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ABSTRACT

Helper component-proteinase (HC-Pro) is a multifunctional suppressor protein synthesized by potato virus Y (PVY), which
is able to neutralize the protective mechanisms of RNA interference (RNA-i) in potato plants, thereby causing systemic infection
of the host plant and significant damage to the tuber material. This article demonstrates how one of the main functions of HC-
Pro, the capture and retention of short interfering RNAs, 21-23 nt in size (siRNA) on the surface of protein subunits, can be
used to create virus-resistant potato plants in vitro. The proposed method is based on the selective dissociation of the HC-Pro/
siRNA complex from PVY-infected plants and siRNA-priming of healthy plants. Purified preparations of PVY-specific siRNAs
were obtained using column gel filtration followed by immunoprecipitation and phenol-chloroform extraction. Injections of
siRNA into the leaf plate of virus-free potato microplants, cultivars bred at Amanzholov University, led to a decrease in the
accumulation of viral particles in the cytoplasm of plants inoculated with the wild PVY strain and the formation of resistance

to PVY for the entire growing season.
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INTRODUCTION

Phytopathogenic viruses cause enormous damage to ag-
riculture and the economy. The existing methods of fighting
viruses are reduced to obtaining virus-free seed material, but
this method is not always effective, since a new strain of vi-
ral infection appears every season, and obtaining virus-free
planting material is a very expensive, laborious and lengthy
process. In this regard, the work on the timely diagnosis of
infectious plant diseases and the development of new strate-
gies to combat viruses are especially relevant.

One of the potential tools for increasing plant resistance to
viruses is RNA interference (RNA-1) [1]. An essential feature
of the protective mechanism of RNA interference is the pres-
ence of short double-stranded interfering RNA (siRNA, short
interfering RNA) with a length of 21-23 nucleotides, which
are powerful modulators of RNA interference [2, 3, 4]. When
the RNA-i process is triggered, the viral double-stranded RNA
(dsRNA) is fragmented by the DISER enzyme (ribonucle-
ase from the RNase III family) into complementary short in-
terfering RNAs (siRNA) of the viral RNA, which are fur-
ther involved in the endoribonuclease effector complex RISC
(RNA-induced silencing complex) and are directly involved in
the recognition and subsequent degradation of viral RNA tar-
gets [5, 6, 7]. Researchers have demonstrated how, using the
phenomenon of protective RNA interference, significant re-
sistance to viruses can be conferred by creating genetically
modified plants [8]. Our work clearly demonstrates a funda-
mentally new methodological approach to using PV Y-infected
plants as a donor of PVY-specific 21-23 nt siRNA, followed
by priming of healthy potato plants to activate antiviral resis-
tance without resorting to modification of the plant genome.
Our proposed method is based on preliminary activation of
RISC by exogenous PVY-specific siRNA for recognition and
enzymatic cleavage of viral RNA [9].
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Viruses from the genus Potyviridae encode the HC-Pro
suppressor protein, which is a multifunctional viral protein
and is involved in such important processes as virus repli-
cation, systemic and intercellular distribution of viral parti-
cles [10]. However, the most important biological function of
HC-Pro is its participation in the suppression of RNA-i de-
fense mechanisms, in particular, in the capture and retention
of short 21-23 nt siRNA molecules, which are necessary for
the successful activation of RNA-i defense mechanisms [5].
Detailed biochemical studies of HC-Pro have shown that its
ability to form dimers and multimers is critical to its function
as an RNA-i suppressor. The researchers determined the func-
tional role of the FRNK site in the structure of the HC-Pro
protein and showed that this function directly affects the se-
lective binding of siRNA and the intensity of symptoms of a
viral disease [12]. In addition, the suppressor function of HC-
Pro may also be associated with a decrease in siRNA stability,
since transgenic expression of the protein leads to a signifi-
cant decrease in the 5’-terminal modification of viral 21-nu-
cleotide siRNAs. Also, HC-Pro was found to inhibit func-
tional siRNA methylation and siRNA binding to the RISC
effector complex [13].

Since the structural and biochemical characteristics of the
HC-Pro suppressor protein play a crucial role in the detec-
tion and uptake of siRNA, in particular, in the stabilization
of siRNA on the surface of HC-Pro protein subunits and the
formation of the HC-Pro/siRNA complex, we formulated a
working hypothesis that PVY- infected plants containing the
HC-Pro/siRNA complex can serve as a source of virus-spe-
cific short interfering RNAs that can be used for exogenous
introduction into potato plants under sterile conditions. Vi-
rus-specific siRNAs, when they enter the cytoplasm of plant
cells, can directly participate in the activation of the effector
endoribonuclease complex RISC and initiate the plant’s nat-
ural immune response against the PVY virus.
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The main goal of this work is to prime potato plants of
Amanzholov University breeding varieties with PVY-specific
short interfering RNAs to activate the protective mechanisms
of RNA interference against viral invasion. In order to achieve
the goal, following key objectives were set: 1) to develop
a preparative amount of PVY-specific siRNA from PV Y-in-
fected plants; 2) treat healthy plants of Tavria, Vostochny-1
and Isolda varieties with preparations containing PVY-spe-
cific siRNA; 3) test treated plants for resistance to PVY virus
in laboratory and field conditions.

The studied data allow us to conclude that a strategy based
on the use of short interfering RNAs allows us to develop a
fundamentally new effective method for imparting antiviral
resistance to potato plants.

MATERIALS AND METHODS

Information about the object of the study and the
structure of the experiment.

Potato plants (/at. Soldnum tuberésum), genus Solanum,
Solanaceae family, classification by author Kaspar Baugin,
1596, were used as the object of the study.

Plants were grown on a Murashige-Skoog liquid nutrient
medium [14] in a special growing chamber at an air humid-
ity of 85%, a temperature of 19—20°C, and a 16-hour light pe-
riod. In each experiment, 60 plants were used and 3 biologi-
cal replications were carried out under the same conditions.

The research was carried out using immunological, spec-
trophotometric methods, ELISA, PAGE, HPLC, as well as
methods of statistical data processing

Plants were inoculated with Potato virus Y (PVY), Poty-
virus family, genus Potyviridae, and its isolates. The exper-
iments were carried out according to the following scheme:

1. Growing potato plants in vitro.
2. Inoculation of plants with RNA-containing PVY virus.

3. Isolation of HC-Pro/siRNA complexes from tissues of
infected plants using column gel filtration followed by purifi-
cation by immunoprecipitation.

4. Dissociation of the HC-Pro/siRNA complex to obtain
purified siRNA.

5. Preparative production of PVY-specific siRNAs.

6. Priming of healthy plants with preparations containing
purified siRNA.

7. Laboratory and field testing of siRNA-treated plants for
resistance to PVY.

8. ELISA diagnostics of experimental plants with the phe-
notype of recovery and analysis of the accumulation of vi-
ral particles.

Determination of viral infections in plants was carried out
using enzyme-linked immunosorbent assay (ELISA) and re-
al-time polymerase chain reaction (real time RT-PCR).

Fractionation of the HC-Pro/siRNA Complex by Col-
umn Gel Filtration.

Fresh leaf material of PVY-infected plants Solanum tu-
berosum in the amount of 6 g was subjected to freezing with
liquid nitrogen (-196°C) and ground with a pestle in a por-
celain mortar to a homogeneous mass. Extraction buffer was
added to the resulting homogenate in a volume of 1 ml. (200

mM Tris-HCI, pH 7.4). The extracts were filtered and centri-
fuged for 15 min at 12000 g and 4°C. The supernatant was
loaded onto a column (volume 150 ml, length 0.2 m) and frac-
tionated on an AKTA pure 25 HPLC unit (GE Healthcare,
USA) through a Sephacryl S-200 column (Sigma, USA) at a
rate of 50 ml/ h. 100 mM Tris-HCI buffer (pH 7.5) was used
as the mobile phase. Analysis of protein concentration in the
eluate was carried out at a wavelength of A280 nm. Using
dextran-1000 (Sigma, United States), the free column volume
V0 = 14 ml was determined. Calibration was performed using
marker proteins: alcohol dehydrogenase - 150 kDa, bovine se-
rum albumin - 68 kDa, carbonic anhydrase - 40 kDa and cyto-
chrome - 12 kDa. (Sigma, USA). Fractions with a volume of
1.5 ml were collected using an automatic collector, followed
by transfer to ice [15].

Affinity purification of the HC-Pro/siRNA complex.

The HC-Pro\siRNA complex from the fractions was pu-
rified using anti-rabbit Protein-G agarose according to the
method supplied with the commercial kit (Thermo Scientific,
USA). Fractions in a volume of 1.5 ml were mixed with an-
tibodies (anti-rabbit) and incubated for 12 hours in a refrig-
erator at 4°C. Then, 30 pl of Protein-G was poured into each
tube and incubated for 2 hours at room temperature. After in-
cubation, 500 pl of immunoprecipitation buffer (25 mM Tris,
150 mM NacCl, pH 7.2) was added to the mixture, centrifuged
for 3 min, and the supernatant was removed. The precipitation
step was repeated three times. The immune complex was iso-
lated by adding 50 pl of eluting buffer (0.2 M glycine-HCI,
pH 2.5), incubating for 5 minutes and centrifuging at 2500 g
for 3 minutes.

Dissociation of the HC-Pro/siRNA complex and purifi-
cation of siRNA from chromatographic fractions.

Nucleic acids were isolated from chromatographic frac-
tions by a modified method using a stabilized phenol solu-
tion and a TRI reagent (Sigma, USA) [16]. The samples were
sequentially mixed with the TRI reagent, chloroform, isopro-
panol (99.9%), ethanol (70%) and incubated step by step for
5 min. at room temperature followed by centrifugation for
10 min. at 12000 g and 4°C. At the last stage, the precipitate
was dried on ice and diluted with enzyme-free distilled water.

Identification of 21-23 nt siRNA.

Electrophoretic separation of proteins and nucleic acids
was carried out according to the standard method of Laem-
mli [17]. Identification of 21-23 nt siRNA in chromatographic
fractions was performed using electrophoresis in 3% agarose
gel in standard TAE buffer (0.4 M Tris acetate, 0.01 M EDTA,
pH 8.3) with the addition of ethidium bromide. The siRNA
bands were detected using a GelDoc gel-documenting system
(Bio-Rad, USA). Gene Ruler DNA Ladder, 100 bp (Thermo
Scientific, USA) was used as a marker for the number of nu-
cleotides.

Spectral analysis of RNA concentration.

The RNA concentration was determined spectrophotomet-
rically on a NanoDrop 2000c spectral analyzer (Thermo Sci-
entific, USA) at a wavelength of A260 nm. The quality of
the preparation was analyzed in the ratio of optical density at
wavelengths of A260/280 nm. To do this, RNA samples iso-
lated from chromatographic fractions were loaded into the
reading module of the device, followed by measurement of
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light absorption at a wavelength of A260 nm.

ELISA diagnostics of plant material for the presence
of potato viruses.

Diagnosis of infectious diseases of potatoes (PVY, PVS,
PVM, PVX, PLRV) was carried out according to the protocol
of the commercial test kit of the ELISA sandwich version of
the Federal State Budgetary Scientific Institution “Federal Po-
tato Research Center named after A.G. Lorch”, Russian Fed-
eration. According to the instructions for the test system, the
analysis was carried out according to the generally accepted
method [18]. Rabbit antibodies specific to the studied viruses
(working dilution 1:500) were sensitized on the bottom of the
wells of polystyrene plates in a cover buffer (0,02 M Na,CO,,
0,07 M NaHCO,, pH 9,6) and incubated in a refrigerator for
12 hours at +4°C. After sensitization, the plates were washed
with wash buffer (phosphate-buffered saline with the addi-
tion of 0.05% Tween-20, pH 7.4) to remove unbound reac-
tion components. At the next stage, extracts of plant material
and controls were added to the wells. As a negative control,
lyophilized samples of the cell extract of a healthy plant were
used, after which they were incubated overnight in a refriger-
ator at +4°C. The plates were then washed 3 times with wash
buffer. A specific antiviral conjugate (working dilution 1:500)
was added to the wells of the plate and incubated for 1 hour at
37°C in a thermostat. At the final stage, the wells were washed
and the substrate was added to show the reaction for 10 min-
utes. The results of the analysis were taken into account on a
Multiskan FC spectrophotometer (Thermo Scientific, USA)
at a wavelength of 492 nm.

Real-time RT-PCR testing of plant material for the
presence of potato viruses.

Nucleic acids were extracted from plant material using

a commercial M-SORB kit (Synthol, Russia) with magnetic
particles. One-step reverse transcription and real-time RT-
PCR was performed using a commercial kit of reagents (Syn-
thol, Russia) with ANK-32 PCR analyzer (Synthol, Russia).
Samples were tested for PVY, PVS, PVM, PVX, PLRV vi-
ruses.

RESULTS AND DISCUSSION

PVY-infected plants usage as a source of virus-specific
short interfering RNAs.

One of the functions of the suppressor protein PVY-HC-
Pro is the size-specific capture and fixation on the surface of
protein subunits of double-stranded short interfering RNAs
specific to PVY [11, 12, 13]. In this regard, in the cell sap of
plants infected with potato virus Y, there are virus-specific
short interfering RN As bound on the surface of HC-Pro sub-
units. Accordingly, virus-specific siRNAs can be obtained by
purification and dissociation of the HC-Pro/siRNA complex
from the cell sap of plants infected with PVY mono-infection.

Experimental samples of potato plants of varieties Mag-
istr, Izolda and Tavria, planted in the garden of the East Ka-
zakhstan Agricultural Experimental Station (EKAES), were
tested for the presence of viral infections of potatoes (PVY,
PVX, PVM, PVS, PVL) with commercial enzyme immuno-
assay diagnostic test systems, production of the Federal State
Budgetary Scientific Institution “Federal Research Center for
Potato named after A.G. Lorch” and using a one-step reverse
transcription reaction and real-time RT-PCR using a commer-
cial kit of reagents (Synthol, RF). According to the results of
combined visual diagnostics, ELISA (Table 1) and RT-PCR
(Table 2), plant samples with confirmed PVY monoinfection
were selected. The resulting PV Y-infected plants were used to

Table 1 - Results of ELISA diagnostics of samples for the presence of viruses, units of optical density

] Name of the pathogen
Variety/ sample
PLRV PVM PVS PVX PVY
. . . . . Positive
Magister 1 Negative Negative Negative Negative 1,846+0,031
. . . . . Positive
Magister 2 Negative Negative Negative Negative 1,688+0,027
. . . . . Positive
Magister 3 Negative Negative Negative Negative 1,372+0,031
. Positive Positive . . Positive
Magister 4 1.29420,039 1,448+0,025 Negative Negative 1,86540,028
. . . . . Positive
Magister 5 Negative Negative Negative Negative 1,372+0,037
. Positive Positive . Positive
Isolda 1 Negative 1,841£0,035 1,480£0,033 Negative 1,480£0,033
. . . . Positive
Isolda 2 Negative Negative Negative Negative 1,042£0,030
Isolda 3 Positive Positive Positive Neeati Positive
N 1,557+0,033 0,945+0,021 0,945+0,018 cgative 1,076+0,023
Tsolda 4 Positive Positive Positive Positive Positive
1,335+0,021 0,935+0,022 0,935+0,017 1,059+0,025 1,3124+0,018
. . . . Positive
Isolda 5 Negative Negative Negative Negative 1,663+0,027
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. . . . . Positive
Tavria 1 Negative Negative Negative Negative 131540,018
Tavria 2 Neeative Positive Positive Positive Positive
v gatv 1,717+0,032 1,150+0,020 1,014+0,034 1,31040,025
. . Positive . Positive Positive
Tavria 3 Negative 1,058+0,031 Negative 1,379+0,037 0.900+0,028
. . . . . Positive
Tavria 4 Negative Negative Negative Negative 1,539+0.036
. . Positive . Positive Positive
Tavria 5 Negative 1,3790,029 Negative 0,994+0,019 1,1970,025
Positive control 1,195+0,039 0,981+0,025 1,289+0,029 1,118+0,034 1,247+0,031
Negative control 0,067+0,018 0,091£0,021 0,068+0,025 0,052+0,020 0,089+0,017

Note: 3 independent repetitions of the experiment were carried out, the figure shows one of them. The value is the average +
standard error of the average.

Table 2 - Results of PCR diagnostics of samples for the presence of viral infections

Name of the pathogen
Variety/ sample
PLRV PVM PVS PVX PVY
astsier | N N/ N N/ Positive
agiste a a a a 25,26+0,3
. Positive
Magister 2 N/a N/a N/a N/a 21,70+0,1
. Positive
Magister 3 N/a N/a N/a N/a 19,62+0,1
. Positive Positive Positive
Magister 4 19,68+0,3 19,67+0,2 N/a 28,85+0,1 N
4 Positive
Magister 5 N/a N/a N/a N/a 19,67+0,3
Positive Positive Positive
Isolda 1 Nia 28,91+0,1 22,54%0,1 20,83+0,2 M
Positive
Isolda 2 N/a N/a N/a N/a 27,24+0,1
Isolda 3 Positive Positive Positive N/a Positive
19,26+0,3 27,82+0,2 22,54+0,1 22,54%0.1
Isolda 4 Positive Positive Positive Positive Positive
24,84+0,1 21,74%0,1 27,59+0,3 27,59+0,1 22,68+0,1
Positive
Isolda 5 N/a N/a N/a N/a 25,80+0,2
. Positive
Tavria 1 N/a N/a N/a N/a 23,23+0,2
Tavria 2 N/ Positive Positive Positive Positive
avria a 28,8240, 1 19,95+0,2 20,41+0,3 26,21+0,2
Tavria 3 Positive Positive Positive Positive N/a
24,0940, 1 25,59+0,2 26,13+0,1 21,60+0,3
. Positive
Tavria 4 N/a N/a N/a N/a 26,09+0,1
. Positive Positive
Tavria 5 N/a 23,10+0,1 N/a 27,68+0,3 N

Note: N/a — no amplification, the result is negative. Three independent repetitions of the experiment were carried out. The

value is the average + standard error of the average.
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propagate the PVY viral material and further study the com-
plex of the HC-Pro suppressor protein with short interfer-
ing RNAs.

Purification of the ribonucleic complex of the HC-Pro
suppressor protein with PVY-specific short interfering
RNAs.

Identification and purification of PVY-specific short in-
terfering RNAs was carried out in 3 stages. At the first stage,
extracts of plant material from PVY-infected potato samples
were fractionated by size exclusion chromatography on a Sep-
hacryl S-200 column. This matrix was chosen because the
resolution of Sephacryl S-200 allows efficient separation of
proteins with a molecular weight of up to 200 kDa. Fractions
eluted from the column after chromatographic separation were
analyzed for the presence of proteins and nucleic acids (Fig.
1A). Using anti-HC-Pro polyclonal rabbit serum, fractions
containing the siRNA-associated HC-Pro suppressor protein
were identified (Figure 1B). After chromatography, the HC-
Pro/siRNA complex from the fractions was precipitated with
Protein-G agarose according to the standard method supplied
with the commercial kit (data not shown).

At the second stage of purification, the selective separa-

tion of the HC-Pro/siRNA complex and the production of a
preparative amount of short interfering RNAs specific to PVY
were performed. For this, chromatographic fractions contain-
ing the HC-Pro/siRNA complex obtained in the previous ex-
periment were treated after immunoprecipitation with trizol,
phenol-chloroform, and methanol according to the standard
method for RNA purification [16]. As a result, siRNAs sepa-
rated from the HC-Pro suppressor protein without any struc-
tural damage or loss of specificity. Moreover, this method
makes it possible to exclude foreign protein and nucleic im-
purities, as well as the entry of whole genome virus RNA into
the preparation.

Purified siRNA samples were checked spectrometri-
cally for total RNA content on a NanoDrop-2000 photome-
ter (Thermo Scientific, USA). The results of spectrophotom-
etry indicate the presence of nucleic acids in fractions 2-5,
which corresponds to a molecular weight yield of HC-Pro
60=£5 kDa (Table 3). The concentration of RNA in the puri-
fied preparations was determined in the range of 120-210 ng/
pl. The device did not detect the presence of DNA in the sam-
ples, which indicates the purity of RNA in the obtained chro-
matographic fractions.
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Figure 1 — Purification and identification of components of the HC-Pro/siRNA nucleoprotein complex. A) Chromatogram of the elution profile of

proteins isolated from infected plant samples. The black frame shows the elution of the HC-Pro/siRNA complex (60+5 kDa). B) Western blot (top) with

anti-HC-Pro polyclonal rabbit serum for identification of the HC-Pro/siRNA complex; agarose gel electrophoresis in the presence of ethidium bromide
(bottom) for identification of 21-23 nt siRNA. C) Visualization of the schematic location of the yield of HC-Pro fractions on the calibration curve. The total

Molecular weight of the HC-Pro dimer with the associated 21-23 nt siRNA duplex is 60+5 kDa. Note: 3 independent repetitions of the experiment were
carried out, the figure shows one of them.

Table 3 - Spectral analysis of RNA concentration in chromatographic fractions containing the HC-Pro/siRNA complex

RNA
No. . Units A260 (Abs) A280 (Abs) 260/280 Sample type
concentration
1 19,2+1,1 ng/ul 0,479+0,019 0,361+0,017 1,33+0,03 RNA
2 40,242,5 ng/ul 1,004+0,028 0,688+0,028 1,46+0,05 RNA
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3 137,1£7,4 ng/pl 3,42740,121 2,226+0,92 1,54+0,1 RNA
4 270,5+12,8 ng/pl 6,761£0,250 | 4,273+0,165 1,58+0,12 RNA
5 147,3+82 ng/pl 3,683+0,138 | 2,289+0,094 1,61+0,1 RNA
6 97+4.4 ng/pl 2,426+0,104 | 1,695+0,047 1,43+0,09 RNA
7 38423 ng/pl 0,949+0,086 | 0,816+0,061 1,16+0,06 RNA
8 34,942,0 ng/pl 0,872+0,069 | 0,685+0,052 1,27+0,02 RNA
9 18,7+0,9 ng/pl 0,468+0,018 | 0,425+0,018 1,10+0,01 RNA

Note: There were 3 independent repetitions of the experiment. The value is the average + standard error of the average.

At the final stage, it was necessary to determine the size of
RNA purified from chromatographic fractions. For this pur-
pose, electrophoretic analysis of nucleic acids was carried out
in agarose gel electrophoresis in the presence of ethidium bro-
mide to visualize RNA. Based on the results of the analysis,
it was possible to identify short RNA molecules with a length
of 21-23 nucleotides in chromatographic fractions contain-
ing the viral suppressor HC-Pro (Figure 1B). The data can be
interpreted by the fact that the molecular weight of one pair
of RNA nucleotides corresponds to 640 Da, and the mass of
HC-Pro is 50 kDa [20]. Based on this information, it can be
argued that the total mass of the HC-Pro dimer with the as-
sociated 21-23 nt siRNA duplex is 60 + 5 kDa (Figure 1C),
which corresponds to the previously obtained data of other
authors [10, 20].

Thus, the presence of the 60 kDa HC-Pro/siRNA complex
in PVY-infected Solanum tuberdsum plants was shown, which
correlates with the data of other authors [10, 11, 12, 20, 21].
A new complex method for the purification of PVY-specific
short interfering RNAs was also demonstrated, which can be
used in the preparative production of the required amount of
siRNA for priming potato plants in order to confer antiviral

1 2

14 dpi

T T T T
1 2 34 66 7 8 9101121314 |

resistance to PVY.

siRNA priming of healthy in vitro potato planting ma-
terial allows plants to effectively neutralize the symptoms
of a viral infection in the field.

Testing the effectiveness of acquired resistance to the PVY
virus was carried out on test-tube microplants in vitro of po-
tato varieties bred at Amanzholov University. A total of 180
plants of the varieties Tavria, Vostochny-1 and Izolda were in-
volved in the experiment. These varieties are included in the
State Register of varieties recommended for cultivation in the
Republic of Kazakhstan. A necessary condition was labora-
tory testing of plants for the degree of resistance to PVY vi-
ral infection after inoculation with virions and analysis for the
presence of viral particles in the cell sap of immunized plants.

All plants were divided into 4 experimental groups: 1 con-
trol group of healthy plants; 2 control group infected with
wild strain PVY plants; group 3 - PVY-infected plants not
subject to siRNA pretreatment; Group 4 - PVY-infected plants
pre-treated with siRNA. Experimental plants were continu-
ously monitored with photofixation of symptoms and mor-
phological changes.

3 4

Figure 2 — Healing effect after siRNA-priming of potato plants in vitro in the field. 1 - control group of healthy plants; 2 — control group of siRNA-
treated plants without subsequent PVY inoculation; 3 — experimental group of plants treated with 120 ng/ul of PVY-specific siRNA and inoculated with
PVY; 4 - control group of PVY-infected plants. Note: 3 independent repetitions of the experiment were carried out, the figure shows one of them.
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As a method for delivering siRNA into plant tissues, the
method of injection with a microsyringe into a leaf plate un-
der sterile conditions was used. After the introduction of exog-
enous PVY-specific siRNAs (5 days after priming), the plants
were planted indoors. The period of adaptation to natural con-
ditions was 5 days, then the plants in the field were inoculated
with wild type PVY. After 7-9 days after infection, plants that
were not pre-treated with viral siRNAs showed symptoms
characteristic of PVY: development of a wrinkled mosaic of
leaves, damage to the veins on the leaf blade, necrotic spots,
death of the leaf blade, a significant slowdown in the growth
and development of the terrestrial part of plants [10].

The group of plants immunized with siRNA preparations
did not lag behind in growth and development from the con-
trol group of healthy plants, however, they showed minor
symptoms on the first and second leaf tiers, which disappeared
on days 21-27 after inoculation with the virus (Figure 2).

At the end of the growing season, the minitubers of the ex-
perimental plants were also checked for symptoms of PVY.
The symptoms of the disease on the tuber material of the ex-
perimental plants did not appear, the disease proceeded stably,
without causing any damage to the minitubers. The control
group of PVY-infected plants showed significant develop-
mental deficiencies and the presence of viral minituber le-
sions, compared to the experimental groups of siRNA-treated
plants (Figure 3).
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Figure 4 — Dynamics of the pathogenesis of PVY infection on
experimental plants during the growing season. A) control group of
PVY-infected plants; B) control group of siRNA-treated plants without
subsequent PVY inoculation; C) experimental group of plants treated with
120 ng/ul of PVY-specific siRNA and inoculated with PVY; D) control
group of healthy plants. 1 - plants with symptoms of PVY; 2 - healthy
plants or plants with a phenotype of recovery after a PVY infection; 3 -
collapsed plants. Note: 3 independent repetitions of the experiment were
carried out, the figure shows one of them. The value is the average +
standard error of the average.

son at an early stage of PVY infection in siRNA-treated plants
showed minor symptoms of the disease, which almost com-
pletely disappeared on days 21-27 after PVY inoculation. The
development of the ground part of plants and tuber material
proceeded within the normal range until the end of the grow-
ing season. This section shows the health-improving effect
on test-tube plants in vitro and minitubers of potato varieties

3 4

Figure 3 — Preventive effect on tuber material after siRNA-priming of potato plants in vitro. 1 — control group, minitubers of healthy plants; 2 — control
group, minitubers of siRNA-treated plants without subsequent PVY inoculation; 3 — experimental group, minitubers of plants treated with 120 ng/ul of
PV Y-specific siRNA and inoculated with PVY; 4 - control group, minitubers of PV Y-infected plants. Note: 3 independent repetitions of the experiment

were carried out, the figure shows one of them.

The presence of symptoms at an early stage of develop-
ment in siRNA-immunized plants after PVY inoculation was
recorded in 60+4.1% of cases. Symptoms in the control group
of plants treated with siRNA without further inoculation with
the virus were recorded only in 5£1.25% of plants, which in-
dicates a high degree of purification of siRNA preparations
and the safety of their use on healthy plants. Plant collapse
was statistically observed in less than 3+0.92% of virus-nega-
tive control groups. Plants from the positive control group for
the PVY virus showed the presence of disease symptoms in
9642.37% and plant death in 40+8.2% of cases. According to
the results of laboratory tests, the viability of siRNA-immu-
nized plants after PVY infection is 92+3.12%, the presence of
leaf wrinkling symptoms was detected in 60+4.1% of immu-
nized plants. No viral symptoms or lesions were identified on
minitubers of siRNA-treated plants (Figure 4).

Thus, dynamic visual diagnostics during the growing sea-
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bred at Amanzholov University, planted in closed ground for
the full growing season from June to September 2021. Next,
the effect of plant siRNA priming on the accumulation of vi-
ral particles in the cytoplasm of the host plant will be shown.

Treatment of plants with preparations containing
PVY-specific siRNAs significantly reduces the concentra-
tion of viral particles in plant cells and tissues.

Experimental in vitro siRNA-immunized potato plants
of Izolda, Tavriya and Vostochny-1 varieties, planted in the
field, were tested for the presence of potato viral infections
(PVY, PVX, PVM, PVS, PVL) using commercial enzyme im-
munoassay diagnostic test systems produced by the Federal
State Budget Scientific institutions «Federal Research Center
for Potato named after A.G. Lorch» According to the test re-
sults, it was found that the concentration of surface antigens
of the PVY virus in the cell sap of virus-susceptible plants
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subjected to pretreatment with virus-specific siRNAs is re-
duced by 80+7.1% relative to the control group of PVY-posi-
tive plants (Table 4). The results can be interpreted by the mo-
lecular properties of the RISC effector complex, which was

programmed upon exogenous introduction of PVY virus-spe-
cific siRNAs into the cytoplasm for recognition and enzymatic
cleavage of viral RNA [8].

Table 4 - Dynamics of the decrease in the accumulation of viral particles in siRNA-treated plants

Groups of experimental plants tested for PVY

Potato variety 1 2 3
(PVY+) (siRNA+) (siRNA+PVY)

Vostochny-1 Positive 1,965+0,031 Negative 0,081+0,038 Positive 0,577+0,033
Vostochny-1 Positive 1,738+0,032 Negative 0,031+0,033 Positive 0,624+0,030
Vostochny-1 Positive 2,001+0,025 Negative 0,028+0,038 Positive 0,538+0,025
Isolda Positive 1,709+0,034 Negative 0,045+0,037 Positive 0,517+0,019
Isolda Positive 1,957+0,025 Negative 0,092+0,028 Positive 0,588+0,022
Isolda Positive 1,763+0,033 Negative 0,090+0,034 Positive 0,625+0,024
Tavria Positive 1,676+0,026 Negative 0,039+0,036 Positive 0,648+0,038
Tavria Positive 1,743+0,038 Negative 0,022+0,025 Positive 0,506+0,034
Tavria Positive 1,988+0,036 Negative 0,044+0,018 Positive 0,555+0,019

Positive control 1,847+0,025 1,752+0,031 1,898+0,036

Negative control 0,056+0,016 0,049+0,017 0,072+0,019

Note: 1 - Control group of PV Y-infected plants; 2 — control group of siRNA-treated plants without subsequent PVY inoc-
ulation; 3 — experimental group of plants treated with 120 ng/ul of PVY-specific siRNA and inoculated with PVY. Three inde-
pendent repetitions of the experiment were carried out. The value is the average + standard error of the average.

Thus, upon infection with a wild strain of PVY, RISC en-
doribonuclease activity significantly reduces the concentra-
tion of viral particles in the cytoplasm, inhibiting further re-
production and spread of the virus between host plant cells.
The results obtained allow us to state that pretreatment of in
vitro potato microplants with preparations containing 120 +
20 ng/pul of PVY-specific siRNA immediately before planting
in open ground and infection with a wild strain of the PVY
virus prevents systemic death of the plant, damage to tuber
material and gives immunized plants stable resistance to the
course of the disease.
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ABCTPAKT

Helper component-proteinase (HC-Pro) — MynbTH()yHKIMOHATBHBIN CYyIPECCOPHBINH OEIIOK, CHHTE3UPYEMBIH BUPYCOM
kaptodens Y (PVY), cnocoben HeliTpanu3zoBars 3amuTHbele Mexann3Mbl PHK-untepdepennun (RNA-i) y pacrennii kap-
To(hesis, TEM CaMbIM BBI3bIBASI CHCTEMHOE 3apayKeHNE PACTEHUS-X035IMHA M 3HAYNTEIILHOE MTOpaKEHHE KIIyOHEBOTO MaTepH-
ana. B naHHOM cTarbe HaMISAHO MOKa3aHO, KaKMM 00pa3oM MOXKHO MCIOJIB30BaTh OJHY M3 OCHOBHBIX (yHkunit HC-Pro —
3axBar M yAepkaHne Kopotkux uHtepdepupytomux PHK, pasmepom 21-23 nt, (siRNA) Ha moBepxHOCTH CyObeaANHUIL OeNKa
— JUIsl CO3AaHMsI BUPYC-PE3UCTEHTHBIX pacTeHH KapTodens in vitro. B ocHoBe npeiaraemMoro crocooa JISKUT CeNIeKTHBHAs
nuccormanust kommiekca HC-Pro/siRNA n3 PVY-unpunnposannsix pactenuit n siRNA-npaiiMuHr 310poBbeIx pactenuii. C
TTOMOIIBIO0 KOJIOHOYHOM TeNb-(PHUIBTPALIMH C MOCICAYIOIIEH UMMYHOIIpEIUIUTanuel 1 (heHoI-XI10poOpMHOI IKCTpaKIUeH
ObLIH TTOJTy4eHb! ounIeHHbIe npernapaTbl PV Y-cnenuduuanbix siRNA. Mabekimu siRNA B THCTOBYIO IIIacTHHY O€3BUPYCHBIX
MHUKpopacTeHHi Kaproders, COPTOB celeKUur Y HUBEpCUTeTa AMaHK0JI0Ba, IPUBOIMIIN K CHIIKCHHUIO HAKOTUICHHS BUPYC-
HBIX YacCTHI] B IIUTOIIa3Me MHOKYJIMPOBAaHHBIX JUKUM mTammoM PVY pacrenuii u popmupoBanuto ycroiiunsoct K PVY Ha
BECh MIEPUO]] BETeTaLUN.

KaroueBsie cioBa: Solanum tuberosum, HC-Pro, PVY, RISC, siRNA, PHK-unTepdepents.
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IN VITRO SOLANUM TUBEROSUM OCIMJIKTEPIH PVY - CHEHU®HUKAJIBIK KbICKA
UHTEP®EPEHTTI PHK-MEH OHJIEY BUPYCKA KAPCBI TO3IMAIJIIKTI BEJICEHAIPE I
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AHJATIIA

Helper component-proteinase (HC-Pro) — xapron ecimaikrepinaeri PHK untepdpepernmsiceiasie (RNA-1) KopraHbIC
MeXaHU3MIEpiH OefTapanTaHAbIpy apKbUIbl OCIMIIKTIH KYHEeTi 3aKpIMIaHybl MEH TYHHEK MaTepHalibIHA alTapiIbIKTal 3USH
kenTipeTin y (PVY) xapTomn BUPYCHIMEH CHHTE3/IENIETIH KOIT KbI3METTI CYIIPEeCCOpIIbl aKyhI3. by Makamamga Bupycka Te3iMai
in vitro kapton ecimaikTepin amy ymin HC-Pro — HBIH aKkys13 cy00ipmikTepiniy 6etinae 21-23 nt (siRNA) exmemui, Kbicka
naTepdepentti PHK-HBI ycTay skoHe ycTan Typy KbI3METiH Kaslail KoJiganyFa 00TaThIHABIFEl HAKTHI KepceTireH. ¥ ChIHBIUIFaH
omic PVY xykreipran ecimaikrepae HC-Pro/siRNA kemieHiHIH CEleKTUBTI AUCCOIMANAsIAHYHA KOHE cay OCIMIIKTEePaiH
siRNA-men ennenyine HerizgenreH. KomoHKaNbIK renaik-QpuibTpiIey, IMMYHOIIPEIUTUTALINS XKoHE (EHOI-XIT0POo(OopMIBI
IKcTpaknusuiay kemeriMeH PVY - criermudukansik siRNA TazapTeiIFaH npemapaTTapbl albIHIbL.

AMAaHK0JI0B YHUBEPCUTCTIHIH CEICKIUSIIBIK COPTTAPhIHA JKATAThIH KAPTOITHIH BUPYCChI3 MUKPOOCIMIIKTEPIHIH JKaIbIpaK
takranapbsiHa SIRNA enrizy xabaiibl PVY mraMbl eriireH eciMaiKTep/IiH HUTOIUIa3MachliH/la BUPYCTHIK OOJIIEKTEP IiH
JKUHAKTAJIybIHBIH TOMCH/ICYIHE jKoHE OYKLIT Bererarus Ke3eHinae PVY-ke To3IMATIKTIH KaablTacyblHa OKEJIII.

Tyiiinai cesnep: Solanum tuberosum, HC-Pro, PVY, RISC, siRNA, PHK-unTepdepenius.
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