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Abstract. Viral diseases in potato crops, especially Potato virus Y (PVY), Potato
leafroll virus (PLRV), Potato virus M (PVM), and Potato spindle tuber viroid
(PSTVd), are particularly difficult to control and represent an important problem
for worldwide agriculture. In this study, we assessed the antiviral potency of
RNA interference (RNAi) and CRISPR/Cas13 technologies in lowering viral
titers and preventing pathogenesis.

Potato plants were inoculated with individual and combined viral pathogens
and subsequently treated with constructs containing gRNA, sense, and
antisense sequences used for both RNAi and Cas13-mediated degradation of
the viral RNA. Quantitative PCR (qPCR) was utilized to measure RNA levels,
and disease progression was observed for three weeks. Expression of Cas13
was confirmed by fluorescence microscopy and Western blot. Results of the
RNAIi constructs lowered levels of viral RNA up to 85% for PVY and 78% for
PLRV. CRISPR/Cas13 constructs yielded even greater suppression rates (290%
in some treatments) with marked symptom alleviation. Synergistic effects of
constructs targeting multiple targets were observed with the greatest decreases
in viral loads and disease severity. The differences were statistically significant
(p < 0.05) between treated and control plants. This research demonstrates
that RNAi and CRISPR/Cas13 can enhance potato resistance to viral infections.
Providing a scalable, transgene-free approach to disease control, these methods
contribute to sustainable agriculture and global food security.
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Induced RNA interference and its impact on potato virus amplification in plants

Introduction

Potatoes (Solanum tuberosum) are a key staple crop worldwide and provide macronutrients
and micronutrients for billions of people. The production of potatoes is threatened by a wide
range of viral pathogens, such as Potato leafroll virus (PLRV), Potato virus Y (PVY), Potato virus
M (PVM), and the viroid - Potato spindle tuber viroid (PSTVd). These infectious agents not only
reduce tuber yield but negatively affect processed harvest tubers, making it critically important
to protect potato plants from the negative impact of these relevant phytopathogens. This results
in significant financial losses for farmers and agribusinesses across the globe. [1-10].

The management of viral diseases in potato crops remains a significant challenge due to the
absence of effective chemical treatments and the rapid evolution of viral strains. Traditional
approaches, such as breeding for resistance and vector control, are often labor-intensive and
insufficient to counter the fast-paced emergence of new viral variants. Consequently, there is
an urgent need for innovative strategies to protect potato crops from viral infections [11-14].

RNA interference (RNAi) and CRISPR/Cas systems have emerged as powerful tools for plant
disease management. RNAi exploits the plant's natural defense mechanisms to silence specific
viral genes, whereas CRISPR/Cas systems enable precise and programmable targeting of viral
genomes for degradation. Among these, the Cas13 family of RNA-targeting enzymes has shown
remarkable promise in combating RNA viruses due to its specificity and efficiency [15-17].

Weinvestigated the effectivenessof RNAinterference (RNAi)and CRISPR/Cas13technologies
on inhibiting the replication of key potato viral pathogens. Multiple studies have shown that
both Cas13 as well as RNA constructs that target the gRNA (RNAi) are effective in reducing
the severity of viral infections in potato plants [18-21]. We examined their capacity to reduce
viral loads and symptoms in potato plants via probe- and gRNA-directed Cas13 constructs and
sense/antisense RNAi constructs. This study on the use of such technologies for the management
of viral infections has the potential to develop new and transgene-free, sustainable solutions for
the protection of potato crops.

Here, we provide an overview of the design, implementation, and utility of these advanced
moleculartools. We evaluate their potential benefits, limitations, and implications for enhancing
global food security as agricultural challenges intensify.

Materials and research methods

Plant Materials and Experimental Design

The study utilized 51 economically significant potato cultivars (Solanum tuberosum), selected
for their high agronomic traits and resistance potential. Virus-free plants were produced from
the apical meristems of sprouted potato tubers (3-5 cm). All sprouts were thoroughly surface-
sterilized before excision to ensure they were free from contamination. Details of the initial
cleaning procedures, including detergent solutions containing Tween-20, and treatment with
sterilizing agents such as ethanol, mercuric chloride, and hydrogen peroxide (Table 1), are
provided. After sterilization, explants were washed 3-5 times with autoclaved distilled water to
remove residual sterilizing agents.
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Table 1
Variants of explant sterilization

Sterilization Time
20s
30s
50s

1 minute

No. Sterilization Option Sterilizing Agent
1 70% Ethanol

2 0.1% Mercuric Chloride

2 minutes

3 minutes

3 10% Hydrogen Peroxide 2 minutes

5 minutes

8 minutes

Sterilized plant explants were placed on Murashige and Skoog (MS) medium supplemented
with sucrose, agar, and necessary vitamins. The pH prior to autoclaving was buffered to 5.7.
Seven variations of growth media with different concentrations of plant growth regulators,
including auxins, gibberellins, and cytokinins, were tested to optimize shoot regeneration
(Table 2). Cultivation conditions were set to 25 + 2°C under a 16-hour photoperiod with 8 hours
of darkness using a climate chamber (Binder KBWF 240, Tuttlingen, Germany).

Table 2
Variants of growth media supplemented with phytohormones

Variants Indoleacetic Indole-3- Gibberellic | Kinetin | 6-Benzylaminopurine (6-BAP)
of MS Media | Acid (IAA) | Butyric Acid | Acid (GA)
(IBA)
MC1 0.1 - 0.3 - -
MC2 - 0.1 0.3 - -
MC3 0.05 0.05 - - -
MC4 - - 0.3 - 1
MC5 - - 0.3 1 -
MC6 0.1 - - -
MC7 - 0.1 - -

RNA Extraction and Pathogen Detection

Total RNA was extracted from 250 mg of plant tissue following a modified CTAB protocol [22].
Lysis was performed by homogenizing liquid nitrogen-ground plant tissues with CTAB buffer
containing polyvinylpyrrolidone (PVP) and 3-mercaptoethanol. After a 30-minute incubation
at 65°C with constant shaking, chloroform extraction was performed. RNA was precipitated
overnight with lithium chloride at 4°C, pelleted by centrifugation, washed with 70% ethanol,
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air-dried, and dissolved in nuclease-free water. RNA integrity was assessed on 1.5% agarose
gels, and concentrations were measured using a NanoDrop One spectrophotometer (Thermo
Fisher Scientific).

All reverse transcription reactions were performed in 15 pL volumes containing oligo(dT)
and random hexamer primers, dNTPs, and RevertAid Reverse Transcriptase (Thermo Fisher
Scientific). Pathogen-specific primers for PVY, PLRV, PVM, and PSTVd detection were used for
PCR (Table 3).

Table 3
Specific primers for pathogen detection
Primers Forward Primer Sequence (5'—3’) Reverse Primer Sequence (5'—=3’) Source

for Detection

PVM (202 bp) CGTACAACAGGCCGTCCAT CGCGGATCCAGGAATACGG [22]
PLRV (249 bp) GCCGCTCAAGAAGACTGGAG GGGGGTCCAACCTATAACGGAT [22]

PVY (535 bp) GCATCCAGTCAAACCGGAAC GCATACGCGCTCTAACCCAC [22]
PSTVd (123 bp) ACCCTTCCTTTCTTCTGGGTG GAAAAGGCGGTTCTCGGGAG [23]

Virus and Viroid Inoculation

Potato plants were inoculated with the following pathogens: Potato leafroll virus (PLRV),
Potato virus Y (PVY), Potato virus M (PVM), and Potato spindle tuber viroid (PSTVd). Infections
were carried out both individually and in combination, including six different combinations
(PVY + PVM, PVM + PLRV, PVY + PVM + PSTVd, PLRV+PVY, PSTVd+PVY, PLRV+PVY+PSTVd), to
clearly determine any synergistic or antagonistic effects.

For mechanical inoculation, infected tissue (0.01 g) was homogenized in 5 mL of 0.06 M
phosphate buffer (pH 7.0). To facilitate pathogen entry, an abrasive material was applied, and
the leaves were lightly rubbed before applying the homogenate. Plants were grown under a 16-
hour light/8-hour dark photoperiod at 18-25°C. Infection symptoms were monitored twice a
week for at least three weeks post-inoculation [23].

CRISPR/Cas Constructs

Bioinformatic tools were used to identify conserved genomic regions of the viruses and
viroids suitable for targeting by the guide RNA (gRNA) sequences. Furthermore, the first RNA
sequences developed to induce RNA interference were sense and antisense. The sequences
were synthesized and cloned into pBluescript Il KS(+) intermediate vectors driven by particular
promoters (AtU6 for gRNA and CaMV 35S for sense and antisense sequences). Cas13d self-
fused to GFP subcloned into the binary vector pCambia2300.

Restriction enzymes Xmal and Xbal were used to digest the intermediate constructs to
facilitate ligation into binary vectors. The recombinant constructs were initially transformed
into E. coli DH5a for plasmid amplification and later electroporated into Agrobacterium
tumefaciens EHA105 using Gene Pulser Xcell (Bio-Rad) (Table 4).
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Table 4
Constructs used for agroinfiltration of infected plants
Variant Genetic constructs for agroinfiltration carrying Viruses individually and
number guide RNA, sense, and antisense sequences in combinations for plant
inoculation
1 PVY_T1_T2 PVY
2 PVY_S_AS
3 PLRV_T1_T2 PLRV
4 PLRV_S_AS
5 PVM_T1_T2 PVM
6 PVM_S_AS
7 PSTVd _T1_T2 PSTVd
8 PVM_T1_T2 +PLRV_T1_T2 PVM + PLRV
9 PLRV_S_AS + PVM _S_AS
10 PLRV_T1_T2 + PVY_T1_T2 PLRV + PVY
11 PLRV_S_AS+ PVY_S_AS
12 PVY_T1_T2 +PVM_T1_T2 PVY+ PVM
13 PVY_S_AS +PVM_S_AS
14 PSTVdA_T1_T2 + PVY_T1_T2 PSTVd + PVY
15 PVM_T1_T2 +PVY_T1_T2+PSTVd_T1_T2 PVM + PVY + PSTVd
16 PLRV_T1_T2 + PVY_T1_T2+PSTVd _T1_T2 PLRV + PVY + PSTVd
Agroinfiltration

Agrobacterium suspensions were made in infiltration buffer (10 mM MgCl2, 10 mM MES,
200 puM acetosyringone), and the 0D600 was diluted to 0.5. Agroinfiltration was performed by
injecting the suspensions into the intercellular spaces of leaves using a needleless syringe. Young
plants with 5-6 leaves were selected, and four opposite-positioned leaves were infiltrated per
plant. Constructs targeting individual pathogens and combinations were tested. Plants were
grown under the same conditions as inoculated plants, and leaf samples were collected 3-5
days post-infiltration.

Protein Expression Analysis

Fluorescence microscopy and Western blotting confirmed the expression of Cas13d-
GFP fusion proteins. Fluorescence imaging was performed using an EVOS™ M5000 Imaging
System with corresponding filters and objectives (10x, 20x, 40x). The proteins were extracted
with standard lysis buffer, separated using 7.5% SDS-PAGE gels, and transferred to PVDF
membranes by semi-dry blotting. Primary monoclonal anti-GFP antibodies (Santa Cruz
Biotechnology) and secondary goat anti-mouse antibodies were used to detect GFP-tagged
proteins. Blots were developed with NBT/BCIP substrates.
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qPCR Analysis

The expression levels of gRNA, sense, and antisense RNA, and viral RNA loads were quantified
using qPCR. Reactions were performed in 20 pL volumes with Luna Universal qPCR Master Mix
(NEB) and primers specific to each target (Tables 5 and 6). Thermal cycling was conducted
on a QuantStudio 5 system with an initial denaturation step (95°C, 3 min), followed by 40
cycles of denaturation (95°C, 15 s), annealing (60°C, 20 s), and extension (72°C, 40 s). Three
biological replicates with technical duplicates were analyzed for each construct and pathogen
combination. Relative expression levels and viral loads were calculated using the AACt method,
normalized to GAPDH as an internal control.

Statistical Analysis

Data were analyzed using the R statistical programming environment. Paired t-tests were
employed to compare viral loads and construct expression levels between treated and control
plants. Significance was set at p < 0.05. Statistical summaries were generated using the ggplot2
and dplyr packages in R.

Table 5
Sequences of specific primers for confirming gRNA expression, sense, and antisense sequences

Primer Name Primer Sequence (5’'—=3’)
PVM-gRNA-1-f AACCCCTACCAACTGGTC
PVM-gRNA-probe TTGAAACACCAAATACACATACCATCCA
PVM-gRNA-1-r TGGAGTGATTGATAGATTGTTG
PLRV-gRNA-1-f AACCCCTACCAACTGGTC
PLRV-gRNA-probe AACTATTCCATCCTTGAATGCCGGA
PLRV-gRNA-1-r GTCCGGCATTCAAGGATG
PVY-gRNA-1-f AACCCCTACCAACTGGTC
PVY-gRNA-probe AACTATTCCATCCTTGAATGCCGGA
PVY-gRNA-1-r GTCCGGCATTCAAGGATG
PVY-gRNA-1-f AACCCCTACCAACTGGTC
PVY-gRNA-probe GGGTTTGAAACGTGAAACCCCTGTTTC
PVY-gRNA-1-r TCCCGCGGAAACAGGG
PVM_as_f GTAGCTTAATTCGCAGATTG
PVM_as_probe GACAGTGCGTCTCTGGCATA
PVM_as_r CTTGATCCCAATTCCCACTCA
PVY_as_f ATTTGCTTGAGTATGTCCA
PVY_as_probe CGGATGGCAATCGACATAGG
PVY_as_r ATTCATCACAGTTGGCATCT
PLRV_as_f CCAGAGGAAACAAAGTGATCA
PLRV_as_probe TGCAAGGCTCCATAGAGACA
PLRV_as_r GGAGGCATTGTCAGAAATG
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Results Validation

Construct efficacy was assessed by analyzing viral RNA suppression, symptom alleviation,
and construct expression levels. Constructs with sense and antisense sequences exhibited
superior RNA interference activation, while gRNA-Cas13 combinations effectively targeted viral
RNA, demonstrating the potential of this dual strategy for pathogen control.

Table 6
Specific primer sequences for viral pathogens and viroid
Pathogen Detection Primer Sequence (5’'—3’) Source
Name Primers
PLRV PLRV-F 5'’AAAGCCGAAAGGTGATTAGGC3' [23]
PLRV-R 5'CCTGGCTACACAGTCGCGT3'
PLRV probe 5'/Cy5/CTCAACGCCTGCTAGAGACCGTCGAAA/BHQ-
2/3'
PVY PVY -F 5'GGGTTTAGCGCGTTATGCC3'
PVY-R 5'TCTTGTGTACTGATGCCACCG3' 5'/HEX/

PVY probe CAGTGAGGGCTAGGGAAGCGCACA/BHQ-1/3'

PVM PVM -F 5'CCATAGAAGCTCTCAGCCGG3'

PVM -R 5' TTCATGCCACCAGTGACCTC3'

PVM probe 5'/6-FAM/ ATACTGCTGCAGTCCAACCC/BHQ-1/3'
PSTVd PSTVd - F 5'GCCGAAACAGGGTTTTCACC3'

PSTVA[26] - R | 5'GTTTCCACCGGGTAGTAGCC3'
PSTVd probe | 5'/6-FAM/ TTCTTCGGGTGTCCTTCCTC/BHQ-1/3"

GAPDH GAPDH - F 5'TAGCTGCACCACTAACTGCC3'
(internal GAPDH - R 5'TGCCTTCGGATTCCTCCCTAS'
control) GAPDH probe |5'/6-FAM/ TTCCGTGTCCCAACCGTTGA/BHQ-1/3'

Results

Suppression of viral load using RNAi and CRISPR/Cas13 constructs

Significantly lower levels of viral RNA were detected in potato plants treated with RNAi and
CRISPR/Cas13-based constructs (Table 7). Constructs targeting PVY (PVY_T1_T2) achieved an
85% reduction in viral RNA as measured by qPCR (ACt = -3.2). Similarly, PLRV_T1_T2 and PVM_
T1_T2 constructs resulted in 78% and 82% reductions in viral RNA levels, respectively. Dual-
target constructs such as PLRV_S_AS + PVY_S_AS exhibited synergistic effects, with viral load
reductions exceeding 90% (p < 0.001). Combining RNAi and CRISPR/Cas13 increases efficiency
of viral suppression (4), according to data (Figure 1).
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Figure 1. Detection of PVY, PLRV, PVM viruses, and PSTVd viroid in potato samples after inoculation

Table 7

Constructs Carrying Guide RNA, Sense and Antisense Sequences, and the Cas13 Gene
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PSTdv_T1_T2

Validation of Cas13d-GFP Expression and Localization

The expression and functionality of the Cas13d-GFP fusion protein were validated through
fluorescence microscopy and Western blotting (Figures 2, 3). Fluorescence microscopy
confirmed the proper cytoplasmic localization of the fusion protein, while Western blot analysis
showed clear protein bands corresponding to Cas13d-GFP at the expected molecular weight.
These results confirm efficient expression and retention of functionality in treated potato plants.

A B

< 130«fa

Figure 2. Analysis of Cas13d Protein Expression: (A) Results of Cas13d Protein Electrophoresis
in Polyacrylamide Gel; (B) Immunoblotting of Cas13d Protein Using Antibodies to the 3XxFLAG Tag

Figure 3. Results of Fluorescence Microscopy: Analysis of eGFP Protein Expression
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Alleviation of Disease Symptoms

Plants that received the CRISPR/Cas13 constructs showed a significant reduction of disease
symptoms. For instance, PVY-infected plants exhibit less necrosis and leaf deformation, while
PLRV-infected plants exhibit minimized leaf curling and chlorosis. Multi-target constructs
(e.g., PLRV + PVY + PSTVd) demonstrated the most significant impact, almost fully eliminating
symptoms and restoring plant health. These results highlight the therapeutic potential of
CRISPR/Cas13 and RNAIi technologies for use against viral diseases.

Comparative efficacy of RNAi and CRISPR/Cas13 systems

The study revealed differences in the onset of viral suppression between RNAi and CRISPR/
Cas13 constructs. CRISPR/Cas13 constructs as well as RNAi constructs were able to detectably
suppress viral RNA, but were faster, with suppression detectable within seven days post-
treatment for CRISPR/Cas13 constructs compared with ten days post-treatment for RNAi
constructs (Figure 4). Furthermore, CRISPR/Cas13 exhibited higher specificity in targeting
conserved viral regions, reducing the risk of pathogen escape through mutations. These findings
position CRISPR/Cas13 as a more precise and efficient tool for pathogen control.
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Figure 4. Amplification of Potato Viruses in Plants Expressing gRNA, Sense, and Antisense Sequences

Statistical Analysis and Construct Validation

Statistical analysis in R confirmed that all of the constructs tested led to significantly reduced
viral loads as compared to untreated controls (p < 0.05). Single pathogen-specific constructs
showed, while multi-pathogen constructs provided comprehensive suppression with high
reproducibility. In addition, paired t-test and other statistical tools were used, so that the
experimental results were reliable.
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Discussion

The results indicate the potential of CRISPR/Cas13 and RNAi technologies as efficient tools
for controlling viral infection in potatoes. The rapid action, specificity, and scalability of CRISPR/
Cas13 systems make them a promising alternative to traditional approaches. The combinations
of RNAi and CRISPR/Cas13 strategies pave the way for the generation of transgene-free and
sustainable solutions for potato crop protection.

Further research should focus on optimizing guide RNA design, improving the durability of
these systems under field conditions, and scaling up for broader agricultural applications. Such
progress may also help secure global food supplies by preventing losses from viral pathogens in
potatoes and other staple crops [24-30].

Conclusion

RNAi and CRISPR/Cas13 systems are effective for the control of important potato viruses.
The constructs greatly reduced viral RNA levels, improved disease symptoms, and took the
first steps toward effective and long-term viral control. CRISPR/Cas13 exhibited faster action
and greater specificity compared to RNAi, making it a promising tool for the development of
transgene-free crop protection strategies. Future research should focus on optimizing these
technologies for field applications, paving the way for enhanced resilience in potato production
and improved global food security.
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Uuayknusaaanrad PHK vHTepdepeHIUsChI 2)K9HE OHbIH, 6CIMAiKTep/eri KapTon BUPYChIHBIH,
aMmMpUuKanuscbiHa dcepi

K.C. Axnabn6aeBal?, PT. Kenxke6ekoBal 2, A.C. Menapi6aeBa?, A.U. Kanbituna?, I.A. F'puneHKo*?
1«9n-@apabu amsindarsl Kazak yammulk yHugepcumemi», Aamamol, Kazakcmat
2«Bcimdikmep 6U0102USCHI JHCaHe 6UOMEXHO/A02USACHI UHCMUmMymbi», Aamamsl, KazakcmaH

Angatna. KapTon gakpliapblHAaFbl BUPYCTBIK aypyJiap, acipece kKapTonThlH Y BUpychl (PVY), kapTon
»KanbIpaFbIHbIH MWHUbIPIILIK BUpYCchl (PLRV), kapTonTsig M Bupychl (PVM) xkoHe kapTomn WNUHAEAbIHIH
TyiiHeri BUpouasl (PSTVd), 6akpLiayra epekile KUbIHABIK TYFbI3a/ibl KoHE dJIEMJIK ayblJ LIapyallblIbIFbI
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YIIiH MaHbI3Abl Macesie 60Jibin TabbLIaAbl. Ockl 3epTTeyae 6i3 PHK-unTepdepennuscer (RNAi) sxaHe
CRISPR/Cas13 TexHoJIOrUsi/IapbIHbIH BUPYCTBIK TUTPJIEPAi TOMEHAETY *KOHE MaTOreHe3/IiH aIZIbIH aJIy
KabiseTiH 6arasaliMbI3. KapTon eciMAikTepi xKeKe kaHe 6ipiKTipisireH BUPYCTBIK KO3 bIPFhIIITAPMEH
KYKTBIpbLIJbI, cofaH KeiliH BUpycThlK PHK-HbiH RNAI »xoHe Casl3 apKblibl Jerpafanuschl yiliH
gPHK, ceHcopJbIK 9He aHTHUCEHC Ti3beKTepiH KAMTUTBIH KOHCTPYKLUsJIapMeH eHAe i, BUpycThIK
PHK, nenreiin enmey ymid canablk [ITP (QPCR) KosiaHbLAAbI, al aypyAblH JaMybl YII anTa GOHbI
6akbl1aHbl. Cas13 askcnpeccusicel QuryopecueHTTI MUKpockonus kaHe Western blot axicTepimen
pactangbl. RNAiI KoHCTpyKuusiapblHbIH, HaTHKe iepi PVY ymin Bupyctoik PHK nenreitin 85%-ra, an
PLRV yuiin 78%-ra geitin ToemengetTi. CRISPR/Cas13 Herisingeri KoHCTpyKUuusiap oAaH Ja »KofFaphbl
6acy neHreiH kepceTTi (kelbip eMaey HycKasnapbiHAa 290%) *KoHe CUMNITOMAApAbIH alTapabIKTan
*KeHisiJleyiMeH epekiiesieH/i. BipHelle MakKcaTThl GaFbITTaFaH KOHCTPYKIUSIJIAPABIH CUHEPTUSJIbIK
acepJiepi BUPYCTHIK, XKYKTEMEHIH €H, YJIKEH ToMeH/leyiMeH oHe aypy ayblIpJbIFbIHbIH alTapJibIKTal
asambIMeH OaWKanabl. OHJeNreH KoHe Oakpliay TONTapbIHJaFbl ©CIMAIKTEpP apachIH/aFbl
allbIpMallbLIBIKTAp CTAaTUCTUKAJBIK, TYPFbIJaH MaHbI3bl 60161 (p < 0,05). By 3eprTey RNAi »xaHe
CRISPR/Cas13 TexHoJIOTUsJIApbIHBIH, KAPTOITBIH BUPYCThIK UHEKLUsIapFa Te3iMAiniriH apTThipa
aJaTbIHbIH KepceTeAi. bys azicTep aypynapAbl 6aKpliayFa apHaJfaH KeHiHEH KOJIJaHyFa 60J1aThblH,
TpPaHCreHci3 Tacin/ji KaMTaMachl3 eTil, TYPaKThl aybl [IapyallbLIbIFbIHA KoHe kahaH/bIK a3bIK-TYJIiK
KayiIncisairine yJjec Kocaapbl.

Ty#in cesaep: xapron Bupychl, PHK-untepdepennusce;, CRISPR/Cas13, renzaepai pepakuwusay,
BUpYC 6acy, MOJIEKYJIAJIBIK KypaJiAap, TYPaKThl aybl1 LIapyallbLIbIFbl, TPAHCT'E€HCI3 TEXHOJIOTUS

UnaynupoBanHasa PHK-unTepdepeHnusa U eé BaussHMEe Ha aMIIMPUKaALUIO BUpYyca KapTodeas
B pacTeHUsX

K.C. Axnin6aeBal?, PT. Kemxke6ekoBal?, A.C. MeHabi6aeBa?, A.U. KanbiTnHa?, [I.A. I'puneHko*?
!Kaszaxckull HQYUOHA/ALHLIU yHUBepcUMem uMeHu aab-Papabu, Aamamvl, KazaxcmaH
2HHcmumym 6uos02uu u 6uomexHo02uu pacmenutl, Aamamel, Kasaxcmat

AHHoTanusA. BupycHble 3a6oJsieBaHHsA KapTodesis, ocobeHHo Bupyc Y kaprtodens (PVY), Bupyc
CKpy4YHBaHUd JUCTheB KapTodesns (PLRV), Bupyc M kaptodens (PVM) u BUpou/; BepeTeHOBUIHOCTU
kJayoHed kaptodens (PSTVd), kpaliHe TpyJHO KOHTPOJIMPOBATb, U OHH MPEJCTABJISIOT COGOH
CeEpbEe3HYI0 NPOoO6JIeMy JJisi MUPOBOTO CEeJbCKOr0 X03sHCTBa. B 3TOM Hcc/iejoBaHUM Mbl OlleHUBaeM
NPOTUBOBUPYCHbIM moTeHnuan TexHosoruii PHK-untepdepennun (RNAi) u CRISPR/Cas13
B CHW)XEHHUM BUPYCHbIX THUTPOB U INpeJOTBpalleHUM MaToreHesa. PacteHus kaptodess ObLIU
MHOUIUPOBAHbl KaK OTJEJbHBIMU, TAK U KOMOWMHUPOBAaHHBIMU BUPYCHBIMU NAaTOT€HAaMH, a 3aTeM
06paboTaHbl KOHCTPYKLUAMH, cogepxkaiiumu raigosyo PHK (rPHK), ceHcopHble 1 aHTUCMBICTOBBIE
N0C/el0BaTeJbHOCTH, HUcHoJb3yeMble Kak fas RNAi, Tak u pana gerpafanuu BupycHoit PHK,
onocpenoBaHHoi Cas13. KonuuectBennas TP (qPCR) ucnosib3oBanach AJisi U3MepeHUs] YPOBHEN
BupycHoil PHK, a nporpeccupoBaHue 3a60/1eBaHus Ha6J110/1a/10Ch B TeYeHHE TPeX HeJlesIb. JKCIpeccust
Cas13 6bL1a NMOATBEPXKJAEHA C MOMOINBIO GJIYOPECIEHTHOW MHKPOCKONHMU M BECTEPH-OGJIOTTUHTA.
Pe3ysbTaThl 3KCIIEPUMEHTOB C KOHCTPYKIUsAMU RNAi nokasanu cHuxeHue ypoBHSI BUpycHOM PHK
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o 85% paa PVY u 78% paa PLRV. Koncrpykuuu CRISPR/Cas13 nmpozeMoHcTpupoBasu ele 6oJiee
BBICOKHE [T0Ka3aTeJy NofaBJeHus BUPYcoB (290% B HEKOTOPbIX BapUaHTaX 06pabOTKH) € 3aMeTHBIM
obJsieryeHueM cUMITOMOB. CUHepreTHyeckuil 3¢pPeKT KOHCTPYKLMH, HallpaBJeHHbIX Ha HECKOJIbKO
MUILIEHeH, NpUBeJ K MAaKCMMaJbHOMY CHMXXEHHUIO BUPYCHOH HarpyskM WU TSXKeCTH 3a00JieBaHHUA.
Pasnyunsa Mex y 06paboTaHHBIMU U KOHTPOJIbHBIMH PAacTeHHUSIMHU ObIJIM CTATUCTUYECKU 3HAYUMBIMHU
(p < 0,05). dto uccnegoanue aemoHctpupyeT, uTo RNAi u CRISPR/Casl3 MoryT mHOBBICUTH
YCTOWYUBOCTb KapTodessi K BUPYCHbIM HHpekusaM. ObecneyrnBasi MaclITabUpyeMbli, TpaHCreHes-
HeoOyCJIOBJIEHHBbIM MOAX0A K KOHTPOJIO 3ab0JieBaHUH, 3TH MeTOJbl CIOCOGCTBYIOT Pa3sBUTHIO
YCTOUYHMBOTO CeJIbCKOT'0 X035IMCTBA U 06ecrnedeHU 0 I1060a1bHOW TPOI0BOIBCTBEHHON 6€30MacHOCTH.
KniwouyeBbie cioBa: Bupyc kaptodens, PHK-unrtepdepenuus, CRISPR/Casl3, penakTupoBaHue
reHOB, MOJAaBJeHHE BUPYCOB, MOJIEKY/SpPHble WHCTPYMEHTbI, YCTOWYHMBOE CeJbCKOe XO3SHCTBO,
TpaHCreHHe3aBHUCHUMasi TEXHOJIOTUsI
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