AybI/1 WapyaLibl/ibIFbl FbI/IbIMAAPL]

Kazaxcrana; mpoBecTH CpaBHUTENBHYIO OLEHKY YPOXXAHOCTH KOPMOBBIX KYJIBTYp; ONPEAETUTDH
HanboJee MepCHeKTUBHBIE Ui BO3AENbIBaHMA B crenmHol 30He CeBepHoro Kaszaxcrana KOpMOBBIE
KynpTypbl. Hayunas 3HaumMocTh paOOTBI 3aKiioyaeTcd B MONYYEHHH HOBBIX JaHHBIX O
CPaBHUTEIIBHOM YpOXKaHHOCTH Pa3IMYHBIX KOPMOBBIX KYJIBTYp B YCIOBHUSAX CTEMHOW 30HBI CeBEpHOro
Kazaxcrana. Bknmag paGoThl: mojydeHHBIC JaHHBIE O CPaBHUTEIBHOW YPOXKAWHOCTH Pa3IMYHBIX
KOPMOBBIX KyJIBTYp B YCIOBUsX cTenHOM 30HBI CeBepHoro KazaxcraHa mO3BONAT TOBBICUTH
3G (EKTUBHOCTh CEIBCKOXO3SIICTBEHHOTO TPOMU3BOACTBA. [IpakTHdeckass 3HAYUMOCTh M IEHHOCTH
paboThl 3aKitoyaeTcs B Pa3pabdOTKe pPEKOMEHAAlMid 1o BhIOOPY HauMOONee MEPCHEKTHUBHBIX IS
BO37IeNbIBaHMs B cTenHoi 30He CeBepHoro Kazaxcrana KOpMOBBIX KyJbTYp, a TakKe /Uil BHEIPEHUS
aJalTHBHBIX TEXHOJNOTHI B CEIBCKOXO3IHCTBEHHOE MPOM3BOJACTBO. B pabore uCHOnb30BaHbI
CIIEIYIOUIEe METO/Abl MCCIeNOoBaHUA: MeToAuKa omnbiTHOoro nena b.A. JlocmexoBa, Meroj ydera
pacrutenbHoctd [. bpayHa, Meroauka onpezaeneHus BiaaxHocTd 1ouBbl H.M. bakaesa,
nabopaTopHble aHANIM3bl; MaTeMaTHueckas oO0paboTKa ypoXalHbIX JaHHBIX. [lo pe3ynbTaTam
WCCIIEIOBAHUH  YCTAHOBJIEHO, 4YTO COPrO-CY/JIaHKOBBIA THOpug chopMHpOBaT HaHOONBIIYIO
ypoxkariHocTh: 209,1 1m/ra 3emeHod Macchl u 32,6 1/ra cyxoro BemiectBa. Kykypy3a u copro-
CYJaHKOBBIA THOPH]I MMOKa3anu cOaNaHCUPOBAHHOCTh KOPMaMH TIO COJIEPKAHUIO CHIPOTO MPOTEHHA U
ceipoii kierdatku. [laii3a u adpukaHckoe MPOCO MMEIOT MEHBIIYIO, HO JIOCTATTOYHO BBICOKYIO
YpOXKaltHOCTh, 4YeM KYKypy3a U COpro-CyJIaHKOBBIM THOPH/L.

VK 632.7.04/.08; 575.83; 577.21 DOI 10.52578/2305-9397-2024-2-2-104-111
MPHTMU 68.37.29

Moucees P.M., MarucTpauT, 0CHOBHOI aBTOp, hitps://orcid.org/0000-0002-9541-1472

PI'TI na IIXB «MuacTHTYT OMONOrMM M OuorexHomoruu pacrenuin» KH MHBO PK, r. Ammartsr,
yi. Tumupsizesa, 45, 050040, Kaszaxcran, rus.mois322@gmail.com

HMaupo6exoa 3.K., marucrpant, https://orcid.org/0009-0008-1327-084X

PI'TI na IIXB «MaCcTHTYT OMONOrMu u OmorexHomoruu pacrenunin» KH MHBO PK, r. Ammartsr,
yi. Tumupsizesa, 45, 050040, Kazaxcran, dairbekovaz2001@gmail.com

Ab6apaxmanoBa A.B., marucrpant, https://orcid.org/0000-0001-8584-0989

PI'Tl ma IIXB «WuCcTHTYT OmONornn m Omorexnomormm pacreHuin»y KH MHBO PK, r. Amnmartsr,
yi. Tumupsizera, 45, 050040, Kazaxcran, aishabdrakhman@mail.ru

MenabioaeBa A.C., maructp, https://orcid.org/0009-0002-5610-1428

PI'Tl ma IIXB «WuCcTHTYT OmONornu m Omorexnomormm pacreHuin»y KH MHBO PK, r. Amnmartsr,
yi. Tumupsizera, 45, 050040, Kazaxcran, aruka0302@gmail.com

Husamaunosa I' K., PhD, https://orcid.org/0000-0003-0424-5796

PI'Tl ma IIXB «WuCcTHTYT OmONornu m Omorexnomormm pacreHuin»y KH MHBO PK, r. Amnmartsr,
yi. Tumupsizera, 45, 050040, Kazaxcran, nizamdinl3@gmail.com

Xycuutaunoa ML.A., PhD, https://orcid.org/0000-0003-0378-9337

PI'Tl nma IIXB «WuCcTHTYT OmONornn u OmorexHomormm pacreHuin» KH MHBO PK, r. Ammatsl,
yn. Tumupsizera, 45, 050040, Kazaxcran, germironame@gmail.com

I'punenxo JI.A., PhD, https://orcid.org/0000-0001-6377-3711

PI'Tl ma IIXB «WHCTHTYT OmONormum u OmorexHomormm pacrteHuin»y KH MHBO PK, r. Ammartsr,
yi. Tumupsizera, 45, 050040, Kazaxcran, d.kopytina@gmail.com

Moisseyev R.M., master student, the main author, https://orcid.org/0000-0002-9541-1472

RSE on REM «lInstitute of Plant Biology and Biotechnology» CS MSHE RK, Almaty, st. Timiryazev
45,050040, Kazakhstan, rus.mois322@gmail.com

Dairbekova Z.K., master student, https://orcid.org/0009-0008-1327-084X

RSE on REM «lInstitute of Plant Biology and Biotechnology» CS MSHE RK, Almaty, st. Timiryazev
45,050040, Kazakhstan, dairbekovaz2001l@agmail.com

Abdrakhmanova A.B., master student, https://orcid.org/0000-0001-8584-0989

RSE on REM «lInstitute of Plant Biology and Biotechnology» CS MSHE RK, Almaty, st. Timiryazev
45,050040, Kazakhstan, aishabdrakhman@mail.ru

Mendybayeva A.S., master’s degree, https://orcid.org/0009-0002-5610-1428

104


https://orcid.org/0000-0002-9541-1472
mailto:rus.mois322@gmail.com
https://orcid.org/0009-0008-1327-084X
mailto:dairbekovaz2001@gmail.com
https://orcid.org/0000-0001-8584-0989
mailto:aishabdrakhman@mail.ru
https://orcid.org/0009-0002-5610-1428
mailto:aruka0302@gmail.com
https://orcid.org/0000-0003-0424-5796
mailto:nizamdin13@gmail.com
https://orcid.org/0000-0003-0378-9337
mailto:germironame@gmail.com
https://orcid.org/0000-0001-6377-3711
mailto:d.kopytina@gmail.com
https://orcid.org/0000-0002-9541-1472
mailto:rus.mois322@gmail.com
https://orcid.org/0009-0008-1327-084X
mailto:dairbekovaz2001@gmail.com
https://orcid.org/0000-0001-8584-0989
mailto:aishabdrakhman@mail.ru
https://orcid.org/0009-0002-5610-1428

ISSN 2305-9397. FbiibiM xHe 6is1im. 2024. N° 2-2 (75)

RSE on REM «Institute of Plant Biology and Biotechnology» CS MSHE RK, Almaty, st. Timiryazev
45,050040, Kazakhstan, aruka0302@gmail.com

Nizamdinova G.K., PhD, https://orcid.org/0000-0003-0424-5796

RSE on REM «Institute of Plant Biology and Biotechnology» CS MSHE RK, Almaty, st. Timiryazev
45,050040, Kazakhstan, nizamdinl3@gmail.com

Khusnitdinova M.A., PhD, https://orcid.org/0000-0003-0378-9337

RSE on REM «Institute of Plant Biology and Biotechnology» CS MSHE RK, Almaty, st. Timiryazev
45,050040, Kazakhstan, germironame@gmail.com

Gritsenko D.A., PhD., https://orcid.org/0000-0001-6377-3711

RSE on REM «Institute of Plant Biology and Biotechnology» CS MSHE RK, Almaty, st. Timiryazev
45,050040, Kazakhstan, d.kopytina@gmail.com

THE ALARMING PREVALENCE OF RHIZOMANIA DISEASE CAUSED BY BEET
NECROTIC YELLOW VEIN VIRUS IN KAZAKHSTAN'S SUGAR BEET CULTIVATION

ANNOTATION

Rhizomania is a devastating disease affecting sugar beet crops, characterized by root swelling,
necrosis and yellowing of the veins. The main agent causing rhizomania in sugar beet is the Beet
Necrotic Yellow Vein Virus (BNYVV), which is transmitted by the single-celled parasitic organism
Polymyxa betae, belonging to the order Plasmodiophorales. The disease exhibits increased virulence
under conditions of high soil temperature and moisture, while relatively dry soil mitigates its effects.
The destructive effect of rhizomania is manifested in a significant decrease in the weight of roots:
infected roots weigh 10-15 times less than healthy ones. In addition, in roots infected with rhizomania,
the sugar content and sugar yield are reduced, which worsens the technological quality of the raw
material. To prevent the spread of the disease, it is necessary to observe strict quarantine measures
when importing, exporting, transporting and storing planting material containing soil. In addition, to
combat the disease it is necessary to introduce rhizomania-resistant sugar beet hybrids. Thus,
understanding the interactions between viral strains and host resistance mechanisms is critical to
develop effective strategies to control and maintain sugar beet yields in the face of this formidable
disease.

In this study, we confirmed the presence of beet necrotic yellow vein virus (BNYVV) in beet
plants (Viorica and Ardan varieties) collected from fields in the Zhetysu region. Zhetysu district is
recognized as a major center for growing sugar beets in Kazakhstan. The virus was detected using a
commercial real-time PCR kit (Letgen), which identified pathotypes A, B, and P. Only pathotype A
was confirmed to be present.

Key words: BNYYV, sugar beet, quarantine object, yield, qPCR

Introduction. Rhizomania is the most devastating disease affecting sugar beet. It is
characterized by a reduction in sugar content in the roots of susceptible varieties by up to 20%.
However, according to reports from sugar companies, yield losses during sugar purification can reach
50 to 70% [1]. The virus can spread through the movement of contaminated soil by agricultural
machinery from one field to another, or through the importation of infected seeds. The disease was
first reported in the 1950s in Italy [2]. Rhizomania manifests with the following symptoms: leaf
chlorosis, characterized by yellowing of veins and interveinal spaces, leaf deformation, including
curling, stunted plant growth leading to a reduction in overall size, and proliferation of lateral roots,
characterized by the formation of numerous small lateral roots [3].

The etiological agent causing rhizomania is a phytopathogenic virus identified by Tamada and
Baba in 1973 and named Beet necrotic yellow vein virus (BNYVV) [4, 5]. This is a positive-sense
RNA virus transmitted by the obligate root-infecting plasmodiophorid endoparasite Polymyxa betae
Keskin [6]. Currently, the virus is listed in Annex Il as a quarantine pest of protected zones (PZ)
under Commission Regulation (EU) 2019/2072 [2].

There are three main subgroups of the virus: A, B, and P types (7). Type A is present in most
European countries, Iran, North America, China, and Japan, while Type B is often found in France and
Germany, and occasionally in Sweden, China, and Japan [8, 9, 10]. BNYVV isolates designated as P-
type isolates have been identified in the Pithiviers area in France [11] and in Kazakhstan [10] and are
the rarest type.
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The share of domestically produced sugar from sugar beet in Kazakhstan is 7%. Over the past
20 years, there has been a sharp decline in sugar beet production in the country, primarily due to the
spread of Beet necrotic yellow vein virus [12]. Therefore, the identification of this virus type is a
crucial step in preventing significant economic losses associated with reduced agricultural crop yields.

Materials and methods. A total of 123 sugar beet plant samples exhibiting symptoms similar
to rhizomania were collected from two fields in the Zhetisu region, near the city of Taldykorgan. Of
these, 60 samples were of the Viorica-KWS variety and 63 samples were of the Ardan variety.

RNA Extraction and gPCR Identification of Beet Necrotic Yellow Vein Virus. Total RNA was
extracted from the sugar beet roots using the CTAB method [13, 14]. Identification of the types of
Beet Necrotic Yellow Vein Virus (BNYVV) was performed using gPCR with specific primers and a
FAM-labeled probe, developed by Letgen. The reaction mixture contained 10 pl of g°PCR Mastermix,
2 pl of Primer-Probe Mix, and 4 pl of genomic RNA. The amplification program consisted of reverse
transcription at 50°C for 10 minutes, polymerase activation at 95°C for 2 minutes, followed by
40 amplification cycles of denaturation at 95°C for 10 seconds, and annealing and extension at 60°C
for 30 seconds. Fluorescence readings were taken after each elongation cycle. The analysis of the
results was carried out according to the protocol provided in the Kit.

Inoculation test . Preparation of inoculum: 200 mg infected tissue of sugar beet was grinded in a
mortar with 1 ml potassium phosphate buffer until it becomes a homogenous mixture. The
homogenate was filtered through a double layer of cheesecloth to remove debris. Carborundum
powder was used as an abrasive, facilitating the entry of the virus into the leaf cells.

Preparation of Plants: three healthy sugar beet plants were selected for inoculation for every
isolate. Before inoculation, the leaves were washed gently with distilled water to remove dust and
allow them to air dry. The inoculum mixture (100 ul) was applied evenly to ensure good coverage onto
the upper surface of the leaves. Then the leaves were gently rubbed with the swab or brush to facilitate
the penetration of the virus ensuring that the carborundum powder creates small abrasions on the leaf
surface without causing extensive damage. After inoculation, the plants were covered with plastic bags
for 24-48 hours to maintain high humidity, which facilitates infection. Analysis of infection was
performed every 3 days post inoculation by qPCR.

gPCR Identification of Polymyxa betae

Genomic DNA from lateral roots was extracted using a plant/fungi DNA extraction kit
(Norgen). The following primers and probe were used for identification of P. betae: forward primer:
5-GATGGTGAACCTGCGGAAGGATCA-3'; reverse primer:5-ACGAGGTCAACCTGCGGAAGG

ATA-3'; Probe: 5-FAM-AGAGAGATGTGTGCGTCAGCAGGGAAG -TAMRA-3. PCR
reaction mixture was prepared in accordance with protocol supplied with Luna® Universal gPCR &
RT-gPCR (NEB).

Results and discussion. BNYVV is a major concern for sugar beet producers globally due to its
significant economic impact. The virus causes rhizomania, a disease that severely stunts root growth
and deforms the roots, leading to substantial losses in both yield and sugar content. Early detection of
BNYVV is essential to implement control measures and prevent large-scale financial losses. BNYVV
is spread by the soil-borne fungus Polymyxa betae, and once a field is infected, the virus can remain in
the soil for many years. Early detection is crucial to prevent the virus from spreading to new fields and
regions. By identifying and managing infected areas promptly, the spread can be contained, protecting
future crops and maintaining soil health.

The present study revealed that out of all 123 samples tested for the presence of Beet Necrotic
Yellow Vein Virus type A, 106 samples were found to be infected. Among these, the infection rate for
the Viorica variety was 53.7%, while for the Ardan variety it was 46.3%. The remaining 17 samples
tested negative, suggesting the absence of BNYVV type A infection, figure 1.

No samples were found to be infected with BNYVV types B or P during the course of the study.

Amplification
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Figure 1 — m Results of gPCR Analysis

a) Results for type A virus; b) Results for type B virus; ¢) Results for type P virus. Ct value of
less than 35 was considered positive in accordance with the test system protocol.

There are several reasons for the spread of BNYVV. One of them is that soil containing virulent
spores of Polymyxa betae might have been introduced to other vegetable crops brought from outside,
such as seed potatoes [15, 16].

Testing of lateral roots of positive samples for BNYVV revealed contamination by Polymyxa
betae, figure 2.

Figure 2 — Microscopic examination of lateral roots of sugar beet plants in researched field.
Zoospores are presented at 40X magnifications, the samples were stained with methylene blue.

Amplification
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Figure 3 — Results of gPCR detection of P. betae in 18 samples of sugar beet lateral roots.

Polymyxa betae acts as the vector for BNYVV. The virus is not capable of infecting plants
directly but relies on P. betae to gain entry into the plant's root cells. Zoospores encyst on the root
hairs of sugar beets and penetrate the root cells, introducing BNYVV into the plant during this
process. Infected roots exhibit necrosis and reduced functionality, which significantly impacts water
and nutrient uptake, leading to overall poor plant health and reduced yield. The lifecycle of P. betae
includes the formation of resting spores called cystosori, which can harbor the virus for over a decade.
These spores remain dormant in the soil or dried plant roots and are activated under favorable
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conditions, such as high soil moisture, which often results from excessive rainfall or irrigation.
P. betae in tested roots was also confirmed by gPCR, figure 3.

After entering the root cells by P. betae, BNYVV begins to replicate and spread from cell to cell
through plasmodesmata. The virus's movement proteins, such as the P42 protein, are crucial in
facilitating this cell-to-cell movement by modifying plasmodesmata to allow the passage of viral
particles. BNYVV's cysteine-rich suppressor proteins inhibit the plant's gene silencing pathways,
allowing the virus to replicate and spread without being targeted by the host's antiviral responses.

The A strain of virus was used for inoculation test of sugar beet plants to confirm biological
activity of viral isolates and identification of precise strain presence, figure 4. Testing different
hybrids, including Tisserin, MN 7001, and the hybrid Aksu, revealed mild symptoms of infection,
such as chlorosis and yellowing of leaves.

MN 7001 Aksu Tisserin

7 dpi

Figure 4 — Inoculation test of sugar beet plants by strain A of Beet necrotic yellow vein virus. MN
7007, Aksu, and Tisserin were analyzed for the symptoms of infection 7 days post inoculation.

Investigating plant viruses through inoculation tests is a key method in plant virology. These
tests help researchers understand various aspects of plant-virus interactions, including virus
identification, host range, disease symptoms, and the mechanisms of virus transmission.

Previously performed inoculation tests by BNYVV showed different response of sugar beet
genotypes to virus. The symptoms included the extensive proliferation of lateral roots, giving the root
system a "bearded" appearance, the vascular tissue in the roots becomes necrotic, leading to
blackening and decay of the root tissue, infected plants often have significantly smaller main roots
compared to healthy plants, which can severely impact yield, yellowing along the veins of leaves, in
severe cases, necrosis (death of tissue) can occur along the veins of the leaves, and the leaves may
become generally chlorotic (yellowed), which indicates a disruption in normal chlorophyll production
and function. The symptoms are more noticeable when the virus has systemically spread throughout
the plant.

It is hypothesized that the presence of one virus type in a region partially prevents the spread of
other types of BNYVYV due to competition between different strains of Polymyxa betae. Based on this,
it can be concluded that the absence of type B and P viruses in the samples studied is likely due to the
presence of type A virus [17].

Sustainable agricultural practices are vital for long-term food security and environmental health.
Detecting BNYVV early supports sustainable farming by allowing farmers to adopt biological control
methods and reduce reliance on chemical treatments. This not only helps manage the virus but also
promotes overall soil and crop health [18].

The Rz1 and Rz2 genes play a crucial role in conferring resistance against Beet necrotic yellow
vein virus (BNYVV) in certain sugar beet cultivars. The Rz1 and Rz2 genes, which are derived from
the wild beet species Beta maritima, confer resistance against BNYVV through different mechanisms
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[19]. The Rz1 gene provides a broad-spectrum resistance against various BNYVV strains, while the
Rz2 gene specifically targets certain pathotypes or strains of the virus. The Rz1 gene encodes a protein
that belongs to the CC-NB-LRR (coiled-coil, nucleotide-binding, leucine-rich repeat) class of
resistance proteins. These proteins are involved in recognizing specific pathogen-derived molecules,
known as avirulence factors, and triggering a hypersensitive response (HR) in the plant. The HR is a
localized cell death response that restricts the spread of the virus and prevents systemic infection [20].

The Rz2 gene, on the other hand, encodes a protein that is structurally distinct from the CC-NB-
LRR class of resistance proteins. The exact mechanism by which Rz2 confers resistance against
BNYVV is not fully understood, but it is believed to involve a different signaling pathway or a
different mode of recognizing the viral components.

The interaction between the Rz1 and Rz2 genes and BNYVV is governed by the gene-for-gene
model of plant-pathogen interactions. In this model, resistance is conferred when a specific resistance
(R) gene in the plant recognizes a corresponding avirulence (Avr) gene or factor from the pathogen.
The recognition of the Avr factor by the R gene triggers a defense response in the plant, leading to
resistance against the pathogen [21].

In the case of BNYVV, the Rzl gene is thought to recognize a specific avirulence factor
encoded by the virus, while the Rz2 gene recognizes a different avirulence factor or interacts with a
different viral component. When either the Rz1 or Rz2 gene is present in a sugar beet cultivar, it can
recognize the corresponding BNYVV avirulence factor and activate defense responses, conferring
resistance against the virus [22].

The deployment of sugar beet cultivars carrying the Rz1 and Rz2 resistance genes has been
instrumental in managing BNYVV infections in sugar beet production areas. However, the emergence
of new BNYVV strains or pathotypes that can overcome these resistance genes poses a continuous
challenge. Ongoing research efforts are focused on identifying additional resistance genes and
understanding the molecular mechanisms underlying the plant-virus interactions, with the aim of
developing more durable and broad-spectrum resistance against BNYVV [23].

Detecting viruses and developing resistant sugar beet cultivars is crucial for maintaining the
economic viability, food security, and environmental sustainability of sugar beet production, as well as
ensuring the long-term sustainability of the crop in the face of climate change and evolving viral
diseases [24].

Funding. This research was funded by the Ministry of science and higher education of
Kazakhstan, grant number AP13067825 ‘Study of genetic resistance of sugar beet to rhizomania and
selection of promising varieties for targeted breeding’

REFERENCES

1Richard-Molard, M. Rhizomania: A world-wide danger to sugar beet [Text] / M. Richard-
Molard // Span. —1985. Vol. 28. — P. 92-94.

2 Canova, A. On the pathology of sugarbeet [Text] / A. Canova // Informatore Fitopatologico.
—1959. — Vol 9. — P. 390-396.

3 EFSA Panel on Plant Health (PLH) et al. Pest categorisation of beet necrotic yellow vein
virus [Text] / Dehnen-Schmutz K, Di Serio F, Gonthier P, Jacques MA, Jaques Miret JA, Fejer
Justesen A, MacLeod A, Magnusson CS, Milonas P, Navas-Cortes JA, Parnell S, Potting R, Reignault
PL, Thulke HH, Van der Werf W, Civera AV, Yuen J, Zappala L, Candresse T, Chatzivassiliou E,
Winter S, Maiorano A, Delbianco A, Bragard C. // EFSA Journal. — 2020. — T. 18. — No. 12. —
C. e06360.

4 Tamada, T., Baba, T. Beet necrotic yellow vein virus from rhizomania-affected sugar beet in
Japan [Text] / T. Tamada, T. Baba // Annals of the Phytopathological Society of Japan. — 1973. —
P. 325-332.

5 Peltier C. et al. Molecular biology of the Beet necrotic yellow vein virus [Text] / Peltier, C.,
Hleibieh, K., Thiel, H., Klein, E., Bragard, C., Gilmer, D. // Plant viruses. — 2008. — T. 2. — Ne. 1. —
C. 14-24.

6 Keskin B. Polymyxa betae n. sp., a parasite in the roots of Beta Vulgaris Tournefort,
particularly during the early growth of the sugar beet [Text] / B. Keskin // Archiv fur Mikrobiologie. —
1964. — T. 49. — C. 348-374.

7 Kruse M. et al. Restriction fragment length polymorphism analysis of reverse transcription-
PCR products reveals the existence of two major strain groups of beet necrotic yellow vein virus /
M. Kruse // Journal of General Virology. —1994. — T. 75. — Ne. 8. — C. 1835-1842.

109



AybI/1 WapyaLibl/ibIFbl FbI/IbIMAAPL]

8 Saito M. et al. Complete nucleotide sequence of the Japanese isolate S of beet necrotic yellow
vein virus RNA and comparison with European isolates [Text] / Saito M, Kiguchi T, Kusume T,
Tamada T. //Archives of virology. — 1996. — T. 141. — C. 2163-2175.

9 Miyanishi M. et al. Evidence for three groups of sequence variants of beet necrotic yellow
vein virus RNA 5 [Text] / M. Miyanishi, T. Kusume, M. Saito, T. Tamada // Archives of virology. —
1999. - T. 144. — C. 879-892.

10 Koenig R., Lennefors B. L. Molecular analyses of European A, B and P type sources of
Beet necrotic yellow vein virus and detection of the rare P type in Kazakhstan [Text] // Archives of
virology. — 2000. — T. 145. — C. 1561-1570.

11 Koenig R., Haeberlé A. M., Commandeur U. Detection and characterization of a distinct
type of beet necrotic yellow vein virus RNA 5 in a sugarbeet growing area in Europe [Text] //
Archives of virology. — 1997. — T. 142. — C. 1499-1504.

12 Khusnitdinova M. et al. Problems and prospects of sugar beet cultivation in Kazakhstan
[Text] / Khusnitdinova, M., Abdrakhmanova, A., & Pozharskiy, A., Kapytina, A., Kerimbek, N.,
Nizamdinova, G., Taskuzhina, A., Adilbayeva, K., Kolchenko, M., Gritsenko, D. // Agronomy
Research. — 2023. — Vol 21. — P. 1174-1185. 10.15159/AR.23.094. — 2023.

13 Kolchenko M. et al. Genetic Characterization of Raspberry Bushy Dwarf Virus Isolated from
Red Raspberry in Kazakhstan //Viruses. — 2023. — T. 15. — Ne. 4. — C. 975.

14. RAHMANI F., AMRAEE L. Modified CTAB protocol for RNA extraction from Lemon
balm (Melissa officinalis L.) //Acta agriculturae Slovenica. — 2020. — T. 115. — Ne. 1. —
C. 53-57-53-57

15 MP BHUUKP No70-2012. [Text] // Meroaudeckne pPEKOMEHAANNU TI0 BBISBICHUIO
uuneHTHGUKaIMH OEHUBHUpPYca HEKPOTHYECKOro TOXKENTEHHs JKHIOK CBekibl Beet necrotic yellow
vein benyvirus. — 2023.

16 Kpacapun B. ®. Cenekuust kaprodens Ha roro-Boctoke Kazaxcrana. [Text]: ABropedepar
mokT. Jlnce. Anmartsr, - 2000. — C. 15-20.

17 Koenig R. et al. Distribution of various types of Beet necrotic yellow vein virus in Europe
and Abroad [Text] / Koenig R, Kastirr U, Holtschulte B, Deml G, Varrelmann M. // WORKING
GROUP ON PLANT VIRUSES WITH FUNGAL VECTORS. —2005. - T. 67. - C. 5.

18 Webb K. M. et al. Differential abundance of proteins in response to Beet necrotic yellow
vein virus during compatible and incompatible interactions in sugar beet containing Rz1 or Rz2 [Text]
/ Webb K., Wintermantel W., Kaur N., Prenni J., Broccardo C., Wolfe L., Jenkins Hladky L. //
Physiological and molecular plant pathology. — 2015. — T. 91. — C. 96-105.

19 Wetzel V. Manuscript Il Interfamily transfer of the sugar beet CC-NB-LRR R gene Rz2
results in generation of resistance in Nicotiana benthamiana plants and confers varying resistance
phenotypes when challenged with Beet necrotic yellow vein virus [Text] / Wetzel V., Walter A.,
Varrelmann M. // Aus dem Institut fiir Zuckerrtibenforschung. — C. 52. — 2021.

20 Liebe S. et al. Application of a reverse genetic system for beet necrotic yellow vein virus to
study Rz1 resistance response in sugar beet [Text] / Liebe S., Wibberg D., Maiss E., Varrelmann M. //
Frontiers in plant science. — 2020. — T. 10. — C. 496820.

21 Biancardi E. et al. The origin of rhizomania resistance in sugar beet [Text] / Biancardi E.,
Lewellen R.T., Biaggi M., Erichsen A., Stevanato P. // Euphytica. — 2002. — T. 127. — Ne. 3. —
C. 383-397.

22 Metz N. J. et al. MAPPING RHIZOCTONIA ROOT AND CROWN ROT RESISTANCE
FROM SUGAR BEET GERMPLASM FC709-2 USING NEW GENOMIC RESOURCES. [Text] /
Metz N., Mason E., Dorn K., Richards C., Gaines T. // Mountain Scholar Digital collection of
Colorado. — 2024.

23 Stevanato, P., Chiodi, C., Broccanello, C. et al. Sustainability of the Sugar Beet Crop. [Text]
/ Stevanato P., Chiodi, C., Broccanello C., Concheri G., Biancardi E., Pavli O., Skaracis G. // Sugar
Tech — Vol. 21. — P. 703-716. — 20109.

24 Rehman, A., Faroog, M., Lee, DJ. et al. Sustainable agricultural practices for food security
and ecosystem services. [Text] / Rehman A., Farooq M., Lee DJ., Siddique Kadambot H. M. //
Environ Sci Pollut Res — Vol. 29. 84076-84095 — 2022.

PE3IOME

Puzomanns — Pa3pPYIIUTEIIBHOC 3360J’IeBaHI/IC, Mopaxaromee IMOCCBLL caxapﬂoﬁ CBCKIJIbI,
XapaKTCpU3yromieecsa Ha6yxaHHeM KOpHeﬁ, HCKPO30M UM IIOKCITCHUEM KHIIOK. OCHOBHBIM areHTOM
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BBI3BIBAIOIIMM M3bIMAHUIO CaXapHOM CBEKIBI SBISETCS BUPYC HEKPOTHYECKOI'O IMOXKENTEHUS >KUIIOK
(BNYYV), nepeHocYHKOM KOTOPOTO SIBISETCS OJHOKIETOYHBIN Mapa3suTH4ecKuii opranu3M Polymyxa
betae, npuHamnexammii kK oTpsgy Plasmodiophorales. bone3snp mposBisieT MOBBILICHHYIO
BHUPYJEHTHOCTb B YCJIOBHUSAX BBICOKOH TeMIlepaTypbl W BJIAXKHOCTHM IOYBBI, TOTAAa KaK OTHOCUTEIHHO
cyxas TIouYBa CMsr4yaer ee BozaelicTBue. ['yOuTenbHOEe ACHCTBHE PH30OMAaHHUU MPOSIBISETCS B
3HAUNTENIFHOM YMEHBIIEHHUH Macchl KOpHeH: 3apakeHHble KOpHHU BecaT B 10—15 pa3 meHblie
310poBBIX. Kpome TOro, B KOpHSX, 3apa)K€HHbIX PHU30MaHUEH, CHMKAeTcs CcaxapucTOCTh M BBIXOJ
caxapa, 4TO yXy[lIaeT TEXHOJIOTHYecKOoe KauecTBO ChIpbs. s mpenoTBpalienrs pacnpocTpaHeHus
3a00neBaHusl HEOOXOAMMO COONIONATh CTPOrMEe KapaHTHHHBIE MEpbl MpH BBO3€, BBIBO3E,
TPaHCIIOPTUPOBKE M XpaHEHHWHU I0CaJ0YHOr0 MaTepuaina, cojepxaiiero nousy. Kpome toro, s
00pBrOBI C 3a00N€BaHMEM HEOOXOIUMO BHEIPEHHE YCTOHYMBBIX K PU3OMAaHUU THOPHIIOB CaXapHOM
cBeksibl. Takum 00pa3oMm, TOHMMaHWE B3aUMOJCHCTBUS MEXAYy BHPYCHBIMH INTAMMAMH U
MeXaHU3MaMH YCTOMYMBOCTH XO35IMHA UMEET pellaroliee 3HauYeHHue JUid pa3paboTku dPQeKTUBHBIX
crpareruii 0OpbOBI M TOAJEPKAHUST YPOXKAWHOCTH CaxapHOW CBEKJIBI MEPE JIMIIOM STOro TPO3HOTO
3a00neBaHusl.

B naHHOM HccneoBaHUM Mbl IOATBEPANIIN HAIMYUE BUPYCA HEKPOTHUECKOH JKENTOW KUIIKU
ceexiibl (BNYVV) B pacreHusix cBeknbl (copra Buopuka u AppaaH), OTOOpaHHBIX C TONIEH B
KerpicyckoM paiione. Xerbicyiickuid palioH NpU3HAH KPYIHBIM LEHTPOM BBIPAIMBAaHUS CaXapHON
cBekibl B Kazaxcrane. Bupyc ObI1 00HApY»KEH C UCTIOIB30BaHHEM KoMMepueckoro Habopa s TP B
peansHoM Bpemenu (Letgen), kotopsril naenTudumpoBan narotunsl A, B u P. beuto moarsepxaeno
HaJM4Yue TOJBKO MaTOTHIa A.

TYHWIH

Pu3oMaHus — KaHT KbI3BLIIIACKH JaKbUIIApbIHA 9CEP €TETIH, TaMbIPJap/bIH ICIHY1, HEKPO3 KOHE
TaMbIpJIapblH CapFalObIMEH CHUIATTAJAThIH JXKOHKBIH aypy. KaHT KbI3bUIIIACBIHIA PU30MAaHUSHbBI
KO3bIpaThiH HETI3ri Ko3AbIprbiil — Plasmodiophorales oTpsiapiHa saTaThiH Oip JKacyIIajibl Mapa3uTTiK
Polymyxa betae opranusmi TapaTaThIH KBI3BUIINIA HEKPOTHKANBIK caphsl TaMblp BHpycHl (BNYVV).
Aypy TONBIpAaKTBIH JKOFapbl TeMIEpaTypachl MEH bUIFAJIIBUIBIFBl JKaFJalblHOA  KOFapbl
BUPYJICHTTUIIKTI KOPCETEl, ajl CAJBICTBIPMANBl TYPAE KYpPFaK TOIBIPAK OHBIH OCEpiH a3aiTanbl.
Pr3oMaHusHBIH JECTPYKTUBTI ocepl TaMbIpiapiblH CajJMarbIHBIH aiTapiblkrail TeMeHIeyiMeH
KOpiHei: JKYKTBIPFaH TaMBIpIapIblH calMarbl cayFa KaparaHma 10—-15 ece a3. CoHpIMeH Karap,
pU30OMaHMAMEH 3aKbIMIAHFAH TaMbIpiIapAa KaHT MeJIIepi MEH KaHT IMIBIFBIMBI TOMEHICHIl, Oy
LIMKI3aTTBIH TEXHOJOTHMAJBIK CallachlH Hallapiaataabl. AypyAblH TapainyblH OoJaplpMmay YILIiH
KYpaMbIHJa TONBIPAK Oap OTBIPFBI3Y MaTEpUAJbIH OKey, SKETY, TachIMaJ[ay XOHE caKTay Ke3iHze
KaTaH KapaHTHHAIK IIapajapabl cakray Kaker. COHbIMEH KaTap, aypyMeH KYpecy YIIIH PU30MaHHSFa
TO3IMAI KaHT KbI3BUIMIACKIHBIH OyJaHAapblH eHrizy Kaker. OchUlaiiiia, BUPYCTHIK IITaMaap MEH
WECiHIH TO3IMIUTIK MeXaHU3MIEPIHIH e3apa opeKeTTecyiH TYCIHY OCHI ayblp aypy JKarmalblHAa KaHT
KBI3BUIIIACHIHBIH, OHIMALTITIH OaKpUIay JXoHE CaKTay[blH THIMIlI CTPATETHSUIAPBIH O3ipiiey YIIiH oTe
MaHBI3]IBL.

By 3eprreyne XKericy eHipiHIeri ericTik amkanTapblHAaH )KHHAIFAH KbI3BUIIIA OCIMAIKTEPIiHIIE
(Buopuka »xoHe Apman coptrapsi) Keizbumimia Hekporukanbik Caper Bena Bupycwsiabig (BNYVV)
OomysIH pacTansik. XKeticy aynansl KazakcTaHAarsl KaHT KBI3BUIIIACKIH OCIPETIH ipi OpPTaJbIK peTiHIe
TaHBUIABL. Bupyc A, B koHe P marorunrtepiH aHBIKTAWTHIH KOMMEPIUSUIBIK HAKTBI yaKbIT
pexxumingeri IITP sxunarsr (Letgen) apkpuisl aHbIKTanael. Tek A maTotumi 6ap eKeHIiri pacTaiibl.
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