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Polymorphism of the available potato gene pool for resistance to abiotic and

biotic factors of the environment and its practical use
R.O. Bondus, Yu.V. Kharchenko, M.M. Furdyha, L.T. Mishchenko, A.A. Podhaietskyi,
V.V. Hordienko, O.V. Hordienko, V.S. Koval

The article presents the results of 1954-2021 studies on the potato polymorphism as a consequence of species
evolution and practical application of these investigations. The issue of adaptability of valuable genes of potato, which
contributed to its preservation in nature for a long time, is covered, and the potato evolution is traced on living material.
It is noted that some species of this crop do not exist any longer and, given this, the importance of the plant genetic
bank as a depository of material and intellectual assets of the people of Ukraine is stressed. The studies allowed for
identification of valuable potato accessions, analysis of the genealogy of individual cultivars, which provided an
opportunity to investigate the relationships between modern cultivars and their ancestors. The identified or newly
created valuable potato accessions found further practical use, as they were involved in breeding, scientific and
educational programs. Due to multi-year research aimed at targeted involvement, effectively use and preservation of
the authenticity of the valuable gene pool of potatoes as well as at optimization of the qualitative and quantitative
composition of the National Bank of Plant Genetic Resources of Ukraine, a pedigree database on 301 accessions from
18 countries with certificates for 35 valuable unique accessions was formed and registered with the National Center for
Plant Genetic Resources. We also built-up collections of 6 different types, specifically, a trait collection for yield including
46 accessions from 8 countries; a trait collection for starch content and technological scores (61 accessions from 5
countries); a working trait collection for large tubers (121 accessions from 16 countries); a working trait collection for
resistance to viral diseases (31 accessions from 7 countries); and a trait collection for distinctness traits (568
accessions from 15 countries). The above collections and accessions of the potato gene pool are a concentrated
reserve of valuable genes as well as material and an intellectual asset of the people of Ukraine; they play an important
role in improving the welfare of the nation and the strength of the state, increase its scientific, intellectual and spiritual
potentials and need preserving in a viable state and genetic integrity.

Key words: potato, polymorphism, gene pool, genealogy, cultivars, breeding.
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Introduction

Among agricultural crops, the potato is favorably distinguished due to an extraordinary diversity of
species, subspecies, variety groups, varieties, forms, accessions, cultivars, and hybrids. All the potato
diversity is its gene pool. The gene pool of a crop is the totality of all genes of its taxonomic units, which
are characterized by certain frequencies. The potato gene pool consists of an assortment of cultivated and
aboriginal cultivars and endemic forms, numbering about 200 wild and domestic species, which differ
significantly one from another. The potato diversity is a continuous polyploid series, from di- to hexaploids.
Most of the potato species (about 70%) are diploids (Gorbatenko, 1989).

The tropical origin of the potato explains its significant polymorphism, as the tropical flora is generally
noticeable for a great range of forms. Polymorphism, as a consequence of the evolution of a species, is of
great biological importance, as it contributes to the existence of the species under very different conditions
and to the emergence of new species. The trait expression polymorphism within a species (Zhukovskiy,
1971; Pushkaryov, 1962; Podhaietskyi 1995) requires evaluating as many accessions as possible. Some
potato forms are able to withstand as harsh frosts as of -6°C, drought, high air and soil temperatures, etc.
Analysis of numerous studies allows conditional dividing the potato gene pool into forms that evolved
through evolution and forms, the synthesis or selection of which was human need-oriented. The need for
this approach is based on different criteria of natural and artificial selections. The natural evolution of a crop
is directed towards improving the generative and vegetative parts of the plant, which would help preserve
the potato diversity. Along with this, the natural evolution of the potato also resulted in the emergence of
forms with higher expression of economically valuable features: from wild species to domestic ones and to
endemic forms (as a separate evolutionary stage). Representatives of the potato gene pool are highly able
to reproduce generatively and vegetatively; some of them are highly resistant to stressors (Podhaietskyi,
2002).

After the potato introduction to Europe in the second half of the 16! century, the evolution of mainly
two domestic tetraploid species, S. tuberosum and S. andigenum, continued. These species evolved at the
latest stages of phylogenetic development and had larger tubers and more yielding plants in comparison
with diploid and other tetraploid species. However, both species significantly differed both in the
environments, where they evolved, and in the plant morphology.

S. andigenum is a polymorphic and widespread species, which evolved in highlands under the
influence of elevated ultraviolet radiation, drastic shifts of diurnal temperatures, and arid climate. The
highland conditions affected the plant morphology: low bushes, small and mid-sized leaves, pigmented
stems.

S. tuberosum — a typical species of lowland coastal plains with diffused sunlight and sufficient
precipitation; it combined the features of a hygromorphic plant: broad, leafy bushes, large leaves, thick and
succulent stems.

When S. andigenum was grown in a mixture with S. tuberosum (it was common in the early stages
of the potato cultivation in Europe), spontaneous interspecies hybrids, which were heterozygous and highly
plastic, appeared due to natural transpollination between these species. In addition, after several
generations of sowing in a more humid and temperate climate, S. andigenum transformed into forms similar
to S. tuberosum: leafy and latifoliate. Thus, under the influence of the new climate of Europe, a new
subspecies of European potato, ssp. Europeanum, evolved within the species S. tuberosum (Kustaryov,
2002).

It should be noted that potato species have valuable adaptive genes, which allowed them to survive
in nature for a long time. Therefore, it is now possible to trace the evolution of this crop on living material,
despite the fact that some potato species have become extinct and are lost forever.

Materials and methods

Prevention of loss, preservation and rational use of their own genetic resources of plants are
inviolable attributes of the state policy of sovereign states. In Ukraine, the National Bank of Plant Genetic
Resources of Ukraine was started in 1992, and the National Center for Plant Genetic Resources of Ukraine
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(NCPGRU) became its organizational core. After the proclamation of Ukraine's independence in 1991,
since 1993, Ustymivka Experimental Station of Plant Production of the Plant Production Institute named
after V.Ya. Yuriev of NAAS has been a basic scientific institution of the NCPGRU. Currently, the National
Bank of Plant Genetic Resources of Ukraine has collected 151,300 specimens of domestic plants and their
wild related species, including the potato gene pool, which comprises 3,719 samples belonging to 70
botanical species (2 domestic and 68 related wild species). At present, almost 90 gene banks of the world
store 14,000 potato cultivars as well as significant numbers of locally cultured accessions and
representatives of wild potato species. Potato research was started at Ustymivska Experimental Station of
Plant Breeding in 1953 (Kharchenko et al., 2008; 2009). The study period was from 1954 to 2021. The
study was conducted in accordance with conventional methods of potato growing (Cherepanova 1971;
Bukasov et al., 1975; 1977; Kostina, 1976; 1983; 1992; Clark, Adams, 1977; Osipchuk et al., 1983; Zadina
et al.,, 1984; Truskinov, 1987; Komarov et al., 1988; Podhaietskyi, 1991; 1993; Crowther, 1995;
Podhaietskyi, Hrytsenko, 1996; Loebenstein et al., 2001; Kutsenko et al., 2002; Santala et al., 2010; King
et al., 2012; Karasev, Gray, 2013; Lacomme, Jacquot, 2017).

Results and discussion

During the period of 1954—-1974, 2,294 potato samples, mostly early and mid-early cultivars received
from the N.l. Vavilov All-Union Research Institute of Plant Industry and other research institutions of the
USSR, were evaluated (Olefir, 1975a). Due to a significant spread of the nematode (Ditylenchus destructor
Thorne) at that time, scientists of the Experimental Station conducted surveys in 25 districts of the
Poltavska, Kharkivska, Sumska, and Kirovohradska Oblasts. In the Kirovohradska Oblast, the nematode
was detected in 100% of the surveyed farms, in the Poltavska Oblast — in 97.1%, in the Sumska and
Kharkivska Oblasts — in 50.0%. This phenomenon was a serious problem in the potato growing as damage
to tubers by stem nematodes in 1966—1970 in the Poltavska Oblast reached 28.9%. Losses of potato tubers
during winter storage increased considerably, because nematodes continued to destroy tubers in
storehouses (Olefir, 1971). In this regard, the Experimental Station paid special attention to the evaluation
and selection of potato accessions that would be resistant to this parasite from the collection (Olefir, 1969).
The work was carried out by V.V. Olefir under the guidance of Doctor of Agricultural Sciences
A.Ya. Kameraz. During the period of 1967—-1973, 160 accessions of tuber-reproduced wild species and 39
families of potato seedlings, which belong to 46 species of 20 series, were evaluated (Kameraz, Olefir,
1974). Four hundred and eighty-seven samples of Solanum andigenum Juz. et Buk. seedlings were
assessed for resistance to stem nematodes in 1967-1970. During the period of 1970-1973, 232 tuber-
propagated seedlings belonging to seven primitive domestic diploid species were studied, (Olefir, 1975b).
In addition, 545 foreign and soviet cultivars as well as 313 clones of interspecies hybrids were evaluated
for resistance to the nematode in 1966-1973 (Kameraz, Olefir, 1974).

The collection was studied under natural and artificial infestation of soil with stem nematodes. The
purpose was to identify resistant forms that are valuable for breeding as starting material. Plants of wild
species and S. andigenum forms were grown in pots (diameter 16—17 cm; volume 2,000 cm?), as the
biological specifics of the wild species (tuber formation in short photoperiod, long stolons) prevents their
cultivation in the field. The pots were filled with humus-soil (1:2) mixture and placed in concrete
greenhouses. The gaps between the pots were tightly filled with soil. Primitive domestic diploid species,
cultivars and interspecies hybrids were tested in an area isolated from homesteads and the main crop
rotation fields. The soil for the pot mixture was taken from the same area. Therefore, all accessions in the
experiment were studied on the same soil. Plants were infested by joint planting of healthy and affected
tubers in one box. Ella (Germany) and Priyekulskiy Ranniy (Russia) were taken as control cultivars. During
harvest, the score of nematode-induced damage to tubers was visually determined. In addition, sections of
three tubers from each bunch were microscopically monitored. Tubers that were not affected outwardly by
the parasite were stored in a potato storehouse and thoroughly inspected again by the appropriate method
before planting (Olefir, 1970).

The results of the 1966-1973 evaluation of the potato collection for resistance to stem nematodes
showed that highly resistant forms could be distinguished within different wild potato species, which belong
to several series: S. bukasovii Juz., S. catarthrum Juz., S. sucrense Hawk., S. vernei Bitt et Wittm., S.
simplicifolium Bitt., S. infundibuliforme Phil., S. acaule Bitt., S. chacoense Bitt., S. commersonii Dun., S.
semidemissum Juz., S. stoloniferum Schlechtd., S. jamesii Torr., etcl. (Olefir, 1971). As to the domestic
potato species of the Andigena Buk. series, resistant accessions were found within the primitive diploid
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species (S. phureja Juz. et Buk., S. goniocalux Juz. et Buk.) and others as well as within the polymorphic
tetraploid species S. andigenum. Within the Tuberosa (Rydb.) Buk. series, Chilean domestic forms and
numerous cultivars belonging to S. tuberosum L. were distributed according to the degree of susceptibility,
but no highly resistant accessions were found (Olefir, 1975b). Provocative studies resulted in the
identification of resistant and weakly susceptible to stem nematode interspecies potato hybrids of varying
complexity. Most of them come from crossing wild species of the Glabrescentia Buk. or Transaequatorialia
Buk. (or others) series with S. tuberosum cultivars (Kameraz, Olefir, 1974). Analysis of stem nematode-
induced damage to complex interspecies hybrids proved a possibility of breeding cultivars that would be
virtually resistant to this parasite from nematode-resistant forms of Latin American potato species.

In 1978, as continuation of previous studies, 60 wild tuber-reproduced potato accessions, which
belonged to 16 species and 6 series, were evaluated. The accessions were provided by Moscow branch of
the N.I. Vavilov All-Union Research Institute of Plant Industry and tested on artificial infestation. The test
results indicated immunity to stem nematodes in lots of the accessions under investigation. These were the
following species: S. chacoense, S. leptostigma Juz., S. famatinae Bitt. et Wittm., S. spegazzinii Bitt., S.
demissum Lindl., and S. pinnatisectum Dun. Plants of the above species developed well on the parasite-
infested soil. It was noted that accessions of the S. chacoense, S. vernei, S. jamesii, S. pinnatisectum, and
S. kurtzianum Bitt. et Wittm. species were less damaged by the Colorado potato beetle in the field. In
addition, 267 clones grown from seeds of self-pollinated accessions, which were resistant or weakly
affected by stem nematodes, were tested on the artificially infested soil. The test results showed that
seedlings of the vast majority of accessions inherited high resistance to nematodes (Olefir, Turulyova,
1982). This gave reason to believe that in the future it was possible to use nematode-resistant wild potato
accessions in breeding for resistance to this parasite.

However, despite the high harmfulness of the nematode, more significant damage to the potato in
the Southern Forest-Steppe of Ukraine is caused by viral diseases. Scientists faced the tuber degeneration
problems at the very beginning of the potato collection at the Experimental Station.

In the 1960s, in the context of insufficiently studied degeneration of potatoes in the South of the
USSR, the work carried out by the N.I. Vavilov All-Union Research Institute of Plant Industry became of
vital importance. Potato crops grown from locally reproduced tubers were surveyed in six sites of the USSR,
which were located in the most typical environments of the country. Major forms of external signs of
degeneration were described, and its spread under production conditions was assessed (Chesnokov,
1961). The most common for each area potato cultivars and new promising cultivars were studied. In order
to study the environment effects on the potato degeneration, tubers of 10 cultivars from plants without
external signs of degeneration, which were examined for latent viral infection, were sent to different sites
from Pushkin (the area most favorable for growing potatoes, where physical and geographical conditions
are similar to those in the historical homeland of the crop).

Such comprehensive work on previously studied potatoes allowed researchers within a relatively
short time to get answers to questions which were essential to launch search for ways to protect this crop
from degeneration. At Ustymivka Experimental Station of Plant Production, research was conducted by
post-graduate student M.F. Muravyova under the guidance of Doctor of Biological Sciences
P.G. Chesnokov (Muravyova, 1962; 1966). His well-known monograph "Potato Degeneration Diseases in
the USSR" [9] contains data obtained in the area of activities of Ustymivka Experimental Station of Plant
Production, which are the basis of the section "Potato Degeneration in the Forest-Steppe of the European
Part of the USSR."

In 1989-1992, a researcher of the Ustymivka Experimental Station, A.V. Chygryn, under the
guidance of Academician of the All-Union Academy of Agricultural Sciences K.Z. Budin continued studying
the prevalence and harmfulness of the potato leaf roll virus (PLRV) in the Southern Forest-Steppe of
Ukraine. Due to virological examinations of the potato collection on natural infection, 32 cultivars, 4
intraspecies and interspecies hybrids and 7 S. andigenum forms with field resistance to PLRV were
identified. Serological tests showed that PLRV-resistant cultivars (Alpha, Bintje, Jaerla, Mansour, Sante,
Tempora [Netherlands]; Turbella [Germany]) were also resistant to mosaic viruses X, Y and A. The selected
cultivars can serve as starting material in potato breeding for group resistance to mosaic viruses (they
penetrate the plant mainly through mechanical injuries; some of them can be transmitted by insects) and
Potato leaf roll virus (virus-L) (transmitted by insects only). In Germany and the Netherlands, potato
breeding must take into account the resistance of cultivars to PLRV. Having genealogically analyzed such
cultivars, we found that all of them had virus-resistant parents in their pedigrees. Most of them are of
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interspecies origin, for example, cultivar Jaerla derived from S. tuberosum forms and the S. andigenum and
S. demissum species; cultivar Sante — from S. andigenum, S. stoloniferum, and S. vernei, cultivar
Tempora — from S. andigenum, S. acaule, S. demissum, and S. stoloniferum; cultivar Turbella — from S.
andigenum, S. demissum, and S. chiquidenum Ochoa.

In a three-year provocative study of 20 accessions of tetraploid domestic species S. andigenum and
several accessions of diploid domestic species (S. ajanhuiri Juz. et Buk., S. yabari Hawk., S. goniocalux
Juz. et Buk., and S. rybinii Juz. et Buk.), group resistance to PLRV and mosaic viruses was reported for 7
forms of S. andigenun (v. tampumachay (K-1793), v. typicum (K-1842), v. catamarcense (K-3153), v.
adpresse (K-3156), v. alcatarma (K-3567), v. yarochuacotto (K-3570), and v. catarthrisimle (K-4005)).

The property of the tetraploid domestic polymorphic species S. andigenum to cross with other potato
species, including cultivars of the tetraploid domestic species S. tuberosum, is widely used in breeding.
This species served as starting material and is in the pedigrees of almost 800 potato cultivars, including 60
Ukrainian ones. Itis readily used by breeders due to its inherent valuable features: resistance to nematodes,
late blight, wart disease, some viral diseases (including PLRV), scab, bacterial rots and other diseases.
S. andigenum is valuable material for the breeding of cultivars with high culinary and technological qualities
required for industrial processing. Some of its accessions have increased contents of starch, protein,
ascorbic acid, etc. Many forms give relatively high yields; their tubers have strong jackets and pulp. The
following accessions were noticeable for the greatest tuber weights (g/bush) in the soil and climatic
conditions of the Experimental Station (Southern Forest-Steppe of Ukraine): K-1793 (1,520 g), K-3567
(1,120 g), K-3570 (900 g). In virological evaluations, accessions with group resistance to PLRV and several
other viruses were selected.

Scientists of Ustymivka Experimental Station of Plant Production evaluated 7 S. andigenum
accessions, 7 cultivars, and 4 hybrids for resistance to the Colorado potato beetle. The study objective was
to identify forms with complex resistance by improved methods of the All-Russian Institute of Plant
Protection, which were tested and finalized at Ustymivka Experimental Station of Plant Production. Due to
comparison of positions (ranks) occupied by each accession, this technique allows for determination of the
resistance threshold of an accession. After data were statistically processed, the following findings were
revealed: cultivar Sante showed antixenotic resistance (unattractiveness of plants for feeding and laying
eggs); cultivar Alpha and v. yarochyacotto were distinguished by antibiotic resistance (adverse
physiological effects of plants on the Colorado potato beetle feeding on them); v. catamaracense and two
hybrids (181-1 and 43 (85) 5) combined different types of resistance.

In the late 1980s — early 1990s, very small numbers of potato cultivars were evaluated for resistance
to the Colorado potato beetle. Therefore, the objective was set to evaluate the large collection of wild potato
species, interspecies hybrids and unstudied accessions from the Department of Tuber Crops of the
N.I. Vavilov All-Union Research Institute of Plant Industry. This work was supposed to localize resistance
to the Colorado potato beetle and identify new foci.

In previous studies, V.V. Olefir (Kharchenko et al., 2008) found that resistant potato species were
mainly from the Colorado potato beetle areal (North America). A.V. Chygryn evaluated 38 wild potato
species (72 accessions) for resistance to the Colorado potato beetle and detected 6 highly resistant ones,
including 2 species from North America (S. pinnatisectum, S. lesteri Hawk.) and 4 from South America. (S.
chiguidenum Ochoa., S. chomatophilum Bitt., S. multidissectum Hawk., S. multiinterruptum Bitt.). These
data confirmed the fact that Colorado potato beetle-resistant species are found both within the pest areal
(North America) and outside it (South America, where more than 85% of all wild and domestic potato
species are grown). This opens significant prospects for further research and use of these species in
breeding.

Breeding material of the above species created at Ustymivka Experimental Station of Plant
Production was sent to the Department of Tuber Crops of the N.I. Vavilov All-Union Research Institute of
Plant Industry (to a senior researcher, L.M. Turulyova). Under the conditions of the High Pamirs (Ishkashim
Base), L.M. Turulyova and D.O. Dzhongirov managed to obtain hybrid offspring from some of them. These
and other hybrids were tested for resistance to the Colorado potato beetle. Their results indicated that S.
pinnatisectum was not only a source but also a donor of resistance to the pest. Hybrids originated from the
above species were resistant to the Colorado potato beetle, although the species that were crossed with
S. pinnatisectum were not highly resistant at all.

Besides the resistance of a cultivar to biotic factors, adaptability to abiotic environmental factors is
important. At the end of the 20" century, due to global climatic changes, a need arose to address the
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problem of adaptive plant production. Mainstreams in plant breeding, in particular potato breeding,
changed. The cultivar, as an open biological system, is subject to regulated and unregulated abiotic
environmental factors in the field. Modern potato cultivars are characterized by high productivity potential,
but are genetically insufficiently protected against adverse environmental conditions. In this regard, during
the period of 1996-2021, the Experimental Station conducted special studies to establish the reaction norm
of potato accessions to cultivation in the Southern Forest-Steppe of Ukraine. Two hundred and thirty-seven
potato cultivars of different ripeness groups and 167 interspecies hybrids bred at the Institute of Potato
Growing of UAAS were evaluated. Prospects of assessing backcrosses of complex remote multispecies
hybrids for major economically valuable traits under specific soil and climatic conditions were outlined. It
was revealed that the involvement of wild species (S. chacoense, S. stoloniffrum) and domestic species
(S. andigenum) in breeding helped to breed more drought-resistant forms. Starting breeding material was
differentiated by laboratory determining drought resistance as per L.S. Lytvynov’s technique
(Litvinov, 1988) and heat resistance as per F.F. Matskov’s technique (Matskov, 1970). A possibility to use
correlations for determination of heat resistance and especially water-replenishing and water-holding
capacities of potato leaves by methods developed at the Institute of Potato Growing of UAAS (2002) was
proven. Some hybrids in which the negative effect of drought was smaller in comparison with other factors
were selected: 85.368s16, 90.676/83, 90.673/75, 85.568s9, 88.1450s2, 89.24s57, 90.691/38, 90.841s2,
91.497-92, 89.382s18, 96.977/3, 96.977/14, 91.561c3, 90.674/13, and others. The inclusion of selected
parents in breeding programs of the Institute of Potato Growing of UAAS, Polissya Experimental Station
named after O.M. Zasukhin, Sumy National Agrarian University became a practical result of this study.

The genetic potential of productivity and resistance of the potato to biotic and abiotic environmental
factors is far from exhausted (Boland et al, 2004; Roos et al., 2011; Jones, 2014; Hameed et al, 2014; Torro
et al., 2015; Lal et al., 2018). Various soil and climatic conditions positively affect the plant morphogenesis.
Recently, under the leadership of the NCPGRU and with the participation of scientists of Ustymivka
Experimental Station of Plant Production, N.I. Vavilov All-Russian Research Institute of Plant Industry and
other foreign organizations, missions has been regularly conducted to collect landraces and wild related
species in different soil/climatic zones of Ukraine: Steppe (Kirovohradska, Mykolaivska and Odeska
Oblasts); Woodlands (Kyivska, Zhytomyrska, Volynska, and Rivnenska Oblasts); Forest-Steppe (Sumska,
Kharkivska and Luhanska Oblasts); Central and Steppe regions of Ukraine (Poltavska, Dnipropetrovska,
Zaporizhska, and Khersonska Oblasts).

As a result of enrichment of the collection with new samples and studies of introduced material,
sources of economically valuable features are identified; they are transferred to breeding research
institutions for further inclusion in breeding programs. Attention is paid to environmental assessments; the
suitability of accessions for cultivation in different soil/climatic zones is established, which determines the
further successful implementation of new cultivars into production.

As the potato spread, it was increasingly (and catholically used!); the potato breeding in each country
acquired specific features and own traditions. The potato collection built up at Ustymivka Experimental
Station of Plant Production comprises 665 cultivars, concentrating a significant number of breeding forms
on a small area. As Kustaryov A.l. (2002) pointed out, each cultivar is a climatype, and the morphology of
its plants more or less reflects the climatic conditions where it was created (Kustaryov, 2002). At the same
time, these cultivars are always the end product of breeding for certain economic and biological
characteristics.

In England, in the humid climate, cultivars were bred predominantly latifoliate and lost the ability to
reproduce sexually. Such cultivars usually have low contents of dry matter and starch.

In the US, in the hot climate in major regions where potatoes are grown (Idaho, Maine, Washington),
cultivars with dark leaves ensuring high heat resistance were bred. In Alaska, freeze-tolerant cultivars (Red
Warb, Norland, Alaska, Frostless, Dazax) were bred; they had bushes and intensely pigmented stems. In
general, American cultivars are characterized by large tubers and high marketability.

German breeders gave the mankind a number of high-starch cultivars (Voltman, Parnassia, Marker,
Silesia) and a lot of high-yielding cultivars with excellent taste qualities (Emperor, Alma, Wagner, Paul,
Foran, Carnea, Furstenkrone, Jubel, Delodara). German cultivars, with some exceptions, had abundant
foliage (sympodial branching). These ecological and morphological features reflect the warm, humid climate
of Southern Saxony, Bavaria and Hanover.

In the Netherlands, in the humid marine climate, rich-leafy cultivars with various timeframes of
ripening were bred. The vast majority of Dutch cultivars boast good palatability, yellow pulp with a high
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content of carotene and slender tubers. However, many of them are susceptible to viral diseases and
drought.

The vast majority of cultivars turned out to be typical climatypes and did not go beyond the climatic
regions where they were created. Only a very small number of cultivars (Lorhk, Nevskiy, Priekulskiy Ranniy,
Gatchinskiy) became widespread in various climatic and soil conditions. These features, i.e. high
environmental plasticity, were sure to be due to adaptations in their vegetative organs (Kustaryov, 2002).

Conclusions

The studies of the potato collection at Ustymivka Experimental Station of Plant Production under the
soil/climatic conditions of the Southern Forest-Steppe of Ukraine provided an opportunity to select high-
yielding accessions giving high-quality products, adapted and genetically protected from unfavorable biotic
and abiotic environmental factors, as starting material for breeding and to determine some biological
peculiarities of the growth and development of potato plants in this climatic zone. Due to multi-year research
aimed at targeted involvement, effectively use and preservation of the authenticity of the valuable gene
pool of potatoes as well as at optimization of the qualitative and quantitative composition of the National
Bank of Plant Genetic Resources of Ukraine, a pedigree database on 301 accessions from 18 countries
with certificates for 35 valuable unique accessions was formed and registered with the National Center for
Plant Genetic Resources. We also built-up collections of 6 different types, specifically, a trait collection for
yield including 46 accessions from 8 countries; a trait collection for starch content and technological scores
(61 accessions from 5 countries); a working trait collection for large tubers (121 accessions from 16
countries); a working trait collection for resistance to viral diseases (31 accessions from 7 countries); and
a trait collection for distinctness traits (568 accessions from 15 countries). The above collections and
accessions of the potato gene pool are a concentrated reserve of valuable genes and material and an
intellectual asset of the people of Ukraine; they play an important role in improving the welfare of the nation
and the strength of the state, increase its scientific, intellectual and spiritual potentials and need preserving
in a viable state and genetic integrity. Valuable accessions found or created during the studies have been
included in breeding, scientific and educational programs and already found practical application at the
Institute of Potato Growing of NAAS of Ukraine, Polissya Experimental Station named after O.M. Zasukhin,
Sumy National Agrarian University, Taras Shevchenko Kyiv National University.
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Monimopdiam HassBHOro reHodhoHAY KapTonsii 3a CTiNKICTIO A0 aGiOTUYHUX Ta

GiOTUYHMX YMHHMKIB cepefoBMLLA Ta NOro NpakTUYHE BUKOPUCTAHHA
P.O. BoHpgyc, 10.B. XapueHko, J1.T. MiweHko, A.A. NMoagraeubkun, M.M. ®ypaura, B.B. NopgaieHko,
O.B. lNopaieHko, B.C. KoBanb

Y cTaTTi npeacTaBneHi AOCMiAXeHHS CTOCOBHO BUBYEHHsI nonimopdiamy kapTtonni Bnpogosx 1954-2021 pp., {k
Hacnigky eBontouii BMAIB, Ta NOro NpakTMyHe 3acTocyBaHHSA. PO3KpUTO NMUTAHHA aganTUBHOCTI LHHMX FeHiB KapTonni,
AKi cnpusnu ii 36epexeHHIo y NpMpoai BNPOAOBX TPUBAroro 4acy, Ta NPOCTEXEHO eBOMIOL0 KapTonsi Ha >X1BOMY
mMaTepiani. BiasHaveHo, WO okpeMi BUAM JaHOI KynbTypW NPUNWHUIIM CBOE iCHYBaHHA Ha3aBXawW i, BUXOAsS4M 3 LbOro,
HaromnoLweHo Ha BaXNMBOCTI poboTW reHeTU4HOro 6aHKy pocnuH, sik 3bepirada maTepianbHOro Ta iHTenekTyanbHoro
HagbaHHsA Hapoay YkpaiHu. [NpoBeneHi AoCnioKEeHHs 403BONUAM BULINUTU LiHHI 3pa3ku KapTonni, npoaHanisysaTu
reHeanorito OKpeMux COpTiB, WO Hagano MOXNMBICTb AOCNIAMTU POAVHHI B3AEMO3B’A3KM Cy4aCHMX COPTIB 3 iX
6aTbkiBCbkMMY hopMamu. BuaineHi abo cTBopeHi LiHHI 3pa3ku KapTonni 3HanLwnNu noganblue NpakTUYHe 3acToCyBaHHS
LMIAXOM X BKIMOYEHHS [0 CenekuinHMX, HaykoBUX Ta HaB4yamnbHuX nporpam. 3a pesynbtatamu baraTopivyHux
AOCnifpKeHb 3 MeTO LinecnpsMOBaHOro 3anyyeHHs, edeKTMBHOrO BMKOPUCTAHHSA | 306epexeHHs aBTEeHTUYHOCTI
LiHHOro reHodpoHAY KapTonfi, onTuMi3auii sikicHoro i KinbkicHoro cknagy HauioHanbHOro 6aHKy reHeTUYHMX pecypcis
pocnuH YkpaiHu 6yno cdbopMoBaHo Ta 3apeecTpoBaHo y HalioHanbHOMY LIEHTPi FeHETUYHKX PeCcypCiB POCNWH YKpaiHu
3 OTpPMMaHHAM cBigouTB 35 LiHHMX yHiKanbHUX 3paskiB, 6a3y pogosoais Ha 301 3pa3ok 3 18 kpaiH Ta 6 pi3HuXx TuniB
KOmnekLuin, a came: O3HaKoBa KONEKLis 3a ypoxamHIiCTIo, Lo BKNoyae 46 3paskiB 3 8 kpaiH; 03HaKoBa Konekuis 3a
BMiCTOM KpOXMarto Ta TEXHOMOT4YHNMM BNacTUBOCTAMM, LU0 BKoyae 61 3pas3ok 3 5 kpaiH; poboya 03HaKoBa Konekuis
3a BenukobynbboBiCTIO, WO BkNtoyae 121 3pasok 3 16 kpaiH; pobova o3HaKoBa KOMeEKLis 3a CTIMKICTIO 40 BipYCHMX
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XBOpPOD, Lo BkNtovae 31 3pas3ok 3 7 KpaiH; 03HaAKOBa KONeKLis 3a 03HakaMu BigMiHHOCTI, Lo BKMoYae 568 3paskiB 3 15
KpaiH. BuweBkasaHi konekuii Ta 3paskM reHooHAy KapTonsi € CKOHLEHTPOBaHUM pe3epBaToM LUiHHWUX FeHiB,
maTtepianbHUM Ta iHTeNnekTyanbHUM HagbaHHaM Hapody YKpaiHu, BigirpatoTb BaXknMBY porb y MONiNWeHHi JobpobyTy
Hauii i MiyHOCTI [OepaBu, 3pOCTaHHI ii HAyKOBOro, iHTENEeKTyanbHOro Ta OYyXOBHOro noTeHuiany i notpebyoTb
36epexXeHHs y BUCOKOMY XXMTTE3OATHOMY CTaHi Ta reHeTUYHIN LinicHOCTi.

KnrouoBi cnoBa: kapmonsisi, noniMopgpiam, 2eHOGhOHO, 2eHearoeisi, copmu, CenieKy,si.

LHumyeaHHsi: Bondus R.O., Kharchenko Yu.V., Furdyha M.M., Mishchenko L.T., Podhaietskyi A.A., Hordienko V.V.,
Hordienko O.V., Koval V.S. Polymorphism of the available potato gene pool for resistance to abiotic and biotic factors
of the environment and its practical use. BicHuk Xapkiecbko20 HauioHanbHO20 yHigepcumemy imeHi B.H. KapasiHa.
Cepisi «bionoeaisi», 2022, 38, 4-13. https://doi.org/10.26565/2075-5457-2022-38-1

lpo asmopis:

P.O. boHayc — YcTMMiBCbka AocnigHa CTaHuis pocnuHHULTBA IHCTUTYTY pocnvHHuuTBa iM. B.A. IOp’esa HAAH
Ykpainu, Byn. Akagemika Baginoea, 15, c. Yctumiska, MnobuHcbkuii p-H, MonTtasceka 061., YkpaiHa, 39074,
bondus1971@gmail.com, https://orcid.org/0000-0002-2367-5225

10.B. XapueHko — YcTuMiBCbKa gocnigHa CTaHuist pOCNMHHMUTBA IHCTUTYTY pocnuHHMUTBa iM. B.A. lOp’eBa HAAH
YkpaiHu, Byn. Akagemika BasinoBa, 15, c. Yctumiska, MnmobuHcekuin p-H, Montasckka 0bn., Ykpaina, 39074,
udsr@ukr.net, https://orcid.org/0000-0003-0901-9624

M.M. dypaura — IlHcTuTyT KapTonnsapctea HAAHY, Byn. Ykanosa, 22, cMmT. Hemiwaese, bopoasHcbkuii p-H, KuiBcbka
06n., 07853, iknaan.ukr@gmail.com, https://orcid.org/0000-0002-9398-0487

JI.T. MiweHko — KuiBcbkuin HauioHanbHWUA yHiBepcuteT iMeHi Tapaca LesyeHka, Byn. Bonognmumpcbka, 64/13, m. Kuis,
Ykpaina, 01601, Imishchenko@ukr.net, https://orcid.org/0000-0003-0697-6971

A.A. Mograeubkuin — CyMCbKWIN HaLioHanbHUI arpapHuii yHiBepcuteT, Byn. I'. KoHapaTtbeBa, 160, m. Cymu, YkpaiHa,
40000, podgaje@ukr.net, https://orcid.org/0000-0002-2130-8835

B.B. lNopaieHko — IHcTuTyT KapTonnapctea HAAHY, Byn. Ykanosa, 22, cMT. Hewmiwaese, BopoasiHCbLKUI p-H,
Kuiscbka o6n., 07853, beky@i.ua, https://orcid.org/0000-0003-0407-1474

O.B. lNopgieHko — IHcTuTyT KapTonnsapctea HAAHY, Byn. Ykanosa, 22, cmT. Hemiwaese, bopoasHcbkuin p-H,
Kuiecbka o6n., 07853, iknaan.ukr@gmail.com, https://orcid.org/0000-0002-9389-1935

B.C. KoBanb — IHcTuTyT kapTonnapctea HAAHY, Byn. Ykanosa, 22, cMT. Hemiwaese, bopoasaHcbkuii p-H, KniBcbka
06n., 07853, vitok19950k@gmail.com, https://orcid.org/0000-0002-2721-2463

IModaHo do pedakuyii: 25.01.20221 / lpopeyeH3zoeaHo: 23.04.2022 / MpuliHamo Ao dpykKy: 10.05.2022

Cepia «bionorisa», sun. 38, 2022
Series “Biology”, issue 38, 2022 ISSN 2075-5457 (print), ISSN 2220-9697 (online)


mailto:bondus
mailto:1971@gmail.com
mailto:udsr@ukr.net
mailto:lmishchenko@ukr.net

Mapkepw reHis CTINKOCTi COHSLLHMKY 4O OCHOBHMX XBOPOO Ta napasutis

Marker-assisted selection and use of molecular markers in sunflower breeding for resistance to diseases and parasites

ISSN 2075-5457 (print), ISSN 2220-9697 (online)

DOI: 10.26565/2075-5457-2022-38-2
UDC: 633.854.78:631.527:632.9

Marker-assisted selection and use of molecular markers in sunflower breeding for
resistance to diseases and parasites

Ye.Yu. Kucherenko, A.M. Zviahintseva, L.N. Kobyzeva, V.P. Kolomatska, K.M. Makliak, N.l. Vasko,
K.V. Zuieva, T.M. Lutsenko

Recently, the problem of phytosanitary condition of sunflower crops has been exacerbated, which is associated with
violation of crop rotations and, as a consequence, spread of common diseases. Selection for resistance to biotic
factors requires comprehensive research into the crop biology and pathogens. The use of starting material, which is
resistant to major pathogens and environmental stressors, in selection is a prerequisite for the breeding of highly
productive hybrids. Significant progress in the breeding of heterosis sunflower hybrids has been achieved primarily
due to stable inbred lines. However, their creation is time-consuming, taking 8-12 years. Selection of desirable
genotypes and initial forms for crossing is complicated by the fact that it is driven by a set of polygenic traits that are
prone to significant modification variability. The use of molecular genetic markers is a way to accelerate breeding.
Marker-assisted selection breeding (MAS) has been theoretically justified in numerous publications and implemented
in most breeding institutions around the world. However, in domestic breeding programs, MAS has not become
widespread compared to traditional methods. Nevertheless, this breeding trend opens new opportunities for studying
genetic diversity and determining kinship at the intraspecies and genus levels. The review provides information on
the status and prospects of implementation of MAS in traditional plant breeding and highlights the achievements of
modern biotechnology in sunflower breeding for resistance to biotic factors owing to molecular genetic markers. The
MAS principles are outlined and the advantages of this method are described. Specific examples of application of the
molecular approach during the development of starting material of sunflower for breeding for resistance to common
diseases and parasites are given. The main stages and components of PCR analysis are also described. Inbred
sunflower lines — carriers of the gene for resistance to the downy mildew pathogen are characterized and genetic
passports using STS markers to the Pls locus have been formalized for 13 sunflower lines.

Key words: DNA markers, Marker-Assisted Selection, sunflower, downy mildew, sunflower rust, broomrape.
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Introduction

There are two main approaches in genetic studies - "direct" and "reverse" genetics. Since Gregor
Mendel’s discoveries of (1865), classical or "direct" genetics has been studying the inheritance of traits
(phenotypes) in living organisms for several generations. Taking the phenotype as a starting point,
"direct" genetics identifies genetic factors that affect the expression of any trait. Thus, "direct" genetics is
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directed from phenotype to genotype. Production of bulky mutant populations for further search for
phenotypic changes in them is a key stage in the experimental application of this approach (Sulima,
Zhukov, 2015).

Since the 1980s, the knowledge gained over the past period (discovery of DNA as a carrier of
genetic information, decoding of the genetic code, development of sequencing and genome-modifying
methods) (Inge-Vechtomov, 2010) opened a new approach that involves analyses of DNA sequences
and the effects that are exerted by changes in these sequences (mutations) rather than analyses of
phenotypes and their genetic control. This concept is called "reverse" genetics (Struhl, 1983; Reski,
1998).

Modern genetics has entered the "post-genomic era", when information about the genome
structure of a wide assortment of organisms has become available. Nowadays, it is especially important
to identify biological functions of genes, the sequences of which are already known (Eisenberg et al.,
2000; Griffiths, Stotz, 2006; Hsiao, Kuo, 2009).

The object of "reverse" genetics is usually a gene with an unknown function (which was detected
by Expressed Sequence Tag (EST) sequencing), the entire genome, or a separate part of it, etc. The
research strategy is in altering the gene structure or activity and subsequent analyzing associated
changes in the phenotype. With the development of large-scale genomic sequencing technologies,
"reverse" genetics has received significant support, taking a leading position both in fundamental science
and in applied research (Alonso, Ecker, 2006; Barrangou et al., 2007; Small, 2007; Boutros, Ahringer,
2008; Hirochika, 2010; Bolle et al., 2011; Upadhyaya et al., 2011; Liu, Fan, 2014).

Traditional breeding focuses mainly on phenotypic selection and is unable to distinguish effects of
the environment or other factors related to growing conditions from genetic characteristics. This problem
can be solved by using molecular markers in direct selection (MAS). The trait of interest is marked by a
molecular marker that is closely linked to the gene determining this trait or to the gene that affects the trait
expression.

MAS allows selecting in accordance with the genotype, regardless of environmental effects. In
addition, MAS is used as a tool that complements and significantly facilitates traditional breeding.

The European Technology Platform ‘Plants for the Future’ in its proposed strategic research
agenda for plant genomics and biotechnology until 2025 regards a rise in the selection efficiency as a
priority. The molecular approach, namely Marker-Assisted Breeding (MAB) or Marker-Assisted Selection
(MAS) is a promising way to solve this problem (Kozhukhova, 2011).

Literature Review, Summarization of Basic Provisions. The term "Marker-Assisted Selection"
was first used in the literature in 1986 to describe the possible use (Beckmann, Soller, 1983). The first
ground-breaking article on MAS in plant breeding using DNA markers was devoted to resistance of
soybean to nematodes (Heterodera glycines Ichinohe) (Concibido et al., 1996). According to the Glossary
of Biotechnology for Food and Agriculture of the Food and Agriculture Organization of the United Nations
(FAO), MAS is the use of DNA markers to increase the selection efficiency, basing on the detection of
markers of breeding traits (Zaid et al., 2007).

The MAS principle is as follows: if the localization of a gene that affects the expression of an
agronomically important trait is known, inheritance of the gene that controls it, or the presence of the
required allele in breeding material (not the expression of this trait) is monitored (Kozhukhova, 2011).

Available molecular markers are a necessary prerequisite for any MAS project. A molecular marker
can be any DNA fragment used to detect a polymorphism and having a close genetic association with the
gene responsible for the trait under investigation (Kalendar, Glazko, 2002).

The rapid development of new methods of molecular biology, including automation and
computerization of different processes, development of appropriate methods and software for statistical
processing and creation of available databases needed to study DNA polymorphism contribute to the
arsenal of molecular markers and their increasing use in various fields of fundamental and applied biology
(Kozhukhova, 2011).

Methods of molecular genetics have been widely used in various biological branches: botany,
entomology, phytopathology, genetics, etc. The idea of markers is not new, as it was formulated by AS
Serebrovskiy as a method of signals in the 1930s. Genetic and breeding achievements in agricultural
plants are often attributed to different marker systems. After all, to optimize and accelerate the breeding
process, one has first to identify genes of the desired traits in staring and breeding materials. Traditional
methods of their detection (hybridological analysis) are labor- and time-consuming.
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MAS, a novel comprehensive combining traditional breeding and achievements of such new
disciplines as genomics and bioinformatics, offers exciting possibilities for the creation of harmful
organism-resistant plant varieties and hybrids (Sivolap et al., 2011).

Marker as a general concept in breeding is a trait that is easily recognizable and is closely
associated with a gene of breeders’ interest. That is, the presence of the marker is a signal that the
important for breeding trait is present too. Markers make it possible to conduct the desired trait-oriented
selection (for example, for resistance) and to add fundamentally new genes to the plant genome. Data on
markers of resistance genes allow researchers to quickly find the desired resistance genes and their
combinations in wild and domestic plants as well as to monitor the presence of this trait while creating
resistant or tolerant varieties and hybrids. The method of biochemical markers was developed and
investigated in the late 1970s. It was found that alleles of genes that determine the synthesis of storage
proteins or isoenzymes are linked to genes of wheat resistance to fungal pathogens (Lisova, 1999). Due
to these findings, individual proteins can be used as markers in breeding for resistance.

Markers for plant breeding began to gain popularity in the early 1980s, when isozyme markers
were used to accelerate the introgression of monogenic traits from exotic germplasm into cultivated
background (Tanksley, Rick, 1980; Tanksley, 1983). In the mid-1980s, the first use of restriction fragment
length polymorphism (RFLP) markers in agricultural crop improvement was described, including
theoretical issues related to marker-assisted backcrossing (MABC) to improve quality triats (Beckmann,
Soller, 1983).

Marker systems can be categorized into three groups: morphological, biochemical (storage
proteins and isoenzymes) and genetic (DNA markers). The first two groups of markers, morphological
and biochemical ones (markers based on the polymorphism of storage proteins and some enzymes),
were widely used in genetic and breeding studies of agricultural crops until the 1990s.

Lande and Thompson (1990) first conducted theoretical studies of MAS for quantitative traits, thus
motivating other scientists to a number of modeling studies in the 1090s (Zhang, Smith, 1992, 1993;
Gimelfarb, Lande, 1994a, 1994b, 1995; Hospital, Charcosset, 1997; Whittaker et al., 1997). In the early
2000s, additional theoretical discussions were held on the application of MAS and strategies for
pyramiding the necessary alleles by recurrent crosses (Hospital et al., 2000; Frisch, Melchinger, 2001,
2005; Hospital, 2002; Servin et al., 2004; Bernardo et al., 2006). These studies have answered many key
genetic questions about MAS systems, such as sample size, number and type of markers, population
type, and genome size (Avise, 2004; Guimaraes et al., 2007).

In MAS, when one marker is used, the selection reliability increases from 95% to 99.5%, and when
two flanking markers are used, it is 100% provided that this marker is located within the gene (Collard,
Mackill, 2008). The markers to be used must be close to the target gene (<5 recombination units). This is
mandatory to ensure that only a small percentage of specimens will be recombinant. Typically, two
markers are used rather than one, to reduce the probability of an error caused by homologous
combination. That is, the first step in MAS is to map the gene(s) or quantitative trait locus(loci) (QTL(s)) of
interest by different techniques. The recombination frequency between the target locus and the first
marker is approximately 5%. Thus, the recombination between the target locus and the marker can occur
in approximately 5% of the offspring. The recombination probability between marker 1 and marker 2 (i.e.
double crossingover) is much lower than for one marker (about 0.4%). Thus, the selection reliability is
much higher when one use flanking markers (Kozhukhova, 2011).

MAS in breeding is used for almost all major crops in four broad directions, namely:

- Traits which are difficult to manage through traditional phenotypic selection because of significant
resource costs or complex heredity;

- Traits, the expression of which depends on the specific environmental conditions or on stages of
development, which affects the target phenotype;

- To accelerate backcross breeding and maintain recessive alleles in this breeding;

- To pyramide several QTLs for one target trait with complex heredity (drought resistance or other
adaptive traits) or several monogenic traits (qualitative traits and resistance to diseases and pests) (Xu,
Crouch, 2008).

If one combines simultaneous selections for large number of target traits in traditional breeding, it
will lead to a general weakening of the resulting material and increase the number of selection cycles to
obtain final accessions. On the other hand, MAS ensures fewer selections and fewer losses when
breeders build up several target traits in the same genotype.

BicHuk XapkiBcbKoro HaujioHanbHoOro yHisepcuteTy iMeHi B. H. KapasiHa

The Journal of V. N. Karazin Kharkiv National University ISSN 2075-5457 (print), ISSN 2220-9697 (online)



€.10. Kyuepenko, A.M. 3esriHuesa, J1.H. Kobusesa, B.IM. Konomaupka, K.M. Maknsk, H.I. Backko, K.B. 3yesa, T.M. JlyueHko
Ye.Yu. Kucherenko, A.M. Zviahintseva, L.N. Kobyzeva, V.P. Kolomatska, K.M. Makliak, N.I. Vasko, K.V. Zuieva, T.M. Lutsenko

It should be noted that the improvement of complex traits, such as resistance to diseases and
pests, is complicated by large numbers of additional genes with unpredictable epistatic effects, impacts of
different environmental factors and weak heredity (Kozhukhova, 2011). Modern methods based on the
achievements of DNA technologies enable searching for resistance genes in starting material more
accurately and quickly. At present, in the breeding practice, it is DNA markers that are successfully used:
short fragments of DNA that are closely linked with a gene that is responsible for a particular trait or
directly characterizes the target gene. MAS, which is based on such markers, is suitable in the selection
for different agronomic traits, including resistance to pathogens and pests. The main advantage of DNA
markers is that it is possible to study almost any part of the DNA molecule, while there is no need for
repeated reseeding of breeding material on infection backgrounds, which significantly shortens the time of
creation of resistant varieties and hybrids.

Of molecular methods used in marker-assisted plant breeding, polymerase chain reaction (PCR),
which is widely applied to identify most DNA markers, is the most effective tool of DNA analysis. PCR
was invented by American biochemist Kary Mullis, and he won the 1993 Nobel Prize in chemistry for this
invention (Korovaeva, Popova, 2015).

The PCR method is based on the identification of specific DNA (RNA) fragments in the test
material, their selective synthesis to a concentration at which they are easy detected and subsequent
determination of amplicons (amplification reaction products) (Fedorenko et al., 2007). Except for RNA
viruses, DNA is a unique carrier of genetic information in all organisms on Earth (Glazko, 2003).

DNA has a unique property - the ability to double after unraveling the helix and the separation of
DNA strands (replication). DNA replication is catalyzed by enzymes called DNA polymerases using the
complementarity principle. To start replication, this enzyme needs an initial double-stranded DNA
fragment. Such a fragment is formed when a short single-stranded DNA fragment (primer) interacts with a
complementary region of the corresponding parental strand of DNA. Two strands of DNA are replicated,
but they grow in opposite directions. As a result, two double-stranded molecules are synthesized from
one double-stranded DNA molecule, each of which contains one strand from the parental molecule of
DNA and the other daughter, newly synthesized strand (Oleshchuk et al., 2014).

Each DNA replication cycle includes three main stages:

- The DNA helix is unraveled and the double-stranded DNA template is separated into
single strands (denaturation);

- Primers anneal, or bind, to the DNA template;

- A daughter strand of DNA is synthesized.

In the PCR machine, these processes are cycled in vitro. The transition from one stage of the
reaction to another is achieved by changing the temperature of the incubated mixture (Lopukhov,
Eldeinshtein, 2000; Fedorenko et al., 2007; Kutyrev et al., 2010). To perform PCR analysis, it is
necessary to prepare a sample of biomaterial (DNA or RNA extraction), complete PCR (amplification) and
to detect the PCR products (amplified nucleic acid) (Romanenko et al., 1998). The requirements for PCR
laboratories are formulated and summarized in corresponding regulations and guidelines (Edwards et al.,
2004; Kutyrev et al., 2010; Stehnii et al., 2010; Kalachniuk et al., 2012).

Polymerase chain reaction allows one to selectively synthesize certain (target) DNA sites of several
hundred to thousands of nucleotide pairs (usually not longer than 2 kilobases (kb)), using any DNA
sample as a template, including a sample of degraded DNA. Today, the PCR principles remain
unchanged despite numerous modifications. They consist in DNA amplification via synthesis of
complementary strands catalyzed by DNA polymerase. To start replication, this enzyme needs two
artificially synthesized single-stranded oligonucleotide primers. Primers are normally between 18 and 30
nucleotides in length. The primers are oriented in opposite directions with their 3' ends pointing towards
each other. so that the elongation reaction proceeds from 5’ to 3' across the region between the two
primers, i.e. the distance between the primers determines the length of DNA fragments amplified during
PCR. As a result of amplification, new DNA fragments of a certain size are synthesized (they appear after
cycle 2).

Polymerase chain reaction is a cyclic process and usually consists of 30-40 cycles. Starting from
cycle 2, the newly synthesized DNA molecules serve as templates for further synthesis of the target DNA
region. Therefore, PCR will lead to an exponential increase in the number of copies of the DNA region of
interest, which was flanked on both sides by primers. The number of amplicons can be approximately
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estimated by formula 2", where n is the number of cycles. Correspondingly, the target DNA region can be
220-fold amplified in 20 cycles (Patrushev, 2004).

Polymerase chain reaction has been widely used in medicine, veterinary science, biology,
criminology, history, archeology and other branches of human activities. This method is supersensitive
and specific in diagnostics of infections. Thanks to PCR, a lot of modern scientific challenges are
successfully solved; organisms are genotyped; genetic diseases are diagnosed and liability to them is
evaluated. PCR can accurately test family relations, identify individuals, analyze ancient remains and
expose GMOs (Rybicki, 2005; Mahony, 2008).

To date, a lot of modifications of classical PCR analysis have been developed, among which the
following types of PCR can be distinguished:

Real-time PCR. This approach is able to determine the number of DNA copies or mRNA in the
sample under study. Today, real-time PCR is the most common method used in different sectors. This
method is based on the quantitative determination of the PCR product content in the reaction mixture in
each cycle of the reaction. Fluorescent-labeled oligonucleotides are used to quantify the PCR products.
When performing real-time PCR, one should compare the obtained graphs of fluorescence accumulation
between several samples, for example, between a standard sample and a test sample.

Real-time PCR is now widely used in medicine and plant production to determine viral load in living
organisms, to elucidate transcript levels, to assess mononucleotide polymorphism and to quantitatively
determine the content of a foreign DNA molecule in organisms and food (the presence of genetically
modified sources).

Multiplex PCR. Several primers specific for different genetic loci are added to the reaction mixture
simultaneously.

Polymerase chain reaction with reverse transcription (RT-PCR). cDNA is synthesized on the RNA
template by reverse transcriptase, and the resulting DNA sequence is used for classical PCR. RT-PCR is
used for the following purposes:

- To study the differential expression of genes at the transcription level,

- In DNA diagnostics of infectios.

PCR in situ. This technique is designed to amplify DNA or RNA sequences directly on fixed slides
of tissues, cells or chromosomes.

Allele-specific PCR. It is used to detect mutations in genomic DNA with allele-specific primers,
which are complementary to the mutant sequences, while the wild type (norm) is not amplified
(Patrushev, 2004).

Different molecular methods are used to detect DNA markers of the trait under investigation. Gupta
et al. (2008) grouped DNA markers according to the detection technique as follows:

1) DNA markers based on restriction fragment length polymorphism (RFLP). RFLP markers are
detected after treatment of genomic DNA with restriction endonucleases.

2) DNA markers, which are detected by various types of PCR analysis. These include the following
types of markers:

- RAPD (random amplified polymorphic DNA) - randomly amplified polymorphic DNA; RAPD
markers include DNA sequences obtained through amplification with arbitrary primers (9-11 bp);

- ISSR (inter simple sequence repeats) — intermicrosatellite sequences; during amplification, a DNA
fragment located between intermicrosatellite loci is replicated;

- AFLP (amplified fragment length polymorphism) — DNA regions are identified by treating the DNA
with two restriction enzymes, ligating adapters to the ends of the target nucleic acid and further amplifying
with primers that are complementary to the adapter nucleotides;

- SSR (simple sequence repeat) - simple repeating sequences or microsatellites; these are tandem
repeats of 2 - 6 bp in length, for example, (A) n, (AT) n, (GA) n, where n varies between 10 and 80 bp;

- EST (expressed sequences tags) - expressed DNA sequences, anonymous sequences, or
sequences of unknown function, obtained from sequencing cDNA libraries;

- SCAR (sequence characterized amplified region) - a sequence that characterizes the
amplification region; first, the RAPD fragment is excised from the gel, cloned and sequenced, and then
specific primers are designed for this site with a length of 14-20 bp;

- CAPS (cleaved amplified polymorphic sequence) - amplification polymorphic sequences that are
cleaved; amplification products are treated with endonucleases;

BicHuk XapkiBcbKoro HaujioHanbHoOro yHisepcuteTy iMeHi B. H. KapasiHa
The Journal of V. N. Karazin Kharkiv National University ISSN 2075-5457 (print), ISSN 2220-9697 (online)



€.10. Kyuepenko, A.M. 3esriHuesa, J1.H. Kobusesa, B.IM. Konomaupka, K.M. Maknsk, H.I. Backko, K.B. 3yesa, T.M. JlyueHko
Ye.Yu. Kucherenko, A.M. Zviahintseva, L.N. Kobyzeva, V.P. Kolomatska, K.M. Makliak, N.I. Vasko, K.V. Zuieva, T.M. Lutsenko

- IRAP (inter-retransposon amplified polymorphism) - amplification polymorphism of
interretrotransposon sequences; amplification occurs between primers that are complementary to the
sequence of two adjacent LTR regions of the retrotransposon;

- STS (sequence tagged site) - a sequence that characterizes the locus. A fragment of genomic
DNA obtained by ampilification with primers that are specific to the primary structure of a known locus.

3) DNA markers, which are detected by sequencing and using DNA chips. Single nucleotide
polymorphism (SNP). SNPs are sites in the genome at which more than one nucleotide is found in
a population, and the frequency of the rare allele should be at least 1% (Malyshev, Kartel, 1997; Lesk,
2009).

As it has been mentioned above, MAS is applied to almost all major crops. Below, we describe
some molecular markers of resistance genes to biotic factors exemplified by one of the most common oil
crops in the world - sunflower.

Downy mildew (Plasmopara helianthi Novot.). Breeding for resistance to downy mildew is a
difficult challenge due to the large number of pathogen races and their significant variability. To date, 20
genes (Pli — Plx) are known to determine race-specific resistance to downy mildew. These genes were
found in different accessions, and Pl alleles are dominant. Pl. and PIz are the most common genes, which
are present in almost all breeding specimens of sunflower. There are published data on marking some of
them, which helps to significantly accelerate the selection of valuable genotypes. In search for markers of
these genes, scientists extensively use 13 lines - differentiators, which are included in the international
standard for the identification of the downy mildew pathogen (Table 1).

Table 1. Characteristics of lines — differentiators (Joci¢ et al., 2012)

Line Ge_nes of Downy mildew races, to which resistance is ensured
resistance

HA-288 - susceptible

RHA-265 Pl 100

RHA-274 Pl1, Pl2 100, 300, 304, 310, 330, 334

DM-2 Plz, Pls 100, 300, 304, 700, 703

PM-13 Plz, Pls 100, 300, 700, 703

PM-17 Pls 100, 300, 304, 310, 700, 710, 703, 714

803-I Pls 100, 300, 304, 330, 334, 700, 710, 714, 730, 733, 734

HA-R4 Plz, Plis 100, 300, 304, 330, 334, 700, 710, 714, 730, 734, 770

HA-R5 Plz, Plis 100, 300, 304, 330, 334, 700, 710, 714, 730, 734, 770

QHP-1 Pls , Plis 100, 300, 304, 330, 334, 700, 710, 714, 730, 734, 770

FT-226 (analogue Pls , Plis 100, 300, 304, 330, 334, 700, 710, 714, 730, 734, 770

of QHP-1)

HA-335 Pli, Pl2, Pls 100, 300, 330, 700, 710, 730, 733, 770

RHA-419 Plarc Universally resistant

To date, the following genes of resistance to downy mildew are marked: Pli, Plz2, Pls.g, Pli3.14, Plis.
20, and Plarc. Carriers of the Plare gene, which determines the universal resistance against all known
races of Plasmopara helianthi, are the most valuable sources of resistance in further sunflower breeding
for resistance to downy mildew (Jocic et al., 2010). The Plarec gene was mapped with SSR markers in
linkage group (LG) 1 of the sunflower genetic map (Duble et al., 2004), and it was shown to be closely
linked with microsatellites ORS716, ORS509, ORS1128, and ORS543 (Wieckhorst et al., 2010).

Scientists from the Plant breeding and genetics institute - National center of seed and Cultivar
Investigation (Solodenko et al., 2014) studied 16 microsatellites in LG 1 in order to identify markers of the
Plare gene. Amplicons loci ORS543, ORS606, ORS710, ORS716, and ORS959 were obtained.
Collection accessions of the wild species Helianthus argophyllus L. were compared with line -
differentiator RHA-419 (the Plarc gene carrier) and other lines - differentiators (carriers of the PI1, Plz, Pls,
Pls, Pliz genes). As a result, marker alleles of loci ORS509, ORS605, ORS610, ORS675, ORS1039, and
ORS1182 that allow distinguishing the Plare carriers from the other studied genotypes, were identified.
Thus, H. argophyllus carries the following marker alleles: 190 bp (ORS605), 220 bp (ORS1039), and 315
bp (OR716), while line RHA 419 carries 197 bp (ORS605), 130 bp (ORS610), and 190 bp (ORS1039).
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Alleles 207 bp (locus ORS509), 165 bp. (ORS1182) and 220 bp (OR 675) can identify a fragment of LG1,
which originates from H. argophyllus L. or line RHA-419.

Table 2. Characteristics of the Pls locus (Bouzidi et al., 2002)

STS-marker R/S” Primer Amplicon length,
Ha-NBS 1 S HaP1 1,901
Ha-NBS 2 R HaP1 1,484
Ha-NBS 3 S HaP2 1,694
Ha-NBS 4 S HaP2 1,979
Ha-NBS 5 R HaP2 1,763
Ha-NBS 6 S HaP2 1,700
Ha-NBS 7 R HaP2 1,589
Ha-NBS 8 R HaP2 1,414
Ha-NBS 9 R HaP2 1,260
Ha-NBS 11 R HaP3 1,811
Ha-NBS 12 S HaP3 1,406
Ha-NBS 13 R HaP3 1,119
Ha-NBS 14 R HaP3 988

Note: R = resistance; S = susceptibility.

Table 3. Nucleotide sequences of the primers used to identify the Plslocus

Primer 5'-3' sequence

F: GGTAATGGCTGTTGAATTTATGGAGC

HaP1 R: AGCATGATCCGGCTAGAGCCTTCTA
P2 F: GTCTACTACATGGTTTCCGTTTTC

R: TGCTTCTTCCTTCTATCTCACTC
a3 F: GTTTGTGGATCATCTCTATGCG

R: TGCTTCTTCCTTCTATCTCACTC

Table 4. Characteristics of the Pls and Pls loci (Bouzidi et al., 2002; Ramazanova, Antonova, 2018)

Amplicon length,

STS-marker Locus R/S Primer bp

Ha-NT8R 1 Pls R Ha-P1 1,569
Ha-NT8R 2 Pls R Ha-P1 2,119
Ha-NT8R 7 Pls R Ha-P1 2,237
Ha-NT8S 1 Pls S Ha-P1 1,153
Ha-NT8S 2 Pls S Ha-P1 1,610
Ha-NT5R 2 Pls R Ha-P1 2,021
Ha-NT5S 1 Pls S Ha-P1 1,303
Ha-NT5S 2 Pls S Ha-P1 1,424
Ha-NT5S 3 Pls S Ha-P2 387

Ha-NT8R 3 Pls R Ha-P3 1,584
Ha-NT5R 1 Pls R Ha-P3 1,584
Ha-NT8R 4 Pls R Ha-P4 1,840
Ha-NT8R 5 Pls R Ha-P5 2,419
Ha-NT8R 6 Pls R Ha-P6 2,437

Note: R = resistance; S = susceptibility.
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Search for carriers of the Pls resistance gene, which determines resistance to 11 races, including
races 710, 730 and 330, is no less important in sunflower breeding for resistance to downy mildew
(Ramazanova, Antonova, 2018). Table 2 summarizes the characteristics of 13 STS-markers within this
locus and three primers that were developed by Bouzidi et al. (2002) and are used by researchers from
different countries to identify the Pls locus in sunflower genotypes. The nucleotide sequences of these
primers are presented in Table 3.

The introgression of the Plg locus into breeding accessions is also promising, since this locus is in the
same LG with the Pls locus, so one can use them in the crop breeding to create universally resistant sunflower
lines and hybrids, i.e. with resistance to the most common races. To flank the Pls and Pls loci, researchers
used six primers (Bouzidi et al., 2002), the characteristics of which are summarized in Table 4, and their
nucleotide sequences are presented in Table 5.

To successfully breed sunflower for resistance to downy mildew, one should analyze not only
plants, but also the pathogen. Hence nowadays, PCR methods are used to determine the molecular
genetic variability of P. helianthi. This approach allows elucidating the structure of the pathogen
population and the rate of its variability, which significantly accelerates the breeding work to create
resistant starting material (Radwan et al., 2008).

Table 5. Nucleotide sequences of the primers used to identify the Pls and Pls loci

Primer 5-3' sequence Locus
Ha-P1 F: GCCCAAAATTGAAAGAAAGGTGTG Pls Pls
R: GGCGAAATTGGTTCCCGTGAGTCG ’
Ha-P2 F: AATCTTGAGTCATTACCCGAGC Pls Pls
R: CAGCGTCTCTGGTAGATCGTTCACC '
Ha-P3 F: GCTGTTACTGCCCTCTTCAAAGTC Pls Pls
R: TTTGAAAGATAAGTTCGCCTCTCG ‘
Ha-P4 F: GCTGTTACTGCCCTCTTCAAAGTC Pls
R: CCCAACTCGACATATCTTCAAACC
Ha-P5 F: TAGTTAACATGGCTGAAACCGCTG Pls
R: CCCCATATTGACAAAGAGTTGAGG
Ha-P6 F: TAGTTAACCATGGCTGAAACCGCTG Pls

R: CGTCTCTGGTAGATCGTTCACCTT

Sunflower rust (Puccinia helianthi Schw.). The introgression of resistance to rust from wild
species, mainly from H. argophyllus, in modern sunflower varieties and hybrids has led to the discovery of
13 resistance genes (Ris, Rio12, Riza, Risb, R14, Raav and Pus) (Bachlava et al., 2011). Molecular
mapping of 11 genes showed they were located in several LG of the genetic map of sunflower. Thus, five
R genes are located in LG 2 (Rs), LG 8 (R1), LG 11 (R12 and Ru4) and LG 14 (Rz), while the remaining six
genes (R4, Ri1, Riza, Risb, Radv and Pus) are located in LG 13, which is divided into two subclusters,
subcluster 1 (R11, Radv and Pus) and subcluster 2 (R4, R1za and Ruisb) (Lawson et al., 1996; Yu et al., 2003;
Qi et al.,, 2011, 2012a, 2012b, 2015b; Gong et al., 2013a, 2013b; Bulos et al., 2013).

The fact that sunflower rust resistance genes quickly lose their effectiveness due to the emergence
of new virulent races in a short period of time after the introduction of resistant varieties and hybrids into
production poses a serious problem. Therefore, it is important to search for new genes of rust resistance
and for molecular markers that can identify these genes as well as to pyramide several resistance genes
in one genotype.

The first molecular studies were conducted to detect markers of the Ri1 and Raav genes using
RAPD- and SCAR-markers (Bulos et al., 2013; Lawson et al., 1998). Subsequent molecular studies of the
R genes were designed to identify molecular markers linked to the Ri1, Radv, Pus, R11, Ri3za, and Ruap
genes, which are located in LG 13. Qi et al. (2015b) identified two markers flanking the R4 gene (ORS581
and ZVG61), which were later also used to mark the rust resistance genes Riza and Risp (Bulos et al.,
2013; Qi et al., 2015a, 2015b; Talukder et al., 2014, Solodenko, Fait, 2016) (Table 6). Bulos et al. (2014)
mapped the Pus gene and identified closely linked SSR-markers (ORS316, ORS224) in LG 13.

Today, Rs is the only sunflower rust resistance gene in LG 2. Qi et al. (2012b, 2015a) identified two
SSR- and two SNP-markers that flank the gene (SFW03654, ORS653a, NSA_000267, ORS1197-2).
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Table 6. Markers of the sunflower genes of resistance to Puccinia helianthi

Resista
nce
gene

Linkage
group

Accession
used to map Marker Reference
the gene

LG 2 Rs

SFW03654
ORS653a
NSA_000267
ORS1197-2

Qi et all.,, 2012a

Ha-R2 Qietall., 2015a

LG8 R1

RHA 279 SCT06950 Lawson et all., 1998

LG 11

Ri4

NSA 003426/NSA 004

55/ NSA_000064/NSA 008884/

NSA_003320.

CRT275

ORS1227

ZVG53

NSA 000064

PH3 822;‘2137 Zhang et al., 2016
ZVG53

RHA 464 Talukder et al., 2014

LG 13

RHars

R13a

R13b

Radv

PuG

SFW05240/SFW05630/SFW06095/ Qi et al., 2011
SFW08283 Qi et al., 2015a
HA-R3 SFW01497/SFW05630/SFW08875
ORS581
ZVG61
HA-R6 ZVG61 Bulos et al., 2013
ORS581
HA-R6 SFWO05743 Gong et al.,, 2013a
RGC15/16 Qietal., 2015a
ORS316/Z2VG61
ZVG61
SUN14
RHA 397 SUN14 Gong et al.,, 2013a
SFWO00757 Qi et al., 2015a
RGC15/16
ZVG61, ORS316
SFW04275/SFW04317/SFW05743
ZVG61, ORS316
Advance SCX20600 Lawson et al., 1998
RHA 340 RGC260 Bachlava et al., 2011
ORS316
P386 ORS316 Bulos et al., 2014
ORS224
Rf ANN-1742 ORS728 Qi et al., 2012b
ORS728
ORS45

LG14 R2

MC 29 (USDA) SFwW01272 Qi et al., 2015b
NSA_002316
SFW00211

LG 11 contains two rust resistance genes: Ri2 and Ri4. The two genes were aligned with markers
ORS1227 and ZVG53. Talukder et al. (2014) used five SNP-markers (NSA_000064, NSA_004155,
NSA_003426, NSA_008884, NSA_003320) to identify the Riz gene, but only two of these markers
(NSA_003426 and NSA004155) were effective in identifying the Ri2 gene.
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Qi et al. (2012b) also used previously developed SSR- and SNP-markers to identify homozygous
multi-race-resistant genotypes in a population of F2 hybrids derived from crossing BC3F2 accession -
carrier of the Rs gene and HA-R6 accession - carrier of the Riza gene. The offspring obtained from plants
selected from this hybrid population were more resistant to races 336 and 777 compared to lines with
only one resistance gene. The researchers also pyramidized the Rs and Riza genes in confectionery
sunflower using SSR- and SNP-markers (Qi et al. 2015a). They revealed that pyramidation of the R
genes could ensure long-term resistance to the causative agent of sunflower rust. Thus, the creation of
sunflower genotypes combining several rust resistance genes is a very important objective in breeding,
and the breeding process can be significantly facilitated and accelerated by using the molecular markers
described above.

Broomrape (Orobanche cumana Wallr.). Broomrape (a plant - parasite)-caused damage
significantly reduces sunflower yields. The most reliable way to control this parasite is to create resistant
varieties and hybrids with prior studies of the inheritance of resistance to broomrape. The genetics of this
trait is studied by Ukrainian and foreign scientists. Sunflower has been bred for resistance to broomrape
for almost a century (Shindrova, 2006). Currently, 8 broomrape races with different virulence are known.
They are denoted by the Latin letters as A, L, B, C, D, E, F, G, H (Melero-Vara et al., 1989; Alonso et al.,
1996; Akhtouch et al.,, 2002; Shindrova, 2006; Pacureanu et al., 2009; Antonova et al.,, 2011). Until
recently, the first five physiological races of broomrape were spread in all regions of sunflower cultivation;
resistance to them is determined by individual Or genes (Sukno, 1999). Studies have confirmed that
resistance to races A to E is determined by the genes Or1 to Ors, which are allelic or strongly linked, and
resistance to race E is controlled by a single dominant gene, Ors (Lu et al., 2000; Fernandez-Martinez et
al., 2000; Fernandez-Martinez et al., 2008).

Most molecular analyses were performed to study and create different types of molecular markers
to identify the Ors gene, which determines resistance to races E and below (Tang et al., 2003;
Fernandez-Martinez et al., 2004; Guchetl et al., 2012). Foreign scientists (Tang et al., 2003) identified
some DNA markers in the same linkage group with Ors. The nearest SCAR-marker is mapped at a
distance of 5.6 cM from the distal end of Ors (Table 7).

Table 7. Markers of the sunflower broomrape resistance genes

Linkage Gene of Accession used to Genetic
. Marker . Reference
group resistance map the gene distance, cM
CRT214 1.1 Lu et all., 2000
RPGO1 RTS05 5.6 Tang et all.,
LG3 Ors PHD CRT392 6.2 2003
ORS1036 7.5
ORS683 1.5 Imerovski et all.,
LG 13 Orab-vi-g AB-VL-8 ORS657 47 2016

Tang et al. (2003) identified SSR-markers closely linked to Ors and mapped this locus in the upper
part of LG 3 in the genetic map of SSR loci. The nearest SSR-markers are at distances of 6.2 cM
(CRT392) and 7.5 cM (ORS1036) from the Ors locus.

Search for donors of resistance to highly virulent broomrape race F is urgent today. This race
originated at the end of the last century in Spain. Imerovski I. et al. (Imerovski et al., 2016) used line AB-
VL-8, resistant to this broomrape race, to map markers of a resistance gene, which was named Orap-vis by
the researchers. Orab-vi-s Was established to be in LG 13. In their molecular studies, the researchers found
the nearest SSR-markers, which are at distances of 1.5 cM (ORS683) and 4.7 cM (ORS652) from the
locus.

For traits with weak heredity, typical breeding programs involve the cultivation of millions of
individual plants in thousands of populations to achieve greater homozygosity in lines, which occurs in
approximately Fs-Fe generations. This process requires significant resource costs and a significant time of
5-12 years. Due to the rapid development of agriculture and life in general, breeding programs with their
scale, complexity of selection, numbers and sizes of populations, etc., require the latest approaches,
which certainly include MAS.
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Conclusions

Thus, MAS has been theoretically justified in numerous scientific publications and is implemented
in most breeding institutions around the world. This trend in breeding opens new opportunities for
studying genetic diversity and relations at the species and genus levels. Molecular marker-based
selection is necessary in modern plant breeding, including in sunflower breeding for resistance to biotic
factors.

The achievements of scientists in marking genes of resistance to the pathogen of downy mildew
and sunflower rust as well as to the plant - parasite, broomrape, opens opportunities of identifying reliable
sources of resistance and involving them in breeding programs in order to create valuable starting
material. The emergence of new virulent races of these diseases and broomrape forces researchers to
carry out deeper studies in finding new resistance genes and identifying molecular markers for these
genes.

The effectiveness of molecular markers in sunflower breeding for resistance to diseases and
parasites is confirmed by the results of scientific studies. Today, the search for donors of resistance to
highly virulent races, which will significantly accelerate the selection of valuable genotypes in breeding for
resistance, is urgent.
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Mapkep#u reHiB CTiMKOCTi COHAILULHUKY 4O OCHOBHUX XBOPOO Ta napa3uTiB
€.10. KyuepeHko, A.M. 3BsriHueBa, J1.H. KobuseBa, B.I. Konomaubka, K.M. Maknsik,
H.l. Bacbko, K.B. 3yeBa, T.M. JlyueHko

OcTaHHIMK pokamK BiAMIY@ETLCA 3arOCTPEHHS NPobremmn giToCaHITapHOro CTaHy MOCIBIB COHSALLHMKY, LLIO MOB'S3aHO
i3 MOPYLUEHHSAM CiBO3MiH i Ik HAcnigoK — MOLUMPEHHSIM OCHOBHMX XBOP06. Cenekuis Ha CTilikicTb 4O BioTUYHMX
UMHHKKIB NOTpebye BCebiYHOroro BMBYEHHS Gionorii KynbTypu Ta naTtoreHiB. HeobXigHOK yMOBOI AN CTBOPEHHS
BMCOKOMNPOOYKTUBHUX rOPUAIB € BUKOPUCTaHHS B CENeKLiiHOMY MpoLieci BUXigHOro marepiany, CTiIKoro 0 OCHOBHUX
naToreHiB Ta CTPECOBMX YMOB cepefoBulla. 3HayHMX YCnixiB B cenekuii retepo3ncHUX riOpuaiB COHSILLHUKY
OOCSArHyTO, Hacamnepes, LUMSIXOM BWMKOPUCTAHHSA CTiikux iHOpegHuX niHin. MNpoTe HWHI npouecc iX CTBOPEHHS €
[ocuTb TpMBanum Ta 3anmae 8—12 pokis. MNMpouec gobopy NoTpibHUX reHoTMNIB Ta BUXiAHUX (DOPM ANs CXpeLlyBaHHS
YCKNaAHETLCA TUM, L0 ife 3a KOMMMEKCOM MOMireHHNX O3HaK, siKi 3a3HaKTb 3HAYHOI MoAMdIKaLiNHOI MIHNNBOCTI.
OfHMM 3 WNAXiB NPUCKOPEHHSA CENEKUiNHOro npouecy € BMKOPUCTAHHS MOMEKYNAPHO-TEHETUYHUX MapKepiB.
Mapkep-acouinioBaHa cenekuis (MAS) oTpumana TeopeTuyHe OOr'pyHTYBaHHS B 4YMCMNEHHMX nybnikadiax Ta
BMpoOBakeHa y OinblUOCTi CEeneKuUiNnHNX YyCTaHOB Pi3HMX KpaiH CBiTY. Ane y BIiTUYM3HSAHMX CENEKUiMHUX nporpamax
MapKep-acoujifioBaHa Cernekuis MopiBHAHO 3 TPauuinHMMKM MeTodamu He Habyna LUMPOKOro PO3MOBCHOKEHHS.
[poTe gaHuMm Hanpsm B cenekuii BigKpMBaE HOBiI MOXITMBOCTI BUBYEHHS FEHETUYHOIO Pi3HOMAHITTH, BU3HAYEHHS
CMopigHEHOCTI Ha BHYTPILUHBOBMAOBOMY i podoBOMYy piBHAX. B ornsai HaBegeHo iHdpopmauio LWwoao ctaHy Ta
NepcrnekTMB BMPOBafXXeHHs B TpaauuiliHy cenekuito pocrnuH Tak 3BaHOro [obopy 3a [OMOMOroH reHeTUYHUX
mapkepiB Marker-Assisted Selection (MAS), BUCBITNEHO AOCArHEHHS Cy4YacHOi BioTexHOnorii B cenekuii COHALIHMKY
Ha CTIMKICTb 0 BIOTUMYHMX YMHHWKIB 3 BUKOPUCTaHHSAM MONeKynspHux mapkepis. [NpeactasneHo npuHumnu MAS,
OXapakTepu3oBaHO MnepeBary gaHoro mMetody. HaBegeHo npuknagu KOHKPETHOrO BUMKOPUCTAHHSA MOMEKYNSPHOro
nigxoQy npv CTBOPEHHI BUXIQHOTO MaTepiany COHSLWHMKY Ans Cenekuii Ha CTikiCTb 40 OCHOBHMX XBOPOO Ta
napasuTiB. TakoX OnMcaHO OCHOBHI eTanu Ta KOMMOHeHTU Ans nposeaeHHs MJ1P-aHanidy. HagaHo xapaktepucTuky
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Inheritance of traits in F1 hybrids of diploid einkorn wheat of the spring crop
Hao Fu, L.O. Atramentova

Diploid einkorn wheat (2n = 14) is an ancient crop that people cultivate for 10 thousand years. The grain of this wheat
is a valuable product for a healthy diet, which determines the increasing interest in einkorn wheat by scientists and
agricultural producers. Meanwhile, the wide use of this crop is hindered by several shortcomings that complicate the
usage of modern technologies: low yield, ear fragility, a tendency to lodging, and difficult grain threshing. Nevertheless,
there are some preconditions for improving the agronomic properties of this crop. We carried out crosses in seven
combinations with the use of three wheat species (T. boeoticum, T. monococcum, T. sinskajae) to improve the diploid
einkorn wheat in terms of productivity and threshing. In total, the hybrid seed set in the crosses varies from 6.3 % to
79.7 %. In the combination of cultivated wheat T. sinskajae with wild T. boeoticum, differences in the results of reciprocal
crosses are observed specifically in the hybrid seed set (in the forward cross it equals 6.3 %; in the reverse one, 48.9 %).
Hybrids from reciprocal crosses of T. monococcum var. sofianum UA0300649 and T. sinskajae f. aristata were
equivalent in seed set (72 and 82 %) and inheritance patterns and had similar quantitative traits. In other combinations,
the seed set varied from 12.5 to 45.6 %. Hybrid depression was the most frequent (22 cases out of 49) inheritance type
of the F1 quantitative traits in einkorns; dominance of the parent form with a large trait manifestation was registered in
11 cases, and heterosis in four cases. In hybrids, the inheritance of spike length is correlated with the inheritance type
of the ear number (r = 0.92) and the grain number (r = 0.78) per spike. The dominance degrees after these two traits
are also highly correlated (r = 0.89). The combination UA0300400 T. boeoticum var. thaoudar ARM / UA0300224
T. sinskajae var. sinskajae RUS, which manifested heterosis for kernel number per spike (Hp = 1.2), the weight of spike
(Hp = 11.8) and weight of kernels per spike (Hp = 5.4) is of particular interest. The combination UA0300222
T. monococcum var. hohensteinii / UA0300224 T. sinskajae var. sinskajae is promising for creating easily threshed
material.

Key words: einkorn wheat, productivity elements, hybrids, degree of dominance.
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Introduction

Diploid einkorn wheat (2n = 14) is an ancient crop that mankind has been cultivating for 10 thousand
years (Heun et al., 1997). The grain of this wheat is a valuable product for a healthy diet (Hidalgo, Brandolini,
2014). It may also be beneficial for people with wheat gluten sensitivity (Di Stasio et al., 2020). All this
determines the increasing interest in einkorn wheat of scientists and agricultural producers. Meanwhile, the
wide use of this crop is hindered by a number of shortcomings that make it difficult to use modern
technologies: low yield, tendency to lodging, fragility of ear, difficult grain threshing. Nevertheless, there are
preconditions for improving the technological qualities of this crop. For example, threshing can be facilitated
by using for hybridization a species Triticum sinskajae A. Filat. et Kurk. with easy threshing although not
highly productive (Filatenko, Kurkiev, 1975). It is possible to predict the effectiveness of hybridization for
the genetic improvement of einkorn wheat by manifestation of traits in F1 hybrids (Kostylev, Nekrasova,
2015), which is also important for the development of commercial heterotic hybrids.

The purpose of the research is to find out the trait inheritance modes in F1 hybrids of einkorn wheat
accessions and to identify promising hybrid combinations for a prospective increase of subsequent
generations’ productivity.

Materials and methods
Seven hybrid combinations involving representatives of three einkorn wheat species were used as
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the material for the study. Among them, there were two reciprocal combinations (1/2 and 5/6, Table 1). The
studies were carried out in the experimental field of the Plant Production Institute named after V.Ya. Yuryev
of the National Academy of Agrarian Sciences of Ukraine (eastern forest-steppe).

Table 1. Crossability of einkorn wheat

Ne Maternal form ¢ Paternal form & C% Cl
UA0300649*, T. monococcum var. T. sinskajae f. aristata™*,
1 SOflanUm**, BLR*** UKR*** 81-9 735_88.1
T. sinskajae f. aristata™, UA0300649*, T. monococcum var.

2 UKR*** SOflanUm**, BLR*** 72-2 656_780
UA0300113 T monococcum UA03C.)0224_ , T. sinskajae 10.7 12.3-30.0
var. macedonicum**, SYR*** var. sinskajae**, RUS***

UA0300222*, T. monococcum UA0300224*, T. sinskajae
; D e Tk 45.6 37.9-53.6
var. hohensteinii** GEO*** var. sinskajae**, RUS

5 UA0300224*, T. sinskajae UA0300400*, T. boeoticum var. 6.3 3.4-111

var. sinskajae**, RUS*** thaoudar**, ARM*** : : |
UA0300400%, T. boeoticum UA0300224*, T. sinskajae
48.9 39.1-58.9
var. thaoudar*, ARM*** var. sinskajae**, RUS***

7 UA0300401*, T. boeoticum var. UA0300221*, T. monococcm var. 125 3.5-36.0

kurbagalensense**, UKR*** monococcum**, AZE*** ' : :

Note: * — number of the National Catalog of Ukraine, ** — species and variety, *** — country of origin, C — Crossability,

Cl — Confidence interval at the probability level of 95 %.

The soil of the experimental field is chernozem (black soil). During the growing season in 2021 from
March to July, the average temperature was +14°C and the total precipitation was 188 mm whereas the
long-term temperature is of +13°C and the total precipitation is 219 mm. Thus, the year is characterized as

dry.

The "single cross" method was used to create the hybrids. At least 10 spikes were pollinated in each
combination, at least 200 flowers in total. The F1 hybrid seeds were sown manually in blocks according to
the scheme: mother—hybrid—father. The row length was 1 m, and the row spacing was 15 cm. The number
of rows depended on the number of available seeds in each hybrid combination. The evaluation of hybrids
by biological and economic characteristics was carried out according to the guidelines (Merezhko et al.,

1999).
Hullness (H) is calculated by the formula:

WS-WKS
— 0,
H= X 100% (1)

where WS — weight of spike, WKS — weight of kernels per spike.

Crossability (C) is determined by the formula:

__ PFN-SS
~  PFN

C

X 100% (2)

where PFN — pollinated florets number, SS — seed setting.

The degree of dominance (Hp) of the trait in F1 hybrids was determined by the Griffing formula

(Griffing, 1956):

_ F—-Mp
Hp = Ppax—M
max 14

©)
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Where F1— arithmetic mean value of a trait in a hybrid F1, Mp — arithmetic mean value of a trait in
a parental form, Pmax— the best parental form for the trait under study. At Hp > 1, the expressiveness of the
trait is designated as heterosis i.e. overdominance of the parent with a higher value of the trait. Hp value
< —1 is designated as hybrid depression or overdominance of the parent with a lower value of the trait. The
value —1 < Hp < 1 indicated intermediate dominance, i.e., incomplete dominance. The value
Hp = 1 indicates the complete dominance of the parent with a higher value of the trait, Hp = —1 indicates
the complete dominance of the parent with a lower value of the trait.

Results

Crossability. In plant breeding, crossability serves as a guideline for the selection of parental pairs.
This indicator in hybrid combinations of einkorns varies from 3 to 88 % (Table 1). When T. sinskajae is
taken as the maternal form and wild wheat T. boeoticum is taken as the paternal form (combination 5), the
lowest crossability is obtained — an average of 6 %. In the reciprocal cross (combination 6), the setting
percentage was 49 %. Both reciprocal combinations T. monococcum var. sofianum UA0300649 /
T. sinskajae f. aristata showed high seed setting (72-82%) (1 and 2 in Table 1). In other combinations, the
crossability was at the level of 13—46 %, which is a good result for the dry conditions of spring 2020.

Table 2. Degree of dominance (Hp) of the traits in F1 hybrids

Spikelet Kernel 1000 Kernel

Ne Iiﬁlgkti numt?er in numbgr per ker_nel v?gilgr?t weight per P(:?ﬁ‘:::;n
spike spike weight spike

1 -0.07 -0.6 -5.2 -3.0 -1.8 -12.6 0.8

2 -0.03 -1.0 -5.0 -14 —4.8 —6.6 0.6

3 -1.9 -2.0 -1.3 -8.9 -3.2 -34 52.9

4 -0.2 0.5 0.4 -0.2 0.5 0.7 -143.4
5 -04 1.0 04 -0.5 0.0 —-0.01 -0.04

6 0.8 0.8 1.2 -0.3 11.8 54 0.4

7 4.3 —4.5 -13.8 -1.5 -2.1 -1.7 5.7

Note: No — the cross number in the Table 1.

Degree of dominance. Of the 49 indicators (Table 2), in four cases there is a overdomination of the
parent with higher trait index: in the combination 3 it is shown for proportion of husks, in the combination
6 — for grain number per spike, for weight of spike, for grain weight per spike. In 22 cases there is
overdomination of the parent with lower trait index, in five — no dominance (Hp is close to zero) is observed,
in 11 — dominance of the parent with higher trait index, in seven — dominated the parent with lower trait
index. In the combination 7, overdomination of the parent with lower trait index is observed for all traits.

Table 3. Correlation coefficients between the trait dominance degrees in Fi1 einkorns hybrids

Traits a b o d e f
Spikelet number in spike (b) 0.92**
Kernel number per spike (c) 0.78* 0.89**
Thousand kernel weight (d) 0.31 0.38 0.02
Spike weight (e) 0.45 0.50 0.47 0.40
Kernel weight per spike (f) 0.05 0.27 0.40 0.35 0.71
Proportion of husks (g) —-0.21 -0.33 -0.19 -058 -0.11 -0.25

Note: a — Spike length, b — Spikelet number in spike, ¢ — Kernel number in spike, d — thousand kernel weight, e — Spike
weight, f — Kernel weight per spike, g — Proportion of husks, * p <0.05, ** p < 0.01.
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It should be noted that in reciprocal combinations 1 and 2, the inheritance patterns of all traits are
similar. In contrast, in reciprocal combinations 5 and 6, the inheritance patterns for five of the seven traits
are not the same, and only two — the spikelet number in spike and the mass of 1000 grains — are near. This
result is consistent with crossability in these combinations and points to the role of crossing direction.

Among all the combinations, No. 6 (UA0300400 T. boeoticum var. thaoudar ARM / UA0300224
T. sinskajae var. sinskajae RUS) stood out, in which heterosis was manifested by the kernel number per
spike (Hp = 1.2), for weight of spike (Hp = 11.8) and for kernel weight per spike (Hp = 5.4).

The analysis shows a correlation between the dominance degrees of the traits. It is established
(Table 3) that dominance for the spike length is near to the dominance for spikelet number (r = 0.92) and
for kernel number per spike (r = 0.78). The degrees of dominance in the latter two traits are also closely
correlated (r = 0.89).

Discussion

The inheritance of quantitative traits in bread and durum wheat including their hybrids is well studied
whereas for einkorns such studies are rare (Kuspira et al.,1989). In F1 hybrids of spring polyploid wheat,
overdomination of the best parent is often observed for productivity elements, (Ljubici¢ et al., 2014;
Valekzhanin, Korobeynikov, 2016; Mukhordova, 2018). In our experiments with diploid wheat, this type of
inheritance was observed in only one combination. This phenomenon requires more thorough analysis in
special experiments.

From a practical point of view, combination 6 is of interest because it is more likely than other
combinations to select relatively more productive forms in subsequent generations.

Conclusions

1. In the combination of cultivated T. sinskajae / wild T. boeoticum, differences in hybrid grain setting
are observed: in direct cross it equals 6 %, in reciprocal cross it equals 49 %. In other combinations, the
index varied from 13 % to 46 %. Both reciprocal crosses between T. monococcum var. sofianum
UA0300649 and T. sinskajae f. aristata showed high seed setting (72-82 %) (1 and 2 in Table 1).

2. In F1 hybrids of einkorn wheat, the inheritance pattern of the spike length is similar to the
inheritance patterns of the spikelet number per spike and kernel number per spike (the correlation
coefficients are 0.92 and 0.78, respectively). Also closely correlated are the dominance degrees in the last
two traits (r = 0.89).

3. The combination UA0300400 T. boeoticum var. thaoudar ARM / UA0300224 T. sinskajae var.
sinskajae RUS is of interest for breeding as showing heterosis for kernel number per spike (Hp = 1.2), for
spike weight (Hp = 11.8) and for kernel weight per spike (Hp = 5.4); the combination UA0300222
T. monococcum / UA0300224 T. sinskajae is valuable for developing easily threshing material.
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YcnaakyBaHHA O3HaK y ribpuais F1 AMNNoiAHUX NwWeHULb OAHO3EPHAHOK Yy Apin

KYynbTypi
Xao Py, J1.0. AtpameHTOBa

OvnnoigHa ogHo3epHsiHKa (2n = 14) — gaBHA KynbTypa, Ky noacTteo Bupowye 10 Tucay pokis. 3epHo uiei nweHuLi
€ UiHHMM NpodyKTOM ANsi 300pOBOro i NPoinakTU4YHOro xapvyBaHHs. Lle 3ymMOBnioe 3pocTaHHA iHTepecy HayKoBLiB
i BAPOOHUYHMKIB O OOHO3EPHOI MweHuui. Mk TUM, LLMPOKOMY BUKOPWUCTaHHIO L€l KynbsTypy NepeLukoakae Huska
HeaonikiB, sKi YCKNaaHIOTb BUKOPUCTAHHSA Cy4acHUX TEXHOMOriN: HU3bKa BPOXaMHICTb, CXMIbHICTb 40 BUNSAraHHs,
NaMKiCTb KOMNOCY, BaXXKUIN BUMOSOT 3epHa. TUM He MeHLU, € NepeayMOoBY AN NOKPALLEHHS TEXHOMOTMYHNX AKOCTEN Liel
KynbTypu. [Ang noninweHHa AUnnoigHoi NweHnUi OAHO3epHAHKM (2n = 14) 3a NPOAYKTMBHICTIO Ta BUMOIOYYBaHICTIO
NpoBEAEHO CXpeLLyBaHHSA Y cemn KoMbBiHauiax 3a yyacTi Tpbox BuaiB umx nwexunup (T. boeoticum, T. monococcum,
T. sinskajae). 3aranom cxpeluyBaHiCTb y KOMOiHaUisx ribpuaiB ogHO3epHSAHKU KonmBaeTbes Big 6,3 % no 79,7 %.
Y kombiHauii kynbTypHoi nweHuui T. sinskajae 3 gmkoto T. boeoticum cnocTepiratoTbCA PELMNPOKHI BiAMIHHOCTI LWOAO
3aB'A3yBaHHA TiOpUAHMX 3epHOBOK (Y nNpsMin kombiHauii 6,3 %; y 3BopoTHii 48,9 %). PeumnpokHi KomGiHauii
T. monococcum var. sofianum UA0300649 Ta T. sinskajae f. aristata 6ynu nogibHi 3a cxpetyysaHicTio (72 and 82 %) Ta
XapakTepoMm crnagkyBaHHs i 6rinsbki 3a KinbKicCHUMY NokasHWKamMu. Y peLuTi KoMBiHaLin 3aB'a3yBaHicTb cTaHoBUNa 12,5—
45,6 %. Hanvactiwmm (22 Bunagkm 3 49) TMNOM ycnafkyBaHHS KiNbKiCHUX O3HaK F1 ogHo3epHsiHOK Byna ribpuaHa
Aenpecis, JOMiHyBaHHA 6aTbKiBCbKOi (hbopMum 3 BinblumMM NPOsSIBOM O3Haku Big3HaveHo B 11 BapiaHTax, reteposuc y
4YOTMPBLOX. Y ribpmAaiB ycnagkyBaHHA AOBXUHM KONOCa KOPEroe 3 TUNOM YCNaAKyBaHHS KiflbKOCTi KOMOCKIB Y KONOCi (r =
0,92) Ta KinbKicTio 3epeH y konoci (r = 0,78). CTyneHi AOMiHYBaHHA 3a UMUMKW OBOMA O3HaKaMy TaKOX MOB'A3aHi Mixx
coboto (r = 0,89). CenekuinHui iHTepec npeacTtaense kombiHauia UA0300400 T. boeoticum var. thaoudar ARM /
UA0300224 T. sinskajae var. sinskajae RUS, sika nposiBuna retepo3unc 3a KinbkicTto 3epeH y konoci (Hp = 1,2), macoto
konocy (Hp = 11,8) Ta macot 3epeH 3 kornocy (Hp = 5,4). Ina cTBOpeHHA MaTtepiany, L0 Nerko BMMOMOYYETbCS,
nepcnekTMBHol € kombiHauis UA0300222 T. monococcum var. hohensteinii / UA0300224 T. sinskajae var. sinskajae.

KntovoBi cnoBa: nweHuysi 00HO3epHsIHKa, eflemMeHmu rnpodykmueHocmi, 2i6pudu, cmyrniHb OOMIHYy8aHHS.
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Ecological and faunistic analyses of the trematodes of the Little Grebe

(Tachybaptus ruficollis (Pallas, 1764)) in Azerbaijan
Y.A. Mahmudova

The research was conducted from 1998 to 2019 at the nine water bodies of Azerbaijan. During the study, 94 individuals
of the Little Grebes (Tachybaptus ruficollis (Pallas, 1764)) were examined by the method of complete helminthological
dissection. As a result, 12 trematode species belonging to one order, seven families, and eight genera were found:
Patagifer bilobus, Petasiger megacantha, P. skrjabini, Echinochasmus coaxatus, E. dietzevi, E. mordax, Mesorchis
pseudoechinatus, Cryptocotyle concavum, Metorchis intermedius, Eucotyle cohni, Strigea falconis, Hysteromorpha
triloba. Of these, three species (Petasiger megacantha, Echinochasmus coaxatus and E. dietzevi) are specific grebe
parasites, while the others infect various waterfowl. Except for Strigea falconis, whose cercariae penetrate actively into
the bird’s body and transform into metacercarie, all the trematode found are ingested by the birds and mature in their
intestine. The grebe, as a fish-eating bird, is infected with six trematode species (Patagifer bilobus, Petasiger
megacantha, Mesorchis pseudoechinatus, Cryptocotyle concavum, Metorchis intermedius, Hysteromorpha triloba) that
parasite in fish at the stage of metacercaria. Other species use aquatic invertebrates as second intermediate hosts.
We established that species diversity of the grebe trematodes depended on the reservoir size and the richness of its
hydrofauna, increasing with the increase of both factors. The differences between the faunas of grebe trematodes in
various water bodies depended on the distance between them and the similarity of their living conditions. Seven grebe
trematode species (Petasiger megacantha, P. skrjabini, Echinochasmus coaxatus, E. dietzevi, Cryptocotyle concavum,
Metorchis intermedius, Eucotyle cohni) belong to the northern group of helminthes, while the five species (Patagifer
bilobus, Echinochasmus mordax, Mesorchis pseudoechinatus, Strigea falconis, Hysteromorpha triloba) are ubiquitous.
Southern trematode species were absent from the examined birds. Presumably, this can be explained by the
dominance of grebes from northern populations wintering on the water bodies of Azerbaijan.
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Cite this article: Mahmudova Y.A. Ecological and faunistic analyses of the trematodes of the Little Grebe (Tachybaptus
ruficollis (Pallas, 1764)) in Azerbaijan. The Journal of V. N. Karazin Kharkiv National University. Series “Biology”, 2022,
38, 35—-41. https://doi.org/10.26565/2075-5457-2022-38-4

About the author:
Y.A. Mahmudova — Institute of Zoology, Azerbaijan NAS, A. Abbaszadeh Str., passage 1128, block 504, Baku, AZ1073,
yeganemahmudova@mail.ru, https://orcid.org/0000-0002-7948-2182

Received: 14.12.2021 / Revised: 22.04.2022 / Accepted: 02.05.2022

Introduction

The Little Grebe (Tachybaptus ruficollis (Pallas, 1764)) is a widespread bird in the internal water
bodies of Azerbaijan. It lives on the freshwater bodies and on the coast of the Caspian Sea. Most individuals
are migratory; only an insignificant part of the birds spend winter in this region. The grebe feeds on little
fish, amphibians, crustaceans, shell-fish and water plants. The helminth fauna of the little grebe in
Azerbaijan was studied by S.M. Vaidova (1978), who recorded 11 trematode species throughout the
country. Although the study of bird parasites, including grebe trematodes, has theoretical and practical
importance, not a single work has been published since that time.

Material and method

The material was collected from 1998 to 2019 at nine water research stations in various regions of
Azerbaijan: the Devechi Firth, the Small Gizilagach Bay, the coast of the Absheron Peninsula of the Caspian
Sea, the Middle Kura River, the Lower Kura River, the Kura delta, the Mingechevir Reservoir, the Varvara
Reservoir, and the Lower Araz River (Fig. 1). The birds and their helminth were studied all year round, but
most observations were made in April-June and September-November. As a result, 97 specimens of the
little grebe were examined by complete helminthological dissection (the method is described in Dubinina,
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1971; Pronina, Pronin, 2007; Musselius et al., 2008; Dorovskikh, Stepanov, 2009). Only adult birds were
subjected to autopsies; shooting of birds with scientific purposes was carried out with the permission of the
Ministry of Ecology and Natural Resources of the Republic of Azerbaijan. The birds were used in a complex
study by ornithologists and parasitologists. Some specimens were obtained from amateur hunters; birds
that died from natural causes were also studied. In most cases, the birds were dissected on the spot; some
individuals were frozen and delivered to the laboratory for complete helminthological dissection. All the
trematodes found were collected and fixed in 70° alcohol, and then they were treated with carmine dye and

identified.
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Figure 1. Map of the sampling localities. (1 — Devechi Firth, 2 — Small Gizilagach Bay, 3 — Absheron
Peninsula coasts of the Caspian Sea, 4 — Middle Kura, 5 — Lower Kura, 6 — Kura River Delta, 7 —
Mingechevir Reservoir, 8 — Varvara Reservoir, 9 — Lower Araz)

The collected trematodes were identified using classical monographs and key guides McDonald,
1961; Bykhovskaya-Pavlovskaya, 1962; Gaevskaya et al. 1975; Smogorjevskaya, 1976; Ginetsinskaya
T.A., Dobrovolsky, 1978 etc.). Faunistic similarity of the little grebe trematodes of various water bodies was
assessed by the Czekanowski—Soerensen index (Czekanowski, 1913; Soerensen, 1948).

Results

During the study, 12 trematode species were discovered in the little grebe. In systematic list, each
species is provided with the following data: collecting localities, extensity (% of infected birds) and intensity
(individuals per bird) of invasion, localization in the host body, and a brief information on species biology.

Class TREMATODA RUDOLPHI, 1808
Order FASCIOLIDA SKRJABIN ET GUSCHANSKAJA, 1962
Family ECHINOSTOMATIDAE Dietz, 1900
Patagifer bilobus (Rudolphi, 1819)
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Localities: Devechi Firth (28.67%; 2-4 specimens), Small Gizilagach Bay (33.3%; 4-16 specimens),
Middle Kura (25.0% 1 specimen), Lower Kura (22.2%; 1-6 specimens), Kura River delta (15.4%; 1-4
specimens)

Localization: gut.

A parasite of fish-eating wetland birds; sometimes occurs in cranes and gallinules (Ginetsinskaya
T.A., Kulik, 1952; Faltynkova et al., 2008).

Petasiger megacantha (Kotlan, 1922)

Localities: Mingechevir (10.0%; 1 specimen) and Varvara (6.7%; 2 specimens) reservoirs.

Localization: gut.

A parasite of grebes. Freshwater mollusks and fish are its intermediate hosts (Selbach et al., 2014).

Petasiger skrjabini Baschkirova, 1941

Localities: Mingechevir (18.2%; 1-2 specimens) and Varvara (13.3%; 1-3 specimens) reservoirs.

Localization: gut.

A parasite of Anserinae and grebes (Bykhovskaya-Pavlovskaya, 1962).

Family ECHINOCHASMIDAE Odhner, 1910
Echinochasmus coaxatus Dietz, 1909

Localities: Devechi Firth (35.7%; 3-5 specimens), Small Gizilagach Bay (25.0%; 1-3 specimens),
Kura River delta (7.7%; 3 specimens).

Localization: gut.

Mainly parasitizes grebes, sometimes occurs in other water birds; first intermediate hosts are
gastropods (Chikhlyayev et al., 2012).

Echinochasmus dietzevi Issaitschikoff, 1927

Localities: Lower Kura (11.1%; 2 specimens).

Localization: gut.

A parasite of grebes (Bykhovskaya-Pavlovskaya, 1962).

Echinochasmus mordax Looss, 1899

Localities: Mingechevir reservoir (10.0%; 2 specimens).

Localization: gut.

A parasite of grebes and Pelecaniformes, sometimes occurs in other water birds (Bykhovskaya-
Pavlovskaya, 1962).

Mesorchis pseudoechinatus (Olsson, 1876)

Localities: Devechi Firth (21.4%; 1-3 specimens), Small Gizilagach Bay (33.3%; 2-7 specimens),
Absheron Peninsula coasts (9.1%; 3 specimens), Kura River delta (7.7%; 2 specimens).

Localization: gut.

It parasitizes mainly gulls, rarely Anserinae, toadstools and Pelecaniformes; the first intermediate
hosts are gastropods; the second are fish (Urazbaev, Kurbanova, 2006; Shakarboev et al., 2012).

Family HETEROPHYIDAE Odhner, 1914
Cryptocotyle concavum (Creplin, 1825)

Localities: Devechi Firth (14.3%; 2-6 specimens), Absheron Peninsula coasts (9.1%; 2 specimens),
Kura River delta (7.7%; 1 specimen).

Localization: gut.

A parasite of fish-eating birds; the second intermediate hosts are various fishes (Wootton, 1957).

Family OPISTHORCHIDAE Braun, 1901
Metorchis intermedius Heinemann, 1937

Localities: Small Gizilagach Bay (25.5%; 2-9 specimens), Absheron Peninsula coasts (18.2%; 1-3
specimens), Lower Araz (20.0%; 2 specimens).

Localization: gut, bile ducts of liver.

A parasite of various fish-eating birds; the first intermediate hosts are water-shells; the second
intermediate hosts are various fishes (Razmashkin, 1978; Linnik, 1984, Isakova, 2008).

Family EUCOTYLIDAE Skrjabin, 1924
Eucotyle cohni Skrjabin, 1924

Localities: Mingechevir reservoir (21.4%; 1-2 specimens), Varvara reservoir (20.0%; 2-3 specimens).

Localization: kidneys.

Mainly is parasitic on divers (Gavia) and grebes; sometimes occurs in other waterfowls
(Turemuratov, 1964; Aliyev, 2006).
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Family STRIGEIDAE Railliet, 1919
Strigea falconis Szidat, 1928

Localities: Devechi Firth (28.6%; 3-9 specimens), Small Gizilagach Bay (41.7%; 1-3 specimens),
Lower Kura (22.2%; 2-3 specimens), Kura River Delta (23.1%; 1-2 specimens).

Localization: subcutaneous fat tissue and connective tissue, esophagus and trachea, fascia of the
neck and head muscles.

Definitive hosts are birds of the Falconiformes order; mesocercaria localizes in the tissues of
amphibians, metacercariae — in different tissues of the waterfowls (Lunaschi, Drago, 2009).

Family DIPLOSTOMATIDAE Poirier, 1886
Hysteromorpha triloba (Rudolphi, 1819)

Localities: Middle Kura (12.5%; 2-5 specimens), Lower Kura (33.3%; 2-5 specimens).

Localization: gut.

A parasite of cormorants and grebes; the first intermediate hosts are water-shells; the second
intermediate hosts are different fishes (Iskova, 1983).

The 12 trematode species found in the examined grebes belong to one order, seven families and
eight genera. Of these only three species — Petasiger megacantha, Echinochasmus coaxatus, and
E. dietzevi, are specific grebe parasites, the rest infect various water birds. Nine trematode species of our
collection occurred only in the gut, one species was found in the liver bile-duct and in the gut, one species
in kidneys, and the one in subcutaneous fat and connective tissues, esophagus, trachea, neck and head
muscles’ fascia. Out of all the trematodes found, only Strigea falconis uses water birds as intermediate
hosts. Its cercaria penetrates actively into the bird’s body and transforms into metacercaria. The definitive
hosts are predator birds of the Falconiformes order. For the other trematode species, water birds are
definitive hosts; they are infected via ingestion of fishes, frogs and/or aquatic invertebrates

As the grebe is fish-eating bird, 6 species (Patagifer bilobus, Petasiger megacantha, Mesorchis
pseudoechinatus, Cryptocotyle concavum, Metorchis intermedius, Hysteromorpha triloba) of 12 species
trematodes that found in it, namely the half, parasites in the fish in metacercarial stage and infect birds
when they feed on a fish.

Species richness of the trematode fauna depends of environmental conditions of the water body and
diversity of its flora and fauna, which created favorable conditions for all members of the parasite life cycle.
The three water bodies studied, the Devechi Firthhe, Small Gizilagach Bay and the Kura River delta are
the richest in mollusk, fish and bird fauna. Each of them hosted five trematode species. Four species were
recorded form the Lower Kura and the Mingechevir Reservoir, three species from the Absheron Peninsula
and the Varvara Reservoir, two species from the Middle Kura, and one species from the Lower Araz (Table

1).

Table 1. Distribution of the little grebe trematodes in the study area. (Abbreviations: Dev — Devechi
Firth, SQ — Small Gizilagach Bay, Ab — Absheron Peninsula coast of the Caspian Sea, MK — Middle Kura,
LK — Lower Kura, KD — Kura River Delta, Min — Mingechevir Reservoir, Var — Varvara Reservoir, LA —
Lower Araz)

Species Localities _
Dev | SQ | Ab | MK | LK | KD | Min | Var | LA

Patagifer bilobus + + + + +
Petasiger megacantha + +
P. skrjabini + +
Echinochasmus coaxatus + + +
E. dietzevi +
E. mordax +
Mesorchis pseudoechinatus + + + +
Cryptocotyle concavum + +
Metorchis intermedius + + + +
Eucotyle cohni + +
Strigea falconis + + + +
Hysteromorpha triloba + +
Total 5 5 3 2 4 5 4 3 1
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Comparison of the little grebe trematode faunas of the studied water bodies showed that it includes
the same species in the Devechi Firth and the Kura River delta (Kczs=100%). Similarity indices were also
high in the pairs Small Gizilagach Bay / Devechi Firth, Small Gizilagach Bay / Kura River Delta — 66.7%
each; Lower Kura River / Small Gizilagach Bay — 51.1%, and Middle Kura River / Lower Kura River —50.0%.

Table 2. Species similarity of the little grebe trematode faunas of the studied water bodies.
(Czekanowski-Soerensen index, %). For abbreviations, see Table 1.

LA Var Min KD LK MK Ab SQ
Dev 0 0 0 100.0 28.6 16.7 33.3 66.7
SQ 20.0 0 0 66.7 51.1 16.7 33.3
Ab 33.3 0 0 33.3 0 0
MK 0 0 0 16.7 50.0
LK 0 0 0 28.6
KD 0 0 0
Min 0 75.5
Var 0

The closely located Mingechevir and Varvara reservoirs are inhabited be one population of the little
grebe. It is isolated from the populations of other water bodies and has no trematode parasites in common
with them. On the contrary, similarity index of the trematode species composition in the little grebes of the
two reservoirs amounts for 75.5%. Therefore, faunistic similarity of the trematodes depends on the distance
between the water bodies and the similarity of their living conditions.

In the previous article (Mahmudova, Ibrahimov, 2020), we divided all the waterfowl trematode
species of Azerbaijan into three groups: northern, southern and ubiquitous, in accordance with the division
proposed by V.A. Dogel (1949), M.M. Belopol'skaya (1966), and A.A. Smogorzhevskaya (1976). The first
group can infect birds only in the northern part of their range during the nesting period, the second group
infects them only in the south during wintering, and the third one is able to infect birds throughout their
range. Of the trematodes recorded in our study, seven species (Petasiger megacantha, P. skrjabini,
Echinochasmus coaxatus, E. dietzevi, Cryptocotyle concavum, Metorchis intermedius, Eucotyle cohni)
belong to the northern group, while five species (Patagifer bilobus, Echinochasmus mordax, Mesorchis
pseudoechinatus, Strigea falconis, Hysteromorpha triloba) are ubiquitous. The southern species were
absent. The noticeable predominance of the members of the northern trematode group and the absence of
southern ones, apparently, should be explained by the prevailing of the birds of northern grebe population
in Azerbaijan, which do not fly into wintering areas of southern populations and therefore they are not
available for the southern species of trematodes.

Of the trematodes found in the little grebe, only Strigea falconis is the causative agent of bird
diseases. Its metacercariae are localized in various tissues and infect wild and domestic birds. That results
in birds” weakening and a significant decrease in the quality of their meat (Krone, Streich, 2008; Drago et
al., 2014; Olinda et al.2015).

Conclusion

Parasitological studies of the 94 little grebe individuals at nine water bodies of Azerbaijan revealed
12 trematode species. The research was conducted in 1998-2019. Only three species are specific grebe
parasites. Differences of the grebe trematode faunas of various water bodies depended on the distance
between them and similarity of their living conditions. Seven species in the studied trematode fauna belong
to the northern group of helminths, while the five ones are ubiquitous.
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ExonoriyHun aHani3 Tpemartoa manoi noraHku — Tachybaptus ruficollis (Pallas,

1764) B AsepbanaxaHi
€.A. MaxmynoBa

Y 1998-2019 pp. Ha 9 Bogonmuax AsepbaiaxaHy METOAOM NOBHOMO refbMIHTOMOMNYHOro po3TUHY BGyro AoCnifxXeHo
94 ocobuH manoi noraHkn — Tachybaptus ruficollis (Pallas, 1764), BusBneHo HacTynHi 12 BuAaiB TpemaTog, Lo
HanexaTtb [0 odHoro psgy, 7 poavH Ta 8 Buais: Patagifer bilobus, Patagifer bilobus, Echinochamus coaxatus,
E. dietzevi, E. mordax, Mesorchis pseudoechinatus, Cryptocotyle concavum, Metorchis intermedius, Eucotyle cohni,
Strigea falconis, Hysteromorpha triloba. 3 Hux 3 Bnan (Petasiger megacanth, Echinochasmus coaxatus Ta E. diezevi)
€ cneum@iyHMMK napasMTamm NnLLE NOraHok, iHWiI NapasuTyloThb i B iHWMX BOAONMABHUX NTaxiB. 3a BUHATKOM Strigea
falconis, uepkapii SKOro akTMBHO MOTPannsAlTb B OPraHi3M BOAOMNMABHMX NTaxiB i NEpPeTBOPIOKTLCA Tam Ha
MeTaLepkapii, BCi 3HaWaeHi BUAN JocsaratoTb CTaTeBOI 3pifiocTi B OpraHiaMi BogonnaeBHMX nTaxiB. Mana noraHka, siK
pnboigHMn nTax, 3apaxeHa 6 Bugamu Tpemarton (Patagifer bilobus, Petasiger megacantha, Mesorchis
pseudoechinatus, Cryptocotyle concavum, Metorchis intermediateus, Hysteromorpha triloba), siki napasutytots y pu6
Ha cTagii meTauepkapis. [ocnigxeHHs nokasanu, WO BMOOBa Pi3HOMAaHITHICTb TpemaTod MOraHku 3anexuTb Bif
po3mipiB Bogonmu Ta cTtyneHs 6aratctea woro rigpodayHu. binbwe Buais Tpemartoa 6yno BnsaBneHo y BogoriMax 3
Ginbwnmy posmipamu Ta Ginblw GaraToto rigpodayHot. BigmiHHOCTI dhayHn TpemaTton MOoraHku y pisHMX Bogonmmax
3anexartb Big BigcTaHi Mk HUMM Ta nodibHocTi ymoB npoxuBaHHA. Cepepn Tpemarton noraHku 7 Bugis (Petasiger
megacantha, P. skrjabini, Echinochasmus coaxatus, E. dietzevi, Cryptocotyle concavum, Metorchis intermediateus,
Eucotyle cohni) HanexaTtb Ao niBHIYHOI rpynu renbmiHTiB, a 5 BuAiB (Patagifer bilochasmus, Echinochasmus mordax,
Mesorchis pseudoechinatus, Strigea falconis, Hysteromorpha triloba) € ybiksictamu. INMiBaeHHi dopmn Bynu BiacyTHi y
dayHi TpemaToz Uboro ntaxa. Lle, MabyTb, MOXHa NOSICHUTM TUM, Lo B A3epbanaxaHi cepeq 0cobvH Manoi noraHku
3HaYyHO NepeBaxalTb NPEACTaBHMKU NiBHIYHUX MNONYNSALUIN, SKi 3UMYIOTb Y LIbOMY PEriOHi.

KnrouoBi cnoBa: AsepbalidxaH, eodornnasHi nmaxu, napasumu, 2efibMiHmMu, mpemamoodu.

LumyeaHHsi: Mahmudova Y.A. Ecological and faunistic analyses of the trematodes of the Little Grebe (Tachybaptus
ruficollis (Pallas, 1764)) in Azerbaijan. BicHuk Xapkiecbkoeo HaujioHaibHo20 yHisepcumemy imeHi B.H. KapasiHa. Cepis
«bionoeisi», 2022, 38, 35—-41. https://doi.org/10.26565/2075-5457-2022-38-4

lpo aemopa:

€.A. MaxmypgoBa — IHctutyT 300norii HAH Asepb6angxaHy, Byn. A. A6bacsage, npoisg 1128, ksaptan 504, bBaky,
AszepbangxaH, AZ1073, yeganemahmudova@mail.ru, https://orcid.org/0000-0002-7948-2182

IModaHo do pedakuii: 14.12.2021 / [MpopeyeH3o8aHo: 22.04.2022 / MpuliHsimo do dpyky: 02.05.2022

Cepis «bionorisi», Bun. 38, 2022
Series “Biology”, issue 38, 2022 ISSN 2075-5457 (print), ISSN 2220-9697 (online)


https://orcid.org/0000-0002-7948-2182

LinTomeTpryHa xapaKktepuctuka epuTpoLMTiB MOMOAi MPICHOBOAHMX pub pisHMX poavH
The red blood cells cytometric characteristics of young fresh-water fish of various families

ISSN 2075-5457 (print), ISSN 2220-9697 (online)

DOI: 10.26565/2075-5457-2022-38-5
UDC: [597-111:597.554.3]

The red blood cells cytometric characteristics of young fresh-water fish of

various families
T.S. Sharamok, N.B. Yesipova, V.O. Kurchenko

The morphometric indices of red blood cells of young fish of various species inhabiting coastal zones of the water
bodies were studied. The subjects of the research were the fish of four families: Carp (Alburnus alburnus, Carassius
gibelio, Rhodeus amarus, Abramis brama, Rutilus rutilus), Needles (Syngnathus abaster nigro lineatus), Centrarchidae
(Lepomis gibbosus), Loaches (Cobitis taenia taenia), Gobies (Neogobius fluviatilis). The hydroecological conditions
were characterized by an intense oxygen regime, high content of phosphates, and heavy metals (zinc). The fish
peripheral blood was taken from the tail vein; smears were made according to the classical Romanowsky-Giemsa
method. Our research showed that the red blood cells of young fish belonging to the ecological group of inactive and
unpretentious species (Neogobius fluviatilis, Carassius gibelio) had the largest cross-sectional area and a high index
of nuclear-cytoplasmic ratio. The indicators of erythrocyte eccentricity were the highest in the active fish with high
energy costs (Alburnus alburnus, Lepomis gibbosus). The largest number of erythrocytes with pathological events
(cytolysis, karyolysis, pyknosis, poikilocytosis) was observed in the young Alburnus alburnus (14%), and the smallest
one in Rhodeus amarus and Lepomis gibbosus (2—4%). In the individuals of Syngnathus abaster nigro lineatus affected
by parasitic nematodes of the genus Ascaris, the number of erythrocytes with pathologies increased to 81%. Under the
toxic load, destabilization of the fish circulatory system begins with the appearance of the young forms of erythrocytes
as compensation for depleted mature erythrocytes and ends with the mass destruction of mature erythrocytes. Given
these patterns, as well as the relatively low number of young ballast forms of erythrocytes and mature erythrocytes with
pathological features, we can assume that the state of the red blood cells in the studied young fishes meets the
conditional norm, with the exception of the blood of Syngnathus abaster nigro lineatus infected with parasites. In our
opinion, the main characteristics of the fish red blood that reflect the fishes’ adaptive capacities are as follows:
eccentricity ratio of erythrocytes, the nuclear-cytoplasmic ratio, ratio of the young ballast forms of erythrocytes, and the
relative number of erythrocytes with pathology.

Key words: erythrocytes, cytometric indices, pathological changes, Zaporizhzhia Reservoir.
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Introduction

In modern aquatic ecosystems, significant changes occur under the impact of natural (climate
change) and human (economic activity) factors. As a result, the structure of populations and the
physiological status of fish are changing (Gamito et al., 2015; Zeng et al., 2017; Nastase, Ofel, 2017;
Fedonenko et al., 2018). The younger age groups of fish are hypersensitive to environmental changes;
firstly, they have not formed the mechanism of physiological adaptation yet, and secondly, most of the
young fish live in the reservoirs’ coastal zones, where the influence of external factors is the strongest.
Therefore, the studies on young fish’s adaptogenic potential are very important for forecasting the further
development of industrial fish populations and assessing their strategic stocks, as well as for the
environmental introductions and the artificial formation of ichthyofauna in inland water bodies.

The self-regulating blood system plays a major role in adapting to changing conditions. Blood, as an
internal part of an organism, responds quickly to environmental changes and always reflects accurately the
physiological state of an organism. Therefore, in the ecological monitoring system, hematological indicators
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are often used as a benchmark for the adaptive capacity of fish to anthropogenic impact (Ahmed et al.,
2020; Fazio, 2019; Fazio et al., 2020; Yilmaz, 2015; Belokon et al., 2013; Fedonenko et al., 2019).

When analyzing formed blood elements, special attention is paid to the cells of the erythroid series.
Many authors indicate the expediency of using erythrocytes as indicators of hypoxic conditions. Thus,
during the research of Neogobius melanostomus (Pallas, 1814) adult specimens’ blood that was kept for
10 days under experimental hypoxia conditions (1.7—-1.8 mg Oz / |), a probable increase in the volume of
the mature erythrocyte was detected as a result of their swelling, the ellipsoidal form of the erythrocytes
changed to a circular, and there was a nearly two-fold increase in the number of the immature erythroid
cells (Parfenova, Soldatov, 2011). After six-hour experimental hypoxia (2 mg Oz / 1), the number of red
blood cells with chromatolysis, karyolysis, and poikilocytosis in the three-year-old pikes and breams
increased significantly. In the silver carp, 1.8 times increased the number of erythrocytes with amitosis
(Moroz, Yesipova, 2011).

In recent years, more and more researchers have been using the parameters of erythrocytes to
assess the status of fish populations living in areas with anthropogenic pollution. Thus, 22 erythrocyte
pathologies were detected in the adult roach, bream, perch, and gobies from the Saratov Reservoir (Russia)
under conditions of the high content of phenols, petroleum products, copper, and sulphates in the water.
The most widespread was the deformation of the cell and nucleus, carriolysis, chromatolysis, agentric
location of the nucleus, and amitozes (Mineev, 2013). In the roach from the Zaporizhzhia Reservoir
(Ukraine), inhabiting areas with heavy metal and organic contamination, there were detected a decrease in
the relative proportion of mature erythrocytes and an increase in young blast forms of erythrocytes, changes
in the shape of erythrocyte nuclei, anisocytosis, hypochromia, cytolysis, cell membrane destruction,
karyolysis and karyopyknosis (Sharamok et al., 2016).

Despite the popularity of ichthyological research on formed blood elements, information on the red
blood cell cytometric indices is limited. In particular, in the early stages of ontogenesis. A small number of
researches in this direction suggest that the morphological features of erythrocytes and their functional
properties in young fish have certain differences from that in adult fish. Thus, comparing the morphology of
fingerlings and adult erythrocytes of roach and crucian carp, it was found that with age in fish, the ratio of
the nucleus area to the erythrocytes’ area is likely to decrease, and the number of mature forms of
erythrocytes increases by almost 20% (Fedonenko et al., 2016). It is known that mature erythrocytes of
fish, compared to young cells, have a higher concentration of hemoglobin protein, the main carrier of the
blood respiratory function (Soldatov, 2005). Therefore, the determination of the ratio of various forms of
erythrocytes could indirectly characterize the hematopoietic function of the blood activity. It was also
established that in conditions of environmental pollution, the number of erythrocytes with various
pathologies (vacuolation of the cytoplasm, nucleus hemolysis, carioerexis, amitosis) in the young bream
Abramis brama (L., 1758) reaches 44.4% of the total number of red blood cells in an organism (Konkova,
Fedorova, 2016). Thus, the existing data prove the expediency of using erythropoiesis indicators in young
fish to assess the impact of the aquatic environment on ichthyofauna and to understand the mechanism of
fish adaptation to changing hydroecological conditions.

Our research aimed to study the cytomorphological indices of young fish red blood cells from the
Zaporizhzhian reservoir coastal populations.

Materials and methods

The selection of fish for hematological research was carried out in the summer of 2016—-2017 in the
coastal zone of the central part of the Zaporizhzhia (Dnipro) Reservoir (Figure 1). The water reservoir was
created on the Dnipro River in 1932; it has an area of 420 km?2. It is located in the southeast of Ukraine, in
the territory of agrarian-industrial zones under heavy anthropogenic influence.

The young fish were taken in a small 10 m long frying net. The young fish were divided by species
and counted. Nine fish species of different families were researched. The carp family was represented by
four species: Alburnus alburnus (Linnaeus, 1758), Carassius gibelio (Bloch, 1782), Rhodeus amarus
(Bloch, 1782), Abramis brama (Linnaeus, 1758), Rutilus rutilus (Linnaeus, 1758); Family of Needles — a
Syngnathus abaster nigro lineatus (Eichwald, 1831); Family Centrarchidae (Sunfish) — Lepomis gibbosus
(Linnaeus, 1758); Family Cobitidae (Loaches) — Cobitis taenia taenia (Linnaeus, 1758); Family Gobiidae
(Gobies) — Neogobius fluviatilis (Pallas,1814). All experimental fish, except the Syngnathus abaster nigro
lineatus, were the fingerlilngs (0+); Syngnathus abaster nigro lineatus were represented by two-year-olds
(1+4).
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Blood from the fish was taken from the tail vein. The smears were made using the generally accepted
method and stained by the Romanowsky-Giemsa method. The smears were studied with a 40% objective
using a microscope with the Sciencelab T500 5.17 M digital camera. Atlases of blood cells were used to
identify cells of the erythroid population (lvanova, 1983; Sharon, Zilberg, 2012). The preparations were
looked at 100 fields of vision. The following parameters were determined: large longitudinal (D) and small
transverse (d) diameters of mature erythrocytes, the ratio of small and large erythrocytes diameters (d / D),
erythrocyte separation area (S), area of erythrocyte nucleus (s), nuclear-cytoplasmic ratio (s / S), the ratio
of mature and young forms of erythrocytes. The eccentricity coefficient (E), which characterizes the degree
of the cell deviation from the round shape, was determined as the square root of the square difference (1 —
d / D?). Measurements of cytometric erythrocytes indices were performed using the Science Lab View 7
program.

Fig. 1. Study area on the scheme of the Zaporizhzhia Reservoir

The data were analyzed as Mean £ S.E.M. at reliability of 95% and significant level of P < 0.05. To
test the significance of the test, the t-test method was used.

Ethical Statements

Bioethical standards were not violated during the research. It was performed under the Regulations
on the Ethics Committee (Bioethics) in Ukraine (Regulations on the Ethics Committee (Bioethics), 2019).

Results

The central part of the Zaporizhzhia reservoir, where the selection of fish was carried out, is
characterized by weak flow and a large shallow water area. The coastal populations of young fish are
concentrated. The hydroecological regime of the area is affected by the household and domestic water of
Dnipro city and agrarian enterprises.

According to long-term monitoring, the average annual mineralization of water in the site is 334 mg
/1, hardness — 3.2 mg equ / |, pH 7.5-8.6. The content of ammoniacal nitrogen in water during the
experimental period varied from 0.22 to 0.97 mg / dm? at different points (average 0.54 mg / dm? in the
reservoir); nitrites — from 0.01 to 0.14 mg / dm?* (0.019 mg / dm?®), nitrates — 0.11-2.8 mg / dm® (0.47 mg /
dm?), phosphates — from 0.25 to 0.62 mg / dm? (0.39 mg / dm?®). The content of dissolved oxygen in summer
varies between 2,2-6,8 mg Oz / dm® (Fedonenko et al., 2018).

The most of the Zaporizhzhia reservoir toxicants are heavy metals. The content of toxic metals in the
water of the reservoir's central part corresponded to the existing Ukrainian norms for the water of fish-water
reservoirs. There was a high concentration of zinc, which was 2.7 MPCs (0.027 £ 0.007 mg / I) and
copper — 12 MPCs (0.012 £ 0.006 mg / I). Persistent contamination with copper may be a result of sewage
emissions from enterprises of the chemical, metallurgical industry, mine waters, and aldehyde reagents
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used for the destruction of algae. Zinc enters the natural waters as a result of natural processes of
destruction and dissolution of rocks and minerals. A considerable amount of zinc gets into water bodies
with anthropogenic pollution, namely the wastewater from ore dressing factories and galvanic shops,
parchment paper production, and mineral plants. The most important external source of zinc in the
Zaporizhzhia reservoir is a runoff that changes zinc distribution in the littoral.

The obtained data made it possible to calculate the chemical index of water quality, where the index
of quality according to the trophic and saprobiological indicators was 4.4 and for indicators of specific toxic
effect was 3.8. Thus, the weighted chemical index was 4.1, which characterizes the water quality of the
Zaporizhzhia reservoir as "satisfactory" and "poorly polluted”.

In the research of species composition of fish coastal populations, the domination of the short-cycle
species as the R. amarus was identified. Its number was 40-45% of the total from the fish in catches. In
the second place was the R. rutilus — 24-28%, followed by A. alburnus and N. fluviatilis — 6-10%. The
number of other fish species varied from 1.5% to 4%. The prevalence of a small population of low-value
species with a short growing cycle has been observed in the reservoir during the last 10 years and it
indicates the degradation changes in the ichthyotsenoses of the Zaporizhzhia reservoir. The rapid increase
in the number of invasive species of the self-settler Sunfish was another negative feature of the coastal
population structure (Fedonenko et al., 2018).

L =

Fig. 2. The picture of the Carp family young fish peripheral blood:
1 — mature erythrocytes; 2 — young red blood cells; 3 — amitosis; 4 — poikilocytosis; 5 — karyolysis;
6 — adhesion of red blood cells; 7 — pyknosis (40%)
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The picture of the carp fish fingerlings’ peripheral blood is presented in Figure 2. In all the fish, mature
erythrocytes had a clear ellipsoidal form. The nuclei are well-expressed, dark purple, and have a central
location. The cytoplasm is transparent and homogeneous.

The erythrocytes with pathological events were found in all the carp fish. The disturbances were in
the form of cytolysis, karyolysis, pyknosis, poikilocytosis, and amitosis. The most common cells with
variable forms (poikilocytosis) are pear-shaped and crescent-shaped. The relative number of such cells
ranged from 26 to 68% of the total number of cells with pathologies. Cytolysis was detected in 15-32% of
erythrocytes in the form of partial lysis of cells. Nuclear pathologies were found in the form of karyopyknosis
(shrinkage of the nucleus) and karyolysis (partial or complete dissolution of the nucleus) and occurred in
28-54% of variable erythrocytes. Erythrocytes in the state of amitotic division were much less common —
in 8—14% of the total number of cells with pathologies. The largest indicator of erythrocyte pathologies is
noted in A. alburnus — 14% of the red blood cells total number, then in A. brama — 12%, the R. rutilus — 9%,
C. gibelio — 7%, and the smallest number of red blood cells with pathologies was in the R. amarus — 2%.

The relative number of mature erythrocytes in all the carp fishes significantly exceeded the number
of young red blood cells and ranged from 93% to 98%. The young forms of erythrocytes were represented
mainly by blast forms — early erythrocytes (EE) and i polychromatophilic erythroblasts (PE). They had a
well-defined perinuclear zone, a basophilic cytoplasm, and a large nucleus with prominent chromatin
granules. PE differed in the absence of the perinuclear zone and in the presence of oxyphilic properties in
the cytoplasm.

In our research of the ratio PE : EE of the carp fish was as follows: Abramis brama and A. alburnus —
0.8-1: 1, R. rutilus — 2.5 : 1, C. gibelio — 3 : 1, R. amarus — 4 : 1. Thus, among the carp fish, the highest
percentage of functionally active erythrocytes forms in blood was in R. amarus and C. gibelio fingerlings.

The morphological signs of erythrocytes in the young fish of other families had their peculiarities. The
red blood cells of L. gibbosus and C. taenia taenia had a classic ellipsoid form, whereas, in N. fluviatilis and
S. abaster nigro lineatus, mature erythrocytes had a more rounded shape. The nuclei and shells of erythroid
cells were clearly expressed in the majority, the cytoplasm was homogeneously colored (Figure 3).

Spined loach Black-striped pipefish

Fig. 3. Picture of the peripheral blood of different families of young fish:
1 — mature erythrocytes; 2 — young red blood cells; 3 — amitosis; 4 — poikilocytosis; 5 — karyolysis; 6 —
adhesion of red blood cells; 7 — pyknosis; 8 — micronuclei (40%)
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The relative number of mature erythrocytes in L. gibbosus and C. taenia taenia was 98 and 97%
respectively, N. fluviatilis — 72%, S. abaster nigro lineatus — 68%. The ratio of young forms of erythrocytes
(PE : EE) in the first two fish species was 1 : 1, in N. fluviatilis, polychromatophilic erythroblasts (1 : 2)
predominated, but in S. abaster nigro lineatus, on the contrary, it was early erythrocytes (1 : 1,5).

The smallest number of erythrocytes with pathological features was observed in the L. gibbosus —
from 2 to 4%, mostly these were cells with poikilocytosis, and nuclei were more common in a state of
piknosis (Fig. 3). In N. fluviatilis, the relative number of erythrocytes with pathology ranged from 4 to 7%,
with more frequent lysis and nucleus picnosis. In C. taenia taenia, the number of erythrocytes with pathology
was 10% on average. The pathological phenomena appeared in infractions associated with cell division
(amitosis), the appearance of several nuclei (micronuclei) in cells, and the adhesion of red blood cells. The
largest number of erythrocytes with pathological changes was detected in blood smears of the S. abaster
nigro lineatus — from 16 to 27%. There were the erythrocytes with picnosis and asymmetry of nuclei.

In the course of small-scale fishing, we found specimens of the S. abaster nigro lineatus, damaged
by Ascaris (Contracoecum) larvae. The one parasite localized in the abdominal cavity of the fish. The
infection incidence of S. abaster nigro lineatus population was 20%. It was interesting to see how the picture
of the fish’'s blood changes in the presence of parasitic invasion. In the Figure 4, we could see that
pathological changes affect almost all erythroid cells. The total number of erythrocytes with pathology
reached 77-81%. Most often, there were erythrocytes with a displacement of the nucleus, karyolysis, and
karyopiknosis. In many cells, the membrane had a festooned edge, or it was completely disturbed. There
were poikilocytosis and cytolysis.

9

Fig. 4. The picture of the female Black-striped pipefish peripheral blood, damaged by parasitic
larvae of the genus Ascaris (Contracoecum):

1 — displacement and lysis of the nucleus, vacuolation of the cytoplasm, infraction of the cell membrane;
2 — karyorrhexis; 3 — cytolysis; 4 — piknosis, poikilocytosis; lymphocytes (40%)

The large number of lymphocytes that are concentrated near the affected red blood cells, which
indicates the active course of phagocytic processes is drawing attention.

The research on erythrocytes cytometric indices in different species of the fish allowed to reveal the
following features. In the carp fish, longitudinal diameters of erythrocytes (D) ranged from 10,27 £ 0,08 um,
in the R. amarus to 13,4 £ 0,1 ym, in A. brama (Table 1). The difference between the indicators reached
23% and was significant (p < 0.05).

The largest cross-sectional diameters were in red blood cells of C. gibelio, A. brama, and R. rutilus
(8.1-8.7 um). In R. amarus and A. alburnus, they were on average less for 20% (6.2—6.6 pm).

In other fish families, longitudinal diameter indices ranged from 11.7 £ 0.06 um in the S. abaster nigro
lineatus, to 13.5 £ 0.08 um in C. taenia taenia. The difference between the indicators did not exceed 6—
10% (p = 0.05). The values of the cells’ transversal diameter, on the contrary, had significant differences.
The largest cross-sectional diameter was in S. abaster nigro lineatus erythrocytes (9.7 + 0.04 ym), and the
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smallest — L. gibbosus erythrocytes (6.7 + 0.02 um). The difference was probable (p < 0.05) and reached
30%.

The largest area of erythrocytes (S) among the carp fish was in C. gibelio and A. brama and was
88.9 £ 0.47 and 89.04 + 0.58 mkm?, respectively. The area of erythrocytes of R. rutilus was less by 16%,
A. alburnus by 22%, and R. amarus by 45%. A similar dependence was observed in the indices of the area
of erythrocyte nucleus division (s). In C. gibelio, it was 17.4 + 0.16 uym?, in A. brama was less by 9%,
R. rutilus by 26%, A. alburnus by 37%, and R. amarus by 43%.

In the case of other families of fish, the highest rates of S and s had the erythrocytes of the young
N. fluviatilis — respectively 98.9 + 0.9 and 21.7 + 0.3 ym?. Compared to carp fish (A. brama), they were
higher to S by 10%, and to s — by 27%. In S. abaster nigro lineatus, the area of erythrocytes and their nuclei
occupied an intermediate position among the indicators of other species of fish. The C. taenia taenia had
rather large area of the cores of erythrocytes — 17.7 + 0.33 um?, which exceeded the value of this index in
carp fish by 10-44%. In L. gibbosus, S and s did not differ much from A. alburnus.

Table 1. Mature erythrocytes cytometric indices of fish fingerlings of different families

Diameter of erythrocyte, Area of Area of
Species of fish _ pm Eccentricity ery_thr(_)cyte erythrocl;y_t(-“f s/S
longitudinal | transversal (E) division, nucleus division
(D) (d) (S, um?) (s, um?)
Alburnus 1 45 034 0.09 | 6.6 +0.07 0.86 69.6 + 0.62 1094013 | 0.16
alburnus
Rhodeus | 416574008 | 6.2+0.05 0.80 49.3 +0.29 99+012 |020
amarus
Cg:gzﬁg‘s 12.8+0.08 | 8.7+0.07 0.73 88.9 + 0.47 17.4+0.16 | 0.20
Abramis brama | 13.4+0.08 | 8.3+ 0.06 0.79 89.04 + 0.58 15.9+0.15 | 0.18
Rutilus rutilus | 11.9+0.06 | 8.1+0.07 0.73 75.4 + 0.57 12.8+0.15 | 0.17
Neogobius | 457,507 | 9.6+0.08 0.65 98.9+0.9 217+03 | 022
fluviatilis
Lepomis 12.4+0.06 | 6.7+0.02 0.84 66.8 +0.5 10.8+0.12 | 0.16
gibbosus
CObt'ngfiff”'a 1354008 | 7.7+0.06 0.82 80.4 + 0.65 177+033 | 022
Syngnathus
abaster nigro | 11.7+0.06 | 9.1 +0.04 0.62 89.9 + 0.38 147+0.18 | 0.16
lineatus

To evaluate the functional state of erythrocytes, the nuclear-cytoplasmic ratio (s / S) is often used.
According to our calculations among carp fish, the highest s / S was in R. amarus and C. gibelio — 0.20; the
lowest — was in A. alburnus — 0.16. Among the fish of other families, the maximum values were in
N. fluviatilis and C. taenia taenia — 0.22; the least — in L. gibbosus — 0.16. As the s / S value decreases, the
researched fish were constructed in the following series: N. fluviatilis = C. taenia taenia > R. amarus =
C. gibelio > A. brama > C. gibelio > A. alburnus = L. gibbosus = S. abaster nigro lineatus.

Discussion

In the conditions of the Zaporizhzhia reservoir, several features concerning the morphology and ratio
of red blood cells, nuclear-cytoplasmic ratio, and pathological abnormalities in erythrocytes were detected
in the young fish blood of different families.

According to our research, the mature erythrocytes of the young fish of all the researched fish species
had an ellipsoidal shape, but the coefficient of eccentricity (ellipsoidity) of the cells differed significantly.

The highest elevation of erythrocytes (E) among the carp fish was in A. alburnus — 0.86. In other carp
fish, it was less than 7-15%. Compared to other families, the highest values of E were at L. gibbosus —
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0.84, and the smallest — in S. abaster nigro lineatus. — 0.62. In species of the Black-striped pipefish was
noted a decline in E index to 0.56 in infection by parasitic nematodes. The dynamic reduction of E by the
species of fish is as follows:

A. alburnus > L. gibbosus > C. taenia taenia > R. amarus > A. brama > C. gibelio = R. rutilus >
N. fluviatilis > S. abaster nigro lineatus.

The coefficient of eccentricity (ellipsoidity) of erythrocytes characterizes not only morphological but
also functional features of cells. It is known that in warm-blooded - for example, humans and higher
animals (mammals) common erythrocytes have a round shape. The appearance of ellipsoid cells with an
eccentricity index E > 0.62 is regarded as a pathological symptom and is observed in hemolytic anemias.
On the contrary, in cold-blooded animals — fish, and frogs, the ellipsoid form of erythrocytes is normal, and
an increase in the number of red blood cells with a round form is regarded as a deviation from the norm.
Thus, in the round goby in the conditions of experimental hypoxia, red blood cells became larger, acquired
a rounded form, and increased the volume of their nuclei (Parfenova, Soldatov, 2011). In the research of
erythropoiesis in the frog Rana ridibunda L., three groups of red blood cells were noted according to
morphological features: normal ellipsoid cells (eliptocytes) with E = 0.74 £ 0.004; strong ellipsoid cells
(magnulocytes) — E = 0.81 £ 0.004; rounded cells (teretiocytes) — E = 0.63 + 0.012 (Zelentsova, Skorkina,
2004).

If we classify erythrocytes of fish by the E index in analogy with red blood cells, then in the group of
fish with normal ellipsoid erythrocytes (E = 0.73 — 0.80) there are A. brama, C. gibelio, R. rutilus, R. amarus;
with strongly ellipsoid eritrocytes (E = 0.81-0.86) — A. alburnus, L. gibbosus, C. taenia taenia; with rounded
erythrocytes (E = 0.62 — 0.72) — N. fluviatilis, S. abaster nigro lineatus.

Thus, the eccentricity coefficients of erythrocytes of the different species of young fish within the
same family had high variability and depended not so much on the systematic affiliation of the fish but the
biological and physiological features of the species. So, the active, mobile fish (A. alburnus, L. gibbosus)
with high energy costs had erythrocytes with a high ellipsoid index, and the sedentary fish (N. fluviatilis,
S. abaster nigro lineatus) had erythrocytes with a more rounded excentric form. Besides, the infection of
the S. abaster nigro lineatus by parasitic nematodes (Contracoecum) resulted in a 10% decrease in this
index and an increase in the number of red blood cells with a rounded form. A similar phenomenon was
observed in N. melanostomus under conditions of experimental hypoxia (Parfenova, Soldatov, 2011), as
well as in Siganus rivulatus under conditions of lead and cadmium intoxication (Ezzat et al., 2013).

The research on the ratio of erythrocytes in different forms showed that in all fish species the majority
of red blood cells were mature erythrocytes — 93-98%. This fact is emphasized by many authors on different
fish species (Parfenova, Soldatov, 2011; Mineev, 2013; Kurchenko, Sharamok, 2020) and because mature
erythrocytes have more hemoglobin and are able to more actively bind oxygen compared to young
erythrocyte species (Speckner et al., 1989).

Concerning the ratio of young erythroid cells, different species of fish were distinguished by their
peculiarities. The following regularities could be observed: in active, mobile fish species, blood was more
actively rejuvenated by young ballast forms of erythrocytes — early erythrocytes (EE) and therefore in
relation to more mature ballast forms — polychromatophilic erythroblasts (0.8 — 1 : 1). We noticed this pattern
in the A. brama, A. alburnus, L. gibbosus, C. taenia taenia, R. rutilus. On the contrary, in the blood of the
sedentary species — N. fluviatilis, C. gibelio, and S. abaster nigro lineatus early erythrocytes were much
smaller, and the ratio of PE: EE was as follows —2.5-4 : 1.

We also noted the fact that in S. abaster nigro lineatus, when infected with parasitic nematodes, the
number of early erythrocytes increased several times, exceeding the number of polychromatophilic
erythroblasts (PE: EE = 1: 1.5). Apparently, the appearance of young ballast forms of erythrocytes was a
protective reaction of the body to parasite intoxication.

According to the cytometric data, the largest area of erythrocyte segregation was in the Caspian
sand goby, S. abaster nigro lineatus, and A. brama, and the C. gibelio, and the smallest in the R. amarus,
the L. gibbosus, and the A. alburnus. It is thought that in smaller cells, a shorter diffusion path and faster
oxygen transfer occur. Our data, in general, coincide with this conclusion — namely, in the bleak, the perch,
and the bitter, which were fast-moving and therefore actively needed oxygen for respiratory processes, the
erythrocytes’ area was the smallest among other types of fish. While in the slow-moving fish (N. fluviatilis,
C. gibelio), which are unpretentious to oxygen conditions, the area of erythrocytes was 30-50% higher.

The indicators of the nuclear-cytoplasmic ratio differed in fish with varying agility to environmental
conditions. The highest were in the N. fluviatilis, the C. taenia taenia, and the C. gibelio (0.20-0.22) — that
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is fish that was resistant to oxygen conditions and pollution. In more sensitive fish (A. alburnus) they were
20-25% lower. High indices of the nuclear-cytoplasmic ratio can indicate the ability of erythrocytes to rapidly
accumulate nuclear mass and switch to an amyotrophic division, which may be one of the adaptive
reactions of fish to adverse conditions.

The erythrocytes with pathological abnormalities were found in all the fish species studied, but their
relative numbers differed. Among the carp fish family, the largest number of erythrocytes with pathology
(cytolysis, karyolysis, piknosis, poikilocytosis, amitosis) was in the S. abaster nigro lineatus (14%), the
lowest was in the R. amarus (2%); then in descending order followed by the A. brama, Rutilus rutilus,
Carassius gibelio. In the fish of other families, the proportion of damaged erythrocytes ranged from 2%
(L. gibbosus, N. fluviatilis) to 10% (C. taenia taenia). In the S. abaster nigro lineatus only, the number of
erythrocytes with pathological features reached 27%. In the S. abaster nigro lineatus individuals infected
with parasitic nematodes, the number of erythrocytes with pathological features (nucleus displacement,
karyolysis, karyopiknosis, poikilocytosis, and cytolysis) increased to 81%.

Unfortunately, we did not have the opportunity to compare the data obtained with the literature data
for all the fish species researched. In the literature available to us, we did not find information on the status
of red blood cells in the R. amarus, A. alburnus, L. gibbosus, C. taenia taenia, and S. abaster nigro lineatus.
That is, we can assume that these researches were conducted for the first time and need to be continued.
The most researched erythrocyte hematopathies in the A. brama, R. rutilus, and C. gibelio, which are
common and common species in reservoirs. Thus, according to Russian scientists in the contaminated
areas of the Kuibyshev reservoir in the A. brama and the R. rutilus the number of red blood cells with
pathological signs increased from 26.4% to 40.6%. In this case, the most common cell pathologies were:
vacuolation of the cytoplasm, acentric location of the nucleus, cytolysis, karyolysis, and karyopiknosis
(Mineev, 2016). In the young A. brama, contaminated sites of the Volga delta with kernel displacement,
chromatinolysis, anisakidosis, and other pathologies reached 32-42% (Konkova, Fedorova, 2016). We saw
a similar pattern in the R. rutilus from the Zaporizhzhian reservoir. The number of damaged erythrocytes in
the fish from the contaminated area of the reservoir increased from 8% to 33% compared to the
conditionally clear area (Sharamok et al., 2016).

It is known that in conditions of toxic loads on fish, destabilization of the circulatory system begins
with the appearance in the blood of young forms of erythrocytes as compensation for depleted mature
erythrocytes, and ends with the mass destruction of mature erythrocytes.

Given these patterns, as well as the relatively low number of young ballast forms of erythrocytes and
mature erythrocytes with pathological features, we can assume that the state of red blood cells in the young
fish species researched by us meets the conditional norm, except for the picture of the parasite-infected
S. abaster nigro lineatus.

Conclusion

The hematological research of the fish was carried out at the central section of the Zaporizhzhia
(Dnipro) reservoir, which is characterized as “satisfactory” and “poorly contaminated” by toxicity indicators.
The morphometric indices of erythroid cells were used to assess the adaptive capacity of the young fish
populations. According to the results of research, the young fish which belong to the ecological group of
sedentary and oxygen-less fish species (Neogobius fluviatilis, Carassius gibelio) had the largest
erythrocytes area and a high nuclear-cytoplasmic ratio. Indicators of eccentricity (ellipticity) of erythrocytes
had the highest values in the mobile fish (Alburnus alburnus, Lepomis gibbosus) with high energy costs.
The mobile fish also had a high content of young ballast forms of early erythrocytes, indicating active
rejuvenation of red blood cells. The relative number of erythrocytes with pathological features (nucleus
displacement, karyolysis, karyopiknosis, poikilocytosis, and cytolysis) was not high in all fish species (2—
10%). Only in the Syngnathus abaster nigro lineatus, the percentage of erythrocytes with pathology ranged
from 16—-27%, and in individuals affected by Ascaris parasitic nematodes, it reached 81%.

Thus, the main indicators of the red and blood of fish, which, in our opinion, reflect the adaptive
capacity of fish, are the eccentricity ratio of erythrocytes, the ratio of young ballast forms of erythrocytes,
nuclear-cytoplasmic ratio, and the relative number of erythrocytes with pathology.

In the less mobile fish, the physiological adaptation of red blood cells to the environmental conditions
was more pronounced than in the actively moving fish.
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LiuTomeTpuyHa xapakTepucTuka eputTpouunTiB monoAi npicHoBogHUx pub
pPi3HUX poauH
T.C. lWWapamok, H.B. €cinoBa, B.O. KypueHko

HocnigxeHo MopdOMETPUYHI NOKA3HUKM €PUTPOLIUTIB MONOZi pisHUX BUAIB pMb, L0 MeLLKalTb Y NPUOepexHnX 3oHax
Bogonm. OG’ekToM AocnigXeHHs Oynu pubu YOTMPbLOX POAMH: KOPOMOBi (BEpXOBOAKA, Kapacb CpibnscTui, ripyak
3BUYANHWUIA, NAW, nniTka), irmuuesi (ronika nyxmnoLwoka YOPHOMOPCbKA), LIEeHTPapxoBi (COHAYHMM OKYHb), B’HOHOBI
(wunoska 3BuYariHa), 6uukM (bryok NicoYHKK). [iQPOEKONOrivyHi YMOBM XapakTepusyBanucb HanpyXeHMM KUCHEBUM
PEXUMOM, BUCOKMM BMICTOM hocdaTiB i Baxknx metanis (UMHKy). MNepudepunyHy kpos pubu Biabrpanu 3 XxBoCTOBOI
BEHW; Ma3Ku BUrOTOBMANM 3a KNacu4yHOW MeTogukow Ta apbysanu 3a metogom PomaHoscbkoro-limsu. 3a
pesynbTatamu gochnimkeHb 6yno BUSBMEHO, WO y monodi pub, ki HanexaTb 40 €KOMOriYHOI rpynu ManoaKkTUBHMX i
HeBMbarnnemx BWAIB (BMYOK MICOYHMK, Kapacb CpibnAcTUi), epuTpoLMT MaloTb HaMbiNbLly MAOLWY MOonepeyHoro
nepepidy Ta BWCOKUWA MOKa3HWK SAEPHO-LMTOMMIA3MaTUYHOIO CriBBIAHOLWEHHS. [TOKa3HUKN EeKCLEHTPUYHOCTI
epuTpoumnTiB BynuM HamBULWMMW Yy aKTUBHUX pUO 3 BMCOKMMU €HEPreTUYHMMMW BUTpaTaMu (BepXOoBOLKA, COHAYHWN
OKyHb). HaiBinbluy KinbKicTb epuTpouUTiB 3 NaTonoriYyHMMKU siBMwamMun (LMTONI3, Kapioniauc, nikHo3, MOMKinouuTos)
cnocTepiranv y monogi BepxoBoaku (14%), a HanMeHLLYy — y ripyaka 3BM4aiHOro Ta COHSAYHOro OKyHs1 (2—4%). Y 0coOuH
FOMKN MyXNOLOKOI YOPHOMOPCBHKOI, YpaXKeHWX napasvTUYHMMK Hematogamu p. Ascaris, KinbKiCTb epuTpouuTiB 3
natonorieto 3pocna Ao 81%. B ymoBax TOKCMYHOrO HaBaHTaXeHHs AecTtabinizauis KPOBOHOCHOI cuctemu y pub
NMOYMHAETBLCA 3 MOSIBM B KPOBi MOSIoAMX hOPM €pUTPOLMTIB 9K KOMMEHCcaUisa pyMHYBaHHSA 3pinux eputpouuTie, a
3aKiH4y€eTbCA MacoBUM PYNHYBaHHAM 3pinux eputpouuTie. BpaxoByrouu Li 3aKOHOMIPHOCTI, @ TakoX BiGHOCHO HU3bKY
KifbKIiCTb MONoaMx hopM epUTPOLMTIB i 3piNINX epUTPOLMTIB 3 NATOMNOMYHMMN O3HaKaMu, MOXHa BBaXKaTu, LLO CTaH
epuUTPOLMTIB Yy AOCNigXeHWX Hamu BuAiB mMonoai pub BignoBigae yMOBHIA HOPMI, 32 BUMHSITKOM KPOBi 3apaKeHoi
napasuTamMm rosiku NyxroLloKoi YOPHOMOPCLKOI. Taknum YMHOM, OCHOBHUMM MOKa3HMKaMM YepPBOHOT KPOBi p1b, siki, Ha
Hawy AymKy, BigobpaxaloTb aganTauinHi MOXNMBOCTI pub, €: KoediuieHT EeKCLEHTPUYHOCTI epUTPOLMUTIB,
cniBBigHOWEHHS Monoamx 6anacTHmx hopmM epuTpouuTiB, SOAEpHO-LMTONNa3mMaTuyHe CriBBiOHOLEHHSA Ta BigHOCHa
KINbKICTb epUTPOLIMTIB 3 NaToNOriEl0.

KnwouoBi cnoBa: epumpouumu, uumomempuyHi iHOeKkcu, namosoeiyHi 3MiHu, 3arnopisbke ([Hinposcbke)
gooocxosuuye.
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Perynsuia ceneKTMBHMM CBITNIOM MiTOTUYHOI aKTUBHOCTi KOPEHEBUX MepUCTEM
Ta POCTOBMX NpoueciB NPOPOCTKIB COI KyJNIbTYPHOI 3 KOHTPACTHOHO
c¢hoTonepiognyHoOO peakuietro
€.0. batyeBa, 0.0. ABKCeHTLEBA

Y poboTi npeacTaBneHi pe3ynbTaTu OOCNIMKEHHS] BMSMBY OMNPOMIHEHHS CEMNEKTUBHUM CBITIOM Pi3HOrO CMeKTpy —
yepsoHoro (YC), 660 HM, 3eneHoro (3C), 530 Hm Ta cuHboro (CC), 450 HM Ha nponidepaTUBHY aKTUBHICTb KNiTWH
KOpEeHeBOI MepucTeMM, HaKoNUYeHHs GiomacK i pocToBi NpoLecy B HaA3eMHil Ta Nig3eMHin YacTUHaX eTionboBaHUX
NPOPOCTKIB COi KyNbTypHOI. AK POCMMHHWIA MaTepian B poboTi BUKOPUCTOBYBANMN KOHTPACTHI 3a hOTOMNEpPioaNYHO
peakujeto NpopocTkM Coi KynbTypHOi (Glycine max (L.) Merr.) gBox copTiB — KOPOTKOAEHHOro copTy Xamkunben Ta
hoTonepioanyHO-HeNTpPanbHOro copty ATpaHb. CTepunidoBaHe HaciHHS COi MpopoLuyBanu y Yawkax eTpi npoTarom
3-x pi6 B TempsBi 3a Temnepatypm 22+1°C, micns 4oro NpOBOAMNM akTuBaLuilo (HOTOPELENnTOPHUX CUCTEM
ONMPOMIHEHHSIM MOHOXPOMAaTUYHMM CBITSIOM Pi3HOMO CMEKTPY: YEPBOHUM, 3€SfIEHUM Ta CUHIM CBiTNom woaHs no 30
XBWUMWH NpoTaroMm 5-tm ai6 3a gonomoroto LED matpuub KopoboBa. KOHTponbHI poCcivHM KynbTUMBYBanuM 3a TUX XKe
yMOB, ane 6e3 onpoMiHeHHs cenekTnBHMM cBiTNoM. Biabip npob ans aHanisy nponidepaTyBHOI aKTUBHOCTI MPOBOANMIN
y OvHamili Ha — 6-Ty, 7-Ty Ta 8-Ty 00oOy eKcnepMMeHTy, pOCTOBY peakLito NpOopoCTKiB aHanidysanu B KiHLUi gocnigy —
Ha 11-Ty poby. PesynbTatv ekcnepMMeHTIB nokasanu, Lo 3a OMPOMIHEHHSI CENEKTUBHUM CBITIIOM Pi3HOr0 CNekTpy
OCbOBi OpraHu NPOPOCTKIB COi KyNbTYpPHOI pearyioTb HEOAHAKOBO: MiHiMHI PO3MipM HaAA3eMHOI YaCTMHU MPOPOCTKa
GinbLuoto mipoto 3anexaTb Big aii UC, Toai sik KopeHeBa cucTema akTuBHilWe pearye Ha gito CC. HapgsemHa yacTuHa
NPOPOCTKIB 3a akTuBauii (PITOXPOMHOI cUCTEMM LIMAAXOM OnpoMiHeHHss YC 3miHloE MopdoreHeTudHy nporpamy
po3BUTKY 3i ckoToMopdoreHesdy Ha doTtomopdoreHes. BogHouyac 6yno nokasaHo, WO OMNpPOMIHEHHA Yycima
3aCTOCOBaHMMM CNeKTpamu BNMBarno Ha HakonnyeHHs 6iomacy eTionboBaHMX NPOPOCTKIB KOPOTKOAEHHOIO COPTY COI
Xamknben, Todi K y pOTONEepioanyHO HeEWTpanbHOiI coi copTy ATpaHb — nuwe onpoMiHeHHa YC. Ha kopeHeBy
MepUCTEMY eTiONbOBaHUX NMPOPOCTKIB COi KyNbTypHOI copTy Xamkunben mano snnve onpoMiHeHHs YC ta CC, Toai sik
nponidepaTMBHa akTMBHICTb MEPUCTEM KOPEHIB NMPOPOCTKIB copTy ATpaHb binbLuoto Mipoto 3anexana Bia aii CC Ta
3C. BucnoBnioeTbCA NpUnyLLEHHA CTOCOBHO Pi3HOMO CKNapy Ta akTUBHOCTI (POTOPELIENTOPHMUX CUCTEM Y NPOPOCTKIB
COI KyNbTYPHOI 3 KOHTPAacTHOK (DOTOMNEPIOANYHOIO YYTMMBICTIO, O MNPOSBNSAETLCA Yy perynauii nponidepaTuBHOI
aKTMBHOCTi MEPUCTEM Ta POCTOBKX | MOP(OreHeTMYHUX NPOLIECIB.

KntouoBi cnoBa: Glycine max (L.) Merr., gpomonepioduyHa peakuisi, cenekmugHe ceimsio YC (660 Hm), 3C (530 Hm),
CC (450 HM), pomopeuenmopu, mimomu4Hul iHOekc, biomaca, pocmosi rnpoyecu.

YumyeaHHs: bamyesa €.[]., AskceHmbesa O.0. Pezynsuis cenekmueHUM C8imsiioM MimOmu4yHoOi akmugHocmi
KopeHesux MepucmeM ma pocmos8ux Mpouecie rnpopocmkie coi KynbmypHOi 3 KOHMpPacmHow omonepioduyHor
peakuyiero. BicHuk Xapkiecbko2o HaujioHanbHo20 yHisepcumemy imeHi B.H. KapasiHa. Cepis «bionoeis», 2022, 38, 53—
61. https://doi.org/10.26565/2075-5457-2022-38-6

llpo aemopis:

€.[1. batyeBa — XapkiBCbkUI HaLUioHanbHWUIA yHiBepcuTeT iMeHi B.H. Kapasina, mangaH Coboaun, 4, Xapkis, YkpaiHa,
61022, batuyeva96@gmail.com, http://orcid.org/0000-0003-2532-7141

0.0. ABKceHTbeBa — XapKiBCbkui HauioHanbHWIA yHiBepcuteT imeHi B.H. KapasiHa, mapgaH CeoGoawn, 4, Xapkis,
Ykpaina, 61022, avksentyeva@karazin.ua, http://orcid.org/0000-0002-3274-3410

IModaHo do pedakuii: 10.04.2022 / MpopeuyeH3oeaHo: 30.04.2022 / MpudliHssmo do dpyky: 02.05.2022

Cnucok ckopoueHb: doTonepiognyHa peakuis (Pr1P), kopotkoaeHHi pocnuHn (KOP), doTonepioanyHo HenTpanbHi
pocnuHn (®rH), yepsoHe caitno (UC), s3eneHe ceitno (3C), cuHe ceitno (CC), miToTnyHun iHaekc (MI).

BeTtyn

PocnnHu, sik opraniamu, Wo BeAyTb NPUKPINMIEHWI crnocib XuTTs, 3MyLLEHi Y3rogpKyBaTu CBili picT Ta
PO3BUTOK 3 YMOBaMu HaBKOJIMLLHBOIO cepefoBulla, SKi MOCTIMHO 3MiHTbCA. Cepen eKonoriYHmx
dakTopiB, WO Ail0Tb HAa POCAIMHHUI OPraHi3aM, HanBaXXNUBILLUM € CBITNO, SKe BUCTYNAE He TiNbKM OCHOBHUM
MXepernom ansa poTocuHTesy, ane n 6epe yyactb y perynauil npouecie pocTy Ta pO3BUTKY POCIVH, TAKOX
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BMKOHYE (OYHKUilO KoopauHauii mopdoreHeTnyHnx npouecie (Franklin et al., 2003). Csitno €
DaraTorpaHHMM haKTOPOM, LLO XapaKTepU3YeTbCA SKICHUMM (LUMPOKMM [iana3oHOM OOBXMHM XBWAi) Ta
KiNbKiCHUMM NapameTpamm (IHTEHCUBHICTIO, iHTerpanbHot o60oBo pagiauieto, doTonepiogom) (Zhong et
al., 2012). doTopeuenTopHa cUCTEMa BULLIMX POCINH BKITOYAE M'SSTb OCHOBHMX HANBINbLL NOLUMPEHNX TUNIB
ineHTudikoBaHnx dotoceHcopiB. Cepen HUX BUAINATL Tpu doTopeuentopy CC/YP A — KpunTOXpomm
CRY1, CRY2 ta CRY3 (abo CRY DASH) (Mishra, Khurana, 2017), ¢oTtopeuentopu CC — cdoToTponiHu
PHOT1 ta PHOT2 (Briggs Christie, 2002), cootopeuenTtopu cimerictea ZTL/FKF1/LKP2 (Schultz, 2006),
doTopeuentopu YC/OYC — cpitoxpomun PHY A-E (Wang, Haiyang, 2015), a Takox cpoTtoperenTtop YO B —
UVRS (Tilbrook et al., 2013).

3a nitepaTypHUMU [aHUMMK, ITOXPOM MPaKTUYHO MOBHICTIO KOHTPOMIE Xid iHAMBIOyanbHOro
PO3BUTKY POCIVH — NMOYUHAIOYM Bi NPOPOCTAHHS HACIHHSA, 3aKiHYYH4YM LBITIHHAM Ta NIO4OHOCIHHAM (Kami
et al., 2010; Quail, 2010; Wang, Haiyang, 2015). 3 ¢0TOiHOyKOBaHNM YTBOPEHHAM akTUBHOI chopmu
hiTOXpOMY MOB'A3aHi pisHOMaHITHI 3MiHM y MeTaboni3mi, gudepeHuiauii KNiTH, akTUBHOCTI (hepMEHTIB,
Tponi3amax, npoLecax poCcTy Ta po3BUTKY pocnuH. [ig perynatopHow gieto PiToXpomiB 3HaxXoaAaTbCs TakKi
npouecu, sk geeTinauia (Zhong et al., 2012), npopocTaHHsa HaciHHA aeskux Bugie pocnuH (Quail, 2010),
«CUHOPOM YHUKHEHHS TiHi» (Franklin, Whitelam, 2005), 3aknagka nnucToBnx NpUMOpPAIIB i PO3BUTOK NMCTKA,
3aknagka KBiTKOBMX OpyHbOK i uBiTiHHA Towo (Franklin, Quail, 2010). ®oToTponiHn GepyTb yyactb Yy
perynsuii Takux BignoBiAen poCinH Ha CUHE CBITNO, sIK POTOTPONI3M, BiAKpUBAHHSA/3aKpMBaHHS NPOAMXIB,
a TakoX perynsuii pyxiB xyioponsiacTiB B yMOBax Crabkoi OCBITNEHOCTi abo BMCOKO| iHTEHCMBHOCTI CBiTNa
(Christie, 2007). 3aranom BBaxaeTbCs, WO OTOTPONiHM BepyTb yyacTb y npouecax, MoB'd3aHuxX 3
onTuMi3auielo HOTOCMHTE3Y Ta 3MEHLIEHHAM pusuky oTtoywkomkeHs (Briggs, Christie, 2002).
KpvnToxpom BUKOHYE (DYHKLIiHO OCHOBHOrO akTmMBartopa LBITiIHHSA Yy Arabidopsis thaliana (Christie et al.,
2015). TakoX KpMNTOXPOMW aKTUBYIOTb €KCMPECil0 BCiX reHiB (POTOCUMHTETUYHOrO anaparty, Oinku sKkux
koaytoTbea B aapi, a gia CC CRY1 Buknukae dotomopdoreHes nnactug KrituH KopeHs (no3eneHiHHS
kopeHiB) (Mishra, Khurana, 2017). Ak ceHcopu cniBigHowweHHst CC/3C, npu 3HWKEHHI OCBITNIEHOCTI Y CUHIN
obrnacTi cnekTpy KpUMTOXPOMW MOXYTb BUKIIMKATU peakuitd “yHUKHEHHS TiHI", nogibHy [o peakuii,
KOHTponboBaHoi pitoxpomamm (Golovatskaya, Karnachuk, 2015). TakMm 4uHOM, nig KOHTpONeMm
KpUNTOXpOMiB NepebyBatoTb LMPKaAHI pUTMK, iHOYKUIA UBITIHHA, CC-3anexHuin doToMopdoreHes Ta iHLi
dYHKUjiT POCIIVH. MepenbavaeTbes, Lo CiMencTBO oinkie ZTL/FKF1/LKP2 (abo
ZEITLUPE/FLAVINBINDING, KELCH, FBOX1/LOV KELCH PROTEIN2) 6epe y4acTb y perynsuii 4o60Bumx
putmiB Ta choTonepiogmnyHocTi ugiTiHHA (Weller, Ortega, 2015), KOHTPOMIOIOYM 3anNeXHy Bid CMHBOIO CBiTNa
gerpagauito 6inkie (Schultz, 2006). 3a nitepatypHummn gaHmmm, ZTL KOHTpontoe Ao60Bi uMpKagHi putMu,
FKF1 koHTpontoe nepexig Ao uBiTiHHA, a LKP1 HeobxigHun ana obox npouecis (Schultz, 2006). 3a
aedkumu nitepatypHumn gaHumum, 3C BUCOKOI iHTEHCUMBHOCTI He niMiTye npouecn hoTOCUHTE3y, ane
aKkTMBHO peryntoe pocTtosi npouecu (Golovatskaya, Karnachuk, 2015). 3eneHe cBiTno, K i YepBOHe,
peryntoe 6araTo NPoLECIB XUTTEIANBHOCTI POCNWH: BiJ MPOPOCTaHHA HACiHHA A0 UBITIHHA (Golovatskaya,
2005). Kpim Toro, 3C, HapiBHi 3 CC, € ogHMM i3 hakTopiB, LLO KOHTPOSIOKTL peakLii pPOCAMH NP «CUHAPOMI
YHUKHEHHSA TiHi». [pupopga peuentopa 3C Ha [aHWA MOMEHT 3anvLaeTbCs HEBMBYEHOW, MpoTe
nepenbavaeTbca ofgHovacHa ydactb y perynsatopHin poni 3C pekinbkox ¢oTtopeuentopie (CRY1-2,
PHOT1-2, ZTL/FKF1/LKP2, PHYA-B Ta iH.), 9ki HEOOHaKOBO akTUBOBAaHi LIMM CBIT/IOM Ta B3aeMOSil0Tb
MixX coboro. 3okpema, MokasaHO 3anexHy Big cCBiTra B3aemogito doTtopeuentopie CRY1 ta PHYB
(Golovatskaya, Karnachuk, 2015). Takox 6yno 3po6reHo npunyLieHHs Npo icHyBaHHsS peuentopa 3C
3eakcaHTuHoBoro Tuny (Hoang et al., 2014).

[na pocnMHHOro opraHiamy xapakTepHi BugocneuudidHi ocobnmMBOCTi B Mpouecax pocTy Ta
pO3BUTKY. 3 LbOro MOXHa 3pobUTU BUCHOBOK, LLO Y POCAMH Pi3HUX BUAIB abo Pi3HUX eKOMOriYHuX rpyn
MOXYTb BUSIBNATUCSA cneundivHi ocobnmnBOCTI Y CIPURHATTI, TPAHCAYKLiT Ta nposiBax eeKTiB akTusaLii
doTopeLenTopHux cuctem. dotonepioa € OOHUM i3 rofIoBHNX (PAKTOPIB 30BHILLHBOrO CepeaoBumLLa, KU
BM3Hayae TpuBaniCTb BereTauiiHOro nepiogy pPOCNUH i NOB'A3aHy 3 HEK MOLUMPEHICTb MO 30Hax
BUPOLLYBaHHSA, NPOAYKTUBHICTb Ta SKiCTb ypoxato (Zhmurko, 2009). B 3anexHocTi Big dpoTtonepioanyHoi
peakuii (PI1P) BUAINa0Te HACTYNHI FPYNY POCHWH: KOPOTKoAeHHI pocnuHun (KOP), B skmx ®IP iHgyKyeTbCs,
Konu coTonepion KOPOTLUMI, HiK KPUTUYHA OOBXMHA OHA, JoBrogeHHi pocnuuu (OOP), B skmux PP
iHOYKYETbCA, KON boTonepion NEPEBULLYE KPUTUYHY OOBXMHY OHA; HEMTpanbHOA4EHH pocnuHu (PI1H),
Lo nepexoadaTb A0 UBITIHHA 0gHOYacHO 3a pi3HOT TpmBanocTi goTonepiody. PocnuHu, Wo BigpisHAITLCS
3a (hboTONEpPIOAMYHOID YYTAMBICTIO MO-Pi3HOMY pearytoTb Ha akTMBaLito (PiTOXPOMHOI CUCTEMU YEPBOHUM
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ceitrioM (Avksentieva, Batuieva, 2020), ToMy MOXHa 3p0OMTU NPUNYLLEHHS, LLO iXHSA peakuis Ha akTMBaLito
iHWKNX hOTOPELIENTOPHNX CUCTEM CENEKTUBHUM CBIiTIIOM TakoX Oyae BiOpi3HATUCA.

B ocHoBi akTMBaUji npoueciB pocTy pOCNMHM Ha OPraHHOMY PiBHi NEXWUTb CTUMYMSUIA MpoueciB
KNITUHHOTO POCTY, CKIAZOBOK HAKOI € mnporichepaTMBHa akTUBHICTL MepucTtemu. Came MITOTMYHA
aKTMBHICTb BU3Ha4a€ iHTEHCUBHICTb POCTY POCMMHHOIO opraHiamy. MepuctemaTuyHi TKaHWHW € HanBinbLU
YYTNMBUMU | aKTUBHO pearyloTb Ha 30BHiILWHI BNnvBK (Hopkins et al., 2002). BeaxaeTbcs, Wwo 6yab-akui
HecneungiyHMin BB HABKOMMWLUHBOIMO CepenoBuLla, 30KpeMa BMAMB CBiTNA PIi3HOro CneKkTpanbHOro
ckragy, Moxe Npu3BecTn 00 AesKUX 3MiH XUTTEIANbHOCTI KNITUH, sKi BigoOpaXkae TakMi NOKa3HUK, SIK
MiToTU4HUA iHgekc (Reichler et al., 2001). NepeabadaeTbes, Wo iHAYKLUIA Nponidepalii 30iCHIETLCS 3a
[OMOMOTOH0 Pi3HUX CUTHANBHUX CUCTEM, O SKUX MOXYTb BXOAUTU i hOTOPELLENTOPHI CUrHanNbHIi CUCTEMMU.

MepeBaxHa OinbwicTb AocnigkeHb edqekTiB akTuBauii doTopeuenTopiB Oyna npoBedeHa 3
mMogenbHum o6'ektoM Arabidopsis thaliana (Franklin et al., 2003; Franklin, Quail, 2010; Zhong et al., 2012)
Ta iHWKMK pocnuHamu, 6e3 ypaxyBaHHs ix poTonepiogmyHoi peakuii. Lie He go3Bonsie 3pobuTn BUCHOBKU
npo porib (POoTOMNEPIOANYHOI peakuil pocnvH B eeKkTax BMAMBY CENEKTMBHOINO CBIiTNa Ha npouecu
doToMopdhoreHeasy.

BignoBigHoO 00 uboro, MeTor Hawoi poboTn Oyno AocnignuTn BNAMB ONPOMIHEHHST CENEKTUBHUM
CBITNIOM Ha nponidpepaTnBHY aKTUBHICTb KMNiTUH KOPEHEBOI MEPUCTEMM Ta POCTOBI NMPOLIECU B HAA3EMHIN
Ta Nia3eMHin YaCcTuHax NPOPOCTKIB COI KyNbTYPHOI B 3aNeXHOCTI Big iX hoTonepiognyHoi peakuii.

MaTtepianu Ta meTogm

PocnurHut mamepias. Y SIKOCTi POCIIMHHOIO MaTtepiany B poboTi BUKOPUCTOBYBANMCh KOHTPACTHI 3a
doToNepioanYHO peakuied pocnuHu col KynbTypHoi (Glycine max (L.) Merr.) KOpOTKOAEHHOIro copTy
(KOP) Xagxnben Ta doTonepioanyHo HentpanbHoro copty (PIMH) AtpaHs.

Ju3zaliH docnidxeHHs. HaciHHA gocnigHux pocnuH ctepunizyBanu B 15%-0My po3unHi rinoxnoputy
HaTpito i 70%-HoMy eTaHoni Ta NpopoLlyBany y Yawkax eTpi Ha 3BonoxeHoMy (inbTpyBanbHOMY nanepi
y TepMocTaTi 3a Temnepartypu 26°C y Tempssi npotarom 3-x Ai6. icna 4yoro nmpoBoavnu akTvBaLito
OTOpPELENTOPHMX CUCTEM JOCHILKYBAHUX MPOPOCTKIB OMPOMIHEHHSIM MOHOXPOMATUYHUM  CBITIIOM
pi3HOro cnektpy: 4epBoHMM cBiTnom (UC), 660 Hm, 3eneHnm (3C), 530 HM, Ta cuHim (CC), 450 HM, WoaHs
no 30 xBUnNuH Npotdarom 5 gHie 3a gonomoroto LED maTtpuui. KOHTPOMbHI pOCANHKU KynbTUBYBanu 3a Tux
e ymoB 0e3 akTmBauii hOTOpeLenTOPHNUX CUCTEM CEeSNleKTUBHMM CBIiTNIOM. Bigbip npo® gns aHanisy
nponicepaTtMBHOI akTMBHOCTI npoBogunun Ha 6-ty, 7-Ty Ta 8-Ty goby ekcnepumenty. Ha 11-ty goby
eKCNepuMeHTYy NPOBOAUNM aHani3 POCTOBOI peakuil NPOpPOCTKIB.

lpornichepamueHa akmugHicmb KOpeHesux mepucmeM. |[HTEHCMBHICTb MOAiny KMiTMH KOpeHeBoil
MepucTeMU BU3HaYanu, aHanisyroum MiToTudHui iHgekc (MI) 3a ctaHgapTHowo MeTogmkow. dikcauito
POCNNHHOIO MaTepiany — rofNoBHOIO KOPEeHsi MPOPOCTKiB npoBoaunu y dikcatopi Knapka (96% etunosun
cnupT:kpwmxxaHa ouToBa kucrnoTa (3 : 1)) npotsarom 24 roguH 3a Temnepatypu 0-3°C. Hagani nposogunnu
3abapBreHHst aueTokapMiHOM MeTOOOM raps4voro rigponidy i rotyBanu [JaBrieHi  TUMYacosi
MikporpenapaTth 3a CTaHOapTHOK MeToaukow. [penapatn aHanisyBanvM 3a [OMOMOrOH CBIT/IOBOrO
mikpockona Mikpomepg XS-2610 npu 36inbLueHHi X400, y KoXXHOMY nNpenapari npornsgany He MeHLw 5 nonis
30py y ABOX AiaroHansix, 4N KOXXHOro BapiaHTy 6yno npoaHanizoBaHo He meHwe 1000 knituH. MiToTuiHun
iHoekc (MI) po3paxoByBanu K BiAHOLIEHHS KNiTWH, Siki nepebyBanu y meTa-, aHa- i Tenodasi mitosy, oo
3aranbHoI KiNbKOCTI KITiITUH Y Mosi 30py, WO BUpaxeHe y BigcoTtkax (Grana, 2018).

AHaniz pocmosoi peakuyii. POCTOBY peakuito BU3HayanuM 3a noKasHuKamu niHINHOMO pPOoCTY,
BMMIPIOOYM 3aranbHy JOBXWHY NPOPOCTKA, AOBXMHY HAA3E€MHOI i Mig3€MHOI YaCTWH, Ta 3@ HAKOMUYEHHSM
Biomacu oCbOBVMMY OpraHamm NPOPOCTKa, L0 BUCTYNAE NOKa3HUKOM POCTOBUX i BIOCUHTETUYHMX NPOLIECIB.
BumiptoBaHHs npoBoAunu, aHani3yto4um B KOXXHOMY BapiaHTi no 15—20 npopocTkis.

CmamucmuyHul aHaris. byno npoegeHo 3 6ionorivHi cepii ekcnepuMeHTiB, CTaTUCTUYHMI aHani3
OTpUMaHuX JaHUX NpoBOAUIM 3a AONOMOroo nakeTy nporpamu Statistica 5.0. ICTOTHICTb BigMiHHOCTEN MiX
KOHTPOSbHUMW Ta AOCNIAHMMW BapiaHTaMKn BU3Ha4anu 3 BUKOpUCTaHHaM t-kputepito CtelogeHTa 3a p<0,05
3 ypaxyBaHHsiM nonpaeku BoHdepoHi (Atramentova, Utevskaya, 2008). B 1abnuuax Ta Ha rpadikax
HaBedeHi cepeHi 3HaYeHHS Ta iX cTaHOAPTHI NOXNOKW.

Pe3ynbTtaTti Ta 06roBOpeHHA
lponichepamusHa akmueHicmb. B anikanbHUX MepucTeMax rOfIOBHOrO KOPEHSI COI KynbTYpPHOT
copTiB Xampkuben ta ATpaHb y Bili 6—8 Aid, 9Kk y KOHTPONbHUX, TakK i y AOCNigHMX npopocTkax, Ml 6ys
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HeBucokum: 0,97—-2,83%, IO MOXe CBigYMTW NPO HWM3bKY NponihepaTVBHY aKTUBHICTb, IO BMPaXKaeTbCs
HEBETMKOHO KiITbKICTHO KINiTUH, SKi nepebyBanu y MeTa-, aHa- Ta Tenodasax MiToTU4Horo uukny (puc. 1).

3a pesynbTaTamm OOCHIMKEHHS Y KOPOTKOAEHHOro copTy Xamkuben npoTAroMm ekcnepuMeHTy
cnocTepiraetbes 3HMXKeHH M1 3 2,59% Ha 6-Ty goby go 1,49% Ha 8-my goby. Lle cBigumTb Nnpo noctynose
3HWXKEHHS NpornicdepaTMBHOI akTUBHOCTI MEPUCTEMATUYHUX KNITUH KopeHs. OnpomiHeHHs YC Ta 3C He
NPU3BOAMIO A0 CYTTEBMX 3MiH ¥ AvHamiui MI, nuwe Ha 7-my goBy ekcnepuMeHTy y pocnnHax, OnpoOMiHEHMX
YUC, cnoctepiranocsa piske 36inbweHHs MI, nopiBHaHO 3 kKoHTponem. Lle moxe ©6yTn nosicHeHo
nepioguyHMMn  3MiHamun nponicepaTmMBHOI aKTUBHOCTI  KMITUH 30HM MOAINY TOMOBHOMO KOPEHS,
3YMOBIIEHMW TEHOTUMOBMMU 0COONMBOCTSIMU copTy. Piska 3amiHa MI Ha 7-my goOy ekcrnepuMeHTy npu
onpomiHeHHi YC K[ P npopocTkiB coi cnocTepiranachk i y Hallmx nonepeaHix ekcnepmumeHTtax (Avksentieva,
Batueva, 2020). BogHo4ac, npu onpoMiHeHHi CC cnocrtepiranocs 3Ha4yHe 3meHweHHs MI, nopiBHSAHO 3
KOHTpoOneM, BXe Ha 6-Ty oby, Ta nogansiue 3HwkeHHs Ml 3 1,84% Ha 6-Ty oby ekcnepumeHTy oo 1,09%
Ha 8-my. Lle cBiguMTb NPoO HasABHICTb AESKOT YyTNUBOCTI MepUcTeEMaTUYHUX KNiITUH OO CUHLOTO CNEKTPY
cBiTna.

35 2,5

MiTOTUYHMIA iHaeKe, %

6 7 8 6 7 8

Puc. 1. BnnuB onpoMiHeHHA ceneKTUBHUM CBIiTNIOM Ha iIHTEHCUBHICTb NoAiny KniTUH y anikanbHUX
MepucTeMax KopeHiB coi KynbTypHoi KOP copty Xagxub6en (A) Ta ®IH copty AtpaHb (B)
KoHTtponsb (6/0) , UC (660 HM) =====, 3C (530 HM) ===, CC (450 HM) = - = -

MpumiTka: * pisHMUA 3 KOHTPOMeM ictoTHa npu p<0,05

Fig. 1. The influence of selective light irradiation on the cell division rate in the apical meristems of
the roots of SDP of Khadzhibey variety (A) and PPN of Yatran variety (B)

Control (b/0) , RL (660 nm) =====, GL (530 nm) ===, BL (450 nm) =+ = -

Note: * the difference with the control is significant at p<0.05

Mpy pocnigxeHHi doTonepioanyHoO HeWTpanbHOro copTy ATpaHb MPOTAroM A0CHiAXKyBaHOro
OHTOreHeTM4HOro nepiofy 6-8 Ai6 cnocTepiranock He3Ha4YHe ranbMyBaHHS NPoNidepaTUBHOI aKTUBHOCTI
MEPUCTEMAaTUYHUX KMiTUH aneKkCcy KOPEHIB Y KOHTPOSMbHUX npopocTkiB. OnpomiHeHHs YC Ha 6-Ty goby
NPM3BOAMIIO OO0 3HWKEHHs MI, NOpiBHAHO 3 KOHTPOMEM, ane He NPU3BOAMIO A0 NOAAsbLUIOTO 3HWDKEHHS
MITOTMYHOT aKTUBHOCTI MPOTArOM 3a3Ha4YeHOro OHTOreHeTUYHOro nepioay. Lie Moxe cBigunTh He Tinbkn Npo
HEBUCOKY YyTIMBICTb KOPEHEBNX MEPUCTEM (POTOMEPIOAUYHO HEWTPanbHOI coi Ao YC, ane i Npo HasiBHICTb
OEeSKMX NepeLLKo Ha LWNsXy TPaHCAYKUIT curHany 3 Haa3eMHOI YaCTUHM NPOPOCTKY 4O KOPEHEBOI YaCTUHM.
OnpomiHeHHss CC npu3BoaMnio A0 CYTTEBOrO 3HMKEHHA M| NOpiBHSAHO 3 KOHTpONeM, Maxe y ABa pasw,
Xoya Ha 6-Ty goby pisHuua 3 kKoHTporem Byna HeictoTHow. Edekt 3C y mepuctemaTMyHmMx TKaHUHaX
KopeHeBoi cuctemu ByB cxoxui 3 epektom CC. Lle moxe ByTy noe’dA3aHO 3 poBOTOK KPUMTOXPOMHOI
cuctemu, ska npunmae ydactb y peuenuii 3C (Golovatskaya, 2005).

Taknm 4mMHOM, 3a pesynbTaTamMu HalMX AOCHiAKEHb NOKa3aHo, WO CTUMYIAUiS nponidepaTuBHOI
aKTUBHOCTI KOpeHeBMX MepucteM Bigbysaetbcs 3a Aii YC, ONpoMiHEHHA SKUM MpPU3BOAMTL [0
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doToaKTMBaUji came PITOXPOMHOI CUCTEMW — FONOBHOT (POTOPELIENTOPHOT CUCTEMU POCIIMHHOIO OpraHiamy.
CtumynioBaHHSA nponidepadii  MepuctemMaTMyHMX KNiTUH  Ginblioo  Mipoto  BigOyBaeTbcs came Yy
GoTONEPIOANYHO YYTIIMBUX POCIIMH — KOPOTKOAEHHOro copty Xamkvuben Ta 3a Hawuvmu nonepegHimu
pocnimpkeHHamn (Avksentieva, Batueva, 2020) — [oBrogeHHoro ropoxy nociBHoro copTy MeueHar.
doTonepioguiHO HerTpanbHi POCHMHW Mawxe He pearyloTb Ha gito YC. OnpomiHeHHa CC cgitnom
Hes3anexHo Big doTonepioanyHOi YyTNNBOCTI AOCAIOHNX POCAVH, HABMNaKK, iHribye npouecu nponidepauii
KNiTUH KOPEHEBMX MEpUCTEM, Lo Takox Byno nokasaHo iHwWuMmK gocnigHnkamu (Hopkins et al., 2002).

Pocmosi nokasHuku. 3a pesynbTaTaMmu OOCHIMKEHHA BNMUBY CENEKTUBHOrO CBIiTNa Ha pOCTOBI
NMOKa3HMKN eTioNbOBaHWX MPOPOCTKIB copTy Xamkuben, aktmBauis OTOpeuenToOpHUX CUCTEM CYTTEBO
BNn“Bana Ha macy Hag3eMHOI YaCTUHU NPOPOCTKIB (puc. 2A). HanbinbLumn edekt mano onpomiHeHHst 3C,
peLenuis siKoro, MOXnmBo, BiaOyBaeTbCA 3a y4acTi (PiTOXPOMHOI Ta KPUNTOXPOMHOI cucTeMm. MopiBHAHO Ao
KOHTPOIMO cnocTepiranoch 30iNbLUEHHA Macy HaA3eMHOI YacTUHM MPOPOCTKIB TaKOX i NPU ONPOMiHEHHI
cuHiM cBiTnoM. OgHak 36inbLueHHs MacuK 3a onpoMiHeHHst CC Oyno MeHLWMM, HiX Te, sike BigbyBarnocs 3a
onpomiHeHHs1 3C. Lle 3acBiguye, o, y eTiONbOBaHNX NPOPOCTKaX COi COPTY XamKnOen NPUCYTHI Y BENUKIN
KifIbKOCTi KPUNTOXPOMMU, ADOTOTPOMIHM Ta, MOXNUBO, PITOXPOMU, SIKi CNpUMAMalOTb XBUITi 3aCTOCOBaHUX
CMeKTpiB.
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Puc. 2. BnnuB onpoMiHeHHA CeneKTUBHUM CBITNIOM Ha 6iomacy oCbOBUX OpraHiB NPOpPOCTKIiB COi
KynbTypHoi KOP copTty Xagxu6en (A) Ta ®IMH copty AtpaHb (B). HagsemHa yactnHa 3, ninsemua
YyacTuHa

MpumiTtka: * pisHMUS 3 KOHTponeM ictoTHa npu p<0,05.

Fig. 2. The influence of selective light irradiation on the biomass of the axial organs of soybean
seedlings of SDP of Khadzhibei variety (A) and PPN of Yatran variety (B). Above-ground part 5,
underground part B

Note: * the difference with the control is significant at p<0.05.

Edbekt ONpoMiHEHHS CENEeKTMBHMM CBITIIOM Ha KOpPEHeBYy cucTemy Oynu iHWWMK. 3HayHe
30iNblUEHHS Macu KOPEHEeBOi CUCTEMM MNPOPOCTKIB CMOCTEpiranocb Mpu OMPOMIHEHHI CBiTNa YCix
3aCTOCOBaHUX CMEKTPIB Yy AOCNIMAXKEHHI, ane 3a piBHEM NposiBy edhekTiB Ha Biomacy KOPEHiB Aito CNekTpiB
CBiTNa MOXHa paHXyBaTW HacTynmHMM 4YuHom: 3C>CC>YC. lMpu ybomy crnocTtepiraBcst Ginbwnin BrnIvBe
CEeNeKTUBHOrO CBIiTNa Ha NiA3eMHy YacTUHY, NMOPIBHAHO 3 HaA3eMHOLo, We Aae nigctaBy NpuNycTUTH, WO
Hag3eMHa i nig3emMHa YacTuHa OOCNifKyBaHUX MPOPOCTKIB BiAPi3HAOTLCA 3a BMICTOM hoTopeLenTopis
BMKOPUCTaHUX CMEKTPIB Ta IX aKTUBHICTIO, IO Mae MNiATBEPAXEHHS y niTepaTypHux gaHux (Kami et al.,
2010).

Ak Ha poTonepioanyYHO HENTpPanbHUN COPT, Ha COpPT ATpaHb CEeNeKTUBHE CBITNO BNNNBANo MeHLLe,
Hi>XXK Ha KOpoTkogeHHuI copT Xamkunben. 3a pesynbTaTamu OOCNIMKEHHS Aii CeneKkTMBHOIO CBiTNa Ha
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BiocnHTETMYHI Npoueck eTionboBaHux NpopocTkiB PIMH copTy ATpaHb (puc. 2 b) onpomiHeHHs YC T1a 3C
NpuM3BOAMMIO A0 3MiHM BiomMacK Hag3eMHOI YacTUHU, ane y NPOTUNEXHUX Hanpsamkax. OnpomiHeHHs YC
Npu3BOAMNIO A0 36inbLueHHs1 6ioMacu, NOPIBHSIHO 3 KOHTPOSEM, TOAI SIK oNpoMiHeHHA 3C — 40 ranbMyBaHHS
pocToBux npouecis. Lle gae nigctaBun 3pobuTy MPUNYLLEHHS, WO Yy HAA3EeMHIN YacTuHI eTioNnboBaHMX
NPOPOCTKIB COPTY ATpaHb MICTUTLCS BENUKa KiNbKiCTb PiTOXPOMIB, SKi 1 NpuiMaloTb ydacTb y peuenuii YC
Ta 3C.

Biomaca nigsemHoi YactuHu npopoctkis PMH copty ATpaHb B ocHOoBHOMY 3anexana Big YC,
OMNPOMIHEHHS SIKMM Mpu3Boauno Ao 30inbleHHs Giomacu y 1,6 pasiB. Takox [0 36inblUeHHs macu
npussoamno onpomiHeHHsa 3C, ane y meHwin mipi, a CC npmnsBogmno 40 3MEHLUEHHS Macu KOpeHeBOoi
YaCTUHW NPOPOCTKIB.

Bigomo, wo came ditoxpomu Ta kpuntoxpomu, doToperentopu YC ta CC, npunmatoTb y4acTb Y
3anycky peakuin dgoTtomopcdoreHedy. 3a niTepaTypHUMM daHuMK, Yy  TeMpsiBi  peanisauis
oTOMOpPOreHeTMYHOT Nporpamy GrOKyeTbCsl Y TOMy 4mchi i penpecopoM doTtomopdoreHesy COP1.
AkTuBaLis doTOpeLenTopiB Ha CBiTNi nNpu3BoauTb Ao iHribyBaHHs COP1 Ta 1oro nepemilwleHHs 0o
uuTonnasmu, B pesynbTaTi Yoro aktTuBaTtopy ooTOMOpdoreHesy cTatoTb CTabinbHMMM, HAKOMUYYIOTLCS Ta
NOYUHAIOTb PerynioBaTy TPAHCKPUNLIilO CBITNOYYTNMBUX reHiB (Smirnova et al., 2012).

Ha niHiiHi po3mipn Hag3eMHOI YacTuHM AOChiAKyBaHUX MPOPOCTKIB copTy Xamkuben (puc. 3A)
HanbinbLWWA BNAMB Mano onpomiHeHHs YC, ake npM3Boguio OO 3MEHLUEHHS AOBXMHM MaroHy y nistopa
pa3n. OnpomiHeHHss 3C Ta CC npu3BoAMiO A0 HE3HAYHOro 3MEHLLEHHS MiHIMHMX PO3MipiB Haa3eMHOI
yacTuHu. Lle cBigunTb Npo HasiBHICTbL (PiTOXpOMIB, iIMOBIpHO, came ditoxpomy A (Kami et al., 2010), y
eTioNboBaHMX MPOPOCTKaX, SKi 3anyckatoTb peakuito poTomopdoreHesy: 3ynnHKy 3poCTaHHS rinoKOTUMIO,
pOo3ropTaHHsa ciM'agoniB, No3eneHiHHS NPOPOCTKIB i 3aBepLUEHHS PO3BUTKY (POTOCMHTETUYHOrO anaparty
nnactua.
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Puc. 3. BnnMB onpoMmiHEHHA CeNIeKTUBHMM CBIiTNIOM Ha JiHiMHI po3Mipn OCbOBUX OpraHiB
npopocTKiB coi KynbTypHoi KOP copty Xapgxuben (A) ta ®PMNH copty Arpanb (B). HagsemHa
yactuHa 2, nigsemna yactuna

MpumiTka: * pisHNLA 3 KOHTponem ictoTHa npu p<0,05.

Fig. 3. The influence of selective light irradiation on the linear measures of the axial organs of
soybean seedlings of SDP of Khadzhibei variety (A) and PPN of Yatran variety (B). Above-ground
part £, underground part B8

Note: * the difference with the control is significant at p<0.05.
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OnpomiHeHHst YC Ta CC npu3BoAnIO TakoX A0 AESKOro 3MEHLLEHHS JOBXWUHM i Nig3eMHOI YacTUHN
NPOPOCTKIB, ToAi K onpoMiHeHHs1 3C NpM3BOAUITO 40 HE3HAYHOIO 36iNbLUEHHST JOBXUHM, O CBIg4YUTb Npo
iHWKMI cknag ooTopeLenTopiB Y KOPEHEBIN CUCTEMI A0CHIAXKYBaHUX MPOPOCTKIB.

Peakuis eTionboBaHMX NPOPOCTKIB COPTY ATpaHb Ha ONPOMIHEHHSI CENEKTMBHWUM CBiTNoM 6Gyna
aHanoriyHoto (puc. 3b). HagsemHa yactuHa 3a3HaBana 3Ha4yHOro ranbMyBaHHS POCTOBMX NpoLUECiB 3a
BMMBY 4YEpPBOHOro Ta 3erneHoro ceitna. CC TakoX MpuM3BOAUIO A0 3MEHLUEHHSI OOBXWHU Haa3eMHOi
YacTuHW, ane y MmeHwin mipi. KopeHeBa cuctema pearyBana fdewo iHakwe. AKTuBauis iTOXpoMHoOT
cuctemun YC npussoamna 4o CYTTEBOIO 3MEHLLEHHS AOBXUHU KOpeHeBoT cuctemu, Toai ik 3C Bnnusano y
NPOTUNEXHOMY HaMpsIMKy: crnocTepiranocs 30iNnbLUEHHsT NiHIMHUX PO3MIpIB NiA3eMHOi YacTuHU Ha 16%.
TobTo, AK i Np1 JOCMiAKEHHI NPOPOCTKIB COpTy Xamknben, Ha NiHIMHUA piCT NPOPOCTKIB copTy ATpaHb
CYTTEBUI BNNUB Mana akTusauis (PiTOXPOMHOI cucTeMu, ane peakuis Haa3emHol Ta Mig3eMHOT YacTuH
Bipi3HAnacs, Wo CBiAYMTb NPO Pi3HUIA cknag oTopeLenTOPHUX CUCTEM Yy acUMInALIMHOMY anaparti Ta
KopeHsix coi. MoaibHicTb peakuin Ha CeneKkTUBHE CBITIIO NPOPOCTKIB copTiB ATpaHb Ta Xamkuben Moxe
OyTK NosicHeHa reHoOTMNOBUMU OCODNMBOCTSMU BUZY .

TakMM YMHOM, 32 OMPOMIHEHHSI CENEKTUBHUM CBITIIOM pidHoro cniektpy — YC, 3C ta CC — 6yno
BCTAHOBMEHO, WO OCbOBI OpraHy NPOPOCTKIB COI KyNbTYPHOI pearytoTb Pi3HUM YMHOM: MiHiHI po3Mipn
Hag3eMHOI YacTUHM NpopocTKa 3anexanu Big aii YC, Toai sik kopeHeBa cuctema pearysana we n Ha CC.
HapgsemHa 4acTnHa 3a akTuBauii DiTOXPOMHOI CUCTEMU LUNAXOM OMpoMiHEHHst YC 3miHoe nporpamy
PO3BUTKY i3 CKOTOMOpdoreHeay Ha boToMopdoreHes. BogHouvac 6yno BCTAHOBIEHO, L0 HA HAKOMNYEHHS
biomacn etionboBaHnx npopoctkie KOP coi copty Xagxuben mano BAAMB OMNPOMIHEHHSA Yycima
3aCTOCOBaHWMM CNEKTPaMW, y TOM Yac konu Ha Biomacy npopocTkis ®IMH coi copTy ATpaHb 3Ha4YHUIN BANMB
mano nuwe YC. PocToBi npouecu TiCHO NOB’si3aHi 3 nponidepaTMBHOK aKTUBHICTIO MepucTeMaTUdHUX
KNiTuH. Ha kopeHeBy MepucTemy eTioNibOBaHMX NPOPOCTKIB COi KyNbTYpPHOI COpTy Xamkmben BNInB mano
onpomiHeHHs1 YC T1a CC, ToAi siKk aKkTUBHICTb MEPUCTEM KOPEHIB NPOPOCTKIB COPTY ATpaHb 3anexana Big
CC T1a 3C.

BucHoBku

« Ha nponicdepaTrBHY aKTUBHICTb KOPEHEBOI CUCTEMM MPOPOCTKIB KOPOTKOLEHHOIO COPTY Xaaknben
Hanbinbwwmin Bnnme Manu YC ta CC. AKTUBHICTb MePUCTEMATUYHMX KITiITUH KOPEHEBOI CUCTEMM NMPOPOCTKIB
doTonepioagnYHO HENTPANbHOIo CopTy ATpaHb 3anexuTb ronoBHNM YmHoMm Big CC T1a 3C.

*Mig BnnmBom 4YC, 3C T1a CC BigbyBanmocs CTUMyNioBaHHA OGIiOCMHTETUYHUX npoueciB Yy
€TiONbOBaHMX MPOPOCTKIB KOPOTKOAEHHOro copTy Xamkmben, y eTionboBaHux npopocTtkie ®IMH copTty
ATtpaHb 36inbweHHs Giomacu BiabyBaeTbCA Tinbku 3a Aii onpomiHeHHsA YC.

* Ha niHinHMM picT NpopocTKiB COi KynbTypHOI 3Ha4yHun BnnveB mMae YC, 3anyckawounm peakuii
hoToMopdoreHesy, WO NPU3BOANTL OO 3MEHLLEHHS AoBXMHU npopocTkiB KOP copty Xagxnben ta ®rH
copTy ATpaHb.

» 3pobneHo MpuNyLLEHHS, WO pidHa peakuid Hag3emHoi Ta Nig3eMHOi YacTWH LOoChigKyBaHUX
NPOpPOCTKIB 060X COPTiB HA OMPOMIHEHHSI CENEKTUBHUM CBITIIOM MOXe ByTV NOB’A3aHOI0 3 Pi3HNM CKIagoMm
Ta aKTUBHICTIO (poTOpeLenTopiB y LUX opraHax.

* [NokasaHo, Lo eTioNboBaHi NPOPOCTKM KOPOTKOAEHHOTO COpPTY Ccoi Xamknben € Ginblu 4yTnmeumm
00 Ail pi3HUX CnekTpiB OMpoMiHEHHS B MNOPIBHAHHI 3 peakuieo (poTonepioguyHO HeWTpanbHOro copTy
ATpaHb, WO npu3BOAWUTbL OO0 3MiH Mponid)epaTMBHOI aKTMBHOCTI KOPEHEBMX MEpPUCTEM, POCTOBUX Ta
DIOCUHTETUYHNX NPOLIECIB.

Pobomy sukoHaHO 8 pamkax rpoekmy ¢hyHdameHmarnsHo20 docnidxeHHs1 MiHicmepcmea oceimu i
Hayku YkpaiHu « Memodonoezis docnidxeHHs1 bionoaiyHoi npupodu pomonepioduyHoOT yymaueocmi pociuH
3a BUKOpUCMAaHHSA KOMIMIEKCHOI cucmeMu 2eHemuyHux, ¢izionoeiyHux ma OGioXiMIYHUX MOKa3HUKIG»,
Homep depxpeecmpauii 0118U002041.
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Regulation of the mitotic activity of root meristems and growth processes of

soybean seedlings with a contrasting photoperiodic response by selective light
Y.D. Batuieva, 0.0. Avksentieva

The present paper concerns the influence of selective light irradiation of various spectrums — red (RL, 660 nm), green
(GL, 530 nm), and blue (BL, 450 nm) on the proliferative activity of root meristem cells, biomass accumulation, and
growth processes in the above-ground and underground parts of etiolated soybean seedlings. Seedlings of the soybean
(Glycine max (L.) Merr.) of two varieties, contrasting in photoperiodic reaction, the short-day variety Khadzhibei and
the photoperiodic-neutral variety Yatran, were used as plant material. Sterilized soybean seeds were germinated in
Petri dishes for three days in darkness at 22+1°C. After that, their photoreceptor system was activated by irradiation
with monochromatic light of red, green, and blue spectrums for five days, 30 minutes daily, with the use of Korobov
LED matrices. Control plants were cultivated under the same conditions but without selective light exposure. Samples
for the proliferative activity analysis were taken in dynamics on the 6th, 7th, and 8th days of the experiment. The
seedlings’ growth reaction was analyzed at the end of the experiment, on the 11th day. The experiments showed that
axial organs of soybean seedlings react in different ways when exposed to selective light of various spectrums: linear
measures of the seedlings’ above-ground part largely depend on the RL impact, while the root system reacts more
actively to the BL impact. Under activation of the phytochrome system with RL, the above-ground part of seedlings
changes its morphogenetic development program from scotomorphogenesis to photomorphogenesis. At the same time,
biomass accumulation in the etiolated seedlings of the short-day Khadzhibey variety was influenced by irradiation with
all the applied spectra; the biomass of photoperiodic-neutral soybean seedlings of the Yatran variety was affected only
by RL. The root meristem of etiolated soybean seedlings of the Khadzhibey variety was sensitive to both RL and BL
irradiation, while that of the seedlings of the Yatran variety reacted to a greater extent to the BL and GL exposure.
Based on the results obtained, we suppose that soybean seedlings with contrasting photoperiodic sensitivity have
different compositions and activity of photoreceptor systems. It is manifested in regulation of the meristem proliferative
activity, growth, and morphogenetic processes.

Key words: Glycine max (L.) Merr., photoperiodic reaction, selective light, RL (660 nm), GL (630 nm), BL (450 nm),
photoreceptors, mitotic index, biomass, growth processes.
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NMPABUIIA ONA ABTOPIB
XypHany «BicHuk XapkiBCbKoro HauioHanbHoro
yHiBepcuteTy iMmeHi B. H. KapasiHa. Cepis «bionoris»

Y xypHani ny6nikyloTbca pesynbTaTu SOCNIgXeHb 3a BCiMa Hanpsamkamu GionoriyHmx Hayk. [o
ny6nikauii npunmaroTbCS:
— 3aKiH4YeHi opuriHanbHi poboTy, WO AoCi Hige He B1aaBanucs;
— ONUCK OpuriHaNbHUX MeTodiB Ta Npunagis;
— TEOPEeTUYHI Ta OrnsaoBi cTaTTi;
— MaTepianu Ta NoBiAOMINEHHS NPO NOAIT HAYKOBOrO XUTTH;
— peLueHsii Ha KHUIn.

CraTTi OpYKYIOTbCSA YKPaiHCLKOK Ta aHrMincbKO MOBaMMU.

TekcT ekcnepuMeHTanbHOI CTaTTi Mae cknagatucs 3 HacTynHux posginis:  «Bctyny,
«Metoguka» («O6’ekT Ta MeToou pJocnigkeHHs»), «Pesynbtatn», «OOGroBOpeHHs» (MOXIMBUIA
o6’egHaHMn po3gin «PesynbTaty Ta 06roBopeHHs»), «lMepenik nocunaHby. TEKCTN cTaTel NOBUHHI ByTu
BMKOHaHi y pepaktopi Ms Word 3 BuKkopucTaHHsaM wpudTty Arial — 10 pt; ab3ay — 1 cM; MiXKpsagKoBui
iHTepBan — ogvHapHWA; NONA: BEPXHE Ta HWXKHE — 3,5 cMm; niBe — 2,5 cMm, npaBe — 2 cM. TekcT cTaTTi
nounHaeTbes 3 iHgekcy YK, gani 3a3HavaeTbCcs, MOBOIO opuriHany, Ha3Ba ctaTtTi (Arial — 12 pt), iHidianm
Ta npissuwa astopiB (Arial — 10 pt), aHoTauis (Arial — 9 pt), cnucok knoyoBux cnig (Arial — 9 pt). Oani
HaBOAMTLCSA aHIIINCbKOI MOBOM (SIKLLO CTaTTS HammMcaHa yKpaiHCbKow): Hasea ctarTi (Arial — 12 pt),
npiseua Ta iHidianu astopiB (Arial — 10 pt), aHoTauis (Arial — 9 pt), cnucok kntodoBmx cni (Arial — 9 pt).
O6csr KoxXHoi aHoTauil — He MeHLW Hix 1800 dhoHETMYHUX cuMBONIB. Tabnuui i pUCYHKN po3MiLLytOTbCS Y
TekcTi. Hasen Tabnuub i pUCyHKIB Ta NPUMITKM 4O HUX NOAAITLCHA YKPAIHCLKOK Ta aHrMinCbKo MOBaMMU.
MocunaHHg Ha niTepaTypy Yy TEKCTi NOAalTbCa Y KPYINUX OyXKax i3 BKasyBaHHAM Mpi3BuLLa aBTopa Ta
poky BuAaHHsA. CnUCoK BUKOPWUCTaHMX OKepen ogopMIIoETLCA 3a andasiTom (cnovaTky — axepena
Knpunuueto, NOTiM — naTnHuuero), 6e3 Hymepadii.

BibniorpadiyHnii onuc mxepen Ta NOCUNaHb Y TEKCTi BUKOHYETbCA BignosigHo o sumor MOH
YkpaiHu, 3okpema — OCTY 8302:2015, ane y BapiaHTi, HabnmxkeHomy o Hopm ctunio APA (American
Psychological Association). lMpu onuci gpykoBaHoro mkepena oOOB'SI3KOBO chig, 3asHadaTn Micue
BMAaHHS (MICTO), BUOABHULTBO, PiK BUOAHHS, 3ararnbHy KifbKiCTb CTOPIHOK (Y MepioguvHUX BUOAHHAX —
cTopiHkn cTatTi). bibniorpadgiyHnii onuc mxepen adrnincokolo Moot (References) odopmnioeTbes
BignosigHo 4o Hopm ctunmo  APA  (American Psychological Association). [Dxepena nicna cnosa
«References» po3TawoByoTbCs 3a aHrfincbknm andasitomMm, 6e3 Hymepalii. [Jo nocnnaHb 060B'A3KOBO
Tpeba gogaeatu DOI, sKLWO BiH NPUCBOEHUN.

EnekTpoHHi Bepcii cTatem HagcunawTbCs OO0 pefakuii enekTpoHHow nowTot. Pasom 3
€MEeKTPOHHOK Bepcielo [0 pedakuii HaacunaetbCsl  ApykoBaHa Komis, nignucaHa aBTopamMu.
Ha okpemin cTopiHui Bka3dyloTb Npi3BMLa Ta iHiLianu ycix aBTopiB, NOBHI Ha3BM HAyKOBWX YCTaHOB Ta
noLwTOBI agpecun yCTaHOB, afpecu eneKTPOHHOI MOLTM aBTOPIB Ta MOCUIaHHA Ha ix npodini y mepexi
ORCID. U iHdbopmauis HaBOAUTLCSA YKPATHCHKOK Ta aHrMiNCbKO MOBaMMU.

CtatTs, 4dKka HagxoauTb [0 pefakuii, peecTpyeTbCs Ta nepefaeTbcs peleH3eHTaMm,  SKi
peKoMeHAYTb CTaTTIO A0 nybnikauii abo BiaxunstoTh ii. Mpu HasBHOCTI 3ayBaXkeHb CTATTIO MOBEPTAKTb
aBToOpaM Ansl 4OOMNpaLoBaHHS.
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