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Abstract

Background and Aim. Ttriticale is classified as an amphidiploids and is the first grain crop created
by humans, possessing high yield potential along with favorable biochemical and technological
characteristics. For a long time, it was believed that triticale, during selection, inherited disease resistance
from wheat and resistance to abiotic factors from rye. However, in recent years, there have been several
reports that triticale is to fungal diseases, which reduces the quality of the harvested crop.

The aim of our study is to examine and characterize the fungal pathogens of triticale in Northern
Kazakhstan, and conduct molecular-genetic identification of the main fungal pathogens.

MaterialsandMethods. The study was conducted of triticale from two varieties, Dauren and Rossika.
Primary fungal isolation was carried out on agarized nutrient media, with preliminary identification
using microscopy. Molecular-genetic analysis was performed to determine the species of fungi.

Results. During the study, we isolated five major fungal pathogens from different parts of the plant.
Data on the percentage of infection by the main fungal pathogens were provided. Three of them are
pathogens of alternariosis — Alternaria alternate (more common in grains 39%, in leaves and scales of
seeds 19-21%), fusariosis — Fusarium tricinctum (occurrence: in roots 57%, in grains 17%, in leaves
10%) and helminthosporiosis — Bipolaris sorokiniana (occurrence in roots and leaves 0.83%) of grain
crops, which can lead to a decrease and loss of yield due to their production of mycotoxins. A cultural
and morphological description of the main fungal pathogens of grain crops was provided. Molecular-
genetic identification was carried out using the ribosomal marker ITS (internal transcribed spacer).

Conclusion. According to result of our research, we characterized and molecular-genetically
identified the most common fungi found on different parts of the triticale plant.

Keywords: triticale; fungal pathogens; aternariosis; fusariosis; helminthosporiosis; molecular-
genetic identification.
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Introduction

As the global population continues to grow each day, the demand for grain-derived products is also
increasing. Agriculture plays a crucial role in the economic, social, and environmental development
of Kazakhstan, and is also the largest grain producer in Central Asia [1]. Triticale selection has been
carried out in Kazakhstan since 1970.

Currently, triticale selection is aimed at sampling high-yield varieties with resistance to fungal
diseases [2]. However, crop yields are influenced by environmental conditions, climate change,
herbivorous insects that damage plants, as well as fungal and viral diseases. In triticale cultivation, the
prevalence of diseases caused by various pathogenic fungi is significant, and factors such as pathogen
type, weather conditions, and humidity affect disease incidence [3].

Fungal diseases are an important factor limiting the yield of grain crops and have been identified
in virtually all countries and regions of the world. Economically important diseases of cereals include
diseases caused by the pathogens Blumeria graminis, Puccina recondita, Puccinia graminis, Puccina
striiformis, Septoria tritici, Septoria nodorum, and Fusarium [4]. Common pathogens of triticale include
species such as Bipolaris sorokiniana, Alternaria, Fusarium, Rhizopus, and Penicillium. These fungi are
the main causative agents of diseases such as root rot and black rot. One of the key factors significantly
influencing the occurrence of fungal diseases is weather conditions that are beyond human control.
Fungal diseases contribute both to reduced crop yields and to the deterioration in crop quality [5].

In Northern Kazakhstan, as well as in the western and eastern regions, the most common diseases
are helminthosporous - fusarium root rot, leaf rust, stem rust, septoria leaf spot and yellow wheat spots.
In recent years, fungal diseases of grain crops have appeared in many countries of the world and are
considered one of the main factors affecting yield and quality of agricultural crops. Throughout the
entire growing season, grain plants are affected by many pathogens. Limited crop rotation is considered
to be the main cause of fungal diseases [6]. This situation necessitates protective measures throughout
the growing season [7].

The most common method of controlling pathogens of grain crop are fungicides. However, it has
been noted that certain species develop resistance to the active ingredients contained in plant protection
products [8]. The use of chemical plant protection is also associated with environmental pollution due
to the residual presence of active substances in soil and grain [9]. Therefore, the search is underway
for alternative biological methods to combat pathogens by fungi. A relatively large number of fungal-
resistant plant forms can be found within the biological diversity of wild wheat species and crops such
as spring or winter triticale.

Triticale (xTriticosecale Wittmack) is a synthetic hybrid obtained by crossing wheat (7riticum sp.)
and rye (Secale sp.). The combination of qualities such as high productivity inherited from wheat and
resistance to environmental factors acquired from rye in one hybrid allowed triticale to gain worldwide
recognition [10]. Triticale combines the high yield potential and good grain quality of wheat with
resistance to fungal diseases, including powdery mildew, leaf rust, yellow rust, and stem rust [11].

The aim of our work is to characterize and perform genetic identification of various fungal pathogens
of triticale in Northern Kazakhstan, including Bipolaris sorokiniana, Alternaria, Fusarium, Rhizopus,
and various species of Penicillium.

Materials and Methods

The study was conducted on triticale samples grown in the North Kazakhstan and Akmola regions,
including 15 samples of the Dauren variety and 15 samples of the Rossika variety.

The seed material fully complied with the requirements of GOST 12044-93, "Seeds of Agricultural
Crops: Methods for Determining Disease Contamination".

The seeds of hybrid plant forms, spring soft wheat varieties, and spring triticale were first washed
under running water for 1-2 hours. They were then disinfected with 96% alcohol for 1-2 minutes. After
disinfection, the seeds were rinsed with sterile water and dried between layers of sterile filter paper. Ten
seeds were placed in each Petri dish and incubated in a thermostat at 25-27 °C for germination, a process
that typically lasted from 7 to 10 days. To examine the seeds for the presence of pathogens, a small
portion of the growing colony was observed in a drop of water under a Zeiss AxioScope A1 microscope.

Genomic DNA was extracted from fungal strain using liquid nitrogen and phenol-chloroform
extraction method, and the genomic DNA was analyzed by electrophoresis on 1% agarose gel. The ITS
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region on tDNA was amplified by using specific primers ITS4 (5'-TCCTCCGCTTATTGATATGC-3")
and ITSS5 (5'-GGAAGTAAAAGTCGTAACAAGG-3') (Integrated DNA Technologies, Inc., USA).
The PCR reaction was done in a SimpliAmp thermal cycler (Applied biosystems) under the following
conditions: an initial denaturation set up at 94 °C for 5 min was followed by 35 cycles of denaturation at
95 °C for 30 sec, annealing at 52 °C for 40 sec and extension at 72 °C for 50 sec, with a final extension
step of 72 °C for 7 min.

PCR samples were purified from oligonucleotide residues by dephosphorylation using alkaline
phosphatase (SAP - shrimp alkaline phosphatase) and endonuclease. A mixture was prepared in a total
volume of 10 pl for each sample - dH2O - 7.25 puL, 10x PCR Buffer - 1.0 pl, MgCI2 - 1.0 pl, SAP (5
mM) - 2.5 pl, Exonuclease I (5 units/pL) - 0.125 pl. The resulting mixture was added to each PCR
product, placed in a thermal cycler under the following conditions: 37 °C - 30 min, 85 °C - 15 min, 4
°C - 0. Sample preparation for sequencing carried out by precipitation with an alcohol-acetate mixture.

The components of a standard set of reagents for the sequencing reaction were prepared in a 0.2-ml
thin-walled thermocycler tube. A standard set of reagents for cyclic sequencing using CEQ WellRED
terminator dyes (partially mixed). The following thermal cycle program was chosen: 96 °C - 20 sec, 50
°C - 20 sec, 60 °C - 4 min for 30 cycles and followed by aging at 4 °C. The sequencing was done by
using BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems), and the sequence was
deposited in GenBank. These sequences were compared with other sequences in the GenBank by using
the BLAST analysis.

Results
As part of the study to identify phytopathogenic fungi on triticale, the entire plant was examined,
from the root to the spike (Figure 1).

Spike - ~ Grain
i I Lower tier of
leaves
Stem . Upper tier of
leaves
Roots -

Figure 1 — Triticale with highlighted study areas

In Figure 1, the scheme shows the triticale areas selected for investigation to identify phytopathogenic
fungi.

After separating the selected areas, the samples were sterilized according to GOST 12044-93, "Seeds
of Agricultural Crops: Methods for Determining Disease Contamination". The cultures were sown on
Potato-Glucose Agar medium. Incubation was conducted at 25-27 °C in an incubator for 5-10 days.
Images of the primary sowing of triticale parts are presented in Figure 2.
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stem spike grain

Figure 2 — Primary sowing by sites of whole triticale plant

As shown in Figure 2, a variety of phytopathogenic fungi grew after the primary sowing.

Based on the initial phytosanitary analysis, we compared the percentage of pathogenic fungi detected
in the Dauren and Rossika varieties.In Rossika roots, the occurrence of Fusarium spp. was 12.8%, while
in Dauren it was 12%, and Bipolaris spp. was 1%. Leaves were affected by Alternaria spp.: with 11% in
Dauren and 9.2% in Rossika. The occurrence of Alternaria spp. in grains was the same for both varieties
at 12%, while Fusarium spp. occurred at 10.71% in Rossika and 5% in Dauren. Saprophytic fungi were
found in Rossika at 8.5%, and in Dauren at 1%.

Based on this comparison, it can be concluded that the Dauren variety is more resistant to fungal
diseases of grain crops than the Rossika variety.

We also conducted a statistical analysis of the percentage of major fungal infections detected in
different parts of the plants (Figure 3).

Alternaria spp. Fusarium spp. Bipolarisspp.

% ot g ™

Rhizopus spp. Penicillium spp. = Roots

%
= Lowsr tier of leaves
= Upper ticr of leaves
= Stem
= Spike

= Girain

o 0% gay

Figure 3 — Diagrams on the percentage of fungal infections
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Figure 3 presents pie charts showing the percentage of infection by major fungal pathogens. For
example, Alternaria spp. predominantly affects the grains at 39%, while it is less common in the lower
and upper tiers of leaves and on the spike, at 19-21%, accordingly it is practically not found in the roots
and stems of the plant. Fusarium spp. is most commonly found in the roots of the plant at 57%, less
frequently in the grains at 17%, and in the spike and stems at 10% each. Bipolaris spp., the causative
agent of helminthosporiosis, is most found in the roots and upper tiers of leaves. Rhizopus spp. and
Penicillium spp., being saprophytic pathogens, can be localized on all parts of the plant.

The prevailing isolates reseeding to isolate pure cultures (Table 1).

Table 1 — Pure cultures of the main pathogens of triticale phytopathogens and their microscopy

Pure culture Microscopy Primary identification

Alternaria spp. —colony with straight
edges,a velvety flake-like surface of
gray-olive color, moderate growth rate.

The hyphae are septic, from olive to
dark brown in color. Conidia are club-
shaped, pear-shaped, ovoid with a short
conical spout, with 6-12 transverse and
1-5 longitudinal partitions, smooth-
walled or warty.

Fusarium spp. — colony with straight
edges, with a cotton-wool air mycelium,
the surface is whitish to yellowmoderate
growth rate.

The hyphae are septic, colorless.The
macroconidia are sickle-shaped, with 3-5
partitions, slightly curved. Microconidia
and blastoconidia are fusiform, with 2-4
partitions.

Bipolaris spp. — the colony has rough
edges, velvety and woolly, the surface is
gray to olive green in color, the colony
is wrinkled, the growth rate is moderate.

The hyphae are septic, brown.
Conidia are club-shaped, slightly
curved with 2-14 (usually more than 6)
transverse partitions, germinate bipolar.

Rhizopus spp. — colonies with
{ straight edges, the surface is loose, with
a tight cotton coating, from white to
brownish-gray in color, the growth rate
is moderate,

: The rhizoids are branched, dark
brown. 2-4, rarely 5 sporangiophores
4 with sporangia depart from the neck of
| the rhizoid. Sporangiophores are formed
.~ on mycelium hyphae. Each forms from 2
to 11 sporangia. Sporangia are colorless,
spherical. They are light brown, striated
up to 5-9 microns long.
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Continuation of Table 1

Penicillium spp.—the colony has
straight edges, the surface is velvety
green, the edges are lighter, the colony
is wrinkled, the growth rate is moderate.

Hyphae are colorless, monopodial
branched, with partitions.Conidia are
spherical, elliptical, smooth-walled or
warty.

According to Table 1, there are presented frequently encountered phytopathogens of grain crops and
their microscopy, which makes it possible to identify isolates before generic affiliation.

Molecular genetic analysis allows to identify isolated phytopathogenic fungi to the species. The
results of the electrophoregram are shown in Figure 4.

M K- K+ 1 2 3 4 5

Looihp

M — DNA ladder (100 bp); K- — negativecontrol; K+ — positivecontrol; 1-5 — DNA
Figure 4 — Electrophoregram results of phytopathogenic fungies

The obtained PCR products were sequenced by Sanger. The obtained nucleotide sequences were
tested on the platform of the NCBI international database: 1 — Alternaria alternate, 2 — Fusarium
tricinctum, 3 — Bipolaris sorokiniana, 4 — Rhizopus arrhizus, 5 — Penicillium chrysogenum.

A bioinformatic analysis was performed with the obtained nucleotide sequences with the construction
of a phylogenetic tree (Figure 5).

_,, | 00592482 1 Bipolaris sorokiniana

MKo76001. 1 Bipolaris sorokiniana

@ Bipolaris sorokiniana

48%

@ Aiternaria alternara

49%

MT328533.1 Penicillitm chrysogemom

ORS857254 1 Alternaria alternata

MH558262.1 Aiternarta alternata

ON545780.1 Penicillium chrysogemaon
@ Peniciliion ehrysogenton
— @ Rhizopus arrhizus

4o% | MNP38838.1 Rhizopus arrhizus

|0R14.5‘433 1 Fusariwm tricincton

— 45% @ Fusarfiom tricinetum
9%
39%,

ON159748.1 Fusarium tricinetum

A AF393700 3 Cladosporium filvim

Figure — 5 Phylogenetic tree of nucleotide sequences of the obtained pathogenic triticale fungies
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The evolutionary history was inferred by using the Maximum Likelihood method and Tamura-Nei
model [12]. Initial tree(s) for the heuristic search were obtained automatically by applying Neighbor-
Join and BioNJ algorithms to a matrix of pairwise distances estimated using the Tamura-Nei model,
and then selecting the topology with superior log likelihood value. The tree is drawn to scale, with
branch lengths measured in the number of substitutions per site. The proportion of sites where at least
1 unambiguous base is present in at least 1 sequence for each descendent clade is shown next to each
internal node in the tree. This analysis involved 15 nucleotide sequences. Codon positions included
were 1st+2nd+3rd+Noncoding. There were a total of 1144 positions in the final dataset. Evolutionary
analyses were conducted in MEGAT11 [13].

Thus, we examined triticale samples for phytopathogenic fungi. Frequently occurring fungi in triticale
have been characterized and genetically identified up to the species composition, and bioinformatic
analysis has been carried out with the construction of a phylogenetic tree.

Discussion and Conclusion

Fungal diseases affecting grain crops, including triticale, can attack plants during the growing season,
harvesting, as well as in case of violation of the seed storage regime. In our study were found Bipolaris
sorokiniana, Alternaria, Fusarium, Rhizopus and Penicillium. These fungi are the main causative agents
of diseases such as root rot and black rot.

As a result of our studies between samples of Dauren and Rossika varieties, we compared the
percentage of detection of pathogenic fungi in two varieties. In the Rossika variety, the occurrence of
phytopathogenic fungi in the roots of Fusarium spp. 12.8%, in the Dauren variety Fusarium spp. 12%,
Bipolaris spp. 1%. The leaves are exposed to Alternaria spp.: Dauren 11%, Rossika 9.2%. Occurrence
in grains of Alternaria spp. the two varieties have the same 12%, Fusarium spp. The Rossika have
10.71%, Dauren 5%. Saprophytic fungi affect the plant in the Rossika 8.5%, and in the Dauren 1%.

Studies in India and Brazil have shown that fungal diseases of grain cultures are usually favored by
warm weather [14]. In addition, high humidity is an important factor in increasing the development of
symptoms [15].

It is well known that fungal diseases contribute to both a decrease in yield and a deterioration in crop
quality.

In the research of scientists Motzo et al. [16] emphasised that the yield of the variety depends on
environmental conditions at various phases of the growing season of the variety, which is consistent
with our research.

According to the results of our research, it was revealed that the Dauren variety is more resistant to
fungal diseases of grain cultures than the Rossika variety.

As a result of the study, pathogenic fungi were identified that are pathogens of such grain diseases as
alternariosis — Alternaria alternate, fusariosis — Fusarium tricinctum and helminthosporiosis — Bipolaris
sorokiniana. Fungal diseases lead to high yield losses because they reduce the assimilating area of
leaves and spikes, which leads to poor grain formation and a decrease the number of grains in the
spikes. Mycotoxins are secondary fungal metabolites with low molecular weight produced by fungi of
the genera: Aspergillus, Penicillium, Fusarium and Alternaria, which can potentially produce various
mycotoxins in the field or during storage of cereals due to poor storage conditions. It is recommended
to conduct additional research to reduce the dangerous effects on animal and human health,caused by
pollution with fungal pathogens. Currently, fungicides are the most common method of combating
pathogens of fungal diseases in grain cultures.

Authors’ Contributions

AS, UI, VS, VK: Concept development, design and planning of the study, data collection and analysis,
critical review of the article and final approval, research, statistical analysis. OY and LC: Conducted the
final revision and proof reading of the manuscript. VS and VV: Conducted a comprehensive literature
search and conducting research. All the authors have read, reviewed and approved the final version of
the manuscript.

10



BECTHMK HAYKM KA3AXCKOI'O ATPOTEXH/YECKOI'O MCCAEAOBATEABCKOTIO YHUBEPCUTETA IMEHV C.CEVIOYAAVIHA Ne 3 (122) 2024
ISSN 2710-3757, ISSN 2079-939X, CEJIbCKOXO3SIMCTBEHHBIE HAYKH

Information on funding

This work was conducted as part of the Scientific and Technical Program of the Scientific Committee
of the Ministry of Science and Higher Education of the Republic of Kazakhstan, BR21882327
"Development of New Technologies for Organic Production and Processing of Agricultural Products".

References

1 KazaxcTan — KOMMepUeCKUil TyTeBOUTENb 110 CTpaHe, [DIEKTPOHHEIHN pecypc].

2 AOyosa, Ab, Ymupanuesa, JIb, McadekoBa, MC. (2022). TexHoJIOTHYECKHE CBOMCTBa 3epHA
TpuTHKane Ka3zaXxcTaHCKO#l CeleKIuH MpoJI0BOJILCTBEHHOTO Ha3HAYCHUs. Xpauenue u nepepabomka
cenvxoszcvipws, 1, 74-85. DOI: 10.36107/spfp.2022.282.

3 Ammar, K., Mergoum, M., Rajaram, S. (2004). The history and evolution of triticale. In Triticale
Improvement and Production; Mergoum, M., Gémez — Macpherson, H., Eds.; Food and Agriculture
Organization of the United Nations: Roma, Italy, 1-10.

4 Narkiewicz-Jodko, M., Gil, Z., Urban, M. (2005). Stem base rot of winter wheat by Fusarium spp.-
causes and effects.

5 Tekiela, A. (2008). Occurrence of diseases and colonization of winter wheat grain by pathogenic
fungi in organic farms in the Podlasie region. J. Res. Appl. Agric. Eng, 53, 120-122.

6 Trawal, A., Walczak, F. (2012). Occurrence of more important diseases on winter wheat in Poland
2006-2010. Annals Universitatis Mariae Curie Sklodowska, Sectio E, 67(2), 28-41. DOI: 10.24326/
as.2012.2.4.

7 Szwejkowski, Z., Kurowski, TP. (2009). Research on the influence of weather factors on the
degree of invasiveness of fungal pathogens in the environment on the example of winter wheat. Przeg.
Nauk. Inz. Kszt. Sr,26, 102-108.

8 Fisher, MC, Hawkins, NJ, Sanglard, D., Gurr, SJ. (2018). Worldwide emergence of resistance
to antifungal drugs challenges human health and food security. Science, 360(6390), 739-742. DOI:
10.1126/science.aap7999.

9 Spence, N., Hill, L., Morris, J. (2020). How the global threat of pests and diseases impacts plants,
people, and the planet. Plants, People, Planet, 2(1), 5-13. DOI: 10.1002/ppp3.10088.

10 Glazebrook, J. (2005). Contrasting mechanisms of defense against biotrophic and necrotrophic
pathogens. Annu. Rev. Phytopathol., 43, 205-227. DOI: 10.1146/annurev.phyto.43.040204.135923.

11 Wojcik-Gront, E., Studnicki, M. (2021). Long-term yield variability of triticale (x Triticosecale
Wittmack) tested using a cart model. Agriculture, 11(2), 92. DOI: 10.3390/agriculture11020092.

12 Tamura, K., Nei, M. (1993). Estimation of the number of nucleotide substitutions in the control
region of mitochondrial DNA in humans and chimpanzees. Molecular biology and evolution, 10(3),
512-526. DOI: 10.1093/oxfordjournals.molbev.a040023.

13 Tamura, K., Stecher, G., Kumar, S. (2021). MEGA11: molecular evolutionary genetics analysis
version 11. Molecular biology and evolution, 38(7), 3022-3027. DOI: 10.1093/molbev/msab120.

14 Singh, DP. (2017). Host resistance to spot blotch (Bipolaris sorokiniana) in wheat and barley. /n
Management of Wheat and Barley Diseases, 327-339. DOI: 10.1201/9781315207537.

15 Viani, A., Sinha, P., Sharma, T., Bhar, LM. (2017). A model for forecasting spot blotch disease
in wheat. Australasian Plant Pathology, 46, 601-609. DOI: 10.1007/s13313-017-0514-z.

16 Motzo, R., Giunta, F., Deidda, M. (2001). Factors affecting the genotypex environment
interaction in spring triticale grown in a Mediterranean environment. Euphytica, 121(3),317-324. DOI:
10.1023/A:1012077701206.

References

1 Kazahstan — kommercheskij putevoditel' po strane, [Elektronnyj resurs]. [In Russ].

2 Abuova, AB, Umiralieva, LB, Isabekova, MS. (2022). Tekhnologicheskie svojstva zerna tritikale
Kazahstanskoj selekcii prodovol'stvennogo naznacheniya. Hranenie i pererabotka sel'hozsyr'ya, 1, 74-
85. DOI: 10.36107/spfp.2022.282.

3 Ammar, K., Mergoum, M., Rajaram, S. (2004). The history and evolution of triticale. In Triticale
Improvement and Production; Mergoum, M., Gomez—Macpherson, H., Eds.; Food and Agriculture
Organization of the United Nations: Roma, Italy, 1-10.

4 Narkiewicz-Jodko, M., Gil, Z., Urban, M. (2005). Stem base rot of winter wheat by Fusarium spp.-
causes and effects.

11



C.CEMIOYAANH ATBHHAAFB KA3AK ATPOTEXHUKAABIK 3EPTTEY YHVMBEPCUTETIHIH, FHIABIM JKAPIIIBICHL  Ne 3 (122) 2024
ISSN 2710-3757, ISSN 2079-939X, AYBIT IHIAPY AIIBIIBIFBI FBIJIBIMJIAPBI

5 Tekiela, A. (2008). Occurrence of diseases and colonization of winter wheat grain by pathogenic
fungi in organic farms in the Podlasie region. J Res Appl Agric. Eng, 53, 120-122.

6 Trawal, A., Walczak, F. (2012). Occurrence of more important diseases on winter wheat in Poland
2006-2010. Annals Universitatis Mariae Curie Sklodowska, Sectio E, 67(2), 28-41. DOI: 10.24326/
as.2012.2.4.

7 Szwejkowski, Z., Kurowski, TP. (2009). Research on the influence of weather factors on the
degree of invasiveness of fungal pathogens in the environment on the example of winter wheat. Przeg.
Nauk. Inz. Kszt. Sr, 26, 102-108.

8 Fisher, MC, Hawkins, NJ, Sanglard, D., Gurr, SJ. (2018). Worldwide emergence of resistance
to antifungal drugs challenges human health and food security. Science, 360(6390), 739-742. DOI:
10.1126/science.aap7999.

9 Spence, N., Hill, L., Morris, J. (2020). How the global threat of pests and diseases impacts plants,
people, and the planet. Plants, People, Planet, 2(1), 5-13. DOI: 10.1002/ppp3.10088.

10 Glazebrook, J. (2005). Contrasting mechanisms of defense against biotrophic and necrotrophic
pathogens. Annu. Rev. Phytopathol., 43, 205-227. DOI: 10.1146/annurev.phyto.43.040204.135923.

11 Wojcik-Gront, E., Studnicki, M. (2021). Long-term yield variability of triticale (x Triticosecale
Wittmack) tested using a cart model. Agriculture, 11(2), 92. DOI: 10.3390/agriculture11020092.

12 Tamura, K., Nei, M. (1993). Estimation of the number of nucleotide substitutions in the control
region of mitochondrial DNA in humans and chimpanzees. Molecular biology and evolution, 10(3),
512-526. DOI: 10.1093/oxfordjournals.molbev.a040023.

13 Tamura, K., Stecher, G., Kumar, S. (2021). MEGA11: molecular evolutionary genetics analysis
version 11. Molecular biology and evolution, 38(7), 3022-3027. DOI: 10.1093/molbev/msab120.

14 Singh, DP. (2017). Host resistance to spot blotch (Bipolaris sorokiniana) in wheat and barley. /n
Management of Wheat and Barley Diseases, 327-339. DOI: 10.1201/9781315207537.

15 Viani, A., Sinha, P., Sharma, T., Bhar, LM. (2017). A model for forecasting spot blotch disease
in wheat. Australasian Plant Pathology, 46, 601-609. DOI: 10.1007/s13313-017-0514-z.

16 Motzo, R., Giunta, F., Deidda, M. (2001). Factors affecting the genotypex environment
interaction in spring triticale grown in a Mediterranean environment. Euphytica, 121(3),317-324. DOI:
10.1023/A:1012077701206.

Couarycrtik KazakcTanaarsl TpUTHKAJIE CAHBIPAYKYJIAK NaTOreHAePiHiH opTypi
TYPJIepiHiH cUNMaTTaMachl )KOHe TeHeTHKAJIBIK HAeHTH(PUKAIUSACDHI

ConosnéB O.10., 3auka B.B., Ilsunuenko B.K., CmarynoBa A.M.,
AwmanbaeBa Y.U., Kusu B.C., Ludovic Capo-Chichi

Tyiiin

AnFpIIIapTTap MeH Makcat. TpuTukaie aMmpuIUIIonTapra )KaTa bl )KoHe KOJTaiIbl OMOXUMHSIITBIK
JKOHE TEXHOJIOTHSUIBIK CHIIaTTaMaapbl Oap JKOFaphl OHIMAUTIKKE We aJaM »acaraH ajFalIKbl JTOHII
JaKbUL. ¥3aK yakbIT OOMbI TpUTHKAJE celeKuus OapbichlHaa OupaiiiaH IoHII AAaKbUIAAPIBIH 9pTYPIIi
aypynapblHa, al Kapa Oujaiijan aOMOTHKAJIBIK (aKTopiapra Te3IMIUTIKKe ne OONAbI JIen eCenTeIi.
CoHFBl JKbULIAPbl TPUTHKAICHIH CaHBIpAyKYJIaK aypyjiapblHa OeHiMALIIrT HOTHXKECiHIE ajblHFaH
OHIMHIH CalachlH TOMEHICTETIHI TypaJibl OipKaTap MaiMeTTep Oap.

bizmin  kKyMBICBIMBI3IBIH MakcaTel ConrycTik KazakcTaHmarsl TpHUTHKaIEC CaHBIPAyKYJIaK
MaTOTeHIEPiHIH KO3ABIPFRIIITAPBIH 3€PTTEY JKOHE CUTIATTAY, COHAi-aK CaHBIPayKYJIaK MMaTOreHAepiHIH
HET13T1 KO3JBIPFRILITAPBIH MOJICKYJIaJIbIK-TEHETUKAJIBIK HICHTU(UKAIMATIAY OOJIBIN TaObUIAIbI.

Marepuangap MeH oaictep. 3eprrey [aypen sxoHe Poccuka exi cOpTBIHBIH TPUTHKAIE YJTiCiHAES
xyprizingi. CanplpaykyiakTapabl OipiHin per Oeminm amy MHKPOCKONHS KOMETriMEH ajjblH ala
WACHTH(QHUKALMSUIAY apKbUIBI arap KOPEKTiK opTaiapbiHaa Kyprizinmi. CaHbpayKyiakTapIblH TYp
COMKECTITIH aHBIKTAY YIIiH MOJICKYJIAIBIK-TeHETHKAIIBIK TalJIay KYPri3iii.

Hortmxkenep. 3eprrey OapbichiH/ia 013 ©CIMIIKTIH opTYpJIi OeiKTepiHeH 0ec HEeri3ri caHbIpayKyJIaK
KO3JIBIPFBIIITAPbIH aHBIKTAABIK. MoliMETTEp HETi3ri caHblpayKylaKk WHQpEKIHsIapbIHAH TYBIHJIAFaH
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3USTHHBIH MMalbI3bl Typautbl Oepinren. OHbIH yineyi — Alternaria — Alternaria alternate (kebinece noHE
39%, skampIpakTapaa JKoHe TYKBIM KaOwIpmrakTapbiaaa 19-21%), Fusarium — Fusarium tricinctum
(xe3mecy: Tambipaa 57%, noune 17%, xameipakra 10) KO3IBIPFRIITAPE! %) KOHE TETbMHUHTOCTIOPHO3
— Bipolaris sorokiniana (tameip men xambipakra 0,83%) moHAmI nmakpuImapaa Kesnecemi, Oy
MUKOTOKCHHJIEP/IIH OHIIpiTyiHe OalIaHBICTBl OHIMILTIKTIH TOMEHJEYiHEe XOHE >KOFalyblHa OKeyl
MYyMKiH. J[SH/I JaKeIIapabH CaHBIPayKYJIaK aypyJIapbIHBIH HET13T1 KO3BIPFRIIITapbIHA KYJIbTYPaIIIbl-
MopdororusIbIK curnarrama oepinren. ITS (internal transcribed spacer) ppOocoMabIK MapKep aitMarbl
OOMBIHIIIA MOJIEKYITANTBIK-TeHETUKAIBIK HASHTH(DUKAINAS KYPTi31IIi.

Kopsrteanst. JKyprizinreH 3eprreynepaid HOTIKeciHe 613 0apiiblK TpUTHKAIe OCIMAITIHIH SpTypii
afiMaKTapbIH/IA K11 Ke3eCETiH CaHBIPayKYJIAKTap bl CUIIATTA/IBIK )KOHE MOJIEKYJIAIBIK-TEHETHKAJIBIK TYP/IC
AHBIKTA/IBIK,

KinT ce3nep: TpuTHKaie; caHbIpayKyJlaK MaTOreH/Iepi; albTepHapHo3; (Py3apr03; TeITbMIHTOCTIOPHO3;
MOJIEKYTANTBIK-TeHETHKAITBIK WICHTH(DHIKAITHSL.

XapakTepucTHKa M reHeTHYecKas uaeHTUGUKAIUSA Pa3JINYHbIX BUOB IPUOHBIX
narorenoB Tputuxkane Cesepnoro Kazaxcrana

ConosséB O.10., 3auka B.B., HIsunuenko B.K., Cmarynosa A.M.,
AwmanbaeBa ¥Y.U., Kusa B.C., Ludovic Capo-Chichi

AHHOTALUA

[Ipeanocbuiku W menb. TpUTHKATIE OTHOCHUTCSA K aM(DHIUIIIIONIaM W SBJISETCS IEPBOH 3epHOBOM
KyJbTYpOH, CO3JaHHON 4YeIOBEKOM, KOTOpas O0JiafjaeT BHICOKMM TMOTEHIIMAIOM YPOXKaWHOCTH C
ONaronpuATHEIMA OWOXMMHUYECKMMH ¥ TEXHOJIOTHYECKHMMH XapakTepucTukamu. Jlonroe Bpems
CUYHTAIOCh, YTO TPUTHKAIE B XOJ€ CEJIEKIUU TOIYYHJIa OT IMIIEHHUIB YCTOWYHMBOCTh K Pa3THIHBIM
00JIe3HSIM 3€PHOBBIX KYIBTYpP, & OT PXKH — YCTOMYMBOCTh K abnoTndeckuM Qaxtopam. B mocnennue
TOJTBI, UIMEETCS PSIJT COOOIIEHUH O TOM, YTO TPUTHKAJIE TIOIBEPraeTCs TPUOHBIM O0JIE3HIM, UTO CHIKAET
Ka4ecTBO MOIydYeHHON TPOIYKIINH.

Lenpto Hamieil paOOTHI SBISETCS W3YYUTh M JaTh XapaKTEPUCTHKY BO30YIUTENSM TPHOHBIX
natoreHoB Tputukane CeBepHoro KaszaxcraHa, a Takke MPOBECTH MOJEKYJISPHO-TEHETHUECKYIO
AICHTU()HUKAIINIO OCHOBHBIX BO30YANTENEH TPHOHBIX MTATOTEHOB.

Martepuainsl 1 MmeTo1b1. MiccemoBanns MpoBOAMIIN Ha 00pa3iiaX TPUTHKAJIE TT0 ABYM copTaMm JlaypeH
n Poccuka. [lepBudHoe BbIAeNeHe TPUOOB TPOBOIMIA Ha arapu30BaHHBIX MUTATEIBHBIX Cpelax C
MpeBapuTeNbHON HAeHTH(UKAIHEH, C TOMOIIBI0 MUKPOCKOTTUPOBaHUs. J[J1s1 ycTaHOBIIEHUS BUIOBOM
MIPUHAUICKHOCTH TPHOOB MPOBOIIIIN MOJIEKYIISIPHO-TEHETHUECKUH aHaJIH3.

Pesynpratel. B xome nccinenoBanus HaMyA OBLIO BBIZCNIEHO MATH OCHOBHBIX T'PHUOHBIX TTATOTEHOB
C pa3HBIX Y4acTKOB pacTteHus. [IpuBeneHsl JaHHBIE TIO0 MPOIIEHTY MOPaKEHUSI OCHOBHBIMH TPUOHBIMH
nHpeknusaMu. Tpu U3 HHUX SIBIAIOTCA BO30YIUTENSIMHU allbTepHapuos3a - Alternaria alternate (dame
BcTpeuaeTcs B 3epHax 39%, B MUCTHSIX U denryikax ceMsH 19-21%), dysapuosa — Fusarium tricinctum
(BcTpewaemocth: kopHH 57%, B 3epHe 17%, B mmcthax 10%) m rempMHHTOCTIOPHO3 — Bipolaris
sorokiniana (BcTpedaeMocTh B KOpHSX W JUCThIX 0,83%) 3epHOBBIX KyJIbTYp, KOTOpPBIE MOTYT
MIPUBECTH K CHMKCHHIO U MTOTEPH yPOKAaHHOCTH 32 CUET MPOIYyIHUPOBAHNS UMH MHUKOTOKCHHOB. JlaHa
KYJIbTYpadbHO-MOP(OJIOTHIECKas XapaKTEePUCTHKAa OCHOBHBIX BO30yauTenel rpuOHBIX 3a00ieBaHUi
3IIaKOBBIX KyNIbTyp. lIpoBeseHa MonekynspHO-TeHeTHYecKas HAeHTH(HUKAIHUS 10 pruOOCOMATEHOMY
MapkepHomy ydacTky ITS (internal transcribed spacer).

3axrouenue. B pe3ynpraTe mpoBe1eHHBIX HCCIIEI0BAaHN N, HAMH OXapaKTePH30BaHbI M1 MOJIEKYJISIPHO-
TreHeTHYEeCKH WICHTU(UITMPOBAHB HANOO0JIee YaCcTO BCTpeuaeMble TPUOBI Ha PA3HBIX YYacTKax IeJIOT0
pacTeHHs TPUTHKAJE.

KuaroueBrble ciioBa: TpuTHKaie; TpHOHBIE TATOTCHBI; allbTEPHAPHO3; (hy3apro03; TETbMIHTOCTIOPH3;
MOJIEKYJISIPHO-TeHEeTHYeCKast UIACHTU(DUKAIINS.

13



