic stress) and the entry of these ions into cells (ionic stress) activate various signaling
systems, and modulated distant signals can change physiological processes. In this work, we studied
the salt-induced signals in the root, and their effect on photosynthesis activity in potato plants.

There were used five-week-old potato plants of the Nevsky variety grown under hydroponic
conditions. The plants were treated with 100 mM NaCl, 200 mM sorbitol (simulate the osmotic
component of salinity) or 100 mM KCI (test the role of Na* in salt stress). Photosynthesis activity
was measured using PAM fluorimetry. The effect of salinity on transpiration was determined using
the Crop Water Stress Index. Cytosolic pH was determined using a genetically encoded sensor Pt-
GFP, and Ca?* was visualized using a probe Fluo4.

The decrease in photosynthesis activity began 15 minutes after salt treatment. However,
transpiration decreased only 40 minutes after NaCl addition. The Na™ accumulation in the leaves
occurred 6 hours after NaCl treatment. Also, several types of signals were detected in roots: Ca?*
signal and hyperpolarization. However, only the Ca?" signal propagated through the shoot. This
signal was Na'-induced, and this NaCl-induced Ca?* signal caused cytosolic alkalization of root
cells. In addition, the propagation of a hydraulic wave was recorded in the shoot, which was caused
by the osmotic component of salinity. Osmotic stress could modulate transpiration and late decrease
in photosynthesis activity. Early changes in photosynthesis activity were modulated by Ca?*, which
was confirmed by inhibitory analysis.

The work was supported by the Russian Science Foundation (project no. 22-14-00388).

161



Session 3. Physiology, Biochemistry and Biotechnology Poster Session

DEVELOPMENT OF MICROPROPAGATION TECHNIQUE FOR
PRODUCTION OF ELITE BLUEBERRY PLANTING MATERIAL IN
KAZAKHSTAN

Rymkhanova N.K.*, Manapkanova U.A., Kushnarenko S.V.

Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan

*E-mail: n.rymkhanova@gmail.com

Blueberry (Vaccinium corymbosum L.) is a valuable berry crop, both economically and
biologically. Blueberry is most often planted for their nutritional and beneficial properties, but high
yields and quality fruits require proper planting material.

During in vitro culture initiation of blueberry varieties, it was found that the apices of
blueberry shoots are sensitive to mercuric chloride. Disinfection in 0.1% mercuric HgCl, for 10
minutes led to necrosis of all initiated blueberry explants; treatment for 7 minutes caused necrosis in
40-50% of the initiated apices. Reducing the disinfection duration with mercuric chloride to 4
minutes had a positive effect on the formation of green blueberry plants. With this treatment,
bacterial and fungal contamination was observed only in 3.2-10.3% of explants; necrosis varied
from 0 to 34.2%, and green plants were formed in 39.4-93.7% of explants, depending on the
variety. The highest percentage of green plants (93.7%) was obtained in Meader variety. In vitro
plants with detected endophytic bacterial contamination were removed. As a result of detection
endophytic contamination 26.3 to 75% aseptic blueberry plants were obtained. Aseptic blueberry
plants were further used for micropropagation.

An important step of micropropagation is optimizing the medium composition for blueberry.
Seven variants of media were used based on WPM medium with various phytohormones: zeatin, 6-
benzylaminopurine (BAP), indolyl-3-butyric acid (IBA) and gibberellic acid (GA). It was found
that during blueberry micropropagation, the main problem was high callus formation on leaves and
shoots. This was especially evident in the WPM medium with BAP, even at a low concentration
(0.1 mg/L). Replacing the cytokinin BAP with zeatin gave a positive result: the condition of the
shoots was better, the multiplication rate Kr exceeded 3.6, and no callus formation was observed.

Key words: Blueberry, aseptic plants, micropropagation

This research was funded by the Science Committee of the Ministry of Science and Higher
Education of the Republic of Kazakhstan, Scientific and Technical Program BR18574099
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In Kazakhstan, the annual yield of ash and ash-slag mixtures during coal combustion is about
19 million tons, and more than 300 million tons of waste have been accumulated in ash dumps to
date. The stock of accumulated ash and slag waste in the Akmola region alone is about 599.2
thousand tons, 423.4 thousand tons of ash and slag waste is generated by industrial centers, the rest
by suburban and residential sectors. These wastes are stored in the vicinity of the city in special ash
dumps, occupying huge territories and having a negative impact on the environmental situation.

Due to the rise in the cost of traditional fertilizers, their use is decreasing, which leads to the
consideration of alternative drugs and ameliorants that allow reducing the doses of basic fertilizers.

The research work is based on the research results on the use of a powdery form of granulated
fertilizer "Agrobionov". Experimental data have shown a positive effect of the drug "Agrobionov"
on increasing soil fertility, yields of the studied crops on reducing doses of basic fertilizers with the
complex use of an ash-carbon preparation, environmental safety, and high economic efficiency of
its use.

However, the powdered form of the drug "Agrobionov"” is very non-technological with
mechanized application. Thus, the research results will help solve the issues of creating granulation
technologies and a method for applying new multicomponent fertilizers, recycling production waste
and reducing environmental pollution.

The purpose of the research is to develop technologies for granulating multicomponent carbon
fertilizer "Agrobionov" in the grain crop rotation of Northern Kazakhstan.

The research work was carried out within the framework of scientific projects grant financing
of the Ministry of Internal Affairs of the Republic of Kazakhstan IRN AP19677557 "Development
of the optimal granulation technology and effective methods for applying the Agrobionov
polycomponent fertilizer in the grain crop rotation of Northern Kazakhstan™.

Studies have been conducted to determine the optimal modes of the granulation technological
process and the strength of granules to fracture of the fractional composition, their shapes, and
uniformity. The type of binder component of the granulated mixture and the optimal modes of the
technological process are determined. Recommendations are given for the preparation of technical
regulations for granulation and packing of "Agrobionov” fertilizer.

Thus, gypsum has been considered as an effective binding component in terms of availability,
low cost, improved reclamation properties, the ability to pass into the soil solution, and the standard
strength of granules to destruction (abrasion) has been achieved. The optimal amount of gypsum
binder in a mixture with the "Agrobionov" fertilizer has been determined, which ultimately is a
cost-effective and environmentally friendly complex granular fertilizer.

In granular form, "Agrobionov" multicomponent fertilizer has great potential for
commercialization and scaling up of the project in production.
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Sweet potato (Ipomoea batatas L.) is a high-yielding nutritious specialty crop. There is a
growing need for proactive information on the sustainable production of sweet potatoes under short
growing seasons. The objective of our study was to evaluate the effects of crop residue and
synthetic mulches on the growth, yield, and quality parameters of three varieties of sweet potatoes.
Three types of mulch, wheat straw (straw), white polyethylene film (white mulch), and black plastic
film (black mulch), and a control (no mulch) were evaluated during the 2021 and 2022 growing
seasons in the south-eastern region of Kazakhstan.

The application of mulch increased the yield components of sweet potato compared to the
results with no mulch application. The studied varieties behaved differently according to the quality
of the tubers, depending on the climatic conditions, variety, and mulch applications. The Fv/Fm
value for the control ranged from 0.598 to 0.748 in the three sweet potato genotypes, whereas the
three mulch treatments had Fv/Fm values higher than those of the control in 2021 and 2022. The
application of white and black mulch significantly increased the length of the vine and meristem
number in all three genotypes at levels of p < 0.05 and p < 0.05, while the use of straw increased the
vine length and meristem number of Rizi 0603 and the meristem number of Xushu 25. The tuber
number per plant and tuber weight were significant under polyethylene mulches. Organic straw
mulch significantly increased the tuber number per plant in Xushu 25 and Rizi 0603. As a result of
this technological approach, the total average production yield for the three sweet potato varieties
was 11.0 t/ha in straw, 28.3 t/ha in white mulch, and 38.8 t/ha in black mulch compared with 9.8
t/ha for the non-mulched plots. The largest difference between the mulch and mulch-free crop
system was observed in Xushu 25 (+25.2 t/ha) followed by the Beauregard variety (+13.2 t/ha) and
Rizi 0603 (+10.3 t/ha).

In this study, Beauregard showed an increase in fructose, glucose, and maltose, while Xushu
25 showed a consistent increase in sucrose. The application of organic mulch as straw and
polyethylene mulch significantly increased monosaccharides and disaccharides in the tuber of sweet
potato.

The PCA provided a multidimensional statistical analysis of the possible mulching effects of
sweet potatoes on the dependent variables. The group consisting of straw and control for each sweet
potato genotype presented similar results due to their similar qualities, including morphological and
carbohydrate contents. The other group of sweet potatoes included white and black mulch
treatments.

The results of the LCA assessment showed that total carbon emission was 128.2 kg; 219.8 kg;
and 221.2 kg CO2eq ha! in organic, white, and black polyethylene mulches, respectively.

The results of the present study will be used to develop other technological sequences for the
cultivation of sweet potatoes in the southeastern region of Kazakhstan. Plastic mulch will help to
increase our knowledge about climate change's effects on various plant species in the world,
including in developing countries.
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DECIPHERING THE GENETIC CONTROL AND MOLECULAR
REGULATORY NETWORKS UNDERLYING QUANTITATIVE
RESISTANCE TO DISEASES IN LEGUMES
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Legumes includes valuable crops for world food production, being protein-rich nutrition for
humans and animals, as well as productive forage crops. Soybean is a particularly important oilseed
crop for Russian agriculture. However, the yield of most legume species is severely affected by root
diseases, causing losses to the global economy (FAO, 2019).

Quantitative Disease Resistant (QDR) conditioned by multiple genes of partial effect is the
most common form of plant disease resistance. Breeding for root QDR is proposed to be efficient in
epidemic control of soil-borne root diseases, because chemical control of these pathogenic species
is nearly imposible. We propose to reveal the genetic control and molecular regulation of some
networks underlying root resistance in legumes.

Previous GWAS studies combined with transcriptomic analysis have identified two candidate
genes involved in the response to Verticillium infection in Medicago truncatula: Medtr7g070480
encoding a SEC14 cytosolic PITP (phosphatidylinositol transfer protein) required for the transport
of secretory proteins from the Golgi complex and Medtrlg042160.1 encoding a MATH1 protein
(meprin and tumor necrosis factor receptor-associated factors (TRAF-C) homology).

To validate the role of Secl4 & Mathl genes in the QDR against Verticillium wilt in M.
truncatula we generated overexpressing ovx-Secl4, ovx-Mathl M. truncatula mutant hairy roots
(HaRo) and CRISPR/Cas9-mediated knock-outed ko-sec14 and ko-mathl HaRo.

An Agrobacterium rhizogenes-mediated transformation protocol was used to deliver the
vectors of interest into roots of resistant (Al7, 2HA) and susceptible (R108, F83005.5) M.
truncatula ecotypes towards Verticillium wilt. Resistant A17 and susceptible R108 ecotypes
exhibited better transformation efficiency as compared to 2HA and F83005.5 ecotypes.

Ovx-Secl4 HaRo and HaRo with empty vector (negative control) of R108 were inoculated
with Verticillium alfalfae strain V31.2 to assess the disease phenotype. Ovx-Secl4 samples
displayed higher infection rate as compared to the negative control. Therefore, Sec14 is likely a
gene of susceptibility.

The development of CRISPR-edited HaRo includes: i) gRNA design; ii) gRNA testing; iii)
vector construction; iv) optimization of vector delivery method.

Two gRNAs were designed for each of the target genes using CRISPR-P
http://crispr.hzau.edu.cn/CRISPR2/ and CRISPOR http://crispor.tefor.net/ online platforms. To test
the efficiency of the selected gRNAs, an in vitro assay was performed using synthetic RNPs. The
corresponding gRNA sequences were then inserted into binary CRISPR/Cas9 vectors resulting in
pCas9-mathl and pCas9-sec14 binary plasmids.

To test the in vivo efficiency of selected gRNAs, M. truncatula leaf protoplasts were
transformed with the RNP complexes or pCas9-mathl and -secl4 vectors. Edition events of the
target genes were confirmed by genomic DNA sequencing.

Agrobacterium rhizogenes-mediated transformation was used to deliver CRISPR/Cas9
vectors into M. truncatula roots in order to generate mutant ko-mathl and -secl4 M. truncatula
HaRo culture.
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THE EFFECT OF WATER DEFICIT ON THE GROWTH AND
DEVELOPMENT TO BARLEY PLANTS

Sushkova D.V.*, Murgan O.K., Danilova E. D., Kolomeichuk L.V., Efimova M.V.

National Research Tomsk State University, Tomsk, Russia

*E-mail: dary.108@mail.ru

Climate aridity is a serious environmental problem that greatly affects plant life. Water
deficiency causes a number of changes in the morphological and physiological parameters of plants.
Thus, under the action of drought there is a decrease in water potential of tissues and, as a
consequence, disruption of photosynthetic apparatus functioning, formation of reactive oxygen
species, increase of lipid peroxidation intensity. In order to increase the sustainability of crops
important for agriculture, it is necessary to better understand the mechanisms action of water
deficiency on plants.

Barley seedlings of Biom variety were used to study the resistance of monocotyledonous
plants to water deficit conditions. The seeds were sterilized with 70% ethanol, washed with distilled
water and stratified at a temperature of 4 © C for three days. Then the seeds were germinated in the
light. Seeds were then sown in soil substrate weighing approx. 600 grams in darkened 1-liter
vessels. Vegetation was carried out in white light (fluorescent lamps L36W/77 Fluora with a flux
density of 200-250 pmol/m?-s, photoperiod 16/8 hh, air temperature 20+3 ° C).

Plants were divided into three variants: (1) control, in which irrigation was carried out until
the soil was completely saturated, (2) 20% irrigation (the amount of water was calculated according
to soil moisture capacity from the amount of irrigation in the control variant) and (3) no irrigation at
all. During the second week, 100% watering was restored for half of the plants subjected to the
stress (20% irrigation and drought) were restored 100% irrigation. At the end of the second week,
growth parameters (biomass of aboveground plant parts and relative water content (RWC)) were
recorded for five variants (control, 20% irrigation, drought, 20% irrigation + recovery, drought +
recovery), as well as material to determination of osmotic potential value, proline content.

The results showed that the biomass of the above-ground part of plants was lower after the
action of two-week drought by 5 times, and at 20% irrigation - by 2 times, relative to the control
(0.99+£0.04 grams). The RWC values were 40 and 90%, respectively, of the control variant.
Restoration of irrigation contributed to the increase of biomass index to 0.64+0.03 (no irrigation)
and 0.72+0.02 (partial irrigation), and RWC to the values of control plants.

It is known that stress factors promote the synthesis of the imino acid proline, which in turn
exhibits antioxidant and osmoprotective properties. Barley plants subjected to complete or partial
drought accumulated 7.5 and 1.6 times more proline, while the value of osmotic potential decreased
2 and 1.3 times, respectively. Soil rehydration leads to a decrease in proline content up to 56 and
80% relative to the control, and restoration of osmotic potential values.

So, we have shown that barley plants demonstrated physiological response to both partial and
complete cessation of irrigation. As regulatory mechanisms in response to water deficit barley
plants accumulate osmoprotectants (proline), which leads to a decrease in the value of water
potential and moisture retention. At the same time, resumption of irrigation after one-week stress
promoted the recovery of all studied physiological parameters.

This study was supported by the Russian Science Foundation, project no. 23-44-100109.

Key words: barley, water deficiency, RWC, osmotic potential, proline.
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Canola oil is a vegetable oil derived from rapeseed cultivars specifically bred for low erucic
acid content. Canola oil can provide consumers with many health benefits that others cannot. For
example, canola oil is low in saturated fat and high in polyunsaturated fat with a good ratio of
omega-6 to omega-3, making it very suitable for cooking. Since canola oil has its specific function
for the human body, it has become one of the most susceptible food materials adulterated with other
lower quality vegetable oils, posing a serious threat to consumer health. Therefore, reliable tools
and methods for analyzing the purity of edible vegetable oil are needed. Modern methods of gas
chromatography combined with tandem mass spectrometry (GC-MS) are effective in obtaining the
most comprehensive information on metabolites of potential nutritional sources. Using a N,O-bis
(trimethylsilyl) trifluoroacetamide (BSTFA)-pyridine method and identified by their electron
ionization (EI) and positive chemical ionization (PCI) spectra. Compounds were identified using
XCalibur software (National Institute of Standards and Technology, USA). All obtained compounds
compared with mass spectra libraries, which used in the process of analysis: NIST 2010 (National
Institute of Standards and Technology, USA). A semi-quantitative assay of the metabolite profiles
was performed by calculation of the total ion peak areas. About more 200 compounds were
identified.

Determination of canola oil compounds in interspecific hybrid lines rapeseed (Br.napus x
Br.campestris) revealed the content of most amino acid and fatty acid components compared to the
results with a rapeseed (Br.napus) oil sample. In both sample Phenylpropanolamine, 1-
(Trimethylsilyl)-3-[(trimethylsilyl)oxy]urea, L-Valine, Palmitic Acid, 9-Octadecenoic acid, (E), 1-
Monomyristin, 2,3-Dihydroxypropyl 12-methyltridecanoate, 1-Monopalmitin, Octadecanoic acid,
Glycerol monostearate were main components, which contained more than 25% of whole
components. On the other hand, after hybridization Kris&Zolotoy canola oil sample amino acid
contents increased, such as proline (13%), serine (2%), threonine (2%), oxoproline (7%). Also,
significantly increased carbohydrates, such as D-Fructose (47%), D-(-)-Tagatose — (37,3%), d-
Glucose (79,3%). Nevertheless, total fatty acid contents mostly decreased, such as Palmitic Acid
(19%), 9,12-Octadecadienoic acid (Z,Z) (13%) 1-Monopalmitin (28%), Glycerol monostearate
(34%)

In summary, the determination and identification of compounds in oil of interspecific rape
hybrids by gas chromatography coupled with tandem mass spectrometry was investigated, where
changes in carbohydrates and amino acids, and fatty acids in interspecific rape hybrids were
detected.

Subsequently, an attempt will be made to derive perspective homozygous hybrid rapeseed
plants via the isolated microspores culture. The results of this research will be used to further study
changes in fatty acids and differential metabolites of rape hybrids and to identify stress response
mechanisms in rapeseed hybrids.
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DEVELOPMENT OF COLORED PERICARP RICE WITH DIFFERENT
AMYLOSE CONTENTS FOR BREEDING
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Colored pericarp rice is an important dietary crop that is more beneficial to the human body than
white rice. Regardless of the type of rice, the amount of amylose in a rice grain is a decisive indicator
that determines the quality of rice. Evaluation of breeding material based on a protein marker makes it
possible to quickly and efficiently select and control the transfer of desired traits from parental forms to
hybrid populations. The advantage of protein as a genetic marker is conditioned by the fact that protein
is the primary and direct product of the genetic system. Proteins are least susceptible to phenotypic
variability and, accordingly, have a well-expressed biological specificity. Among the protein markers in
plants, seed proteins occupy a special position. These highly polymorphic proteins make it possible to
identify the gene pool of varieties with sufficient completeness, distinguish and register their biotypes
and hybrid lines, and analyze varietal, hybrid, and natural populations. Rice proteins consist of four
traditionally classified fractions depending on solubility: albumin (water-soluble), globulin (salt-
soluble), glutelin (alkali-soluble), and prolamine (alcohol-soluble). Globulin (about 12%) and glutelin
(about 80%) are the main components of rice protein.

As the objects of study were late-generation hybrids obtained by hybridizing Kazakhstani white
rice varieties with foreign-bred rice varieties with colored pericarp (Black Rice (China), Mavr (Russia),
Yir 5815 (Ukraine)) and doubled haploids from hybrids. The presence of a protein with a molecular
weight of 60 kDa was identified on electrophoregram by visual evaluation of the gel. The intensity of
this protein band is associated with a high or low amylose content. The quantitative content of amylose
was determined by the Giuliano method: 1 ml of 96% ethanol (C2H50H) and 9 ml of 1N NaOH were
added to 100 mg of a rice sample ground into flour.

The results of the study of the protein spectrum showed the presence of a protein with a molecular
weight of 60 kDa in the following hybrids: F7 Yir 5815/Bakanassky var. sundensis Koern.; Fg Mavr/Pak
Li var. bansmatica Koern; Fg Mavr/Bakanassky var. Desvauxii Koern; F7 Yir 5815/Marjan var.
pyrocarpa Alef.; and DH F Yir 5815/Marjan var. pyrocarpa Alef. This protein is a product of the Wx
gene that controls the amylose content. Analyzing the results of electrophoresis and the amount of
amylose, it was found that hybrid lines differed in amylose content. The studied hybrids were divided
into five groups based on their amylose content: one of the studied hybrids was high in amylose, four
had a medium amylose content, ten had a low amylose content, three had a very low amylose content,
and six were glutinous. The results show that the hybrids obtained as a result of hybridization are true
hybrids and as a result of long-term selection, the amylose content in the F7-F8 hybrids stabilized. The
hybrids can be used in further breeding of rice with colored pericarp. It is planned to derive rice varieties
with colored pericarp with different amylose content from these hybrids.

This research has funded by the Science Committee of the Ministry of Education and Science of
the Republic of Kazakhstan Program-targeted financing BR18574149.
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IN SITU FIELD GENEBANK OF KOK-SAGHYZ DANDELION
(TARAXACUM KOK-SAGHYZ L.E. RODIN) - SOURCE OF HIGH RUBBER
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Dandelion kok-saghyz (Taraxacum kok-saghyz L.E. Rodin, TKS), as a source of high-
quality natural rubber (NR), is recognized as a promising agricultural crop for cultivation in the
temperate climate zone of the USA, Canada, Germany, the Russian Federation, Kazakhstan and
other countries where the traditional source NK tropical tree Hevea (Hevea brasiliensis (Willd. ex
A. Juss.) Muell. Arg.) does not acclimatize.

For the first time, in the center of origin of TKS - in the intermountain valleys of the Tien
Shan, an in situ field gene bank of this rare species has been organized specifically for the long-term
storage of its genetic resources, as well as for the collection and transfer of seeds to ex situ seed
collections (Kazakh and foreign), to research, breeding programs. An in situ field genebank
provides access to TKS genetic resources, while the removal of derivatives from Kazakhstan in situ
TKS coenopopulations is significantly limited or prohibited. The in situ field gene bank of TKS
ensures the protection of this rare species included in the Red Book of Kazakhstan. The in situ TKS
field genebank was cleared of other low-rubber dandelion species.

The transfer of TKS seeds to Kazakh and foreign research centers ensures progress in
fundamental research: biosynthesis of the biopolymer cis-1,4-polyisoprene (NC), genome
sequencing, search for molecular markers, genetic transformation technologies, TKS genome
editing.

This research was funded by the Science Committee of the Ministry of Science and Higher
Education of the Republic of Kazakhstan (grant no. AP 14870355).
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Grapes (Vitis vinifera L.) is a fruit crop widely grown throughout the world and has high
economic importance. The grapevine mainly suffers from diseases of a fungal nature: Venturia
pirina Adern. and Plasmopara viticola (Berk. & Curt.) Berl. & de Toni. These pathogens harm the
leaves, shoots, inflorescences and berries of grapes. Using the latest DNA technologies, it is
possible to effectively develop the selection process in viticulture, which focuses on creating highly
resistant varieties with the best adaptive characteristics to environmental factors, including
pathogens of various diseases.

The objects of the study were cuttings of 17 selected grape hybrids obtained from the Kazakh
Scientific Research Institute of Fruit Growing and Viticulture, in Almaty and Turkestan regions: 1)
KV-2/9, 2) DV-10/11, 3) 1V-6/9, 4) KII-1/29, 5) KVI-1/10, 6) X11-17/2, 7) VI1-6/72, 8) V11-3/15, 9)
X11-9/3, 10) XI-14/9, 11) 1I-7/15 , 12) 111-02/22, 13) V-7/9, 14) XI-13/90, 15) KIY-1/64, 16) KV-
2/35, 17) IV-4/74.

Based on the results of the selection work and molecular genetic analysis for the presence of
resistance genes Rpv3 and Rpv12 using primers UDV-737, it was established that the Rpv3 gene is
present in accessions 2, 4, 5, 9, 11, 12, 13, 14 and 17, as well as in minor quantities in accession 6;
the use of UDV-305 primers made it possible to determine the Rpv3 gene only in accession 12; the
resistance gene Rpv12 was detected during PCR analysis using primers UDV-343 accessions 1, 2,
3,4,5,6,7,8, 10, 12, 13, 14, 15.

Disease-resistant hybrids were initiated and propagated in in vitro culture on a modified
medium Murashige and Skoog with 30 g/L sucrose, 1 mg/L 6-benzylaminopurine, 0.1 mg/L
indolylbutyric acid, 0.1 ml/L gibberellic acid, 1.5 g/L Gelrite™, 4 g/L agar, pH 5.7. The highest
multiplication rate was achieved in hybrids: 111 02/22 (3.6), DV 10/11 (3.2), and KV 2/9 (3.0).

Further observations of the growth and development of plants during cultivation showed that
in accessions 111 02/22, DV 10/11 and KV 2/9 the average leaf size was 18 mm, the average leaf
width was 13.5 mm, the average shoot length was 38 mm, which is 1.2 times higher than the values
obtained on another studied medium. All shoots initiated into in vitro culture were tested for the
presence of endophytic infection on specialized medium 523 with 8 g/L casein hydrolysate, 10 g/L
sucrose, 4 g/L yeast extract, 2 g/L KH2POs, 0.15 g/L MgS0O4+7H>0, 6 g/L Gelrite™, pH 6.9. As a
result, after 1-2 weeks, contamination was detected in 45,2% of the shoots. Study will be continued
with aseptic accessions.

The hybrid DV-10/11 showed high resistance to fungal diseases, and was also superior to
other hybrids in a number of valuable economic characteristics (yield, sugar content, bunch weight,
etc.). As a result, it was submitted for state variety testing as the ‘Nazerke’ variety.

Keywords: grape; in vitro culture; grapes diseases; grape breeding.

The work was carried out with financial support from the Ministry of Science and Higher
Education of the Republic of Kazakhstan within the framework of the Scientific and Technical
Program BR18574149, project IRN: 0123RK00028.
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Potato production is one of the key crop production sectors determining the food security of
Kazakhstan. The Republic needs up to 700,000 tonnes of seed potatoes per year. In addition to seed potatoes
grown in Kazakhstan, about 30,000 tonnes of seed potatoes are imported annually, with about 80% of this
volume imported from the Netherlands through private companies. It is known that one of the main reasons
for low potato yields is poor quality seed. The main requirement for quality seed is the absence of pathogenic
and quarantine diseases. There are about 40 species of viruses and 2 viroids to which potatoes are
susceptible. Viral disease infections have a strong effect on yield. Healthy and good quality potato seed is the
basis of potato seed production. First of all, the seed must be free of pathogens. After obtaining virus-free
plants in vitro through meristem culture, mini tubers are produced in most technological processes. The
production of mini tubers is the final stage in the production of virus-free material. Recently, the production
of micro tubers from which mini tubers are obtained as in vitro meristem plants has been frequently used.
Microtubers are the result of in vitro cultivation of plants in an artificial nutrient medium.

Existing technologies for virus-free planting material production are not efficient enough. They require
large premises where sterile conditions must be maintained, are energy intensive, and require bulky facilities.
Cultivation in liquid culture results in better growth because a larger area of explants is in contact with the
medium. The most efficient method for microtuber production in bioreactors is the temporary tidal
immersion method in a liquid nutrient medium. Currently, several prototypes of simple and productive
bioreactors have been developed suchas T. I. S.

Production of virus-free potato seed material in Kazakhstan is mainly carried out through the isolation
of apical meristems with subsequent production of in vitro plants on agarose nutrient medium and further
formation of mini tubers from them in closed soil. Obtaining mini tubers from meristem plants is not carried
out in the production of potato seed material in vitro, although this method is one of the successful methods
of increasing potato material under in vitro conditions. Based on the above-mentioned problem, we set the
aim to optimize liquid nutrient medium MS for in vitro potato micro tuber production from meristem plants
with the prospect of introducing this procedure in the process of seed material production in seed farms. The
obtained data are applicable at the initial stages of potato seed production, during the production of the first
tuber generation of healthy material, in particular, during in vitro plant replication and microtuber
production.

It was found that when four therapies were used, the most effective was chemotherapy with a ribavirin
concentration of 40 mg/litre. The most optimal medium for in vitro production of plants from apical
meristems was MS medium containing 2 mg/L kinetin. Monitoring was carried out for the major viruses
PVM, PVS, PVX, and PVY, where 40 mg/l chemotherapy was the most effective. A sucrose concentration
of 3% with the addition of the phytohormone kinetin and GA at concentrations of 2 and 0.5 mg/l was found
to increase shoot and root length and number of internodes. As a result of optimizing the conditions for
microtuber production in the bioreactor, the addition of sucrose 9% and kinetin at a concentration of 2 mg/I
was the best option. Monitoring was carried out 6 months after micro tubers were obtained, the results of the
analysis showed the absence of viral diseases. The results of the study may become a basis for the cultivation
of plants in a bioreactor for mass production of virus-free potato micro tubers.
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THE REGULATORY LANDSCAPE OF GENOME EDITING PLANTS WITH
FOCUS ON REGULATORY POLICIES: WHERE WE ARE HEADING

Allah Bakhsh
Centre of Excellence in Molecular Biology, University of the Punjab, Lahore, Pakistan

*E-mail: allahbakhsh@cemb.edu.pk

Modern day techniques have enabled scientists to break the conventional barriers and combat
insect pests and diseases of crop plants by adopting novel molecular approaches. The crops plants
are exposed to insect pests and diseases from emergence to harvesting. The scientific literature
suggests that 35-40 % yield losses are incurred to crop yield because of insect pests and diseases.
The researchers are exploiting new crop protection technologies (especially genome editing) for
crop improvement against pests and diseases. Recently, we have witnessed the advent of genetically
engineered crops in the market. Overall, genome editing technology has proven robust against
insect pests and diseases worldwide. The advanced and developing countries are adopting different
strategies to regulate the genome edited crops based on the type of mutation induced. The regulation
of genome-edited crops aims to ensure that these products are safe, environmentally sustainable,
and contribute to food security while also addressing public concerns and fostering innovation in
agriculture. 1 will present data on recent genome editing approaches and will also talk about how
these techniques can efficiently be used as modern crop protection tools. The regulatory landscape
of the genome edited crops and future perspective will also be discussed during the talk.

Keywords: Genome editing, CRISPR-Cas systems, site directed nucleases, crops
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Site-directed mutagenesis is a promising new breeding technique for efficiently producing
desired mutants. Barley requires longer grain dormancy to increase tolerance to pre-harvest
sprouting, while too long grain dormancy is unsuitable for malt production. In this study, our
research group employed CRISPR/Cas9-based site-directed genome modification to generate
mutants of the Qsd1 (QTL seed dormancy 1) and Qsd2 genes for fine-tuning grain dormancy in
barley. Two guide-RNAs (gRNASs) were designed for each exon of Qsdl and Qsd2, and barley
transformation was performed by the Agrobacterium-mediated method. As a result, 19 and 24
mutation events were obtained for each gene, respectively. Molecular analysis of the T1 generation
confirmed that the mutations were inherited. These progenies included individuals in which the
mutation was fixed as homozygous and the transgene was removed by segregation. After six weeks
of after-ripening treatment of grains at 25°C, germination tests showed that all control lines,
including the non-transgenic lines, had a germination rate of over 90%. However, the Qsdl and
Qsd2 mutants showed 0% for seven days after imbibition. As well, grains that did not germinate for
seven days finally germinated when germination was hastened with 3% hydrogen peroxide. This
suggested that the mutant grains were not lethal and had an extremely long dormancy period. These
results indicate that induced mutations in Qsd1 and Qsd2 inhibit rapid grain germination and may
contribute to breeding for pre-harvest sprouting tolerance in barley.
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Many parts of the world suffer from a deficit in local plant protein production, relying on
imports subject to trade disruption and to the environmental consequences of rainforest clearance
for fields in the countries of export. Having an average protein content of 29%, faba bean (Vicia
faba L.) is a widely adapted protein crop that could substantially improve protein sovereignty and
security, both for food and for feed. It is well suited to regions worldwide where it is a traditional,
staple food. Moreover, its range of climatic adaptation is complementary to soy, which is adapted to
warm regions and does poorly where faba bean does well. Faba bean like other crops, however,
faces unprecedented challenges from the biotic and abiotic stresses made worse by climate change.
Breeders need new tools to develop sustainable, secure crops more efficiently, which have the
properties processers need [1]. The large size of the faba bean genome (13 Gbp diploid) has until
recently hindered a high-quality assembly, but new advances have enabled production of a highly
contiguous reference genome [2]. In the PanFaba project, we are now producing a pan-genome
spanning the diversity space of the species to deliver the insight and tools needed for rapid
improvement of faba bean. We have assembled the genomes of five accessions; these will be
complemented by at least 15 others in an international effort. The assemblies are complemented by
transcriptomics and gene annotation. The PanFaba project will enable the high-resolution linkage of
genotype to phenotype that is needed to improve faba bean as a protein crop and adapt it to likely
future climatic conditions in various regions worldwide.

1. Khazaei H, O'Sullivan DM, Stoddard FL, Adhikari KN, Paull JG, Schulman AH, Andersen
SU, Vandenberg A. 2021. Recent advances in faba bean genetic and genomic tools for crop
improvement. Legum Sci. 3:e75. doi: 10.1002/leg3.75.

2. Jayakodi M, Golicz AA, Kreplak J, Fechete LI, Angra D, Bednat P, Bornhofen E, Zhang
H, Boussageon R, Kaur S, Cheung K, Cizkova J, Gundlach H, Hallab A, Imbert B, Keeble-Gagnere
G, Koblizkova A, Kobrlova L, Krej¢i P, Mouritzen TW, Neumann P, Nadzieja M, Nielsen LK,
Novak P, Orabi J, Padmarasu S, Robertson-Shersby-Harvie T, Robledillo LA, Schiemann A,
Tanskanen J, Téronen P, Warsame AO, Wittenberg AHJ, Himmelbach A, Aubert G, Courty PE,
Dolezel J, Holm LU, Janss LL, Khazaei H, Macas J, Mascher M, Smykal P, Snowdon RJ, Stein N,
Stoddard FL, Stougaard J, Tayeh N, Torres AM, Usadel B, Schubert I, O'Sullivan DM, Schulman
AH, Andersen SU. 2023. The giant diploid faba genome unlocks variation in a global protein crop.
Nature. 615: 652-659. doi: 10.1038/s41586-023-05791-5.
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The question of the living has always been a central scientific question and will occupy more
and more of science in the future. It also includes biocommunication research that deals with sign-
mediated interactions between cells, cellular elements, organs, and organisms, in which molecular
biological, sociological, linguistic, and, finally, epistemological and philosophical aspects
complement each other. One milliliter of seawater contains 1 million bacteria, 10 to 100 times as
many viruses, and countless viral particles and RNA fragments, about the functions of which we
know almost nothing in a systemic context. Although viruses can spread through the air, water, and
soil, they remain functionally linked to their host organisms. They are part of the organism but not
directly related to it spatially. As the phylogenetic analysis shows, practically all organisms of all
kingdoms of organisms are infected with viruses or are densely populated by them from the very
beginning of life. A better understanding of the genomes of viruses has shown that most of their
genes are not found in animals, plants, or bacteria. 90% of virus genomes did not detect any
relationship with known gene sequences, i.e., these are new viruses with their properties. This
means that viruses can create complex genes. Mostly, they are assembled from pieces that mostly
come from other viruses. The oceans are full of such viruses. Thus, viruses are a super genome with
a high degree of variability. The recently discovered giant viruses represent a revolution in modern
virology: these organisms are a transitional form between viruses and bacteria and, therefore,
beneficial for our understanding of evolution. They are larger than many bacteria and have up to
2500 genes (Pandoravirus). The Pandoravirus genome contains a strange mixture of largely
unknown nucleotide sequences; for 93% of pandora genes, there are no homologs in gene
databases, which is a puzzle to explore. Horizontal gene transfer is widespread in animals and
humans and gives rise to tens or hundreds of active genes. Surprisingly, horizontal gene transfer is
uncommon and has contributed to the evolution of many, perhaps all, animals. New genetic
combinations always reveal the basis for the "new" for innovative, adaptive, modification, and
developmental processes. Human health also critically depends on the diversity of bacteria in our
gut. Adaptation, evolution, and health are driven by genetic variation. All gene physiology, genetic
recombination, translation, transcription, and transposition, as conserved within the eukaryotic cell,
were originally external viral processes. Thus, viruses are, genetically, one of the decisive factors in
evolutionary innovation and species diversity. Diversity is always an indicator of vital and healthy
ecosystems.
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Computational pipelines revolutionize genetic diversity analyses and genomic predictions,
noyably in legume crop research. Three types of technologies and pipelines streamline genome-
based approaches.

The first set of methods involve computational pipelines essential for managing and storing
Single Nucleotide Polymorphism (SNP) data from diverse platforms such as whole genome
sequencing, Genotyping-by-Sequencing (GBS), or chip arrays. These pipelines encompass
procedures like population structure analysis, haplotype inference, and imputation, forming a robust
foundation for genetic analyses.

The second set of pipelines implements sophisticated multivariate statistical machine learning
methods, often utilizing R. These methods identify genetic variants associated with crucial traits
and predict breeding values. Success depends on high-quality phenotypic data. Genomic predictions
expedite breeding cycles by accurately forecasting complex traits like yield, disease resistance, and
nutrient content, aiding in the development of resilient crop cultivars suitable for diverse
environmental conditions and empowering breeders to make informed decisions.

The third set of tools comprises tailored software solutions to manage the diverse data from
breeding programs. Handling vast amounts of phenotypic data from greenhouse and field
experiments is crucial for reproducible research. Digital data recording tools, plant breeding data
management platforms, and crop ontology provide essential infrastructure for organizing and
analyzing phenotypic data. This involves developing relational databases and intuitive interfaces to
catalog phenotypic information efficiently, track varieties or entries, and store data from field
experiments. Robust statistical analyses are pivotal in extracting meaningful insights from complex
datasets to target breeding strategies. Additionally, platform-facilitated data interoperability ensures
seamless integration and utilization of genetic variation data across different breeding programs,
enhancing collaboration and knowledge sharing within the scientific community.

In conclusion, computational pipelines are crucial in advancing genetic diversity analyses and
genomic predictions in crop breeding. By providing scientists and plant breeders with tools to
navigate genetic landscapes, these pipelines facilitate the development of improved crop varieties,
meeting evolving agricultural demands and ensuring food security.
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Breakthroughs in genome engineering began with the development of nucleases capable of
precisely recognizing and cleaving target DNA. Zinc finger nucleases (ZFNs) and transcription
activator-like effector nucleases (TALENS) were early endonucleases used for genome editing.
While effective, there is a need for robust, affordable, and easily engineered technologies. CRISPR
offers an alternative strategy, utilizing the uniqgue CRISPR-Cas9 technology. This system uses Cas9
as "molecular scissors” and guide RNA for targeted genome editing by creating double-stranded
DNA breaks that are subsequently repaired by cellular mechanisms. We have successfully used
CRISPR/Cas9 technology to edit the potato genome, achieving changes in starch quality by
completely disrupting the GBSS gene.

The development of plant biotechnology allows plants to serve as viable alternatives for
expressing proteins with post-translational modifications. The Tomato bushy stunt virus (TBSV)
genome-based viral vector is valuable for the rapid production of recombinant proteins. The TBSV
vector system, in which the p19 protein inhibits post-transcriptional silencing and enhances gene
expression, is used to produce the envelope glycoprotein gp51 of Bovine leukemia virus in
Nicotiana benthamiana plants for diagnostic purposes.

The flora of Kazakhstan includes more than 13 thousand species. About 500 species are
endemic. Several strategies are used to protect biodiversity. One of them is in-situ conservation,
which allows plants to be preserved in their natural habitat. In Kazakhstan, the established natural
habitats include state nature reserves, state national nature parks, state botanical gardens and state
protected areas. To halt the continuing loss of plant biodiversity, the Global Strategy for Plant
Conservation promotes the development of both in situ and ex situ conservation methods for rare
and endangered species. Ex situ conservation preserves plants them away from their natural
habitats. In vitro technology for plant conservation is an important technology. In our study, the
main objective was to introduce rare and endangered Tulipa and other species in vitro for ex situ
conservation. Protocols for sterilization, micropropagation, slow-growth in vitro conservation and
cryopreservation have been optimized.

DNA barcoding is a widely used and efficient tool for the rapid and inexpensive identification
of plants. Its application to the identification of endangered wildlife allows enable researchers and
consumers to make informed biodiversity management. The internal transcribed spacer (ITS) of
nuclear ribosomal DNA and the plastid sequences rpoB, rpoC1, rbcL, matK, psbK-psbl, trnH-psbA,
atpF-atpH are the most commonly used DNA markers in plant phylogenetic and DNA barcoding
analyses, and they have been recommended as the core DNA barcode. DNA barcoding can be used
to combat illegal wildlife trade. In our research we have DNA markers to analyze endemic and
endangered species and unravel phylogenetic relationships within the species.
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Solanum tuberosum L. is an important agricultural crop. Complex tetraploid genome and
difficult crossing strongly hinder potato breeding. Modern instruments for genomic manipulations,
such as CRISPR/Cas9, enable to speed up this process. However, editing efficiency should be very
high in order to affect all alleles of the polyploid genome.

In our research we successfully applied CRISPR/Cas9 genome editing system to inactivate
few genes, which influence on valuable potato traits: StLFY, StDRM6-1 and StVLNV.

StLFY in potato is a key regulator of the transition to flowering and tuberization. StLFY
knockout led to phenotypic alterations both in inflorescences and stolons. These lines can be used as
a model for tuberization regulation studies.

Second part of work included a multiplex potato genome editing in order to knockout
StDRM6-1 and StVLNV genes simultaneously. It is believed, that DMR6 protein involved in a
suppression of plant immune response based on the salicylic acid pathway. Enormous increase of
the StDRM6-1 expression is taken place by Phytophthora infestans likely in order to promote
infection. StVLNV encodes a vacuolar invertase — a key ferment in cold-induced sweetening in
potato tubers. High-temperature processing of these tubers results in dark-colored products with
high amount of acrylamide, a neurotoxin and potential carcinogen. Knockout of the both genes
should led to significantly improvement of the selected potato lines.

This work was partially funded by the Comprehensive Research Program “Development of
Potato Breeding and Seed Production”.
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Proteomics is one of the powerful methodological platforms of post-genomic research and
represents a versatile tool in the current plant biology. In comparison to other biological objects,
plants demonstrate impressing chemical diversity of their tissues, representing thereby much more
complex matrices for proteome characterization. This complexity and diversity, as well as far
incomplete coverage of plant objects with sequencing programs, represent the major challenge of
plant proteomics today. Therefore, in our work we focus on implementation of the state-of-the-art
sample preparation techniques and digestion protocols and optimization them for the specific tasks
of current research. For this, we implement detergent-assisted digestion and filter-aided sample
preparation in the plant proteomics workflow. At the next step, we optimized these techniques for
different plant tissues, including such difficult matrices as seeds or root nodules. Finally, we
adjusted our data processing workflows to the work with incompletely characterized organisms.
Having these powerful tools in hand we could make an as essential step forward in understanding of
plant response to various stresses and plant microbial interactions, such as legume-rhizobial
symbiosis and arbuscular micorriza.
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Buckwheat (Fagopyrum esculentum Moench) is a pseudo-cereal crop that belongs to the
Polygonaceae family. Due to its high nutritional value and bioactive compounds, it is widely used
in the food and pharmaceutical industries. Gene editing offers opportunities to introduce desirable
traits and remove undesired ones to generate new, improved buckwheat varieties faster than
classical breeding. One of the approaches to obtain genetically modified buckwheat is through
transformation and gene editing, followed by regeneration of transgenic plants through hairy root
culture.

Two self-compatible buckwheat varieties KK8 u Shinano-SC were used in this study.
Agrobacterium rhizogenes strains A4 and R1000 were tested for induction of hairy roots and
transfer of T-DNA. The binary vectors used in this work included GFP and BAR expression
cassettes for selection of transformed plants, as well as CRISPR/Cas9 expression cassettes for
knockout of DFR and LFY genes. All vectors and expression cassettes were created using the
modules of the MoClo Toolkit and CRISRP Plants kits (Addgene) cloning system.

Both A. rhizogenes strains efficiently induced hairy root growth in buckwheat explants, but
only hairy roots induced by R1000 strain had green fluorescence, i.e., successfully transferred the
T-DNA from the binary vectors into the plant genome. Callus cultures from hairy roots of F.
esculentum can be obtained with a different set of hormones, but we found the classical composition
of MS3 medium with 2 mg/L 2,4-Dichlorophenoxyacetic acid and 2 mg/L Kinetin for callus
induction to be optimal. For regeneration from callus culture, the MS3 medium composition
including 6-Benzylaminopurine (2 mg/L), Kinetin (0.2 mg/L), and Indole-3-acetic acid (0.2 mg/L)
was optimal. It is also noteworthy that the fluorescence of the GFP marker gradually disappeared as
the regenerants grew, even though the morphogenic callus from which they were derived was fully
fluorescent and the regenerated plants still contained T-DNA based on PCR test. Regenerated plants
of the KK8 u Shinano-SC varieties were successfully acclimated to non-sterile soil conditions.
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MLO (mildew resistance locus o) is the family of transmembrane proteins involved into
various signal transduction processes in plants as receptor molecules. Particularly, some MLO
homologs are known to be a crucial part of interaction between plants and Erysiphaceae fungi, the
causal agents of powdery mildew. Natural and induced loss-of function mutations in the
corresponding genes were shown to be responsible for high levels of resistance against powdery
mildew in various mono- and dicotyledon plant species. In tomato, 16 SIMIlo genes were described,
of which SIMlol, SIMIo5, and SIMIo8 have been identified as associated with susceptibility agains
powdery mildew caused by Oidium neolycopersici. SIMlol is considered the most promising target
for selection and genetic engineering as it is the primary susceptibility factor, whereas SIMIlo5 and
SIMIo8 confer minor effects. In the present work, we have used the publicly available data on
genomic variation of tomato based on the Varitome project by Solanum Genomics Consortium, to
identify polymorphic sites within SIMlo genes, in respect to their coding sequences. Reference
tomato genome assembly SL2.5 and Bsftools and Samtools command line software were used to
obtain gene sequences by applying the variants of the respective regions to the reference. As a
result, 166 sequences from various tomato accessions were obtained for each of 16 genes of SIMlo
family. SIMIo5 gene (Solyc03g095650) was found to be the most variable, with up to 56 used
variation per individual sequence, with total sequence length 8145 bp. The number of variants in
SIMIo1l gene (Solyc04g049090) has not exceeded 12 per sequence, with total sequence length 6526
bp. The number of variants in SIMIo8 gene (Solyc119069220) was up to 34 per sequence, with total
sequence length 7194 bp. In the observed sequences, only small amount of variation was to found in
coding sequences, predominantly at the end part of the predicted transcript. This implies only
limited effect of gene variations of MLO protein functions, which are to be further evaluated in
relation to available tomato phenotypes.
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Legumes are an important source of protein and are known for their root nodules with
symbiotic nitrogen-fixing bacteria. They play a multifunctional role in agroecosystems, improving
the coupling of nitrogen, carbon and phosphorus cycles, limiting erosion, and helping to cope with
resource scarcity and sudden stress. Inter- and mix- cropping with legumes leads to a better use of
natural abiotic resources such as water and nitrogen, especially in low-input cropping systems.
However, the use of such systems is limited by the lack of suitable varieties. Here we focused on
two Vicia species: Vicia sativa, which is mainly used as green manure and fodder and Vicia faba,
which is used as a crop and a valuable component of ecosystems due to its high nitrogen fixation
rate and nectar-rich flowers. Studying their genetic diversity is a crucial step in designing a breeding
programme.

We genotyped a collection of 281 V. sativa and 300 of V. faba accessions using the GBS
approach. We tested several enzyme combinations commonly used for the GBS in different plant
species (HindllI-Fael, Pstl-Mspl, ApeKIl). We chose Hindlll-Fael because it produces more SNPs
and a wider coverage of the genome.

For the V. sativa collection, we obtained 272 643 high quality SNPs for 277 accessions as a
result of an extensive SNP filtering process. Based on this set, the estimated number of
subpopulations within the diversity panel is 9, according to Admixture and k-means clustering. In
V. faba collection 309 379 high-quality SNPs were obtained for 294 accessions. Using this set we
estimated that the number of subpopulations within the diversity panel is equal to 3. In both
collections, the accessions are well clustered according to DAPC.

The results obtained can be used for further studies to define breeding targets, such as GWAS
and genomic selection, as well as for the creation of core collections.

Project is supported by DiVicia project, PRIMA (Partnership for Research and Innovation in
the Mediterranean Area), N°2019-section2-9.
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Potatoes, a vital agricultural crop cultivated worldwide, encounter substantial challenges due
to viral diseases. Standard diagnostic methods like ELISA, PCR, or targeted sequencing provide
promising levels of sensitivity and specificity. However, their effectiveness relies on the availability
of specific primers or sera, which in turn requires prior knowledge about the pathogen being
diagnosed. However, accurate diagnosis faces challenges due to the emergence of genetic mutations
and varying concentrations of viral components in co-infections. High throughput sequencing
(HTS) is a powerful technology capable of identifying all viruses present in a sample without prior
knowledge of the targeted pathogens. This approach offers significant advantages in diagnosing
viral infections, particularly in cases where multiple pathogens may be present or when dealing with
emerging infectious diseases. Oxford Nanopore Technologies (ONT) offers a solution through
direct, real-time sequencing. This advancement enhances virus detection, surveillance,
identification of new viruses, and research on virus evolution.

In this study, we used the HTS technique to perform viral metagenomics analysis of the
potato fields in Kazakhstan. Before, only Potato leafroll virus (PLRV), Potato virus X (PVX),
Potato virus Y (PVY), Potato virus S (PVS), and Potato virus M (PVM) had been studied in the
country. In the present research, 370 samples of potato samples were analyzed from both north and
south fields, which are the most important potato-producing regions in Kazakhstan. rRNA-depleted
total RNA was utilized as the starting material to construct cDNA libraries, aiming to detect even
the less abundant viruses. The obtained sequences were compared with NCBI Virus database,
including 249,328 genome sequences of plant viruses. In addition to the well-known viruses PLRV,
PVY, PVX, PVS, and PVM, this study unveiled the presence of Potato rough dwarf virus (PRDV),
Tobacco vein clearing virus (TVCV), and Potato spindle tuber viroid (PSTVd) for the first time.
PLRV and PVM was detected less frequently, while TVCV, PVX, and PVY were predominant in the
fields. TVCV was detected in every field, with the sequencing depth ranging from 5 to 315X
according to different fields. Additionally, PSTVd was also detected in the northern region of
Kazakhstan. During detection, ONT enabled the sequencing of the whole genome of PVX, with
sequencing depth exceeding 250X and genome coverage of 150X.

Our results demonstrate that high-throughput sequencing technology supplies a valuable
diagnostic tool for identifying various virus species. The technology offers rapid insight into the
spectrum of plant viruses previously undetected in Kazakhstan. Implementing HTS for virus
detection will enhance current diagnostic methods for identifying fast-evolving pathogens or newly
emerged ones.
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Plant diversity represents a valuable resource that safeguards the national security of any
country by serving as the primary source of agricultural products. Losses in biodiversity can lead to
the disruption of crucial ecological processes, ultimately resulting in significant changes to habitats
that are conducive to sustaining life on a global scale. Wild trees and their hybrids hold significant
value as a reservoir of genetic resistance against both biotic and abiotic stressors, playing the pivotal
role in breeding programs worldwide. Natural fruit tree forests are esteemed as the most valuable
plant communities in terms of their uniqueness, genetic potential, ecological, scientific, and
practical significance. The safety of wild populations is closely linked to the management of pests
and pathogens distribution among crops.

In the present research, the metagenomic analysis was performed for large populations of wild
apples, hawthorn, mountain ash, cultivated apples and pears. More than 1000 samples were
analyzed. Viral metagenomics analysis was performed by RNA sequencing using Oxford Nanopore
technology on MinlON platform. Apple stem pitting virus, Apple stem grooving virus, Tomato
ringspot virus, and Apple chlorotic leaf spot virus were identified in cultivated apples, while wild
apples were infected predominantly by Apple chlorotic leaf spot virus. Additionally, in wild and
cultivated apple trees, Apple rubbery wood virus 1 and 2, Apple necrotic mosaic virus and Apple
latent spherical virus were identified in Kazakhstan for first time. The number of reads did not
exceed 10.

DNA barcoding on bacteria by whole 16S sequences revealed the pathogenetic and
endophytic microflora of every population. Pathogenic and endophytic microflora included bacteria
of the genus Pseudomonas (310,449 reads), Pantoea (157,984 reads), Curtobacterium (51,842
reads), Stenotrophomonas (11,789 reads), Serratia (8,289 reads), Achromobacter (2,958 reads) and
Erwinia (1,713 reads). Erwinia amylovora accounted for 39 reads out of 1,716. Among plants in
wild populations, the endophytic microflora predominantly consists of Pseudomonas fluorescens. It
is worth mentioning that the composition of pathogenic and endophytic microflora varied
depending on the plant organ studied.
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Proteomic, as well as transcriptomic and metabolomic, represent powerful tools of post-
genomic researches. It gives a direct access to the molecular mechanisms underlying plant response
to environmental and developmental signals and protein post-translation modifications (PTMs) are
one of the most wide-spread regulatory networks involved in these responses. Such PTM as protein
S-nitrosylation of sulfhydryl (thiol) groups by nitric oxide is a protein activity regulator. Protein S-
nitrosylation involves in a multivarious processes such as seed germination, phytohormones,
including auxin, cytokinin and abscisic acid, leaf senescence, flowering time and root development
(J Integr Plant Biol. 2019 Dec;61(12):1206-1223. doi: 10.1111/jipb.12780).

Therefore, here we address S-nitrosylated proteome bread wheat roots (Triticum aestivum L.
variety Kazanskaya Yubileinay) (Life 2023, 13(10), 2024; doi:10.3390/1ife13102024). Intact roots
of 4 days old seedlings were incubated in distilled water (control), 1 uM antimycin A (AA)-a
mitochondrial inhibitor, 1 mM KNO., a NO donor, and in 5 mM S-nitrosoglutathione (GSNO), a
biological source of NO as positive control and harvested. Water-soluble proteins were isolated
from the root tips and we applied a complex approach including polyacrylamide gel electrophoresis
(PAGE) and immunoblotting with monoclonal antibodies, which specifically recognize bound
forms of S-nitroso-L-cysteine, followed by protein identification in visualized electrophoretic zones
(bands) using the bottom-up proteomics approach, i.e., tryptic digestion of individual bands with
subsequent UHPLCQqTOF-MS/MS analysis relied on data-dependent acquisition experiments.
With analysis of tryptic protein hydrolysates were identified a total of 298 proteins. More than half
of these proteins (177 entries) were present in all experimental groups. An analysis of the group-
specific changes in the root proteome revealed 35 unique proteins in the roots treated with
antimycin A, 14 proteins in the roots treated with KNO2, and 44 proteins in the roots treated with
GSNO. Functional annotation of identified proteins is discussed.
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Metabolomics is now widely regarded as a large-scale and sensitive approach to provide
information on the composition and dynamics of the plant metabolome. This information has even
more applications for both phenotyping and chemotyping of plants, for understanding the
mechanisms behind the plant response to various environmental stresses. Therefore, metabolomics
essentially impacts on breeding the next-generation crops with improved stress tolerance traits. The
plant metabolome is featured with a complex pattern of primary and secondary metabolites,
including ionic inorganic compounds, hydrophilic carbohydrates, amino acids, organic acids, and
compounds bound to hydrophobic lipids. The high complexity of the plant metabolome imposes
essential challenges in development of the analytical tools for efficient separation and identification
of individual metabolites. The huge volume of data generated by these comprehensive analytical
techniques requires powerful statistical and bioinformatics tools, as well as representative databases
for their efficient processing and post-processing. To date, an integrated approach to characterize
the dynamics of primary and secondary metabolome is established in the Laboratory of Analytical
Biochemistry and Biotechnology in the K.A. Timiryazev Institute of Plant Physiology of the
Russian Academy of Sciences. Our analytical strategy assumes analysis of primary thermostable
and thermolabile metabolites by gas chromatography coupled on-line to the electron ionisation
quadrupole mass spectrometry (GC-EI-Q-MS) and ion-pair reversed phase high-performance liquid
chromatography, coupled online to tandem mass spectrometry accomplished with a triple-
quadrupole mass analyser (RP-IP-HPLC-QqQ-MS/MS). Secondary metabolites are analysed by
RP-HPLC coupled on-line to tandem mass spectrometry in a hybrid mass analyzer based on a
combination of electrodynamic and orbitrap ion traps (RP-UHPLC-ESI-LIT-Orbitrap-MS/MS).
Identification of the primary thermally stable metabolites relies on the spectral similarity search
with consideration of the characteristic retention times (trs), and retention indeci (RIs) of analytes
in experimental samples and standard substances of known mass spectrometric libraries of NIST
(National Institute of Standards and Technology), GMD (Golm Metabolome Database) and in-
house library based on defined mixtures of authentic standards. Analysis of the primary thermally
labile metabolites relies on multiple reaction monitoring (MRM) experiments and representative
panel of relevant authentic standards using MultiQuant™ 3.0.3 software. Processing of the
secondary metabolite data was accomplished with the MS-DIAL software. The result matrices
constructed for primary and secondary metabolites are processed with the online tool
MetaboAnalyst 6.0. While analysis of the dynamics of primary and secondary metabolome
(including detailed deciphering the impact of individual metabolic reactions) might give access to
the key regulatory pathways and possible mechanisms behind the metabolic shifts accompanying
plant development, ageing and stress response, the involvement of genomics, proteomics, and
physiology data essentially contributes to the understanding the ontogenetic and ecological
plasticity of the plant metabolome.
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The integration of pregenomic era microorganism genotyping data with modern genomic data
presents a significant challenge stemming from variations in DNA study protocols over the
evolution of genotyping technologies. Early genotyping methods, such as DNA fragmentation
followed by fragment separation using pulsed-field gel electrophoresis (PFGE), Random Amplified
Polymorphic DNA (RAPD), and Restriction Fragment Length Polymorphism (RFLP), have been
supplanted by simpler, more accurate, and easily replicable techniques like Multilocus Variable
Tandem Repeat Analysis (MLVA) and Multilocus Sequence Typing (MLST).

Currently, a transitional phase requires the amalgamation of data obtained globally through
various genotyping methodologies and retrospective analysis of previously acquired genotyping
results of circulating strains for comprehensive epidemiological studies. During this transition,
many laboratories are compelled to employ whole genome sequencing, PFGE, and MLVA
simultaneously for certain pathogens to conduct thorough epidemiological surveillance.

Therefore, the development of in silico genotyping methods based on genome-wide data is
imperative, particularly for pathogens where MLVA and MLST have been established as the gold
standard for genotyping, such as Brucella spp., Bacillus anthracis, Yersenia pestis, Francisella
tularensis, and Neisseria meningitides.

In this study, we present a Python3 script designed to identify Variable Number Tandem
Repeat (VNTR) sequences by utilizing primers flanking the region of interest within sequencing
reads. Our method offers the advantage of utilizing raw data, thus significantly reducing the
likelihood of errors associated with assembly-based approaches. Assembler programs often
generate chimeric sequences during assembly, leading to the exclusion of tandem repeat sequences
due to breaks or disruption of K-mer size or homoplasy in the region. Additionally, our script
enables quantification of different repeat sizes within the sample, facilitating the identification of
contaminated samples.

This work was supported by the Science Committee of the Ministry of Education and Science
of the Republic of Kazakhstan in the framework of program funding for research (AP19678041).
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Potato virus Y (PVY), Potato virus X (PVX), Potato virus S (PVS), Potato leafroll virus
(PLRV), and Potato virus M (PVM) are the most distributed viruses of potato in Kazakhstan. One
of the most prevalent and extensively dispersed in the fields is PVX. It is a member of the
Alphaflexiviridae family and Potexvirus genus. PVX mostly affects potato plants (Solanum
tuberosum), but it can also infect tomatoes and peppers, as well as other plants in the Solanaceae
family. This virus can propagate mechanically by handling during cultivation procedures, contact
between plants, and infected seed potatoes.

Nanopore sequencing was employed to analyze the genetic diversity and mutation activity of
potato viruses found in the fields of the country. Contigs covering more than 90% of the viral
genomes, based on the reference genomes, and with sequencing depth exceeding 150X were
selected for analysis. The reference genomes were obtained from NCBI Virus database.

Complete genomic contigs were acquired for PV X isolates. The number of contigs reached 37
out of 2,272 reads. The reference genome, NC_011620.1, was retrieved from the NCBI database to
assess coverage and diversity. Mapping to reference genome revealed that sequencing depth and
genome coverage exceeding 250X and 150X, respectively. The percentage of pairwise residues was
81.2%. Eleven polymorphic nucleotides were observed in the replicase region, including nine
transitions, one transversion, and one substitution.

The PVS genome was sequenced with a maximum depth of 29X, covering 100% of the
reference sequence NC_007289.1. The only single reads covering partially genomes of PVY, PVM,
and PLRV were obtained by sequencing potato samples without concentrating viruses. The data
acquisition was performed on the MinlON platform for a duration of 18 hours, yielding 2.7 Gb of
data. This is the first report about the detection and whole genome sequencing of potato viruses in
Kazakhstan using Oxford Nanopore technology.

Nanopore sequencing holds significant potential in agricultural virus control and research by
providing rapid and accurate identification of pathogens within diseased plants.
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The viral infections pose significant challenges to sugar beet cultivation, impacting crop yield
and quality. Therefore, thorough monitoring and management of these pathogens are essential to
ensure sustainable production. Beet Necrotic Yellow Vein Virus (BNYVYV) is a highly destructive
pathogen that can cause severe damage to sugar beet crops, resulting in substantial yield losses. Its
ability to infect and spread rapidly makes it a significant concern for sugar beet growers worldwide.
Real-time PCR and next-generation sequencing have been employed to evaluate viral diseases in
sugar beet fields in Kazakhstan. Samples of beetroot have also been found to contain the Beet
Cryptic Virus (BCV).

60 samples of beetroot of the Viorika KWS variety (Germany) and 63 samples of the Ardan
variety (France) were analyzed. In addition, random soil samples were taken from the same area
where the beet plants were grown. The presence of BNYVYV in beetroots and Polymixia betae in the
soil was confirmed using real-time PCR. Subsequent high-throughput sequencing using Oxford
Nanopore technology also confirmed the presence of BNYVV and revealed the presence of a new
Beet cryptic virus in the tested plant samples.

The presence of the BNYVV virus of pathotype B was confirmed in two samples from both
varieties. 49 of the 60 samples of Viorika KWS and 57 of the 63 samples of Ardan tested positive
for pathotype A. Only one sample of Viorika KWS and three samples of Ardan tested positive for
pathotype P. Simultaneous infection with several pathotypes was not observed. Polymyxa betae, the
main vector of the BNYVV virus, was identified in 91 out of 106 soil samples studied from two
fields.

Using sequencing on the Oxford Nanopore platform, we confirmed the infection of plants
with new virus BCV which had not previously been detected in Kazakhstan.

The scarcity of research on BCV in Kazakhstan and its relatively low study level worldwide,
combined with the high incidence of infection with various pathotypes of the BNYVV virus in beet
plants, underscores the importance of understanding and managing infection prevention.
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Apples (Malus spp.) are among the most valuable fruits in the world. Wild apple trees and
cultivars face significant threats from various viruses and virus-like diseases. These include well-
known ones such as Apple mosaic virus (ApMV), Apple necrotic mosaic virus (ApNMV), Apple
stem pitting virus (ASPV), Apple stem grooving virus (ASGV), and Apple chlorotic leaf spot virus
(ACLSV). ApMV and ApNMYV are members of the genus Ilarvirus (family Bromoviridae) and can
cause apple mosaic disease. The disease stands as a significant economic threat, with global
prevalence in apple cultivation, posing a severe risk to the industry. The researched viruses are
known to infect a wide range of apple cultivars, leading to various symptoms such as stem
grooving, chlorotic leaf spots, stem pitting, and mosaic patterns on the fruits and leaves. In addition,
some of these viruses can cause graft-transmissible disorders, phloem necrosis, and decline of
commercial cultivars, ultimately affecting the quality and yield of the fruits. The objective of this
study was to assess the incidence of the apple viruses in apple-growing regions of southern
Kazakhstan specifically in five sites, including Chundja, Ketpentau, Sumbe, Chilik and Taraz with a
total number of 221 leaf and branch samples. We have utilized PCR-based and Nanopore
sequencing detection methods. The average positive rates of ACLSV, ASPV and ASGV were
42.1%, 57% and 12.6% respectively. ApMV and ApNMV were not detected. The study revealed a
high incidence of mixed infections of the three apple viruses in Kazakhstan, with 60.6% of the
infected apple plants harboring more than one species of virus. The most frequent virus
combination was ACLSV+ASPV, with an incidence of 31.7%, followed by ACLSV+ASGV
(10.9%), ASPV+ASGYV (10%) and ACLSV+ASPV+ASGV (8.2%). Additionally, Tomato Ringspot
Virus and Apple rubbery wood virus were identified only by Nanopore sequencing. The number of
reads did not exceed 10.

The high prevalence of single and mixed infections in surveyed regions underscores the need
for comprehensive and integrated approaches to disease management. Continuous research on the
prevalence of viruses in both cultivated and wild apple populations, along with monitoring the
dynamics of virus transmission, will help in developing effective preventive strategies.
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Potato (Solanum tuberosum L.) is one of the most important food and industrial crop
worldwide, including in Kazakhstan. To preserve potato quality for an extended period, low
temperature conditions (2-4°C) are necessary. However, prolonged storage can cause physiological
changes, such as tuber saccharification or the accumulation of reducing sugars. The Maillard
reaction occurs when preparing potatoes for making chips or french fries. Reducing sugars react
with free amino acids, particularly asparagine, resulting in the browning of the product.
Unfortunately, acrylamide, a carcinogenic compound, is also formed during this process.
Acrylamide is a suspected carcinogen that may cause several typed of cancer.

Therefore, it is highly relevant to obtain new potato plant lines that are resistant to cold-
induced saccharification. It is a well-established fact that the gene encoding vacuolar invertase
(VInv) hydrolyzes sucrose, which is formed during starch breakdown, into glucose and fructose.
These reducing sugars tend to accumulate in tuber cells. Therefore, we have selected the Vinv gene
from the NCBI database (ID HQ110080.1), which encodes acidic vacuolar invertase. This gene has
a length of 6097 bp and consists of 7 exons and 6 introns.

To reduce the sugar level in potatoes, CRISPR/Cas9 technology was used to edit the Vinv
gene. RNA was extracted from domestic potato varieties and analyzed for potential changes in
exons 1 and 3 of the VInv gene and target sequences with minimal nonspecific binding cite in the
genome were selected. Binary expression vectors were created, encoding Cas9 gene and the
suppressor gene pl9 (TBSV), as along with chimeric guide RNAs. Monthly microclonal
propagation was conducted for the Agrobacterium-mediated transformation of potato variety Aksor.
A total of 1327 stem explants and 1123 callus of the potato variety Aksor were transformed.
Successful regeneration was achieved from mutated and genome-edited cells at a frequency of
21.2% from stem explants and 5.8% from callus. The presence of Cas9 and pl9 genes in
regenerated plants was confirmed through DNA monitoring. Sequencing revealed numerous
mutations, such as substitutions, insertions, and deletions. The analysis of reducing sugars and
acrylamide content in the tubers of genome-edited potatoes confirmed the successful use of
CRISPR/Cas9 technology to improve potato production.
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Current challenges in agriculture, require an intensification and acceleration of breeding
process, especially breeding of important crops, such as potato (Solanum tuberosum L.) — one of the
most significant worldwide culture. However it is impossible without solid knowledge about
molecular basis of valuable traits and characteristics of individual plant proteins. The first step of
protein examination is cloning its DNA coding sequence in a genetic vector. The main problem of
the gene cloning by consequent restriction and ligation in a number of vectors with different
polylinkers is the necessary of obtain few PCR fragments with recognition sites of different
restriction enzymes for each vector. Therefore a fragment cloning in different plasmids turns to
time-consuming and expensive procedure.

In this work a set of vectors suitable for plant proteins investigation with unified cloning site
was created. The set including the vector for yeast-two assays for protein-protein interaction
analysis; the vector for yeast complementation for a protein functional analysis; the vector for gene
overexpression in dicotyledonous plants and the vector for protein production in bacteria cells and
further isolation. The vector kit is based on Golden Gate assembly technology, which allows to
carry on restriction and ligation in one reaction mix simultaneously and number of restriction
enzymes is not necessary — only Bsal restriction enzyme is used. In order to simplify a verification
of cloning success a RFP expression cassette was added inside the unified cloning site. RFP
expression in bacteria turns the colonies in magenta colour, so that white colonies indicate about
successfully cloning, during which RFP cassette was eliminated. As a result, using the one-4-all set
for plant proteins investigation can significantly speed up and simplify the gene engineering part of
the work.

The work was somehow financially supported by the Comprehensive Research Program
“Development of Potato Breeding and Seed Production”.
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The delivery of the Cas9 protein construct is an important step for the efficient editing of the
genome in plants. Its efficiency depends on many factors one of the influential ones is the plant
RNA silencing pathway.

RNA silencing is an evolutionarily conserved post-transcriptional gene silencing (PTGS)
mechanism in eukaryotes that is used to regulate gene expression and combat invading nucleic acids
such as viruses. To counter this antiviral host defense response, plant viruses have evolved viral
suppressors of RNA silencing. For example, the Tomato bushy stunt virus has a p19 protein that
inhibits the host's RNA interference system.

SgRNA guides Cas9 protein to the genomic sequence where the cut will be performed using
nickase domain of Cas9 protein. In particular, the RNA interference system, which is well
developed in plants as an immune system against viral RNA invasion, acts against the sRNA of
the Cas9 structure. Therefore, direct injection of plasmids containing Cas9 and sgRNA is less
effective in plant transformation than injection together with viral particles containing inhibitory
proteins.

We developed constructs for viral delivery from 3 mutants of the TBSV virus: wild type,
RMJ-1, and RMJ-2. Both RMJ-1 and RMJ-2 are TBSV strains with defective p19 protein and lack
of the capsid protein. Wild type strain has highly expressive p19 protein which has negative side
effects to plant health, while both mutant strains have partially or fully inactive pl9 suppressor
protein, to find the best construct to simultaneously suppress RNA interference system that inhibits
expression of sgRNA and lower damage to the plant. In addition, the lack of the CP gene allows the
virus to move from cell to cell through the plasmodesmata but cannot systemically spread to other
parts of the plant. Instead, high levels of recombinant proteins accumulate in the infiltrated and
adjacent tissues. In addition, because of the lack of a CP gene, the virus can move between cells, but
cannot systematically spread to other parts of the plant. Instead, large amounts of recombinant
protein accumulate in infected and neighboring tissues.

We used TBSV to carry sgRNA and expressed Cas9 protein in plant using agrobacterial
infiltration with pKSE401 plasmid, which led to multiple fold to Cas9 higher expression. To
prepare our constructs, we used molecular cloning methods combination of Gibson and
NEBuilder® HiFi DNA Assembly with the use of pKSE401, pFH14, TBSV-wt, TBSV-rmj-1 and
TBSV-rmj-2 plasmids. gRNAs that target MLO-1-like protein and PDS genes were used to test
constructs in model plant Nicotiana benthamiana.
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Potato (Solanum tuberosum L.) is one of the most significant agricultural crops. Due to
vegetative propagation potato is strongly affected by viral diseases, which lead to yield decrease.
There are a few dozen different viruses was found on the potato plants all around the world. In
Russia seed potato in industry are tested only for 7 viruses and 1 viroid via PCR or ELISA.
However, these approaches can reveal only limited number of species and strains, while veritable
viral biodiversity can be notably different. Moreover, many viruses generate recombination forms
between different strains and actual strain landscape is still sparse.

In this work potato plantings of different cultivars and generations were explored in the
Central region of Russia. Some selected potato plants were used for RNA extraction, cDNA library
preparation and sequencing on the Illumina platform.

The work was supported by Russian Science Foundation, project Ne 23-76-01066.
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Camelina sativa (L.) or gold-of-pleasure is an oilseed crop of the Cruciferous family, which
has begun to gain popularity in recent years. Gold-of-pleasure oil applies in the industry for biofuel
production, varnishes and paints, and animal forage. Also, gold-of-pleasure adapts for food as a
valuable source of Omega-6 and Omega-9, linolenic fatty acids, and beta-carotene. In fatty acids
composition gold-of-pleasure oil is similar to flaxseed oil, however, gold-of-pleasure oil costs
cheaper, retains its properties longer, and contains more vitamin E.

Currently, new varieties of gold-of-pleasure are being actively developed around the world,
including using the CRISPR-Cas9 genome editing system to improve the oil composition, herbicide
resistance and increasing the oil content in the seeds. However, genome editing requires an efficient
plant transformation in order to deliver editing system components. In this study, we used camelina
cultivars Omich, Isilkulets, and Crystal (kindly provided by L. A. Gorlova, VNIIMK, Krasnodar) in
order to optimize transformation protocol and compare two different approaches — a floral dip
transformation as in planta and a callus-mediated as in vitro.
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Nowadays CRISPR-Cas9 technology is the most widely used approach for genome editing. It
allows to introduce double-strand breaks in a target DNA and cause a gene knockout by indel
mutation. However, the approach is unsuitable when not gene knockout, but gene modification and
protein properties alteration are needed. Therefore, if an amino acid replacement in a protein is
required, a more advanced CRISPR/Cas9 technology - base editing with deaminases - will be more
applicable. This approach allows to replace a single nucleobase inside a deaminase editing window.

Nicotiana tabacum L. is a plant from the Solanaceae family, the same as potato, tomato and
pepper. All these plants are strongly affected by potato virus Y (PVY). It is known that PVY
recruits host translation initiation factor elF4E by the viral protein VVPg in order to start synthesis its
proteins. If e[F4E can’t interact with VPg, plant will be resistant.

Previously, several mutations in the tobacco elF4E, which disrupt its interaction with VVPg and
don’t affect factor functions, were established using model yeast systems. In this study, two
sgRNAs were designed in order to modify the elFAE gene in tobacco using a cytidine-deaminase
base editing approach. Vectors with cloned sgRNAs were used for the tobacco agrobacterium
transformation. The N. tabacum PDS (phytoene desaturase) gene editing with specific SgRNAs was
used as a transformation control and for the effectiveness evaluation of nucleotide substitutions. The
gRNAs were targeted in three different exons and should lead to stop-codon appearance in order to
PDS gene knockout. Regenerated plants lacking chlorophyll confirmed the success of the
transformation and genome editing.

This work is supported by State Task No. 0431-2022-0004.
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This study represents a crucial step in exploring and understanding the plant microbiome in
the context of agriculture in Kazakhstan. Considering the growing need to increase crop
productivity and resilience of agricultural crops to extreme climatic conditions, the creation of a
collection of plant bacteria and fungi becomes particularly significant.

The research involved sampling the apple, walnut, and hawthorn tree material from various
ecosystems in the regions of Zhongar Alatau, Ketpen, and Ile-Alatau, as well as targeted sampling
from apple orchards, where apple bacteria were of particular interest. This allowed us to obtain
extensive data on the biodiversity of microorganisms existing in natural and anthropogenically
modified ecosystems of Kazakhstan. After collecting the samples, we processed and isolated
microorganisms using standard culture methods.

Subsequently, Nanopore sequencing was applied for the identification and classification of
microorganisms. These methods enabled us to obtain detailed information about the genera and, in
some cases, species of bacteria. Presently, our collection comprises 25 isolates of Erwinia, 57
isolates of Pseudomonas, 31 isolates of Klebsiella, and 42 isolates of Pantoea. These isolates were
obtained from diverse samples and populations. Additionally, glycerol stocks of Erwinia amylovora
were prepared for long-term preservation at low temperatures. The potential biological agents, such
as Pseudomonas fluorescens, were also preserved for subsequent testing to evaluate their efficacy in
promoting plant health and combating pathogens. Pseudomonas fluorescens stands out as a
powerful biocontrol agent against plant pathogens. Through mechanisms such as antibiosis,
competition for nutrients, and induction of plant defense responses, this bacterium suppresses the
growth of harmful organisms, thereby reducing the need for chemical pesticides. Moreover,
Pseudomonas fluorescens has been shown to promote plant growth by facilitating nutrient uptake,
enhancing stress tolerance, and stimulating root development.

The collection of plant bacteria has the prominent potential for enhancing agricultural
production. Plant microbiome analysis will help to identify biological agents capable of increasing
crop yields, protecting plants from diseases and stressful conditions, and improving soil fertility.
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Panicum miliaceum L. is an important drought-tolerant crop that has recently become a
research focus due to its significance in healthcare and nutrition. Proso millet’s resilience to harsh
climates and its gluten-free nature make it an attractive option for researchers, farmers, and
consumers, especially in regions susceptible to climate change and food insecurity.

Furthermore, the use of proso millet as a gluten-free alternative highlights the significance of
traditional knowledge and biodiversity in addressing modern challenges in food production and
nutrition. No protein has gotten more attention in recent years than gluten. Gluten, the main storage
protein found in many grains, such as wheat, rye, and barley, has received significant attention in
recent years. It is a complex mixture of hundreds of related but distinct proteins, primarily gliadin
and glutenin. Similar storage proteins exist in rye as secalin, in barley as hordein, and in oats as
avenins. These proteins are collectively referred to as “gluten”. Gliadin contains peptide sequences
that are highly resistant to gastric, pancreatic, and intestinal proteolytic digestion in the
gastrointestinal tract. The average daily intake of gluten in a human’s diet is estimated to be 5-20
g/day and has been linked to several disorders. Given these facts, the study of the introducing of
proso millet into in vitro culture is highly relevant and it is necessary to improve its genome in order
to change quantitative and qualitative characteristics. To achieve this, understanding the
regenerative potential of proso millet is essential.

A study was carried out to investigate the regeneration potential of proso millet (Panicum
miliaceum L.) in vitro culture. The proso millet seeds from Kazakhstan breeding: Kormovoe-14 and
Yarkoe-6 used in this study. An optimization of various exogenous hormones was conducted in the
in vitro culture for callus induction and differentiation, as well as plant regeneration, and
rhizogenesis of these two varieties.

To induce callusogenesis in cell culture, sterile proso millet seeds were cultured on Murashige
and Skoog (MS) medium with a pH = 5.8 and 30 g/l maltose, containing 2 mg/l 2.4-D and 0.5 mg/I
BAP. L-Proline (500 mg/l) and casein hydrolysate (300 mg/l) were added as an additional nitrogen
sources. The seeds produced friable calli with a white and yellow-cream color. The frequency of
callus induction was 95% for Kormovoe-14 and Yarkoe-6. All cultivars showed 100 %
embryogenic callus induction when using MS medium supplemented with 2 g/l L-Proline, 30 g/l
maltose, 5 mg/l 2.4-D and 1 mg/l BAP. The greatest number of plantlets was obtained on auxin-free
MS medium containing 4 mg/l BAP. Regenerated plantlets showed significant rooting, when
transferred to full-strength MS medium supplemented with 0.2 mg/l IBA + 0.1 mg/l BAP and 2%
sucrose. The rooted plantlets were hardened and transferred to soil.
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Bottom-up shotgun proteomics encompasses a variety of robust and high-throughput
techniques, both gel-based and gel-free, that enable the accurate protein identification by analysis of
their peptides generated by proteolytic digestion. However, although detergents and chaotropic
agents are essential for efficient proteolysis during sample preparation in terms of gel-free
proteomics strategies, their supplementation to protein solubilization buffers negatively affects the
chromatographic separation and ionization of peptides. Although this methodological conflict can
be resolved by various proteolysis strategies and commercially available products, the relative
efficiency of these approaches against plant-derived matrices remains unexplored. Therefore, we
addressed the efficiency of three digestion strategies, including in-solution and filter-aided digestion
methods, for proteomics analysis of the rosette leaf of Arabidopsis thaliana and seeds of Pisum
sativum. In-solution digestion strategies involved application of MS-compatible detergent, namely
anionic acid-labile surfactant AALS II. Filter-based approach was represented with the filter-aided
sample preparation (FASP) protocol. Supplementation of the samples with urea was used as a
reference protocol. Nano-flow liquid chromatography-(tandem) mass spectrometry (nanoLC-MS
and MS/MS) analysis revealed slight differences in the numbers of identified proteins observed
between the different strategies of limited proteolysis in both biological matrices. Significant
differences in the recoveries of individual proteins were observed between the FASP method and
AALS 11 in plant samples. While the FASP protocol yielded the highest efficiency of proteolysis, it
was accompanied by the formation of short peptides that could potentially result in their poor
retention the reverse-phase column. Overall, the FASP strategy demonstrated the highest potential
for detection of membrane and high-molecular-weight proteins in both Arabidopsis thaliana leaves
and Pisum sativum seeds.

200



Session 5. Genomics, Proteomics, and Bioinformatics Poster Session

PROTEOMICS APPROACH IN UNDERSTANDING THE ROLE OF
GROWTH-STIMULATING RHIZOBACTERIA IN DROUGHT
TOLERANCE OF TOMATO PLANTS

Gurina A.}, Frolova N,? Lukasheva E., Kuznetsova A.%, Shumilina J.2, Alhajje K.2,
Bilova T.12, Orlova A.2, Silinskaya S.2, Cherevatskaya M.}, Leonova T.2,
Shaposhnikov A.1.3, Belimov A.A.2 Frolov A.2

!Department of Plant Physiology and Biochemistry, Saint Petersburg State University,
Universitetskaya emb., 7/9, St. Petersburg, Russia;

?Laboratory of Analytical Biochemistry and Biotechnology, K.A. Timiryazev Institute of Plant
Physiology, Russian Academy of Sciences, 35 Botanicheskaya str., Moscow, Russia;
3Laboratory of rhizosphere microflora, All-Russia Research Institute for Agricultural Microbiology,
Pushkin 8, hwy. Podbelsky, 3, St. Petersburg, Russia

E-mail: gnastyakO@gmail.com

Practical application of the symbiosis between plants and growth-promoting microorganisms
(in particular, rhizobacteria from the PGPR group) is a promising biotechnological approach in
suppression of the negative effects of abiotic stressors like drought on the quality of highly valuable
crops. It is assumed that the observed positive effects of rhizobacteria on plant growth under water
deficit are underlied by their high potential for the consumption of 1-amino-1-cyclopropane
carboxylate (ACC) exuding from roots - the precursor in ethylene biosynthesis. It is known that this
effect is mediated by natural expression of the bacterial gene for the ACC deaminase enzyme,
where the gene product breaks down ACC to ammonium and 2-ketobutyrate. It was shown earlier,
that inoculation with P. brassicacearum strain Am3, but not with T8-1 (the genotype with a
decreased ACC deaminase activity), is able to reduce the negative effects of drought on plant
biomass gain. However, the specific signaling and metabolic pathways involved in reducing the
effects of ethylene on the inoculated plants remain unknown. To fill this gap, here we address the
drought-related dynamics of the tomato shoot proteome in the presence and absence of the above
mentioned rhizobacterial inoculants. After isolation of the total protein fraction and limited
enzymatic protelysis, the resulting proteolytic peptides were analyzed by nano-flow reverse-phase
chromatography coupled on-line to an Orbitrap Fusion Tribrid mass spectrometer (hanoRP-HPLC-
LIT/Q-Orbitrap-MS). Statistical analysis relied on specific proteomics software and R packages, the
following bioinformatics allowed deep understanding of the functional plant proteome response to
drought in the presence and absence of symbiotic bacteria.

This work was supported by the Russian Ministry of Education and Science (agreement No.
075-15-2922-320 of 20.04.2022).
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Fungal diseases remain a serious threat to cereal crops, reducing yield and quality. In recent decades,
bioinformatics has played a key role in disease resistance research, providing valuable tools for analyzing
genetic databases. In this regard, the identification and utilization of genetic mechanisms conferring
resistance to fungal diseases becomes critical in the breeding of new varieties.

This article discusses various genetic databases, their role in breeding of resistant cereal varieties and
prospects for further research.

Bioinformatics plays a key role in plant breeding for disease resistance by providing powerful tools for
analyzing genetic databases and identifying candidate genes associated with fungal disease resistance. There
are several large genetic databases containing information on cereal crop genomes and associated phenotypic
data on fungal disease resistance. These databases, such as GenBank, Ensembl and others, provide valuable
resources for researchers and breeders to identify genes and molecular markers that may be associated with
disease resistance.

The application of bioinformatics techniques, such as next-generation sequencing, association analysis
and functional genome annotation, allows us to efficiently identify potential candidate genes and understand
their role in resistance mechanisms. This provides the basis for the development of new cereal crop varieties
that are more resistant to fungal diseases, which in turn can significantly improve yields and sustainability of
agricultural production.

We have conducted preliminary studies on collection and analysis of genomic information from
various databases to create a generalized local database of resistance genes to fungal diseases of cereal crops
in order to create the most resistant genotypes to these models. For this purpose, we studied and searched for
barley rust and wheat blight resistance genes in the NCBI database.

As a result of this research, 20 resistance genes to barley dwarf rust, 8 resistance genes to brown rust
and 5 resistance genes to stem rust, 10 resistance genes to hard bunt, 10 resistance genes to dusty bunt and 5
resistance genes to dwarf bunt were found.

Rust is a serious disease that can lead to crop loss. The Rphl gene plays an important role in
protecting wheat against rust.

The Rphl (Resistance to Puccinia herminis) gene encodes a protein responsible for wheat resistance to
rust caused by the fungus Puccinia graminis f. sp. tritici.

The protein encoded by Rphl recognizes specific molecules present on the surface of the fungus
Puccinia graminis f. sp. tritici. It detects pathogens and triggers a cascade of defense reactions, including the
production of antimicrobial compounds and cell wall reinforcement. The defense reactions activated by Rphl
lead to the death of Puccinia graminis f. sp. tritici, preventing its spread and damage to the plant.

Durum bunt (Tilletia caries) is a fungal disease affecting wheat and other cereals. The disease results
in the formation of heads instead of grains, which significantly reduces yields and grain quality.

Gtl is a group of genes for durum bunt resistance localized on chromosome 1B of wheat. To date, 15
Gt1 genes are known to provide varying degrees of resistance to the pathogen.

Gtl genes encode receptor proteins that are found on the surface of plant cells. These receptors
recognize specific molecules called effectors that are secreted by the pathogen. When a receptor protein
binds to an effector, it triggers a cascade of signaling reactions that leads to the activation of the plant's
defense responses. These reactions prevent the pathogen from entering the cell and the molecules are toxic to
the pathogen and the proteins Kill the pathogen. As a result of activation of defense reactions, the pathogen is
killed, and the plant is not infected.

The development and application of genetic databases and bioinformatic methods in breeding cereal
crops for resistance to fungal diseases represents an important area of research that can significantly
contribute to improving agricultural productivity and sustainability in the future.
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The subfamily Pooideae includes numerous cultivated species that are extensively used in
agriculture. During domestication and dispersal to new habitats across continents, cereals have
undergone significant genetic changes. Plastid genomes are commonly used to study such changes
because they are well characterized and therefore useful for comparative purposes in phylogenetics and
evolutionary biology.

This study evaluates the direction of selection of 73 plastid genes common among the genera
Avena, Hordeum, Triticum, and Secale. Understanding the adaptive evolution of these cereals in
response to changing environmental conditions requires studying the direction of selection.
Additionally, this study establishes the foundation for further investigation of the complex evolutionary
dynamics of not only plastid but also nuclear genes in the subfamily Pooideae.

The plastid genomes used in this study were obtained from the public NCBI GeneBank database.
A total of 17 species were included, namely: 4 species from the Triticum genus (T. aestivum, T.
monococcum, T. turgidum, and T. urartu); 3 species from the Hordeum genus (H. jubatum, H. vulgare,
and H. brevisubulatum); 5 species from the Avena genus (A. abyssinica, A. barbata, A. fatua, A. sativa,
and A. sterilis); and 3 species from the Secale genus (S. cereale, S. strictum, and S. sylvestre).
Additionally, 2 members of the PACMAD clade, Zea mays and Panicum miliaceum, were used for tree
rooting. Nucleotide sequence alignment was performed using the MACSE 2 program. Dendrogram
construction was carried out using 1Q-TREE 2. The direction of selection was evaluated using the
PAML program, with both the MO (one-ratio) model and Site model being tested.

The MO model was tested first, which assumes a homogeneous ratio of nonsynonymous to
synonymous substitutions (®) along the entire length of the gene. This model allowed the identification
of 15 genes with positive selection (@ > 1). These genes include those involved in ATP synthesis (atpB,
atpE), components of photosystem Il (psbA, psbE, psbF, psbJ), a small subunit of the ribosome (rps3,
rps8, rpsll, rpsl6), and others with various functions (ndhA, ndhF, clpP1, pafl, rpl14).

The Site model was tested to allow different values of o for different codons, enabling the
identification of amino acids that underwent positive selection. The results indicate the presence of such
sites in the genes atpB (489 V), ndhA (243 T, 244 Y, 247 1), ndhF (557 S, 629 H, 631 P, 635 F, 670 L),
rbcL (14 K, 94 D, 142 P, 145 S, 270 L, 471 E), and rps1l (137 A). Notably, the MO model failed to
detect the rbcL gene, suggesting that strong purifying selection (o < 1) may be affecting all other
codons in this gene. Considering the role of the rbcL gene product in forming large subunits of the
RuBisCO protein, these mutations may have altered the activity of this enzyme and possibly provided
advantages in settling new territories. However, additional research is required to test this hypothesis.

Future research aims to identify the impact of amino acid substitutions at these sites. Other models
of evolution will also be tested, along with nuclear genes associated with useful agricultural traits.

Our research was supported by the Russian Science Foundation (No. 23-76-00005 (AVK, IGL))
and by the Ministry of Science and Higher Education of the Russian Federation (No. 124020100136-0
(AVR)).
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Hop (Humulus lupulus L.) is a perennial dioecious plant in the Cannabaceae family. Hops are
an important agricultural crop with the cones produced by female plants being an indispensable
material for the beer brewing industry.

Being a component which imparts special aroma to beer owing to the secondary metabolites
contained in cones hops are essential to adapt beer to consumers changing demands. For this reason,
the hop cultivars with varying properties should be available and hop breeders should be highly
responsive to existing demands. Understanding genetic diversity can make it possible to use the
available hop germplasm more effectively thus accelerating the breeding process. To study genetic
diversity, high density SNP markers are needed. Genotyping-by-sequencing (GBS) is currently
gaining its position as a "gold standard” for producing thousands of SNPs for large populations.
However, there is no effective GBS protocol for hop. Thus, the goal of this work was to design a
GBS protocol for hops to study the genetic diversity of the largest hop genetic collection in Russia
(Chuvash Agricultural Research Institute).

At the first stage of protocol design, an in silico search for best performing restriction
enzymes was carried out, which allowed choosing a number of restriction enzymes as a basis for the
future protocol. Restriction enzymes were further tested empirically through whole genome
restriction and two enzymes were selected: ApeKI and Hindlll. Two different GBS protocols were
devised and used to produce hop genome libraries for NGS. HindllI-based protocol made it possible
to obtain better quality library based on first electrophoretic assessment and QC. NGS results also
showed more generated reads, sequencing tags, and SNPs for the Hindlll library, although the
sequencing coverage was higher for ApeKI. SNP quality was comparable for both libraries. In such
a way, HindlII restriction enzyme could be recommended as restriction enzyme of choice for hop.

Hop plant material was kindly provided by I.Yu. lvanova, PhD, deputy director (Chuvash
Agricultural Research Institute, Cheboksary). The work was supported by the Russian Scientific
Foundation (grant no. 24-26-00165, https://rscf.ru/project/24-26-00165/).
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Potato spindle tuber viroid (PSTVd) is a small non-coding RNA pathogen that, due to its
adaptability and virulence, has significant genetic plasticity manifested through sequence
heterogeneity and structural polymorphism. Intrinsic variability of PSTVd highlights its pivotal role
in plant pathology and requires careful investigation using advanced technologies such as next
generation sequencing (NGS). Thus, this study characterizes the genetic diversity and distribution
of PSTVd variants in different regions of Northern Kazakhstan.

During the sample collection, material showing pronounced signs of infection as well as
visually healthy specimens were gathered. In total, 477 potato samples were collected from 7 fields
across various regions of Pavlodar, Kokshetau, and Astana. Viroid detection was carried out
utilizing the conventional yet highly reliable RT-PCR method, allowing for accurate identification
of PSTVd presence within the collected samples using specific primers.

Sequencing was carried out on a MinlON device from Oxford Nanopore Technologies,
renowned for its capacity for rapid, real-time nucleic acid sequencing. Up to 50 samples were
selected from each field, followed by the addition of the corresponding barcode. The library
preparation was carried out on the basis of the latest V14 chemistry, which enables highly accurate
and tuneable sequencing. The sequencing process took 18 hours, resulting in 2.7 GB of accumulated
information. The data collected was sufficient for subsequent analysis using bioinformatics
platforms such as Epi2Me and Geneious Prime. The resulting reads were aligned to a reference
sequence NC_002030.1 of PSTVd using the NCBI database. The coverage resulted 100%.
Alignment in the Geneious Prime program resulted in two reads of lengths 1117 bp and 710 bp.
Both reads were collected from a field in the Astana region. In addition, BLAST analysis showed
that all matches belong to the target viroid with an E-value not exceeding 1e-78 out of 100 rendition
matches. The highest % identity of 86,2% belongs to the PSTVd Fujian isolate (KM588065.1).
However, the query coverage does not exceed 29% since the length of the retrieved reads was
longer than the existing sequences in the database.

Epi2me analysis also showed the presence of Tobacco vein clearing virus (TVCV), Potato
leafroll virus (PLRV), Potato virus X (PVX), Potato virus Y (PVY), Potato virus S (PVS), and
Potato virus M (PVM) by sequencing on the nanopore platform.

PSTVd stands out as a major plant affliction, causing substantial economic harm to crop
within the Solanaceae family, notably potatoes. Understanding the genetic diversity of PSTVd is
essential for deciphering its evolutionary vector, predicting disease outbreaks, and subsequently
developing resistant potato varieties.
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Rhizomania is a devastating disease affecting sugar beet crops, characterized by the formation
of root swellings, necrosis, and yellowing of veins. Its primary vector is the single-celled parasitic
organism Polymyxa betae, belonging to the order Plasmodiophorales. The disease exhibits
heightened virulence under conditions of high temperature and soil moisture, with relatively dry soil
mitigating its impact. The detrimental effects of rhizomania manifest in significant reductions in
root mass, with infected roots weighing 10-15 times less than healthy ones. Additionally,
rhizomania-infected roots experience decreased sugar content and diminished sugar yield, thereby
compromising the technological quality of the raw material. To prevent disease spread, stringent
quarantine measures must be observed during the import, export, transportation, and storage of
planting material containing soil. Furthermore, the adoption of rhizomania-resistant sugar beet
hybrids is imperative for disease management. Thus, understanding the interplay between viral
strains and host resistance mechanisms is crucial for developing effective control strategies and
preserving sugar beet yields in the face of this formidable disease.

In the present study, we confirmed the presence of Beet Necrotic Yellow Vein Virus
(BNYVV) in beet plants (Viorika cultivar) sampled in the fields of Zhetysu region. The Zhetysu
region is recognized as the largest center for sugar beet cultivation in Kazakhstan. The virus was
detected using a g°PCR commercial kit (Letgen), which identified A, B, and P pathotypes. All three
pathotypes were present in the region. To recover all pathotypes in laboratory conditions, Viorka
plants in three replicates were inoculated with sap obtained from infected samples. Before
inoculation, the sap was subjected to metagenomic analysis using MinlON technology. The
presence of only A pathotype was confirmed. The consistent results were obtained following testing
of inoculated plants using both nanopore sequencing and PCR analysis at the third and seventh days
after inoculation. The presence of P and B pathotypes could be detected in primary samples due to
false positive amplification and/or inaccurate primer design. Nevertheless, we confirmed the
biological activity of the BNYVV preserved in the primary samples for a year at -80°C.
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6narofaps BbICOKOMY NpodeccroHanu3My Halmnx COTPYAHUKOB, C ApYroi CTOPOHbI, Gnarogaps
HalMM HafeXHbIM NOoCTaBLMKaM, BeayLwmnm 3apybexHbiM npomu3BoauTensm nabopaTopHoro
obopynoBaHua U MaTepuanos, Cpean KOTopbIX Takne M3BECTHbIE BO BCEM MUPe GpeHabl, Kak
Applied Biosystems™, Invitrogen™, OneLambda™, Gibco™ n mHorue gpyrue. Haw rnaBHbiv
noctaBwuk - Thermo Fisher Scientific - npegnaraeT WMpokuin cnekTp NpoAyKLMM 1 YCNyr, OT
obopynoBaHua 40 NOBCEAHEBHbIX N1abopaTopHbIX MaTepuanoB, rapaHTUPYeT Ka4yecTBO U
NPOVN3BOANTENBHOCTL AJ151 KaxXAom flabopaTopun, Kaxaoro NpusioXeHus.

Mbl NNOAOTBOPHO COTPYAHUYAEM C pa3fiMyHbIMU abopaTopuaMmn MeauLMHCKOW, arpapHon,
NULLIEBOI OTpacredn, a Takxe C Hay4YHO-UCCNefoBaTENbCKUMU UHCTUTYTAMKU, OpraHaMmn KOHTPOnS
KayecTBa M CTaHAapTU3aLuMn, MexayHapoaHbIMU opraHusauusimMm u oHaamu. Cneuvanuctamm
HaLLel KOMMNaHUM peanu3oBaH Lesblii psig, MacluTabHbIX MPOEKTOB, KOTOPbIE NMOMYyYMIN BbICOKYHO
OLIEHKY MHOIMX rocy4apCTBEHHbIX CTPYKTYP U KOPNOPaTUBHbLIX KITMEHTOB.

CotpynHukn cepsucHoro otaena Komnanum TOO Zalma Ltd. npoxoasT perynsapHoe obyyeHune Ha
TPeHWHrax KomnaHui-nponssoauTenein. Hawm cepBucHble NHXeHepbl cepTUULMPOBaHbI Ha
npoBeaeHune 1Q OQ/PQ, peMoHTa 1 perysisipHOro CEPBUCHOIO 06CNYXUBaHNS.

Mbl 3HaeM 1 NOHMMaEM 3aayu, CToALME NepPe HalWMMKN 3aKa3vnmkamn, 1 BHUMATENbHO cnegum
3a pa3BUTMEM pbiHKA NepeaoBbiX TabopaTopHbIX TEXHOMNOMNIA, CTapsCb MakCcUMarnbHO O6bICTPO
BHEAPSTb HOBEMNLLME TEXHOSIOMMM B NPAKTUKY paboTbl OTEYECTBEHHbIX TabopaTopuii; Bceraa
roToBbl OKa3aTb MaKCMMarbHOEe COAENCTBME N NOAAEPXKKY B CUCTEMHOM U KOMMIEKCHOM peLleHn
3apauy, CToALMX Nnepen HalWnMy NapTHEPaMU 1 3aKasvunkamu.

O6paTtuTech K Ham, 4ToObl y3HaTb 60MbLUe O TOM, Kak Mbl MOXEM NMOMOYb Ballen nabopaTtopum
AOCTNYb HOBbIX BbICOT.
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«ZALMA Ltd.» LTD. «ZALMA Ltd.» LTD.
Almaty, st Bogenbai Batyr 305A Astana, st 23-15, building 11, block A, apt. 132
infoi@ zalma.org info.astana/@ zalma.org
+7 {(727)y374 3570 Z /\I_M /\ +F {717y 22599 75

CALL-CENTER +7 701 031 27 29

Zalma Ltd. is one of the fastest-growing and most reliable companies in the Kazakhstan laboratory
equipment market. Our main focus is on implementing advanced laboratory technologies and
providing comprehensive solutions for domestic laboratories.

Our solutions include the complete outfitting of laboratories with specialized equipment and
consumables. We also offer methodological and service support, warranty and post-warranty
services, and training for laboratory personnel both at the client's site and at the equipment
manufacturer's facilities.

ThermoFisher applied  gibco 4/, ONE LAMBDA
SCIENTIFIC blOSyStemS by Thermo Fisher Scientific A Thermo Fisher Scientific Brand

Our team’s undeniable competitive advantage lies in our deep understanding of our clients' primary
tasks and our highly effective and constructive approach to solving them. This is achieved through
the high professionalism of our staff and our reliable suppliers, including leading international
manufacturers of laboratory equipment and materials such as Applied Biosystems™, Invitrogen™,
OneLambda™, Gibco™, and many others. Our main supplier, Thermo Fisher Scientific, offers a wide
range of products and services, from equipment to everyday laboratory materials, ensuring quality
and performance for every laboratory and application.

We collaborate productively with various laboratories in the medical, agricultural, and food
industries, as well as research institutes, quality control and standardization bodies, international
organizations, and foundations. Our specialists have implemented a number of large-scale projects
that have been highly praised by numerous government agencies and corporate clients.

The service department staff at Zalma Ltd. undergo regular training with manufacturer companies.
Our service engineers are certified to conduct IQ OQ/PQ, repairs, and regular maintenance.

We understand the challenges our clients face and closely monitor the development of advanced
laboratory technologies, striving to implement the latest technologies in the practice of domestic
laboratories as quickly as possible. We are always ready to provide maximum assistance and
support in systematically and comprehensively solving the tasks faced by our partners and clients.

Contact us to learn more about how we can help your laboratory reach new heights.
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Veld

Komnanus “Bensp”

Komnanus «Benba» HaXoAUTCA B aBaHrapJie HayYHbIX NHHOBALMM U C TOPAOCTBIO BBICTYIIAET
BaIllUM TIPEJIaHHBIM MAPTHEPOM B IPEJOCTABICHUHU IEPEJOBOTO JabOpaTOPHOTO 000pYyIOBaHMSA,
pEareHTOB M PacXOJHBIX MarepualoB. biarogaps HEM3MEHHOM NPHUBEPKCHHOCTH KadecTBY,
HAQ/IGKHOCTH W YJOBJIECTBOPEHHOCTH KJIMEHTOB MBI OCTAa€MCSl BBICOKOKBAJTU(HUIIMPOBAHHBIM
JUCTPUOBIOTOPOM B JAMHAMHUYHO pPa3BUBAIOIIEMCS MHpe J1abopaTOpHOro oOopyloBaHus. Mel
[IpeJIaracM IUPOKUM aCCOPTUMEHT MPOAYKIMHU OT BEAYIIIMX MUPOBBIX IIPOU3BOJUTEIICH, HAYNHAS C
caMbIX HEOOXOAMMBIX Belleil B JI0O0H 1abopaToOpuu 10 YHUKAJIBHBIX COBPEMEHHbBIX aHAIUTHUECKUX
nprOOPOB M TOUHEHIINX JTa0OPaTOPHBIX MHCTPYMEHTOB. Hame ctpemienne octaBaTbes B JIMepax
TEXHOJIOTMYECKUX JOCTMIKCHMM TapaHTUPYeT BaM JOCTyIl K HOBEHIIMM HWHHOBALUSAM, KOTOpBIE
CIIOCOOHBI IOJHSATH Ballly padOTy Ha HOBBIE, PAHEE HEBUJAHHBIC BaM BBICOTHI.

[ToMuMoO Hamiero cTpemieHHs MPeIOoCTaBIATh MEPBOKIACCHBIE JIAOOPATOPHBIE PELICHUS, MBI
TOpAMMCS CO3JIaHMEM JOJITOCPOYHBIX MApTHEPCKUX OTHOLIeHWM. Hama xomnanus — He mpocTo
IOCTABILMK, @ COABTOP B BalleM JabopaTOpHOM myTemecTBUU. CKOHIIEHTPUPOBABIIMCH HA HAILIMX
KJIMEHTaX, Mbl CTPEMHUMCS TIOHATH Ballld YHUKAJIbHBIE TPEOOBAHUS U MPEIOCTABUTH WHANBUYaIbHbIC
peleHust, KOTopble OyyT COOTBETCTBOBAThH BAILIUM OKMJIAHUSIM U MPEBOCXOJUTD UX.

Hamm cepBucHblE MHYKEHEPHI MPOXOJAT €XKEroAHbIe KYpChl MOBBIINICHHUS KBaTU(UKALUU U
UMEIOT JICHCTBYIOLIME CEepTU(UKATBI MHOXKECTBA MHUPOBBIX IPOM3BOIUTENCH.  YCTaHOBKa,
KaTuOpOBKa, MOHTaX, CEpTH(HUKAINS, TAPAHTHIHBIA 1 TOCT rapaHTHHHBIA PEMOHT, a TAK)KE TPEHUHT
10 MCIIOJI30BAaHUIO 000pPYI0BaHMs, BCE 3TO BXOJIUT B CIYTH HAIIMX WHXXeHepoB. Hail peMoHTHBIH
LHEHTp B Topoje AnmaTbl MMEET BO3MOXXHOCTb HAa PEMOHTHBIE pPAa0OTHI ILIMPOKOIO CIEKTpa
o0opyoBaHus. Brie3 nHkeHepa BO3MOKeH B J00yro Touky Kaszaxcrana.

Ham cxian, sto Hama roppocts. Kommanus «Benba» mmeer camble OOJbIINE CKIAJICKUE
IUIOINAAM M caMble KpyIHBIC TOBAapHBIE 3amachkl J1abOopaTopHOro OOOpYIOBAHHS M PACXOIHBIX
MaTepHaJIOB B LEHTpaiabHOM A3un. Hanuune mpoyKkTa Ha CKIIAJe COKpAIAEeT JOCTAaBKy TOBApOB U
YJIOBJIETBOPSIET BallM MOTPEOHOCTH B caMble KOpPOTKME cpoku. Hamr ckmaj B ropoje AMathl
o0ycTtpoeH 1o EBponeiickum ctaniapraM 1 00ecrieuuBaeT HaleKHOCTh XpaHEHMsI T000ro ToBapa.

Ho6po mnoxanoBarb B TOO «Benba», rae Bam ycnex B J1a0OpaTOpUHM SIBISETCS HAIIUM
IPUOPUTETOM!
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JUGGERNAYT

HALUA KOMMAHWA BbIIA OCHOBAHA B 2018 r01Y U 3AHUMAETCA KOMIMIEKCHBIM OCHALUEHWEM HAYYHO-UCCIE LOBATEJILCHWUX JIAGOPATOPYM.
Mbl TOTOBbI CTATb JIVHILMM NAPTHEPOM ANA HALLMX KJMEHTOB, CBOEBPEMEHHO NOCTABJIAOLLMM HEOBX0AMMBIE XMMUYECKUE PEAKTHBBI,
PACX0JIHbIE MATEPHAJIbI U JIABOPATOPHOE OBOPY/10BAHWE, HE3ABUCIMO OT TO0, B HAKOM roPOJIE KASAXCTAHA OHW HAXOZATCA.

Mbl MPEAJIATAEM

BOJIbLLIOA ACCOPTUMEHT XUMUYECKMX PEAKTHBOB,
PACXO0HbIX MATEPWUAJIOB U IABOPATOPHOI0
05O0PYZI0BAHUA AL JIABOPATOPMM BCEX OTPACJIEH

» MAKPOBGHOJIOrMA

» MONEKYNIAPHAA BUOJIONUA

* TEHETMHA U LIUTOrEHETMHA

+ JIAGOPATOPHOE W MEAMLIMHCHOE 0bOPYNI0BAHUE
» TEHHAA MHXKEHEPUA

* KJIETOYHAA BUOTEXHOJI0M A

* KYJIbTHBUPOBAHME MAKPOOPTAHM3MOB

* MMMYHOXMMUA X UMMYHOBMOTEXHOJIOMMA

MOPTMOIA0 HALUEM KOMMNAHWM BKIOYAET B CEBA BE IVILMX MUPOBbIX NPOK3BOJMUTEJIEH

MPOM3BOACTBO PEATEHTOB, MATATE/IbHbIX CPEJL, AHTUBMOTUHKOB, CbIBOPOTOK KPOBH KWBOTHBIX ZL1A KNETOYHBIX KVJIBTYP
OBLLENABOPATOPHBIE U AHAJMTUYECKME XUMHYECHWE PEAKTHBbI

JUTAHABI, CENEKTUBHBIE AHTMBMOTUKH, AHTUMUKPOBHBIE PEATEHTDI, AZTGHOBAHTBI 114 BAKLIMH W AP

PEATEHTbI ZL1A GYOPECLEHTHOH MHKPOCKONNH, AHTUTENA, KOHBIOTATbI, KPACHTENH
HABOPbI J1A BbIAENEHAA A O4YMCTHM IHK/PHK

WA W NILIP HABOPbI J11A BLIABIEHHA BONESHEA UBOTHBIX

PEATEHTDI L1 MOJIEKYNIAPHOM BUOJIOT WM, BK/TIOYAOLUME AHK-NOJMMEPA3bI, FOTOBBIE CMECH W PEATEHTBI
JUNA NUP/0T-MLLP/PEAJI-TAM NLLP, KJ1OHUPOBAHMA, NGS-NIPOBONOATOTOBKM

PACXOAHbIE MATEPHAJIbI U3 NIACTHHA

HACTOJIbHOE JIABOPATOPHOE 0BOPY/IOBAHHUE, BECbI, ZI03ATOPbI, CACTEMbI 04MCTHW BOAbI

HALLW NPEUMYLLIECTBA

HAJIMYME NPOAYKLIMA HA HALLEM CHJIAZIE

MPAMBIE NOCTABKM OT HALUIMX NAPTHEPOB, YTO TAPAHTMPYET NOJIYYEHME TOBAPA B ONTUMAJIbHBIE CPOKW M ONTMMAJIbHOE LEHOOBPASDBAHUE

BbICOHOHBA/IA®ULIUPOBAHHBIE CELIMAJIACTDI, KOTOPBIE MOrYT OKASATD NOMOLLLb B NOABOPE TOBAPA

OTNAXEHHAA JIOTMCTMHA N0 JIOCTABKAM B PETHOHbI

050000, PECMYBIMKA KASAXCTAH, FOPOLl A/IMATBI, TYPHCHECKWHA PAHOH, NPOCNEKT CYMIHBAM, I0M 211
E-MAIL: SELLING1346@GMAILCOM, SALEJUGGER@GMAIL.COM
TE)L: 8 (727) 367-17-37; 8(708)198-31-93

KOMMAHUA JUGGERNAUT
ABJIAETCA ODMULIAJIbHBIM
JUCTPUBLHOTOPOM:
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YO TECHPRIME

TechPrime is a trusted supplier of laboratory equipment, reagents, and chemicals for clinical
and research laboratories. We help customers to choose appropriate instruments and reagents for
experiments in the field of molecular biology and more since 2017. The expert team consists of
molecular biologists, biotechnologists, and bioengineers, who understand laboratory diagnostics and
fundamental research from the inside out and know which products are suitable in each case. We
cooperate directly with research institutes, genomic centers, and laboratories in tailoring solutions
individually for each customer. Every day we are ready to find new solutions for your diagnostic target
or life science experiment.

TechPrime offers expertise in the following areas: Clinical Research, Human genomics,
Population genomics, Microbiology, Animals, Microbiome, Cancer, Transcriptome, Environmental
research & conservation, COVID-19/SARS-COV-2, Infectious diseases, Bioinformatics.

We offer comprehensive solutions for NGS research from sample preparation to sequencing and
data analysis. We work with market leaders such as Oxford Nanopore Technologies, New England
Biolabs, Thermo Scientific, Nimagen, and Diagenode.



SE*ANA

FASTASEQ 300

® CoBmecTtuM c TruSeq/NexteraTM @
® 100 -250 M npouteHun @
® 4 He3aBuUCUMbIE AOPOXKU B 1 quenke @

& GeneMind

HOBbIN CTAHOAPT CKOPOCTU B NGS

Bnarogaps ycOBEpLIEHCTBOBAaHHOM XMMUK, a Takxke

napannenbHOMy MPOBEAEHUIO PeakLMK, permcTpaumm

n obpabotkn curHana, FASTASeq 300 nossonset

npoBoanTb cekBeHupoBaHme PE150 Bcero 3a 21 vac,
BblgaBas npu 3ToM 30 6 gaHHbIX.

sales@sesana.ru &) wwwsesanaru QY +7(495)128-82-74



SE*ANA

fAuerika [lpouTeHui Tun Bbixog, Gb Q30 Bpems,uacos
FCM 100 M SE75 VAS) 85 7
PE75 15 85 13
PE150 36 80 21
FCH 250 M SE/S 18,5 85 8
PE75 CYAS 85 14
PE150 75 80 24

KonuyecTtBo KonuyecTtBo
nHdopMauum Ha obpasuos
obpaseu 3a 3anyck

OK30M YyenoBeka 12 Gb 6
TpaHckpunTomM™* 30M npoytenunmn SE75 8
HUMT /NIT 5M npouteHnn SE75 50
Manasa oHkO-NaHesb 2Mb
Manble reHoMbl 6 Mb

MeTareHoMHOe 5
ceksennpoBsatme (MNGS) 20M npouteHnn PE150

*FASTASeq 300 nogxoguT oNns CEKBEHUPOBaHUA €ANHUYHBIX KITEeTOK
(scRNAseq)

DS sales@sesana.ru @ www.sesana.ru Q +7(495)128-82-74
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Komnanus «JIABMUHCTPYMEHTDBI» npennaraet KOMIIJIEKCHBIE PEIIEHNsI B OCHAILICHUN HAyYHBIX U
WICCIIEZIOBATENbCKAX JTAOOPATOPHIA, @ TAKKE B TIOCTABKE JTaA0OPATOPHOTO 000PYIOBaHUS U IPHOOPOB,
PacXOAHBIX MaT€pHAIIOB JUIsl HAYKH U IIPOU3BOICTBA.

OcHoguble noctaBimku kommnanuu «JIJABMUHCTPYMEHTbID» — xoporio 3apekoMeH10BaBIIHE CeOst
Kuraiickue npousBogutenu: Innova, Labwit, Midea Biomedical, Yocell, CytoNiche, Pri-Eco, Li-Ca,
Farcitech, Healthy Photon, Laboao, Jiupo u MHOTHE MpyTrHe. DTO 00eCIEYMBAET BEICOKOE KaueCTBO
MTOCTABIIIEMON MPOAYKIIMU U HAZECKHOCTD MPEIAraeMbIX TEXHIIECKUX PEIICHHUH.

KomnnexTus Hameil koMnanuu 061agaeT 60IbIINM ONBITOM KOMIUIEKCHOTO OCHAIEHHS Ja0opaTopuii
HayYHBIX YUpeXKIEHHUH, ONOTEXHOIOTHIECKHUX U (hapMalleBTUIECKUX MPOU3BOACTB. OpHEHTHPYSICH Ha
WHAWBUAYaJIbHBIN TOOX0A K IOKYIIaTesIM, COTPYIHUKH KOMIIAaHWUU 110 Baeii 3asBke momoryT npuoOpecty,
JIOCTaBUTH U BBECTH B IKCILTyaTallMIO PEAKOE U YHHUKAIBbHOE 000PYAOBaHUE OT IPOM3BOAUTENEH, HE
MIPEACTABICHHBIX Ha PHIHKE.

Henps xommanun «JIABMHCTPYMEHTDI» — npeanoxuts Bam, HammeMy mokymnareinto, pa3Ho00pa3HbIi
ACCOPTHUMEHT KaueCTBEHHBIX TOBAPOB M MPOJECCHOHATBHBIN CEPBUC. A HaKOTUICHHBII HAMH OTIBIT, 3HAHHUS U
YKeJIaHUe Pa3BUBaThCS JaNblIe CIENAl0T Hallle MpeioKeHe MaKCUMalIbHO BBITOAHBIM [T Bac.

Cdepa gesiteibHOCTH

Komnanus «JIABUHCTPYMEHTDI» o0ecniednBaeT MOMHbIN KOMIUIEKC YCIyT IJIsl peIeHHs 3a1ad,
MTOCTaBJIEHHBIX IMOKYTIATENIEM:

e  COTPYIHHKH KOMIIAHWH, HUMEIOIIHE OOIBIION ONBIT Pa0OThl B HAYYHO-HCCIIEI0BATEIBCKIX
YUPEKACHUSX, IIOMOTYT BBIOpATh 000PYI0BaHKE JIJISl peIlICHHsT KOHKPETHOH 3a/1auil U TION0epyT
ONITHMAJIbHBII BApHAHT MO COOTHOIIEHHUIO [[€Ha-Ka4eCTBO;

e MBI OCYLIECTBIISIEM I0CTaBKY 000pYIOBaHUS OT IPOM3BOAUTENS 10 3aKa3UHMKa, HCIOIb3YsI
OTJIAKEHHYIO CUCTEMY JIOTUCTHKH;

e  BBHICOKOKBAJIH(DHIIMPOBAHHBIE HHKEHEPHI CEPBUCHOMN CITYKOBI BBITIOIHSIOT BBOJI B SKCILTyaTaIIHIO,
rapaHTUHHOE U NOCIerapaHTHIHOE 00CTy )KHBaHHE IPUOOPETEHHOTO 000PYyIOBaHNUS;

e cepBucHas cinyx6a komnaauu «JIABMHCTPYMEHTDBI» npeanaraet yciayru o peMOHTY U
JanbHeNIIeMy 00CITyKUBAaHHIO PHOOPOB POM3BOJCTBA HE3ABUCHMO OT UCTOYHMKA MOKYIIKH, a
TaKKe MOPO3UIIBLHOTO 000PYAOBaHMS JIIOOBIX MAPOK M TOZa BHIITYCKa, BO3MOXKEH BBIE3]] HHKEHEPA B
PETHOHBI.

e  CBS3aBILNCH C HAIIUMU clielMaarcTaMu, Bel MoxxeTe caenarh 3asiBKy Ha UHTepecymoume Bac
KaTaJIOTW TPOM3BOIUTEINEH, IPEICTABICHHBIX HA HAIIEM CalTe.

17(499)213-2652

sales@labinstruments.ru

INNZ

The passion for seience

idea | Biomedica


tel:+74992132652
mailto:sales%40labinstruments.ru
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000 «JIABUHCTPYMEHTbI»
-]IAB +7(903)762-0296

+7(499)213-2652, p,06. 901

HHCTDYM@HT bI sa@labinstruments.ru

www.labinstruments.ru

JNIABOPATOPHOE OBOPYOOBAHMUE
ONA U3YYEHUA U BbIPALLLUBAHWNA PACTEHUN

O6opynoBaHue ana aHanu3a $oTocuUHTE3a, ANA aHann3a GU3nonorMueckmux u
Mopdonornuecknx napamMeTpoB pacTeHUN, CUCTEMbI U3MepeHNsa razaoobMeHa
pacTeHuI, KnMMaTUnUYeckmne KamMmepbl 414 BbipalLUBaHUA pacTeHUN,
doTobuopeakTOpbl ANA KyNbTUBUPOBAHUA BOAOPOC/IEN U MHOTOE apyroe!

BCEIrAA CAMbIE HU3KUE LIEHbI /1A BAC!

B HawieM accopTUMeHTe caMoe COBpeMeHHoe HayuyHoe
o6opygoBaHue OT BeaAyLMUX MUPOBbIX NpousBoauTtenen!

AHanusaTopbl NapaMeTpPoB pacTeHUMN

AHanunzatopsbl naowaamn nuctbeB RC-70, RC-80, RC-90, Rinch
AHanuzatop nuctosoro nHaekca RC-100, Rinch

AHanuzatop TpaHcnupaumu pacteHmnit RC-TRMO01, Rinch
AHanunzatop 3epHa FG1030-C, LICA

N3meputenu yposHsa xnopodunna RC-SPADO1, RC-SPADO02, Rinch
Nmap>xep kopHen pacteHuin RhizoScan In Situ, PRI-ECO

AHanusaTtopbl ra3006MeHa (gblxaHnsa) pacTeHUum
CucrteMa namepeHnus razoobmeHa pacteHun RC-P60, Rinch
M3oTonHaAa cuctemMa namepeHmsa rasoobmMeHa pacteHun IPS-1000, PRI-ECO

doTobmopeakTopbl A5 KYyNbTUBUPOBAHMUA BOAOPOCEN N AP.
dotobuopeakTop ¢ pabounm o6 bEMOM 5 nutpoB LBR-5GJG, LABOAO
dotobuopeakTop ¢ pabounm o6EMOM 200 nnutpos LBR-200SJAG, LABOAO

KaMepbl KnuMmaTnueckue ans BblpaliMBaHUS pacTeHUMn
Kamepbl cepun Smart and Simple, 06bem 50-200 nutpos, JIUPO
Kamepbl cepum Plant Growth, 06bem 300-2000 nutpos, JIUPO
Kamepbl cepun Seed Preservation, 06bem 300-2000 nutpos, JIUPO
Kamepbl cepun Tissue Culture, 06bem 300-2000 nutpos, JIUPO

000 «<JIABUHCTPYMEHTbI»
| +7(903)762-0296
H ‘ _]IAB +7(499)213-2652 (0,06. 901)
| sa@labinstruments.ru
|| il | HHCprmeHT bI www.labinstruments.ru
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JIABOPATOPHOE OBOPYAOBAHMUE
0N1A NSYYEHUA OKPY)KAIOLLLEWN CPEADI

CucrteMbl n3aMepeHusa razaoobMmeHa Nnous, aHanM3aTopbl NapaMeTpoB NouYB,
razoaHanmsaaTtopbl NapHUKOBbLIX ra3oB, ctaHuun eddy covariance u gpyroe!

BCEIAA CAMbIE HU3KUME LLIEHbI AJ14 BAC!

)“.
AHanusatopbl NapaMeTpPoB No4YB y
CucteMa namepeHmns Bla>KHOCT 1 TemnepaTtypbl noysbl Plover TDR, PRI-ECO

RN

MopTaTnBHbIE OAHOKAMEPHbIE CUCTEMbI U3MEPEHUA Fra3006MeHa NoYB
Cuctema PS-9000 (CO2/H20), LICA

Cucrtema PRI-8610 (CO2/H20), PRI-ECO

Cucrema PRI-8610U (CO2/H20) ynbrpakomMmnakTtHana, PRI-ECO

Cwuctema PRI-8620 (CO2/H20/CH4), PRI-ECO

Cwuctema PRI-8630 (CO2/H20/N20), PRI-ECO

Cuctema PRI-8640 (CO2/H20/CH4/N20), PRI-ECO

CTaumoHapHble MHOTOKaMepHble CUCTEMbI USMepPeHUA ra3oo6MeHa NoyB
Cuctema SF-9000 (oo 18 kamep), LICA
Cuctema PRI-8600D/Long-Term (mo 32 kamep), PRI-ECO

PRI-ECO

Fa3oaHanusaTopbl NapPHUKOBbIX rA30B NOPTaTUBHbIE

MopTtatmBHbIN razoaHanmaarop (CO2, H20) PS-9000, LICA

MopTtatmBHbIN razoaHanmzartop (CO2, H20) HT8810, Healthy Photon
MopTtatmBHbLIN razoaHanmaartop (CO2, H20) PRI-8610, PRI-ECO
MopTtaTtmBHbIN razoaHanmaartop (CH4, N20, H20) HT8820, Healthy Photon
MopTatmBHbIN rasoaHanmnsartop (CO2, N20, H20) HT8830, Healthy Photon
MopTatmBHbIN rasoaHanmnsartop (CO2, N20, H20) PRI-8630, PRI-ECO
MopTtatmBHbIN razoaHanmaarop (CO2, CH4, H20) HT8840, Healthy Photon
MopTtaTmBHbIN razoaHanmaartop (CO2, CH4, H20) PRI-8620, PRI-ECO
MopTtaTtmBHbIN razoaHanmzartop (CO2, CH4, N20, H20) HT8850, Healthy Photon
MopTtaTtmBHbIN razoaHanmaartop (CO2, CH4, N20, H20) PRI-8640, PRI-ECO

Fa3oaHanusaTopbl NapHMKOBbIX ra3oB Ana ctaHumm eddy covariance
lasoananmnsatop H20 otkpbiToro tuna HT1800, Healthy Photon
lasoaHanmnsatop N20 oTkpbiToro tnna HT8500, Healthy Photon
lasoaHanunsatop CH4 otkpbiToro Tna HT8600, Healthy Photon
lazoaHanunzatop NH3 otkpbiToro Tna HT8700, Healthy Photon
lasoananmnsatop CO2, H20 3akpsbiToro tTvna PRI-5251¢, PRI-ECO

000 «/IABUHCTPYMEHTbI»
H' ‘ ] l ﬁ l ; +7(903)762-0296
+7(499)213-2652 (n,06. 901)
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Location: Astana
Region: CIS countries +
(Kazakhstan, Uzbekistan, Azerbajan,

Armenia, Georgia, Kyrgyztan, Tadjikistan)
Market area: Biopharma, Life Sciences
E-mail: info@advena-bio.com

Phone: +7 705 182 11 07

ad(rena

Cell ‘/ Base

Biology ./ Equipment

Flow Cytometry, Freezers,

Cell Sorting, Digital Imaging, Deep-Freezers,

Cell culture Media, FBS, Centrifuges,

Real-time Cytotoxicity, Biosafety Cabinets,

FC Antibodies, Cryo Storage,

Immunotherapeutic assays, CO2-incubator,

Cell culture plastic & reagents Shakers

Molecular @@ Protein Analysis
A( Biology ®. & Biotechnology

dPCR, gPCR, FPLC, Resins, Gel-documentation,

classic PCR, dNTPs, Up-stream,

NA Purification Station Filtration solutions, TFF,

& Kits, research PCR-tests, Down-stream, Microbiology

Ferments, Plastic & Reagents, Counters, Oligosynthes,

NGS reagents, R&D platforms, SFM

Sanger sequensing

advena-bio.com
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Location: Astana

Region: CIS countries +

(Kazakhstan, Uzbekistan, Azerbajan,
Armenia, Georgia, Kyrgyztan, Tadjikistan)
Market area: Biopharma, Life Sciences

E-mail: info@advena-bio.com
Phone: +7 705 182 11 07
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MEDILAND

ANNIVERSARY
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TOO Hayuno-npousBoacTBeHHas ¢upma «MenwmHI» opranu3oBaHHas B 1993 rony,
crielManu3upyercss B 00JacTH MOCTAaBOK MEIUIMHCKONM TEXHUKH, OOOPYIOBaHUS M PACXOJHBIX
MaTepHajoB Ui MEOUIMHCKMX W HaydHbIX JabopaTopwii W  sABIsSeTcS O(UIMAIBHBIM
IUCcTpuOBIOTOpOM Ha TeppuTopuu KaszaxcraHa BeoylIMX MHPOBBIX NPOU3BOAMTENEH, TaKUX Kak
Apacor (Benukobputanusi), Arctiko ([anums), Bandelin (I'epmanus), BD Biosciences (CLIA),
BioMerieux (®panmus), BioSan (Jlateust), BioSystems S.A (Mcnanwust), Boditech Med Inc. (FOxnas
Kopes), Brand (I'epmanus), CHROMagar (®paunnwust), Evoqua (I'epmanust), EXIAS Medical GmbH
(ABctpus), QINGDAO HAIER BIOMEDICAL (Kuraii), Eppendorf (I'epmanus), Instrumentation
Laboratory (CILIA), Kojair (®unnsuaus), Lauda (I'epmanust), Martin Christ (I'epmanus), Memmert
(T'epmanus), Nabertherm (I'epmanms), Snibe Co. Ltd (Kwuraii), Sartorius (I'epmanus), Sebia
(Opanuwms), Sigma Laborzentrifugen (I'epmanus), Sysmex Corporationy» (Snonwus), Systec
(Tepmanwust), YD Diagnostics Corporation (Pecniyoiuka Kopest). Kommanus obecrieunBaet CepBHCHOE
U TIOCTrapaHTUHHOE OOCIy)KMBAaHHE IIOCTABJICHHOTO OOOPYAOBaHUs, IPOBOAUT OOy4YCHHE
CHELMAINCTOB OpraHU3alMii-3aKa3uuKoB METOJuKaM padoThl Ha npubOpax U OKasbIBaeT
KOHCYJIBTAIIMOHHYIO TOJJICPKKY 110 IIOCTaBIsIEeMOMY OOOPYIOBAaHUIO B Ppa3IMYHBIX 00JacTsAX
npuMeHeHus. Bee crnenmanucTsl KOMIAHUU PErYJISIPHO MPOXOISAT OOy4EeHHE M IOBBILIAIOT CBOIO
KBaJIM(UKALIMIO HA 3aBOJAX KOMITAHUK-TTPOU3BOIUTENIEN U HMEIOT COOTBETCTBYIOIINE CEPTU(DUKATHI.

TOO «HII® MenumsHa» cTaBUT Hepea coOOM Lend MO BHEAPEHHIO WHHOBAIMOHHBIX
TEXHOJOTMIl B 00JAaCTM MEIWLMHBI M MCCIEA0BATEIbCKOr0 OOOpYyNOBaHUS, MPENOCTaBIsAs B
pacropsbkeHue KIUEHTOB TOCIeJHHE TEeXHUYEeCKHe pa3pabOTKU Hapsly C Hpubopamu, Yyxe
3apEKOMEHIOBABIIMMH €0l M TTPOBEPEHHBIMU OOIIMPHOM MPAKTUKOM Tosb3oBaTeneil. Kommanus
OCYILECTBIISICT KOHCYJIbTHPOBAHUE KJIMEHTAa OT 3Tama BBIOOpPa OOOPYJOBAaHUS C MaKCUMAaJbHBIM
Y4ETOM €ro LieJIei, 3a]1a4 U 3alpOoCoB, 10 MOCIENPOIaXKHOW NH(OPMALIMOHHON NOJJIEPKKH B BUJIE:

* OpraHM3aluyu U MPOBEACHUS YUEOHBIX CEMUHAPOB U HAYYHO-TIPAKTHUECKUX KOH(PEPEHIIHIH;

* TO/IJIEPKKE YUaCTHsI [TOJIb30BATENIEH B MEXKTYHAPOIHBIX MporpaMmmax GUpM-IIporu3BoIUTeNIEH
npeziaraeMoro o0opy10BaHuUs;

* OKa3aHMUsS KOHCYJbTAaTUBHO-METOJMYECKOM W TPAKTUYECKOM MOMOILIM I0JIb30BaTEIsIM
000pyAOBaHNUS;

* PEryJIIpHOr0 MUHPOPMHUPOBAHUS O HOBUHKAX B METOJIUKAX, TEXHOJIOTUAX U 000PYOBAHUH JIIS
KJIIMHUYECKON AUArHOCTUKH.
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TOO «JIaGopPapma»

Bxonut B [ pynny xommanuit « Anreit» u pabotaer Ha tabopatopHom peiake Kazaxcrana c 1992
roga. B I'pynny komnanuii « Anteit» Bxogat TOO «Jlabop®apmay u I[IK TOO «Lezarty.

TOO «Jlabop@Papmay 1OCTaBISIET:

e paznmuyHOe JabopaTopHOE, AHATUTHYECKOE M  MEAMIMHCKOE
o0opyoBaHue u MpuOOpHI,
naboparopHyro MeOenb,
peareHTsl,
CTEKJISIHHYIO, INIACTUKOBYIO, (hap(hOopoByIO MOCYLY, NabopdapmA
pacxoiHble MaTepHallbl,
CpEICTBA 3allUThI U T.II.

Mei1 nocrasisiem ToBapsl 200+ OpeHI0B CO BCETO MUpA.

TOO «JlabopDapmay sBiseTCS OPUIHATIBHBIM TUCTPHUOBIOTOPOM TaKUX U3BECTHBIX KOMITAHHH
kak: SHIMADZU Europa GmbH, Velp Scientifica Srl, Memmert GmbH, Preekem, ASEM srl, TOP
AIR Systems, ColeParmer (6penabr BibbyScientific, Electrothermal andTechne, Stuart, Specs).
WESTMEDICA mbH, Astori Technica, Isolab GmbH, LGC Standards, Reagecon Diagnostic, Vitlab
GmbH, Duran DWK Group u apyrux.

ITo mocraBke peareHTOB, J1a0OpaTOPHON IMOCYIbI, CUCTEM BOJONOJIrOTOBKH, (MIBTPALUU U
PacXOAHBIX MaT€pUAIOB MbI SBJISIEMCS] aBTOPU3UPOBAHHBIM AUCTPUOBIOTOPOM BCEMUPHO U3BECTHBIX
opennos Bxomsmux B MERCK GROUP: MERCK, Millipore, Sigma-Aldrich GmbH.

ACCOpPTHUMEHT MocTaBiIsieMold MNpoAaykiuu HacuuTbiBaeT cBbimie 100 000 HanMeHOBaHMM
TOBapOB, U OH ITOCTOSIHHO PacTeT.

Mpsl uMeeM COOCTBEHHBINM 000pYIOBaHHBIN CKial ruiomazsio 6omee 1200 M2, HA KOTOPOM B
HaJIMYMe Bcerga OOJbIION BBHIOOP CTEKISIHHOM M IJIACTUKOBOM J1aOOpaTOpHOM MoCynbl 001Iero
HA3HAuY€HUs, MEPHOW IOCY/AbI, Pa3JIMYHBIX NPUOOPOB U YCTAaHOBOK M3 CTEKJIA, AHAIUTUYECKUX
npubOpOB, XMMHYECKUX pEaKTHMBOB OOINEro Ha3HaueHWs, WHAMKATOPOB, OpPraHMYECKUX
pacTBOpUTENEH, CTaHIaPTHBIX 00pa31loB, MPEKYPCOPOB U S10B, PACXOIHBIX MaTepHaIOB.

VY Hac uMeeTcsi cOOCTBEHHOE Ka3axCTAaHCKOE MPOU3BOACTBO MeOENTH MOj TOProBOMl MapKoi
Jlezapt. A Take NpOU3BOJCTBO aTTECTOBAHHBIX CMECEH MECTULINI0B U MUKOTOKCHHOB.

Msl MeeM 3 TOproBO-BBICTAaBOYHBIX 3ajia JUId y100CTBA HAIIMX KJIMEHTOB: 2 BT. AnMarel U 1 B
r. Acrana. B Ommkaiimem OyaymieM JUisi HalIMX 3aKa3dMKOB OTKPOET JIBEPU TAaKK€ HOBBIM
JIEeMOHCTPAIIMOHHO-Y4YeOHBIN LIEHTP.

B mrare Hameil xomnanuu Gosee 50 BBICOKOKBaJIM(UIIMPOBAHHBIX CHEIUAINCTOB, CPEAU
KOTOPBIX OMNBITHBIE XUMHKH, MUKPOOHOJIOTH, CEPBUC-UHKEHEPBI, METPOJIOTH, JIOTUCThI, PAOOTHUKH
CKJIaja.

V¥ Hac 6onee 7000 3aka3zunkoB 1o BceMy Kazaxcrany. HammMu nocTossHHBIMM MOKYyTaTeNIsIMU
apnsitorcss  Hanumonaneubele LleHTpsl skcmepTusbl M cepTUuKanuy, HanuoHanmbHBIM LEHTp
HKCIIEPTU3bl JICKAPCTBEHHBIX CPEJACTB, LIEHTPHI CylAeOHOM SKCHEepTH3bl, Bce (hapMaleBTUUYECKHUE
xoMmnanuu KazaxcraHa, mpoW3BOAMTENN TMMILEBBIX MPOAYKTOB, OOJIBIIMHCTBO  BEIYLIUX
yHHMBepcuTeToB, MHCTUTYTOB 1 HUWU, BerepuHapHble 1abopaTopuH, OONBHUIBI M MEAMLMHCKUE
[IEHTPBI, BOCHHBIC OPTaHU3AINH, IIKOJIBI M JPYTHE TTPEIITPUSTHSL.

MBI OKa3bIBa€M HAIIMM 3aKa3uMKaM BCECTOPOHHEE CEPBUCHOE 00CITY)KMBAaHUE U TEXHUYECKYIO
MOJICPKKY:

CeptudunupoBaHHble CEPBUC-MHKEHEPHI

WHcTannsuus u NoCTIpoAakHOE 00CTyKUBaHUE TTOCTABISIEMOT0 000PYI0BaHUS

OO0yueHne CrennanucToB 3aKa3unKa

CepBHCHOE 00CITYKUBAaHUE U PEMOHT

Mertoauueckas 1 MeTponoruueckast oaaepxKKa
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KommiekcHoe ocHamenue jiaboparopuii B Kazaxcrane

KomMnanmus AHLFI/IMCJI - OJIVMH U3 BCAYIIUX MOCTABIIUKOB PCArCHTOB U XUMUYCCKUX PCAKTHUBOB,
0o0opyaoBaHNA U Mebenu 71 Taboparopuii pa3IuyHON HanpaRIeHHOCTH.

OO6paTuBIIMCE B HAllly KOMIIAHWIO BHI MOTYyHaeTe:

HOMOHIL OIIBITHBLIX CIICITUAJINCTOB B H0ﬂ60p€ ONITUMAJIBHOTO PCHICHUSA B COOTBCTCTBUM C HOTp€6-
HOCTSIMU Balllel 1abopaTopuu;

HCpCOH&J’IBHLIfI nmoaAXoa U UHAUBHUAYAJTBHOC MPCATOXKCHUC, YUUTHIBAIOIICC BCC ACTICKTLI: AKTyallb-
HOCTB MPOAYKIWH, CTICTITUAILHBIC MPCIJIOKCHUA U 6OHYCI)I KOMITAHWHW W HAIIIUX MAPTHCPOB;
[MocaenponakHOe COMPOBOXKACHUE U MOAJIEPKKA € BBIC3ZIOM Ha MHCTAIUIAIHNIO, 3aITyckK 000pyno-
BaHUs, OOCITYKMBAHWE W PEMOHT, TPOBCJCHUE OOYUCHUS 110 MCIOIL30BAHUIO OOOPYIOBAHUS JUTS
BallluX COTPYIHUKOB.

Hamu nanpapienust

Mgl uMeeM OOJIBLIION ONBIT ITOCTABOK J1a0OPaTOPHOTO 00OPYIOBAHUS, XUMHYECKUX PEaKTHBOB, Ha-
OOPOB PCArcHTOB W PA3TMYHBIX PACXOMHBIX MATCPHANIOB JUIS Ja0OPATOPUN B TAKUX 0OIACTAX KaK
(dhapMaIeBTHKA, MCIUIIMHA U 3/[PABOOXPAHCHUE, MUIICBAsT 0C30MaCHOCTH, MUKPOCKOIIUS, CyIcOHas
SKCIIEPTU3a, 000pyIoBaHUE U peareHThI Uil NGS, nmutojoruu u matoMopdoJioTuy u Jip.

Bce obopyzioBanue moCTaBIsACTCA ¢ HCOOXOMUMBIMU JUTS KCILTYaTalluy JIMIICH3USIMY, cepTUrKa-
TaMM, PETUCTPALMOHHBIMU YIOCTOBEPCHUAMH, HHCTPYKIUAMU U IIPOYUMH Pa3pEHIUTEIBHBIMU JO-
KYMEHTaMU.

IHapTHepbI

Ha cerogmsuramii fens kommanus TOO «AnsruMeny SBISETCS OQUIMATBHEIM ITAPTHEPOM MHOTHX
MUPOBBEIX KOMIAHUH W UIMEET BO3ZMOKHOCTB OCTABIATE 00OPYA0BAHUE U PACXOIHBIC MATCPHAITBI HA
foree BBITOIHBIX JIIS KOHCYHOTO IMOTPEOHTENS yenoBusaX. CIIHCOK HAIINX MapTHEPOB TOCTOSHHO
YBEIIUIMBACTC.

s
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Santa Cruz Biotechnology SCIEX Sekisui Diagnostics
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