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Review
of a foreign scientific supervisor of the PhD dissertation of Alyona Alexandrova
“Identification of Potato Virus S proteins suppressing RNA-interference of plant cells for
obtaining of potato plants with elevated resistance against Carlaviruses”

RNA interference (RNAi) is an evolutionarily conserved mechanism that regulates gene expression
and defends most eukaryotic organisms against invasive nucleic acids such as transposons,
transgenes and viruses. Viruses have evolved various mechanisms of RNAi evasion and suppression.
In plants, most viruses possess suppressor proteins that target different components of the RNAi
machinery. Furthering our understanding of the molecular mechanisms underlying plant RNAi-
based defences and viral suppressor protein-based counter-defences should contribute to
development of effective methods of prevention and control of viral diseases as well as curing
diseased plants of viral pathogens. In the case of vegetatively-propagated crop plants such as
potatoes, tissue culture methods enable virus elimination but cannot prevent new infections.
Boosting antiviral RNAI in stably-transformed transgenic crop plants is the most promising approach
to prevent new infections.

The main objectives of Alyona Alexandrova's thesis work was to identify potential suppressor
proteins encoded by potato virus S (PVS), a single-stranded RNA virus of the genus Carlavirus, and to
develop an RNAi-based transgenic approach to cure field cultivars of potato plants infected with PVS
and a related carlavirus potato virus M (PVM) and render the cured plants resistant against new
carlavirus infection.

Cultivated potato (Solanum tuberosum) is the world's third most important food crop after wheat
and rice. Vegetative propagation of potatoes via seed tubers results in the accumulation and spread
of viral pathogens that can result in up to 75% yield losses. More than 40 different viruses are known
to infect cultivated potatoes. In the course of the PhD studies, Alyona and her colleagues first
preformed field surveys using ELISA and RT-PCR methods and established that the carlaviruses PVS

and PVM are the most widespread and economically important potato viruses in Kazakhstan,

followed by potato virus Y (PVY, genus Potyvirus) and potato virus X (PVX, genus Potexvirus). PVS

was most commonly detected in mixed infections with PVM and/or PVX, while PVM was prevalent

both in single infections and coinfections with PVS, PVY, or both PVS and PVY. The complete genome

of a Kazakh isolate of PVS was cloned and sequenced. The results of these studies were published in

International Journal ofBiology and Chemistry with Alyona Alexandrova as the first author.

Following analysis of the PVS genome sequence, Alyona subcloned coding sequences of potential

suppressor proteins (25K, 12K, 7K and CP) in expression cassettes and tested them for suppressor

activity in a classical transient expression system in leaves of the GFP-transgenic Nicotiana

benthamiana 16c line. As a result, the viral proteins did not exhibit any substantial suppression of

RNAI. Next, Alyona subcloned the 25K and CP encoding sequences as inverted repeats separated by

an intron under the control of constitutive promoter and terminator and used the resulting
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constructs for stable transformation of both virus-free and carlavirus-infected field cultivars of
potatoes, followed by a 3-year filed trial of the resulting transgenic lines. After the 3'd year of filed
trial, 20 transgenic lines remained free of carlavirus infection. Molecular analysis of selected 25K-
transgenic lines using blot hybridization analysis and Illumina sequencing of small RNA populations
confirmed their carlavirus-free status and revealed robust expression of transgene-derived small
interfering RNAs of three size-classes (21. 22 and 24 nt) exclusively from the PVS 25K inverted
repeats, which appeared to render RNAi-based immunity to carlavirus infection. This molecular
analysis was performed during a 2-month visit of Alona Alexandrova at the CIRAD-INRAE-
SupAgrojoint research uint BGPI (Biology and Genetics of Plant Pathogen Interactions) in
Montpellier, France (now named Plant Health Institute Montpellier, or PHIM). During this scientific
and training visit Alyona Alexandrova showed her competences and high qualifications in plant
molecular virology and acquired more advanced methods such as small RNA-blot hybridization
analysis. Following the visit and bioinformatics analysis of [llumina sequencing data, Alyona together
with her colleagues in Kazakhstan and collaborators in France wrote a joint paper, which was
published in 2022 in a reputed peer-reviewed journal International Journal of Molecular Sciences (IF
= 6.2) with Alyona as the first author.

In conclusion, the work of Alyona Alexandrova was conducted in accordance with all the standards

and requirements of PhD dissertations and thus she deserves to obtain a PhD degree in
Biotechnology.
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/ITozomun/
WucTUTyT 300POBbS PACTEHUI MoHnepe

O13b1B
3apy6exHoro Hay4noro KOHCY/IbTaHTA
Ha PhD-aucceprauuro AJlexcanpoBoii AnénbI Ha Temy:
«AnenTnduxanus Genxon S-Bupyca kaprodes, cynpeccupyromux PHK-
uHTepdepenunio, nis TIOJTy4€HHSl PACTeHMI, yCTOHYMBBIX K KapJiapupycam»

PHK-mutepdepentns (PHKu) - 510 sBomonmonro koncepsatupbri Mexanmawm, PeryIHpYIOIHUiA
OKCMPECCHIO  TEHOB M 3AIMMINAIOMMA  GONBIIMHCTBO 9YKAPHOTHYECKHX OPraHM3MOB OT
arpecCHBHBIX HYKICHHOBBIX KHCIOT, Kak TO TPaHCIO30HOB, TPAaHCTEHOB M BHpYCOB. Bupychbl
pa3sBHIIM PAsTHIHBIE MCXaHU3MBI 00Xx0za u cynpeccun PHKu. Ecion pedsb MOST 0 pacTeHmsx,
OONBPIIMHCTBO  BUPYCOB HMEIOT GelKH-Cympeccopsl, HaIpaBieHHbe Ha BO3NEHCTBHE Ha
pasmiiHBIC  COCTaBIAIOME Mexanusma PHKu. [loHuMaHMe MONEKyNSpHBIX MEXaHH3MOB,
JiexallliX B OCHOBE IPHHIMIIOB 3alMTel Ha ocHoBe PHKM M KOHTpP3aIIMTHI Ha OCHOBaHHH
BHpYCHBIX O€IIKOB-CYIpeccopoB, yriyGnsercs Onarozapsi pa3BUTHIO 3 ()EKTHBHBIX METOIOB
NpeNOTBPAliCHAA M KOHTPOJISI BHPYCHBIX OOJIe3HEH, a Takke O3JOPOBJIEHHS pPaCTEHHI,
3apOKEHHBIX ~BUDYCHBIMH MaTOreHaMH. B cilyyae CelbCKOXO3SHCTBEHHBIX DACTEHHIA,
PasMHOXAIOIIUXCS BETETATUBHBIM CIIOCOOOM, TaKMX KaK KapTo(elb, METOIBI C HCIIOIb30BaHHEM
KyJBTYphl TKaHEH MO3BOJISIOT YHHYTOXUTh BHPYC, HO HE IPEJOTBPATHTH HOBHIE 3apaXKEHHS.
Ycunenne nporuBosupycHod PHKu B craumpHO TpaHCQOpPHPOBAaHHBIX TPaHCTEHHBIX
CENIbCKOXO3AHCTBEHHBIX PaCTEHUSX — Hanb0JIee MHOr0O6EIAIOIIUI TOAXO0/ K IIPEIOTBPAIIEHHIO
HOBBIX 3apXEHHMH (MHOEKIHif).

OCHOBHBIE LEMM NUCCEPTALMOHHOM paboThl ANEHBI AJNEKCAHAPOBOH — HACHTH(DHKAIHISA
NOTCHUHANBHBIX  OENKOB-CYIIPECCOpOB, KOAMPYEMBIX  S-BHpycoM  Kaptodems (PVS),
onnonenoyeunbiM PHK-conepikamuM BHpycoM u3 poia KapiaBHPYCOB, a TaKKe DPa3BHTHE
ocHoBanHoro Ha PHKwu TpaHcreHHoro momxoma K JieYeHHIO IMOJIEBBHIX COPTOB KapTodens,
3apax€HHBIX PVS u cBs3aHHBIM ¢ HUM KapiaBupycoM — M-Bupycom kaprodens (PVM) u
obecrneyeHne yCTOHNYNBOCTH BBUICYEHHBIX PACTEHUI K HOBOMY 3apa)k€HHIO KapJIaBUPyCaMH.
Kaprodens (Solanum tuberosum) — 3710 TpeThbs 110 BaXXHOCTH IHILIEBAs KyIbTypa I10CJIE MIIEHHUIIBI
U puca. PasaMHOXeHHe KapTodens BereTaTUBHBIM CIOCOO0M (TIpH IOMOIIM CEMEHHBIX KITyOHEH)
[IPHBOJHUT K HAKOILIEHHUIO U PAaCIPOCTPAHEHUIO BUPYCHBIX NaTOT€HOB, KOTOPHIE MOTYT IPUBECTH
K moTepe ypoxas (1o 75%). M3BectHo Gosee 40 pasiM4HBIX BUPYCOB, OPAXKAIOIIMX KapTOdeb.
B teuenue cBoux PhD-uccinemoBanuii AnéHa M €€ KOJJIETM BHayajle IIPOBENH IIOJIEBBIE
usbIcKaHusl, ucrons3ys metoasl MDA u ITIP B pexxume pealbHOTO BPEMEHH, U BBIACHUIIH, 9TO
kapnaBupycsl PVS u PVM — Haubonee pacnpoCTpaHEHHbIC ¥ SKOHOMHYECKH BaXXHbIE BUPYCHI
xaproderns B Kazaxcrane; 3a HUMH clieflyeT Y-Bupyc kaprodens (PVY, us pona Potyvirus) u X-
Bupyc kaprodens (PVX, u3 pona Potexvirus). PVS Hanbonee 4acTo 0GHapyXHBAICS B CIy4asx
cMemanHbX HHbekuuit BMecte ¢ PVM n/umn PVX, torna kak PVM npeobnazan B ciydasx
OMHOKpATHBIX HH(eKIuH 1 KonHpekmit BMecte ¢ PVS, PVY nmn umu oboumu. [TonHbli reHoM
Ka3axcTaHckoro ms3osngra PVS ObUT KJIOHMPOBaH M CEKBEHHPOBaH. Pe3ynbrarhl 3THX
WcCrenoBanuii 6bLTM Oy6IHKOBaHb! B International Journal of Biology and Chemistry, ¢ An€Hoi
AnexcanapoBoOi B KadecTse IepBoro aBropa. [locsie ananmsa LIOCIIE/I0BATENLHOCTH TeHOMA PVS
AnéHa mpoBena CyGKIOHMPOBAHHE KOJUPYIOUIMX IOCIENOBATENBHOCTEH IOTCHIHATBHEIX
6enkoB-cymnpeccopos (25K, 12K, 7K u CP) B SKCTIPECCHOHHBIE KACCEThI  NPOTECTHPOBANA HX HA
CYNPECCOPHYIO aKTHBHOCTb NPH TOMOIIM KIACCHYECKOH CHCTEMbI BPEMEHHOH OKCIPECCHH B
TpaHcrenHo} nuuuu 16¢ MHcTheB Tabaka Nicotiana benthamiana ¢ MCNOIB30BAHUEM 3€JICHOTO
$bayopecuentHoro Genka. B pesynbprate BUPYCHBIC O€JIKH HE IEMOHCTPUPOBAIH 3HAUHTECIBHOM
Cympeccun  PHKm. Barem  AJjéHa  TpoBena  CyOKJIOHHpOBaHME  KOIHPYIOLIMX
nocnenosarenpaocTeil 25K u CP kak MHBEPTHPOBAHHBIX IIOBTOPOB, pa3aesIEHHBIX HHTPOHOM, 101
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KourpoeM KOHCTATYTHBHOTO MPOMOTOPA M TEPMUHATOPA M HCTONb30BANA MOJYYHBLIMECS
KOHCTpYKUHH  ATIA CTaOMIBHOH TpaHC(OpMauMM Kak He 3apaKEHHBIX BHPYCAaMH, TaK
sapaEHHBIX KapIaBUPyCaMH pacTeHuH KapTodens, ocye Yero nocuea0Bany 3-neTHue ,I'IOJIeBbIe
ucnprraiisl TOTMYIHBIIMXCA  TpaHCTEHHBIX nuHui. [locme 3 et monebix wcmbiTaHui 20
TpancreHHbIX JIMHAH OCTATMCE HE3apaXEHHBIMU KapiaBupycHOM MH(pexuued. MonekyaapHbii
aHaIH3 BbIGpE}HHBIX TPaHCTCHHBIX TMHUM ¢ 25K-TpancreHoM npu noMorny 610T-rubpuau3anum 1
meroa [llumina (CeKBEHHPOBaHHE HEGOMBIIMX MOMY LML PHK) nmoarsepmuin, uTo OHU He ObLIH
3apakeHbl KapJIaBUPYCaMH, 1 TIPOAEMOHCTPUPOBAIN YCTOHUHUBYIO SKCIPECCHIO MOIy4YEHHBIX U3
TpaHCTEHOB HeOoNbIKMX HHTepbepupyomux PHK Tpéx Kareropuii pasmepa (21, 22 u 24
nyneomna) HCKJIIOYUTEIIPHO U3 MHBEPTHPOBAHHBIX MoBTOpoB 25K PVS, urto, cyns mo Bcemy,
obecneynBao MMMYHNTET K Kap/iaBUpyCHOH nH}pexuuu Ha ocHoBe PHKuU. DTOT MOJIEKYIAPHBIH
aganu3 OBUT NPOBENEH BO BpeMs 2-MECSYHOTO BH3UTA AJIEHBI AJexcanpoBo# B OTHEN
COBMECTHBIX MCCIIEIOBaHMM I10 BOIpOcam GMOJIOTHHU M TeHeTHKH maTtoreHos pactenuil (Biology
and Genetics of Plalzt Pathogen Interactions) IlenTpa MeXIyHapomHOrO COTPYIHHYECTBA B
00acTH CeJIBCKOXO03ANCTBEHHBIX MCcienoBanuii ¢ uenpko passutus (CIRAD) n HauuonanpHOro
MHCTUTYTa CEBCKOXO3SMCTBEHHBIX Mccnenosanuit ®panruu (INRAE) B MoHnense, OpaHIus
(Tekymiee HasBaHHE — WHetutyT 3m0poBbst pactenmii Monmense, Plant Health Institute
Montpellier). Bo Bpems 3Toro Bu3uTa B IenAX HAYYHBIX HCCIeAOBaHH W 00ydeHHs AJEHA
AJIeKCaHpOBa IMIPOJECMOHCTPUPOBATIA CBOM HABHIKH M BBICOKMH ypOBEHb KBaTM(UKAalMH B
0671acTH MOJIEKYJISIPHOM BHPYCOJIOTHM PAacTEHWH ¥ MOJydYHiIa AOCTYyH K Gosiee MPOABHHYTHIM
MeToiaM, KaK TO aHanu3 Hebonpiux nomynsuui PHK nmpu nomouu 6I0T-rTHOpUAU3ALIHH. ITocne
BH3UTa U OMOMH(OpPMATHUECKOrO aHajM3a JaHHBIX CEKBEHMPOBAHHs INpU IIOMOIIK METONd
Tllumina ANéHAa BMecTe cO CBOMMHE Koluleramu B Kasaxcrane u coTpynHMKamu BO (paHIUHA
Hamucala COBMECTHYIO paboTy, omybnukoBanHyo B 2022 roay B M3BECTHOM DPEHEH3UPYEMOM
sectHHKe — International Journal of Molecular Sciences (ummakt-aktop — 6,2), Oyny4u
yKa3aHHOH KakK IEePBBIi aBTOP.

B saxmoueHne, pabota ANEHBI AJIEKCAHIPOBOW Oblla MPOBEJEHA B COOTBETCTBMM CO BCEMH
CTaHIapTaMH W TPeOOBAHMAMH K KaHIUIATCKAM JHCCEPTAlUAMH, ClIEJOBATENIbHO, OHA
3ac/Iy)KHBAeT NPHCBOEHHS CTENIEHH OKTOpa dunocodpun (PhD) B 06nacTi GHOTEXHONOTHA.

Muxaun M. [Tyrun /noonuce/ 11.09.2022, Monnense
(Mikhail M. Pooggin)

Jupexrop HanpoHanbHOro HHCTHTYTa
CelbCKOXO3SHCTREHHBIX HCCIeoBanki DpaHIun
110 BOIIpoCcaM Hccie10BaHuI

PykoBoauTens rpynibl DefensiRNA

UHeturyT 310p0Bbs pacTeruii MoHMeNbe
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The Republic of Kazakhstan, city of Almaty
The first of November, two thousand twenty two

Translated from English into Russian by Zhanna Zhagyparovna Anibayeva, a translator
of ALLIANCE TRANSLATION SERVICES IE (State Registration Certificate Series 12915 No.
0826249 issued on 28 May 2013, IIN: 850927400924)

Signature /signature/

The Republic of Kazakhstan, city of Almaty t
T thousand twenty two ' . .

" ﬁrslt (I)Dfilr\llsr\;e$:rezr},1:1:§ekovna Nurbekova, a notary public of the city (?f .Almaty, act}ng under
the stat ,t li No. 15000313 issued on 12 January 2015 by the .Mlmstry of Justice of the
R bl'u ory Jicense , do hereby certify the authenticity of the mgnatgre put by tr.a_nslator
Z;};Lllm;c Zohf Kazakh‘s,tna:’Anibaera Personality of the translator has been identified, ability and

agyparo .

legal capacity have been verified.

Registered in the Register under No. 1981 ' ' —_—
Sum pajd: stam; dut%/ 92 tenge + legal and technical services 15 g

Notary public: /signature/ e
Yerzhanbekovna Nurbgkovq, notary pul ‘zc,‘.@.
Ministry of Justice of the Republic of ;{_ 3

Meial seqi: The Republic of Kazakhstam DI, T
cense No. 15000313 issued on 12 Janudry NP
Cakhstgry ERIE

ES7205108221101102947D953418
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