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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. 1 and StREM 1.3 — were selected as targets for introduction. Expression of the first gene should be
activated, and the expression of the REMORINI.3 gene should be suppressed. Rpi-vntl.] was under the control of
Solanum tuberosum polyubiquitin gene promotor (Paf) and Arabidopsis thaliana polyubiquitin 5 gene terminator
(ubq5). Knock-down double stranded RNA-hairpin gene construction for StRFEM 1.3 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. StRFAM.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 StREAM 1.3 expression level in comparison with wild-type plants.
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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.
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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-vnrl.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.] gene sequence is
flanked by the potato Par 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 (piyB) and the
Arabidopsis thaliana heat shock protein 18.2 terminator (HSP18.2). The sequence of the StRem!.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-T RNAi 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 (Y 14572.1). 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 pUCS7
plasmid by GenScript Limited.

Genetically engineered constructs were cloned in chemically competent cells of £. 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 overight 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 FEcoRI / Sall restriction
endonucleases and eluted from a 1% agarose gel with a QIAEX II Gel Extraction Kit (Qiagen).
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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
sert.

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 StREMI.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. ] and REMORIN]. 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 VN7 insert and 6 lines with
StREM 1.3 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 BUOBAJLLTMCTUKAJIBIK TPAHCO®OPMAILIUA 91CIH KOJAAHY APKBLJIbI
KAPTOITBIH ®UTODPTOPO3F A TO3IMAI KAKCAPTBIJIFAH
BEJITLJIEPI BAP KAPTOII ®OPMAJIAPBIH ATY

AnHotanusa. Makanana mucresai 6Ho0aNTHCTHRA TPAHC(HOPMALMACH JMICIH KOIIaHy apKbLIsI (PHTO(PTOPO3Fa
TO3IMIUTIT] KOFApPBI KAPTONTHIH >KAHA TYPJCPIH IIBIFAPY KOHIHAC 3€PTTCYICPAIH HOTIDKENCP] KenTipinreH. barams
aybUIIAPYANIbIIBIK OCIMIIKTCPIH 3aKbIMIAHTHIH, OOMHMIICTTCPIE >KATATBHIH MAPA3UTTIK OpraHusM Phytophthora
infestans acepineH purodTopo3 Maina 6onanel. P. infestans — KYPACTi JKIHE 63repMEIl MAPA3UTTIK OPTaHU3MACPAIH
6ipi OOMFaHIBIKTAH, KA3ipri Ke3[¢ OHBIMEH KYPECY VINIH TeHIIK HMH)KCHEPHS MEH OMOTEXHOJOTHSIHBIH 3aMaHAYH
omictepi kommawemaael. Com Tocimaepmin Oipi — (uroTopa mTaMHBIH KeOiCiHC Te3iMai OOBIMT KEICTIH KaHA
JMHISIIAP KYPY MAKCaTBHIHAA TO3IMALUIIK TeHl 0ap eCIMIIKTEPAiH TikeaeH OHOOONIHUCTHKANBIK TPaHC(HOPMAIHICHIH
KOJmaHy. JaKbUIIBIH KAHA TYPJICPIH axy OapbICHIHIA KAPTONTHIH TiKeICH TCHETHKAJIBIK TPAHC(OPMAIIHS d/TiCi CHPEK
KOJIIAHBIIATHIHABIKTAH, ATAJFAH TOCUIII KONJAHY KHBIHFA COFAIbL.

Byn seprreyaepae P. infestans-Tol Oakpuiay MakcaThiHAa KazakcTanma CH Kem TaparraH AKcop skoHe Herckmid
KapTOOBIHBIH LUCTEHAIK OMOOOIMCTHKANBIK TPAaHCHOpMAIIACH OOMbIHIIA OipKaTap Taxipudenep kyprizinai. NCBI
JCPCKKOPBIHAA OCPUITCH aKmaparTap HETI3iHAC TCH-HBICAH PCTIHAC KAPTONTHIH ¢ki reHi — Rpi-vntl.l sxome
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StREM1.3 Ttanmangsr. KapronTelH KOHCTYTHBTI IPOMOTOPIAPBIHBIH OAKbLIAYBIMEH TAaHJAIFAH TCH AaPKbLIBI
TCHETHKANBIK KOHCTPYKIMSAJIAP CHHTE3ICIII KIHE JU3AWHBI KYPACTHIPIIIBL.

buobanmcTukamen TpaHcpopMmanmsIaHFaH eciMaikrepae Rpi-vntl.]l reHIHIH 3KCHpecCHAICH OCNCeHIUIK
taubIThi, REMORINL.3 reHiHIH 3KCIPeccHsIChl OachIm-’KaHMIbLIYbl Kepek. Rpi-vntl.l — Solanum tuberosum
MOMMyOUKBUTHH TCHiHIH mpoMoTopsl (Pat) sxome Arabidopsis thaliona MonnyOWKBUTHH 5 TEHAIK TEPMHHATOPHI
(ubq5) 6axputaysrHAa Oosica, an StREM1.3-Ti caiiteHcuHTKe apHanFaH ekiTizoekri PHK-mmummskace: 6ap «HOKAayH»
TCHIHIH KOHCTPYKIWICHL Solanum tuberosum ¢uroxpom B renini mpomortops! (phyB) sxome 18.2 Arabidopsis
thaliana 6emox TepmuHATOPHIHEIH (HSP18.2) 6aksimaysHIA AKYPeai.

Anpraran koHCTpYKIpsurap DH-500 mrambrabie E. coli XeMHKOMIETEHTTI KJIETKAJapblHA 3EPTTEYTE KAKETTI
moemmepae Tpancopmarsmanmel. [Tnasmuari JJHK Gemin axy ymie «Thermo» (pmpMachIHBIH MHHHKOJOHHAJAP
meH DNA Extraction Kit peareHTTep sKHHAFbI aPKbLIBI KY3€T€ ACHIPBLIIBL.

BuobonmucTukanbIK  TpaHC(OPMAIMSAHBI JKY3€T€ Aachlpy YIIH KAPTONTHIH €Ki COPTHI MpoOMpKaza
MHUKPOKJIOHAIABI KOOCHTLI. MUKPOKIOHAIIBI KOOCHTY 9iCI apKbLIBI KAPTONTHIH, AKCOp skoHe HeBckuit op copTsl
ymiH 1000-HaH actam HpoOHMpKAIBIK eciMaikrepi kebeuTimmi. ToxipuOe OapbIChIHAA MPOOMPKANBIK O©CIMIITIHIH
TYHiHAPAIBIK OOJITIHEH ATBIHFAH SKCIUIAHTTAP KOJIAAHBLIIBL.

BrobomucTHRANBIK TPaHC(HOPMAUSHEIH, YII CEPHACH >KYPTi3y HOTIKECIHAC KAPTONTHIH AKCOp >koHEe Hepckmid
COPTHIHBIH, 636 percHepaHT eciMaikTepi anblHAbL. bapisik Tpancopmanrrapaan JJHK GexiHin skoHE KypaMmbIHA T€H
CHTCHIH TCKCEpy YIIiH canmambuisirbl Tekcepinmmi. JJHK-HbH Oapmelk yarizepi OYKin eCiMIIKTe KE3ICCCTiH aKTHH
TCHIHIH TpaiMepiepine aMm(pIuKanua SKYPridy apKbeUIbl TEKCepimmi. Byl KEe3¢H MaKcarThl TCHHIH CHTI3LTyiH
AHBIKTAFAH KE37¢ JKAJFAH TEPIiC HOTIKENEpAl OONapIpTHadaAbl. AKTHHHIH pe()epeHTT] TeHi apKbLIbl >Kyprizinresn [1TP
3eprTeyIepiHiH HoTwkecinae Oapibik JJHK yarirepi Bcrapkansl aspikray yonH [TTP »xyprisy TamanrapbiHa CoOMKec
KEJICTIHIITIH KOPCETTI.

Opi xapati tpancopmant ecimaikrepair JHK-cemHa canmpik [1TP amammsi xacameim, HoTIReCiHAE JNT
BCTaBKAcHl 0ap AKcop cOpTHIHBIH 52 ecimairi aHsIkTaaasl. Caaasik [TTP apKeLabl TCHOIK SKCHPECCHS ACHICHIHIH
CaNBICTRIPMANBI TamAaysl Heridinae StREMI.3 reHiHiH KYPBUIBIMBI 6CIMIIK THHHSIAPBIHAA AHBIKTAIAbL JKadaiiel
THITETI O6CIMAIKTEPMEH CANBICTBIPFAHIA KAPTONTHIH AKCOp COPTHIHBIH 6 nuHmACHIHAA StREM1.3 skcmpeccuscs
ea0yip TOMCH OO, AFHHU OYJ1 OJIAPABIH KYPAMBIHIA ATAJFAH TCHHIH 0ap CKCHAITIH KOPCCTCI.

JKyprizinmren 3eprreyacp OapbIChIHOA ABIHFAH HOTWXKCICDP KApPTOM OCIMIITIHC KATBICTHI OHOOOTHCTHKATIBIK
TpaHcopMmanmsa dmiCiHig Oenrimi Oip THIMALTNTIH KepceTTi. by amic apKeLiel KapTonTeiH P. infestans-kKa Te3iMmai
’KaHA JMHISUTAPBIH Kypy YIOiH Tawgamrad eki reH Rpi vntl.l >xome REMORINIL.3 ecimaikrepre TpaHcdopma-
ISUTAHABL. AHBIKTAJIFAH BCTABKACHI Oap KapTom eciMaikTepi ¢purodTopara Te3IMALIIr] YINIH 9pi Kapail TeKCeplIeTiH
00maabl JKOHC BIKTHMAJIBIFEL KOFApPBL, aypyFa Te3IMAl JKAKCAPFAH JKaHA THHHAIAPABI anyra Oomaxel. JKammer
3epTTCY OAPBICBIHAA ANBIHFAH MOJIIMCTTCPTC CYHCHE OTBIPHI, IMUCTCHAIK OHOOAIHCTHKANBIK TPAHC(OPMAHS d1ici
apKBUIBI KBICKA MEP3IME Camaibl >KaHa KapTOIl THHUSLIAPHIH >kacayFa O01a bl

Tyiiin ce3aep: OnodaIUCTHKANBIK TpaHC(hOpMAams, IucreHaep, kapron ¢urodropa uapecrenrrepi, PHK-HbI
0acy, KapChLIacy TCHICPI.
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NPUMEHEHHUE METOJA INUCTEHHON BUOBAJLTACTUYECKOM TPAHC ®OPMAIINH
AJIS MOJYYEHHUA HOBBIX ®OPM KAPTO®EJA C YIYYIIEHHBIMA NIPU3HAKAMHA
YCTOUMYHUBOCTH K PUTOPTOPO3Y

AnHorammsi. B jaHHOH craTbe NpeAcTaBICHBI PE3yIbTaThl HCCICAOBAHUM IO MCIOJNBb30BAHHIO METOAA
IOUCTCHHOH OMOOAIHCTHYECKOH TpaHCcOpManuu 1 YCKOPSHHOTO IONYyYCHHA HOBBIX (opM Kaprodems ¢
TIOBBIMICHHONH YCTOHYMBOCTBIO K (urodroposy. Ilpwmumuaoi passutms ¢urodropoza SABIICTCA NaPA3HTAPHBIA
opranmsMm Phytophthora infestans, OTHOCSIIMHCS K OOMHLIETaM, HMOPAKAIOIINM IICHHBIC CEIBCKOXO3IHCTBECHHBIC
pacrenus1. P. infestans SBASETCS OTHUM W3 HAMOOJEE CIOKHBIX M M3MCHUHMBBIX ITAPA3UTHUCCKUX OPTaHU3MOB, I
60pBOBI C KOTOPHIM B HACTOSIIEE BPEMS HUCTIOIb3YIOT COBPEMCHHBIC METOAbI TCHHOW WHKCHEPHH U OHOTEXHOJIOTHH.
OmHuM W3 TAaKHX IOAXOJOB CIYXKHT HCIOJb30BAHWE HPAMOH OMOOAIHCTHYECKOW TpaHCc(opMmamuu pacTeHHH
COOCTBEHHBIMHU TCHAMH YCTOHYHBOCTH JAJISI CO3IAHMS HOBBIX JIMHHUH C MOBBIICHHON YCTOYMBOCTHIO K OOIBITHHCTBY
CYHIECCTBYOIUX MTaMMOB (puTodTopsl. CI0KHOCT TAKOTO IOIX0/1A 3AKIFOUYACTCSA B TOM, YTO MPSIMas TCHETHYCCKAsA
TpaHc(hopManu kapToQei Bee SIle PEAKO UCTIOIb3Y€TCA A IOy YCHUS HOBBIX (JOPM 3TOH KyJITYPBL.
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