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OBTAINING TRANSGENIC POTATO PLANTS FOR COUNTERING
PHYTOPHTHORA INFESTANS VIA “HIGS” METHOD IMPLEMENTATION

Abstract

Oomycetes are a group of organisms that include some of the most dangerous plant pathogens
capable of causing epiphytoties that lead to reduced crop yields and famine in some countries. The
only available method of combating them — repeated application of fungicides in fields and careful
selection of seed material — is ineffective for most of these pathogens. This paper proposes to use the
HIGS (host-induced gene silencing) approach so that genetically modified plants, when infected with
late blight, would cause the pathogen to silence its effector protein genes, which would prevent the
pathogen from growing and reproducing in plant.

To implement the HIGS method against the pathogen Phytophthora infestans, we developed
two genetically engineered constructs, one of which uses the P. infestans RXLR-effector gene
AVR3a-b as the RNA interference target, and the other uses a region of the PITG_03155 effector
gene, which is conserved for both P. infestans and P. cactorum. After Agrobacterium-mediated
genetic transformation of potato plants, we obtained four transgenic plants carrying a construct based
on the AVR3a-b gene (two each of the “Milena” and “Gala” varieties) and one of “Milena” variety
carrying a construct based on the PITG_03155 gene. These plants will be micro clonally propagated
and tested for the presence of interfering RNA to the effector genes of P. infestans, after which the
plant lines are planned to be planted under natural pathogenic background conditions and a
comparative analysis with control plants for disease incidence and resistance will be conducted.

Key words: Phytophthora infestans, RNA interference, Host Induced Gene Silencing,
transgenic plants, SiRNA, Avr3a, PITG_03155.

Introduction

The oomycete group includes a large number of economically important pathogenic species
[1]. According to a number of physiological characteristics and genetic analysis of conservative
regions, oomycetes belong to the kingdom Chromista, as well as brown and diatom algae [2]. The
greatest economic damage is caused by species belonging to the genera: Phytophthora, Plasmopara,
Pythium, Albugo, Aphanomyces, Bremia, Pseudoperonospora, Peronospora.

In particular, Phytophthora infestans affects tomatoes and potatoes. Numerous studies [3,4]
have shown that losses directly from Phytophthora infestans damage to potatoes average 10-30%. In
years with favorable climatic conditions for the development of late blight, crop losses can reach 50-
70%, as was shown in 2007 in Pakistan [5]. Most economic analyses suggest that global losses from
P. infestans in potato crops amount to $3-5 billion per year [6].

The main problem in controlling late blight is its low susceptibility to standard fungicides,
which leads to the search for new biotechnological methods of combating these infectious agents.
One of the promising methods is obtaining resistant plants using RNA interference against the
pathogen. This is so-called HIGS (Host Induced Gene Silencing) concept, which is based on that
RNA interference of a pathogen necessary gene is caused in the cells of the host plant, and from it,
small interfering RNAs enter pathogen cells during the infection, where they carry out silencing of
its genes [7]. The general mechanism of RNA interference is known as a highly specific process of
MRNA degradation due to the presence of complementary double-stranded RNA (dsRNA) [8]. Long
dsRNA are cut by Dicer group enzymes into small segments of 21-24 nt — small interfering RNA
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(SIRNA). These siRNAs bind to the RISC complex (RNA-inducing silencing complex), which leaves
in its composition the antisense strand (AS-RNA) of siRNA, which determines the specificity of
mMRNA destruction during silencing. It is known that both plants and animals are capable of
exchanging siRNA with closely related pathogenic organisms [9], which is the basis of the HIGS
concept.

RNA interference is used to combat phytopathogens, including viruses, insect pests, bacteria,
fungi, oomycetes [7,10]. Thus, using HIGS, barley was obtained that was resistant to powdery mildew
caused by Blumeria graminis [11]. Jahan et.al. [12] obtained transgenic potato plants that expressed
SIRNA to three P. infestans genes — PiGPB1, PiCESA2, and PIiPEC; plants showed a reliable
slowdown in plant disease.

In this work, we developed two genetically engineered constructs, one of which uses the
P. infestans RXLR-effector gene AVR3a-b as the RNA interference target, and the other uses a region
of PITG_03155 effector gene, which is conserved for both P. infestans and P. cactorum. We obtained
four transgenic plants carrying the construct based on AVR3a-b gene (two of “Milena” and two of
“Gala” variety) and one “Milena” plant carrying the construct based on PITG 03155 gene. These
plants will be tested for the presence of specific sSiRNA, after which the plant lines will be planted
under natural pathogenic background conditions and a comparative analysis with control plants for
disease incidence and resistance will be conducted.

Methods and materials

Identification of target genes. At the first stage, a database of Phytophthora effector sequences
registered in the NCBI (national center of biotechnological information) was collected. In addition to
P. infestans P. cactorum, P. citrophthora, P. megakarya, P. nicotianae, P. palmivora, P. ramorum
were analyzed; as a result, a database was obtained that included 451 sequences ranging in length
from 2889 nt to 153 nt. The blastN network analyzer was used to analyze conserved regions. Of these
sequences, 23 had conserved regions of sufficient length that were found in two or more oomycetes
at once. Each of the 23 sequences was analyzed by blastN both against the entire oomycete group and
against higher plants, using the “somehow similar sequences” module. Each of the sequences was
then analyzed in the commercial search engines BLOCK-iT RNAi Designer (“ThermoFisher”),
siRNA Target Finder (“GenScript”), siRNA Wizard 3.1 (“InvivoGen”) to determine the possibility
of generating siRNA from them. Two selected P. infestans sequences overlapping with P. cactorum
sequences were used to construct genetic engineered cassettes.

Construction of genetic engineered cassettes. The ‘PITG_03155+UBQ10-intrl” cassette was
constructed around the sequence of the first intron of the ubiquitin 10 gene. Its 304 nt long sequence
has donor and acceptor splicing sites. A 122 nt long fragment of the P. cactorum PITG_03155 gene
(Genebank MT897014.1 or XM _002906196.1 for P. infestans) was located on both sides of this
sequence in a complementary direction. The cassette was flanked on both sides by Pstl and BamHI
restriction endonuclease sites for subsequent cloning into the agrobacterial pCambia2000 vector (with
a promoter and transcription terminator of the cauliflower mosaic virus CaMV).

The ‘Avr3a-b+CAT2-intr3’ cassette was constructed around the sequence of the third intron
(1830-1931 nt) of castor bean catalase-2 (CAT-2). It was taken from the UniProt database (ID
D21162), to which donor and acceptor sites were added. On both sides of this sequence, in a
complementary direction to each other, a 200 nt long region of the P. infestans PITG_14371 gene,
also known as Avr3a (Genebank XM _002898796.1), supplemented by a 92 nt long region of the
P. infestans Avr3b gene (Genebank XM_002897915). The cassette was also flanked on both sides by
Pstl and BamHI restriction endonuclease sites. Synthesis of both cassettes was ordered from
GenScript in pUC57 plasmids.

Cloning of constructs and genetic transformation of plants. Standard methods of genetic
engineering were used for cloning the synthesized constructs into the agrobacterial vector
pCambia2000. The EHA-105 A. tumefaciense strain was used to transform potato plants according to
the protocol [13]. Kanamycin at a concentration of 30 mg/l was used as a selective agent, starting
from the second week after transformation. Total DNA was isolated from the leaf blades of
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regenerated plants using the “GenUP Plant DNA Kit” (“Biotechrabbit”) according to the
manufacturer's instructions.

PCR analysis of regenerated plants. The presence of transgene inserts in plants was tested by
PCR analysis using hot-start Taqg-DNA polymerase from “Biotechrabbit” with a proprietary buffer
and additional reagents with the following final concentrations: 0.2 mM dNTP, 2 mM MgCl2 and 30
pM primers. 3 pl of total plant DNA sample were added to 15 pl of the reaction mixture. PCR
conditions were as follows: 1. 95°C 3 min — 1 cycle; 2. 95°C 20 sec, 58°C 20 sec, 72°C 40 sec — 30
cycles; 3. 72°C 5 min — 1 cycle. Primary screening for the presence of the sequence flanked by the
transcriptional promoter and terminator of cauliflower mosaic virus was performed with the following
oligonucleotide primers: 35S_3end (TGATATCTCCACTGACGTAAGGGAT) — forward primer to
the 3’-terminal sequence of the 35S promoter and 35Ster (CGCTCATGTGTTGAGCATATAAG) —
reverse primer to the 3’-terminal sequence of the CaMV terminator. Positive samples were tested by
PCR analysis for the presence of a specific insert with the following primers: Fw_infPITG
(ACCATATCCTTGCACACATTGGG) and Rv_infPITG (AACGACGGAGTTCAGCAACGAG) -
for the cassette ‘PITG_03155+UBQ10-intr1’; Fw_infAvr3a
(CGGCAGAAGACTTCTTCGCAAGA) and Rv_infAvr3a (TCTCCGTCAACGCAGCCACATT) —
for the cassette ‘Avr3a-b+CAT2-intr3’. Agrobacterium contamination was tested by PCR analysis
with the following primers: FwVirD (GAAGAAAGCCGAAATAAAGAG) and RevwVirD
(TTGAACGTATAGTCGCCGATA) — for the sequence of the virD gene of Agrobacterium
tumefaciense.

Results and discussion

Determination of target genes and construction of genetic engineered cassettes.

One of the technologies for inducing RNA interference in transgenic plants is the expression of
transgenic hpRNA (hairpin RNA) [14], the essence of which is that the transgenic insert contains a
section of the target gene sequence in both sense and antisense orientations, separated by either an
intron or a spacer that forms a loop in the mRNA. This technology was used in this work; two different
plant introns were chosen as a separator, functionally suitable for the sequences of the selected target
genes.

The Avr3a target gene was preliminarily analyzed in a number of different P. infestans strains
for the presence of highly conserved regions; we selected the region of the first 200 nt of the sequence
as the most conserved for the majority of P. infestans strains as the target. It was also decided to
investigate the possibility of generating sSiRNA to different target genes from one genetic engineered
cassette, therefore the 200 nt region was supplemented with two regions of the P. infestans Avr3b
sequence (45 nt and 47 nt). The Avr3b sequence is highly conserved not only among P. infestans
strains, but also among other species of the genus Phytophthora (Figure 1), such as P. ramorum, P.
parasitica, P. plurivora, P. capsici, P. sojae, P. agathidicida, P. cinnamomi. Thus, the total length of
the “Avr3a-b” fragment is 292 nt, which is a sufficient size for successful siRNA generation
according to literature data [15]. The silencing cassette based on the “Avr3a-b” fragment was
provided with intron 3 from the castor oil catalase 2 gene. Intron 3 of the CAT2 gene retains its
functionality in most dicotyledonous plants, including Solanaceae [16].

The P. infestans target gene PITG_03155 was also preliminarily analyzed for the presence of
highly conserved regions; blast-analysis results revealed the presence of a 122 nt sequence that is
completely conserved among P. infestans strains and has single substitutions for P. cactorum strains.
The 122 nt fragment length is not the most optimal for use in hpRNA technology; however, there are
a number of examples of the successful use of small sequences for target gene silencing [17]. Also,
to increase the likelihood of successful induction of RNA interference from the PITG_03155 region,
we constructed a cassette with intron 1 of the ubiquitin 10 gene. It is known that the first intron of the
ubiquitin 10 gene (UBQ10) promotes significant accumulation of those mRNAs in which it is present
[18], which increases the likelihood of siRNA generation. Thus, the small size (122 nt) of the
PITG_03155 region will be compensated by the large amount of transcribed dsRNA.
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Figure 1 — Results of BLAST-analysis of the Avr3b gene region in a number of species of the
oomycete group

Figure 2 shows both constructed sequences (the diagrams were generated in VectorNTI Suit
11). The fragments ‘Avr3a-b’ and ‘PITG 03155° were also used for blastN-analysis in the
polyphyletic group of green plants; no homologous sequences with any species were found, which
suggests that the interfering RNAs are safe for the host plants.

Int3CAT2
ueQtointont T30 "
intron’
FeoRV (257) ‘ BglTT (230) Prnl (393)
oo | r Bt hats Haell (258) Haell (436)
Dpnl(93) Dpnl (224) x ”‘ Dpnl(388) Dpnl(457) Fok1(208) FokI (478)
PITGO3455 . Doni(i7p) R / | s PITG 03155 Avidab Dpn1 (342) Avrda-b
) L L/ \ | | O | /
| || | l— — I | )
} | 1 T I |
P.ramorum S-AS UBQ10 int-1 Avr3a-b S-AS Int2-CAT2
548 hp 688 bp

Figure 2 — Scheme of silencing inserts: A) carrying regions of the PITG_03155 gene; B) carrying
regions of the Avr3a and Avr3b genes in sense (S) and antisense (AS) orientations.

Next, we analyzed the possibility of generating siRNA from the selected fragments ‘Avr3a-b’
and ‘PITG_03155’. The analysis was performed in three commercial programs: BLOCK-iT RNAI
Designer (“ThermoFisher”), siRNA Target Finder (“GenScript”), siRNA Wizard 3.1 (“InvivoGen”).
The number of possible siRNAs for the fragment ‘PITG 03155’ varied from 10 (“ThermoFisher”) to
2 (“InvivoGen”), and for the fragment ‘Avr3a-b’ — from 10 (“ThermoFisher” and “GenScript”) to 5
(“InvivoGen”). Moreover, the number of possible SIRNAs from the Avr3a and Avr3b regions was
different in different programs: BLOCK-iT RNAI Designer —9 (Avr3a) and 1 (Avr3b), siRNA Target
Finder — 8 (Avr3a) and 2 (Avr3b), siRNA Wizard 3.1 — 1 (Avr3a) and 4 (Avr3b). Nevertheless, all
three programs predicted the formation of siRNA from both parts of the composite fragment “Avr3a-
b”. Figure 3 shows the analysis of siRNA generation in the BLOCK-IT RNAI Designer program for
both fragments.
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10 Stealth RNAI™ siRNA target sequences (Up to 10 top scoring Stealth RNAI™ siRNA sequences are reported, sorted by the Start position and ranked as frfrfrirdr 10 ek
to indicate knockdown probability). Select the sequence to order and click "Continue”

Select No. Start Sequence(DNA) Region GC% Rank!
(] 1 2 ACCATATCCTTGCACACATTGGGTT 440 R
2 8 TCCTTGCACACATTGGGTTTGCGTT 48.0
3 13 GCACACATTGGGTTTGCGTTGTTCA 480
4 16 CACATTGGGTTTGCGTTGTTCAGTG 480
5 21 TGGGTTTGCGTTGTTCAGTGGCGTT 520
6 55 CGAGTGACGAGACCGAATATCCGAA 520
1 7 91 GATCTCGTTGCTGAACTCCGTCGTT 520
LJ
8 93 TCTCGTTGCTGAACTCCGTCGTTTA 480
| 9 95 TCGTTGCTGAACTCCGTCGTTTATT 440
10 96 CGTTGCTGAACTCCGTCGTTTATTG 48.0 ole
10 Stealth RNAIi™ siRNA target sequences (Up to 10 top scoring Stealth RNAI™ siRNA sequences are reported, sorted by the Start position and ranked as  #rfrfririr to A
to indicate knockdown probability). Select the sequence to order and click "Continue”
Select No. Start Sequence(DNA) Region GC% Rank'
1 44 GAACGAAGAGAATGAAGAAACGTCT 400 Yoy
22 80 CCCAAATTTCAATTTGGCGAATCTA 36.0
3 94 TGGCGAATCTAAATGAGGAGATGTT 40.0
4 96 GCGAATCTAAATGAGGAGATGTTTA 36.0
5 109 AGGAGATGTTTAATGTGGCTGCGTT 440
6 161 AGCGAAACAGCTTATGGGTAATGAT 400
7 162 GCGAAACAGCTTATGGGTAATGATA 400
8 163 CGAAACAGCTTATGGGTAATGATAA 36.0
9 176 GGGTAATGATAAGCTGGCGGATGCT 520
7 10 225 GAAGAAGGAGGAGTATGTCGTAGAA 440

Figure 3 — Variants of siRNA generation analysis from the PITG_03155 gene region (A) and
the ‘Avr3a + Avr3b’ fragment (B) in the BLOCK-iT RNAi Designer program (“ThermoFisher”)

Plants regeneration and PCR analysis.

Regeneration of plants from stem cuttings began 3-4 weeks after transformation. Plants of the
“Milena” variety showed a high level of regeneration, while the “Gala” variety showed a below
average level. A total of 34 regenerates were obtained — 23 “Milena” and 11 “Gala”. After PCR
screening of regenerates with primers for the promoter and terminator of the cauliflower mosaic virus,
17 plants were selected, with DNA samples of which PCR analysis was carried out for the presence
of target fragments with specific primers. Figure 4 shows the obtained result.

1 2 3 4 5§ 6 7 8 M 9 10 11 12 13 14 15 16 17 18 19

1000 u
500
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The samples are designated by numbers: 1-6 — analyzed for the presence of the insert
‘PITG_03155’ (1 — positive control plasmid pSS-PITG); 7-19 — analyzed for the presence of the
insert ‘Avr3a-b’ (16 — positive control plasmid pSS-Avr); M — GeneRuler 100 bp (“Thermo”).

Figure 4 — PCR analysis of regenerated plants, PCR-products in 1% agarose gel

Positive plasmid controls showed PCR fragments of the expected size (292 nt ‘Avr3a-b’ and
122 nt ‘PITG_03155’). Of the analyzed regenerates, 4 showed the presence of ‘Avr3a-b’ insert — lines
Avr_M11, Avr_M15 (variety "Milena™) and Avr_I'7, Avr_T'4 (variety "Gala"). One regenerate
showed the presence of ‘PITG_03155’ insert — line PITG_M3 (variety "Milena™). Plants of all the
obtained transgenic lines do not show any deviations from the norm — morphological features are the
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same as in the original variety, growth rate and the ability to regenerate during cuttings also did not
change.

Conclusions

HIGS technology is widely used abroad to combat various types of plant pathogens. A number
of studies have shown the effectiveness of this technology in controlling the spread of infections
caused by oomycetes, including P. infestans. In this paper, a HIGS approach was proposed for
inducing interference in potato plants against the effector genes of P. infestans PITG_03155 and
Avr3a and Avr3b. For the first time, we propose the induction of siRNA to two genes (Avr3a and
Avr3b) from one genetic engineered construct. Also, for the first time, a fragment of the target gene
(PITG_03155) is selected in such a way that siRNA induction occurs in two different pathogen
species — P. infestans and P. cactorum.

Gratitude: The research work was carried out within the framework of the program
BR21881942-0T-23 “Development of biotechnological approaches to control phytopathogens in
order to increase the productivity of agricultural crops” of the Ministry of Science and Higher
Education of the Republic of Kazakhstan.
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PHYTOPHTHORA INFESTANS KEHECIHAEI'T «HIGS» 9IICIH )KY3EI'E ACBIPY
YIITH TPAHCTEHAIK KAPTOIT OCIMIEPIH AJTY

Anoamna

Oowmuriertep - Oenrii Oip engep/e MBIFBIMABUIBIKTBIH TOMEH/ICY1HE KOHE aIlITHIKKA OKEJIETIH
AMUPUTOTUSATIAPABI TYABIPYBl MYMKIH €H KayilTi eCIMAIK MaToreHAepiH KaMTHTBIH OpraHu3MJep
T0OBI. ONapMeH KYpEeCyAiH KaJlFbl3 KOJDKETIMJII JKOJbl — EriCTIKTep/e (PYHTMUUATEpAl KaiTanan
KOJIJaHY *KOHE TYKBIMJIBIK MaTepHaiibl MYKHUAT TaHAay — OyJI KO3ABIPFBIITAP/IbIH KOMIIIIIr YIIiH
tuimMei3. byn xymeicta HIGS (host-induced gene silencing) oficiH KosijlaHy TI€HETHKAJbIK
TYPJEHIIPIAreH OCIMIIKTEp KeIl KO3/BIPFBILINEH >KYKTBIPFAH Ke3/l€ KO3JBIPFBIITHIH MMaTOTeH I
OpraHM3MHIH ©HYy1HE JK9HE OHbIH Ke0etoiHe K0Jl OepMeTiH 3P PeKTOpIbIK OeTOKTapAbIH YHCI3AIMH
TYyIbIpaJIbI.

Phytophthora infestans ko3asiprbimibina Kapeel HIGS omiciH eHridy yimiH 6i3 eki TeHiK
WHXXEHepUsi KYPBUIBIMBIH jkacaiblkK, onapasiH Oipi PHK kenepri weicanacer peringe RXLR-
adexropnbik reH P. infestans AVR3a-b, an exinmici PITG 03155 adhdextopisik reHiniy 0emimMin
naitnananaael — on P. infestans sxone P. cactorum yrria koHcepBiieHreH. Kapromn eciMIiKTepiHiH
arpoOaKTepuaNIbI-TeHETUKAIBIK TpaHchopmarusickiHaH KkeiliH AVR3a-b reniHe HerizmenreH
KYPBUIBIM/IBI aJIBIN KYPETIH TOPT TpaHCTeHAl ociMIiK (opKaichichl «MmuieHay xoHe «['ama» exi
copthl) xoHe PITG 03155 renine HerizenreH KypbUIBIMABI allblll KYpeTiH O0ip «MmuiieHa» copTbl
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anplHABL. bys eciMikTep MUKPOKIOHANIBI TypAe keOewTineni sxone P. infestans addexropibik
reqaepine kenepri skacaiiteiH PHK Oap-kofbiHa 3epTTeneni, cogaH KeliH oCIMIIK JIMHHUUTAPbIH
TaOWFU MaTOreHIK (OH KaFJalbIHIA OTHIPFBIZY JKOCHApiaHya XKoHE aypyJapAblH >KUUIIr MEH
Te3iMAUTIrT OOWBIHIIA OaKbuIay OCIMIIKTEPIMEH CaJIBICTBRIPMAJIbl Tajljay jKacallaJbl, KYy3ere
aChIPBUIATHIH OO0JIATBI.

Kinm ce30ep: Phytophthora infestans, PHK-untepdepenrus, Host Induced Gene Silencing,
TpaHcrenai ecimaikrep, siRNA, Avr3a, PITG_03155.
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MOJIYYEHUE TPAHCTEHHBIX PACTEHUM KAPTO®EJISA JIJIS PEAJTU3ALIANA
METO/JA “HIGS” B PAMKAX BOPbBbI C PHYTOPHTHORA INFESTANS

Annomauusn

OomHLeTHl SBISIOTCS TPYIIONW OPraHM3MOB, K KOTOPBIM OTHOCSTCS OJHH W3 Hambosee
OTIACHBIX MMAaTOTEHOB PACTEHHH, CIOCOOHBIX BBI3BIBATH SMUGMUTOTHH, MPUBOIALINE K COKPAIICHHIO
YPOXKaHOCTH U TOJIONLY B OTJCIBHBIX CTpaHax. EJANHCTBEHHBIH JOCTYIHBIH c1oco0 O00phObI ¢ HUMH —
MHOTOKpaTHOE MpUMEHEeHHEe (PYHTUIMIOB Ha MOJSX U TIIATEIbHBINH 0TOOP MOCEBHOTO MaTepualia —
ManodppeKTUBeH Ui OONBIIMHCTBA M3 JITHX MAaToreHoB. B manHOW pabore mnpemiaraercs
ucnonp3oBats moaxon HIGS (host-induced gene silencing) mist Toro, 4roObl I'€HETHYECKU
MOTUGUIIMPOBAHHBIE PACTEHUS TPU HUX 3apaXeHUH GUTOPTOPON BBI3BIBAIM OBl y TaTOTeHA
CalJICHCHHT T€HOB €ro 3(PPEKTOPHBIX OEIIKOB, YTO MPEISATCTBOBAIO OBl MPOPACTAHUIO TTATOTCHHOT'O
OpraHu3Ma B PaCTEHUH H €r0 Pa3MHOKECHHIO.

s peanusanuu Metoga HIGS nporus matorena Phytophthora infestans mamu paspaborano
JIB€ TEHHO-UHXXCHEPHBIX KOHCTPYKLHH, B OAHOW M3 KOTOphIX B KadectBe wMumeHun PHK-
unrepdepenimu ucnoapsyercs red RXLR-adhdexropa P. infestans AVR3a-b, a B npyroii — yyactok
reHa s¢dexropa PITG 03155, koncepsatuBHoro u s P. infestans, u qns P. cactorum. ITocne
arpo0akTepraIbHON TEHETHYECKOW TpaHC(POPMAIMM PACTEHHH KapToQens MOMYYHIH YeThIpe
TPAaHCTEHHBIX PACTCHUS, HECYNIMX KOHCTPYKIMIO Ha ocHoBe reHa AVR3a-b (mo nBa copros
«Munena» u «[lama») m omHo copra «MmieHay, Hecyllee KOHCTPYKIMIO Ha OCHOBE TI'€Ha
PITG 03155. Ot pactenust OyayT MHUKPOKJIOHAJIbHO Pa3MHOKEHBI M MCCIIEJIOBAHBI HA HaJIM4YKe
unrepdepupyromx PHK k renam sddexropos P. infestans, mocne dero nuHuu pacteHuit
TUTAHUPYETCS BBICAANTD B YCIIOBHSIX €CTECTBEHHOTO MATOTCHHOTO (DOHA U MTPOBECTH CPABHUTEIIbHBIN
aHaJIN3 C KOHTPOJIBHBIMU PAaCTEHHSMH Ha 3200JI€BaEMOCTh U YCTOHYMBOCTb.

Knrwueswvie cnosa: Phytophthora infestans, PHK-untepdepenius, Host Induced Gene
Silencing, Tpancrennsie pactenus, siRNA, Avr3a, PITG_03155.
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