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Abstract. RNA interference (RNAI) is a powerful tool for gene silencing. It has recently been used to design
promising plant protection strategies against pests such as viruses, insects, etc. This generally requires modifying
the plant genome to achieve in planta synthesis of the double-stranded RNA (dsRNA), which guides the cellular RNA
interference machinery to silence the genes of interest. However, given Russian legislation, the approach in which
dsRNA is synthesized by the plant itself remains unavailable for crop protection. The use of exogenously produced
dsRNA appears to be a promising alternative, allowing researchers to avoid genetic modification of plants, making
it possible to implement potential results in agriculture. Furthermore, exogenous dsRNAs are superior to chemical
pesticides (fungicides, insecticides, etc.), which are widely used to control various plant diseases. The dsRNA acts
through sequence-specific nucleic acid interactions, making it extremely selective and unlikely to harm off-target
organisms. Thus, it seems promising to utilize RNAi technology for agricultural plant protection. In this case, questions
arise regarding how to produce the required amounts of pathogen-specific exogenous dsRNA, and which delivery
method will be optimal for providing sufficient protection. This work aims to utilize exogenous dsRNA to silence
the Nicotiana benthamiana phytoene desaturase gene. Phytoene desaturase is a convenient model gene in gene
silencing experiments, as its knockdown results in a distinct phenotypic manifestation, namely, leaf bleaching. The
dsRNA synthesis for this work was performed in vivo in Escherichia coli cells, and the chosen delivery method was
root treatment through watering, both techniques being as simple and accessible as possible. It is surmised that the
proposed approach could be adapted for broader use of RNAi technologies in agricultural crop protection.
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AHHoTauusA. PHK-nHTepdepeHUMa — MOLLHbIA MHCTPYMEHT ANS FeHHOTO CailflIeHCUHra, 6rarofaps YeMmy 1cnosb3yeTcs
npy pa3paboTke HOBbIX MOAXOAOB C OONMbLIMM MOTEHUMANOM ANA 3alMTbl PacTEHWUA OT BMPYCOB, HACEKOMbIX U
Apyrnx natoreHoB. Kak mpaBWio, B TakMX CUCTeMax reHOM pacTeHWin ropasepraetca mopndukaumam C Lenbio
cuHTe3a fAsyuenodeuHbix PHK (auPHK), Heobxopmmbix ana PHK-vHTepdepeHUMn n nocnepymowero canneHCuHra
HEenocpeacCcTBEHHO B pPacTUTeNbHbIX KneTkax. OfHako C yyeTom 3akoHopaTenbcTBa Poccuiickon Oefepauny Takomn
noAxof He MOXKeT UCMOJIb30BaTbCA Ha CEIbCKOXO3ANCTBEHHbIX PacTEHUAX, YTO fieNlaeT HEBO3MOKHbIM €ro MpUMeHeHue
npwu ycnosun cnHTesa auPHK camnm pacteHnem. MpriMeHeHre 3K30reHHO cMHTe3npoBaHHo AUPHK moxeT ctatb nep-
CNEKTUBHbBIM CMOCOOOM 3aLUTbl PACTEHUIA, TaK Kak MO3BONAET 136eXaTb CO34aHNsA reHeTnYeCKn MoandULNPOBaHHbIX
OpraHv3MOB 1 BHEAPUTb MONYYEHHYI Pa3paboTKy B CENIbCKOM XO3AWCTBE. Takke 3K3oreHHble AUPHK umetot
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Silencing of the N. benthamiana phytoendesaturase gene
by root treatment of exogenous dsRNA

NPenMyLLeCTBO MO CPaBHEHUIO C XUMUKaTamu (GyHrumaaMmmn, MHCEKTULMAAMA U T. A.), UCMONb3yeMbIM/ 418 3aLLUTbI
pacTeHni, Tak Kak AUPHK pencTByloT nocpeAcTBOM cBoel crieunduyeckor HyKneoTUAHOW MocCnefoBaTenbHOCTY,
YTO [enaeT OMMCaHHbIN MOAXOh KpaiHe M36MpaTenbHbIM K MaToreHy M 6e3omacHbIM AnA OPYrMX OPraHUM3MOB.
B coBOKynHOCTM BbllwenepeynciieHHble dakTopbl genatt metoabl PHK-uHTepdepeHumm Becbma nepcrnekTvBHbIMA
INA NMPUMEHEHMA B CENbCKOM X03ANCTBE C LieNblo 3alyTbl PacTeHWUIA, MO3TOMY BCTAaeT BOMPOC O KPynHOMacLITabHOM
CUHTe3e 3K30reHHbIXx Monekyn AUPHK, cneumduuHbix K onpeaeneHHOMy naToreHy, U Bblbope ONTMManbHOro
cnocoba rx [OCTaBKM ANA AOCTMKEHNA 3almTHOro 3¢dekra. Llenbio HacToALen paboTbl ABNAETCA CalIEHCUHT reHa
¢duToeHpecaTypasbl Tabaka beHtxama (Nicotiana benthamiana) ¢ npuMeHeHeM 3K30reHHO cCMHTe3npoBaHHol ALPHK.
leH duTOEHAECATYpPa3bl — OUEHb YAOOHAA MOAeNb B SKCMEPUMEHTaX MO PerynAaunMm reHHON akTBHOCTH, TaK Kak ero
CalIEHCKHT COMPOBOXKAAETCA APKMM bEHOTUNNYECKM NposABfeHneM B Buge nobeneHmsa nuctbes. CuHTes guPHK
ocywecTBnAnu in vivo B knetkax Escherichia coli; B kauecTBe cnocoba focTaBkM BbibpaHa KopHeBasa 06paboTka uepes
NoONMB pacTeHMA — MaKCMMaNbHO NPOCTbIe U JOCTYMHble MaHunynauun. NpegnonaraeTca, YTo NPeANoXeHHbIV NOAX0S
MOXeT ObITb MaclWTabnupoBaH 1 afanTMPOBaH ANA 3alWTbl PACTEHUIA B CENIbCKOM XO3AMCTBE C MOMOLLbIO METOLOB, B
OCHOBE KOTOpbIX Nexxut PHK-uHTepdepeHuuma.

KnioueBble cnoBa: PHK-uHTepdepeHLUsA; reHHbI calineHCcuHr; ¢utoeHaecaTypasa; sk3oreHHasa AuPHK; Nicotiana

benthamiana; kopHeBaa 06paboTka

Introduction

In order to protect plants against pathogens and pests, agri-
culture relies on the widespread use of chemical pesticides
that are applied to the environment in large amounts. These
intense applications of chemical pesticides pose potential risks
for human health, beneficial organisms, and the environment
(Niehl et al., 2018). Therefore, it is imperative that new al-
ternative methods of controlling plant diseases be developed.
Thus, there is a need for novel tools and alternative methods
to control disease epidemics. A promising new approach with
strong potential for protecting plants against viruses and other
pathogens involves the application of dsSRNA.

dsRNA applications can be highly advantageous over
chemical compounds. Whereas chemical compounds act by
a structure-dependent mechanism, dsRNAs act through their
specific nucleotide sequence. Hence, once engineered to af-
fect a specific pathogen target with a homologous sequence,
dsRNAs and small interfering RNA (siRNA) derivatives
should act only against the targeted pathogen. It is worth
noting that, unlike chemical pesticides, dSRNA agents are
biocompatible and biodegradable compounds, natural and
universally found inside and outside organisms as well as in
food. In this way, applying dsRNA proves to be a much more
flexible and environmentally friendly approach.

However, the wide application of dsRNA treatment in
agriculture is hampered by the lack of efficient and cost-
effective methods to synthesize large quantities of dsRNA.
The main approach to obtain dsRNA has been the physical
annealing of two enzymatically synthesized single-stranded
RNAs (ssRNA) in vitro (Laurila et al., 2002). Also, the ef-
ficiency of exogenously administered dsRNA in plants can
be influenced by several factors: dsSRNA concentration/dose
and length/size, method of application, method of delivery,
plant organ-specific activity, and stability under unfavorable
environmental conditions. It is these factors that eventually
determine the rate of uptake of exogenous dsRNA by plant
cells for RNAI triggering. Given all these factors, it is neces-
sary to develop an efficient method for the large-scale synthesis
of dSRNA molecules and to choose the best method for their
delivery (Carthew, Sontheimer, 2009).

In this work, we suggest a method for regulating the acti-
vity of the phytoene desaturase gene in tobacco (Nicotiana

benthamiana) using dsRNA synthesized in Escherichia coli
cells: root treatment of plants with crude bacterial lysate
containing the target dsRNA led to photobleaching of plant
leaves by RNA interference (RNAI).

Phytoene desaturase is a key enzyme in chlorophyll syn-
thesis, with its silencing known to result in the phenotypic
manifestation of leaf photobleaching. Thus, this gene is often
used as a model for developing new approaches to regulate
gene activity. Root treatment with crude lysate allows scal-
ing up dsRNA production and minimizing delivery time and
resources. The approach developed is expected to be used
to protect agricultural plants by regulating gene activity by
RNAI.

Materials and methods

Characterization of the bacterial strain. This study used the
E. coli HT115 (DE3) strain [F-, mcrA, merB, IN(rrnD-1rnE) 1,
rncl14::Tn10(DE3 lysogen: lacUVS promoter — T7 poly-
merase) (IPTG-inducible T7 polymerase) (RNAse 11l minus)].
This strain is deficient in RNase III and therefore can be
used to generate dsSRNA. The strain was cultured in standard
Luria-Bertani (LB) liquid media or LB agar with tetracycline
(12.5 pg/mL).

Characterization of the L4440 plasmid. Plasmid L4440
(Plasmid #1654, Addgene, USA) was used in this study. The
specific feature of this plasmid (i. e. the presence of two strong
T7 promoters in opposite directions) makes it suitable for the
production of dsSRNA fragments. Also, the plasmid carries an
ampicillin resistance gene.

Selection of primers. Primers were selected using the
Primer-BLAST resource (https://www.ncbi.nlm.nih.gov/tools/
primer-blast/index.cgi) on the N. benthamiana mRNA matrix.
The selected primer variants were tested for the presence of
hairpins, self- and heterodimers using the OligoAnalyzer
tool (https://eu.idtdna.com/calc/analyzer). As a result, the
following primers were synthesized: forward 5-GGCACTC
AACTTTATAAACC-3" and reverse 5'-CTTCAGTTTTCT
GTCAAACCATATATGGAC-3' (Syntol, Russia).

Production of cDNA. mRNA was isolated using the
RNeasy Plant kit (Qiagen, USA) according to the manufac-
turer’s protocol, with the RNA sample obtained analyzed on a
Bioanalyzer Instrument 2100 RNA analyzer (SB RAS Genom-
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ics Core Facility, ICBFM SB RAS). Reverse transcription was
performed with the BiolabMix R01-250 kit (BiolabMix, Rus-
sia). The HS-qPCR SYBR Blue kit (BiolabMix, Russia) was
used to generate fragments, and amplification was performed
in a Bio-Rad IQ instrument (Bio-Rad, USA).

Cloning of the pds gene fragment. The pds gene was
cloned in two steps. Initially, the gene was cloned into the
pCR2.1 intermediate T-vector (Invitrogen, USA). Bacterial
colonies containing the gene fragment were first selected
using the blue-white screening. The final selection of clones
was carried out based on the presence of the complete gene
fragment in the restriction spectra after treatment with EcoRI
endonuclease.

Cloning into the final vector L4440 was performed using the
ligase-restriction method with the restriction endonucleases
Pstl and Ncol. For this purpose, the corresponding restriction
sites were introduced into the pds gene fragment during its
amplification (the same sites are present in the structure of
the L4440 vector). Recombinant E. coli clones were selected
on a selective medium containing ampicillin. To verify the
presence of the pds gene fragment in the L4440 vector, PCR
was performed using primers specific for the pds gene. The
final presence of the pds gene fragment and its nucleotide
sequence were confirmed by Sanger sequencing.

Transformation of the E. coli strain HT115 (DE3) with
plasmid L4440. Competent cells were prepared according to
the Nishimura protocol (Nishimura et al., 1990). For transfor-
mation, a 0.1 ml aliquot of bacterial suspension was mixed
with 5 pl of L4440 plasmid dissolved in TE buffer (100 pg)
and incubated on ice for 30 min. Next, the cells were placed in
an incubator and maintained at 42 °C for 60 s, then incubated
again on ice for 2 min and diluted 10-fold with pre-warmed to
37 °C LB broth. The suspension was incubated at 37 °C for 1 h
to develop ampicillin resistance. Then 100 pl of the suspension
was rubbed into LB agar with ampicillin (50 pg/ml), and the
cups were incubated at 37 °C for 24 h. The grown colonies
were formed by transformed bacteria.

The presence of an integrated fragment of the pds gene
was verified by PCR of selected colonies as well as by
Sanger sequencing (SB RAS Genomics Core Facility, ICBFM
SB RAS).

VIGS positive control. A model plant, N. benthamiana,
was used in VIGS experiments. Seeds of N. benthamiana were
germinated and then the seedlings were planted in plastic pots
(10 cm in diameter) containing a mixture of universal potting
soil (TerraVita, Russia), perlite and vermiculite (8:1:1, v/v),
and cultivated in a growth chamber under continuous ligh-
ting at 24 °C.

Vector construction. The VIGS vectors pTRV1 (pYL192)
and pTRV2 (pYL279) obtained from the Arabidopsis Biologi-
cal Resource Center (ABRC, USA) were described previously
(Liu et al., 2002; Burch-Smith et al., 2006). Total RNA was
extracted from leaf tissues of Nicotiana tabacum cv. SR1 (the
phytoendesaturase gene sequence in this species is identical
to that in N. benthamiana) using Trizol reagent (Invitrogen,
USA), and first-strand cDNA was synthesized using the Re-
vertAid First Strand cDNA Synthesis Kit (Thermo Scientific,
USA) according to the manufacturer’s instructions. The cDNA
pool was used to amplify the NtPDS gene fragment sequence
(GenBank accession number: AJ616742.1) by PCR using
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high-fidelity Phusion polymerase (New England Biolabs,
USA) as per the manufacturer’s instruction. The selected
primers were checked for hairpins, self-dimers, and heterodi-
mers using the OligoAnalyzer tool. As a result, the following
primers were synthesized: forward 5'-CACCGGCACTC
AACTTTATAAACC-3" and reverse 5'-CTTCAGTTTTCT
GTCAAACCATATATGGAC-3' (Syntol, Russia).

The resulting 413-bp PCR fragment was cloned into the
pENTR/D-TOPO vector (Invitrogen, USA), verified by
sequencing, and then recombined into the pTRV2 vector by
carrying out an LR recombination reaction using the Gateway
system (Invitrogen). The generated vector pTRV2::NtPDS was
transformed by heat shock into the Agrobacterium tumefaciens
GV2260 strain and used in VIGS experiments.

The A. tumefaciens GV2260 strain, carrying the pTRV1,
pTRV2, and pTRV2::NtPDS vectors, was separately inocu-
lated into Luria-Bertani liquid media containing kanamycin
(100 pg/mL) and rifampicin (25 pg/mL). The cultures were
incubated overnight with shaking at 28 °C. The cells were
harvested from the overnight cultures, re-suspended in the
induction buffer (10 mM MES; 10 mM MgCl,; 250 uM aceto-
syringone; adjusted to pH 5.5 with 1 M KOH), and incubated
for 6 h at room temperature in a shaker. After incubation,
the cells were harvested from the induced cultures and re-
suspended in the infiltration buffer (10 mM MES, adjusted
to pH 5.5 with 1 M KOH) with dilution to a final absorbance
0D, = 1.0.

For leaf infiltration, A. tumefaciens strain GV2260 cul-
tures containing pTRV1 and pTRV2 or pTRV2::NtPDS were
mixed in a 1:1 (v/v) ratio and infiltrated into lower leaves of
21-days-old N. benthamiana plants using a 1-ml needleless
syringe (Ratcliff et al., 2001; Liu et al., 2002). Infiltrated
plants were maintained under constant light for 12 hata 20 °C
temperature for effective Agrobacterium T-DNA insertion
(Brigneti et al., 2004).

Root treatment of N. benthamiana with a crude lysate
of E. coli HT115 (DE3) containing dsRNA of phytoende-
saturase. After inducing dsRNA synthesis, crude lysates of
bacterial suspensions can be used as a source of exogenous
dsRNA. Root treatments are also used to deliver target mo-
lecules for PTGS in plants (Jiang et al., 2014; Li et al., 2015;
Dubrovina, Kiselev, 2019).

Crude lysates of the E. coli HT 115 strain were prepared for
root treatment, transformed with the L4440 plasmid with an
integrated fragment of the pds gene. Bacterial lysates without
plasmid, with incorporation of the native plasmid L4440, buf-
fer, and water were used as controls.

The crude lysate was prepared in the following manner (Gan
et al., 2010). An overnight culture of the bacteria was grown
for 16 h with shaking at 37 °C in standard LB broth, with
ampicillin at a concentration of 50 pg/mL added for strains
with the L4440 plasmid insertion. The bacterial suspension
was then diluted to ODsg5 = 0.5. Next, dsSRNA synthesis was
induced by adding IPTG at a final concentration of 0.6 mM,
and the bacteria were incubated at 37 °C for 4 h. After the
required time, the suspension was centrifuged to obtain a pre-
cipitate (1,500g, 15 min, 4 °C), which was then resuspended
in ice buffer (50 mM Tris-HCI, 10 mM EDTA, pH 7.5) taken
in 1/50 of the original volume. The tubes were then placed in
ice and treated with ultrasound (20 kHz, 15 min). The resul-
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ting lysate was centrifuged (9,000 rpm, 20 min, 4 °C), and
the supernatant was used for plant treatments (2 ml per plant).

Four plants were used for each type of root treatment: wa-
ter, TrissHCI/EDTA buffer, E. coli HT115 without plasmid,
E. coli HT115 with the L4440 plasmid, E. coli HT115 with
the L4440 plasmid with an integrated pds fragment. All plants
were grown in a sterile mixture of universal soil (TerraVita,
Russia), perlite and vermiculite (8:1:1, v/v). The plants were
treated three times a week (Monday, Wednesday, Friday) for
a period of four weeks. Root treatment was carried out by
watering the plants with supernatant resuspended in 2 ml of
Tris-EDTA buffer.

Extraction of dsSRNA. 1 ml of the bacterial suspension was
centrifuged for 5 min at 10,000 rcf, and the supernatant was re-
moved. The precipitate was dissolved in 200 pl of a mixture of
1 M CH;COONH, and 10 mM isoamyl alcohol and extracted
with an equivalent volume of isopropanol:phenol:isoamy]l al-
cohol in the ratio (25:24:1). Then it was incubated for 15 min at
65 °C and centrifuged for 15 min at 10,000 rcf. The supernatant
was withdrawn and an equivalent volume of isopropanol was
added, followed by incubation for 12 hours at —20 °C. After
incubation, it was centrifuged for 30 min at 12,000 rcf. The
liquid was removed carefully. The precipitate was washed
twice with 70 % ethanol, with the precipitate resuspended in
10 pl of RNase-free water, and DNAase buffer was added.
Next, the incubation was done for 30 min, followed by the
addition of 20 ul of RNase A and 20 pl of DNase. Then,

3.000 ori

Silencing of the N. benthamiana phytoendesaturase gene
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the incubation was performed for 1 hour at 37 °C. 100 pl of
a isopropanol:phenol:isoamyl alcohol mixture in the ratio
(25:24:1) was extracted. The mixture was stirred vigorously
and centrifuged at 12,000 rcf for 15 min. The supernatant was
removed, and the precipitate was washed with 200 ul of 70 %
ethanol, dried at room temperature, and dissolved with 1xTE
buffer. The presence and integrity of dSSRNA were checked by
gel electrophoresis in 1 % agarose gel.

Results

Production of exogenous dsRNA

using an RNase-deficient E. coli HT115

strain transformed with the L4440 plasmid

The E. coli HT115 (DE3) strain was used to produce dsRNA
because it is deficient in RNase III, an enzyme that normally
hydrolyzes dsRNA in the bacterial cell. The L4440 vector
was used for the transformation. Due to having two strong
T7 promoters in opposite directions, this vector can be used
to produce target dsRNA fragments.

A 404 bp fragment of the tobacco phytoene desaturase pds
gene was cloned into the L4440 vector by sticky ends using
restriction endonucleases Pstl and Ncol, with the presence of
the required fragment in the vector confirmed by sequencing.
A map of the resulting plasmid is shown in Figure 1.

The presence of the target fragments of the correct length
was confirmed by electrophoretic analysis (Fig. 2).
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Fig. 1. Map of vector L4440 containing a fragment of the pds gene of N. benthamiana (PDS_benthamiana_L4440).
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Preparation of a crude bacterial lysate

containing dsRNA fragments for silencing

phytoene desaturase N. benthamiana

Astrainin E. coli HT 115 (DE3) transfected with the PDS_ben-
thamiana 14440 vector was used to produce target dsSRNA
fragments for silencing pds genes. Induction of dSRNA syn-
thesis was performed using IPTG. Next, a crude lysate was
obtained from the bacterial suspension (Gan et al., 2010)
containing dsRNA. 2-ml aliquots of the crude lysate were
prepared for treatment of N. benthamiana plants.

Root treatment of N. benthamiana

with a crude bacterial lysate containing

dsRNA for silencing the pds gene

In this study, root treatment of tobacco with a crude bacterial
lysate containing exogenous dsRNA was performed for the
first time. Bentham tobacco (N. benthamiana) was used as
a model plant for the experiment. Experimental plants were
treated with the E. coli HT115 (DE3) crude lysate with the
PDS_benthamiana 1.4440 plasmid. After four weeks of root
treatment, N. benthamiana leaves treated with the bacterial
lysate with insertion of a phytoene desaturase gene fragment
showed photobleaching phenotypes of young leaves typical
for pds gene silencing (Fig. 3). The leaves of N. benthamiana
plants from the negative control did not change their pheno-
type throughout the entire treatment period.

Discussion

Currently, there are numerous studies indicating the possibility
of turning off or reducing the expression of certain genes to
regulate resistance, growth, and other properties of plants by
inducing RNA interference (Kamthan et al., 2015; Tiwari et
al., 2017). Yet this approach involves the stage of obtaining
a transgenic plant or using constructs based on attenuated
plant viruses.

The problem of RNA delivery without using vector systems
and modifying the genome became particularly acute after
GMOs had been banned in Russia and European countries.
Recently, reports have appeared in the scientific literature
indicating that exogenously applied double-stranded RNA
molecules (e.g. by spraying, spraying under high pressure,
using RNA molecule adhesion materials, or using transfer
proteins) are capable of penetrating into the plant vascular
system and directly into plant cells and then inducing RNA
interference, thereby increasing plant resistance to fungal and
viral infections (Numata et al., 2014; Koch et al., 2016; Mitter
et al., 2017; Wang et al., 2018). There are also few studies
on dsRNA delivery aimed at regulating gene function by ir-
rigation. For example, maize resistance to sugarcane mosaic
virus (SCMV) infection was enhanced by this delivery method
(Ganetal., 2010).

Similarly, we obtained a crude lysate containing a dSRNA
fragment of the N. benthamiana phytoene desaturase gene,
and carried out root treatment of tobacco for four weeks. As
a result, all experimental plants exhibited the phenotype of
photobleaching of young leaves, which is not uncommon for
phytoene desaturase silencing. The degree of whitening was
comparable to the positive VIGS control. Thus, we suggest
the approach that allows regulating the activity of plant genes
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Fig. 2. Electrophoretic analysis of dsRNA fragments synthesized in E. coli
HT115 (DE3), transformed with the PDS_benthamiana_L4440 vector.

1 - 100 bp DNA marker;

2 - total nucleic acid fraction;

3 - total nucleic acid fraction treated with DNase;

4 - total nucleic acid fraction treated with RNase A and DNase;
5 - total nucleic acid fraction treated with RNase A.

without creating GMOs and using only environmentally
friendly methods. We believe this approach to be highly prom-
ising for implementation in agriculture in order to improve
the stress tolerance of cultivated plants.

Our work is based on research by F. Tenllado and co-
authors (2003), where tobacco (N. benthamiana) was success-
fully protected from pepper mild mottle virus (PMMoV) by
spraying the above-ground parts of the plants with a crude ly-
sate of E. coli HT115 bacteria containing dsSRNA. The authors
note that this method of obtaining target dsSRNA molecules
is quite simple and economically advantageous compared
to in vitro dsRNA synthesis. The authors also show that the
use of crude lysate may be more cost-effective than the use
of a purified preparation, with no significant loss of efficacy
observed.

Since plant protection using RNAIi methods can be an
alternative to the creation of GMOs, which are prohibited
by law in the Russian Federation for agricultural purposes,
we decided to develop the idea of F. Tenllado and co-authors
(2003) and try an even simpler method of delivering dsRNA
through root treatment by watering plants with crude lysate.
We have shown that the introduction of exogenously syn-
thesized dsRNA in this way can effectively influence the
phenotype of plants, confirming that the introduced dsRNA
enters the plants through the roots and is transported to the
above-ground part of the plant, where the activity of the target
pds gene is regulated.

Conclusion

Recently, methods based on RNAI have been actively devel-
oped for plant protection, especially with the use of exoge-
nously synthesised dsRNA, as they allow avoiding the creation
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Fig. 3. Photobleaching of N. benthamiana leaves after induced silencing of the pds gene using exogenous dsRNA.

1 — water; 2 - Tris-EDTA; 3 - E. coli HT115 crude lysate without plasmid; 4 - E. coli HT115 crude lysate with the native L4440 plasmid; 5 - VIGS; 6 — crude lysate of
E. coli HT115 with the L4440 plasmid containing a fragment of the pds gene; 7 - comparison of a negative control with an experimental plant with pds silencing.
Controls in the experiment: treatments 7-4 serve as negative controls, treatment 5 serves as a positive control. Characteristics of leaf photobleaching: L - light-
ness of color in relative units (the higher the value, the lighter the shade, from 0 to 100); a - green-red channel in relative units (the lower the value, the greener

the shade, from =127 to 0).

of GMOs, which are prohibited by law for use in agriculture in
a number of countries, including Russia. However, the use of
exogenous dsSRNA molecules has a number of complications.
For example, the method of obtaining dsSRNA must be easily
scalable and cost-effective, and the delivery of the resulting
molecules must be as simple and efficient as possible. In our
work on dsRNA synthesis, we developed a system from the
E. coli HT115 strain, transformed with the 14440 plasmid
with a fragment of the Bentham tobacco phytoendesaturase
gene (N. benthamiana), and for the delivery of the resulting
molecules, we used root treatment — watering the plants with
a coarse lysate. As a result, we were able to achieve silencing
of the phytoendesaturase gene,which confirms the possibil-
ity of regulating the work of plant genes without creating
GMOs. The approach we propose can also be scaled up and
has potential for application in agriculture to protect plants
from pathogens.
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