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ABSTRACT

Virus infection is one of the reasons for the low potato yield in
Kazakhstan. The combination of modern methods of germplasm
improvement and effective virus diagnosis are the most successful measures
to overcome potato viruses. Using ELISA and multiplex RT-PCR methods,
potato leaf samples from the Almaty and Kostanay regions of Kazakhstan
were analysed for the presence of the carlaviruses potato virus M and potato
virus S, the potyvirus potato virus Y, the potexvirus potato virus X, and the
polerovirus potato leaf roll virus (PVM, PVS, PVY, PVX, and PLRYV,
respectively). The potato virus spectrum has changed over the last twenty
years, and presently carlaviruses represent the most widespread genus. Of
the leaf samples tested, 84.3% and 46.6% were infected by PVM and PVS,
respectively, and co-infection by both viruses occurred. Multiplex RT-PCR
assays were developed to detect the five potato viruses, and for two strains of
PVS. Based on sequence analyses of the central region of the capsid protein,
fourteen Kazakh PVS isolates were identified, of which eleven were
classified as the ‘ordinary’ strain, and three as ‘Andean’ strains. Our
findings confirmed the existence of divergent PVS strains with different
origins present in Kazakhstan.

Key words: potato, carlaviruses, potato virus S, capsid protein,
diagnosis.

INTRODUCTION

Potato is one of the most important food crops in the world and the second ware
product after wheat in Republic of Kazakhstan. The grade degeneration and pathogen
organisms including viruses are the main reasons of low potato productivity in Asia.
Potato is affected by more than 40 viruses, some of which occur worldwide, the others
are restricted to a certain geographical region [1, 2]. Virus diseases reduce yield on the
average of 30-50% and moreover at the several reproductions. Spread of virus infection
depends on variety’s traits and the phase of plant development. The most affected plants
have been recorded for cultivars with early or middle phases of maturation.
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Potato viruses cause the mottled, rugose, stripe or “gothic” mosaic and leaf
deformation such as rolling, crinkling, curling and twisting [1, 2, 3]. However, as it was
shown by serological analysis, the significant quantity of externally healthy plants can
be infected by Potato virus X (PVX, genus Potexvirus, family Alphaflexiviridae), Potato
virus Y (PVY, genus Potyvirus, family Potyviridae), Potato virus M (PVM, genus
Carlavirus, family Betaflexiviridae), Potato virus S (PVS, genus Carlavirus, family
Betaflexiviridae) or Potato leaf roll virus (PLRV, genus Luteovirus, family
Luteoviridae). Contamination can be caused by single virus or the combination of
several viruses. All these viruses can be transmitted by mechanical means and non-
persistent manner by aphids, such as Aphid fabae, A. nasturtii, Myzus persicae and/or
by infected seed tubers [1].

The creation of resistant cultivars by the traditional methods of breeding, the
control of secondary infection and usage of virus free seed tubers are the main
directions of the plant virus protection. The combination of planting material
improvement methods and diagnostic methods of molecular biology helps to prevent the
transmission of the secondary infection into the fields. Serological techniques, in
particular, the enzyme-linked immunosorbent assay (ELISA), and the more sensitive
procedure, for example, the reverse transcription polymerase chain reaction (RT-PCR)
has been widely employed for detection and identification of potato viruses [4-6].

PVS is a member of the Carlavirus genus, family Betaflexiviridae and infects
plants belonging to Solanaceae and Chenopodiaceae families [1, 3]. PVS has been
classified as two strains, PVS® (Ordinary) and PVS* (Andean), depending on their
ability to induce non-systemic and systemic infection in Chenopodium spp.,
respectively [7]. It was found that PVS® and PVS” have significant differences in
nucleotide sequence of gRNAs [8, 9]. More often, PVS causes symptom of less
infection in most potato cultivars, although severe symptoms, such as slight deepening
of veins, rugosity of leaves, weak mosaic or bronzing may lead to forming of necrotic
spots and plant stunting [1, 2]. This virus reduce yield by 10-15% and PVS co-infection
enhances the severity of other virus symptoms.

PVS genomic RNA (gRNA) is a capped single-stranded positive-sense mRNA of
approximately 8.5 kb in length with a poly(A)-tail at the 3’-terminus [8-12]. This gRNA
has six open reading frames (ORFs). ORF1 encodes polypeptide of about 223 kDa
(223K) containing the coding sequences of methyltransferase, helicase and RNA-
depending RNA polymerase. ORF2, ORF3 and ORF4 encode the proteins 25K, 12K
and 7K constituted the triple gene block (TGB) specific for all carlaviruses [10]. These
proteins are involved in cell-to-cell movement and have high homology with the regions
of the potexvirus genome. ORF5 corresponds to a capsid protein (CP) of about 34K
which has the most conservative sequence with 59% homology to potexvirus CP [11].
ORF6 encodes cysteine-rich nucleic-acid-binding protein (NABP) of about 11K.

PVS forms two sub-genomic RNAs in length of 2.5 kb and 1.5 kb, which encode
the proteins of TGB and CP plus 11K-protein respectively [8]. Using cluster analysis it
was shown several differences in amino acid sequences between PVS® and PVS” [5, 6
12].

Both PVS® u PVS” strains were found in potato seed in East Kazakhstan in
2017 [13]. However, no information was received on the distribution of various strains
in the fields of the northern and southern regions of the Republic of Kazakhstan.

Here, we report a standardized multiplex RT-PCR (mpRT-PCR) protocol that
has proven to be effective in detecting of five potato viruses (PVX, PVM, PVY, PVS
and PLRV) simultaneously. The aim of our work was to study the spread of viruses in
the main potato-growing regions of Kazakhstan. Our study led to the detection of two
PVS strains in Kazakhstan by this sensitive method proved by double antibody



sandwich enzyme-linked immunosorbent assay (DAS-ELISA) and comparative analysis
of partial coding sequence of PVS CP.

Materials and methods

Plant material

All samples were collected randomly as naturally virus infected or control non-
infected potato (Solanum tuberosum L.). Our collaborators from Kazakh Research
Institute of Potato and Vegetable Farming and Kostanay Agriculture Research Institute
kindly provided potato tubers and leaf samples respectively. In the first case we
analyzed sprouted tubers of 45 cultivars (78 samples) brought from Almaty region, the
south part of Kazakhstan. In the second case, leaf samples were taken of 27 cultivars
(171 samples) from northern fields in Kostanay region. In general, leaves and tubers
were collected in August and at the end of September respectively.

ELISA

Potato leaves were tested for PVX, PVY, PVM, PVS and PLRV infection by
DAS-ELISA using the kits “BIOREBA” (Switzerland). The 405 nm values were
recorded using a plate reader (model Stat Fax-2100, “Awareness Technology”, USA).
Samples were considered positive if the absorbance values were high than the value of
corresponding negative control and higher than 0.1 after incubation for 1 h at room
temperature. Assay for each sample was carried out at least three times.

RNA Extraction and multiplex RT-PCR (mpRT-PCR)

Total RNAs were extracted from fresh or frozen leaves (0.5-1.0 g) using TRIzol
reagent (“Sigma-Aldrich”, USA) according to the manufacture’s instruction. The pellets
were dissolved in 100 ul RNase-free water.

First-strand complementary DNA (cDNA) was synthesized using 5 ug of total
RNA, an oligo(dT),s as reverse primer at 100 pmol final concentration, Maxima
(Moloney murine leukemia virus) Reverse Transcriptase and reaction buffer (“Thermo
Fisher Scientific”, Lithuania) with final reaction volume as 30 ul. Synthesized cDNA
was amplified using Taq DNA polymerase and its buffer system (“Thermo Fisher
Scientific”, Lithuania) using the primers targeting CP regions of PVX, PVS, PVY,
PVM and PLRV which were published earlier [4] (Table 1). PCR was carried out in
volume of 25 ul using 2.5 ul ¢cDNA and five primer pairs at final concentration of 2
pmol. The PCR program consisted of 5 min at 94 °C, 30 cycles of 30 s at 94 °C, 30 s at
57 °C, 1 min at 72 °C followed by the final extension for 5 min at 72 °C in Gene Amp
PCR System 9700 (“Applied Biosystems™). PCR products were analyzed in 2% agarose
gel. New set of primers was designed for PVS to detect the variation among them.

Sequence analysis and phylogenetic relationship

For sequence analysis PCR was carried out in 50 ul using one pair primers
specific for PVS (#PVS-Forward, #PVS-Reverse, #PVS-CP-Forward or #PVS-CP-
Reverse), Pwo-polymerase (“Roche Applied Science”, Germany) and the same reaction
conditions. Then the amplified DNA products were purified from agarose gels using
Gene JET Gel Extraction kit (“Thermo Fisher Scientific’, Lithuania) according
manufacturer’s instructions. Finally, DNAs were eluted by 50 ul de-ionized sterile
water for each sample.

For sequencing the samples were prepared in 10 pl reaction mixes contained of
150-400 ng pure DNA, 1x buffer for sequencing (“Applied Biosystems™), 1x Big Dye
Terminator v. 3.1 (“Applied Biosystems™) and 1 uM forward or reverse primer. The
PCR program consisted of 2 min at 94 °C, 25 cycles of 10 s at 94 °C, 5 s at 50 °C, 4 min



at 60 °C. Products of sequencing were purified using columns Centri-Sep according
protocol of Princeton Separations (USA). Then the samples were desiccated of water,
denaturized 5 min at 95 °C in 15 pl Hi-Di formamide and were put in ABI Genetic
Analyzer 310 (“Applied Biosystems™). Sequencing analysis was provided twice into
two directions for each sample. Computer analysis of nucleic and amino acid sequences
was performed using such programs as DNAMAN version 5.2 and SEQUENCING
ANALYSIS version 5.2. BLAST (at www.ncbi.nlm.nih.gov/BLAST) was used to
compare the new DNA sequence of each PVS gene fragment with the sequences from
NCBI GenBank database.

Multiple alignments and phylogenetic analysis were achieved using the MEGA
X software [14]. The phylogenetic tree was constructed with the Neighbor-Joining
method [15]. The percentage of replicate trees in which the associated taxa clustered
together in the bootstrap test (2000 replicates) are shown next to the branches [16]. The
evolutionary distances were computed using the Kimura 2-parameter method [17].

RESULTS AND DISCUSSION

Virus detection by ELISA

The last surveys of potato viruses in south and north of Kazakhstan were carried
out twenty years ago in which PVS and PVY were reported as the main viruses based
on ELISA of potato samples taken from Almaty, Zhambyl and Akmola Kazakh regions
The percentage of plants infected by these viruses was high in 1996 in the Almaty
region (PVS from 57 to 100%, and PVY from 64 to 100%, depending of cultivars).
Apart from these two viruses, PVX (no more than 35%), PVM (32-85%) were also
found in southern farms. PLRV infection was reported at 20% and 39% only for two
cultivars. Whereas in the Akmola region a low percentage (from 3 to 14.2%) of
infection is noted for all five variants of viruses [18].

However, in the current study of the 249 samples collected from Almaty and
Kostanay Kazakh regions and tested by DAS-ELISA, in 85.5% of them the viruses were
detected. PVY and PVX were identified as minor viruses (table 2).

Table 2. Single and mixed virus prevalence in potato accessions

Virus Numbers of plants | Infection level (%)
infected by virus
Single infection:
PVM 80 32.1
PVS 0 0
PVY 1 0.4
PVX 0 0
PLRV 0 0
Mixed infection:
PVM+PVS 101 40.6
PVM+PVX 5 2.0
PVM+PVY 9 3.6
PVS +PVY 2 0.8
PVM+PVS+PVY 10 4.0
PVM+PVS+PVX 3 1.2
PVM+PVX+PVY 1 0.4
PVM+PVY+PLRV 1 0.4
In total: 213 85.5
Total separate virus prevalence:
PVM | 210 | 84.3




PVS 116 46.6
PVY 24 9.6
PVX 9 3.6
PLRV 1 0.4

The percentage of PVS infection slightly decreased to 46.6%, whereas level of
PVM infection reached to 84.3%. Although PVM was a dominant virus on the territory
of Kazakhstan, mainly potato was contaminated by both PVM and PVS. The highest co-
infection (40.6%) was observed between PVM and PVS followed by PVM and PVY
(3.6%). In case of triple virus mixed infections, the highest incidence (4.0%) was found
for PVM, PVS and PVY followed by PVM, PVS and PVX (1.2%). The percentage of
co-infection of PLRV, PVM and PVY was equivalent with PVM, PVX plus PVY co-
infection (0.4%). Usually mixed infection induces much more severe foliar symptoms
than single virus disease and leads to more rapid lethal outcome for plants.

The climate of Kostanay region is much more favorable for potato growing than
the south of Kazakhstan. 18.7% and 3.8% of samples respectively were free of viruses.
In southern regions with dry and hot summer the massive spread of aphids are observed
usually twice during season in June and in August. Unlike in the south, the absence of
rains in the first half of June and heavy rainfall in late July and early August led to a
shift in the growth and development of potato plants and to the large-scale the death of
larvae in the Kostanay region in 2015 [19]. Two Kostanay’s cultivars Udovitskiy and
Dunyasha were compared for virus resistance. The first one, late-maturation cv.
Udovitskiy, was less susceptible for virus infection. Only 13 samples of 42 (30.9%)
were shown to contain viruses including 10 plants hit by PVM and 3 plants infected
PVM+PVS. Only one plant of 50 samples Dunyasha was free of viruses.

Development of multiplex RT-PCR and its application to virus detection

mpRT-PCR can be challenging task to develop a suitable set of compatible
primers and differentiating of various amplicons.

RNAs prepared from leaves of positive controls (PVX, PVM, PVY, PVS or
PLRV) were reverse transcribed either separately or in a pool of all five genomes.
Discrete virus specific bands were detected from both cDNA sources and the cDNA
pool of all viruses in the uni- or multiplex RT-PCR (Fig. 1, lanes 1-6 and 7-12, 17-27).
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Lanes 1-6 - uniplex RT-PCR for PV X (lane 1), PVM (lane 2), PVY (lane 3), PLRV (lane 4), PVS (lanes 5
and 6), “K-" — negative control, “K+" — positive control, M - marker (GeneRulerTM 100 bp), lanes 7-12,
17-27 - mpRT-PCR for PVX, PVM, PVY, PLRV and PVS, lanes 13-16 - duplex RT-PCR for PVS.
Positions of marker bands were placed in centre, positions of virus-specific bands were indicated on the
right or on the left.

Fig. 1. Agarose gel electrophoresis of RT-PCR products of PVX, PVM, PVY, PLRV and PVS infected
leaves (total RNA extract).

PVX-, PVM-, PVY-, PLRV- and PVS-specific primers (table 1) produced bands
of 562, 520, 480, 336 and 186 bp respectively as for the each positive control as for
singly or plural infected samples. Only one PLRV-infected plant was detected (figure 1,
lane 8).

Table 1. Nucleotide sequences of primers used for mpRT-PCR and sequencing

Ne Primer names Genome Full nucleotide Fragmen | Refer
position” sequences t size ences
(bp)
1 | #PVX -Forward | 5664-5683 5’ - tagcacaaca
caggccacag — 3’ 562 [4]
#PVX - Reverse 6205-6225 5’ — ggcagcattc
atttcagctt c — 3’
2 | #PVY -Forward | 8723-8742 5’ —acgtccaaaa
tgagaatgcc — 3’ 480 [4]
#PVY - Reverse 9183-9202 5’ — tggtgttcgt
gatgtgacct — 3’
3 | #PVM —Forward | 7242-7264 5’ — gaaagctgaa
actgccaaag atg — 3’ 521 [23]
#PVM - Reverse 7737-7762 5’ — catctgcagt
tatagcacct cttgg — 3
4 | #PLRV - Forward | 3653-3672 5’ — cgcgctaaca
gagttcagcc — 3° 336 [4]
#PLRV - Reverse | 3969-3988 5’ — gcaatggggg




tccaactcat — 3°

5 | #PVS — Forward 7547-7566 5’ —tggcgaacac
cgagcaaatg — 3’ 186 [24]
#PVS — Reverse 7711-7732 5’ — atgatcgagt

ccaagggcac tg — 3’

6 | #PVS-CP-Forward | 7216-7235 5’ — atgccgcecca This
aaccggatcc — 3’ 885 paper
#PVS-CP-Reverse | 8078-8100 5’ — tcattggttg

atcgcattac ggt — 3’

7 | #PVS-new- 7457-7477 5’ — atgaaatgcg This
Forward gaggaatccg g-3’ 259 paper
#PVS-new- 7690-7715 5’ — actgctccag
Reverse ttgggaactc aacagt — 3’

8 | #PVS — Forward 7547-7566 5’ — tggcgaacac [24]

cgagcaaatg — 3’ 169
#PVS-new- 7690-7715 5’ — actgctccag This
Reverse ttgggaactc aacagt — 3’ paper

Note: *Primer positions of gRNA were chosen according following NCBI GenBank acc. numbers:
EU571480.1 (PVX), NC001616.1 (PVY), NC001361.2 (PVM), AF453394.1 (PLRV), KC430335.1
(PVS).

The results of mpRT-PCR were in agreement with those of ELISA for all PV X,
PVM, PVY and PLRV samples tested.

PVS-specific primers were designed for mpRT-PCR diagnostic more thoroughly.
When the first pair #PVS-Forward and #PVS-Reverse resulting in a fragment of 186 bp
was used for PVS detection, about one-third part of samples did not produced any bands
although they were positive by ELISA. Full length of CP-coding sequences were
established by another primer pair #PVS-CP-Forward and #PVS-CP-Reverse (table 1)
of these samples after sequencing.

Thus, we found that the gRNA region 7547-7732 (186 bp) was variable for
different isolates.

Sequence analysis of different PVS isolates

To verify the identity of the 14 different PVS isolates, the short DNA fragments
of 186 bp encoded the central part of CP were amplified and sequenced. The Kazakh
samples were sequenced using primers #PVS-Forward and #PVS-Reverse or #PVS-CP-
Forward and #PVS-CP-Reverse (Table 1). Then their sequences were compared with
those of thirty already known PVS isolates using resource NCBI GenBank. Genotypes
of the most known isolates have been already described [5, 6, 20, 21].

Computer analysis based on pairwise identity was carried out to delineate each of
Kazakh isolates to different genotypes according to three classifications offered by Cox
and Jones [5], Salari et al. [22] and Lin et al. [6]. The nucleotide sequences of all
samples were grouped by phylogenetic analysis using MEGA X program (Fig. 2).
Undetected of any classification variants PVS-m KF011280 (China) clustered into
subgroup O-I [6], Yunnan YN KC430335 (China) and 6M:11 KC86620 (Tanzania) into
subgroup O-111, Cm KC818635 (China) and PVS-1 KF011279 (China) into O-1V, RL5
JX683388 (Colombia) into A-I1.

The most of Kazakh variants were identified as Ordinary, while the isolates
KZ13-08-04, KZ14-04-8K and KZ2-16i clustered with known Andean (subgroup A-II)
strains. Six members (KZ5-15p, KZ1-6i, KZ10-86, KZ11-93, KZ12-96, KZ5-11p) were
identified as genotype O-I. Three isolates (KZ1-10i, KZ13-08-43, KZ2-2i) were placed
into subgroup O-I11. The variants of the O-1I subgroup were classified by the similarity
of the genome into one group, nevertheless they had a significant evolutionary distance



between each other. So, the variant KZ11-PVS has only 97% homology with Q1
JX183954 (Chile) or with 6-2 AB364946 (Syria) and IdDef FJ813514 (US). The
members of the subgroup O-IV were assigned to the same cluster, but the lack of
sufficient nucleotide sequence identity (only 98%) did not allow them to be grouped
according to MEGA X program different algorithms.

Many Kazakh isolates had the unique features. The unique nucleotide
substitutions of all samples did not result in amino acid changes except isolates RL5
JX683388 (Colombia) and PVS-HU1 HF571059 (Hungary). There were serine instead
of proline in the first case; and arginine in place of glycine in the second case.

Genotypes of Kazakh isolates presumably could be similar to Chinese and Europe
isolates as nearest territorial neighbors. Indeed, the variants clustered into genotypes O-I
and O-IIl had high percentage of homology with isolates from China Yunnan YN
KC430335 and PVS-m KF011280 (figure 2).
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The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test
(2000 replicates) are shown next to the branches. An isolate potato virus P from Brazil was used as an
outgroup. Kazakh isolates are shown in bold.
Fig. 2. Neighbor-Joining phylogenetic tree based on nucleotide sequences of coat protein central region
of 44 potato virus S isolates.



However, several variants of genotype A-Il had high percentage of homology to
such isolates as Q3 JX183955 (98%) and RL5 JX683388 (96%) from the most remote
countries Chile and Columbia, respectively.

We made the conclusion about the existence of a wide variety of PVS strains with
different origins.

Diagnostics of different PVS strains by mpRT-PCR

Several studies have been published on the diagnosis of various PVS strains
previously [12, 13, 23, 24]. However, the nucleotide composition of the previously
selected primers does not always allow to obtain a positive response when conducting
mpRT-PCR for viruses isolated in another geographic region, due to the variability of
the nucleotide sequences.

To achieve this goal, new primer pair #PVS-new-Forward and #PVS-new-
Reverse (table 1) resulting in a fragment of 259 bp was designed except the pair #PVS-
Forward and #PVS-Reverse according sequencing results. Difference between Ordinary
or Andean strains was observed when three primers #PVS-Forward, #PVS-new-
Forward and #PVS-new-Reverse were used in duplex or mpRT-PCR (Fig. 1, lanes 9,
10, 13, 15-19, 22 and 23). Kazakh isolates KZ13-08-04 (lane 22) and KZ2-16i (lane 23)
were used as PVS” samples; KZ11-PVS (lane 13), KZ5-11p (lane 15), KZ2-2i (lane 16)
— as PVSP. For PVS® isolates the both bands of 169 bp and 259 bp or only short one
were observed after duplex RT-PCR or multiplex reaction (lanes 9, 10, 13, 15-19),
while for PVS* variants only one band of 259 bp and faint trace of around 169 bp were
detected in the both cases (lanes 22 and 23).

These results demonstrate the feasibility of mpRT-PCR based on the specific
primer design for detection of different PVS strains in a single step reaction and were
confirmed on another 64 plant samples.

CONCLUSION

The wide diversity of Kazakh PVS isolates have unique features and some
differences from each others and known variants was shown to what extent PVS
genome has variability although amino acid sequence remains constant. The proposed
method for diagnostic potato viruses allows to detect the presence of infection with
great accuracy.
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TYUIH

Kaszakcrangarel KapTonm JaKbUIBIHBIH 6CY OHIMALIINL TeMeH 0oy
cedenTepinid Oipi- BUpycTapMeH 3aKbIMAANYbl. BUpyc uHeKkunsicbIHAH 6CIMIIKTI
KOpPFay YIIH KOJJAAHBUIATBIH €H THIMAI Iapa- TYKbIMABIK MAaTepHaJabl
CaybIKTbIPYIbIH 3aMaHayu TacliiepiMeH JTUArHOCTHUKA TacliepiMmeH
OailsiaHbICTHIPY Oo0Jbin Tal0bLIAABL. KazakcranHblH Ajamarbl xdHe Kocranai
00JIbICTAPBIHAH AJIBIHFAH KapTon eociMaikTepiHiH yiariiepiven H®A xkoHe
myabTuiekcTi KT-IITP apkplibl Oearini Bupycrap M, S, Y, X koHe kaprTon
JKANbIPAFBIHBIH IIMPATHLIY BHPYChl 0ap O0JybIH AaHBIKTAHTBIH TajgayJap
oTKi3iiigi. COHFBI ’KUBIPMA KbUIIBIH ilIiHAe ericTiKTeri BUpyc cneKTpi TyOereiii
e3repredi anpIKTaIbl. Ka3zipri yakpiTTa eH kon taparan Carlavirus TybIChIHbBIH
TYpJepi 0oabin Tadbu1aabl. Tangaynan eTrken yariiepain 84.3% kaprontsin M
BHPYCBIHA KOHEe ocCiMAIKTepaiH 46.6% — KapTONThIH S BHPYCHIHA IIAJABIKKAH.
Kebine kenm canabl HMH(peKUHMA Kargaijaapbl TipKeJreH. OPpTYpJi BHpYcCTap
TYPJIepiH FaHAa eMmec, KapTon S BHPYCBHIHBIH JPTYPJi INTaMMIapblH AHBIKTAY
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MAaKCATbIHAA MYJIbTHILIEKCTi Kepi TPAHCKPHUIIIUS PEeKIUACHIHBIH JiCi COH/IaM -aK,
OFaH JKYNTACKAH MNOJMMepPa3lbl peaklus JIici Je OHTaWIaHABIPbLIABLL. Bupyc
KANCHIHIH AaKYbI3bIH KOATANTHIH TIi30eKTiH OpTaHrbl OOJIriH CeKBeHHpJiey
peakuMsIChIHbIH HOTHUKECiHAe S BUPYCBHIHBIH KA3aKCTAHABIK OH TOPT OKLIJIEPiHiH
imiage 11 Ordinary mramMMbeiHa :KoHe KaaraH 3 Andian mramMMbIHA
KATKbBBBLIABLL. Pecny0imka aymarbiHAa KapTonm S BHPYChI IITAMMAAPbIHBIH
ayKbIMJIbl JPTYPJIVIINi JKOHe IKAH-)KAKTbl WIBIFY Teri 3’KOHiHJAe KOPbITBHIHIbI
sKacaAJIbIHIBI.

Herisri ce3nep: kapron, Carlavirus, kapron S Bupychl, kancua akybi3bl, RT-
PCR.
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ABCTPAKT

OnmHa W3 NpPpUYMH HHU3KOH ypoxkaiHocTH Kaprodeas B Kazaxcrane -—
nopaxenue Bupycammu. Haubosee 3¢¢exTuBHON Mepoii 3aMTHI PACTEHUIl OT
BUPYCHOIl MH(pEKIUM SIBJISIETCS cOYeTaHUe COBPeMEHHBIX MeTO0/10B 0310POBJIEHUS
NMOCAJ0YHOr0 Marepuajia ¢ meroaamMu AuarHocTuku. C mnomompbio UPA u
myabTumjiekcHoii POT-TILP npoBeneH aHain3 Ha NPHUCYTCTBHE M3BECTHBIX
BUpycoB kaptodeass M, S, Y, X u BUpyca CKpYyYHMBaHHS JUCTheB KapTodessi y
00pa3uoB, moy4eHHbIX U3 AuMatuHckoi 1 Kocranaiickoii odJiacreit Kazaxcrana.
OO0OHapykeH0, YTO BHPYCHBbIIi CHEKTP Ha MOJSIX OYeHb CHJIBHO H3MEHWJCS 3a
nocjaeanue ABaauarh Jer. Haunbosee pacnpocTpaHeHHBIMH B HaCTOsilee BpeMsi
okazanuch mnpeacraBuresn poaa Carlavirus. 84.3% o6pasunoB, mnpouexmIMX
aHaiu3, Ol 3apakeHbl M Bupycom kaptTodesst u 46.6% pacrenmii — S BUpycom
kapTodesisi. B 0CHOBHOM 3aperucTpMpoOBaHbI CJ1y4al MHOKeCTBEHHOI MH}eKunu.
IIpoBenena onTuMHM3auUs MeTOAa MYJIbTHIUVIEKCHOM peakuuu o0OpaTHO
TPAHCKPUNLHUM M CONPSKEHHOW MOJTHMEPA3HOH peakliH ¢ HeJbI0 JUATHOCTHUKHU
He TOJIbKO Pa3JIMYHBIX BUPYCOB, HO H PA3JIMYHBIX IITAMMOB S BHpyca KapTodes.
B pe3yiabrare peaknuM CeKBEHHMPOBAHHUS LEHTPAJIBHOIO PAaOHA KOAMPYIOUIel
NMOCJIe0BATEJBHOCTH 0OeJIKa O000J0YKM M3 YeTBIPHAAUATH Ka3aXCTAHCKHX
n30aT0B S BUpyca 11 orHecennl K mrammy Ordinary u 3 — k mrammy Andian.
Craenano 3ak/il0ueHHe 0 CylIeCTBOBAHNH HA TEPPUTOPUH PecNy0JUKH HIMPOKOro
pa3HooOpa3susi mWTaAaMMOB S BHpyca KapTodessi U MOKAa3aHO HX Pa3IUYHOE
NPOUCXOKICHHUE.

KmoueBsbie ciioBa: Kaprodenn, Carlavirus, S Bupyc kaprogesi, 6eiok
o6os0ukn, RT-PCR.
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