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CISGENIC BIOLISTIC TRANSFORMATION FOR OBTAINING
NEW FORMS OF POTATOES WITH IMPROVED RESISTANCE
TO LATE BLIGHT

Abstract. This article presents the results of application of cisgenic biolistic transformation for the accelerated
production of new forms of potato with increased resistance to late blight. The reason for late blight development is
the parasitic organism Phytophthora infestans, belonging to oomycetes (pseudo-fungi), which infects valuable
agricultural plants. In this study, with the aim of combating P. infestans, a number of experiments on the biolistic
transformation of the most common potato varieties Aksor and Nevskiy were carried out in Kazakhstan. Two potato
genes — Rpi-vntl.1l and StREM1.3 — were selected as targets for introduction. Expression of the first gene should be
activated, and the expression of the REMORIN1.3 gene should be suppressed. Rpi-vntl.I was under the control of
Solanum tuberosum polyubiquitin gene promotor (Pat) and Arabidopsis thaliana polyubiquitin 5 gene terminator
(ubg5). Knock-down double stranded RNA-hairpin gene construction for StREM1.3 silencing was under the control
of Solanum tuberosum phytochrome B gene promotor (phyB) and Arabidopsis thaliana hot-shock protein
18.2 terminator (HSP18.2). Three series of biolistic transformation were carried out, as a result of which
636 regenerated plants of potato varieties Aksor and Nevskiy were obtained. DNA was extracted from the plant
material of potato transformant plants in the quality and quantity suitable for PCR analysis for the presence of an
insert. PCR analysis was carried out, revealing 52 plants carrying the VNT insert. St(REM1.3 silencing gene
construction was detected in plant lines by qPCR, based on comparative analysis of of gene expression level and
revealed 6 lines with reliably lower StREM 1.3 expression level in comparison with wild-type plants.

Key words: biolistic transformation, cisgenes, Phytophthora infestans, RNA-silencing, resistance genes.

Abstract. Late blight caused by the oomycete Phytophthora infestans is known to be one of the most
harmful diseases of cultivated solanaceous plants such as potato, tomato, eggplant, and pepper. Due to late
blight, annual losses of potatoes in the world reach 10-15% and, for example, in the USA alone, they
cause damage of more than $ 6 billion [1, 2]. In case of severe damage to potatoes by late blight, in some
years, the yield decrease can reach 70% or more.

Considering the fact that P. infestans is one of the most complex and variable parasitic organisms
affecting agricultural plants, modern methods of genetic engineering and biotechnology are currently used
to fight late blight. One of these approaches is the use of direct biolistic transformation of plants by their
own resistance genes. It is known that about 74% of the P. infestans genome consists of repeating regions,
with a large number of genes encoding effector proteins that are necessary for successful colonization
of plant cells. RXLR proteins, which are the main class of transported effectors, are encoded by
550 phytophthora genes [3, 4]. These effector proteins that are recognized by plant immune receptors
known as R-proteins (Resistance protein).

The use of potato's own genes encoding known R-proteins for biolistic transformation of potato plants
may become one of the most successful approaches, which will allow obtaining new lines with increased
resistance to most existing phytophthora strains.

—— |4 ——
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The complexity of this approach is that despite the large number of crops that have been successfully
modified by the method of biolistic transformation over the past 20 years [5], direct genetic transformation
of potatoes is still rarely used to obtain new forms of this crop. Since the publication of the first work on
potato bombardment in 2001 [6], the number of such works remains insignificant and mainly devoted to
the analysis of the size of the inserted inserts [7], comparison with the method of PEG-mediated
transformation of protoplasts [8], and studies on bombardment potato agrobacterial cells carrying three
genes of interest [9].

Thus, the experimental work on the transformation of potato plants with genes of resistance to late
blight carried out in this study will provide experimental data on the effectiveness of biolistic
transformation of potatoes and the possibility of using this method to create new lines with resistance to
late blight.

The goal of the research was to study the possibility of obtaining new forms of potatoes with
increased resistance to late blight by cisgenic biolistic transformation.

Materials and methods. The object of the study: the varieties taken for the biolistic transformation
were 2 varieties of domestic and Russian selection with different resistance to late blight. The domestic
variety Aksor is relatively resistant, while the Russian variety Nevskiy is moderately resistant to disease.

Two potato genes - Rpi-vntl.1 and StREM1.3 — were used as target genes. The Rpi-vntl.1 gene is
supposed to be expressed as an effector in transgenic plants, while the expression of the StREM1.3 gene,
on the contrary, should be suppressed.

Genetic engineering constructs.

The sequence of the Rpi-vntl.l gene from Solanum venturii was taken from the UniProt database
(ID FJ423044) and is a genomic sequence from chromosome 9. It is 4310 bp long and carries one intron
[10, 11]. For construction, the CDS sequence (710 ... 3385) was used. The Rpi-vntl.1 gene sequence is
flanked by the potato Pat polyubiquitin gene transcription promoter from Solanum tuberosum, taken from
the UniProt database (HM439286). At the 3' end, the Rpi-vntl.l gene sequence is flanked by the
Arabidopsis thaliana ubiquitin 5 (ubg5) transcription terminator. The sequence was taken from the
GenBank database (At3g62250), the terminator length is 250 bp. [12]. The genetic construct was
synthesized and assembled in the pUC57 plasmid by GenScript Limited.

The construction of the knockdown gene with a double-stranded RNA hairpin for StREM1.3
silencing is under the control of the Solanum tuberosum phytochrome B gene promoter (phyB) and the
Arabidopsis thaliana heat shock protein 18.2 terminator (HSP18.2). The sequence of the StReml.3 gene
from Solanum venturii was taken from the GenBank database (LOC102577743) and is a 597 bp mRNA
sequence that encodes a 155 aa peptide [13]. Based on on-line sequence analysis in the Sfold program [14]
with confirmation of the selected target sequences for RNA interference in commercial search engines
BLOCK-iT RNAIi Designer (ThermoFisher) and siRNA Target Finder (GenScript), two adjacent sites
were selected -targets for small interfering RNA (siRNA): +348 - +369 bp and +411 - +432 bp. In the
VectorNTI Suite 11.3 program, a sequence was created containing these regions (90 bp) in forward and
reverse orientations, separated by an intron from catalase-2 of castor bean (Ricinus communis). At the
5'-end, the sequence of the knockdown sequence of the StReml.3 gene is flanked by the potato phyB
(Solanum tuberosum phytochrome B) promoter. The sequence is from GenBank (Y14572.1). At the 3'
end, the sequence is flanked by the transcriptional terminator of the Arabidopsis thaliana heat shock
protein 18.2 (HSP18.2) gene. The sequence was taken from the GenBank database (NM_125364.3), the
length of the terminator is 249 bp. [15]. The construct was synthesized and assembled on the pUCS57
plasmid by GenScript Limited.

Genetically engineered constructs were cloned in chemically competent cells of E. coli strain DH-5a.
Colony screening was carried out on LB medium containing 100 pg/ml ampicillin.

Isolation of plasmid DNA

Isolation of plasmid DNA was carried out using mini-columns and a DNA Extraction Kit (Thermo).
E. coli cells carrying the plasmid were cultured overnight in 4 ml of Luria-Bertani (LB) medium on a
shaker at 37 °C; further isolation was performed according to the manufacturer's instructions.

Preparation of genetically engineered cassettes for biolistic transformation

Plasmids pUC-patVNThsp and pUC-phyREMhsp were treated with EcoRI / Sall restriction
endonucleases and eluted from a 1% agarose gel with a QIAEX II Gel Extraction Kit (Qiagen).
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Biolistic transformation of plant material

Biolistic transformation of potato internodes was carried out on a Biolistic PDS-1000/He Particle
Delivery System (Bio-Rad) according to the manufacturer's instructions. For each experiment, 100 ng of
elution-purified MEU, the minimal expression unit, was used. We used microparticles (1 pum) of gold
(Bio-Rad) coated with DNA according to the binding procedure [16]. For each design, four to seven shots
were fired using both 900 psi and 1100 psi discs.

General molecular biological methods

Determination of the amount of nucleic acids was carried out by measuring the ultraviolet absorption
on a spectrophotometer Ultraspec 2000 (Pharmacia) at a wavelength of 260 nm. It was assumed that one
absorption unit with a 1 cm wide cuvette corresponds to 35 pug of single-stranded DNA oligonucleotide or
50 pg of double-stranded DNA in 1 ml of solution.

Nucleic acid electrophoresis was performed in a standard way [17] in agarose (1-2%) gel in TAE
buffer.

Research results and discussion. To carry out the research, two genetically engineered constructs,
Rpi_vntl.1 and StREM1.3, carrying the sequences of two genes, two promoters and two terminators were
constructed (figure 1, 2). All regulatory elements and target genes are cis-genic for the potato genus.

Pst1(977)
BamHI (964) “".
5'PAT \5 Neol (3661)

Kpnl (16) BamHI (904) \ \ | uBas
ErnRI(-n‘\\\ Pat\ Pat~ “‘ Rpi-vnt1.1 ".9011(3918)
\ \ it ’ '

! y f
Rpi vntl.gb

3924 bp

Rpi-vntl.1 - sequence of the gene for resistance to late blight from Solanum venturii; Pat — promoter of transcription
of the potato polyubiquitin gene from Solanum tuberosum; S'PAT - 5'-NTP of the potato polyubiquitin gene from Solanum
tuberosum; UBQS5 - terminator of transcription of the ubiquitin 5 gene from Arabidopsis thaliana

Figure 1 - Map of genetic engineering construct Rpi vntl.1 (VectorNTI Suite 11.3)
Kpnl(26)

Salfl () Sall (90n)

EcoRl (4) phyB Pl asn) Intron2 CAT2  Neol(6an) HSP18.2 Eco Rl (909)

'|ﬂ—»—==» ||

REMORIN 1 silence.gb

15

phyB - promoter phyB (Solanum tuberosum phytochrome B gene); Intron2 CAT2 - sequence of the second intron
of castor bean catalase-2 (CAT-2); HSP18.2 - transcription terminator of the gene for heat shock protein 18.2 (HSP18.2)
from Arabidopsis thaliana

Figure 2 - Map of the genetically engineered construction StREM1.3
(VectorNTI Suite 11.3)

The resulting constructs were transformed into chemically competent cells of E. coli strain DH-5a for
the production of constructs in preparative quantities required for research. Colonies containing the insert
were screened in LB medium with 100 pg/ml ampicillin. Isolation of plasmid DNA was performed using
mini-columns and a DNA Extraction Kit (Thermo). E. coli cells with a confirmed insert were cultured
overnight in 4 ml of LB medium on a shaker at 37 °C, after that the plasmid was isolated according to the
manufacturer's instructions.
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A significant amount of plant explants obtained from internodes of test-tube potato plants were used
to carry out biolistic transformation. More than 1000 test-tube plants of each variety Aksor and Nevskiy
were produced by micropropagation method.

Obtaining DNA fragments for biolistic transformation of plant material

At the next stage of work, after obtaining and checking by restriction analysis of both constructs, we
obtained DNA fragments suitable for biolistic transformation of plants. All genetically engineered
constructs were treated with EcoRI / Sa/l restriction endonucleases. Since the amount of DNA required for
plant transformation was preparative, restriction was carried out in large volumes, after which the
restriction mixtures were precipitated with isopropanol, and fragments of the required size were eluted
from 1% agarose gel. The purified preparations of DNA fragments were checked for integrity by
subsequent electrophoresis, the amount was measured and the purity of the preparation was assessed
(ODxe0/280)- After that, the DNA concentrations in the obtained preparations were equilibrated and used for
plant transformation.

Biolistic transformation of potato internodes

Potato internodes were prepared in advance (50-60 pieces per cup) and subjected to genetic
bombardment at the rate of 100 ng of DNA fragment per experiment. The procedure was carried out in a
standard manner according to the manufacturer's instructions for the Biolistic PDS-1000/He Particle
Delivery System (Bio-Rad), taking into account our optimized parameters.

For the best binding of genetic constructs to gold particles in the experiments, we used PM buffer
containing polyethylene glycol and magnesium [16]; the helium pressure during the shot was 1100 psi.

In total, 3 series of biolistic transformations were carried out on 3483 explants of internodes of test
tube plants of potato varieties: Aksor (1779 pcs.) And Nevskiy (1704 pcs.) (figure 3).

A - internodes of Aksor potatoes on osmotic medium (OSS), ready for biolistics; B - biolistic transformation

Figure 3 - A series of biolistic experiments on potato internodes

After cultivation of the transformed internodes on the M6 callus-formation medium (MS medium
with vitamins 4.43 g/L, 30 g/L sucrose, 2.4 D 2 mg/L and zeatin 0.5 mg/L), 625 calli of the Aksor variety
and 556 calli of the Nevskiy variety were obtained, some of which were capable of embryogenesis.
Embryogenic calli were passaged on R4 regeneration medium, which is based on MS medium with a
standard vitamin content of 4.43 g/L, sucrose 30 g/L and 2 mg/ L gibberellic acid (figure 4).

b ! A ‘\‘\ . = -
A - embryogenic calli of the Aksor variety; B - embryogenic calli of the Nevskiy variety;
B - regenerant plants of the Aksor variety

Figure 4 - Regeneration of potato plants on callus cultures after biolistic transformation
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According to the results of biolistic transformation, 636 transformed regenerant plants of potato
varieties Nevskiy and Aksor were obtained. DNA samples were isolated from all transformants and their
quality was checked for suitability for further analysis for the presence of inserted genes. All DNA
samples were verified by amplification with primers to the actin reference gene, which is present in all
plants. This stage was necessary to exclude false negative results in further experiments when determining
the insertion of the target gene. PCR studies with the reference actin gene showed that all DNA samples
met the requirements for PCR to detect the insert. Further, quantitative PCR analysis of the DNA of the
transformant plants was carried out, which revealed 52 plants of the Aksor cultivar carrying the VNT
insert.

The presence in the transformant plants of the construct with the StREM1.3 gene was also determined
by the method of quantitative PCR through analysis of the level of gene expression in comparison with
that in control wild-type plants. In total, this method revealed 6 lines of potato plants of the Aksor variety
with a significantly lower level of expression of StREM].3, which indicates the presence of this gene in
them.

Thus, in general, the results obtained in the course of the conducted studies showed a certain
effectiveness of the method of biolistic transformation in relation to potato plants. Two selected genes,
Rpi_vntl.1 and REMORINI.3, potentially suitable for creating new lines of P. infestans resistant potatoes,
were transformed into plants by this method. As a result of 3 series of ballistic transformation of potato
plants, 636 regenerant plants were obtained, of which 52 plants with the VNT insert and 6 lines with
StREM1.3 were found only in plants of the Aksor variety. The absence of gene insert in plants of the
Nevskiy variety indicates that the use of the method of cisgenic biolistic transformation requires careful
selection of conditions for each variety separately. Potato plants with the identified insert will be tested for
resistance to late blight and with a high probability can be promising for creating new lines with improved
resistance to the disease.

In general, based on the data obtained in the study, we can suggest that it is possible to create new
lines of potatoes with improved qualitative characteristics in a short time based on the method of cisgenic
biolistic transformation.

This research was carried out in the framework of the targeted program BR05236574 “The
development of advanced technologies to produce crops resistant to stress factors in utilizing adaptive
mechanisms of plants”, funded by the Ministry of Science and Education of the Republic of Kazakhstan in
2018-2020.
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OUCTEHAI BUOBAJIVIMCTUKAJIBIK TPAHCO®OPMANUA 9AICIH KOJIJAHY APKbIJIbI
KAPTOITBIH ®PUTODPTOPO3T'A TO3IMAI KAKCAPTBUUIFAH
BEJITTJIEPI BAP KAPTOII ®OPMAJIAPBIH AJTY

AHHoOTanusA. Makanaia [MUCreH i 0Ho0aUTUCTHKA TPaHC(HOPMAIIUACH dMIICIH KOJIaHy apKbLIbl PUTOPTOPO3Fa
TO3IMJUIITT )KOFapbl KapTONTHIH JKaHa TYPJIEPIH LIBIFApy XKOHIHJE 3epTTEYyJIepAiH HOTIKelepl KenTipuireH. barais
aybUIIIApYaIIbIIBIK OCIMIIKTEPIH 3aKbIMAAWTHIH, OOMHIIETTEPre J>KaTaThlH NapasuTTIK opraHusMm Phytophthora
infestans acepineH ¢puTodTOpo3 maiina donansl. P. infestans — Kypaeni ®aHe e3repMeni MapasuTTiKk OpraHu3MAepIiH
Oipi OonFaHIBIKTaH, Ka3ipri Ke3Ze OHbIMEH Kypecy YIIiH TeHIIK MH)XEHepHs MEeH OMOTEXHOJIOTHSHBIH 3aMaHayd
onmictepi konpmanbutanel. Con Tocinnepain Oipi — ¢urodropa mTaMHBIH KeOiciHEe Te3iMIl OOJBII KEJETiH aHa
TUHASTIAp KYPY MakcaThIHOA TO3IMIALTIK reHi 0ap eciMAIKTepHiH Tikeled OMOOOIMCTHKANBIK TPaHCPOPMALIUICHIH
KongaHy. JJaKeUIbIH KaHa TYpIIepiH ary OaphIChIHIA KApTOITHIH TiKellel TeHeTHKANBIK TpaHc(OopMaIus 9/ici cupek
KOJIIaHBUIATBIHABIKTaH, aTaJFaH TOCUIl KOJIAaHy KUbIHFA COFabl.

byn 3eprreynepae P. infestans-Tbl 0akpuiay makcatbinna Kazakcranna e ken tapainran Akcop xoHe HeBckuit
KapTOOBIHBIH IIUCTEHIIK ONOOOIUCTUKAIBIK TpaHchopMaIsIChl OoibIHIIA OipKaTtap Taxipudenep xyprizingi. NCBI
NIePeKKOphIHAa OepiireH akmaparrap HeTi3iHAe TeH-HBICAaH peTiHIe KapTomThiH eki reHi — Rpi-vntl.l >xoHe
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StREM1.3 Tapnmanmel. KapTonThlH KOHCTYTHBTI HPOMOTOPJIAPBIHBIH OaKpUIAybIMEH TAHIAJIFaH TI'eH apKbLIbI
TeHETHKAIBIK KOHCTPYKIUIIAp CHHTE3EIII XKOHE AN3aiHbI KYpacThIPbULABL.

bruobammuctukamed TpaHcopMalusuianFal eciMaikrepae Rpi-vntl.] TeHiHIH 3KCIPECCHsACHI OCICEHILTIK
TaHbITEI, REMORIN1.3 reHiHiH 3KcnpeccHschl OachIm-KaHIIBUTYBl Kepek. Rpi-vntl.l — Solanum tuberosum
MOJMYOUKBUTHH TeHiHiH mpoMoTopsl (Pat) sxone Arabidopsis thaliana monuyOUKBUTHH 5 TEHIIK TEPMUHATOPHI
(ubq5) 6akputaysiHaa 60s1ca, am StREM1.3-1i caiinencunrke apHanran ekitizoexti PHK-mmmibkacer 6ap «HOKIAYH»
TCHIHIH KOHCTPYKIMSCH Solanum tuberosum ¢utoxpom B reninin npomotopsl (phyB) xone 18.2 Arabidopsis
thaliana 6enok TepmuHaropsiHbiH (HSP18.2) 6akpuaysina xypei.

Anpiaran koHCTpyKuustiap DH-5a mrambiaei E. coli XeMHKOMIIETEHTT] KIIETKaJIapblHAa 3€pTTEyre KaXKeTTi
memmepae tpanchopmarmsimanael. [hrasmuari JHK Genin amy ymria «Thermo» ¢upMackIHBIH MHHUKOJIOHHAIAP
MeH DNA Extraction Kit peareHTTep XKHHAFBI apKBUIHI JKY3€Te aChIPBUIIEL.

BuobomucTukanslk  TpaHcOpMAIMSIHBI — JKy3ere achlpy VINIH KAapTONTBIH €Ki COpTH  MpoOHMpKama
MHUKPOKJIOHAJIAB! KoOeHTinai. MUKpOKIOHAIAB KOOESHTY 9/Iici apKbUIbI KapTONTHIH AKcop koHe HeBckuit op copThl
yurin 1000-HaH actaM mpoOUpKaiblK eciMaikTepi kebehTinmi. Toxipube OapbhiChIHAA TMPOOMPKAIBIK O©CIMIITiIHIH
TYHiHapabIK OeJTiriHeH albIHFAH dKCIUTAHTTApP KOJTaHBUIIBI.

buoGonuctrkansik TpaHc(hOpPMaIMSIHBIH YII CEPHSCHI XKYPri3y HOTHXKeCiHIe KapTonThlH AKcop xoHe HeBckuit
COPTHIHBIH 636 pereHepanT ecimaiktepi anbiHabl. bapisik Tpanchopmantrapaan JJHK OemiHin sxoHe KypambIHa r'eH
SHICHIH TeKcepy YIIiH canambuibirbl Tekcepinmi. JTHK-HbIH OapnbIK yiarinepi OYKLT ©CiMIIKTe Ke3AeCeTiH aKTHH
TeHiHIH npaiMepiepine ammndiuukamus Xyprisy apKbUIbl TeKcepiami. bynm ke3eH MakcaTTbl I'eHHIH eHTi3UTyiH
aHBIKTaFaH Ke3/1e JKaJFaH Tepic HOTWKeNIep Il OonapIpTiHaliabl. AKTHHHIH pedepeHTTi reHi apKpiibl xyprisiiren [1TP
3eprreyiepiHin HoTwkecinae Oapibik JIHK ynrinepi BcraBkansl anpikray yiiH [ITP sxyprisy tanmanrapsiHa coiikec
KeJIeTIHIITiH KOPCETTi.

Opi kapait TpancpopmanTt ecimaikTepmiH AHK-cemra canneik IITP amammsi sxacameim, HOTWOKeciHme VNT
BCTaBKachl 0ap AKcop cOpTHIHBIH 52 ecimairi aHpikrangsl. Canapik [ITP apKpUTBI TeHOIK SKCIpeccHs AeHTeHiHIH
caybICTRIpMaITBl Tajaaysl Herisinae StREMI.3 reHiHiH KYpBUIBIMBI ©CIMIIK JIMHUSUIAPBIHIA aHBIKTAIIBL YKabaibl
THTITET1 OCIMIIKTEpPMEH CAIBICTBIPFaHIa KapTONTHIH AKCOp COPTHIHBIH 6 nuHUsACHHIAa StREM1.3 skcrnpeccusice
enoyip TeMeH OOoJbl, SFHHA OYIT oJIapBIH KYPaMbIH/IA aTaFaH TeHHIH 0ap eKeHAIriH KepceTesi.

XKyprizinren 3eprreyiep OapbIChIHIA AJBIHFAH HOTHXKENEP KapTON OCIMAIriHE KaThICThl OMOOOJIMCTHKAIIBIK
Tpanchopmarms dMiCiHIH Oenrim Oip THIMIUTITIH KepceTTi. by omic apKpUIbl KapTONTHIH P. infestans-ka Te3iMIi
JKaHa JIMHUSUIApBIH Kypy YIIiH TaHfainraH eki reH Rpi vntl.l xome REMORINI1.3 ecimaikrepre TpaHcdopma-
LUsUIaHbl. AHBIKTaJIFAH BCTaBKachl 0ap kapTon eciMaikTepi ¢putodTopara Te3iMailiri yiiH opi Kapai TekcepiieTin
Ooyazpl JKoHE BIKTUMANBIFBI XKOFapbl, aypyFa Te3iMJi j>KakcapraH jkaHa JIMHHUsIapAbl amyra Oomansl. JKamb
3epTTey OAPBICHIHAA aBIHFAH MOJIMETTepre CYHEeHe OTBIPHIN, IUCTeHIIK OMO0aITHCTHKANBIK TpaHChOopManus 9/ici
ApPKBUTBI KBICKA MEP3iMJIe carlalibl )KaHa KapToIl JIMHUSUIAPBIH jKacayFra O00Japbl.

Tyiiin ce3aep: OMOOAILIHCTUKANBIK TpaHChOpManus, IUcTeHnep, kapron ¢putodropa nadecrenrrepi, PHK-HBI
Gacy, KapceuIacy reHaepi.

H.II. Maaaxosa® %', FO.A. Cku6a"? J.P. MaabueBa?, I'.A. UckakoBa'?,
B. K. Tezex6aesa'?, I'.A. Ucmarysosa'?, A.C.Huskoponosa 2

'MHCTHTYT MOIEKyIApHO# Guonorun 1 Guoxumuu uM. MLA. Aiirxoxuna KH MOH PK,
Anmartsl, Kazaxcran;
2 Wucturyt 6monoruu u 6notexnonoruu pacteaniit KH MOH PK, Anmartsr, Kazaxcran;

NPUMEHEHUE METOJA IIUCTEHHOMN BUOBAJUIMCTUYECKOM TPAHC®OPMAIIUM
JJIA TTIOJIYUYEHUS HOBBIX @®OPM KAPTO®EJIA C YIYUIHEHHBIMU ITPU3HAKAMUA
YCTOMYUBOCTHU K ®PUTOPTOPO3Y

AHHoOTanmsl. B pmaHHOW craTbe mpencTaBiIeHbI Pe3YNbTAaThl HMCCICHOBAHUM 110 HCIOIB30BAHHIO METOAA
IUCTEHHON OMOOAJIMCTUYECKOH TpaHchOpMalMy JJIsl YCKOPSHHOTO IOJydeHHs HOBBIX (GopMm KkapTodens ¢
MOBBILIEHHON YCTOHUYMBOCTBIO K QurodTopo3y. IlpuumHoit pasButus ¢urodroposa sBiseTCs NapazuTapHBIA
opraum3Mm Phytophthora infestans, OTHOCSIIMHCS K OOMHIETaM, HOPaXAIOIIUM LEHHBIC CEILCKOXO35HCTBEHHBIC
pacrenusi. P. infestans sBnseTcs oIHUM W3 HanOoJiee CIOKHBIX M W3MEHYMBBIX ITapa3UTHYECKUX OPraHM3MOB, JUIS
0GOpBOBI C KOTOPBIM B HACTOSIIEE BPEMSI HCIIOJIb3YIOT COBPEMEHHBIE METOIbI TeHHOW WH)KEHEPUH ¥ OMOTEXHOJIOTHH.
OmHMM H3 TaKUX TOAXOIOB CIYXHT HCIIONB30BAaHUE MPSMON OHOOAJUIMCTHYECKOW TpaHCc(HOpMalMy pacTeHUI
COOCTBEHHBIMH T'€HaMH YCTOWYHUBOCTH VIS CO3JaHMS HOBBIX JIMHUI C OBBIIICHHOH YCTOHYUBOCTEIO K OOJIBIIMHCTBY
CYIIECTBYIOIIHX MITAMMOB (GuTOdGTOpEL. CIOXXHOCTH TAKOTO HOAXO0JIA 3aKII0YACTCS B TOM, YTO IPSIMasi FeHeTHYECKast
TpaHchopMaryst KapToderns Bee elle peAKo UCIIONIb3YeTCs Ul MOTyYeHUs! HOBBIX (JOPM ATOH KyJIBTYpBI.
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B manHOM mccrnenoBaHmu ¢ 1enbio 00opsObI ¢ P. infestans ObLT mpoBeneH psiA SKCIIEPUMEHTOB IO MUCTEHHOU
OomobammcTIyeckor TpaHchopManmyu Hanboiee pacrnpocTpaHeHHBIX B KazaxcraHe copToB kapTodens AKcop u
Hesckuit. Ha ocrHoBe mH(bopManmu, npenctaBieHHO# B 6a3e nqanHbIX NCBI, B kauecTBe T€HOB-MUIIICHEH BEIOpaHBI
nBa reHa kaproders kaprodesst — Rpi-vntl.1 u StREM1.3. OcyuiectieH au3aiiH 1 CHHTE3UPOBaHbI T€HETHUECKHE
KOHCTPYKIMH C OTOOPAHHBIMH I'€HAMU 1101 KOHTPOJIEM KOHCTUTYTHBHBIX IPOMOTOPOB KapTOQeIs.

Okcmpeccust  Rpi-vntl.l reHa B TpaHCHOPMHPOBAHHBIX OHOOAUIMCTHKONW pACTEHUSIX TOJDKHA OBITh
aKTHBHpOBaHa, a skcnpeccus reda REMORIN1.3 nomkHa ObiTh nofaBneHa. Rpi-vntl.1 HaxoauTcst OA KOHTPOJIEM
MpOMOTOpa reHa nojuyoukBuTHHA Solanum tuberosum (Pat) u TepmuHaTOpa reHa nmonuyOuKkBUTHHA S5 Arabidopsis
thaliana (ubqg5). KoHcTpykims reHa «Hokmayn» ¢ nByxienodeuyHoit PHK-mmunekoi st caiinencunra StREM1.3
HaXOJUTCSI O/ KOHTPOJEM HpoMoTopa reHa ¢uroxpoma B Solanum tuberosum (phyB) m tepmunatopa Oenka
ropsiaero moka 18.2 Arabidopsis thaliana (HSP18.2).

[ony4eHHble KOHCTPYKIMU OBIIM TpaHC(HOPMHUPOBAHBI B XEMHUKOMIIETEHTHBIE KieTku E. coli mramma DH-5a
JUIl HapaOOTKM KOHCTPYKIMH B TPENapaTHBHBIX KOJMYECTBAX, HEOOXOMMMBIX /IS MCCIeNOBaHWN. Brinenenue
mwrazmugHoit JJHK ocymecTsisimu ¢ mcmons3oBaHHEM MUHH-KOJIOHOK W Habopa pearentoB DNA Extraction Kit
tupmsl “Thermo”.

Jdnst npoBemeHns OHOGAUIMCTHYECKOH TpaHC(HOPMALUMKM NPEIBAPUTENEHO INPOBOAWIM MHKPOKIOHAIBHOE
pa3MHOKEHHE NMPOOHPOYHBIX PAacTeHHi KapTodens o0OMX COPTOB. METOJOM MHKPOKIOHAIBHOTO Pa3sMHOXKEHHUS
Ob110 TpomsBeneHo cpbiiie 1000 mpoOUPOUYHBIX pacTeHMid Kakaoro copta Akxcop u Hesckuii. B skcnepumenTax
UCIIOJIb30BAJIA PACTUTEIBHBIC SKCIUIAHTBI, MTOJIyYEHHBIE N3 MEXKI0Y3JINil IPOOUPOYHBIX PaCTEHUI.

beuio mpoBeseHO Tpu cepuM OMOOAJUIMCTUYECKOW TpaHC(opMmalnuu, B pe3yjbTaTe KOTOPBIX IOJIyYEHO
636 pacreHus-pereHepanTa kaprodesst coptoB Axcop n HeBckuil. M3 Bcex TpaHC(hOpPMaHTOB BBIIEIEHBI 00pa3Iibl
JIHK u npoBepeHO MX KayecTBO Ha MPUTOJHOCTH K JalbHEWIIeMy aHalu3y Ha Haju4yhe BCTPOCHHBIX I'eHOB. Bce
o6pasusl IHK 6butn ipoBepeHs! aMmunukanuei ¢ mpaiiMepaMu K peepeHTHOMY I'eHy aKTHHA, KOTOPBII HMeeTcs
y Bcex pacTreHuil. JlaHHBIM OTanm TMO3BONMA HMCKIIOYUTH B  JANbHEHIINX OKCIEPUMEHTAaX IOSBICHUE
JIO)KHOOTPHLATEIBHBIX PE3YJIbTATOB MPU ONpEAeNeHNH BCTaBKM mneneBoro reHa. I[P wccnemoBanms c
pedepeHTHBIM TeHOM aKTHHA ToKa3aiy, 94To Bce oopa3msl JJHK cooTBeTcTBYIOT TpeboBanmsam ais nposenernwns 1P
Ha BBIABIICHUE BCTABKH.

Janee 6w mpoBeaen konudectBeHHbIN [IIIP amamu3z JIHK pacteHuii-tpaHchOpMaHTOB, KOTOPHIH BBISBHII
52 pactenue coptra Akcop, Hecymiee BctaBky VNT. Konctpykmus ¢ rerom StREM1.3 taroke O6puta oOHapykeHa B
JINHUSX PacTeHUil ¢ momoubio KonuuectBeHHOro IILIP, Ha OCHOBE CpaBHUTENBHOIO aHAM3a YPOBHS 3KCIIPECCUU
reHoB. Bcero 0bu10 BBLABIICHO 6 JMHUIA KapTodens copra AKCOp ¢ JOCTOBEPHO 00Jiee HU3KUM YPOBHEM 3KCIIPECCHU
StREM 1.3 no cpaBHEHMIO ¢ paCTEHUSMH JTUKOTO THIIA, YTO TOBOPUT O MPHUCYTCTBUHU B HUX JJAHHOTO I'€Ha.

PesynbraThl, NONMyYeHHBIE B XOJI€ NMPOBEICHHBIX HMCCIICIOBAHUM, MMOKa3aJIM OMpEACICHHYIO 3(Q(PEKTUBHOCTH
MeTo/1a OMo0aIHCTHYECKOH TpaHc(OopMalliK B OTHOIIEHUN pacTeHHi KapTodens. [[Ba BHIOpaHHBIX TeHa Rpi vntl.]
n REMORINI.3, nOTeHIMAIBHO MIPUTOIHBIX U1l CO3/1aHMsI HOBBIX JIMHUH Kaprodens, ycroiuusoro K P. Infestans,
OpuH TpaHCOPMHUPOBAHBI B PACTEHHSA AaHHBIM cIocoOoM. PacteHus kaptodens ¢ BBIABICHHON BCTaBKOW B
JanbHEeHImeM OyIyT HCCIIeIOBaHBl Ha YCTOHYMBOCTE K (UTO(TOPO3Y W C BBICOKOH BEPOSTHOCTHIO MOTYT OBITH
MEpPCIIEKTUBHBIMU AJISI CO3MAaHUsI HOBBIX JIMHUM C YJy4YIICHHOW PE3MCTEHTHOCTHIO K 3aboineBaHuio. B memom,
OCHOBBIBASICh Ha TIOJ[yYEHHBIX B HCCIEIOBAaHWUHU JAHHBIX, MOXHO YTBEP)KIAaTh, YTO HA OCHOBE METOJA LIUCTEHHOMN
OHMO0ATIIMCTHYECKOH TpaHC()OPMAIMH 32 KOPOTKUIT CPOK MOKHO CO3/1aTh HOBBIE JIMHUM KapTO(ems ¢ yIydlIIeHHBIMH
Ka4Y€CTBCHHBIMU ITPU3HAKAMU.

KiueBble cioBa: OnobamuucThyeckas TpaHchopmanus, LucreHsl, kaprtodens Phytophthora infestans,
noaasnenue PHK, rensr ycToitunBoCTH.
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