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Review report on PhD thesis of Gritsenko Dilyara
entiteled

«DEVELOPMENT OF VIRAL VECTOR FOR EXPRESSION OF
HETEROLOGOUS PROTEINS IN PLANTS AND INVESTIGATION OF
THEIR EXPRESSION EFFICIENCY».

The grapevine crop is exposed to the attack of various pathogens, including
viruses. Because grapevines are among the most economically important fruit crops
and a highly valuable agricultural commodity, viruses have become one of the main
research interests of many laboratories worldwide. Species of the families
Comoviridae and Closteroviridae are the most represented and studied, whereas those
of the genus Vitivirus, in the recently established Betaflexiviridae family, are less
studied. Such species include Grapevine virus A (GVA), Grapevine virus B (GVB),
Grapevine virus D (GVD) and Heracleum latent virus (HLV). GVA is closely
associated with the rugose-wood disease complex of grapevine. A more detailed
investigation of these viruses would make it possible to use them more extensively in
both practical and theoretical terms. Currently, plant viruses are actively used for the
transient expression of recombinant proteins in plants. The obtaining of heterologous
proteins using vectors based on viral genomes is relevant for a number of reasons.
The most important are obtaining a large amount of the target protein and flexibility
of vector engineering. The advantages of using plants for expression of recombinant
proteins are the ability to obtain a target protein that is free of animal pathogens, the
presence of necessary post-translational modifications of proteins, the low cost of
plant cultivation and the possibility of rapid scale-up of production. In addition to
practical significance, viral vectors are very important tools for studying the
molecular biology of pathogen and host interactions and the functional genomics of

plants. At the moment, the main known commercial vectors are based on the genomes
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of the Tobacco mosaic virus, Potato virus X, Alfalfa mosaic virus and Cowpea
mosaic virus. Using virus vectors for transient expression in plants, the following
proteins were obtained: 1.2 g / kg -somatotropin; 5.1 g / kg - interferon alfa; 5.4 g / kg
-various bacterial antigens; 0.3-1.0 g / kg - aprotinin, 2.0 g / kg -thaumatin, 2.5 g / kg
SB- griffithsin. The most famous companies in obtaining recombinant proteins in
plants using viral vectors are Icon Genetics and Nomad Bioscience.

The development of a vector based on the GVA genome by insertion of
heterologous genes under the control of the ORF4 subgenomic promoter has not been
previously carried out. Dilyara, for the first time, made the insertion of heterologous
genes under the control of the subgenomic promoter of GVA capsid protein. Dilyara
has developed two vectors, one vector - was developed by insertion of an additional
gene into the genome of the virus, between ORF4 and ORFS5, the second vector- was
developed by replacing ORF4 with a heterologous gene. The viral vectors were
studied by expression of the gene encoding the capsid protein of Apple chlorotic
leafspot virus and by expression of the eGFP gene in Nicotiana benthamiana plants.
The efficiency of expression of heterologous genes was analyzed by examining their
transcription and translation. It was shown that the recombinant protein is successfully
expressed in non-transgenic plants for the first vector and in transgenic plants carrying
the capsid protein of GVA for the second vector. The lack of expression of GVA
capsid protein in the second viral vector results in the accumulation of a small amount
of genomic and subgenomic RNA, as well as the heterologous protein. In this work,
it is assumed that low expression of the recombinant protein is due to the fact that the
virus is unable to move in non-encapsidated form. The use of a vector with the
replacement of ORF4 is possible only with the recovering of GVA capsid protein
expression in trans-systems. The advantages of the developed vectors lie in the
possibility of expression of recombinant proteins at the level of capsid protein
expression of unmodified GVA. By deletion of viral genes, it is possible to insert
extended heterologous genes such as 2-A peptides that are important for the

development of vaccines. In addition, developed viral vectors can be used to
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investigate the functional genomics of grapevine cultivars. Yet, the disadvantage of the
using of a vector based on the complete GVA genome is the possibility to insertv genes
of limited length, since a stable viral particle is disrupted with large insert. The
disadvantage of the viral vector with the replacement of ORF4 is the need to use
transgenic plants to increase the expression level of recombinant protein; however
this technique is generally accepted. The work is complex, since the modification of
the genome with overlapping reading frames is complicated, the modification of
overlapping regions leads in most cases to disruption of the viral activity. All
experiments are well arranged and measurements techniques and methods are
correctly applied. It is generally well presented and interesting to read. The

explanations are suitable and focused on the relevant topics.

In my opinion, the reviewed thesis fulfills all requirements posed on theses
aimed for obtaining PhD degree. This thesis is ready to be defended orally,

in front of respective committee.
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JKCHEPTHBIH 0T3bIB HA JOKTOPCKYIO Aucceprauuio I'punenxo dAnaspobi
Ha Temy:

«CO3/IAHUE BUPYCHOI'O BEKTOPA JIJIA 11OJIYYHEHHUSA PEKOMBHUHAHTHbBIX
BEJIKOB B PACTEHUSAX U UCCJIEJJOBAHUE YOOEKTUBHOCTH X
IKCIIPECCHUMW»,

KyabTypHeid  BHHOTpaJ NOJBEPraercs arpecCMBHOMY  BO3JCHCTBMIO — Pa3IM4HBIX
[NaTOreHHBIX (PAKTOPOB, B TOM uHcie BHPYCOB. llockonbky KynbTypHBIH BHHOIpPaj BXOIWT B
queno Haubollee HKOHOMHUECKM BAKHBLIX ILIOJOBBIX KYJILTYP M UPE3BBIYAMHO HEHHBIX
CCNBCKOXO3MHCTBEHHBIX [TPOAYKTOB, BUPYCHI [IPEACTABIISAIOT 0COOBIH HHTEPEC [UIsl HCCIIEI0BAHK
BO MHOIMX JlabopaTopusx 1o Bcemy Mupy. Hauboniee onucaHHbIMM U M3YUEHHBIMHM ABIISIOTCA
BuABl cemeiicts Comoviridae w Closteroviridae, torma xak Bujbl poja Vitivirus HelasHO
BBISBIICHHOTO cemeiicTBa Betaflexiviridae w3ydyensl B Menbuiei crenenu. Cpeam Takux BHIOB
MOXKHO HasBaTh BHpyc A Bunorpana (GVA), supye B Bunorpana (GVB), supyc D sunorpana
GVD u gparentHwii Bupyc Oopuesuka (HLV), GVA TecHo cBsizaH ¢  KOMILIEKCOM
GoposjuarocTy  BHHOrpama. bosiee jeranbHOE HCCIEI0BAHME HTUX  BHPYCOB jajio  Obl
BO3MOIKHOCTL 00Jiee IMIMPOKOr0 MX MCHONL30BAHMS K4K Ha HPAKTUKE, Tak M B Teopud. B
Hacrosiiee BpeMms JUISL TPAaH3MEGHTHOH OHKcnpeccHn pekoMOMHAHTHBIX O€JKOB B pacTeHHsX
AKTHBHO  [IpUMEHsioT BUpyckl pactenuid. Ilomyuenume rerTeposiorHyHbIX  OCNKOB ¢
MCIIOJIB30BAHAEM BEKTOPOB HA OCHOBE BHPYCHBIX I€HOMOB aKTYaJbHO MO MHOTMM IPHYHHAM.
HauGomnee BaXXHBIMM U3 HUX SBISIOTCSA: MOJYUYEHHE 1eNeBbIX OeJKOB B OONBUIOM KOJIMYECTBE,
JACTHYHOCTE BEKTOPHOM uinKeHepuu. lIpemmylmecTBaMM MCNONBL30BAHUS PACTEHHH U
IKCTIPECCHH PEKOMOMHAHTHLIX OENKOB SBAAIOTCA: ClOCOOHOCTH MOMyUeHHs 1eaesoro oOeka des
MATOreHHbIX  (JAaKTOPOB  KUBOTHOTO  MPOMCXONKAEHUS, HAMUME  [OCTTPAHCIAIMOHHBIX
Moubukanuii O6e/IkoB, HH3Kasg cebecTOUMOCTh KYJILTHBUPOBAHUSA PACTEHMH H BO3MOMKHOCTDH
OBICTPOro  yBeJIMYEHHS TNPOAYKTHBHOCTH., B jonmosHenHe K NPaKTHYECKOH 3HAYMMOCTH
BHUPYCHBIE BEKTOPBI SBIAIOTCS BECbMA BAXKHBIM MHCTPYMEHTOM JUIsSi M3YYEHMs MOJIEKYISIPHOM
OHONOrMM  B3aUMOJIEHCTBHI NATOreH-X035MH, (YHKUMOHAJIBHOW TIeHOMUKH pactenuii. Ha
Cero/IHSIIHUNA JI€Hb W3BECTHBI TOJbKO KOMMEPYECKHE BEKTOpLI, pa3padoTaHHble HA OCHOBE
renoma Bupyca tadbaunoit mozanku, X-supyca kaprodens, BUpyca MO3auKH JIIOLEPHLI U BUpYyCa
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MO3aHKH KOpOBBEI0 ropoxa. llpw noMou TpaH3HEHTHOH 5KCIpeccHH B PAacTeHHAX Obliu
nojyueHsl caeayroupe 6enxu: 1,2 r/kr — comarorpornus; 5,1 1/kr — untepdepon anva; 5.4 r/kr
— pasznuupble OakTepualibibie anTurensl; 0,3-1,0 r/kr — anpotuuun; 2,0 r/kr — taymarun; 2,5
r/kr — SB-rpud¢urcun. Haubonee W3BECTHHIMH KOMIAHHMAMH, padoTArOIMMH B 00JacTH
MOJYYCHUS PEeKOMOMHAHTHBIX OENKOB B PacTeHHsx [pPH IOMOIIM BHPYCHBIX BEKTOPOB,
ssisiores: “Iecon Genetics” u “Nomad Bioscience™.

Paspaborka Bekropa Ha ocHoBe reHoma GVA nyTéM BCTaBKH I€TEPOJOTHYHOIO reHa 1noj
KOHTpOJieM cyOreHomuoro npomoropa OPC4 panee He nposojuiace. Jiuimsipa Brepsbie
[IPOM3BEJIA BCTABKY TE€TEPOJIOIMYHBIX I€HOB [104 KOHTPOJEM CyOr¢HOMHOro [poMoTopa
kancugHoro Oenka GVA. Jlunspa paspaborana jBa BEKTOpa, OAMH — [YTEM BCTABKH
JONOJHUTEILHOIO reHa B renom Bupyca mexiy OPC4 uw OPCS, u sropoi — mytém 3aMeHsbl
OPC4 Ha rereposorduHbii red. M3ydeHHe BUPYCHBIX BEKTOPOB IPOBOJHIOCH NPH 1HOMOUIH
IKCIPECCHH IEHOB, KOJAMPYIONIMX KarcuAHbIH Oenok BUpyca XJIOPOTHYCCKOH IATHHCTOCTH
JTHCTHEB AOA0HH, @ TAKKE HKCIPECCHH [CHA YCHICHHOIO 3€MeHOro QuiyopecieHTHoro oenka.
Ananus 5(pPeKTUBHOCTH SKCIPECCHH TETEPOIOrHUHBIX TEHOB IPOBOAMIICS 110 TPAHCKPHUITLUK U
TpaHCISIMK. BBUIO MOKA3aHO, 4TO NEpBLIH BEKTOp 00ECHEeYMBACT YCHEUIHYIO JKCIPECCHIO
pekoMOMHAHTHOTO OeJika B HETPAHCIEHHBIX PACTEHMAX, a BTOPOH BEKTOP B TPAHCI€HHBIX
pacTeHMsx, cojepkallinx kKancuaHelii Oenoxk GVA. Hepocrarounas 9KCIIPECCHs KANCHAHOTO
Oenka GVA B ciiydyae BTOPOr0 BUPYCHOTO BEKTOpA MPUBOJIMT K aKKyMYJSIIIMH HEGOJILUIONO
KoJHuecTBa reromMuoi, cybrenomuoit PHK, a takike rereponornanoro Gesnka. B pannoii pabore
aBTOP MpeAIoNaraeT, YT0 HU3Kas SKCIPEcCHs peKOMOMHAHTHOIrO Oejika siB/sercs Cle/ICTBUEM
Toro Qaxra, 4TO HEHHKAICHAMpOBaHHas (GopMa BHUpyca He crocobHa MNEpeiBUrarscs B
OTCYTCTBUM (U3MHECKON 3aimmTbl reHoma, KancujHeii Oenok GVA npuHuMacT ydacrue B
cynpeccun PHK-untepdepenun. Menoabzosanne sekropa ¢ 3amenoi OPC4 BO3MOKHO TOJILKO
¢ BOCCTAHOBIEHHEM IKcrpeccun kancuanoro Genxa GVA B Tpanc-cuctemax. Ilpenmyiuecrsa
pazpaboTaibIX BEKTOPOB 3aKIOHAIOTCH B BO3MOKHOCTH IKCIPECCH PEKOMORHANTHEIX OEIKOB
Ha YPOBHE HKCNpeccHU Kancuanoro Oenka HemoauduuunposanHoro GVA, Jleneuns BUpYCHBIX
FeHOB JaéT BO3MOYKHOCTH BCTABKH [UIMHHBIX TETEPOJIOTHYHBIX [EHOB, MENTHAbI 2-A [aloT
BO3MOYKHOCTh MOJIYUUTL 9KCIPECCHIO CIOXKHBIX OENKOB, YTO MMeeT BaKHOE 3HAYEHHME s
paszpabotkn BakuuH. Kpome Toro, pazpaborannbie BUPYCHbIE BEKTOPbI MOKHO HCIIOJIL30BATH
Juls ueciegoBanns (pyHKUMOHATEHOR MeHOMMKH KyJILTYPHBIX coptos BuHOTrpaja. Hejpocrarkom
BeKTOpa, paspaboTaHuHoro Ha OocHOBe 1ojHoro renoma GVA, ABIseTcs OIPAaHHYCHHE JIHHDBI
reHOB, KOTOPBIC BO3MOJKHO BCTABUTH, MOCKOJLKY BeTaBka Ooubinoro ywacrka JIHK paspymaer
crabuibHYIO BUpYyCHYIO yacTuily. Hepocratkom supycHoro Bextopa ¢ 3amenoit OPC4 ssnsercs
HEOOXOJUMOCTE [10JIYYCHHS TPAHCICHHBIX PACTEHWH Ul IIOBBINICHMS YPOBHS JKCIIPECCUH
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pekoMbuuanTHoro Genka; BrpodeM, 510 obwenpuHsTeil meron. [lannas pabGora ssisiercs
CIIOXKHOM, MOCKOJbKY MOAM(HKALMA reHoMa C MepeKpbIBAIOLIUMHUCSH PAMKaMM CHWTBIBAHHS
npejcTapiser coOOM TPYAHYIO 3ajavy, MOAU(UKALMA nepekpbiBalouxcs obnacted B
GONBIIMHCTBE CIIYYaeB BbI3bIBACT HAPYIIEHME aKTMBHOCTH BUpyca. Bee IKCHepUMEHTAIbHbIE
HCCIIG/IOBAHMSL XOPOIIO TIPOJAYMAHbI, METOJbI M3MEPEHHH NPHUMEHEHBI KOppekTHo. B ueaom
paboTa XOpOINO H3JI0XKEHA W BbI3biBaeT MHTEpec. [IpHBEIEHLI a/CKBATHBIC MOACHEHHS C
KOHLEHTpAIMEH Ha akTyalbHBIX TEMax.

Ha wmoii  B3rasil, paccMarpuBaemasi JMCCEPTALHS  COOTBETCTBYET  BCeM
TpeGoBAHNAM, YCTAHOBJICHHBIM /Uil JHCCEPTANMIT HA COMCKAHHE YUeHOH CTeleHH J0KTopa
nayk. Jlamnas Jamccepranusi MOATOTOB/JAEHA /UIsi 3aIIUTBI B ycrHoii dopme mnepen
COOTBETCTBYIOIEH KOMHCCHEI,

/DakcUMUIIbHAS TTIOJMTHCD/ /Mtamn/: Hoxrop Mynaup Masacen
Kadeppa naronornn pacrenuit 1 60pbObl ¢ copHSIKamu,
Opranu3aiiis CeibCKOXO3AHCTBEHHBIX HCCICA0BAHMH,

1p Magaceu, Ph.D. i
Mynup Masacen, Henrp “Volcani”

Anpec: Maccabim Road 68.
POB 15159

Rishon LeZion 7505101
W3pannb

Email: mawassi(@agri.gov.il

/tamn/: Opranu3aius CenbCKOX03IHCTBEHHBIX HCCIIEI0BAHNUH,
Llentp “Volecani™
MHCTHTYT 3alUTHl pacTeHH
P.O.B. 6 Bet-Dagan, Uspauiin




Cojepxanne HaCTOSIIETO JOKYMGHTa IIE€PEBEJICHO € AHIJIMHCKOrO #A3bIKa HA PYCCKHH s3bIK
JIMIUIOMHPOBAHHBIM — nepeBoadukoM bropo mepesogos “Accord Translation™ Tlax MWpunoi
['epGeprosuoit, 07.06.1973 roma poxaenus, ypoxenkoit r. Anmarel, MUH 730607400315,
cuaerenveTso MIT 6004 Ne 0010419. IlpaBuiabHOCTb HEpeBOjia TEKCTA M €r0 COOTBETCTBHE
HCXO/IHOMY TEKCTY HACTOSALIAM [1OITBEPHKIAID,
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UerBeproe Mast J1Be THICAYM JIEBITHA/IIATOTO roja, ropoa Anmarsl, Pecriybnnka Kasaxcran.

1, Eumyxamberosa Caiuma XacaHoBHA HOTapuyc ropofga AnMarsl, JeHCTBYIOUIMA Ha OCHOBAHHK
manensun Ne 13017624, seimannoit 14 voa6pst 2013 roga Komurerom perucTpalHoOHHON ci1yx0bl |
OKas3aHus nMpaBoBOH nomol Munucteperba octuuun Pecnydinuku Kasaxcran, CBUIETENLCTBYIO
noumunnocts noanucu  nepesopunka llak Mpunpl ['epOeprToBHBL,  BBIIONHHBLICH I1€PEBOJ

COJICPKaHHA HACTOSIIEro JOKYMCEHTA. JInunoctn HepeBoUMKa YCTaHOBIICHA, JleecnocobHOCTL U
HOJHOMOYHS ITPOBEPEHLI.

3aperucTpupoBato B peectpe 3a Ne 1333
Bsbickano B coorBetcTBuH co cr. 30-1 3akona PK «O norapuare» .
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